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CHAPTER I 

INTRODUCTION 

 

1.1 Background 

According to the excellent and unique properties, silver nanoparticle (AgNP) is 

one of the most researched metal nanomaterials that has been applied in various fields 

of applications such as biosensors, chemical catalysts, electronics, photonics, 

information storages, optoelectronics, antimicrobial agents, antioxidant agents, and 

anticancer agents (Beyene et al., 2017). Interestingly, the properties of AgNPs greatly 

depend on their size and shape (Raza et al., 2016), thus the size- and shape-controlled 

syntheses of AgNPs are the challenge for their production and potential applications.  

With different shapes, AgNPs offer different properties, which are suitable for various 

applications. For example, AgNPs with different shapes provide different antibacterial 

efficiencies for medical applications (Hong et al., 2016; Raza et al., 2016) and 

different catalytic activities for various chemical reactions (Wiley et al., 2005). Thus, 

a shape-controlled synthesis is mainly focused in this work. In general, factors 

affecting the formation of different shapes of AgNPs are the reduction rates, types of 

capping agents, the molar ratio of reductant and metal precursor, and different 

wavelengths of light activation (Mansouri and Ghader, 2009; Stamplecoskie and 

Scaiano, 2010). The synthesis reaction of AgNPs begins with the nucleation or the 

reduction of silver ions into silver atoms following by the seed formation (Xia et al., 

2009). The different structures of formed seeds eventually define the final shapes of
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nanoparticles. The formed seeds may be single crystal or single/multiple twinned 

structures, which depend on reduction rates of the synthesis reaction. When reduction 

rate is extremely fast, most seeds become single crystal structure. In contrast, when 

reduction rate is slow, the multiple or single twinned seeds are the majority of products 

(Haghi et al., 2013a). Since the reduction rates of the synthesis reaction depend on the 

reducing powers and concentrations of reducing agents (Mansouri and Ghader, 2009), 

the use of different types of reducing agent such as strong and weak reducing agents 

can produce different silver seed structures. The capping agent is considered a key 

factor for controlling final shapes of nanoparticles in the growth step (Zeng et al., 

2010). Each type of capping agent selectively binds to different planes of metal 

surfaces, thereby inducing the formation of metal nanocrystals with different shapes 

(Xia et al., 2015). The different molar ratios of reductant and metal precursor are 

another factor controlling the morphologies of the synthesized AgNPs. Rivero and 

colleagues discovered the synthesis of multicolor silver nanoparticles by tuning 

reducing agent/silver ion molar ratios. With increasing of molar ratio, the maximum 

absorbance band is shifted to shorter wavelengths and provides various shades of color 

(orange, green, and blue) relating to different shapes of synthesized AgNPs (Rivero et 

al., 2013).  The photo-induction process has received the increasing interest as a 

simple, effective approach to mediate a formation of different-shaped AgNPs (Tang 

et al., 2015). Several light sources, including fluorescent light, UV light, light emitting 

diodes (LEDs), laser, and sunlight, were reported to drive the photo-reduction of metal 

salts and induce the growth of metal seeds into anisotropic shapes (Khamhaengpol and 

Siri, 2016; Lee et al., 2016; Stamplecoskie and Scaiano, 2010; Tang et al., 2015; 

Verma et al., 2017; Zheng et al., 2007). The shape conversion direction of AgNPs was 
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proposed to greatly depend on the excitation wavelength of a specific plasmon. 

Stamplecoskie and colleagues reported that the 3-nm citrate-capped seeds of AgNPs 

were transformed into the larger spheres, dodecahedra, triangular plates, and nanorods 

via the exposure to LED irradiation at 405, 455, 627, and 720 nm, respectively 

(Stamplecoskie and Scaiano, 2010). Under the exposure to LED irradiation at 520 and 

562 nm, the citrate capped seeds of AgNPs were also reported to transfigure to 

triangular prism and circular plate, respectively (Krajczewski et al., 2014). 

Alternatively, the citrate-capped seeds of AgNPs were reported for a conversion to 

nanoprisms by LED activation in a range of 467–630 nm (Saade and de Araújo, 2014) 

In addition to a controlled shape, the synthesis of AgNPs with an eco-friendly 

process is another challenge since the issue of environmental impact on production of 

AgNPs and other metal nanoparticles are increasingly concerned. Therefore, the 

production of AgNPs by green technology has gained much research interest. In green 

syntheses of AgNPs, most works focus on the extract from various species and part of 

plants (Ahmed et al., 2017; Osibe et al., 2017; Singh et al., 2017), which 

phytochemicals in plant extracts such as terpenoids, flavones, ketones, aldehydes, 

amides and carboxylic acids were proposed to function to reduce Ag+ to Ag0, while 

complex carbohydrates stabilized the produced AgNPs (Upadhyay and Verma, 2015). 

According to reviewed literatures, very few works reported on the use of DNA for the 

green synthesis of AgNPs. Herring sperm and salmon milt DNA, for examples, were 

reported to facilitate a formation of spherical AgNPs under an alkaline pH with a 

strong reducing agent, sodium borohydride (Nithyaja et al., 2012). Recently, the use 

of bacterial genomic DNA for assisting a formation of spherical AgNPs via a green 

synthesis approach without the use of alkaline solution was reported (Chumpol and 
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Siri, 2017). Nevertheless, the green synthesis of non-spherical AgNPs mediated by 

DNA molecules under a neutral condition is still a challenge. Thus, this work is 

interesting to investigate on the use of small size DNA, a plasmid DNA, for assisting 

a green production of non-spherical AgNPs via the LED-irradiation activation. 

Moreover, the antibacterial and antioxidant activities of the different-shaped AgNPs 

were investigated.   

 

1.2 Research objectives 

1.2.1 To synthesize different shaped AgNPs by controlling three factors: reducing 

agents (NaBH4 and glucose), capping agents (Oligo dA, Oligo dC, and plasmid DNA), 

and wavelengths of LEDs (460 nm, 520 nm, and 620 nm.) 

1.2.2 To characterize the synthesized AgNPs. 

1.2.3 To study the antioxidant activity of the synthesized AgNPs. 

1.2.4 To study the antibacterial activity of the synthesized AgNPs. 

 

1.3 Scope of the study 

This research is divided into 3 parts, which are the optimization of synthesized 

conditions, characterization of the synthesized AgNPs, and determination of the 

antioxidant and antibacterial activities of the produced nanoparticles. The reducing 

agent used in this work included strong reducing agent (NaBH4) and weak reducing 

agent (glucose). For the capping agent, two different short DNA primers (oligo dA30 

(A30) and oligo dC30 (C30)) and long DNA (8.0-kb pGADT7) were employed.  
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In the growth step of nanoparticles, the high power LED with various 

wavelengths (460 nm, 520 nm, and 620 nm.) is used to transform silver seed into 

various final shapes.  

 



CHAPTER II 

LITERATURE REVIEWS 

 

Generally, a typical synthesis of metal nanoparticles is divided into three 

distinct stages: 1) nucleation, 2) evolution of nuclei into seeds, and 3) growth of seeds 

into nanocrystals (Xia et al., 2009). The step at which Ag+ ions are reduced to Ag0 

followed by agglomeration into a small cluster (nuclei) called nucleation. After this 

step, the evolution of nuclei into seeds takes place and resulted in different seed 

structures. Finally, well-defined nanocrystals growing from each seed structure are 

formed. Thus, a possible method to achieve controlled-shape AgNPs is to control one 

or more of these steps.    

2.1 Reducing agent 

The reducing agent is considered as a factor influencing the growth of AgNPs 

into different sizes and morphologies in the steps of nucleation and seed formation 

(Troupis et al., 2008). The reducing power of each reducing agent affects the rate of 

reduction (nucleation step) and finally influences the final shape of nanoparticles. The 

use of strong reducing agents results in a fast reduction rate, resulting in the production 

of the small particle seeds in single crystal structure with uniform size distribution 

(Haghi et al., 2013b; Mansouri and Ghader, 2009). Conversely, weak reducing agents 

require a longer time to complete the reduction process. As a consequence of the slow 

rate, this reaction contains larger nanoseeds (Pacioni et al., 2015) and the majorities
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 of the products are the multiple or single twinned seeds. Since the use of various silver 

seed nanoparticles leads to a  formation of significantly different nanostructures 

(Krajczewski et al., 2015), different reducing agents can be used as a factor to control 

the obtained seed structure and eventually different final shape of AgNPs.   

Sodium borohydride (NaBH4) is a strong reducing agent that has been used in 

many chemical approaches in order to produce small particle seeds (Lu and Chou, 

2008; Mansouri and Ghader, 2009). The reduction of AgNO3 by NaBH4 is shown as 

the following chemical equation (Mulfinger et al., 2007a):  

 

From this chemical reduction, the yellow colloidal silver seeds can be obtained within 

three minutes. Moreover, the synthesized silver seeds are in spherical shape with a 

diameter of approximately 12 nm and show the surface plasmon resonance (SPR) peak 

of silver near 400 nm (Mulfinger et al., 2007a). 

The weak reducing agents like trisodium citrate and glucose require high 

temperature and adjusted pH aside from longer time to complete the reduction process 

(Mansouri and Ghader, 2009). In the case of glucose, the reducing sugar, the 

temperature above 60 °C or pH 11 is needed to produce gluconic acid that acts as a 

reductant in the reaction. The gluconic acid has abundant hydroxyl groups that can 

reduce Ag+ ions to elemental silver. In addition to its reducing function, the oxidation 

of hydroxyl groups of gluconic acid to carboxyl groups also occurs. As a result, the 

negative charges of the carboxyl groups can stabilize AgNPs (Amany et al., 2012; 

Ortega-Arroyo et al., 2013).  
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2.2 Capping agent 

The capping agent is one of the important components in the synthesis of 

nanoparticles since they prevent further aggregation of nanoparticles and 

consequently, prolong the stability of the synthesized nanoparticles. Aside from 

mentioned functions, capping agents are proved as a crucial factor for controlling final 

shapes of nanoparticles (Zeng et al., 2010). The mechanism behind this role is that 

each capping agent has a different binding affinity toward different facets of 

nanocrystals leading to an unequal growth rate of metal atom on each crystal facet 

(Ajitha et al., 2016) and thereby induce the formation of metal nanocrystals with 

different shapes (Xia et al., 2015). 

Polyvinyl pyrrolidone (PVP) and sodium citrate are the common capping agents 

for a synthesis of AgNPs. These two capping agents bind strongly to different planes 

of nanocrystals (Figure 2.1). In a case of single-crystal seeds, which terminated with 

only [111] and [100] facets, PVP preferentially binds to [100] facets of AgNPs and 

hinders the growth rate of this facet. Thus, Ag atoms will preferentially add to the 

[111] facets, resulting in an elongation of the [100] facets and the formation of [100]-

enclosed nanocubes. In contrast, citrate has been shown to bind more strongly to [111] 

than [100] facets, favoring the formation of nanoplates enclosed by a large portion of 

[111] facets (Xia et al., 2009; Zeng et al., 2010).   
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Figure 2.1 The adsorption of (A) a repeating unit of PVP and (B) a citrate ion on Ag 

[100] and Ag [111] surfaces, respectively (Xia et al., 2015).	Figure	2.1	The	adsorption	of	(A)	a	repeating	unit	of	PVP	and	(B)	a	citrate	ion	on	Ag	[100]	and	Ag	[111]	surfaces,	respectively	(Xia	et	al.,	2015). 

 

2.3 DNA as a capping agent for synthesizing metal nanoparticles 

In addition to chemical capping agents, biomolecules can be employed as capping 

agents because they contain functional groups that selectively bind to particular 

surfaces of metal nanoparticles (Xia et al., 2015).  

Among these biological molecules, DNA is one of the abundant molecules that 

are potentially used for mediating a formation of AgNPs via a green synthesis 

approach but very few works were reported. The plasmid DNA with an average size 

of 3,980 base pairs extracted from Bacillus was acted as both capping and reducing 

agents in the photoinduced synthesis of AgNPs (Zhang et al., 2011). Herring sperm 

and salmon milt DNA were also reported to mediate a formation of AgNPs in the 

condition with NaBH4 and in alkaline pH (Nithyaja et al., 2012; Zhang et al., 2011). 

In addition, a recent research in the use of bacterial genomic DNA for assisting a 

formation of AgNPs via a green synthesis approach without the use of alkaline 

solution was reported (Chumpol and Siri, 2017). However, all of mentioned reports of  

Recently, there is the review paper stating that DNA is a powerful tool for 

synthesis of gold nanoparticles with controllable morphology (Tan et al., 2014). Wang 

using DNA for green synthesis of AgNPs could produce AgNPs only in a spherical 

shape.   
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and his colleagues discovered that the short DNA sequence with 30 similar bases 

(oligo dA, oligo dC, oligo dG and oligo dT) could govern the growth of Au seed into 

various morphologies. Moreover, the results from their work also revealed that 

different structures of Au seed resulted in different final shapes of gold nanoparticles 

(Wang et al., 2012; Wang et al., 2010). 

In 2016, Farkhari and colleagues published the research work that clearly showed 

the functional groups responsible for bonding between N-bases and nanoparticles. As 

shown in Figure 2.2, the bond between adenine and the nanoparticle takes place at 

nitrogens of N1, N3, and N7. For cytosine, the oxygen of the main ring N3 and N1 is 

responsible for the interaction with Ag and Au nanoparticles. In the same manner as 

cytosine, nitrogen atoms in the location N3 and N7 together with the oxygen of the 

main ring of guanine have the most potential for bonding with the nanoparticles. In a 

case of thymine, there are only two oxygen atoms in the bonds of C=O, which are the 

potential locations for bonding with the nanoparticles (Farkhari et al., 2016).   

However, the utilization of homobase sequences of primers and long base 

sequences of DNA for controlling the shape of AgNPs is still lacking and this research 

gap needs to be bridged. From this information, the model of the short homobase 

sequence was proposed, which possible atoms interacting with the nanoparticle 

surfaces are indicated in Figure 2.2. Considering from Figure 2.2, oligo dA and oligo 

dC probably selectively bind to different planes of AgNPs similar to citrate and PVP, 

respectively.  
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Figure 2.2 The sites of ( A)  adenine and ( B)  cytosine for bonding with AgNPs 

(https://www.britannica.com/science/nucleic-acid).	Figure	2.2	The	sites	of	(A)	adenine	and	(B)	cytosine	for	bonding	with	AgNPs	(https://www.britannica.com/science/nucleic-acid)	

.	
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 2.4 Light-mediated growth of nanoparticles 

A photochemical method is one of the most effective approaches to construct 

multi-shapes of nanostructure, for example, silver nanowires, nanorods, dodecahedra, 

bipyramids, triangular nanoplates, and hexagonal (Krajczewski et al., 2015). In this 

method, various light sources were introduced in growth step in order to drive the 

growth of the prepared seed nanoparticles that were capped by specific capping agents 

(Verma et al., 2017). The examples of reported light sources that could serve as 

potential light sources for the shape transformation of spherical Ag seeds to other 

shapes are fluorescent light (Jin et al., 2001), laser (Zheng et al., 2007), light emitting 

diodes (LEDs) (Stamplecoskie and Scaiano, 2010), white light (Krajczewski et al., 

2014), and sunlight (Tang et al., 2015). 

The first report on the light induced shape transformation of nanoprism AgNPs 

from spherical Ag seeds was proposed by Mirkin's research group (Jin et al., 2001). 

The factors that affected the conversion of spherical seeds stabilized by Bis (p-

sulfonatophenyl) phenylphosphine dihydrate dipotassium (BSPP) were silver salt 

precursor and its concentration, the ligand ratio of BSPP to citrate, and wavelength of 

light. The results showed that the shape conversion of spherical to nanoprism AgNPs 

could be selectively turned on or off simply by controlling the exposure of the colloid 

to the light at the appropriate wavelengths, which were 350 to 700 nm. The shape 

conversion could be observed by the change of color from yellow to green or blue 

colors depending on sizes and the decrease intensity of the characteristic SPR peak of 

the spherical AgNPs together with the emergence of the new peak in the range of 470 

to 670 nm (Figure 2.3).    
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Figure 2.3 Time-dependent UV-Vis spectra showing the conversion of silver 

nanospheres to nanoprisms (Jin et al., 2001). Figure	2.3 Time-dependent UV-Vis spectra showing the conversion of silver nanospheres to nanoprisms  

 

Zheng and coworkers succeeded in the production of monodispersed AgNPs, 

which their sizes and shapes could be controlled by illuminating silver seeds with 

specific laser wavelengths (Zheng et al., 2007). Their results revealed the linear 

relationship between the surface plasmon resonance (SPR) absorption band of the 

prepared nanoparticles and the excitation wavelengths, in another word, a newly 

emerged absorption band of products corresponding to the excited wavelength of the 

given laser, which in turn correlated to color and final morphology of the 

nanoparticles. The final size and shape were found to depend on the laser wavelength 

and power. For the exposure to excitation wavelength of 455, 501, and 514 nm, the 

majorities of products were the mix of disc and triangle nanoparticles, while the laser 

exposure at 457.9 and 476.5 nm produced the pyramid/pentagon shaped nanoparticles 

as the main products. The SPR properties of the prepared nanoparticles were finely 

adjusted in the range of 480 to 560 nm.  
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In addition to the laser-induced growth of nanoparticles, another photo-

transformation of silver nanoparticle model was proposed by Stamplecoskie and 

Scaiano (Stamplecoskie and Scaiano, 2010). In their work, the silver seeds prepared 

by the reduction of silver nitrate by I-2959 in the presence of citrate were exposed to 

various excitation wavelengths of LEDs. The results of this work showed that the 455-

nm, 626-nm and 720-nm LEDs controlled the growth of small spherical silver seeds 

into dodecahedra, nanoplates, and nanorods, respectively. The color change of yellow 

colloidal and the decrease intensity of SPR peak attributed to the spherical AgNPs 

together with the emergence of new SPR peak were the evidence of the light-induced 

shape transformation (Figure 2.4). Apart from the excitation wavelength of light 

source, the intensity, exposure time, and constant irradiation needed to be considered 

in order to achieve light-induced growth of nanoparticles with the desired morphology 

(Pietrobon and Kitaev, 2008).  

 

Figure 2.4 UV/vis spectral changes as the Ag seeds were exposed to LED irradiation 

at (A) 455, (B) 627, and (C) 720 nm and TEM images of the correlated final products 

(Stamplecoskie and Scaiano, 2010). Figure2.4 UV/vis spectral changes as the Ag seeds were exposed to LED irradiation at (A) 455, (B) 627, and (C) 720 nm and TEM images of the correlated final products 
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Natural and simulated sunlight were reported to drive the transformation of 

silver seeds to nanoprism and nanodecahedron depending on the concentration of 

capping agent, trisodium citrate. At low concentration of citrate, the nanoprisms 

dominated in the products, whereas the condition with high concentration of citrate 

gave rise to the decahedron as the major product. New SPR peaks of the solutions with 

different concentrations of citrate appeared and the color of silver seeds was changed 

after the silver seed solutions were irradiated for 3 h, which indicates that the 

anisotropic silver nanoparticles were produced during the irradiation by sunlight 

(Figure 2.5). In addition, it was found that the UV light from sunlight played an 

important role in a shape conversion. 

 

Figure 2.5 Time course UV-Vis spectra of AgNP solutions during natural sunlight 

irradiation and the corresponding photographs of solution colors. The concentrations 

of citrate in solution were (A) 5 x 10-4, (B) 10-3, (C) 2.5 x 10-3, and (D) 5.0 x10-3 Molar 

(Tang et al., 2015). Figure	2.5	Time course UV-Vis spectra of AgNP solutions during natural sunlight irradiation and the corresponding photographs of solution colors. The concentrations of citrate in solution were (A) 5 x 10-4, (B) 10-3, (C) 2.5 x 10-3, and (D) 5.0 x10-3 M 
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Among different light sources, LEDs were found to be one of the cost-effective 

sources that could generate the controllable shapes of AgNPs with homogeneity and 

good spectral quality (narrow linewidth) by changing their wavelength and intensity 

as seen from the results in Figure 2.4 (Stamplecoskie and Scaiano, 2010). Therefore, 

LEDs were used in this study 

 

 2.5 Effect of different shapes on antibacterial and antioxidant 

activities 

Silver nanoparticles have been used as an effective antimicrobial agent for a long 

time due to their broad-spectrum antimicrobial property. (Hong et al., 2016). Even 

though the well-understood mechanism is still ongoing investigated, several possible 

mechanisms have been proposed. According to their small size, AgNPs may penetrate 

through the bacterial cell wall and release silver ions into the bacterial cells. These 

ions may bind to biological macromolecules such as 

 DNA, proteins, and enzymes. Consequently, it may interfere with DNA 

replication, protein denaturation, and activity of enzymes (Guzman et al., 2012; Raza 

et al., 2016).  

From a number of previous works on the antibacterial efficacy of AgNPs, it was 

found that the shape and size of AgNPs play a key role in the antibacterial property 

(Hong et al., 2016; Nateghi and Hajimirzababa, 2014; Roy et al., 2015). Morones and 

colleagues reported that the AgNPs with the higher intensity of [111] facet having the 

higher atom density and higher reactivity than the other facets were more likely to 

attach to bacterial cell membrane and enhance the bacterial killing efficiency 

(Morones et al., 2005). Moreover, the AgNPs with more reactive facets showed the 
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increased rate of silver ion releasing, leading to an enhancement of antibacterial 

efficacy (Hong et al., 2016). This work was supported by several research works. For 

example, Roy and colleague reported the antibacterial activity of four different shapes 

(spherical, oval, rod, and flower shape) of AgNPs against Gram-negative and Gram-

positive bacteria, which the flower shaped AgNPs exhibited more [111] facet in 

comparison to other shapes of AgNPs and exhibited the highest antibacterial efficacy 

(Roy et al., 2015). Another work done by Dong and colleagues showed that triangular-

shape nanoparticles exhibited greater antibacterial property than spherical ones due to 

their geometric structure and geometric plane (Van Dong et al., 2012).  



CHAPTER III 

MATERIAL AND METHODS 

	
3.1 Plasmid DNA extraction and purification 

The plasmid DNA extraction and purification were prepared by alkaline lysis and 

phenol-chloroform extraction based on Sambrook and colleagues (Sambrook et al., 

1989). A single colony of Escherichia coli containing the plasmid DNA, pGADT7-

AD (Clontech, USA), was cultured in 4 ml Luria-Bertani (LB) broth containing 50 

µg/ml of ampicillin at 37 °C for 6 h before transferring to culture in 200 ml fresh 

medium for another 18 h. The bacterial cells were harvested by centrifugation at 8,000 

´ g for 2 min. The cell pellet was re-suspended in 1 ml GTE buffer (50 mM Glucose, 

25 mM Tris-HCl pH 8.0, and 10 mM EDTA pH 8.0) and lysed in 2 ml lysis buffer 

(0.2 N NaOH, 1% SDS) on ice for 5 min. After adding 1.5 ml neutralization buffer (5 

M potassium acetate pH 5.2), the mixture was centrifuged at 12,000 ´ g at 4 °C for 5 

min to remove cell debris. The collected supernatant was mixed with one volume of 

isopropanol to precipitate the DNA. After DNA pellet was collected by centrifuging, 

it was washed once with 70% ethanol and subsequently air-dried. The DNA was 

treated with RNase (300 µg/ ml) at 37 °C for 1 h before purifying by adding an equal 

volume of phenol-chloroform solution (25:25, v/v). After a centrifugation, the aqueous 

phase was extracted once with chloroform. The aqueous phase was collected to 

precipitate the DNA by adding 2.5 volumes of ethanol and 0.1 volume of 3 M sodium 

acetate. The DNA pellet was collected by a centrifugation and washed once with
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70% ethanol, before dissolving in sterile deionized water. The DNA concentration was 

determined by a Nanodrop® ND-1000 Spectrophotometer (Nanodrop Technologies, 

USA). The purified plasmid DNA was visualized on a 0.8% agarose gel.  

 

3.2 Synthesis of AgNPs  

The synthesis reaction composes of two steps, which are the seed formation and 

light-mediated growth. The seed formation protocol is modified from Mulfinger and 

colleagues (Mulfinger et al., 2007a) and the light-mediated growth is modified from 

Stamplecoskie and Scaiano (Stamplecoskie and Scaiano, 2010). The experiments were 

divided into 2 parts, the condition with strong reducing agent, NaBH4, and weak 

reducing agent, glucose.  

Under the condition of the strong reducing agent, 1.0 mM silver nitrate (2 ml) 

was added dropwise to the mixture of 2.0 mM freshly prepared NaBH4 (6 ml) and 

heat-denatured pGADT7 or short oligo dA and dC at room temperature with vigorous 

stirring. The yellow solution attributed to the reduction of Ag+ to Ag0, indicating the 

formation of silver seeds wrapped around by DNA. The reaction was then exposed to 

LED lights to initiate a shape transformation of AgNPs. To confirm the formation of 

AgNPs, a spectrophotometer (Analytik Jena, Germany) was used to measure the 

absorbance at 300-900 nm of the reaction solution. The reactions with no light 

exposure and no DNA were used as the controls. To study the effects of different LED 

wavelengths, the reaction containing silver nitrate, heat denature DNA, and NaBH4 

was exposed to blue light (λmax = 460 nm, 20 W), green light (λmax = 520 nm, 20 W), 

and red light (λmax = 620 nm, 20 W). Different shapes of AgNPs were determined from 

the surface plasmon resonance (SPR) peaks. To study the effect of DNA content, the 
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reactions containing different amounts of DNA (2, 4, and 8 pmole) were exposure to 

LED light for 24 h. To study the effect of reaction time, the formation of AgNPs in a 

time course of 24 h was studied by sampling the reactions using 4 pmole and 8 pmol 

DNA at 3, 6, 12, and 24 h. For the condition with oligo nucleotides, the DNA content 

was increased to 16 pmole and the light exposure was prolonged to 48 h.  

For the condition of weak reducing agent, the reactions were performed similar 

to the protocol above but the 2.0 M glucose (6 ml) was added and the reaction 

temperature was set at 60 °C instead.  

 

3.3 Characterization of the synthesized AgNPs 

3.3.1 Morphology and size distribution 

The morphology and size of the synthesized AgNPs were determined by 

transmission electron microscope (TEM; FEI, USA). The samples were prepared by 

dropping the colloidal AgNPs on a carbon-coated copper holder. After air dry at room 

temperature, the samples were observed under TEM operating at 200 kV. The taken 

TEM images were analyzed by Image J software (NIH, USA) and Origin Pro 2015 

software (OriginLab Corp., USA) to determine the particle size and size distribution, 

respectively. In addition, the selected area electron diffraction (SEAD) pattern and 

high resolution-transmission electron microscope (HR-TEM) were studied by a 

conventional transmission mode of TEM operating at 200 kV. 

3.3.2 The crystallographic characterization 

To study the crystalline nature of the synthesized AgNPs, X-ray 

diffractometer (XRD; Bruker, Germany) using Cu Kα radiation (l = 1.5406 Å) was 
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performed. The samples were dropped on a glass slide and air-dried before transferring 

to XRD analysis. The XRD measurement conditions were set as following; a 

diffraction angle 2θ between 30° and 80°, a step-width Δ2θ of 0.02°, and a sampling 

time of 10 s/step.  

 

3.4 Determination of antioxidant activity of the synthesized AgNPs 

To evaluate the antioxidant activity of the synthesized AgNPs, the DPPH free 

radical scavenging assay was conducted according to the method of Ajayi and 

Afolayan (Ajayi and Afolayan, 2017). The various concentrations of the synthesized 

AgNPs (1.25-80.00 µg/µl) in absolute methanol (100 µl) were mixed thoroughly with 

0.135 mM DPPH in absolute methanol (100 µl) followed by incubating in the dark at 

room temperature for 30 minutes before measuring the absorbance at 517 nm by a 

microplate reader (BioTek Instruments, USA). The ascorbic acid (1.25-80.00 µg/µl) 

was used as the standard. The scavenging abilities of the synthesized AgNPs were 

calculated by the following equation (Ajayi and Afolayan, 2017), where Ac is the 

absorbance of the DPPH control solution and As is the absorbance of the mixture of 

DPPH and sample solution.  

           DPPH radical scavenging activity (%) = 100 × (Ac-As)/Ac      

3.5 Determination of antibacterial activity of the synthesized AgNPs  

Antibacterial activities of the synthesized AgNPs were determined by the 

minimal inhibitory concentration (MIC), the lowest concentration of AgNPs to inhibit 

the visible growth of the bacteria, and the minimal bactericidal concentration (MBC), 

the lowest concentration of AgNPs to completely kill the bacteria. In this work, 
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Escherichia coli (ATCC 25922) and Staphylococcus aureus (ATCC 25923) were used 

as the representatives of Gram-negative and Gram-positive bacteria, respectively. The 

antibacterial assay was followed the standard broth dilution method (Wiegand et al., 

2008). Briefly, the synthesized AgNPs were two-fold serially diluted before mixing 

with the tested bacteria at a concentration of 1 ×  106 CFU/ml to obtain the final 

concentration of 5 × 105 CFU/ml. The bacterial cultures were incubated at 37 °C with 

a constant shaking at 80 rpm and the optical density (OD) at 600 nm were recorded 

every 6 h for 24 h in order to observe the bacterial growth. The lowest concentration 

of AgNPs showing no visible growth of bacteria was determined as the MIC. To 

determine MBC, the cultures at the MIC value and two higher concentrations were 

spread and cultured on MH agar plates at 37 °C for 24 h. The lowest concentration of 

AgNPs showed no bacterial growth on the culture plates was determined as the MBC 

(Krishnan et al., 2015). 

 

3.6 Statistical analysis 

Five replicates were used for each experimental condition and at least two 

independent experiments were performed. The data were displayed as means ± 

standard deviations. The comparison of means among groups was analyzed by one-

way ANOVA and Tukey’s Honestly Significant Differences with SPSS program 

(SPSS, USA). The P-value of less than 0.05 represented the different statistical 

significance. 

 



CHAPTER IV 

RESULTS AND DISSCUSSION 

 

In this work, the approaches to synthesize different shaped AgNPs were 

investigated by controlling several factors: reducing agents (NaBH4 and glucose), 

capping agents (Oligo dA, Oligo dC, and plasmid DNA), and wavelengths of LEDs 

(460 nm, 520 nm, and 620 nm). In addition, the synthesized AgNPs were characterized 

and their antioxidant and antibacterial activities were also investigated. 

4.1 Production of different shaped AgNPs using plasmid DNA 

The synthesis of AgNPs was divided into 2 main parts, the seed formation and 

light induced growth. In the seed formation step, NaBH4 and glucose were used as 

reducing agents to reduce Ag+ to Ag0. DNA acted as capping agent to facilitate a 

formation of small cluster of Ag0 into small seeds. After obtaining yellow seed 

solution, the different LEDs were applied to induce a formation of different shaped 

AgNPs. 

4.1.1 Plasmid DNA preparation 

In this part, the long DNA strands, the 8-kb pGADT7-AD plasmid, were 

used to assist the formation of AgNPs. To obtain the pure plasmid DNA, the pGADT7-

AD DNA were extracted from the bacterial culture and subsequently purified by 

alkaline lysis following by phenol-chloroform. The 1.32 ± 0.01 mg of plasmid DNA 

were obtained per 200 ml bacterial culture and the absorbance ratio at 260 and 280 nm
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 of the extracted plasmid DNA was at 1.85, which was the acceptable value as a pure 

DNA (Boesenberg-Smith et al., 2012). Figure 4.1 shows the pattern of the extracted 

plasmid DNA, indicating three conformations of the plasmid DNA as seen on a 0.8% 

agarose gel; open circular dimer, open circular and supercoiled DNA (Dixit and Ali, 

2001).  

 

 

 

 

 

 

 

 

 

	

Figure 4.1 The pattern of extracted plasmid DNA from E. coli containing pGADT7-

AD visualized on 0.8% agarose gel..	Figure	6	Figure	4.1	The	pattern	of	extracted	plasmid	DNA	from	E. coli	containing	pGADT7-AD	visualized	on	0.8% agarose	gel. 

 

4.1.2 Effects of reducing agents and wavelength of LEDs on a formation of 

AgNPs 

To synthesize AgNPs, the plasmid DNA (4 pmole) was heat-denatured 

before using in the seed formation reaction composing of AgNO3 and reducing agent 

(NaBH4 and glucose). To study the effect of LED wavelength on the light-induced 
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growth, the seed solution was irradiated to the blue (460 nm), green (520 nm), and red 

(620 nm) LEDs for 24 h. When glucose, considered as weak reducing agent, was used, 

the shape transformation of AgNP seed did not occur since the UV-Vis spectra of the 

seed solution after light irradiation for 1 h did not show the characteristic peak of non-

spherical AgNPs but displayed the aggregated particles instead (Figure 4.2). The shape 

transformation by light irradiation approach require small AgNP seeds since the shape 

control mediated by light reported here all lead to particle growth (Stamplecoskie and 

Scaiano, 2010). As seen in Figure 4.2, the UV-Vis spectrum of AgNP seeds from 

reaction using glucose as reducing agent shows SPR peak at 450 nm indicating large 

size of spherical AgNPs (Agnihotri et al., 2014). Therefore, light irradiation of this 

large AgNP seeds possibly resulted in the aggregation. 

 

Figure 4.2 UV–Vis spectra of the synthesized AgNPs in the reactions using glucose 

as weak reducing agent and pGADT7 as capping agent. Figure	7	Figure 4.2 UV–Vis spectra of the synthesized AgNPs in the reactions using glucose as weak reducing agent and pGADT7 as capping agent. 
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When NaBH4 was used as the reducing agent, the reactions exposed to 

green and red LEDs appeared as yellow color with the surface plasmon resonance 

(SPR) peaks at 406 and 404 nm, respectively (Figure 4.3). Based on the reaction color 

and the characteristic SPR peaks, it was likely that the formed AgNPs were 

nanospheres (Agnihotri et al., 2014). In contrast, the reaction exposing to the blue 

LED appeared in green color with the presence of two SPR peaks at 412 and 595 nm, 

suggesting the formation of non-spherical AgNPs (Tao et al., 2008). Although the 

right-shifted SPR peak may indicate the formation of larger sizes of AgNPs (Agnihotri 

et al., 2014), the newly emerged SPR peak in the range of 495 – 630 nm aside from 

the original SPR peak of small silver seeds at 416 – 418 nm is the characteristics of 

non-spherical AgNPs (Liu et al., 2010). The control reactions with no light exposure 

and no DNA remained in yellow color with the SPR peaks at 420 and 413 nm, 

respectively, indicating the presence of spherical AgNPs (Agnihotri et al., 2014). The 

synthesized AgNPs in the reaction without a capping agent could be stable for few 

weeks since the absorbed borohydride ions on the particle surface provided the 

repulsive electrostatic forces to prevent the particle aggregation (Mulfinger et al., 

2007b). Taken all results together, the optimal LED light and DNA were considered 

as the key factors for transforming the spherical seeds of AgNPs to the other shapes.  
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Figure 4.3 UV–Vis spectra of the formed AgNPs under different conditions.	Figure	8	Figure	4.3	UV–Vis	spectra	of	the	formed	AgNPs	under	

different	conditions 	

 

4.1.3 Effects of DNA content on a formation of AgNPs 

The concentration of the capping agent is another factor that affected the 

shape conversion of AgNPs (Tang et al., 2015), therefore, the reactions containing 

different DNA amounts (2-8 pmole) under a blue LED irradiation for 24 h were 

monitored. As seen in Figure 4.4, the reaction containing 2 pmole DNA could not 

induce a shape-conversion of AgNPs as indicated by the remained yellow color and 

the characteristic SPR peak at 413 nm (Agnihotri et al., 2014). Upon the increase of 

DNA amount to 4 pmole, the shape-transformation of non-spherical AgNPs was 

successfully occurred as determined by the changed color to green and the 

characteristic SPR peaks at 412 and 595 nm, which corresponded to the in-plane dipole 

plasmon resonance of possibly formed hexagonal and triangle AgNPs (Liu et al., 

2010). Similarly, the reaction containing 40 µg DNA could induce a formation of non-
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spherical AgNPs but the reaction turned to orange color and its SPR peaks were at 424 

and 562 nm, which was likely attributed to the formed hexagonal AgNPs (Liu et al., 

2010).  

 

 

Figure 4.4 UV–Vis spectra of the synthesized AgNPs in the reactions containing 

different amount of pGADT7-AD at 24 h under the blue LED irradiation. Figure	9	Figure	4.4 UV–Vis	spectra	of	the	synthesized	AgNPs	in	the	reactions	containing	different	amount	of	pGADT7-AD	at	24	h	under	

the	blue	LED	irradiation.	

 

4.1.4 Effects of the synthesis time on a formation of AgNPs 

The UV-Vis spectra of the formed AgNPs in the reactions containing 4 and 

8 pmole of pGADT7-AD plasmid DNA under blue light irradiation were also 

monitored in a time course of 24 h. In the reactions using 4 pmole DNA, the formation 

of non-spherical AgNPs was first detected at 6 h as determined by the changes from 

yellow to orange and green colors and the SPR characteristic peaks at 412 and 595 nm 

(Figure 4.5(A)). When the irradiation times were increased, the SPR peaks were 
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slightly right-shifted to the longer wavelengths. Similarly, in the reactions using 8 

pmole DNA the formation of non-spherical AgNPs was first detected at 6 h but the 

reaction color turned to orange, while the SPR peaks were observed at 424 and 562 

nm (Figure 4.5(B)). These results confirmed the effect of DNA content on the 

induction of non-spherical AgNPs upon a blue light exposure. The synthesized AgNPs 

from the condition containing 4 pmole DNA under 24-h blue light irradiation was 

chosen to compare with the rests of the conditions in the next parts.  

 

Figure 4.5 UV–Vis spectra of the synthesized AgNPs in the reactions containing (A) 

4 pmole and (B) 8 pmole of pGADT7-AD in a time course of 24 h under the blue light 

irradiation. Figure	10Figure	4.5	UV–Vis	spectra	of	the	synthesized	AgNPs	in	the	reactions	containing	(A)	4	pmole	and	(B)	8	pmole	of	pGADT7-AD	in	a	time	course	of	24	h	under	the	blue	light	irradiation  

 

4.1.5 Characterization of the plasmid-capped AgNPs  

The representative TEM images of the plasmid-capped AgNPs are shown 

in Figure 4.6. For the reaction using 2 pmole DNA (Figure 4.6(A)), the formed AgNPs 

were all spherical with the average diameter of 11.66 ± 4.11 nm. The TEM image of 

the reaction using 4 pmole DNA revealed the AgNPs in hexagonal (26%) and corner-
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truncated triangle (8%) shapes in addition to spherical (66%) shape (Figure 4.6(B)), 

which were correlated to the characteristic SPR peaks of AgNPs at 412 and 595 nm 

(Liu et al., 2010). Under this condition, the average sizes of spherical, hexagonal, and 

corner-truncated triangle AgNPs were 12.32 ± 2.22, 23.03 ± 6.62, and 15.84 ± 4.31 

nm, respectively. In the reaction using 8 pmole DNA, only two particle shapes were 

detected (Figure 4.6(C)); spherical (80%) and hexagonal (20%), which were also 

correlated to the characteristic SPR peaks of AgNPs at 424 and 562 nm (Liu et al., 

2010). The average sizes of spherical and hexagonal AgNPs under this condition were 

12.09 ± 3.24 and 16.28 ± 3.63 nm, respectively. This result suggested that the ratio of 

Ag+ and DNA affected the formation of non-spherical AgNPs. In this work, the 

percentage of non-spherical AgNPs was not high, the adjustment of some factors 

might increase the production of non-spherical AgNPs, such as pH (Yu et al., 2011) 

and photon flux (Lee et al., 2013), which the further investigation is needed. We 

hypothesize that the possible mechanism of the light-induced shape transformation is 

consisted of two steps; the small seed formation and the light-induced growth of non-

spherical shape. The Ag+ ions are reduced to Ag0 rapidly by the strong reducing agent, 

which were wrapped around by the ssDNA strands to form the small clusters of silver 

seeds (Chumpol and Siri, 2017). Their growth into the anisotropic shape is assisted by 

the LED-light activation and the selective binding of nitrogenous bases on particular 

planes of nanoparticles (Li et al., 2016). The electromagnetic (EM) field produced by 

LED-light can excite and cause the coalescence of the nanoparticle seeds 

(Stamplecoskie and Scaiano, 2010), which the pattern of coalescence may be related 

to the bindings between DNA and AgNPs. Due to the negatively charged functional 

groups of DNA chain, it is likely that DNA may preferentially bind to the [111] planes 
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of planar seeds, thus covering the top and bottom surfaces (Yi et al., 2013). As the 

result, the addition of Ag atom on this plane is blocked; therefore, the silver atoms 

preferentially deposit on the [100] plan leading to the growth of triangular and 

hexagonal plates (Li et al., 2016). In this work, the blue LED is only light source that 

provide enough energy to drive the coalescence of small seeds due to its high energy, 

which in accordance with previous report (Stamplecoskie and Scaiano, 2010). In 

contrast, the green and red LEDs that have longer wavelength resulting in lower 

energy could not provide enough energy to drive the shape transformation of AgNPs 

as analyzed by TEM images (data not shown).  

 
 

Figure 4.6 Representative TEM images of the plasmid-capped AgNPs in the reactions 

containing (A) 2 pmole, (B) 4 pmole, and (C) 8 pmole of DNA.. Figure	11Figure	4.6	Representative	TEM	images	of	the	plasmid-

capped	AgNPs	in	the	reactions	containing	(A)	2	pmole,	(B)	4	pmole,	and	(C)	8	pmole	of	DNA. 
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Figure 4.6 Representative TEM images of the plasmid-capped AgNPs in the reactions 

containing (A) 2 pmole, (B) 4 pmole, and (C) 8 pmole of DNA (Continued).  

 

The identity of synthesized AgNPs of the reactions using 4 pmole of 

pGADT7, was further analyzed by XRD, SEAD-TEM, and HR-TEM. The XRD 

analysis was conducted to confirm the crystalline nature of the synthesized AgNPs. 

Figure 4.7(A) shows the XRD pattern of pGADT7 AD capped AgNPs, which two 

major peaks at 38.4° and 44.7°, corresponding to the [111] and [200] facets, 

respectively were detected. In general, the high population of hexagonal and corner-

truncated triangle AgNPs exhibits the intense [111] peak due to their [111]-covering 

faces (Park et al., 2016). The presence of the peak corresponding to the [200] facet in 

this result possibly attributed to the population of spherical AgNPs in the reactions. 

The SEAD-TEM patterns demonstrated four diffraction rings, which were indexed as 

[111], [200], [220], and [311] planes (Figure 4.7(B)), well corresponding to the 

Bragg's planes of face-centered cubic (fcc) structure of silver (Szeremeta et al., 2014). 
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These concentric rings revealed that the synthesized AgNPs were polycrystalline in 

nature. The HR-TEM image of the synthesized AgNPs as seen in Figure 4.7(C) 

revealed their d-spacing value of 0.23 nm, in a good agreement with the lattice fringe 

[111] plane of fcc structure of silver (Al-Ghamdi and Mahmoud, 2014).  

 

 

 

Figure 4. 7 Characterization of the plasmid- capped AgNPs ( 4 pmole) .  ( A)  XRD 

pattern, (B) SAED-TEM, and (C) HR-TEM.  Figure	12Figure	4.7	Characterization	of	the	plasmid-capped	AgNPs	(4	pmole).	(A)	XRD	pattern,	(B)	SAED-TEM,	and	(C)	

HR-TEM.	



 

	

47 

47	

4.1.6 Antibacterial activity of the plasmid-capped AgNPs 

The broad-spectrum antibacterial activity is one of the interesting 

properties of AgNPs, which this property is depended on their size and shape (Hong 

et al., 2016). To investigate the antibacterial activity of the synthesized AgNPs, a 

micro-broth dilution method was performed. The growths of the representative Gram-

negative (E. coli) and Gram-positive (S. aureus) bacteria in response to various 

concentrations of synthesized AgNPs in a time course of 24 h were monitored. The 

results showed that all synthesized AgNPs exhibited the antibacterial activity against 

both bacterial strains in a dose-dependent response. Figure 4.8 shows the growths of 

E. coli and S. aureus in response to the plasmid-capped AgNPs (the reaction using 4 

pmole plasmid DNA) in a range of 5-80 µg/ml. The minimum inhibition concentration 

(MIC) values of the produced AgNPs against E. coli and S. aureus were equally at 40 

µg/ml. The minimum bactericidal concentration (MBC) values of the AgNPs against 

E. coli was 40 µg/ml, while the MBC values against S. aureus were higher at 80 µg/ml. 

The S. aureus was less susceptible to AgNPs due to the thicker peptidoglycan layer of 

its cell wall (Janthima et al., 2017).  
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Figure 4.8 Growth curves of (A)  E.  coli and (B)  S.  aureus in response to different 

concentrations of the synthesized AgNPs in a time course of 24 h..  Figure	13Figure	4.	8	Growth	curves	of	(A)	E.	coli	and	(B)	S.	aureus	in	

response	to	different	concentrations	of	the	synthesized	AgNPs	in	a	time	course	of	24	h.  
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4.1.7 Antioxidant activity of the plasmid-capped AgNPs 

The antioxidant activity of the plasmid-capped AgNPs was also 

evaluated by the DPPH scavenging assay based on the activity of the tested samples 

to reduce DPPH radicals, which is expressed as % DPPH inhibition (Patra et al., 2016). 

The maximum absorption of the DPPH radicals at 517 nm is decreased upon the 

reduction by the tested samples together with the decolorization of the DPPH solution 

from violet color (the free radical form, diphenyl picrylhydrazyl) to yellow color (the 

non-free radical form, diphenyl picryhydrazine). The DPPH radical scavenging 

activities of the positive control, ascorbic acid, and the plasmid-capped AgNPs at 5–

40 µg/ml are shown in Figure 4.9. With increasing in concentrations, the plasmid-

capped AgNPs exhibited the antioxidant activity in the dose-dependent response. The 

inhibition concentration 50% (IC50) values of the plasmid-capped AgNPs was 7.34 ± 

0.76 µg/ml, which was lower than that of the control ascorbic acid (4.41 ± 0.13 µg/ml). 

Nevertheless, the antioxidant activity of synthesized AgNPs was greater than many 

reported activities of AgNPs, which were in a range of 70-400 µg/ml (Huo et al., 

2017; Kharat and Mendhulkar, 2016; Moteriya and Chanda, 2016). In contrast, some 

synthesized AgNPs were reported to exhibit the greater antioxidant activity than the 

AgNPs in this work, especially ones synthesized using plant extracts as capping 

agents, which the strong antioxidant activity of these synthesized AgNPs partially 

attribute to the antioxidant activity of the capping agents (Khan et al., 2016). Since the 

plasmid DNA, the capping agent in this work, exhibited less or no antioxidant activity, 

the synthesized AgNPs in this work exhibited the antioxidant activity not as high as 

some reported AgNPs using capping agents possessing antioxidant activity.  
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Figure 4.9 DPPH free radical scavenging activity of the plasmid capped AgNPs and 

positive control, ascorbic acid.. Figure	14Figure	4.9	DPPH	free	radical	scavenging	activity	of	the	plasmid	capped	AgNPs	and	positive	control,	ascorbic	acid.	

 

4.2 Production of different shaped AgNPs using oligo dA and dC 

The oligo dA30 (A30) and dC30 (C30), the short single stranded DNA with 30 

bases of adenine and cytosine, respectively, were used as capping agents to study the 

effect of DNA sequence on the light-induced shape transformation of AgNPs.  

4.2.1 Effect of DNA content and synthesis time on a formation of AgNPs 

using A30 

To investigate the effect of DNA content on the photo-induced shape 

conversion, the different DNA amounts (4, 8, and 16 pmole) were added into seed 

formation reaction followed by a blue LED irradiation for 48 h. In case of A30, Figure 

4.10 demonstrates that in the reaction containing 4 pmole, there was the presence of 

the SPR peak at 404 nm, suggesting a formation of spherical AgNPs. However, when 
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the DNA contents were increased to 8 and 16 pmole, in addition to the main SPR peak 

at 404 nm, the new SPR peak at 448 nm was observed. When the DNA amount was 

increased to 16 pmole, the SPR peak at 404 nm, corresponded to spherical seeds, was 

decreased visibly while the shoulder peak at 448 nm became more clear.  

 

 

Figure 4.10 UV–Vis spectra of the synthesized AgNPs in the reactions containing 

different amounts of A30 under the blue light irradiation for 48 h. Figure	15Figure	4.10	UV–Vis	spectra	of	the	synthesized	AgNPs	in	the	reactions	containing	different	amounts	of	A30	under	the	blue	light	irradiation	for	48	h. 

 

The reaction containing 16 pmole of A30 under blue light exposure was 

further analyzed by observing the reaction at 24 and 48 h.  The UV- Vis spectra in 

Figure 4.11 revealed that the second small peak at 448 nm firstly appeared at 24 h of 

exposure. With increased times, the SPR peak intensity at 404 nm, which attributed 

to spherical silver seeds, was decreased as the time increased.  These characteristic 

SPR peaks and the change of color from light yellow to deeper shade possibly 
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indicated that the spherical AgNPs were increased in size as light exposure was 

prolonged  

 

Figure 4.11 UV–Vis spectra of the synthesized AgNPs in the reactions containing 16 

pmole of A30 under the blue light irradiation in a time course of 48 h. Figure	16Figure	4.11	UV–Vis	spectra	of	the	synthesized	AgNPs	in	the	reactions	containing	16	pmole	of	A30	under	the	blue	light	irradiation	in	a	time	course	of	48	h. 

 

4.2.2 Effect of DNA content and synthesis time on a formation of AgNPs 

using C30 

To determine the effect of different C30 contents on the formation of 

AgNPs, the reactions containing 4, 8, and 16 pmole C30 were performed under the 

blue light irradiation for 48 h, which the results are shown in Figure 4. 12.  With 

increased C30 contents, two SPR peaks were observed at 400 and 454 nm, suggesting 

the formation of both spherical and non-spherical AgNPs. The characteristic SPR peak 

at 400 nm was likely the spherical AgNPs, while the characteristic peak at 454 nm 

suggested the formation of non- spherical AgNPs.  With increased C30 contents, the 

SPR peak attributed to spherical AgNPs was decreased and slightly shifted to 404 nm, 

 (Stamplecoskie and Scaiano, 2010). 
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while the absorbance value of the new peak at 454 nm was elevated.  The changed 

color to green and the presence of two SPR peaks indicated the success of light-

mediated shape transformation of AgNPs by using C30 as capping agent.  

 

 

Figure 4.12 UV–Vis spectra of the synthesized AgNPs in the reactions containing 

different amounts of C30 under the blue light irradiation for 48 h..	Figure	17Figure	4.12	UV–Vis	spectra	of	the	synthesized	AgNPs	in	the	reactions	containing	different	amounts	of	C30	under	the	blue	light	irradiation	for	48	h. 

 

The effect of irradiation times on the formation of AgNPs is shown in 

Figure 4.13. The conversion of small spherical seeds to non-spherical AgNPs was first 

detected at 24 h as determined by the changes from yellow to green colors and the 

emerged SPR characteristic peaks at 454 nm. At the end of irradiation, the color turned 

to more greenish shade with an increase in absorbance at 454 nm apart from the SPR 

peak at 408 nm corresponding to the characteristics of non-spherical AgNPs 

(Stamplecoskie and Scaiano, 2010).  
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Figure 4.13. UV–Vis spectra of the synthesized AgNPs in the reactions containing 

16 pmole of C30 under the blue light irradiation in a time course of 48 h.	Figure	18Figure	4.13.	UV–Vis	spectra	of	the	synthesized	AgNPs	in	the	reactions	containing	16	pmole	of	C30	under	the	blue	light	irradiation	

in	a	time	course	of	48	h.  

4.2.3 Characterization of the A30-capped and C30-capped AgNPs 

The TEM micrograph revealed that A30-capped AgNPs with DNA content 

of 16 pmole led to the formation of spherical AgNPs (Figure 4.14(A)) with a diameter 

of 26.53 ± 6.96 nm. The size distribution of A30-capped AgNPs from this reaction 

ranged from 15.35 to 49.47 nm (100 particles). Even though the second peak is the 

character of non-spherical AgNPs, the second peak at 448 nm of A30-capped AgNPs 

possibly resulted from the population of large sized AgNPs in spherical shape since 

this SPR peak and deep yellow color of the product corresponded with the AgNP size 

in the range of 30-50 nm (Agnihotri et al., 2014).  In this case, we hypothesize that 

A30 equally bind to both planes of Ag seeds leading to the same rate of Ag atom 

deposit in the light-induced growth step. As a result, the spherical AgNPs were 

obtained from this reaction.  
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The TEM image of C30-capped AgNPs (Figure 4.15(A)) shows a variety 

of nanoparticles: spherical, truncated hexagonal, flat elongated (rod-like), and 

truncated triangular shapes with the average diameter of 24.38 ± 6.02 nm. The 

truncated hexagonal and triangular morphologies resulted from the selective growth 

on [100] direction as mentioned in the plasmid-capped AgNPs. The flat elongated 

AgNPs founded in this reaction possibly resulted from the growth of flat rounded 

AgNPs (Cardoso-Avila et al., 2015), which the etching of the protruding edges of 

hexagonal AgNPs led to this flat rounded shape (Cathcart et al., 2009). In case of using 

A30 and C30 as the capping agent, the results contradicted to the hypothesis regarding 

to the possible binding sites on silver seeds. According to the possible sites of adenine 

and cytosine for bonding with AgNPs in Figure 2.2, A30 and C30 were proposed to 

have the plausible binding sites similar to citrate and PVP, which preferentially bind 

to the [111] and [100] planes of silver seeds, respectively. However, the results 

revealed that A30 equally bound to both planes of Ag seeds, while C30 selectively 

bound to the [100] plane, leading to the large spherical and a variety of nanoplate 

structure, respectively. In nature, single strand nucleotides including ssDNA and RNA 

are in spiral shape (Liang et al., 2006); they are not in linear form as depicted in Figure 

2.2. Therefore, the possible site of each short oligonucleotide for binding to AgNPs 

may be different from the hypothesis.  

The characterization of the A30-capped and C30-capped AgNPs was 

studied using XRD and SAED-TEM analyses. The results are shown in Figure 4.14 

and 4.15. The XRD pattern of A30-capped AgNPs (Figure 4.14(B)) and C30-capped 

AgNPs (Figure 4.15(B)) demonstrated four diffraction peaks in the 2θ range of 30º-

80º, which were indexed as [111], [200], [220], and [311] planes of the Bragg's planes 
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of face-centred cubic (fcc) structure of silver, in agreement with the standard data 

(Joint committee on powder diffraction standards (JCPDS) file no. 89-3722 

(Anandalakshmi et al., 2016). In addition, the diffraction peak in the 2θ of 32.3º was 

found in the XRD pattern of A30-capped and C30-capped AgNPs, which matched 

with [111] plane of fcc structure of Ag2O according to JCPDS No. 76–1393 (Zhu et 

al., 2012). In this case, it was likely that some formed AgNPs were oxidized to Ag2O 

(Levard et al., 2012) during synthesized reaction or sample preparation for 

characterization.  

The SAED-TEM patterns of the A30-capped and C30-capped AgNPs are 

shown in Figure 4.14(C) and 4.15(C) revealing the polycrystalline structure of the 

synthesized AgNPs. The four-diffraction rings in [111], [200], [220], and [311] 

planes were indexed to the face-centered cubic (fcc) crystal structure of Ag 

(Szeremeta et al., 2014). Similar to XRD result, the innermost diffraction ring of the 

A30-capped and C30-capped AgNPs corresponded to the [111] plane of fcc structure 

of Ag2O aside from four characteristic diffraction rings of Ag (Pardha-Saradhi et al., 

2014).  
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Figure 4.14 Characterization of the A30-capped AgNPs as analyzed by (A) TEM, (B) 

XRD, and (C) SAED-TEM.	Figure	19Figure	4.14	Characterization	of	the	A30-capped	AgNPs	as	analyzed	by	(A)	TEM,	(B)	XRD,	and	(C)	SAED-TEM.	
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Figure 4.15 Characterization of the C30-capped AgNPs as analyzed by (A) TEM,      

(B) XRD, and (C) SAED-TEM.		Figure	20Figure	4.15	Characterization	of	the	C30-capped	AgNPs	as	analyzed	by	(A)	TEM,	(B)	XRD,	and	(C)	SAED-TEM. 
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4.2.4 Antibacterial activity of the synthesized AgNPs 

The bacterial inhibition activities of A30-capped and C30-capped AgNPs 

against E. coli and S. aureus are shown in Figures 4.16 and 4.17, in which dose-

dependent activities are revealed. From the growth curves, the MIC values of A30-

capped and C30-capped AgNPs against both bacteria were determined, which were 

equally at 160 µg/ml. In addition, the MBC values of the A30-capped and C30-capped 

AgNPs were determined, which their MBC values against E. coli were equally at 160 

µg/ml, while their MBC values against S. aureus were also equally at 320 µg/ml.  

 

 

Figure 4.16 Growth curves of (A) E. coli and (B) S. aureus in response to different 

concentrations of the A30-capped AgNPs in a time course of 24 h.   
Figure	21Figure	4.16	Growth	curves	of	(A)	E.	coli	and	(B)	S.	aureus	in	response	to	different	concentrations	of	the	A30-capped	AgNPs	in	a	time	course	of	24	h. 
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Figure 4.16 Growth curves of (A) E. coli and (B) S. aureus in response to different 

concentrations of the A30-capped AgNPs in a time course of 24 h (Continued).  

 

 

Figure 4.17 Growth curves of (A) E. coli and (B) S. aureus in response to different 

concentrations of the C30-capped AgNPs in a time course of 24 h. Figure	22Figure	4.17	Growth	curves	of	(A)	E.	coli	and	(B)	S.	aureus	in	response	to	different	concentrations	of	the	C30-capped	AgNPs	in	a	time	course	of	24	h. 
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Figure 4.17 Growth curves of (A) E. coli and (B) S. aureus in response to different 

concentrations of the C30-capped AgNPs in a time course of 24 h (Continued). 

 

4.2.5 Antioxidant activity of the synthesized AgNPs 

Similar to the plasmid-capped AgNPs, the A30-capped and C30-capped 

AgNPs exhibited the antioxidant activities in the dose-dependent responses (Figure 4. 

18). The IC50 values of A30-capped and C30-capped AgNPs were at 6.78 ± 0.83 and 

6.98 ± 0.46 µg/ml, respectively. Even though the IC50 values of the synthesized 

AgNPs were lower than that of the control ascorbic acid (4.41 ± 0.13 µg/ml), their 

antioxidant activities were higher than a number of reported activities of AgNPs as 

mentioned before.  
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Figure 4.18 DPPH free radical scavenging activity of the A30-capped AgNPs, C30-

capped AgNPs, and ascorbic acid (positive control). 

 

4.3 Comparison of the plasmid-capped, A30-capped, and C30-capped 

AgNPs 

4.3.1 Morphology, average sizes, and characterization 

The comparison of the formation of plasmid-capped, A30-capped, and 

C30-capped AgNPs is summarize in Table 4.1. For the reaction using plasmid DNA, 

the condition using 4 pmole plasmid DNA and blue LED exposure for 24 h could give 

rise to non-spherical AgNPs aside from the spherical (12.32 ± 2.22) AgNPs; hexagonal 

(23.03 ± 6.62 nm) and corner-truncated triangle (15.84 ± 4.31 nm). For the reaction 

using C30 DNA, the mixture of non-spherical and spherical AgNPs was also obtained, 

however, the reaction required four times higher DNA content and two times longer 
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exposure time. Under this condition, spherical, truncated hexagonal, flat elongated, 

and truncated triangular shapes with the average diameter of 24.38 ± 6.02 nm were 

detected. Considering from Figure 4.15(A), the hexagonal shapes found in the 

representative TEM image were corner truncated, which their edges were nearly 

etched and transformed to flat rounded shape eventually. This phenomenon occurred 

since there were no enough effective capping agent to prevent etching of their 

protruding edges. As a result, the flat elongated AgNPs were grown from round plates 

and found in this reaction. For the reaction using A30 DNA, only spherical (26.53 ± 

6.96 nm) AgNPs were obtained without the presence of non-spherical morphology.  

The optimized molar ratio between AgNO3 and plasmid DNA used in this work 

was 0.2 mM:0.4 nM. In contrast, this molar ratio did not work for the short A30 and 

C30 DNA. The molar ratio must be increased to 0.2 mM: 1.6 nM in order to obtain 

non-spherical AgNPs. Thus, DNA length, molar ratio of AgNO3 and DNA, and 

reaction time affected the light-induced shape transformation of spherical Ag seeds 

into non-spherical shapes. Moreover, the morphologies and colloidal color of C30-

capped AgNPs were similar to those of plasmid-capped AgNPs. It is likely that the 

nanoplate (hexagonal and triangle) morphologies of DNA-capped AgNPs attributed 

to the interaction of cytosine to certain silver planes. 
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Table 4.1 Comparison of optimized synthesis condition and morphologies of the 

synthesized AgNPs. 

AgNPs [AgNO3]:[DNA] 

Light 
exposure 

time 

Shape 

Spherical Hexagonal truncated 
triangle 

Flat 
elongate 

Plasmid-
capped 
AgNPs 

0.2 mM: 0.4 nM 24 √ √ √ X 

A30-capped 
AgNPs 

0.2 mM: 1.6 nM 48 √ X X X 

C30-
capped 
AgNPs 

0.2 mM: 1.6 nM 48 √ √ √ √ 

 

4.3.2 Antibacterial actvity 

The A30-capped and C30-capped AgNPs exhibited the lower antibacterial 

activity comparing to that of the plasmid-capped AgNPs. As seen in Table 4.2, the 

MIC values of A30-capped and C30-capped AgNPs against both bacteria were 4 times 

higher than that of the plasmid-capped AgNPs. Similarly, the MBC values of A30-

capped and C30-capped AgNPs against E. coli and S. aureus were higher than that of 

the plasmid-capped AgNPs; 8 times and 4 times higher, respectively. During 

incubation at 37 °C, some A30-capped and C30-capped AgNPs were aggregated at 

the bottom of the 96-well plates as seen from the black precipitates. Therefore, the 

lower antibacterial efficacy of these two synthesized AgNPs possibly resulted from 

the lesser stability of the formed nanoparticles. Since the length of oligonucleotides 

used in this work was approximately 260 times shorter than pGADT7-AD, the stability 

of AgNPs stabilized by these short DNA was lower than the nanoparticles stabilized 

by long DNA (Tejamaya et al., 2012).   
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Table 4.2 Comparison of the MIC and MBC values of the synthesized AgNPs. 

Sample MIC values (µg/ml) MBC values (µg/ml) 
E. coli S. aureus E. coli S. aureus 

Plasmid-capped AgNPs 40 40 40 80 
dA-capped AgNPs 160 160 320 320 

dC-capped AgNPs 160 160 320 320 
 

 

4.3.3 Antioxidant activity 

The antioxidant activity of the synthesized AgNPs was reported in the 

maximum percentage of DPPH scavenging activity and IC50 values as shown in Table 

4.3. In contrast to antibacterial activity, the antioxidant activities of all synthesized 

AgNPs were not significantly different (P-value>0.05). The IC50 values of the 

plasmid-capped, A30-capped, and C30-capped AgNPs were similar at 7.34 ± 0.76, 

6.78 ± 0.83, and 6.98 ± 0.46 µg/ml, respectively. The maximum percentage of DPPH 

scavenging activities of all synthesized AgNPs were also insignificantly different. 

Based on the results of this work, the antioxidant activity of DNA-capped AgNPs did 

not depend on their size and shape. 

 

Table 4.3 The maximum percentage of DPPH scavenging activity and IC50 values of 

the synthesized AgNPs. 

Sample Maximum % DPPH 
scavenging activity 

IC50  value (µg/ml) 

Ascorbic acid (positive 
control) 

94.28 ± 0.23b 4.41 ± 0.13b 

plasmid-capped AgNPs 45.17 ± 8.07a 7.34 ± 0.76a 

dA-capped AgNPs 49.17 ± 3.38a 6.78 ± 0.83a 

dC-capped AgNPs 50.28 ± 1.46a 6.98 ± 0.46a 



CHAPTER V 

CONCLUSION 

	

This work demonstrated the photo-induced shape conversion of AgNPs using 

the 8.0-kb plasmid DNA (pGADT7-AD), oligo dA (30 mers), and oligo dC (30 mers) 

to assist the formation of non-spherical AgNPs. The DNA content, DNA length, molar 

ratio of AgNO3 and DNA, wavelength of LEDs, and irradiation time were the key 

factors to convert the seeded AgNPs into anisotropic shapes. Among blue, red, and 

red LEDs, only blue LEDs of 460 nm is the potential light source for the shape-

transformation of AgNPs. The length of DNA affects the light-induced shape 

transformation of AgNPs in terms of optimized synthesis condition, the obtained 

morphologies, and stability of the synthesized AgNPs. The long DNA (pGADT7-AD) 

could induce the conversion of small spherical AgNPs to non-spherical shape at 4 

pmole, in which spherical (66%), hexagonal (26%), and corner-truncated triangle 

(8%) shapes were obtained. On the other hands, the short C30 DNA could assist this 

process when the DNA content was 16 pmole. From this condition, the green colloidal 

AgNPs consisting of spherical, truncated hexagonal, flat elongated, and truncated 

triangular shapes were observed. However, the short A30 DNA could produce only 

spherical AgNPs and appeared as yellow colloidal solution. Moreover, the shape 

transformation mediated by plasmid DNA could complete within 24 h of light 

irradiation, whereas the short DNA need the longer exposure time at 48 h to drive this 

process. The identity of all synthesized AgNPs was confirmed by SAED-TEM, 
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 HR-TEM, and XRD analyses, which suggested their polycrystalline in nature and 

purity. All synthesized AgNPs exhibited the antioxidant and antibacterial activities in 

a dose-response manner. Among them, the plasmid-capped AgNPs exhibited the 

greatest antibacterial activity against both E. coli and S. aureus, suggesting their 

potential applications as an antibacterial agent. 
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