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Abstract: This paper deals with shape controlled synthesis of silver nanoparticles with antimicro-

bial effect. Silver nanoparticles were prepared by UV-assisted chemical reduction with two differ-

ent wavelengths. Influence of UV radiation on final shape and size of nanoparticles was investigat-

ed. 
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1. INTRODUCTION 

Nowadays, nanochemistry frequently uses metallic nanoparticles with unique properties compared 

to their macro scaled counterparts coming from their high surface to volume ratio [1,2]. Silver na-

noparticles (further denoted as Ag NPs) can be utilized thanks to their remarkably distinct physical, 

biological and chemical properties in various research areas (physics – e.g. sensing and optics, 

chemistry – catalysis, biology, pharmacy, and medicine). These features are very significantly af-

fected by their shape or size and also their monodisperzity. The ideal Ag NPs evince small particle 

dimension, high surface area, quantum confinement or no agglomeration.  

Recently Ag NPs have been very used for antimicrobial purposes [1,2]. For instance, antibacterial 

activity is very famous not just in research or medicine area but also in commercial products such 

as clothes with nanosilver exploited (not only) in army [3]. Ag NPs are parts of various antibacteri-

al agents and of cosmetics products. This antibacterial effect is very closely related with Ag NPs 

size; general postulate is that the smaller is the silver nuclei, the higher is antibacterial activity, see 

Figure 1 which shows the mechanism of antibacterial activity [4]. Control of size or shape of Ag 

NPs can be reached by various preparation techniques using reducing agents or stabilizers [5,6]. It 

is also well-known that silver-based materials are significantly toxic to microorganisms; exactly to 

16 major species of bacteria including E.coli. Silver is usually used in its nitrate form to originate 

antimicrobial effect but in the case of using Ag NPs the available surface area exposed to microbes 

increases very rapidly [7,8].  

UV-induced synthesis seems to be very efficient route how to prepare Ag NPs with exact physical 

properties for concrete application [9-11]. This paper presents an innovative synthesis of Ag NPs 

via UV-assisted chemical reduction. Utilization of different wavelengths can significantly affect 

size and shape distribution of colloidal Ag NPs. These Ag NPs will be used as antibacterial sub-

stances for commercial polymeric membranes used in food industry for filtration of milk in cooper-

ation with company MemBrain, ltd. These membranes suffer during filtration process from con-

tamination with bacteria, namely above mentioned strain E.coli, which damage and congest mem-

brane pores and subsequently debase not only membranes but also filtration process.  
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Figure 1: Mechanism of antibacterial activity of Ag NPs 

2. SYNTHESIS OF SILVER NANOPARTICLES 

Materials: sodium citrate dihydrate (Sigma-Aldrich), hydrazine hydrate (Aldrich) and silver nitrate 

(Penta). All materials were used as purchased without further purification. All chemicals are used 

in chemical purity grade p.a. (per analysis).  

 

Figure 2: Preparation process of Ag NPs 

Ag NPs were prepared via chemical reduction according to Guzmán et al. with modified volumes 

of reagents and conditions [5]. Scheme of this process is shown in Chyba! Nenalezen zdroj odka-

zů.. 1 mM aqueous solution of silver nitrate was used as precursor and 1mM aqueous solution of 

hydrazine hydrate and 2 mM aqueous solution of sodium citrate as reducing agents. Sodium citrate 

also played a stabilizing role of Ag NPs. Deionized water (resistivity of 18.2 MΩ∙cm) was used to 

prepare all aqueous substances of reaction. Reaction time was 1 h and preparation process was car-

ried out at temperature of 22–24 °C employing UV radiation with two different wavelengths of λ1= 

254 nm and 

λ2= 366 nm. UV lamp was placed above a beaker in the distance of 1.5 cm from the top of the 

beaker. The beaker with aqueous solution of silver nitrate was placed on magnetic stirrer under 

200 rpm. After that the aqueous solutions of reducing agents were added to silver nitrate at the 

same time. The colour of reaction solution changed after 1 min after adding reducing substances in-

to light orange which indicates the formation of Ag NPs in solution. Colloid samples of Ag NPs 

were purified 3 times with deionized water via centrifugation (centrifuge EBA 20) under 
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14 500 rpm for 30 min. Ag NPs were dispersed in ultrasound water bath (power of 100%, tempera-

ture of 25 °C) for 1 min between every purification and also finally after purification process. Col-

loidal Ag NPs were stored in dark bottles in fridge. 

3. CHARACTERIZATION OF SILVER NANOPARTICLES 

Shape, size and stability of Ag NPs were characterized by transmission electron microscopy (TEM) 

using JEM 2100F (Schottky cathode, energy of electron beam of 200 kV) at Institute of Physics of 

Materials at Academy of Sciences of the Czech Republic. Absorbance of Ag NPs was measured by 

UV-VIS spectrophotometer using Spectronic Helios Alfa at Institute of Physical and Applied 

Chemistry at Faculty of Chemistry.  

4. RESULTS AND DISCUSION 

4.1. TRANSMISSION ELECTRON MICROSCOPY ANALYSIS 

Ag NPs prepared employing UV radiation with wavelength of 254 nm (Sample Ag 254) can be 

seen in Figure 3 middle and right. These Ag NPs have mostly spherical shape with average size of 

about 20–30 nm. Figure 3 left shows the detail of Ag NPs grown into bigger objects. Thus Ag NPs 

of this sample are not very stable in colloidal solution and create aggregates in short period after 

preparation process. 

     

Figure 3: TEM images of Sample Ag 254 (left - grown Ag NPs, middle - Ag NPs cluster, right - 

single Ag NP) 

Figure 4 shows Ag NPs prepared under UV radiation with wavelength of 366 nm (Sample Ag 366). 

In this case Ag NPs have anisotropic shape distribution; triangulars with truncated tops, spherical 

particles and rods. A smooth amorphous layer that covers the surface of Ag NPs is clearly visible. 

This cover protects particles from growing together in comparison with Sample Ag 254 where this 

stabilization layers is missing. Thus it can be assumed that Ag NPs of this sample are stable and 

without aggregation or grown particles. This layer is probably formed from sodium citrate which 

plays also a role of stabilization of Ag NPs. The size of these colloidal Ag NPs varies from 10 to 

50 nm. The stability of the sample was observed up to 2 weeks after the synthesis when aggregates 

could be seen by naked eye at the bottom of the flask. 

   

Figure 4: TEM images of Sample Ag 366 (left - Ag NPs with different shapes, right - the detail of 

stabilization layer covering Ag NPs) 
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4.2. ANALYSIS OF OPTICAL PROPERTIES  

UV-VIS spectroscopy in the range of 300 to 700 nm was performed. This method can help to de-

termine not only optical properties of sample but also aggregation, size or real presence of Ag NPs 

in the solution. Ag NPs show typical absorption peak of surface plasmon resonance (further SPR) 

between 400 and 450 nm. 

Figure 5 shows absorption maxima of both samples approximately at wavelength of 420 nm, there-

by it can be declared that Ag NPs are really present in both colloidal solutions. The absorption 

maximum of SPR of Sample Ag 366 shows higher intensity in comparison with Sample Ag 254. 

Intensity of absorption maxima is related with size and aggregation of Ag NPs [12]. Both samples 

have another peak visible at shorter wavelengths. In the case of Sample Ag 254 the presence of the 

second peak can be caused by grown particles into bigger objects which was confirmed by TEM 

analysis as well. In the case of Sample Ag 366 the secondary peak can be caused by uneven size 

and shape of Ag NPs; primary peak can belong to smaller particles while secondary peak to bigger 

or anisotropic particles. Second peak at shorter wavelengths of both samples can be also caused by 

free ions which have not been reduced by reducing agents during reaction. If Ag NPs were aggre-

gated, another peak at longer wavelengths would appear between 600 and 700 nm. This peak is 

missing at both samples so they does not contain any aggregates.  
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Figure 5: Absorption spectra of Sample Ag 366 and Sample Ag 254 

5. CONCLUSION 

Ag NPs were prepared via UV-assisted chemical reduction. It was demonstrated that different 

wavelengths of UV radiation significantly affected both the shape and the size of final Ag NPs in 

colloidal solution. When employing wavelength of 254 nm, the final Ag NPs dominated in spheri-

cal shape with average diameter of 20 nm. Size and shape distribution of this Sample Ag 254 was 

very narrow. Unfortunately TEM analysis confirmed that this sample was not stabilized by sodium 

citrate, thus particles grown into bigger clusters. This fact also affects their stability; it can be as-

sumed that these Ag NPs will aggregate fast after the synthesis. In the case of using 366 nm wave-

length Ag NPs had various shapes, namely triangulars, rods and spherical particles. TEM analysis 

showed that surface stabilization with sodium citrate was successful and Ag NPs have smooth sta-

bilization layer. Thus, Ag NPs of this sample are not growing together and they are more stable 
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against aggregation than Ag NPs of Sample Ag 254. Photoinduced synthesis of Ag NPs seems to 

be very easy and efficient way how to tune the size and the shape of Ag NPs in colloidal solution 

according to desired application. Very important facts that can affect final properties of Ag NPs are 

duration of reaction, wavelength, and intensity of UV source and last but not least concentration of 

used substances. General postulate is that the shorter is the wavelength, the more spherical shape of 

nanoparticles can be obtained. The longer is the wavelength, the more anisotropic shape of nano-

particles can be observed. This is advantage enables to tailor not only optical and antimicrobial 

properties of Ag NPs depending on their size and shape distribution.  
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