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ABSTRACT 
 

Silver is one of the oldest known natural 
antimicrobial materials, the active form being the Ag+ ion, 
which disrupts critical cell functions in bacteria. Reducing 
the size of silver particles to the nanoscale regime increases 
the surface area and hence the availability of silver ions, 
thereby enhancing their potential antimicrobial efficacy 
relative to their bulk counterparts. Nanoparticulate silver 
systems have been used as antimicrobial agents for medical 
device applications such as bandages, wound dressings, 
surgical masks, endotracheal tubes, and catheters. However 
the surface onto which the silver nanoparticles are 
deposited will impact the availability of Ag+ ions due to the 
chemistry of the substrate surface and its affinity for silver 
ions. The effect of substrate material on the efficacy of 
nanoparticulate silver will be discussed, along with the 
implications of materials selection in medical device 
applications. 
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1     INTRODUCTION 
 

Over the past decade, significant funding has been 
invested in research and development of nanotechnology 
with the aim of improving and introducing new materials 
systems that have unique properties due to their 
components’ minute size. Nanotechnology has had and is 
expected to continue to have an enormous impact on the 
health field, with applications in drugs, therapeutics, 
imaging, diagnostics, and medical devices [1-4]. 
Nanoparticulates have already been integrated into some 
medical devices. Nanoparticulate silver systems have been 
used in wound dressings, surgical masks, and catheter 
coatings as antimicrobial agents. By definition 
"nanotechnologies" exploit the novel properties and 
functions of materials with structures in the nanoscale. For 
instance, the apparent increased antimicrobial efficacy of 
nanoparticulate silver systems relative to their bulk 
counterparts may be attributed to an increased silver ion 
solubility that arises due to nanometer particle sizes. 

In the case of wound dressings, tubes, and 
catheters, a change of the material upon which the 
antimicrobial nanoparticulate silver is deposited (herein 
called “substrate”) may affect the intended efficacy of the 
device. We utilize both theory and experiment to determine 
the effect of substrate on ion release and interfacial 
composition (safety) of silver particles in electrochemical 
environments.  
 

2     METHODS 
 

2.1 Experimental Methods 
 

Silver nanoparticles were synthesized in the 
laboratory by solution chemistry. Nanoparticle size was 
characterized by dynamic light scattering and electron 
microscopy.  Particles were deposited on various material 
surfaces representative of relevant medical devices. Ion 
concentration (i.e., efficacy) was measured using an ion 
selective electrode and meter.  
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Figure 1: Dynamic Light Scattering results of silver 
nanoparticles in solution. 
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Figure 2: SEM micrograph of silver nanoparticles deposited 
on a graphite surface. 

 
 
2.2 Computational Methods 
 

A mesoscale field model was developed to predict 
the response of nano-dimensional systems in 
electrochemical environments in order to identify, 
understand, and quantify the physico-chemical phenomena 
associated with nano-structuring and the potential clinical 
implications.  Calculations based on the model for silver 
nanoparticles in ionic solutions were used to elucidate the 
impact of substrate on ion release and surface charge, which 
impact the antimicrobial efficacy and system stability.   
 
 

RESULTS AND DISCUSSION 
 

Figure 1 shows the dynamic light scattering results 
for silver nanoparticles in solution, synthesized in the 
laboratory, and Figure 2 shows a scanning electron 
micrograph of the particles deposited on a graphite surface.  

 
The ion release curve of the particles in solution is 

shown in figure 3, along with the calculated release curve.  
There is a good match between experimental observation 
and the calculated release curves, within experimental error 
of the sizes of particles measured. Therefore the 
computational model appears to provide reasonable 
predictions. 
  

We observe that the substrate affects the ion 
concentrations of silver. In the case of polyurethane and 
latex, we find that the release of silver is much different. 
The differences can also be predicted by the mesoscale field 
model calculations, for this and other substrates having 
various chemical compositions. 
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Figure 3: Ion release of silver nanoparticles in solution, 
both calculated and measured 

 
 

SUMMARY 
 

Nanoparticulate silver systems have been used as 
antimicrobial agents, in such medical devices as wound 
dressings, tubes, and catheters. However, as there exist 
many different materials upon which the silver is deposited, 
the efficacy of the nanoparticulate silver on these devices 
will vary depending on the chemistries of the substrate 
surfaces. Silver nanoparticles were synthesized in the 
laboratory and deposited on various material surfaces 
representative of relevant medical devices, and efficacy was 
measured by ion release in solution. We observe that the 
chemical compositions of the substrates affect the ion 
concentrations of silver, and these differences can also be 
predicted by mesoscale field model calculations. 
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