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INTRODUCTION 
Development of antibacterial surfaces is a necessity to 
reduce the number of implant-associated infections1. A 
promising strategy is to incorporate silver (Ag) in 
biocompatible and bioactive structures such as 
hydroxyapatite (HA) or TiO2 coatings, combining 
osseointegration with broad antibacterial properties. 
The appropriate composition, structure and subsequent 
Ag+ release from such coatings is still, however, much 
under development2. This study presents a 
combinatorial approach to synthesizing and evaluating 
antibacterial and other properties of a binary Ag-Ti 
oxide gradient, elucidating composition-structure-
property relationships. 
 
EXPERIMENTAL METHODS 
A single sample was evaluated in this study, created 
using a combinatorial physical vapour deposition 
(PVD) system. Opposing targets of Ag and Ti were 
used concurrently in a reactive (O2) environment to 
deposit a binary compositional gradient coating across a 
3-inch Si wafer. The gradient was then characterized 
and tested against S. aureus in a 2h adhesion test, and 
Ag+ release profiles were retrieved from opposing ends 
of the sample.  
 
RESULTS AND DISCUSSION 
In Fig. 1, the structural and compositional differences 
between the Ag-rich and Ti-rich ends are depicted. The 
Ag-contribution in the sample shifted from an integral 
part of a homogeneous, rough, nanofeatured structure, 
to coalesce as scattered nanoparticles on the Ti-rich end.  
 

 
Fig. 1. SEM images of (a) Ag-rich and (b) Ti-rich ends 
of the coating. Composition in wt%. 
 
Results of the bacterial assay are shown in Fig. 2, where 
a >99% reduction in viable S. aureus count was noted 
after contact with the Ag-rich end, compared to a 
negative control. The centre and Ti-rich end of the 
sample presented 60% and 25% reductions in CFUs, 
respectively.  
 

 
Fig.2. CFU counts after 2h contact with three distinct 
parts of the sample, compared to a negative control. 
 
The difference in Ag+ release from the two extremes of 
the sample is shown in Fig. 3, which explains the 
observed variety in antibacterial properties. This change 
in release properties is in turn explained by the 
structural variety of the Ag contribution along the 
gradient. Higher surface energy and surface area, along 
with smaller crystallite size and a larger degree of 
oxidized Ag served to increase the dissolution rate on 
the Ag-rich end.  
 

 
Fig. 3. Cumulative Ag+ release profiles (in PBS) from 
Ag-rich and Ti-rich ends of the combinatorial sample. 
 
CONCLUSION 
By applying a combinatorial approach, a continuous 
compositional and structural gradient between Ag and 
Ti was synthesized. The findings suggest that aspects of 
structure, rather than composition, dictates the release 
of Ag+, which could be utilized to better tailor implant 
coatings with antibacterial properties. 
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