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Polymers with incorporated nanoparticles are of high interest in the fields of optics, electronics and 
the design of antibacterial materials. Responsible for the antibacterial properties is the ion release 
from the particles embedded in the polymer matrix [1-7]. To investigate the ion release, especially 
the transfer from metallic silver to silver ions in the polymer, an in situ cell combining the X-ray 
Absorption Near Edge Structure (XANES) and electrochemical impedance spectroscopy (EIS) was 
designed. In addition, to the in situ cell experiments described below, additional ex situ experiments 
were performed on samples with sputtered PTFE as a matrix material, showing qualitatively similar 
results. For the investigation of the ion release a sample shown in Figure 1 was chosen. It can be 
seen that on the thin ITO substrate a Hexamethyldisiloxane (HMDSO) layer with 60nm is 
deposited, followed by the silver nanoparticle layer (AgNps). The top layer consists of a 13nm 
HMDSO layer. This sample set-up was chosen to isolate the AgNps from each other since ex situ 
electrochemical investigations indicated that with electrically connected AgNps an electrochemical 
Ostwald ripening process takes place [8] which leads to the deterioration of the composite film with 
the controlled release of silver ions. The experiments were performed at X1 station at the DORIS 
III storage ring at HASYLAB. XANES data were collected in vicinity of Ag K-edge (25514 eV) in 
fluorescence mode.Due to the small amount of AgNps in the samples two equal samples were 
placed in the in situ cell (see Figure 2). This in situ cell was placed in the beam and the buffer 
solution was added. The experimental set-up is shown in Figure 3. For the detection of the 
fluorescence signal a Passivated Implanted Planar Silicon (PIPS)-detector was used. In previous 
experiments with a 6 element Si-detector the fluorescence intensity was too low.  
The results are presented in Figure 4-6. In Figure 4 the in situ XANES results are presented. The 
period of time for the combined in situ XANES / EIS measurements ranged from 0 min to 470 min. 
The XANES results showed no significant changes in the XANES region. After 470 min of 
exposure, the Ag0 signal could still be observed. With respect to the reference spectra in Figure 5, it 
can be concluded that no detectable amount of silver ions were released during this short exposure 
time.  
The EIS data led to a similar conclusion. During the in situ experiment no noticeable changes could 
be observed. The initial results demonstrated that with this new combination of in situ XANES and 
EIS the AgNp containing HMDSO polymer could be investigated. For future studies, the 
observation time has to be increased to observe a significant dissolution of AgNps.  For long-term 
studies with this in situ cell a problem could arise from the low amount of silver ions released from 
the AgNps. Furthermore the superposition of the strong Ag0 signal related to the relatively weak 
Ag+ signal from the few number of released silver ions might be a problem. Thus, long-term 
experiments are required to optimize the measurement methodology for the investigation of Ag+ 
ion release process in the nanocomposite material.  



 
Figure 1: Schematics of 
the sample build-up. 
 

 
Figure 2: The set-up of the measurement 
cell. WE (working electrode), Ref 
(reference electrode), CE (counter 
electrode). 

 
Figure 3: Positioning of the 
measurement cell in the 
beam path. 

 

 
Figure 4: In situ XANES measurements of the 
sample HDMSO/Ag/HDMSO after 0 min to 470 
min of exposure to a borate buffer solution.  

 
Figure 5: Reference XANES measurements of 
the pure AgNps without HMDSO and an AgNO3 
solution simulating the Ag+-ions. 

 

Figure 6: In situ EIS measurements during the XANES experiment. Ranging from 0 to 470 min. 
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