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Abstract 
 
Four distinctive dental porcelain fused to metal (PFM) crown artefacts were received in connection 
with a forensic matter. It was suspected that these crowns had been immersed in hydrochloric acid 
for seven days. Previous analysis using scanning electron microscopy and EDS (Electron 
Dispersive Spectroscopy) had demonstrated that the items had been immersed in a corrosive 
substance, but could not determine specifically what the corrosive had been 1. 
 
Examination of the evidential crowns was then undertaken using XPS (X-Ray Photoelectron 
Spectroscopy) and it was demonstrated that the specific corrosive was indeed hydrochloric acid. 
The technique is discussed and its strengths and limitations are outlined. This analytical technique 
may be of relevance to forensic analysts who are required to make similar determinations. 

Introduction 
 
Previous investigation1 determined that the metal portion of the dental crowns comprised  nickel, 
chromium, molybdenum and silicon as its major components, and that exposure to a corrosive 
agent had led to changes in the appearance of both the metal and porcelain components when 
viewed by a Scanning Electron microscope (SEM). SEM was not able to identify the specific 
corrosive agent used however. 
 
XPS (X-Ray Photoelectron Spectroscopy) (Figure 1) is a technique that permits both quantitative 
estimation of the elements present in a sample, and determination of their oxidation state. 
 
It was therefore hypothesised that it would be capable of determining the specific chemical 
identity of the corrosive in this matter. Specifically, finding evidence of Cl- ions would be sufficient 
to permit this conclusion. 

Aim 
 
To determine if the crowns have been exposed to Hydrochloric Acid (HCl) as a corrosive agent. 

Figure 1: The X-Ray Photon Spectrometer Used in this 
Study 

Figure 2: Principle of Operation: X-Ray photons impact 
the surface  causing electrons to be released and 

collected by the Analyser where their kinetic energy  is 
measured. 

Materials and Methods 
 
Previous investigation1 determined that the metal portion of the dental crowns comprised  nickel, 
chromium, molybdenum and silicon as its major components, and that exposure to a corrosive agent 
had led to changes in the appearance of both the metal and porcelain components when viewed by a 
Scanning Electron microscope (SEM). SEM was not able to identify the specific corrosive agent used 
however. 
 
XPS (X-Ray Photoelectron Spectroscopy) is a surface analysis technique that permits both quantitative 
estimation of the elements present in a sample, and determination of their oxidation state (Figures 2 
and 3). Depth of information is only from the outer 5-10 nanometres of the surface being analysed. It 
operates by using a high-energy x-ray beam to excite electrons etch a thin layer (approximately 10 
nanometres) of the sample surface. The number and kinetic energy of these electrons is measured 
and the machine produces a graph specific for the chemical and electronic state of each of the 
elements present. We hypothesised that it would be capable of determining the specific chemical 
identity of the corrosive in this matter. Specifically, finding evidence of Cl- ions would be sufficient to 
permit this conclusion. No prior preparation of the surface was required. 
 
An area of one of the crowns (Figure 5) was exposed to the x-ray beam in a hard vacuum and the 
kinetic energies  of the resulting electrons were analysed and charted by the machine. 

Figure 3: Principle of Operation: The top 9 nanometres of 
the surface is bombarded with high-energy x-rays 

releasing electrons. 

Figure 4: The XPS electron energy output produced by Chlorine. 

Figure 5: The area of the crown examined. The image on right is an enlargement of the boxed area on the left.. 

Results 
 
The graph shown in figure 6 shows the elemental composition of the crown at the location we scanned. 
It confirms the makeup of the crown as first determined by EDS1. Crucially, it also shows the presence 
of chlorine. 
 
To test the hypothesis that chlorine would be found only in the surface (indicating immersion in HCl), 
we used an in-situ Argon Ion gun to etch 20 nanometres of the surface from the sample and then re-
analysed the surface. The comparison between the two scans (before and after etch) are shown in 
Figure 7. The red line (prior to etch) shows the presence of the two peaks characteristic of Chlorine, 
confirming its presence in the surface layer, probably as the Chloride of Nickel, Molybdenum or both. 
 
The post-etch (yellow line) shows a greatly reduced level of chlorine, confirming the hypothesis that the 
chlorine is confined to the surface level only. 
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Conclusion 
 
The presence of Chlorine in the surface layer of the metal component of the dental crown, and the 
reduction in its level as we move more deeply into the metal, confirms the hypothesis that the corrosive 
substance in which this crown was immersed was Hydrochloric Acid (HCl). 
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Figure 6: Quantitative elemental analysis of the surface of the 
metal component of the dental crown confirms the result 

previously obtained by EDS1. 

Figure 7: The two peaks characteristic of Chlorine are seen 
prior to surface etching in the red line. Binding energies are 
consistent with a chloride. Following etching, the yellow line 

shows a greatly reduced signal, indicating that the Chloride is 
confined to the surface layer, consistent with immersion and 

reaction with HCl. 
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