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abstract

The determination of the oxidation state and structural role of transition metals in minerals is a 
crucial challenge. XPS has proven to have a great potential in probing the site distribution and chemical 
states of Fe and Ti transition elements, provided that the right method to process the spectra is used. 
XPS spectra of these elements have the 2p core level region usually rich of features but the choice 
of the method for background removing can seriously affect the results of the quantitative analysis. 
Single crystals of brookite (TiO2) and natural micas (phlogopites) are investigated to examine the 
effect of background subtraction on Ti2p and Fe2p signals. The backgrounds used are: the “Linear” 
background; the traditional “Shirley” background; three different Tougaard-like backgrounds; and the 
more recent “shape parameter, κ” method. In the case of the studied natural micas, the Fe chemical state 
proportion (Fe2+/Fetot) obtained with the corrected spectra varies by 10%. It is shown that TiO2 oxides 
are not suitable as standard for octahedral Ti4+ signal in the studied micas. The “shape parameter, κ” 
method proves to provide supplementary information useful for a full interpretation of XPS signals.
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introduction

It is known that natural micas are ubiquitous minerals stable 
in a wide range of petrogenetic conditions. The peculiar structural 
features allow them to respond to changes in physico-chemical 
conditions by adjusting the tetrahedral sheet as a function of the 
octahedral sheet cation site population. As a consequence, in 
principle micas are able to record in their structure, information 
about the geologic history to which their host rock underwent 
(Henry and Guidotti 2002; Cesare et al. 2003; Henry et al. 2005). 
To extract the petrologic information, which is in micas, the de-
termination of a reliable structural formula is a fundamental step. 
However, this result largely depends on an accurate determina-
tion of oxidation states and structural roles of Fe and Ti, often 
co-present in the same mica crystal. Actually, the knowledge of 
the site population and the chemical states of Ti and Fe in min-
erals is of paramount importance to gain information about the 
parameters that drive the mineral crystallization (Kühberger et 
al. 1989) but, unfortunately, when these two elements occurred 
at the same time the determination of their speciation is often 
problematic.

Mössbauer technique is the most used method to investigate 
Fe in such minerals, but the interpretation of sub-spectral compo-
nents in Mössbauer spectra proved to be very complicated when 
the analysis is carried out on single crystals (Dyar 2002). The 
investigation of Ti by spectroscopic methods resulted in ambigu-
ous conclusions about its oxidation state and crystallographic 
location. As a consequence, the full characterization of transition 
elements, especially Ti, in mica is a matter of debate until today. 
The study is quite complicated because UV-VIS spectroscopy  

leads to misleading results (Hawthorne 1988). Waychunas (1987) 
examined the near K-edge X-ray absorption spectra of Ti in a 
suite of silicate and oxide minerals to improve Ti characterization 
in solids, concluding that tetrahedral Ti4+ probably occurs only at 
very small concentration levels in silicates, even when the total 
Si4+ and Al3+ concentration is well below that necessary to fill 
tetrahedral position as in the melanite-schorlomite garnets. The 
levels of Ti3+ are more difficult to determine because of an ap-
parent sensitivity of the pre-edge Ti4+ features to bulk chemistry. 
However, the overall results seems to be consistent with only 
small amounts of Ti3+, even in sample from localities where other 
analyses (wet chemical and Mössbauer) indicated significant Ti3+ 
amount. Rager et al. (2003) attempted a full characterization of 
the Ti3+ oxidation state in a synthetic pyrope single crystal by 
means of electron paramagnetic resonance (EPR) measurements. 
Based on the composition of the pyrope, its known structure and 
the EPR spectrum results, they suggested small concentrations 
of Ti3+ at the octahedral site. In addition, taking into account 
the previously published optical absorption measurements and 
microprobe analysis, the same authors concluded that the most 
of the octahedral Ti were in the oxidation state (IV). Malitesta 
et al. (1995) used X-ray photoelectron spectroscopy (XPS) to 
investigate the oxidation state and structural role of Ti and Fe in 
melanites. The authors fitted the Ti2p photopeak using the line 
parameters obtained by XPS investigation carried out on some 
Ti oxide standards. Their results showed the presence of three 
Ti species, among which the occurrence of Ti3+ is noteworthy.

XPS technique can be a very useful tool in studying mineral 
matrices (Seyama and Soma 1985), especially as to Ti and Fe, 
because the chemical shifts of these elements is related to their 
oxidation state and chemical environment (Marabini et al. 1993, 

American Mineralogist, Volume 99, pages 139–148, 2014

0003-004X/14/0001–139$05.00/DOI: http://dx.doi.org/10.2138/am.2014.4451      139 

* E-mail: mesto@geomin.uniba.it




