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INTRODUCTION

The high intensity and excellent photon resolution from 
synchrotron beamlines has made it possible to obtain total 
core-level photoelectron line widths of ~0.1 eV in gases, such 
as Si 2p core lines in silicon compounds (Bozek et al. 1990). 
Similar, very narrow core-level line widths have been observed 
for metals such as the Al 2p and Na 2p levels from Al(111) and 
Na(110) surfaces (Riffe et al. 1991). Somewhat larger core-level 
line widths have been obtained from semiconductors such as Si 
(Himpsel et al. 1988; Landermark et al. 1992; Karlsson et al. 
1994) and Ge (Landermark et al. 1994), with total line widths 
of ~0.2 eV observed from the Si 2p levels of Si(001) and H-ter-
minated Si(111) at low temperatures where phonon broadening 
is reduced (Landermark et al. 1992; Karlsson et al. 1994).

Line widths obtained from Si 2p spectra of silicates using 
conventional XPS instruments with both monochromated and 
achromatic sources are, by contrast, very broad with Full Widths 
at Half Maximum (FWHM) typically between about 1.5 and 2.5 
eV. As early as 1971, Siegbahn reported that non-conductor solid 
state line widths were broader than for the gas phase equivalents 
(Siegbahn et al. 1976) and to our knowledge there have been 
no subsequent reports where a core-level line width of an ele-

ment is similar in both a non-conductor and a semiconductor 
(or metal); the non-conductor line width is invariably broader. 
The large line widths of bulk non-conductors (especially with 
modern AlKα sources) has been ascribed to severe differential 
charging of surfaces (Barr 1993) and in an attempt to minimize 
differential charge broadening, electron flood guns have been 
employed (Cazaux 1999). However, even with non-charge 
broadened thin films of Al2O3 and SiO2 grown on Al (Berg et 
al. 1993) and Si (Himpsel et al. 1988), the 2p core-level widths 
of the oxide peaks are much greater than 1 eV, demonstrating 
that charge-broadening does not contribute appreciably to the 
FWHM of these photopeaks; other causes must be investigated. 
Vibrational broadening is here considered and shown to provide 
a likely explanation for the broad Si 2p line widths of olivine, 
SiO2, and other silicates.

With ejection of a photoelectron, the atom assumes an excited 
electronic state (contains an “electronic hole” in a core orbital) 
and numerous vibrational quantum levels of the excited elec-
tronic state may be accessed upon photoemission (Karlsen et 
al. 2001; Rennie et al. 1999; Bozek et al. 1990; see Atkins 1994 
for background to Franck-Condon transitions). Each vibrational 
level is energetically distinct, as is the “binding energy” of its 
associated XPS peak. The XPS spectrum of such a core line (e.g., 
Si 2p line) includes the entire suite of these vibrational final state 
peaks and where a large number of vibrational final states are * E-mail: hwn@uwo.ca
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ABSTRACT

A monochromatic AlKα source and magnetic confinement charge compensation yield an As 3d line 
width of 0.52 eV for the bulk insulator As2S3 (orpiment) which is as narrow as the As 3d line width 
obtained for the semiconductor FeAsS (arsenopyrite). These results, and the XPS results for silicates, 
demonstrate that charge broadening of XPS spectra has been overcome for most insulators provided 
care is taken with sample preparation. XPS core level spectral investigations of these minerals now may 
be conducted at the same level of detail as have been conducted on semi-conductors and metals.

The Si 2p spectrum of a non-conducting orthosilicate (Mg-rich olivine) displays a total line 
width of 1.36 eV compared to very high resolution synchrotron XPS line widths of 1.1 eV for an Si 
2p spectrum of gaseous Si(OCH3)4, and 1.42 eV for the Si 2p peak of non-charging SiO2 thin-films 
grown on Si metal. These results demonstrate that Si 2p peak broadening of these silicates does not 
result from differential charging. Comparison of the Si 2p spectrum of Si in olivine which contains 
non-polymerized, independent SiO4 tetrahedra, with that of a gaseous analogue, Si(OCH3)4, also 
composed of non-polymerized Si atoms tetrahedrally bonded to O, provides insight into the cause of 
Si 2p peak broadening for olivine (and probably for all other silicates). The vibrational contributions 
to the Si 2p spectrum of Si(OCH3)4 were used to fit the Si 2p peak of olivine, with each vibrational 
contribution broadened to reflect the minimum line width of the XPS instrument. Although the Si 2p 
envelope resulting from this procedure yields a reasonable fit to the olivine Si 2p spectrum, additional 
minor vibrational contributions may be required to reproduce accurately the Si 2p spectrum of olivine. 
Continued development of the technique should allow determination of transition metal oxidation 
states and other chemical state properties of non-conductor Al-silicates.


