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Atomic absorption spectrum of an element is a fundamental property, revealing the details of its 
inner dynamics. It is a perfect check of atomic models, unobscured by the effects of chemical or 
solid-state binding of the atom. The state of free atoms can be readily studied in noble gases and in 
vapors of many metals. Of these, the more volatile metals have already been examined, and with 
the increase of vaporization temperature the experiment is becoming ever more demanding. A 
container for the vapor of the surface density in the range of 1 mg/cm2 at the temperature over 1000 
°C remaining stable for the duration of ~ 1 hour is required, equipped with windows sufficiently 
well transparent for the x-ray beam. The basic solution is a cylindrical absorption cell in a tunnel 
oven [1]. For higher temperatures, quite sophisticated systems have been developed [2]. 

As an improvement over the sealed cells with welded windows we have constructed a multiple-use 
cell with a vacuum »keyhole« (Fig. 1a). The 22-cm long cell with an inner diameter of 8 mm was 
filled with a 5-mg batch of strontium metal and evacuated in a helium bag, and then transferred into 
the He atmosphere of the oven tunnel and subsequently aligned onto the x-ray beam. The 
absorption experiment has been performed at the C beamline of the DORIS ring, equipped with a 
two-crystal Si 111 monochromator with resolution of ~ 1 eV at the photon energy of Sr K edge 
(16105 eV). The beam harmonics were suppressed by setting the monochromator feedback control 
at 50% of the rocking curve. The intensity of the beam was measured with three ionization 
detectors (600 mbar Ar, 300 mbar Kr and 500 mbar Kr), with the oven placed between the first pair 
and with a Sr metal foil for the energy calibration between the posterior pair of the detectors. The 
foil was prepared by pressing a speck of the metal in a drop of paraffin oil between two kapton foils 
in a hydraulic press. 
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Figure 1: Left: Sr vapor absorption cell with the vacuum keyhole. Right: Sr K-edge absorption spectra 
measured at indicated temperatures in the absorption cell.  



The heating of the oven was adjusted to 6 °C per minute and the absorption in the cell was 
repeatedly scanned over the range (-200, 300 eV) relative to the K edge, to monitor the 1s edge 
profile and the strongest multielectron excitation groups 1s3d and 1s4p. The first appearance of a 
small K edge was observed at ~ 1100 °C, following by a steady increase up to edge jump of 0.02 
while the temperature within the cell saturated. With increasing heating to thermostat settings of 
1125 and 1150 °C, the jump value of 0.2 was ultimately reached but with an increasing EXAFS 
component indicating absorption in a solid or molecular state. 

The analysis shows not just the increase of the edge amplitude, but also a marked change of the 
edge profile, indicating a change in the chemical state of the element during the experiment. It is 
conceivable that some metal is resublimated onto the windows during the heating or even sprayed 
in a fast Leidenfrost evaporation. It is also conceivable that some oxide – or even nitride – was 
formed if some air remained trapped in the cell or was introduced by a leak in the He system. To 
demonstrate the effect, the measured spectra from different phases of the experiment are compared 
to the spectrum of Sr metal and of SrO, measured later for the purpose (Fig. 2). It is rather obvious 
that some admixture of either is present in the series. On the other hand, there is also a good 
evidence of some edge profile features not contained in the admixture spectra, representing most 
likely the vapor contribution. Currently, a code is in preparation to separate the components of the 
spectra by a variational procedure akin to factor analysis. 
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Figure 2: Normalized K-edge profiles of Sr metal, SrO and some Sr K-edge absorption spectra measured at 
indicated temperatures in the absorption cell.  
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