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Abstract

A high-temperature cell with a double wall design has been constructed for X-ray absorption spectrometry of metal

vapors. The inner cell, assembled from a corundum tube and thin plates without welding or reshaping, serves as a

container of the vapor sample. It is not vacuum tight: instead, the outer tube provides inert atmosphere. Several spectra

of K-edge atomic absorption of Zn were obtained in the stationary working regime below the Zn boiling point. The K-

edge profile shows an extremely strong resonance and, above the continuum threshold, coexcitations of the outer

electrons.
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Absorption spectrometry of elements in mon-

atomic state is of continuous interest in atomic

physics and in structural analysis. A monatomic

sample is readily available for elements of noble

gas family: indeed, X-ray absorption spectra in

the vicinity of K- and L-edges have been studied

for most elements of the group [1–5]. The exper-

imental data are used as a test for successive

approximations in the theoretical calculation of

photoabsorption cross-section. The details of the

edge shape and tiny sharp features on the smooth

monotonous decrease of the cross-section with
energy – the multielectron excitations – reveal

some peculiarities of the coupling schemes and

configuration interaction in these atoms [6,7].

Apart from noble gases, few elements can be

prepared in a monatomic gas state. The volatile

elements mostly form bi- or polyatomic molecules,

the non-volatiles require complex high-temperature
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cells to contain the vapor. The exception is pro-

vided by the volatile alkali metals and mercury: the
monatomic vapors of these elements have been

used in spectrometry, providing the wealth of data

comparable to those from noble-gas elements [8–

12]. In addition, it has been shown that the pure

atomic absorption represents the best available

approximation to the ‘‘atomic absorption back-

ground’’ required in the X-ray absorption fine

structure (XAFS) methods of structural analysis
[13–15].

Among the harder problems – the non-volatile

metals – the vapors of Ca, Cr, Mn, Cu, Ba, Hg

and some lanthanides have been prepared and

contained in a high temperature absorption cell

[16–18]. The extremely demanding experiment

provided profiles of the K-edge, with important in-

formation on the ground state of the atom; the
atomic absorption background and the multielec-

tron excitations, however, could not be determined.

Zinc provides a case of a relatively volatile

metal, with boiling point at 907 �C. However, the
element has a bad reputation among vacuum en-

gineers to adsorb or combine with many of vac-

uum materials, polluting the system for long

afterwards. Preliminary tests in sealed vapor cells
of quartz and stainless steel showed that zinc

vapor combines with walls too fast for even a single

absorption scan. A marginally positive result has

been obtained with a brass cell, exploiting the

evaporation of zinc from the brass itself. The main

problem, as often, are the windows, required to

withstand the high temperature, the aggressive

vapor and possibly, a substantial pressure differ-
ence, while absorbing the incident X-ray beam as

little as possible. The brass windows could meet

the requirements but would also corrupt the

absorption signal of the vapor with the strong
structural signal of the zinc in the window alloy.

Another solution is the cell and the windows of

corundum: the basic building elements are avail-

able, but construction of a sealed, evacuated cell is

extremely demanding.

Our solution of the problem is a double absorp-

tion cell (Fig. 1): the inner vapor cell is a simple

200 mm long alumina tube of 15 mm outer diam-
eter (1), to which the 125 lm corundum windows

(2) are glued with a high temperature alumina

cement (Cotronics 940). The cell is not vacuum

tight: the porous cement allows a slow exchange of

gases. Prior to cementing, a sample of Zn, in excess

of the quantity required for filling the cell with

vapor at the required absorption thickness, is in-

troduced. (In some cells, a small hole has been
drilled into the cell wall, equipped with a fitting

stopper, to allow the filling in the finished cell.)

The inner cell is inserted into a 445 mm long quartz

or stainless steel tube with a diameter of 46 mm (3)

which provides an atmosphere of helium: upon in-

sertion, the tube is repeatedly evacuated and flu-

shed with helium to drive the air out of the porous

inner cell and prevent the oxidation of Zn vapor.
The outer tube is placed into a tubular oven (4)

so that its end flanges (5) equipped with gas inlet

(6) and aluminum foil windows (7) stick out of the

oven. Baffles (8) at both ends shield the windows

by suppressing the convection of the hot gas to-

wards the ends of the tube. The resistance-heated

oven of our own design is equipped with a pro-

grammable feedback controller and an additional
thermocouple to read the cell temperature on-line

with the absorption measurement.

Fig. 1. The double absorption cell for zinc vapor. The labels are explained in the text except (9) – stainless steel cell support.

A. Miheli�cc et al. / Nucl. Instr. and Meth. in Phys. Res. B 196 (2002) 194–197 195



The absorption measurement was performed

in the framework of CH-1298 experiment at the

BM29 station of ESRF, Grenoble, France. The

resolution of the two-crystal fixed exit slit mono-
chromator equipped with Si(1 1 1) crystals was

estimated to be better than 0.3 eV at Zn K-edge. A

feedback loop keeping the crystals at a constant

detuning was used to suppress higher harmonics.

Energy calibration is independently established

with simultaneous absorption measurements on Zn

metal foil.

For an elongated sample container, the alignment
with respect to the beam is a crucial parameter for

the quality of data. The problem is particularly

difficult in aligning the inner tube in the double

cell with optically opaque windows. The base plate

of the oven was mounted onto two independent

pairs of y–z translation tables with 3-point support

on steel balls. The setup allows adjustment of the

sample position in transverse horizontal ðyÞ and
vertical ðzÞ direction, as well as the horizontal and
vertical tilt with respect to the beam.

The double cell heated to 750 �C kept Zn vapor

for several hours of the absorption experiment

before the excess batch of Zn ran out. In the be-

ginning, the spectra were rather noisy for the

transient formation of the vapor. The steady re-

gime was briefly achieved producing some ab-
sorption spectra of the Zn K-edge and its vicinity,

comparable in sensitivity and resolution to the

noble gas spectra (Fig. 2).

The surprising feature is the sharp ‘‘white line’’

– the pre-edge resonance corresponding to the 1s–

4p transition which has not been observed in

spectra of any of the other states of the metal or its

compounds but is a regular feature in other tran-
sition-metal vapors [16]. The height of the white

line may be affected by the experimental resolution

or saturation: in one of the spectra with lower

vapor pressure and lower overall absorption the

line is five times higher than the K-edge jump. Its

shape fits a convolution of a Lorentzian with a

width of 1.68 eV (lifetime width of Zn K vacancy

1.67 eV [20]) and a Gaussian with a 0.26 eV
FWHM, confirming the geometrical estimate of

the monochromator resolution. The coexcitations

of the valence electrons can also be discerned in

the spectrum above the K-edge.

After the batch of Zn in the corundum cell was

exhausted and during the subsequent cooling of

the apparatus, the absorption spectrum showed a
small and steady residue of Zn K-edge with the

XAFS signal identical to that of metallic Zn. Its

edge jump amounted to 1.5% of that in the vapor

spectrum. The value represents an estimate of the

contamination of the spectrum in Fig. 2 with a

non-atomic component. The constant contribution

can, however, reliably be removed from the mea-

sured spectrum before the analysis. The low degree
of contamination was confirmed in the post mor-

tem inspection of the cell when the corundum

windows showed no visible trace of the metal. This

may be explained by the working of the device: the

temperature in the tube is efficiently equalized by

the free circulation of the helium in the space be-

tween the baffles so that the windows of the inner

cell are not appreciably cooler than the cell itself –
contrary to conventional single-wall cells where

the gradient cannot be avoided.

Apart from the newly determined atomic ab-

sorption in zinc, the experiment provided a suc-

cessful test of a novel cell construction. The

double-cell seems promising for other less volatile

elements or compounds, since the 750 �C required

in the zinc experiment is not its upper limit. The
basic idea is to use the high refractory cell mate-

rials without a need of welding, connecting or

sealing. The inner cell is not vacuum-tight: we

Fig. 2. The normalized absorption coefficient of Zn vapor in

the vicinity of the K-edge. The inset shows expanded picture of

single and double photoexcitations, together with correspond-

ing Hartree–Fock energy estimates [19].
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believe that even cementing of the windows is not

essential and could be substituted with a good

contact of polished surfaces. Thus, the windows

need only combine a good transparency with the
resistance to heat and aggressive vapor. There is

almost no pressure difference to withstand: on

heating, helium can diffuse out of the cell easily.

The escape of the heavier vapor evolved at the

working temperature is much slower so that a

steady state, necessary for the measurement, can

be reached and maintained.
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