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Secondary Structure in the X Absorption Limit of Geii~anium Tetrachloride
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An experimental determination of the fine structure of the X absorption limit of GeC14 has
been made under conditions of high resolving power with the two-crystal spectrometer. Both
position and magnitude of the structure were obtained for comparison with the theory of
Hartree, Kronig, and Petersen and with their theory as modified by Corson (following paper).

~CONSIDERABLE secondary structure ap-~ pears in the x-ray absorption edges of solids,
liquids, and gases within a few volts of the edge.
In the spectral region in which work on gases
'has been done the resolving power on an energy
scale must be high if the experiments are to
show the natural structure. The photographic
spectrometers used for studies of gases have had
rather low resolving power, with the result that
data have not been gathered near the absorption
limit with this equipment. "

With the development of accurate means of
low x-ray intensity measurement, the application
of the two-crystal spectrometer became prac-
ticable and it was possible not only to determine
the position of the fine structure, but to measure
its intensity through the absorption limit. ' ~

The theory of the fine structure as developed

by Kronig' and Petersenv has been applied most
rigorously to gaseous GeC14. ' This gas was chosen

by these authors for several reasons: The ab-
sorption limit of germanium is in a convenient
x-ray region, the gas is stable and easily handled,
the chlorines are suf6ciently massive to provide
good scattering of the ejected photoelectrons,
the molecule is symmetrical, and the Hartree
field has been calculated accurately for chlorine.

The present work is a study of the fine struc-
ture of the germanium X absorption limit in

gaseous GeC14, and a comparison with theory of

* Now at Ohio State University, Columbus, Ohio.' D. Coster and G. H. Klamer, Physica 1, 889 (1934).' T. Drynski and R. Smoluchomski, Physica 6, 929
{1939).

3 B. CioHari, Phys. Rev. Sl, 630 {1937).
4 C. H. Shaw, Phys. Rev. SV, 877 {1940).'T. M. Snyder and C. H. Shaw, Phys. Rev. ST, 881

(1940).
s R. de L. Kronig, Zeits. f. Physik 'IS, 468 (1932).
7 H. Petersen, Zeits. f. Physik 80, 258 (1933).' D. R. Hartree, R. de L. Kronig, and H. Petersen,

Physica l, 895 {1934).Referred to hereafter as HKP.

both the position and intensity of the fine
structure.

EXPEMMENTAL

The double-crystal spectrometer and G-M
counter intensity recorder are described in former
communications. 4' A slight change, however,
was made in recording the data. Repeated tests
have shown the x-ray intensity to be constant
to about two percent over a period of several
hours. The remainder of the equipment likewise
is stable enough that the spectral distribution
curve with absorber in may be obtained and
then a determination of the incident radiation
made with absorber out. The necessity for
moving the rather bulky absorption cell between
each reading is thereby eliminated.

A gold target electroplated on a copper target
base served as the source of continuous radiation.
With the "perfect" calcite crystals of Class I"
used in these experiments the continuous spec-
trum at 35 kv and 20 ma gave about 15,000
counts per minute in the G-M counter.

The absorption cell was the in-blown glass
window type, with an absorption path of some
7 cm. It was mounted in a thermally insulated
envelope in such a way that its temperature
could be maintained at about 65'C by a stream
of thermostatically regulated air. At this tem-
perature, the vapor pressure of GeC14 is about
390 mm. "To insure that no droplets of liquid
were gathered on the cell windows, streams of
the warm air were made to play directly on the
windows. The temperature of the cell was
measured by a thermocouple placed in contact
with the cell itself.

' J. A. Bearden and C. H. Shaw, Phys. Rev. 4S, 18
(1935).' L. G. Parratt, Rev. Sci. Inst. 0, 387 (1935).

"International Critical Tables 3, 232 (1928).
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atomic numbers. The base line for germanium
absorption is the abscissa of Fig. 1.

Since no GeH4 was available, it was not possible
to determine the shape of the absorption edge
for the germanium atom directly, but there is
no reason to expect that it would be much
difI'erent from that for the bromine or krypton
atom. On the assumption that the true absorp-
tion edge width for the germanium atom is
2.10 volts, the average of those for bromine and

krypton, ' the dashed curve in Fig. 1 mas con-
structed. The relative positions of the absorption
edges were fixed arbitrarily. It is obvious that
the large absorption peak introduces uncer-
tainty in the position of the edge. In fact if a
shift of the initial rise for the molecule of about
6 volts toward lower energies were assumed, the
discrepancy between experiment and theory for
the major peak intensity (following paper) dis-

appears without very much affecting the re-
mainder of the structure. Had GeH4 been avail-
able, a measure of the shift would have been
made experimentally.

Because of the high resolving power, structure
appears which has not been detected previously.

This structure, of finer detail than the remainder,
appears within some 15volts of the absorption edge.

The ratio of the absorption coefFicient of the
germanium atom in GeC14 to that of the free
atom is given in Fig. 1 of the following paper to
an ejection energy of 180 volts, together with the
theoretical results of HKP and the theoretical
modification of Corson. Experiment and theory
agree for the position of the fine structure from
80 to 180 volts. In contrast with the results of
Coster and Klamer' the experimental and pre-
dicted positions of the absorption minimum n
fail to coincide by practically 20 volts. A decrease
in resolving power would have the eEect of
shifting the observed absorption minimum n to
larger voltages, which would account for these
authors' better agreement with theory.

The following paper reconsiders the Kronig-
Petersen theory in the light of diR'erent assump-
tions for the distribution of the chlorine atoms in

the molecule.
The author is indebted to the Chemistry

Department of Cornell University for the germa-
nium tetrachloride and to Professor J.A. Bearden
for the use of his equipment.
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The theory of the fine structure of x-ray absorption limits in polyatomic molecules is de-
veloped in a form which takes molecular configuration into account, and it is found that the
Vetersen formula represents a limiting case. The fine structure of the E-absorption limit is
calculated for several molecular models, in particular that of Ge in GeC14, for which comparison
is made with the previous calculation of Hartree, Kronig, and Petersen, and the newer experi-
mental results obtained by Shaw.

INTRODUCTION

—RAY fine structure, which in the case of
polyatomic molecules may extend over a

f This article is part of a dissertation submitted to the
Board of University studies of the Johns Hopkins Uni-
versity in conformity with the requirement for the degree
of Doctor of Philosophy.* Since 1943, Research Physicist, The Electrometal-
lurgical Company. At present on leave of absence at The
Institute for Mvanced &tudy„Princeton, New Jersey,

region of several hundred volts on the high fre-
quency side of the edge, was first explained by
Kronig' on the basis of the interference between
the direct wave representing the ejected photo-
electron, and the components scattered by the
partner atoms. This interference modifies the
amplitude of the wave, and thereby the transition

' R. De L. Kronig, Zeits. f. Physik 75, 468 (1932).


