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physics may be secured by addressing them to this department.
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isstte N.o proof wttl be sent to the authors. The Board of Edhtors does
not hold itself responsible for the opinions expressed by the corre-
spondents. Communications should not exceed 600 words in length
and should be submitted in duplicate.

The Metamict State
WILLIAM PRIMAE

Chemistry Division, Argonne National Laboratory, fremont, Illinois

{Received May 10, 1954)

'N a preliminary report on the behavior of a number
- - of insulators exposed to energetic neutrons within a
nuclear reactor, ' it was reported that large changes in
physical properties had been observed in diamond,
silicon carbide, quartz, and vitreous silica. These
property changes and their behavior seemed similar to
the property changes associated with the metamictiza-
tion of minerals, ~ which is attributed to the passage of
alpha particles emitted from their own radioactive
content. The substances previously examined and a
number of others have now been exposed simultaneously
in a nuclear reactor at a tempertaure believed to be
above room temperature but below 100'C. An x-ray
examination of these substances has now been completed
and suggests a rather different conclusion as to the
substances susceptible to metamictization than those
suggested by Goldschmidt, ' Pellas, 4 and others. It
therefore seems desirable to report the results.

As a result of the irradiation, the following substances
showed no detectable change in powder pattern:
beryl, germanium dioxide (rr-quartz structure), germa-
nium, silicon, corundum, and rutile; the following
substances showed only the small percent increases in
lattice constant given in parentheses: magnesium oxide
(0.1), spinel (0.12), calcium fluoride (0.08); the
following substances showed the large percent changes
given in parentheses but did not show any marked
diffuseness in their diffraction patterns: diamond (0.9),
silicon carbide (tt, 0.68; c, 0.68). In the same irradiation
were present samples of quartz, tridymite, and cristobal-
ite. Their diffraction patterns became so diffuse that
it was no longer possible to measure the positions of
any lines. Chrysoberyl and phenacite irradiated under
similar conditions but for about half the time showed
a noticeable increase in lattice constant as shown by
displacement of lines in the back reflection region (t) ca
80 deg) of rs to 1 deg but there was no noticeable line
broadening. On the other hand, the diffraction pattern
of a sample of tridymite irradiated simultaneously
was diffuse even in the forward reQection region, and
no lines could be distinguished past 8 cu 10 degs.

From these results it is clear that the effects associated

with metamictization cannot be associated with a
particular crystal structure or bond type. Rather, it
seems necessary that the substance possess a quasi-
stable vitreous (disordered) state under the conditions of
irradiation. The susceptibleness to metamictization is
not determined by the state present ab initio, but by
the difficulty of recrystallization of the disordered
regions formed by the traverse of energetic atomic
particles, and by the difFiculty with which the displaced
atoms can again form bonds. The former would give
rise to large changes in the x-ray diffraction pattern,
the latter to large amounts of stored energy.

The x-ray diffraction patterns were taken and
measured by Stanley Siegel of this Laboratory.

Notes added in proof: (1) All of the samples which were irra-
diated simultaneously, were irradiated in the same container
for the same time. The signi6cant neutron flux as a function of
energy E is not known, but probably does not differ greatly (by
more than a factor of two) from the distribution (constant/E).
From a combination of theoretical considerations and experi-
ments performed in various reactor facilities, it seems likely
that most of the damage was produced by neutrons between 0.01
and 1—2 Mev. Then, if a dosage unit is defined as the damage
produced in a standard substance by (10'8fp, pI d lnE) neu-
trons/cm', the radiation-damage dosage of these samples was
found to be about 120 units and of the chrysoberyl and phenacite
about 50 units, to within the precision usually attained in such
experiments (20 percent).

(2) The elastic-constant changes reported by Binnie and
Liebschutz' for silicon irradiated for a shorter dosage than the
sample reported here is taken as evidence of the recrystallization
hypothesis proposed here.
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Shape of the F Band
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' PREVIOUS measurements by Mollwo' have shown
that the Ii absorption band in additively colored

alkali halide crystals has a Lorentzian shape, and it has
been generally assumed that this shape is a fundamental
property of the Ii center and independent of the method
of coloration. However, several measurements on
potassium chloride crystals colored by 200-kv x-rays
have shown that the Ii band thus formed is more
nearly Gaussian in shape.

Crystals were colored at both 290'K and 113'K. In
the former case a maximum concentration of 10'7

centers per cc was obtained, while at the lower tempera-
ture only 10" centers per cc were formed, though it is
probable that this was not a maximum concentration.
The concentrations were sensibly uniform through
crystals of several millimeters thickness.
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