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FIG. 3. Energy level diagram of H20.

in ordinary electrical discharges. The answer to the
second question is that the rotational intensity distri-
bution does not show any appreciable change in
dependence on the energy of impinging electrons in the
wide range from 1000 down to 20 volts or less. These
characteristic features may be attributable to the
nature of the excited states of H~O taking part in the
process (1).

After having been raised up to either one or both
of the excited states, "A~ and ' '82 as shown in Fig. 3,
water molecules may be expected to dissociate spon-
taneously into abnormally or thermally rotating OH'
molecules and recoiling H atoms. When the potential
surfaces for these excited states have been evaluated,
the path of the recoiling H atom will be known and at
the same time the excess angular momentum accepted
by the remaining H atom will also be determined by
the law of angular momentum conservation.

A detailed discussion will be published in the Joureal
of the Physical Society of Japan.

The authors would like to express their sincere
thanks to Professor R. S. Mulliken of the University
of Chicago and Professor C. A. Coulson of Oxford
University for their kind encouragement and valuable
suggestions.

' 'N recent publications'' Prener and Williams have
- - reported that Cu ' formed from Zn 5 by E-electron
capture in a ZnS matrix is ineffective as an activator,
i.e., it does not emit the green luminescence charac-
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teristic of Cu in a ZnS phosphor. They state that this
experiment makes the conclusion "inescapable" that
an isolated copper impurity at a substitutional zinc
site does not give rise to a luminescent center in zinc
sul6de. Using a treatment of ZnS as a covalent solid,
they propose an explanation based on the absence of
coactivator centers in this experiment; and finally
they suggest that a luminescent center requires the
activator and coactivator to occupy second or third
nearest-neighbor positions to each other.

It is the purpose of this letter to point out that the
above-mentioned conclusion is not inescapable, and
that the experimental result of Prener and Williams
can be understood on the basis of a current well-known
model of sulfide phosphors' which treats them as
primarily ionic structures. On the ionic model, the
copper ion responsible for the green luminescence in
ZnS is Cu+'. If Cu", formed by decay of Zn" in the
Prener ancI, Williams experiment, is built into the ZnS
crystal as Cu+' ion, as one would expect, its ineffective-
ness as an activator is readily understood without
additional complications. Thus on the ionic picture the
copper ion produced in this experiment is not of the
correct charge to constitute a luminescent center; it
would not be directly excited by the 3650 A light. The
only possibility for luminescence would then be by
charge transport processes. Prener and Williams argue
that such processes occur by analogy with the results of
a theoretical treatment of superlinear luminescence
in ZnCdS:Ag, Ni. 4 There appears, however, to be no
direct experimental evidence to indicate that the high
probability of ionization holds for all 3650A excited
centers in ZnS: Cu. If these centers are not thermally
ionized, then the Cu+' centers formed by radioactive
decay shouM not change the luminescent intensity.
If the centers are thermally ionized then the relative
amount of green luminescence might increase. In order
to determine whether there should be a significant
increase or not it would be necessary to know the
concentrations of all centers involved, detailed models
of electron and hole motion leading to luminescence,
and cross sections for capture of the charge carriers
by the various centers. These quantities are in general
not known.

It appears therefore that the experiment can be
understood either on the basis of the conventional
ionic model or on an interpretation of ZnS as a covalent
material. Furthermore, the experiment does not
necessitate a revision of the usual viewpoint that
isolated activators can luminesce.

We are indebted to Dr. Prener and Dr. Williams for
communications on this subject.
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