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for the 2-gauss field and for the difference between the "1929"and
"1949"scales gives a zero field transition on the "1949"scale of
3.731(&0.006) 'K, a value in perfect agreement with that which
can be deduced for natural tin from recent, precise isotope
measurements based on the "1949"scale. ' 8

- Employing the above assumption, the pertinent KCl and Ag
calorimetric data'' were corrected to the "1949" scale (below
4.3'K). The results for KCl are shown in Fig. 1B, the original
uncorrected data being reproduced for comparison in Fig. 1A.
What appeared to be a significant "anomaly" in the original data
has been essentially removed. Some recent data' have also been
included in Fig. 18 and are in excellent agreement with the older
corrected data. The result for Ag was practically equivalent to
that for KC1, a strikingly similar "anomaly" in the characteristic
temperatures being effectively removed. '0

Finally it may be noted that the Debye characteristic tempera-
tures obtained by Keesom and Pearlmano for KCl (using the
"1949"scale) show a sharp rise below 2.2'K. The data on which

Further Evidence for the Energy GaII
of Lead Sulfide~
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&HERE has been some question regarding the value of the
energy gap for PbS. The thermal activation energy (1.17

ev) disagrees with the adsorption edge of single crystals and the
long-wavelength limit of photoresponse of PbS thin films. ' '
Recently, Moss published curves showing the wavelength de-
pendence of the photoelectromagnetic effect in natural galena and
gave evidence that the quantum efficiency of the photoresponse is
of the order of unity. ' He concluded that the energy gap is very
close to 0.41 ev.

In the course of growing PbS single crystals from the vapor
phase, a p-e junction was found that exhibited a small photo-
voltaic effect. The response time was not greater than 150' sec,
thus ruling out the possibility of a thermal effect. According to
present theory the photovoltage results mainly from the produc-
tion of minority carriers. ' It is most probable that the minority
carriers are produced by band-to-band transitions. Conceivably,
minority carriers could be produced by photoexcitation of impurity
centers. Since the activation energy for impurity ionization is very
small, the energy required to produce a minority carrier in this
way is virtually that required for a transition between full and
conduction bands. Compared in Fig. 1 are the equal-energy spec-
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FIG. 2. Debye characteristic temperature of KCl. Q Uncorrected data of
Keesom and Clark (see reference 2); data of Keesom and Clark (see
reference 2); corrected to "1949" scale; + data of Keesom and Pearlman
(see reference 2) ("1949"scale).

the "1949"scale is based have been questioned by Kistemaker, "
and it is interesting to note that if Kistemaker's results are used to
determine a new vapor pressure scale and the KCl data of Keesom
and Pearlman corrected to this new scale, the sudden rise in their
characteristic temperatures is substantially reduced.

The principal conclusion to be drawn here is that systematic
differences between an actual temperature scale and the true
thermodynamic scale may cause apparently significant "ano-
malies" in calorimetric results, so that the presence of systematic
errors in temperature scale should at least be investigated as a
possible source of small "anomalies" when they occur.
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FIG, 2. PhotoeKects in PbS: dashed curve, photoelectromagnetc effect
in galena from data of Moss (see reference 4); solid curve, photovoltaic
e8ect in P-n junction in synthetic single crystal.

tral responses of the photoelectromagnetic effect in galena and the
photovoltaic effect in the junction at room temperature. The good
agreement between the long-wavelength cutoffs supplies further
confirmation that the energy gap is 0.4 ev.
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Temperature Dependence of Periodic Deviations
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I.THOUGH the importance of the 1/T dependence of the
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amplitude in periodic Schottky deviations to electron
emission theory has been stressed, ' a completely satisfactory ex-
perimental study of this effect has been hindered by patch effects.
Recent Schottky data taken on a specimen of polished molyb-
denum wire revealed a long patch-free region 100(&&300 (volts
cm ')I. This allowed a precise separation of deviations from
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FIG. 1. Periodic deviations in the Schottky effect for a
polished molybdenum filament, at 1600'K.

2.2

which accurate amplitude determinations could be made, an
example of which is given in Fig. 1. In this 6gure the points are
experimental, the dotted curve theoretical 2 while the arrows along
the axis of abscissas mark experimental extrema obtained for
unpolished molybdenum filaments. ' The amplitude maximum
taken at &=200 from deviation curves for various temperatures is
plotted against 1/T in Fig. 2. While some uncertainty is involved

size of col]oidal particles, -one may expect that in a 6ne powder
mixture or in a colloidal suspension one phase or element can act
as donor and the other as catcher. If the grain size of the donor is
comparable to or smaller than the range of the recoiling product
nucleus, the probability of stopping the radioactive nucleus within
the "catcher phase" becomes high. Therefore, radioactive atoms
will be transferred to the catcher phase from the donor phase.

To verify this experimentally, a preliminary experiment has
been done using the C's(y, m)Cn reaction in colloidal graphite
solution. "Aquadag" solution of about 0.5-percent carbon by
weight was bombarded by x-rays from the 70-Mev bremsstrahlung
beam from the Iowa State College synchrotron, together with a
control sample of powdered carbon. The colloid was precipitated
and identical counting samples were prepared from the two target
materials. It was found that the carbon bombarded as a colloid
lost as much as 80 percent of its activity into the water phase.
This result is understandable, since the carbon particles in "Aqua-
dag" consist of small slabs with an approximate diameter of ~0
micron and much smaller thickness. The energies of recoiling C"
nuclei are expected to be of the order of a fraction of a Mev,
corresponding to ranges of a fraction of a micron in carbon.

This method of separating isotopes may have importance in the
production of Mg 8 by Mg '(a, 2p).' For Mg' production, a com-
pressed powder of mixed Mg and some catcher metal such as
tungsten might be used for good heat dissipation and ease of
chemical separation. In the case of alpha-particle bombardment,
particle sizes need not be less than one micron because of the high
recoil momentum available.
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Mass Assignments by Isotope Separation*
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FIG. 2. Periodic deviation amplitude maximum at $ ~200, plotted against
1/T. The range in amplitude indicates uncertainty in locating extrema on
the deviation plot. (See Fig. 1.)

in locating the exact maximum of deviations, as indicated by the
range at a given temperature, the tendency to increase with 1/r
seems definitely apparent.
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NUCLEAR reactions such as (y,m), (d,p), and (n, 2p) lead
to product nuclides with the same atomic number as the

initial nuclides. Unless the Szilard-Chalmers process is practicable,
it is usually dificult to achieve high specihc activity for the
product isotope. With light nuclei, however, the recoil momentum
of the product nucleus can aftord suKcient range to allow physical
separation, as is clearly visible in nuclear emulsions. When the
ranges of the product nuclei are of the order of a micron, i,e., the

A TIME-OF-FLIGHT isotope separator constructed in this
laboratory' has been used to assign mass numbers to several

radioactive isotopes produced in cyclotron bombardments. Atoms
of the mass numbers in question have been separated and the
corresponding activity observed with a Geiger counter or other
counting equipment.

The essential features of the instrument are high transmission
(about 20 percent) at a resolution such that the separation factor
between adjacent isotopes in the mass range 100-250 is about 100
or larger. In addition, the instrument is calibrated absolutely so
that any desired mass number can be selected without the necessity
of observing ion currents due either to the isotope being separated
or to added stable isotopes.

Several isotopes of cesium (formed by n, xa reactions on iodine)
have been separated in the course of work on their decay proper-
ties. Chemically separated carrier-free cesium sulfate fractions
were ionized from a surface ionization source for this work. The
previous assignmentsm of Cs' and Cs' were verihed, with suK-
cient activity separated to establish the half-life of Cs'" as 6.1&0.2
hours instead of the previously reported 5.5 hours. In addition,
Cs" has been separated and its half-life observed to be 30 minutes,
in agreement with the previous result. '

A new isotope of cesium found by Mathur and Hyde of this
laboratory, has been assigned to mass 12S and its half-life ob-
served (from separated samples) to be 45&1 minutes.

In connection with an investigation of the decay scheme of
Cs by Olsen and O'Keller' a.large quantity of this isotope was
separated for use in a beta spectrometer study of its decay. On the
basis of the decay of part of the separated sample over nine half-


