
288 LETTERS TO THE ED ITOR

%e know that'

( r(a+iP) (
= II 1+r(i+~) " p2

(3)

The infinite product in (6) converges at a reasonable rate. Table I
gives the accuracy of the different prevailing approximations for
the three typical cases of the light nucleus SN, the medium nucleus
Cu~ (negatron emission), and the heavy nucleus RaE, and the
comparison with the exact calculations. In this table F is an
abbreviation for F{z,W) as given in Eq. {6),F~ denotes Bethe's
approximation

F~—F~p2s-2($2+ X}s-I

FI denotes Fermi's approximation for heavy nuclei

Fg= 1/p —0.355

where p is the momentum in units of mc.

(7)
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'HE metals which absorb hydrogen are usually divided into
two groups, the so-called good absorbers (Ti, Zr, Th, V,

Ta, Pd}, which have decreasing solubility of hydrogen with tem-
perature, and the poor absorbers {Ni, Fe, Co, Cu), which have
increasing solubility of hydrogen with temperature. The poor
absorbers are thought to allow the protons to move freely through
the lattice without any effect on the lattice structure whereas the
good absorbers are believed to form definite metal hydrides
having a different lattice structure from the pure metal. The
latter are supposed to have the hydrogen atoms tightly bound to
the metal atoms. '

Previous observations of nuclear magnetic resonance' absorp-
tion lines indicated, however, that in tantalum the protons have
strong internal motion at room temperature. To verify this result
further an experiment was performed to freeze in the proton
motion by lowering the temperatures of the tantalum lattice.
This was done successfully at a temperature of about 215'K.
Beginning with a line width of less than one gauss at room tem-
peratures the line remains narrow down to 215'K. Over a range
of 20' about this point it undergoes a pronounced widening,
indicating that the protons are being frozen in position.

Thus in the range of temperature where solubility measurements
of hydrogen in metals have been made in the past' (i.e., from room
temperature up) our experiment indicates that the hydrogen
atoms are not tightly bound to the metal atoms. In this respect
tantalum resembles the poor absorbers.

where e and P are real. Making use of relation {3)we have
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where f is a factor independent of O'. lf we set s= 1, we have the
nonrelativistic Kurie approximation
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Therefore
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'HE Editors regret a typographical error in the list of authors
of this letter as originally printed. "Purnam" should be

replaced by "Putnam" as above.
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ECENT measurements of the ratio of the quadrupole mo-
ments of Cl~ and CP' by several observers using different

methods are in disagreement by amounts which are considerably

TABLE I. Data on the quadrupole coupling constants of CP and C13~.

Method

Direct quadrupole transitions in
solid trans-dichloroethylene CHCl =CHCI

Atomic beam magnetic resonance method. Cl
Microwave spectra of CHsCl
Microwave spectra of FC1
Microwave spectra of BrCl

~eQ(C1")/~qQ(Cl")

1.2661 ~0.0002a

2.2795 &0.0008b
1 273 ~ 004o
1.2704 ~0.004d
1.2768~.004e
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The tantalum sample was in powdered form and had a hydrogen
concentration of 53.5 atomic percent. Previous observation showed
that the line width, at least at room temperature, was not affected
appreciably by the degree of concentration of hydrogen. However,
at this temperature the tantalum line is so narrow as to be deter-
mined by the magnetic field inhomogeneity so that small differ-
ences in line width due to differences in concentration may be
masked.

Specific heat anomalies have been observed in the tantalum-
hydrogen system, within the temperature range where our line
width changes have been detected. 4 The specific heat curves have
maxima in the region 220' to 265'K, the height of the maxima and
the temperatures at which they occur being proportional to the
amount of dissolved hydrogen. However, only small concentra-
tions of hydrogen have been used in these experiments (i.e., 0 to 12
atomic percent). According to Hagg' the structure of the tantalum
lattice changes from a body centered cubic lattice to hexagonal
close packing at about 12 atomic percent hydrogen. The sample
used in our experiment would then have a lattice which is
hexagonal close packed. This may account for the fact that the
specific heat anomalies occur at slightly higher temperatures
than the resonance line width discontinuity.

Kelley' suggests that the specific heat anomaly is due "to the
differences in the number of possible ways of arranging the
hydrogen particles among the positions in the tantalum lattice
available at the higher and lower temperatures. "This, of course,
conforms to the idea that the protons are frozen in at the lower
temperatures.
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