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Atomic Arrangements in Gold-Nickel
Solid Solutions*

P. A. FLINN AND B. L. AVERBACH

Massachusetts Institute of Technology, Cambridge, Massachusetts
(Received July 17, 1951)
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'EASUREMENTS of diffuse x-ray scattering from gold-
nickel solid solutions have given results which differ

markedly from the predictions of the simple statistical theory.
This system shows a continuous solid solubility in a face-centered
cubic lattice above 840'C; below this temperature two other face-
centered cubic lattices, one rich in nickel and the other in gold,
coexist. Above 840'C, therefore, the solid solution is expected to
contain nickel-rich and gold-rich clusters which act as nuclei for
the subsequent precipitation.

Mr. L. Seigle, of this laboratory, has shown by means of thermo-

dynamic measurements that this system exhibits positive devia-
tions from Raoult's Law and has positive heats of mixing. This is
also interpreted as an indication that the equilibrium arrangement
for the solid solution above 840'C is one which exhibits a prefer-
ence for Ni-Ni and Au-Au nearest neighbor pairs. In contrast to
this, the copper-gold system, above the critical temperature,
exhibits positive deviations from Raoult s Law and has negative
heats of mixing. X-ray measurements have shown that the equi-
librium atomic arrangement in this system is one in which
Cu-Au pairs are preferred.

The diffuse scattering expected from a nickel-gold solid solution
containing clusters has been calculated. Such a powder pattern
should show an intense small angle scattering which falls smoothly
to a minimum and exhibits a weak secondary peak in the vicinity
of the first lattice reflection.

Measurements of diffuse x-ray scattering from nickel-gold solid
solutions have been made by both photographic and Geiger-
counter spectrometer techniques. Results have been obtained for
alloys containing 10 percent to 90 percent gold, and measurements
have been made at 900'C as well as on specimens quenched from
900'C to room temperature. The general form of the observed
scattering curve does not change on quenching and is similar for
all of the compositions studied. A microphotometer trace of a
typical diffraction photograph is shown in Fig. 1(a). This is a
transmission powder photogram from a thin foil of Ni3Au,
quenched from 900'C and made in a vacuum camera with mono-
chromatic Co Ka-radiation. The diffuse peak, which occurs at
approximately 8= 17', is clearly visible. For comparison, a micro-
photometer trace from a similar powder photogram of Cu~Au is
shown in Fig. 1(b). The short-range order peak in the latter 61m
occurs at a much smaller diffraction angle.
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FIG, 1. MIcrophotometer traces of photograms of Cu~Au»d»~«.
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FIG. 2. Di6use scatter!ng in electron units from NiqAuq
quenched from 900'C.

Double Beta-Decay as a First-Order Process*
ROLF G. WINTER

DePartment of Physics, Carnegie Institute of Technology,
Pittsburgh, Pennsylvania
(Received April 20, 1951)

~ HERE are two types of double beta theories which use Fermi
hamiltonians. In one, no neutrinos are actually emitted,

and half-lives of the order of 10" years are obtained for Bmcm

available kinetic energy. ' 4 In the other, two neutrinos are
emitted, and the half-life is 10" years for 3mc' available kinetic
energy. 's Sy analyses for the products of double beta-transitions,
lower limits of about 10" years were found for the half-lives' '
of Ten» and U~ while a positive result of 10"years was found
for the half-lifes of Te'". If the last datum is correct, the two-
neutrino hypothesis is untenable. Also, it may be questioned
whether the no-neutrino picture is correct, for the transitions
examined would all have to be forbidden. Therefore, it may be
interesting to consider other approaches. Of course, the data are
not sufficiently good to force the adoption of a new theory. In
particular, the work of Fireman~4 is still unexplained. Also, it is
to be expected that the transitions are somewhat forbidden, for
the nuclei considered are far from being mirror nuclei.

To the Fermi hamiltonian will be added a term which couples
two electrons to the nucleus in the same manner as that used in
Fermi theory to couple one electron and one neutrino to the
nucleus. This term is to contain a bilinear combination of creation
operators which create two electrons in antisymmetric states only.
Let this term be

2—fg' {(@tg,$@*)Q~Q+ complex conjugate I .

Quantitative measurements of the diffuse scattering have been
made by means of a Geiger-counter spectrometer. Figure 2 shows
the results for a sample of NiBAu2 quenched from 900'C; the
intensity in electron units was obtained by standardization with
the scattering from parafBn. The form of the scattering is beyond
the range of the photogram.

The diffuse scattering for Ni3Au~ differs considerably from that
predicted by the clustering hypothesis, since there is no evidence
of small angle scattering. On the other hand, the intensity dis-
tribution does not 6t the form required for short range order of
the Cu3Au type. Attempts have been made by means of direct
synthesis and by the use of the fourier transform to describe the
results in terms of local order coefIicients. Such a 6t has not been
possible.

These results indicate that there is no clustering of like atoms
in these solid solutions. The exact atomic arrangement, however,
will await further interpretation of the diffuse x-ray scattering,
and further experiments with single crystals of the alloys.

+ This work was performed under the auspices of the AEC.
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g' is a constant to be evaluated from experiment. Q is QiQ2, an
operator which changes two neutrons into two protons. 0, and Qg
are both linear combinations of the 6ve operators occurring in
beta-theory; 0, operates on the electron wave functions while Q~
operates on the nuclear wave functions. Q~ is to be interpreted as
!&~j+0~2. 5 is a matrix making M * a spinor. Writing

+=&m &mmmm

and using the Jordan-signer anticommutation relation

d'm +n +@n ~m

one obtains, as the perturbing hamiltonian for the creation of one
electron into state m and another into state n,

2 ~g'f Q m~@&QN —f~~~.&Pm*) ~xQ I .
For the tensor and pseudovector interactions,

Pmtn, SP„*—y„~n,SP„'=0
while for the scalar, vector, and pseudoscalar interactions,

$ ~0,5$„~—Q„tQ,Bfm*=2$ t0,8$„*.

For these last three interactions, in the "allowed" approximation
for plane wave electrons, the transition probabilities are:

Scalar: ~8(e, e)ds de

a cose
=(e c +1) 1— p.

&m&n+ 1

Vector: mi,.(~, 8)de de

=(e s„+1) 1+ F.
&moors+ 1

Pseudoscalar: mpq(em 8)de

0. cos8=( „—1)
&me~ —1

Here

The Interpretation of Isomeric Transitions
STEvEN A. MoszKowsKI

Argonne iVationa/ Laboratory and University of Chicago, Chicago, JlhnoA
(Received June 18, 1951)

TIIEORETICAL calculaAoes. —The half-life of nuclear iso-
meric states as a function of gamma-ray energy, nuclear

radius, and type and multipole order of radiation has been calcu-
lated. As a simple model, it is assumed that the radiation is due to
a single proton moving in the potential well of the rest of the
nucleus. Radial integrals which appear are replaced by the proper
power of the nuclear radius R. Because of cancellation of nuclear
wave functions, this is expected to give a considerable overestimate
of the values of the radial integrals and thus an underestimate of
the half-life.

The half-life r~ for change of nuclear spin I from L+ ~ to ~2 is
calculated to be

2(L+ 1) gR ~ 2L -I

I.(1 3 5 2L+1)2' c

for electric 2L-pole radiation (EI.) (1)

.VL r EL h L
mcR L+1

for magnetic 2L-pole radiation (3fL}. (2)

This is the theoretical half-life for gamma-emission' not including
the effect of internal conversion. Here p, denotes magnetic moment
due to intrinsic spin. The angular frequency of the radiation is ~.
The mass of the proton is m. Equations (1} and (2) are nearly
unchanged for any other transition for which the nuclear spin de-
creases by L; if the spin increases by I., the above half-lives are
multiplied by the factor (2I j~ jt js1+1)/(2I f jgtsi+1) Figure 1
shows both the theoretical estimates and the experimental values
of the half-life of odd-A nuclei, the latter corrected for internal

c'It' (1+ )(1+ „)
0'= (sm' —1} (~~' —1), e.= ep —em.

is the energy of an electron in the state m, and ~p is the nuclear
mass diRerence, both in units of mc2. 8 is the angle between the
electrons.

Integrating over e and assuming that co=5,
~
EP~ =1, and the

half-life=102' years, one 6nds that

G'=—g'(1 jm~') (m&/a)'= 10 ".
It is interesting that the Fermi G is 10 "for the lightest mirror
nuclei; it may not be inconsistent to say that G' is G2.

A fair approximation for the half-life as a function of ep for
wp+3 is

r =2&10'4 yearS jgcp2(ep2 —4) (ep —2}j.
The term considered here will also make possible the emission

of two electrons followed by the absorption of one of these elec-
trons with the emission of a neutrino —that is, a second-order
contribution to single beta-decay. However, in the integration
over the momentum of the virtual electron, the integrand goes
to zero rapidly when the wavelength of the electron becomes of
the order of the nuclear diameter. It can then be seen that this
contribution to single beta-decay is perhaps 10 "as large as the
first-order process.

I should like to acknowledge very helpful discussions with
Professors I . Kolfenstein and J. Ashkin.
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Fio. 1. Corrected half-life of odd-A isomeric transitions as function of
energy. The points show experimental values of half-lives corrected for
internal conversion (using theoretical values), and to A =100. The lines
indicate theoretical predictions from the single-proton model, according to
Eqs. (1) and (2), for A =100. (Nuclear radius, R =1.5 X10 'sA& cm, )


