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inorganic Materials Division of the Lawrence Radiation Laboratorxry
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University of :.ii =nla, Borkeley, California

and ' \
s W. Rirdloss

Department of Physics, University of California; Berkeley, California

The low temperature hoat capacity'of a gold-manganese alloy near the
composition AuMn has been m~asured. The hyperfine field at the Mn nuclei
is found to oe 320 kOe. The eliactronic heat‘capacity gives a Fermi leyel
density of states of 0.LkL5/cv-ruMn molecule, which is remarkably low fgr
a transition metal compound with an unfilled d-shell. This is interpreted
&s éhowing a negligible contribution of the é-band to the density of
states and suggests a 3d5 conficuration for the Mn ion cores. .

Ne@r the composition AuMn the gold-manganesé alléy crystallizes in
the orderell CsCl structﬁre, transforming martensiticaily to a tetragonal
lattice with the onset of antilerromagnetic ordering at about-QOO;C.l’el

For gold concentrations of greater than 50 at.%, such as in the sample
. & ) p

reportg& on here, the structure has c¢/a~0.97 at the Néel temperature.

‘The manganese moments are aligned parallel in the a-a planes with .ade

jacent planes antiferromagnetically alighed‘with respect to each other.l

Torsion measurements by one of us (W.B.) on a twinned single crystal show

* Work supported by the U. S. Atemic Energy Commission,
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that the momenits are directcd alongy an a axis. :Thé symmetry is strict
orthorhombic,however the lattice distortion from tetragonal is extremely
smalll and has not been measurcd.

The sample used was spark cut from a twinned single.crystal which was
grown by induction heating in a hich purity graphite molﬁ. Manganese of
99.98% purity and rold of 00.000% purity were used in preparing the alloy.
The crystal was heat treatcd {or several hours at both 1000°C.and 600°C to
insure homogenization and compicte chemical ordering. The gold concentra-

tion of the final sample uszed was 51.5 at.% as found by chemical analysis.

X=ray analysis of the twinncd crystal and of annealed powder ground from

the same crystal were in agrecment with the known structure and lattice
constants of the room temperature phase at this concentration. No evis

deﬂce of chemical disordering of tha CsCi structure could be found from

X~ray powder patterns.

The heat capacity measurcments were made between 0.1k and 1.18°K

with an apparatus similar to that previously descri‘bed.3 The data below
0.8°K fit the équation
o . | :
c{mr mole™t deg-l) = 1.057 + 3.21T°° - 0.00156'1."'1‘° (1)
The T and T-e terms were determined by the slope and intercept of a plot

of CT° versus T° for the temperature region between O.U4 and 0.8°K as

‘shown in Fig. 1, .and the = term was determined as explained below.

Above 0.8°K the lattice heat capacity becomes observable. This contribu-
tion is only several percent of the total heat capacity for the highest__ -

temperatures measured, and it is not possible to determine the coefficient

D

of the T7 term accurately.
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Since the Au nucleus nina a very small mub‘ctic noment (uiu/u§n= 0.0015),;1
‘:_ . the observed hyperfine hea' capacity can be considered vo come from Mn
nuclei only. (A recent Mozsbauer effect study on the same sample used in » v; fj7
: this workh showed that there was no significant hyperfine field at the Au f‘,u
ruclei. This can be underatond by symmetry considerations.) A hyperfine \
’ field He f 320 kOe at the Mn nuclei is thus calculated from the ’I."'2 term

e .
by comparison with the f{irst term of the equation

.- Cy L 1y (ﬂ)e o (zay(er mﬂ) (“”c) . 2)
30T kTS T 50 B |
where R is the gas constant, % iz Boltzmann's constant, and f, I, and u
are the atomic fraction, thc muclear spin, and the nuclear magnetic
moment of Mn. This value is used to calculate the expected T-h.term of
* Cy» which is that given in Ea. (1).
} T . The.coefficient in the electronic heat capacityt corresponding to a
Fermi level density of states of 0:445/eV-AuMn moleéuie, is remarkably
low for a transition'metal compound with an ﬁnfilled d=~shell. On the | ,1” .
assumption gf divalent Mn and monqvalent Au (threevelectrons per unit cell) o
one has a thermal effective mass ratio m*/m = 0.68. In view of the ex;

pected high density of states for the d-band levels of the manganese'atoms, -;,;

—-

.‘- : ' | this resﬁlt indicates a negligible contribution from the d-band to the
:.; - Fermi level density of states.. Thié could(be understood in terms of a band RN
' picture for the Mn>d electrons in whiéh the‘band for electrons with spin up '
at & particular Mn site is entirely below fhg Fermi level, and the other
half of the d=-band for electrans wgth spin down 1is éntirely above the

' , 5

Fermi level. Such a description sumgests a 3d” confipuration and a lo=

Y calized moment of 5“3 for the ¥n ion coress Neutron diffraction measure-
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: ments” give a value of 4.2u_, while magnetic suscepitibility measurements v
. A 3 K . . e
‘ s - . .. 5 . . r. o : . . ’ ) §
in the paramagnetic reglon‘) indicate a moment near BuB.
In conclusion we wish o thank Lawrence Welsh for assistance in the . v .
preparation of the alloys .
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