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The low temperature r, .. ,..,t ~~:1.po.d.ty·of a gold .. rnaneancse alloy near the 

composition Au¥111 hac been Jil'"~(;:·.,r~d. The hyperfine field at the l'lll nuclei 

is found to b~ 320 kOe. Th.-:- e>~ctronic heat capacit;r gives a Fenni level 

' density of states of 0.1•45/eV-AuVlll molecule, which is remarkably low for 

a transition metal compoun:1 v:ith an unfilled d-shell. This is interpreted 
I 

as showing a negligible contribution of the d-band to the density of 

states and sugge·sts a 3d5 confic:uration for the Mn ion cores e 

Near the composition Au~ll1 the gold-manganese alloy crystal+izes in 

the ordere~ CsCl: struct~e1 tra.nsforrnine; rnartensitically to a tetragonal 

lattice with the· onset of o.nti::.~erroma.gnetic ordering at about ·200°C.112 . 

For gold concentrations of Breatcr than 50 at.%, such as ·in the sample 

reported on here, the structure ha~ c/a~.97 at the Neel temperat~e. 

The manganese moments are aligned parallel in the a-a planes with.ad-
. l 

jacent planes antif'"erromagnetically aligned w.ith respect to each other. 
' 

Torsion measurements by, one of us (W.B.) on a t~nned single cr,istal show 

* Work supported by the u. G. Atomic EnereY Commission. 
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that the moments are directed alone an a axis. The symnletry is strictly 

orthorhombic,however .the lattice d:i.stortion from tetragonal is extremely 

sma111 and has not been measured. 

The sample used waG cparl< cut from a twinned sint;lc cryntal which was 

erown by induction hca.tin~ .i.n :c 11:i.t,h purity eraphite mold. l\hn~anese of 

99.99% purity and r,old of 9~·99:?% purity were used in preparing the alloy. 

'I'he crystal was heat treatci1 ior several hour~ n.t both 1000°C and 600°C to 

insure homogenization and cm:;p:Lctc chemical ordcrine;. The gold concentra.-

tion of the final sample uzcd -._·a..: 51.5 at.~ as found by chemicn.l analysis. 

X-ray analysis ·of the twinned cr,yst:J.l and of annealed powder ground from 

the same crystal were in n.c;rcc:ncnt with the known structure and lattice 

constants of the room tcmpcr::tture pha:>e at this concentration. No evi• 

dence of chemical disordcrinr: of the CsCl structure could be ·found from 

x-ray powder patterns. 

The heat capacity measm·c;'ncnts were made between 0.14 and ·l•l8°K 

with an apparatus similar to that previously described.3 The data below 

0.8°K fit the equation 
I 

C(mJ mole-1 ~eg-1) = 1.05T + 3.21T-2 - 0.00156T-4. (1) 

The T and T-2 terms were determined by the slope and inte~cept of a plot 

of CT
2 

versus T3 for the temperature region between 

. -4 
·shown in Fig. 1, . and the T term was determined as explained below. 

., : 

..· . I 

Above o.8°K the lattice heat capacity becomes observable. This·contribu- . ' .I 

tion is only several percent of the total heat capacity for the hiG}lest_ -~~~~ 
temperatures measured, and it 1.s not possible to determine the coefficient '· j 

of the T3 term accurately. 
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( 2 I 2 ) Sir.ce the Au nuclcu::; ::·ia.~ :.1. very srr.:.:~.ll mo.cr.et1.c rno:r.cnt ~Au ~in= 0.0015 1 · · 

the observed h;y'j?crfinc hen~; c· ... p.:.city can be conGidercd to co;:;e from Nn ._, . 

nuclei only. (A recent ~:o~<'Obnuer effect study on the some sample used in 

this work
4 

showed that there wo.~ no significnnt hyperfine field at the Au 

nuclei. This car. be undcr~:toncl ·:,y symmetry considerations.) A hyperfine 

field H of 320 kOe at the i'l.n m1clei is thu.:; calculated :from the T-2 term e 

by comparison with the firct ter:n of the equation 

\ 

JlM 
1_ (I+l) (_..£)2 
} · I k~' 

... .)~·~··J ~(I_.+_)_..:..).,:...~ 2_I_2_+_2I_+_J..~...) (~~~c) l~ 
I.:; K.l.. 

+ • 0. (2) 

where R is the r;as conctnn t:, }: :i.::; Bol tzr.-..:"'.nn' s constant, and f, I, and ll 

are the atomic .fraction, the ;·,uclcar spin, and the nuclear magnetic 

-4 moment of :V..n. This value is used to calculate the expected T .term of 

CN, which is that given in Eq. (1). 

The coefficient in the electronic heat capacity, corresponding to a 

Fermi level density of states of 0.445/eV-AU:V..n molecule, is remarkably 

low for a transition metal compound with an unfilled d-shell. On the 

i" 
assu..-nption of divalent :V.111 and monovalent Au (three electrons per unit cell) 

-K· 
one has a thermal effective r.w.ss ratio m /m = o.68o In view of the ex-

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

---

.: ~ 

., 
~\·· .... 

... ' .... 

this result indicates a ner;lir;ible contribution from the d-band to the 
. ____ ____..-:-· . 

Fermi level density of states. This could 1 be understood in terms of a band 

picture for the :Vm d electrons in which the band for electrons with spin up 

at a particular :Vm site is entirely below the Fermi level, and the other 

half of the d -band for electr·-,n;; \dth cpil') down is entirely above the 

..,., . 1 1 s . . . . ":{d5 f' i .r erm1 eve • ucn a acscn pt·.J.on ::::w:.e;csts a.. "' con J.gurat on and a. lo-

calized moment of' 5~B for the :•::·, ion cores. Neutron diffraction measure-
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m.>.gne~.l.c su::;ceptibility men.Gurcments 

-' in the para.ma.enetic rciGion5 5.:-.rl:i.ca.tc a moment 'ncar 51-lB• 
I 

In conclusion we wish 

preparation of the alloy. 
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}'IGu'"!\E CAPTION 

Fig.1 The heat c~pacity c.:f' A«J.~n. 
-4: 

Fozo the upper curve the T .. term. 

makes a nccligib1e contribution. 
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