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l)een 1nvest1gated in the Heusler alloys Coz(Sc Hf, V)Sn, CozscGa/ Coz(V, Nb)Al and
. Co,Ti(Si;Ge) by TDPAC measurements utrllzrng the 133482 keV gamma-gamina cascadéin

. on the non-magnet1e transition element s1te or.on the 5P’ element site depend.s miainly. on the o
T -_'ehemlcal nature of the non-magneuc transrtron element rather than any other factor, e. g the
local moment ,u,cO of the alloy SRR - : -

1;'Introduction',f- N
: The L21 Heusler alloys w1th storchrometrlc composrtrou XZYZ are in general fer- :
- romagnetlc when they are of the form CozYZ of X,MnZ. Here Xis usually a trans1— ,

tion or noble metal such as Cu, Pd, Ni; Yis a trans1t10n element such as Ti, Zr
Hf, 'V, Nb, and Z is an sp element belonging to groups IIA-VA. In the alloys
.'-CogYZ the local magnetic moment is carried by the Co atoms and values ranging
from 0.3 to 1.0 py are commonly found. In the alloys of the form XgMnZ the mag-
“netic moment of about 4y is localized on the Mn atoms. The study of these alloys

- -alloys are, however, distinctly different from each other In the alloys of the form
_";szMuZ the sp. element at Z site is the second: nearest. nelghbour of the magnetic |
) "'_ 4tom Mn, where as in the alloys Co,YZ, both an sp element at Z site as. well as the
transition element at Y site are the nearest neighbours of the magnet1c atom Co. -

-‘atoms in the Co-based alloys. Heusler alloys Co,YZ where only Co- atoms have
" Jocal moment and where the nearest nelghbour Co-Co distance is only shghtly lar— :
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8 The magnetle hyperﬁne field ; actmg on Ta at the non—magnetlc transmon element srte has "'f‘ A

S 18Ty followmg the B~ decay of IHf. An nnportant conclusion is that the reduced mhf either " -‘ G

-‘has made a unique contribution towards the understandmg of the hyperﬁne fields . -
‘present at the impurity sites in ferromagnetic metals. The two groups of Heusler S

_'Another s1gn1ﬁcant dlfference is due to the smaller distance between the magnetlc o

. ger than in pure Co have recewed more attentlon recently because under these c1r-’ a
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S cumstances 1t is qurte possrble that dlrect exchange 1nteractrons play an nnportant,-
{ U _"frole in determ1mng the. magnet1c propcrt1es Long range magnetrc couplmg of loca-

oo lized moments via conductron electrons is, however; wrdely accepted as’ belng the ’
L fff--‘dommant exchange mechanlsm in Heusler. alloys Interms.of magnetrc propertles
CosYZ alloys are expected to behave snmlarly as the normal concentrated materl—
: 'alssuchasFe Co Nio oo SRR ST
o And 1nterestmg aspect of the hyperﬁne ﬁelds at non—magnet1c atoms in the cobalt
"i.f-'based alloys has been. reported recently [1]in whrch it'is. shown that Wwhile the:
~ ' reduced’ magnetlc hyperﬁne field’ (mhf) at'Sn in’ the’ alloys: CozYSn depends )
- strongly on the chemrcal nature of the transmon clement. present at Y site, the
reduced mhfat’Y s1te trans1t10n element is relatlvely ingensitive to the chemical nat-'
o ture of the second. nelghbour Sp. ‘element. In order to’ further 1nvest1gate this beha-
+ " viour as well study the Y site hyperﬁne fieldasa funétion of the chemical nature of
‘;'the transition. element we have carried.out time drfferentral perturbed angular cor-
"7-"re1atlon (TDPAC) measurements of mhf acting on Ta at the Sc, Ti, Hf, Vand Nb
| . 'sites in the alloys: Cog(Sc, Hf, V)Sn CozscGa Coz(V Nb)AJ and Cole(Sr, Ge) o
- The hyperﬁne field results are drscussed and compared w1th observed systematrcs. -
-f:*__"m Co—based Heusler alloys s el : : S o

f; _-.2 Expenmental R e e
The Heusler alloy samples were prepared by arc meltmg the constltuent ele— i
[ ments under argon atmosphere along with the radioactive 181Hf substituting -
L approxnnately 0.1% of'the atoms of the Y site transition element in each case:. The " -
S ¢"'result1ng alloys were homogemzed at 900°C for 24 h and cooled slowly The sam-. -
"1~ ples were then'crushed and annealed at 800°C durmg 24—72 h in argon atmosphere :
'--and quenched inwater. : o
. The TDPAC measurements were carrled out W1th a convent1onal f ast—slow com-'
L _C1dence set—up using Ban detectors havmg a‘time resolutron of about 0. 9 ns. The
. well known 133-482 keV gamma cascade in '*!Ta was used to measurethe TDPAC
i j;ﬂ,?-spectra The perturbation factor for an unpolarized ferromagnetic sample consist-
7ingof randomly oriented domains can be written (neglectmg the A terms) as’ s

A22G22(r) == Agz(o 2 +0. 4cos th -{— {) 4cos Zth) . (1)- L :

where wy, = ,UrNthf/ # is the Larmor frequency The g-factor of the 482 keV state - B mon H
~ of 181Ta is known as gsj» = 1.3(1) [2]. It is then possible to determine the 18174 ¥ B O

. hyperfine field from the measured Larmor frequency The Azszz(t) measurements % o stro
L awere performed at 77 K in all cases except for the alloy COszSH where a relatlvely N A exar

L ;large fleld is expected these measurements were performed at 300 K. T S
RSes The srgn of the field was determmed by placmg the sample in anexternal polarlz- o 5 L N +

o 1ng magnetrc ﬁeld of about 5 kG applled perpendlcular to the plane of the detectors o oally

: N,




erms of Larmor frequency as. follows (neglectmg the A44 term)
5 NT Nt

_ -as*made at 300 K. The! external magnetlc ﬁeld was: supphed by a compact desrgn o
‘011= cooled electroma gnet v

| L
._Results and dlscussmn c

_'RGS‘ﬂtS Of the TDPAC measurements for some of the alloys are shown in ﬁg 1 el

2) respectlvely Results of the fitting indicated that most.of the alloys have unique” .

_determmed in the present study are given in table 1. Additional results hke the lat- "

“cobalt atom (uCO) taken from pubhshed data are 1ncluded in this table. For the

-and the correspondmg difference i in the e1ectronegat1v1ty of Co and Y component _-
“inthe Co,YGaand Co,YSnalloys. . ’ |

~Sn:behave 31m1lar1y as the field on non-magnetlc impurities in magnetlc materials
~such as Fe, Co and Nr Addrtlonal results obtained in the present study reveal a
“similar behaviour alsoin the alloys where Y is a group II1IB element Scora group

- sured and they are. roughly proportlonal to Curle temperature T and the local__
moment (,uc(,) of the alloy within'each group. " '

It is now well recogmzed that the reduced mhf on Sn in the alloys CozYSn is
- strongly dependent on the outer ¢lectron configuration of the Y site atom. For

g "o +100. kOe/uy for.Y =Ti, Zr, Hf [5] and then- drops rather unexpectedly to .
P~ +30kOe/ py for Y V Nb [6]. This is in apparent contradiction with the gener-
ally observed trends where the field i increases w1th the conduct1on electron den- -

gL /
g
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“and. measurlng the ratlo R( ) at a ﬁxed angle The quantlty R( ) is expressed in, . s :

where N T and N 1 are the numbers of comcrdences wrth the apphed magnenc ﬁeld Ca ‘f ." :
dlrectlon up (T) and down ({) respectlvely The: measurements of R(t) weremadeat . -
g 120 K ‘usinga cold ﬁnger except in the case of CoszSn Where the measurement TR

Solid curves are the least squares fit of the experrmental data to expressions (1) a and R
'ﬁelds with small d1str1butlon However, the alloys Co, VAL and Co,VSn'showed - S
ftwo dJStlnCt fields with approx1mately 40% of the Ta nuclei probmg somewhat*_ S
,f'IOWer ﬁelds This could be attributed to Ta nuclei occupying other sites withinthe . -~
“L2{ structure since the X-ray diffraction ana1y31s didnot revéal the presenceofany = =
“other phase. The magnetlc hyperﬁne ﬁelds HTa for a numbeér" of Heusler alloys -
“tice parameter (ao) Curie temperature (T:) and the local magnetlc moment on . i
“alloy Co,ScGa the sico has not been measured experimentally and the result given =

-in table.1 is based on-an emp1r1cal correlation 3] between the local moment (ico)-

Prev1ous results [y 1ndicated that’ the Ta hyperﬁne ﬁeld at Y site in the alloys_; ; .
- Co,YZ where Y is a group IVB element Ti, Zr or Hf and Z an sp element AL, Gaor

VB element V. or Nb. The fields are all negative in. cases where the -signs were mea- - i

~“example the Hsy/ pco Value increases from about +70 kOe/pg for Y =Sc [4]to . .
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F1g 1. TDPACresults for the alloys CozYZ(Y Sc, Ti, Hf V and Nb Z Al Ga Sl, Ge and Sn)

s1ty Wl:nle there 1s no satlsfactory explanatmn as. yet for: the sudden drop in the
* Hgal p Ko value in the case of Y =V, Nb itis quite clear from the present as well as
2 ‘earher results shown in fig. 2 that an almost similar behaviour is, observed for the' T
“ Hral poo at Y site atom in the Co;_YZ alloys For example the HTa/ o values are. -
L~ —350 kOe/uB for Y = Se, ~ —510 kOeIuB for Y - T, Zr Hf and ~ —165 kOe/f. )
uB for V,Nb respect1vely o : > o
Several remarks can be made from the data presented in ﬁg 2 (1) Whereas the: L
- reduced mhfon Ta depends strongly on the chemical nature of the Y element inthe @
_CozYZ a,lloy they are rather insensitive to the chemlcal nature of the sp element -
_'fon Z site at least within the experimental errors ‘which come mainly from the mea-
| sured values of ,uc(, (2) The ratro (HTa/ ,ucO)/ (HSn/ pt(;o) is. approx1mately 5 for '
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g every pa1r of alloy contalmng the same trans1t10n element Y and thls rat1o
"'_pend,enteof the chemical group to’ Wh10h the: element Y belongs This suggests thaj:
- the mechanlsms producmg the Ta and Sn fields are very: similar despite a difference -
--in the: s1gn of the fields. The. trend frcm negatlve to pos1t1ve ﬁelds atthespe elements

; -'11 Heusler alloys has ‘been explalned by Blandm and. Campbell {7] in terms of
- *'charge screenlng at the site of the SP.¢ element (3) Both HTa / tico and HSn /g Pco values

: ='duct1on electron dens1ty when for example a.group TIB element Scat Yesiteis sub-
.,‘st1tuted by a'groupIVB element Ti, Zr,-or Hf with hlgher number of: d-electrons

" The. behavmur of V. and Nb'is anomalous in this respect since the reduced fields
' [‘:-.decrease When 3 group IVB element is replaced by a group VB element w1th t111
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' 'Fig:2. Reduced mhfat Ta and Snasa function of the Y site transition clement in thé aloys Co YZ.

\1s'1nde- .

: ‘_w1th mcrcasmg number of’ Valence electrons found to exist'in Fe Co, N1 as well as '_j | -:‘ o

seem to follow the’ generally observed trend of increasing: field with i 1nereas1ng con- - .'.‘{:_ v




,__.ﬂrle:'n-magnetm trans1t1on elemen 1Cn1 Z
_'%:alloy depends ma"nly of the chem‘ al nature of the non—magnetlc transmon_el

o meter etc The behavmur of ﬁelds in’ alloys 'e'ontazmng V or"Nb at Y atom srce ist
,_".<anomalous and cannot be understood easﬂy in --terms of net conductlon__ elec\tron
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