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SIGN CHANGE OF INDUCED HYEERFINE-FIELDS»IN'THE 5p SHELL-

R. B. Frankel J. Huntzxcker, E. Matthlas, 8. 8. Rosenblum, D. A. Shirley,
and N. J. Stone : :

Lawrenee Radiation Laboratory and Department of Chemistry -
University of California

Berkeley, California

We have'found a.smootnvvariation_with atomic number of induCed hyperfine
magnetic fieids at nuclei of nonmagnetic atoms dissolved.in nagnetic'lattices,
Rathervthan being_generEIly negetive‘(i.e.,rantinarailel to*an eXternal‘magne-
,tizing field) as has'been previously believed, the induced fields go Systemati-
cally throngh zero and become positire in_the 5p shell. We beiieve tnat this
‘trend constitutee'a connecting:link between induced'fields inlmetels'(e.g., cﬁ
“in Fe) and in ionic ligands (e.g., F- in Man);'

| Samoilov et_all first showed that lergerhyperfine fields exist at diamag-

neticlimpurities in ferromeonetic~lattices; These fields have-received ”
considerable attentlon recently, although thelr orlgins'are still not well
understood. Theoretlcal treatments based on polarlzatlon of core and conductlon
electrons have successfully descrlbed hyperflne/fields for magnetlo ‘atoms in |
ferromagnetic lattioesz, but:no.general exteneion.to nonmegnetic'atoms has been'
made. Two embirical rules3 have emerced (l) Induced fields at nonmagnetlc'
atoms are negative, and (2) Induced fields are proportlonal in magnitude to the
host s atomic moment.‘ Two apparently isolated exceptions are now known. ‘A

' positive, though very small fleld was found for Sn in’ Nlu, and recently | o

‘-» SamOLlov has glven evidence for positive fields at Sb nuclel in iron and nlckels. |

In thls letter we report more hyperfine. fields and show that the p051t1ve

fielde mentioned above ere not enomelous, hut are part of a systematic trend

~
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We restrict oor remarks to the two hosts ironvand'niékél. ‘To investigate

the éystematic variation of'hyperfine fields with atomic.number werhave studied
Ru in nickel, and Cd_end Te in‘both nickel and iron. We,also uselKistnerts
results for Ru in Fe6,'the data of SamoiloQ et.'all for In.in Fe, and recent
work from this Laboratory on Ag in Fe and iniNi7t

‘Our Ru and Cd fields were measured by time-differential angular correla- .

tions in Ru99 and Cdlll.8

Megnitudes only were obtained in the Cd experiments,
because no polar1z1nc field was used | | |
The most 51gn1f1cant contribution to the systematizatlon of fields was
the deternlnatlon of the hyperfine fields of Te in iron and nickel. Mossbauer
;‘spectrag of the 35.5-keV 3/2f(Ml)l/2f-transitionvin’Telzs, using sourceerf
125 in Fe and Ni, snowed a 3:2:1;1:2:3“ pattern (Fig. la),~establisnedgdg5;5_as
:positive (uo = -0.88715 nmlo) and gave thermegnitudes of- the hyperfine fields.’
Independent confirmation of the 31gn of u55 5 ‘was’.obtained by. 1ntegral -angular-
correlation rotation measurements on the_hlghly anisotropic_h26-35.5 keV cascade,
using a Ge(Li) detector,for the 35.5-keV ¥ ray (Fig. lb).'fThe signs of the .
hyperfine fields were determined by'engular-correlation_rotatdon in polarized
alloys. | |
These fields and others in this regdon of the perlodlc table are
'summarlzed 1n Table I. They show an 1nterest1na systematic trend exhlblted 1n
Fig. 2. 'Hyperfine fields of the more metallic atoms Ru,-Ag, Ca, and In are
negative (where the eign is measured), as expected; They probebly arise from
contact hyperfine-intéractions through polarized conduction end core electrons.
For sh; Sb, and Te the L4d sheli iS'full:and the 5s and_Sp,snells are filling.
“We might expect the induced fieids to:become Quite small after filling of_the
" “magnetic" 4d shell and the 55 shell, but in fact the flelds change sign and

become quite large. We feel that there are a priori two rather dlstlnct

'.parameters with which this trend may.be associated:
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(l)vfilling_of thelsp shell per se, and (2) thettendency in Sﬁer-le
'toward.nonmetallic behavior. If.p—shell filling isla crucial‘parameter we
would expect the fields to follow the number of unpalred p electrons and )
probably to show & maximum near the middle of the 5p shell (Sb), As the p shell ‘
fills, the nunber of unpaired p spins must go nearly to zero. There might then
be some semblance of a Slater-Pauling curve for induced fields in p shells.
*.Already there is good evidence for such a curve in‘3d series atoms dissolved in
Fe3’vand R al some eyidence;for hd serles atoms. The mechanism for core
polarization by p electrons would presumably be similar to'that operative in
‘nitrogenll, although already for Z =~ 50 relativity effects may also he important-

Koi and co-workers have indicated that'hyperfine fields at nuclei of Asj(hszhp3)

in MnAs and Sb in MnSb may be positlve.12 - . "y

The nonmetalllc behavior of Sn, Sb, and Te mayjilso be respons1ble for
positive flelds, Ionic-conflguratlons such aspTe lons are large,(lonlc radlas =
2.2 A); Te 5s electrons should.overlap_with 3dAelectrons on nelghboring Fe atoms,”

"Ferromagnetic_spln polarization of Te szelectrons‘by Fe:3d‘electrons wonld'; -
produce a positive COntact hyperfine field'at the~Te nucleus. Of .course an
ionic mechanism is not necessary, transferred hyperfine flelds can arlse by .
polarlzatlon throuah hybridlzed covalent bonds (still involvmng the Ss electrons)
as well. We favor the 5s mechanisms.because they cen easily account for the
magnitudes ofathe induced flelds if the,Te.ss electrons are polarized to the

: extent of a few percent3. Freeman and Watson have discussed similar nechanisms
: ?‘ for F~ in transition-metal fluoridesi3.f | | |

This work'Waslperformed nnder theiauspices of the United_States Atomicv
: Energy‘CommiSSion. One of us.(E.M;5 gratefully acknowledges a“fellowshlp from -

the Miller Institute for’Basic'ReSearchbin Science, UniverSity‘of California.
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Table I.
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Hyperfine Fields in  XGauss fof Atoms in Fe and Ni Hosts.

Atom
Host

Ag ca In . San Sb Te

-Fe

<Ni

500

f178(7)"

-108(30)  65.3(1.6)

-350(100) 348(10)  ~250 - -81(k) _+205  +620(20)

+18.5(1.0) ~+70  +195(10)
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. 7 FIGURE CAPTIONS: . = . .
‘Fig. 1. a) Hyperfine MSssbauer absorption spectrun of 35.5 keV-transition in
I . 1es - T T o
p WP B
: 125 SN
.b) Angular correlatlon of h26 -35. 5 keV cascade in Te ;normallzed
to the K X- ray 1nten51ty
Fig. 2. Hyperflne flelds for solute atoms 1n Fe (open c1rcles) Ni (fllled
','01rc1es) hosts, vs. atomlc number. Slgns are known for all flelds o

~;except Ru, Cd In in Fe and Cd 1n Nl. 'Connecting llnes are‘shown.only

to empha51ze-trends.
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