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- ABSTRACT

Hyperfine magnetic fields for In in Fe and Ni_werevdétermiﬁed-by

o - _ L | |
nuclear orientation of Inll ™ in Fe and Ni alloys. Co?7

thermOheter was
used in each case. The results are:: H . (In in.Fe) = -295(10) kG; H o i
(In 1in N;)“- -u2(5) XG. | | |
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"opposite to ‘the polarizing field) by Kogan et al

1'Frankel, et al

e T

__l;j'r“ f.p-l;i;ﬁ_t??:i;?.y?jﬁcﬁgli6437 .

“I. INTRODUCTION

The decay scheme of Inllum is’ shown in Fig. l,”_Thisvisotopefvas‘one

v°f the first used by Sam01lov et al l'to demonstrate-the'existence'of'large
. }hyperfine magnetic fields at the nuclei of dlamagnetic atoms dissolved in |
'.;ferromagnetic lattices;A They found a lower llmit of H (In 1n Fe) > 175 kG
Hfor the field for In in 1ron._ Later this value was changed to 250 kG and an ‘
“t ;.attempt was made to measure th (In in Ni), but no anisotropy was observed 2 '

° The sign’ of th (In in Fe) was - subsequently determined as negatlve (1 e.,

5

Westenbarger 1ndependently

'vconflrmed this result.#" Thus before the present work we's undertaken the hyper-

:'flne fleld for In in Fe was: known to be approx1mately _250 kG

Recent activ1ty in this area of research has yielded rather accurate

values for several hyperfine fields at nuclei of elements between Y(Z 59) and
T'Te(Z 52) 1n Fe and Nl lattices, determlned by the techniques of perturbed angu-i'

»:lar correlations, nuclear polarlzation, M8ssbauer spectroscopy, and NMR

5.

have found a striklngly regular variation of H f in Fe and

le lattices w1th solute atomlc number, accurate experimental values for the
‘ fields at In nuclei in Fe and Ni have thereby acquired a new - 51gn1ficance

' Accordingly we- have made accurate determinations of these fields, using a'”-f'7

'57

y ray thermometer




~ scheme and v-ray spectrum of Co

"respectively.  The Co

‘relationship by comparison with a'Co6Q thermometer.7”vFor many experiments-Co-

"~ hour at-thls point;"The Fe alloys were not‘annealed Each alloy was then

o L P b, 3B
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’II, EXPERIMENTAL METHODS AND RESULTS -

The apparatus descrlbed by Westenbarger and Shlrley6 was used in tnese

'experiments.- Those authors also described the portlon of the theory of nuclear

orientation that is relevant to this work.. The‘recently—developed Ge(Li) Y-ray

o7

" detectors enabled us to resolve the 122.0 and 136;h-keV v rays of Co”  very

well, and we used the 156 L-keV -y ray as a nuclear thermometer The decay

57

are shown 1n Flg..2 Table I gives the cal-

culated 1ntens1ty of the 156 L xeV -y ray vs.temperature, for 0057 oriented in

Fe and in Ni. These calculated values are based on the nuclear moment of

4.6 nm for Co57 and hyperfine fields of -286 kG'and -120 kG in Fe and Ni, -

anisotropies have been shown to obey the_calculated

T

lshould prove'admOre convenient thermometer because of‘the low intensity of po-

"tentially interfering high-energy radiations.

The Fe-In-Co alloys (two were made) were formed by evaporating solu-

11hm 57

tions containing In~" " and Co”' in a small Fe pot which_was then plugged and

~heated in a sealed evacuated quartz-ampule in a preheated (l6OOQC) electric

resistance furnace for approximately 5 minutes,
'The Ni-In-Co alloys (again two4were-made)-were_formed'by platingtlnllum'

o7

onto'a thin strip of Ni metal‘ then evaporating a:solution'containing Co onto.

the surface of the strip This was folded several tlmes,‘melted and heated to .

© 1500 °C in the same manner &as the Fe alloys., Bright metallic alloys were-ob-

tained in every case. SR .

The alloys were pounded down o a-thickness of ~10 mils and cut with

' o .
scissors into the desired shape, - The Nl alloys were annealed at 400 C for one .

e < USSR S SO S
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cleaned with acid to remove any'residual'éurface activity,and soldered to a

copper fln assembly The fins were embedded in a chrome alum- glycerlne slurry

‘which was adlabatlcally demagnetlzed from 1. O K to ~0.01 K The'anlsotropy of

the Co57 Y rays was used to measure the alloy temperature. The samples were.

T
!

polarized by a magneﬁic field of 2 kG trapped during demagnetization in a short

tube of pure niobium, which is superconducting under the experimental conditions.

lan

The I (5+ -——> 1+) and co” !

y-ray intensities were measured along

the axis of magnetization; using a Ge(Li) detector for 0057, and both Ge(Li) and

Lo . N :
NaI(Tl) detectors for Inllum} The In™* B~ (1+ —> 0+) spectrum was taken

with the second Ni-In alloy, both at QO and 1800, using a silicon surface-

bafrier'deteetor.mounted'inside the;cryostat.. Inteﬁsities wefe meesdred'wiﬁh
ﬁhe aliox‘"eoid",and were normalized to»the_loK (isotropic) values.

'The daﬁa Were cbfrected for backgrouhd and solid.angle;jand W(G)
(W{G) = celd intensity/werm inﬁensiﬁy at’angle G)dwae,calculated for each
case. This was eompared (Figs 3 and h) with theoretlcal curves calculated
for dlfferent values of the hyperfine flelds (th), based on the known8’9 ma

netic moment ullhm +L, 75(10) nm, yleldlng

1+

]

B, el =295 £5 k6 (In in Fe),. -

e

2

AL

3 kG (In in Ni).

The above statistical errors are the root mean square values. They

- should be doubied in both cases to include miscellaneous systematic errors.

. Implying pH

For the Inll,+ B~ measurements we found thet W(0) > 1 and W(m) < 1,

ne < 0 (In in Ni). At 1/T = 25° K ‘the approximete‘magnitudes were
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1in Fig. 5. There now is very goodteVidence that this open Ud shell contrib-

~a

e . UCRL-16L437

1 - W('ﬂ ) = 0.03. This number'is uncorrected for scattering and

w(o) - 1 =

'solld angle, and the magnltude is thus of doubtful accuracy, but the 51gn of
N

the,asymmetry,is certain. For Inll ™ in Fe uth < O was also found 5 h

III.  DISCUSSION
To -deduce the sign'of Hﬁf from the above data we must know the'sign of
the relevant nuclear moment, W. Kogan et al.3 aSsumed_that‘reorientation'takes
| | 11k o | |

place in the T2-sec ground state of In"", and that the maghetic moment of this

state, Hyqh is therefere the one in_questicn. If this is correct we can esti-

4'mate the moment theoretically"asf+5.h nm, using the nuclear shell-model single

_ particle states 8g/2 (proton) and g7/é (neutron), - This'eatimate is based upon

Schmidt-l;mit:values.forvthe single-particle moments,~and more’sophisticated

l, methods of calculation would‘reduce its maghitude somewhat, but if the proton

-has’ malnly g9/2 character a positive 31gn for u is inescapable.

We do not agree that thermal equilibrium 1s establlshed in 72 sec

lnllu; 1t.seems tOvus-more likely that the nuclearvorlentatlon induced in
lnllum is,retaihed in Inllu. In this case theﬂinterpretation'is even simpler.

The magaetic moment has been measared as'ullum =.+h;75 nm, Fcftunately either -
interpretation yields the same result: .both.th_(In in Fe) and.th‘(In_in Ni)
are negative. - ‘_ | - -

In Table 1II are llsted the best values to date for H hf at nuclei of
elements between Y and Te diesqlved'in‘Fe anauNi.'_These values are plctted

A
L

utes (probably via ccre.polarization) heavily to the negative hyperfineffields



R

b o o i L e e e et Mmoo o A o M 2 e e —

=5 | B | "quL-16h37',

ebove the middle of the shell. - This éonclusibn-is-supported by recnet meas-

10

urements on local moments for Ru in Ni by Matthias et al. The continuing

large negative.th in Ag and C4 may be ﬁndéfétoodxas arising_from polarizatioh o
of 5s "conduction" electrons.ll

No convincing explanation exists as yeﬁ-for the_systematic sign change

hf

this trend. ‘Possibly the positive Y-in-Fe point is another.manifeStation of

of H, . in the 5§ shell. The present experiment underscores the'regularity,of

this phenomenon. Certainly a successful‘quantitétive explanation of these
fields will have to account for both'the regularity exhibited in Fig. 5 and

for the pronounced trends.



P P AT RS

6. v;"f o UCRL-16437

o7

Table I. .W(O) vs 1/T for the Co _y-ray;thermometgrs;

1/T (%) e lattice . , oM latticé’.
~owo) w(m/2) . w(o) - wW(n/2)
10 Co.980 t 1.010 0.995 1,002
20 L 0.927 1.0%6 0.986 . 1.007
30 0.851 1o0 o.968 .: 1.016.
ko ”A oo.t6T 1106 | 0.947 1.026
50 o 6;682 i.i58 ' - 0.920 ©1.039
60 - 0.602° 1.165 0.890 1.053
0 o C 185 . 0856 1.068
80 . o.65 102 | 0,822 | 1.083
90 ! | 0.0k C1.216 4  - 6.786..1 L ‘1.098
100 \ | 0.355 1,225 - 0.150 - C L3
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Table II. TheAknowh values of th for Y-Te in Fe and Ni.
e Errors are glven parenthetically. '
. © Flement | T(OK) '_th inFe  T(°k) H . in Ni Reference®
 ¥ o< w205 . ', b
| b2 - 286(5) o e
Nb T T L ) '__39' e
Mo k2 256(5) I - - ;, b |
Ra o : ‘-505(20) 300 2X78(7) - b,f
R ke Coss®) e
e 42 600(10) I 'f L e
'_Ag.rl _ <1 - _272(19).' - o-8(5). b
'Cd  g 300 . . .':5u8(;o) f300' | -'  ';65.5(;;6)v b
o % <1 - -295(10) <1_ff L -b2(6) |
e 10 _81(1) 100 : %18.5(1;o)i-' S
s - | 195(3) | o
: <1 - +205
<t 170(8) o - R
| 230 ke 488(5) . c,e
,Te  - b2 +620(20) . b2 '+i95(;b) Sy

.aSigns of hyperfine fields are given where. known. - Errorrlimits-ére stated..
_ ‘ parenthetically for some cases. Original references should be consulted.
! P, A. Shirley and G. A. Westenbarger, Phys. Rev 138, Al70 (1965)

M. Kontani, K. Asayama, and J. Itoh (prlvate communlcatlon)

o dK.,_Asayama, M. 'Kontani, and J. Itoh, J. Phys. Soc. Japan 19, 1984 (l96h)

®Y. Xoi, et al/ (private communication_quotéd in Ref. ¢).

v,_?o. C. Kistner (private communiication).




This work was performed under the ausplces of the U. S Atomlc Energy Comm1551on.

8- _.‘_ IR UCRL516HB7 .

 REFERENCES

fPresent address: Clarendon Laboratory, Univer81ty of Oxford Oxford England

=

3,

\\o) @ 3 (o)}

10.

11.

B. N Sam01lov, V. . V. Sklyarevskll, and E. P. Stepanov, Zh Eksperlm i.

Teor. Fiz. §§, 359 (1960) Engllsh trans.: [Sov1et Phys. JETP 11, 261

(1960)].

.~ B. N. Sam01lov, V. V Sklyarevskil, and E P, Stepanov, Proceedlngs of the

VIIth Internatlonal Conference. on Low Temperature Physics, ed. by G. M.

Graham and A. C. Hollis Hallett (Unlver51ty of Toronto Press, Toronto,
Al961) p. 171.
A. V. Kogan, V. D. Kul'kov,.L. P, Nikitin, N.'M. Reinov, M. F. Stelmakh,

and S. -Schott, Zh,.Eksperim. i. Teor. Fiz. 43, 828 (1962). [English trans:

'Soviet.Phys. JETP 16, 586 (1963)].

G. A Westenbarger (private communication)'

* R. B. Frankel, . dJ. Hunt21cker, E. Matthlas, S. 8. Rosenblum, D. A. Shlrley,

and N. J. Stone, Phys Letters 15, 163 (1965)
G. A. Westenbarger and D. A. Shirley, Phys. Rev. 138 Al6l (1965)
N. J. Stone, unpubllshed data, l96h

L. S. Goodman and S. Wexler, Phys. Rev. 108 l52& (1957)

. I. Lindgren, in Perturbed Angular'Correlatlons, ed. by E. Karlsson,

E Matthlas, and K Slegbahn, (North Holland Publlshlng Company,
Amsterdam, 1964) p. 379.

E. Matthlas, S. S. Rosenblum, and D. A Shirley, Phys Rev. 139, B532 (1965).

" D. A. Shirley and G. A. Westenbarger, Phys. Rev. 138, AL70 (1965).



Fig.
Fig.
" ‘decay scheme of Co

- Fig.

- O-source Q[N%I(T;)]'

Fig..

'Fig.

1. Decay scheme of.In

oo ucmnaekst

' FIGURE .CAPTIONS
11hm
2. -Gammé-ray spectrum of ij7Aas_recorded with a'Ge(Li)-detector, 'The °
T is also shown.

3. W(0) for'l9l-keV y’ray;frdmflnll%m in Fe as a function of temperature.

Each point represents one demagnetization. - Curves are for various values

of the hyperfine field. O -source 1[NaI(Tl)], O-source:2[Ge(Li)],
vy - o | 11lkm ; o s P
L. w(0) for 191-keV Yy ray from In in Ni as a function of temperature.

‘Each point représeﬁts the average of sevefal demagnetizations. Curves are

for various values of the hyperfine fieldf"CJ-éource 1[Ge(Li)], O-source
2[Ge(Li)], @-source Q[NaI(Tl)]. _
5. Hyperfine fields at nuclei of atoms (Z=39-52) dissolved in Fe (circles)

and:Ni (squares) hosts. Cases for which the sign is known are shown as

.+ filled points.



Fig.
Fig.
| decay scheme of Co

- Fig.
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FIGURE CAPTIONS

"1. Decay scheme ovanllum;

2.'-Gammé—ray spectrum of Co5-7 as recorded with a Ge(Li)-detector. ‘The .
57 | | |

is also shown. -

3. W(0) for 19l-keV <y ray from Inll%m_in Fe as a function of temperature,

Each point represents one demagnetization. Curves are for various values

of the hyperfine field. @ -source 1[NaI{T1l)], O-source:2[Ge(Li)],

' 0-source 2[NaI(T1)]. |

Fig.

Fig.

k. wW(0) for 191-keV -y ray from Inllum in Ni as a function of temperature.
Each point représehts the average of several demagnetizations. Curves are
for various values of the hyperfine field. O -source 1[Ge(Li)], O-source

2[Ge(;i)], ®-source 2[NaI(T1)].

5. ﬁyperfine fields at nuclei of atoms (Z=39-52) dissolved in Fe (circles)

and Ni (squares) hosts. Cases for which the sign is known are shown as

filled points.
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Fig. 2
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