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ABSTRACT

- In order to better understand the 1nteraction of the ferromagnetic ,Af~:

host w1th an impurlty atom 1n a dllute alloy, the Mossbauer spectrum of :

1n nlckel metal was" studled to a pressure of 80 kbars.f A peak in

57

;fthe 1nternal fleld at the Fe ; nucleus was observed at lO kbars, followed -
lfby a slow decrease up to 8O kbars.u,The>1n1tlalvincrease of_the internal

:‘fleld w1th pressure 1s glven by ‘
- - : B , .m,,.>53_”_

.. ‘The isomer shift over the entire pressure range is given by - .- "

';=i3'u;i5fg'19-5jc@/se¢/kbgf}}ff"”"

i These results are discussed as. they relate to other pressure studies on “

*”fﬁthe propertles of pure nlckel and iron.iugiigtipﬁ]pp ffr;tdgt'~j}ﬁ;i5h*; l,‘_,=:

"/: Present address: ' IBM Researchlaboratory,.San Jose, -Californig - -




INTRODUCTION

ﬁ Mossbauer studies of'Fe57 in iron hav illustrated the usefulness of :"

o7

kd;j.pendence of the internal field and isomer shift of Fe in different

;o

ffenVironments, we may further understand the origin and relationship of ;'

:these nuclear parameters to the bulk properties of solids In this work

57

ifthe pressure dependence of the Fe Mbssbauer effect in nickel metal hasjiih

1

: ‘fiibeen carefully studied to a maximum pressure of 80 kbars

" e Nickel metal has- the\face centered cubic structure at 1 atmosphere
iand room temperature;l. It is ferromagnetlc up to the Curie temperatur
bin360 C Patrick2 observed an O 55 C/kbar increase of the Curie tempera—prﬂ
;1ture, T o of nichel up to a pressure of 8 kbars._ Mbre recently, Bloch |
1Hand Pau.thenet3 observed an . increase in T of O 52 C/kbar up to h kbars._i N
h“f‘CWher high pressure investigations have revealed discontinuities in the'
'*f‘slopes of the pressure coefficient of - resist1v1ty (l/P)(AR/Ro) versus

5

- 'pressure and in the volume versus pressure curves. ‘These results are:

“;reprOducedbin;Fig. 1. A discontinuouS‘change in the slope of the pressure-'
"volume'curve or the'resistivityapressure'curvenis usuallv characteristic
- of a second order phase transition such as the Curie or Neel temperature

i;in magnetic materials.' ResistiVity kinks were used to study the pressure

T

”»

1‘;dependence of the Neel pOints of dysprosium6 and chromium. In contrast
'?Qﬁ;Lawsonh has pointed out that resistiVity kinks and" compressibility anomalies ‘"
:»1 may - be related to complicated changes in the band structure and not ”* o
‘fﬁnecessarily to second order phase‘transitions. The orivin of theseAn

Iy

’tfanomalies in the behaVior of nickel metal is unknown.‘ N

UCRL-17095Rev .

| :*the Mbssbauer effect in solid state physics. By studying the volume de-'t“ -



- Fig. 1
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P (kbors) ‘ A :

7-,-,“‘_“12680”

' a) leferentlal change of length of nlckel w1th pres sure

.

.'(after B“ldgman5)i b) Pressure coefficient of re-. . -
' 31stanEe of nickel as a. functlon of pressure (after _'ﬂfi
‘_,awson ) . : . ; R

“




Drlckamer Et have studied the Mossbauer effect f Fe57 1n nlckel 7;

“ifup to a pressure of 250 kbars;Ll Thls work was prlmarlly concerned wlth

.P?uthe Very hlgh pressure reglon above 60 kbars.f The 1nternal 1‘"1eld and

"}',ff,lsomer shlft vary SIOWIy w1th pressure These results are comoared w1th. ,'

; ' ' 61

o ;those of the present 1nvest1gatlon 1n Sectlon III NMR studles of Nl

filn nlckel show a large increase 1n the 1nternal fleld w1th pressure up to;

. uv‘., v

'“7 kbars_9 The relatlve 1ncrease‘1n hyperflne fleld H 1s glven by

i élgégf‘%_+:8.Blvxwl0fu;hbarf;;lv4;?;?;;fjff}ff “’: ()

Recently, Dash et al investlgated the Fe57 Mossbauer effect in.

‘Q:nickel from 77 K to the Curle p01nt 10 The temperature dependence of

. . -5

ﬁ»the 1nternal fleld dev1ated signlflcantly from the temperature dependence:i

.%'ffof the saturatlon magnetlzatlon. These results were analyzed 1n terms
' ﬂ_rof locallzed impurlty moments. ' ,;‘.‘_)*' e

i

The magnltude of the 1nternal magnetlc fleld at O K ln pure nlckel

"f:f metal is »75 kgauss,l} compared w1th a. value of —539 kgauss for 1ron.12

7 nucleus in nlckel is —280 kgauss.;o

.:The value of, H at an Fe5 Table I
4 ‘summarizes the data on 1nternal flelds for the pure metals and dil ute

'?iualloys of iron, cobalt and nlckel It is noted that the fleld at the

'%Qiron nucleus in a glven metal 1s in: every case larger than the fleld at

.':lﬂpthe host lattice nucleus Thls suggests that the fleld at an ‘iron.
"Tifnucleus is due largely to 1ts own - electrons and depends only slightly o
" on the host magnetlzatlon.: This effect arises because of the large

:-ﬁcore contrlbutlon to, the 1nternal fleld v1a core polarizatlon by unoaired B

"'ljd electrons locallzed on the 1ron 1mpur1ty nuclel 151 The varlatlon of -

s the 1nternal fleld at Fe57‘nuclei 1n 1ron, cobalt and nlckel arlses

'dvof pressure 1s expected to reflect varlatlons 1n the electronlc dlstrl-i

‘UCRL 17095 Rev.ﬂ.gfy.’

’ff'prlmarlly from conductlon electron contrlbutlons . Since the appllcatlon T;;‘:_:‘



ﬂ‘iiﬁfa.l‘~Ref;

e ds” T Ref ol

77?Magnetlc fle]ds in'unlts of 105 gauss at”

o ,'Atran31tlon metal nucleielocated in trann:,dvf;ﬂ“;”
o5 sition metals. ,[ﬂ;éf;"-j A TR

- Nuclei at whichi
S field is measured

'“; lattice Atoms -

5,80

Crart

u”;n’0»75h

i. hef,f15£:j;;3* |
" "Ref. 16 A
.:‘:".Ref.-‘ 17 Coe S

. ee Refil _ : s
'ﬂ'zReff‘llft~g,"J21;} .:?r:;ﬂ.ﬁ‘, o

;?bution ofnconductlon.electrons, the pressure dependence”of the 1nternal )
- fleld should be dependent primarlly on the host lattlce Table IT sum-

: marlzes data on the pressure dependence of internal fields for varlouS' o
.transltlon metal systems Indeed there 1s a dlstlnct grouplng of

. coefflclents accordlng to host : For a.more complete dlscus31on of
internal fields and rev1ew of the present enperlmental data,.see the :;.
recent rev1ew artlcle by Shlrley and WEStenbarger.g?;?fn | '

57

The Dresent hlgh pressure Mossbauer 1nvest1gation of Fe v_ln nlckel--

' metal is 1ntended to supplement the earller hlgh pressure work and further
conflrm the 1mportance of the host lattlce 1n determlnlng the volume

:‘f;

t dependence of the 1nternal magnetlc fleld and isomer shlft
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_ The pres<ure dependence ‘ofthe” internal ;fff”f7
*q fleld H 1n transwtlon metal systems L

P

1 eNﬁclgus ”uz':f;f*"ﬂfﬁ:sjfl}g{?H§St@?*fjvffﬁ;VWffg.(dihH/dP)Xlo7bar

Ql‘vf'

300

+1.6 &

‘i*,V;Fe57a.;jf;L;g?f-f;;;,4xf,ofsg.ré*;: 33;; S g's¥i inc.-lﬂ69f

""f_eRef. 9.r“‘ -rllfi;.yf]e_frffg-d, Prelimlnary results of author.

b Thiswork . T " le. Ref. 20

:'w: descrlbed by Zane,'

‘:,flc'f Ref;'l9 A”f; {ifafcf‘ﬁﬁgﬂﬂt‘iff Ref° 217';5; L ,;45.1J

o y*?i;311,' ExPERiMENTAL .

The bas1c hlgh pressure . velocity sweep Nbssbauer sneCurometer ha s

scabeen descrlbed earller.?ﬁ’_e%L The drlve system has been modlfled to f -

:';Prov1de elther a llnear veloc*ty wave form to the moving absorber aS ?ﬂ o
3 25 - .A -

or the standard s1ne wave velocity modulatlon. jfu"

The sources were prepared from nlckel rods of quoted ourity 99 999

ﬁJ:*ﬂThe samples were rlngs, 0. 18h 1n..out51de diameter,' 16) in. 1ns1de

".‘;dlameter, and O 007 1n. hlgh These were prepared by electroplatlng

57 onto a 1/3 segment oi the rinv and subsequently annealed at lOOO c

?ffor flve hours. Runs l and 2 utlllzed 8 and 2 mllllcurle sources, re—  .

u; ;&spectlvely;gg':ﬁ‘)
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: The’absorber used throughout wasvan O 7 mll”stalnless steel f01l made"

5T

f€~ffrom 1ron enrlched to 91 2 Fe .j Thls absorber prov1ded a broad unspllt o

57 in nlcxel is illustrated"

5 absorptlon llneu"A 1 atmosphere spectrum of Fe
in Flg 2 ,‘iﬁe spectrum has been smoothed by areravlng the raw data over:l
fsnlne adgacent channels to reduce the effect of statlstlcal fluctuatlons
qﬁffvfor.lllustratlon purposes. Internal fleld and 1somer Shlft data were
'dﬁucalculated by resolv1nc the overlapplng llnes by least squares analysis
‘L:on & d1g1tal computer. The velocity scale was callbrated by determlnlng

‘A;};the Fe57'M”ssbauer effect in pure 1ron whlch has been accurately deter— T

‘{mlned in prev1ous experiments.2
'III.VHRESUETS l';;fﬂ;~_f_f;;;j[;-7; R
The results of thls work and prev1ous data8 on: the pressure dependence

-: of the isomer shlft and internal fleld of Fe57 1n nickel are complled in

7‘512F1gs 5 and b, respectlvely. Tn both cases, the data are in agreement -

%:9'{ i*hin the experlmental errors.r There appears to be a definite peak in'

he 1nternal fleld at approx1mately lO kbars._ The 1n1t1al rate of increase

o in the 1nternal fleld was. calculated by fltting the data from 1 atmosphere

e to 12 5 kbars to a stralght llne by least squares analys1s.. The pressure

' coefflclent of’ the fleld is glven by

(2)

=:+_1o.2 x_lo. Kbar L

iP.

"fi“The value of the 1nternal field at atmospheric pressure is 270 t. 5 kgauss; |

'}3{’Slmllarly, a least squares flt of the 1somer shift data yields 5 'g'

‘:d<§§)f?;-‘“r15f*,l¢55l¢5/$¢C/kbéf)“v,_l'ij;ilt_;;;j}°.‘(5)‘

Tor in- terms of the relatlve volume change by l;‘fpf'-i;”}

d(IS)

i?] —TV7767 | ‘?0.9789 ¢m/$é¢fz.‘;23’**"‘“”‘

m
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' Fig. 3 Variation of the isomer. shift of Fe57~3 in nickel as a' -
-7 - function of pressure. Error flags are indicated on
- single points.. " ., L o
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”f»‘Fig; u.: Varwatlon of the 1nternal magne+1c fleld of Fe in

- nickel as a function of . pressure. -Error flags are . R e T

- 1nd1cated on s1ngle 001nts
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‘7tThe value of tne 1somer shift at l atmosphere relatlve to stainless steelffu

. ';1s TO lh6 Oh mm/sec. It 1s noted that the pressure variatlon of the .
:_1somer shlft for Fe57 in. nickel 1s about half the value observed for Fe57-
b'in Jron, while the compress1blllu1es of iron and nickel are approximate y;l

“‘the;same_magnitude,'

S .ni_s‘cusszon; |

In order to understand the pressure dependence of the isomer shlft ff‘h

: t4glof Fe57 in nickel, 1t lS worthwhile to digress and rev1ew earlier results7‘

edion Fe57 in pure 1ron metal. The magnitude of the observed isomer shlft
?i for Fe57 1n 1ron 1s glven byg7 'Vufﬂtj{?'*“**

_)Ar .

: g%%§%67 O lﬁh cm/sec.;”

Z.T,This value may be attributed wholly to a scaling of the hs wave function |

5;w1th volume 2?- ThlS assumes that the number of conduction electrons re—J A

'@mains constant and they are uniformly compressed upon application of

';*pressure.‘ Res1st1v1ty-volume data on 1ron shows that the p051t1ve volume

B derivative of ‘the res1stance may- be attrlbuted tota7ly tO a change in the,

’; electron—lattice interaction;‘consequently, to an 1ncrease 1n the Debye
,i.temperature; the.number of conduction electrons remaining constant 28
H'fHowever, res1st1v1ty data on nlckel'indicate a somewhat smaller decrease' J
;::1n the res1st1v1ty w1th volume than would be erpected on the bas1s of the:
:.;electron lattice interaction.y The additional resistance may be caused

by a decrease in the number of conduction electrons.\ An estlmate of the

'magnltude of . the decrease 1n conduction electron dens1ty is obtained from

'filmagnetlc data.‘ The saturation moment o ,_of.nickel decreases_w1thvde-

5

' 5creasino volume by an amount given by

I



b~}tIf 1t 1s assumed that t_ezdedrease 1n the saturatlon momenu 1s caused by

isa transrer of electrons from.the conductlon band to the unfllled Bd band

\

B the decrease 1n the conductlon electron den51ty 1s glven by

~

i f!Thué;Iaesuming tneiremainingjconduction'electron‘density'to-be uniformly

'?féombféSSEd;lfhé tétal}éh&ﬁgéiin'the:ébhduCtiOh eleétronvdensity'is éiven By}
L e ';".l'”'ij?l 11,”;m-¢fffj;,:ﬁ L

" The volume 'V‘arniationdof'the'f ié'omérﬁ shif't' i§ then given by .

. dj(% .- 0. 07» CIH/Sec.,.‘ " - .("9);

1 '_,'-,,

'Thls result is in agreement w1th the experlmental resth O 0789 cm/sec.
: S . SR .
'j_Conslderlng the assumotlons made 1n thls caTculation, the agreement w1th
J:¢exper1ment may be.fortultous., In any case, there.appears-to*be a decrease

‘wan the hs electron denslty wh*ch partlally counteracts the 1ncrease in

‘°?:£total S~ electron dens1ty w1th compresswon.d Wlthin the experimental error,

”lfthe isomer shlft showed no anomalous behav1or at 10 kbars.nd

57'.'

The 1n1tral 1ncrease in the magnltude of the 1nternal fleld of Fe© in’ o

"lfnlckel w1+h pressure 1s 1n agreement w1th the 1ncrease in the fleld at hl ;V

.

o nuclei in nlcxel Whls reault further conflrms the 1mportance of the hostrf”vff

’dr{lattlce 1n determ1n1ng the nressure dependence of the 1nternal fveld : The‘f- o




;,dlcate that the pe 13 may be characteristic of nlckel and not the Te

.H“‘:fw1th pressure

‘"ivalue of dln H/dP for nickel given earlier, the calculated 1n1t1al 1n—

<fnot characterlstic of the Fe

| iﬁiCRLf'1j‘7o9‘5, Rev, -

8 observed peaﬁ 1n the 1nternal field at lO kbars s unexplainable at this;‘f,

'. ',

71lt1me, however, compres31bllity and reSWSt1v1ty data on pure nickel ln-

57

"nickel sys*em._ A 51milar peak 1s obse“ved at approx1mately 75 kbars

for the 1nternal fleld at Fe57 in cobalt.8 Also,'on the basis of HMR

- results, Anderson has suggested the poss1b111ty of a max1mum 1n the';-
i;fCurle temperauure of cobalt 9. The pressure dependence of the 1nternal’.'

'field may be used to estimate the variation of the Curie temperature .

29v Since the 1nternal field 1s approx1mately proportional C

~

'='5to the magnetizatlon, the temperature dependence of tne field may be
T]Zestlmated by the Bloch Tj/ law, which describes the temoerature variation

?w"Of the magnetization well below the Curie point l_ Us1ng the reported

{x:crease 1n the Cure temperature is O 37 K/kbar compared with ar observed
;;value of O 35 K/kbar.‘ ThlS example 1llustrates a useful application of

"ahigh pressure Mbssbauer data in solid state phys1cs The observed peakl-;

t*?fin H at . lO kbars suggests the possiblllty of a max1mum 1nlthe Curie.

» '-}:temperature of nickel at lO kbars.f

Although the results glven above 1nd1cate the 1mportance of the

‘:"_gvhost lattice in hlgh pressure Mbssbauer studies, more'dataare required

' "pfon pure nickel before we can be certaln that the observed effects are - .

57 nickel system.

v CONCLUSIONS

vThe above‘results illustrate the'usefulnessjof'the MBssbauer eftect

~in understanding the couoling of nuclear parameters to the bulk pro-
"perties of materials. The techniques applied in this work are ea51ly

"'ffapplicable to other Mossbauer experlments Several exneriments are of




Flrst further mea—

‘f;?dlrect 1pterest w1th respect to the abovev

e

fﬁs'ﬁsurements of the bulk propertles of nlckel are requlred from l atmosphere

Y
4

"”1_'to 20 kbars ‘These data-mrght enswer tﬂe questionfofvthe observed
‘i_apomalies‘at ld.koers:{iseooodf hlghepressure Nossbauer meesuremenus of

.Afe57 in o*her maferlals such as cobalt w1th erpha81s on the low pressure

'2€ ;7reg1oo-are reoulred 1n order’to.further conflrm the importance of the hosof'

'3 t lattlce in determlnlng the volume dependence of the internal magnetlc

.'wf:fleld and isomer shlft
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