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/ . T:rrE EFFECT OF PRESSURE ON THE 

· · . . · :.:.;:.· .: ·aF F~57 IN· Nrc~1 ~TAL. 
•·." "<":'• .. : ' ··.·. · .. ·. * ,. · ... •·· . . ' 
,'•D,<L~ Raimondi ·and G. Jura · 

:,· 

,:· '._.-· 

·. __ ....... ·; {· " . _., .;,,... :·.-.· ····' .. :-·· 
Inorganic Materials Research Divisi'ori, Lavrrei1ce Ra.di8.tiori Laboratory, 

· ·. ·. · · Department of Chemistry.· 
·, · .. ·. . >University of Califorhiaj Berkeley, ·calif;rnia· , . 

.' < :. : .. ·.: _:..• ... ..:· 

'·>·',' ··:· .)~ . ' 

'': > ' ... _. ,, ··,,. ···' ':,-. 

: , •' ~ ·'. . . f· 1 • 

In order ,to qetter unde~stand the interaction of the ferromagnetic 
.- .... 

'host with an impur~ty atom in a dilute.alloy, th~ MOssba.~er sp~ctrum of 

·.• ·.: Fe57 in nickel meia.l ~as _studied to a pre$ sure of 80 kbars. A peak in 
. , :_· ,. ' 

the internal.fi~ldat theF~57 nucleusw;s_~b~e;v~d.at l~·kbars,· follolved . 

. ·. ·• by a slow decrease up to 80 kba-~s. ':The initial increase of the internal 

,· 
·r,·, 

. ·•,' 

---- .. J. 

dln H 
~ 

::: 

· .. _, 

··, . 

. -4 . ·.:.F 
10.2 X 10 kbar .· •. 

·-... ··: 
. ~ . . 

... 

"· -_:·,' 

·-:;, 

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

. ·. d( IS). 
dP 

:: - 4.15x,lo~5 -~~/sec/kbar., '··, ( 

· .. • 
'; .. . 

These. results are discussed as they relate ·to other preSS)-l!'e studies on 

'the. properties of pure nickel and iron,· 
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..... _;_· .. . . . Mos.sbau~r s~~dies of ~e57 in. iron. ~a~e iilusirated the usefulness of 
•. ' • •. . ., • .. j ' ' .• • ... ~ • 

.;: .. '·' 

"•,'· 

• ,·,·,· • '• .• .·,l ·.• 

the ·Mass bauer effect in ·solid st~te physics.· By studying the. volume de-

pendence 6~ .the int'ernal.,fi_eld ~nd isorrl.er.shift of ·Fe57 ·ih 'different ... 

. environments,. we may furthe:r unde;stand the .. origin and r.elationshi~ of 
·.-·. 

these nuclear par~et~~s, to t:t1e buThproperties of. solids.. In this work, 

·.: the pr~ssur~ .dep~n.de~ce ~f t~e ·;e57 ~ossbauer ef~e~t in nic~~:l metal has 

been carefullY .studied to a maximum pressure of 80 kbars. 

'·i.':· .·:.'·. 

: ··:·.i ?:. 
· Nickel metal has the face~centered.:.cubic structure at 1 atmosph~re 

.; " .. •· 

. . . . · .. . ··.··:-~· 

'.'•,j 

. . 1 
.and.rciom temperature. It is ferromagnetic up to,the Curie temperature, 

. . . . . ' . 2 

:. : -: .. . 
360°C. 1 Patrick observed an 0.35°C/kbar. increase,of the Curie tempera., 

,1· 

ture, Tc,· of nickel up to a pressu~e of 8 kbars. More recently, Bloch 

a~d Pauthenet3 observed an ·incr~ase in Tc of 0.32°C/kbar up to ~ kbars . 

other high pressure investigations have revealed discontinuities in: the 

'. 

.. · " slopes of the pressure coefficie~t of· ~esistivity (l/P)(6R/Ro) versus·· 

p:ressure 
4 

and in the volume versus pressure cul:.ves. 5 These results are· 
. .-.~.. . .... 

·· :repro~uced in Fig. l. A discontinuous· change in the slope of the pressure­

volUJ!le. curve or the resistivityo..pressure curve .is usually characteristic 

'·· ;, 

'-, 
. . ~ 

of a second order phase transition, such as the CurJ.e or Neel temperature 
.. i· '. . . . ·. ·,·../' 

· · · · ... in magnetic materials.. R~sistivity kinks were us.ed to study the pressure· 
: ::.· ' ~ .. :' . . . ., 

i.. . 'dependence of the N~el ,points of d;spro~ium6 and ch~omi~} In contrast, 
.·,/ 

La~rson 4 ha~ poi~ted out that resistivity kinks and compressibility anomalies 

_..... .. 

may. be related to complicated changes in the band structure and· not 

necessarily to s'econd order phase transitions. The origin of these 

anomalies in the behavior ·of nickel metal is. unkno-vm, 
.. ·.:.' 

·., .. 
.·.• ,. .... 

; .. . . . 
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a) Diffe~entia.lchange of length of nickel withpressure 
{after Bridgman5). _ 1J) Pressure· coefficient of re­
sistanfie of. nickel as a function of pressure (after 
Lm1son). 
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I • (' '• • > •, ·' . ' .. :~·-.:} .. \}·f' • ', '•~-

::-.. <.' · · .: ·:n~icka~~r.et':~L ~~-ie s~~died1the ):r6'ssbauer- ~;~~Xtf:·~:~ Fe57 ~n rlickel 

·. '·.··. ·.' •' '-:f··_;.,.··: <:8.·., ,_:·:.\ ·':>· .:· . . , . 
·· ·· ·up to a pressure of '250kbars .. · .- This· '-rork ~vas· pr:i.marhy c6ncern~d v.~ith · .·· 

. . - ·~· ,_'. ,\ ' . . ._.· .. '' . ' . •. •··. ,, '.. ., '. 

'·" '·· .·· ' th~ ve
1r.y' hi~:h ,pr~s·s~re ·r~gi6~ ~bove'6o' kba~s .. · The' internal :field and ' 
. . ' ; . . '. . ~ . . . . . 

' , ~I '_- i 

... _. 

',' 

' ; -. · .. 
. . :. ' . . -~ · ... 

.··.·.-

J , •• 

.... · . 

isomer shift vary s1o,;~y 1-iit:h ,pressure. These ~result~' are compared '·rith . 

. those of the pres~n{·· in~~st ~gat{ on i~ S~~tiCm III. · .NMR studies of Ni 61 
: . ; . ' .' . . ' ' ~ . . ' ' . ·. ": . 

. · . .-
' in nickel sho:w a; la.rge increase· in the internal field with pressure up to 

·· 7 kbar~ 9 The ;·ela~~~~e incre~s·e lri hyp~-~fine.fieid, H, ·is given by 
. ···--- ' · .. 

··. 

~ ' .... 

. ·. ·>_.._.·. dln · H · · · 4. · · · ;..1 · · ----\ = + 8.81 X 10- . kbar · .•. dP .. 
·, I 

__ · Rec€mtly, Dash et · ai. ~nvestigated. the ~e57 Mossbauer. e.ffect in 

' ' ' ' · .. •'''' 6 . . ' . ·.·. ' ; ' ' ·,.. 10 -, ; '. . 
nickel from 77 K to the Curl.e pomt. _,:The. te?erature dependence of 

(1) 

. ,_.the_ internai field deviated significantly. from the temperature dependence 

:of the ~aturation magnetization. These results were anaiyzed in terms 
·, , • . I' 

of iocalized impurity moments. 

The inagni tude, of -the internal magnetic. field at 0°K in pure nickel . . , 
metal' is· -75 kgatiss, 1.1 compared 'with a. value of -339 kgauss ·.for iron . 12 

' ~e val~e -::>f' H at a.n Fe57 rmclects in nickel is -2Bo- kgauss. 10 Table I 
' . ' 

. •,,\. 

summarizes the data on internal fields for the pure metals arid dilute 
' . 

alloys of iron, cobalt and nickel~ It is noted that the field at the 
. . . . - .. 

iron nu_cleus in a ~iven metal is in every case larger than the· field at 

the host lattice nucleus. This suggests thB.t .the field at ~r( iron. 

nucleus is due largely .to its own electrons and depends only sljghtly . ./ \ 

on the host magnetization. This effect arises because of the large 
. . ' . ., ' -· 

.core contribution tq the interqal field via core polarization _by unpaired 
'' 

' .. 18 
'3d electrons localized .em the. ir'Jn impurity nucleJ.. . The variation of · 

the internal field ·at Fe 57 nu~l~{- il1 ir~n, .co~al t, and nickel ·arises 
' . 

primarily from conduction electron contributions. Since the_ application.-
--~-

"';-of pressure is 'expected to '·refl~Ct variations in the eleci~onic distri-
· .. :·. 

'>.' 

l'. 

. .. 



; 

1 ." 

' l". 
·~ ·. 
:'-

·,, 
•.. ;·. 

,;(, . :- .... 
< ·~, 

'' ,_.,_ ~ . 

. .·· . 
. · .· .·. 

,. - . . .. ·, :'· ~ : . . '', · .. :: .. ····.· ... -: . . . , .. · 

; 

·· .. ·.· 

. '(_ . ·. .. ~- . .. UCRL 17095 Rev: . ..... - . 
' ... ... ... 

···-. 

, Tablei~ ·Ma~netic .. fi~ids>in·units ~fl05·g~u~sat· 
. · .tran~iti6n'.metal nucief located in tran-: 

', • ·,r '.~- \., ' • • • • ': 

:·-
. ' . ··~ .. , · ·si tion. metals. ; .. ·.·. 

·.-.·· 

Nuclei at which 
field is measured ·, .. ·;_ .. Lattice Atoms · 

··,.· 

Fe 

... 
/·. \ 

. • .. ::·· 
Co 

. ; ' 
,,, 

. -~ . 

Ni 

. ·-. 
-, · Co 

···2~86d .··. 

·. g 

•. · 2 .15e 

2.8oc 

l.llf 

'o. 75h 

. ,·. 
.. · 

'· 
;.• 

.. 2.52 .·. •' 
'· g 

2.;03 . Ni' .:, .. 
. ' . ~ : ·_ ;•"· 

) 

. ··a •. Ref • 12 '· Ref. 

Ref. 

15 

: 

.. 

b. Refo 13 : ·'f. 16 ... 
•' 

c. ReL .10 '! g. . · Ref. 17 
·.-:• . 

d. 
.. 
Ref~ 14 : 11 

: 

·' ~· .· .. :.h.·· Ref. 
. ··--·· :. :·-· 

.·; 

.:--·· .. · I, .. 

bution of cond{;.~tion el~ctro~s~ >t?-~-, pressure dependence of the internal 

field shbuld b~ dependent pr'imarily on the host la~tic!=. .Table II sum-
. ~ . . . . . 

· marizes data on' the pressur~ dependence of internal fields for various 

transition metal systems. Indeed, there is ~· distinct grouping of 
. .·- .. , 

.. coefficients according to host. . F~r a more complete discussion of· 

.. ··. interna-l fields and re'vie.; of the. pr~s·ent. experimental data, see the 

·. . . . . . . . : 22· 
.. recent review article by Shirley and W.estenbarger •... · 

The· present high pressure Mossbauer investigation ~f Fe57 i.n nickel. 

metal :ls intended to supplement the· earli~r high. pressure work and further 

.·confirm ithe importance of the host lattice in dete~ining 'the. volu.rne 
. f: 

.dependence of the internal magneti~ field and isomer shift. 

. ' .. ~- , . 
. :-· ·· .. ,·. :-". t .• . ; ... · 

';. 

.. \ ·. ~- '• . ·-·- .. --.. · . 

... _ ., .-_.,_ 
. · .. 

' ~ i 
,_ ... ,·. 

- ..... 
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Nucleus 

.. N.61-· 
. ~ l 

.. _(. 

.•. 
.·.•· 

';:_·_ .·;_·,,.: I, 

"',' 
,;_. .. ,··_··· ... 

.··, 
-;: ...... · ... ·,_ :_' 

,.· . '" 
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·_._;·: ._-·f·;. ···-,·;·:! . 
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Tabl~ II~_'.'The pressure'dependemc~ of- the internal 
' field H in transition metal systems 

. ,..·· ... , 

, 
.· .. (dlllH/dP)~lO 7bar -l 

. Ni ·. ' .. · +8;8la 

·.·.r 
Ni . Co59_ 

-Fe57. 

···co59 .. 

·_· .... ·- ··.'. 
· +13 .8 a 

.. +16.2 b 

-·· +6.le 

• ·.57 
Fe 

- 63 ·. Cu 

··. ·, 

.--co59. 

. ·.57 
. Fe · ..... 

.. --·:·_·:. 
.. ' -.:. Ni 

-... · .. ': . 

-· .... ·:· .. ·. : Co 

Co . 
. .... 

. '·: 
Fe··· 

i_ •.. · 

Fe· 

. . 
. . _ ..... ·., . . -·.·Fe 

-~ ' -. ' ,.:,. 

-; ;.· 

:_ .' . 

_., 
-. 

.... · d 

.-3 .0 e 

+1.6 e·. 

f 
-1.69 · . 

.. ' ' . .. ... :,, ',;..._.---"----.,..-,.--------:-:------:-,;..._.------...,.--·---.......:.....-----:------

·.,.' 

i., 

•'.·, 

· .. ·; .. 
' .. 

a. ·_Ref. 9 d.. Preliminary results of author 

e. Ref. 20 b. This work· 

. -c. Ref; 19 f. ·Ref. 21 

/ ' II • EXPERIMENTAL 

The basic high pressure veloci.ty sweep M'ossbauer spectrometer :has 

. . •. 23,24 . 
. been described earlJ.er.. , · The drive system has been modified to 

.·.provide either a linear velocity wave fo~ to the moving absorber 'as 

described by Zane, 25or the sta~dari:l sine wave ~eiocity modulation. 
' ' .. ' .. 

. . ' ' 

The sources were prepared from nickel rods of quoted purity 99.999;fo. 
: ' . . . . . . 

The samples were rings, 0.18~- in, outside dlameter, 0.163 fn~ in~ide . 
. . 

di~eter, and 0.007 in. high. These were prepared by electroplating 
·' ' : 

co57 onto a 1/3 segment of the ring ~nd subsequently annealed at l000°C ·. 

Runs 1 and 2 utilized 8 and· 2 millicurie sources, re-

specti vely ~---
;'!.,; 
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·' ·. ·: .. · 
... :' 

>.The' 'absorber 'u~:ed throughout· w~s an Oo7 mil' stainless steel foil mad.e. 
. ·. .. . .·, · .... '' '7' ,. .···, , . .. ·_,: •'. 

,..i. 

·.·., 
,· .... 

. .. :_from iro~ enriched to_ ~h. .. 2% Fe5 . This absorbe~ provided a broad u...r1spli t 
: •, '.. . . . .. · ... ·. 57 . . . . 

absorption line . .Al atmosph,ere spectrum.of Fe ·in nickeL is illustrated 
•. . . . . 

. . . 

in Fig.· 2o The spectrumhas, been smoothed by averaging the ravr data over 

nine· adjacent .channels :to redu.ce the effect .of ~tatistical fluctuations· 

. ' . ·, 

·.for illustratio:n .purposes. Internal field and isomer shift data 'ltrere 

. calcul~ted by resolving the overlapping lines by least sqti~res anal;Ysis 

·on a digital computer. .The velocity seal~ 1.,as calibrated by ·determir:ing .. · 

:_. cthe F~57 MOssbauei- effect-~- pure iron which. has been accurately deter-
·. ·.. .. . . . . 26 .. 

· mined in previous experiments o .. · · · ...... 

· III • RESULTS 
. : / 

,·, ''. . . ·8 . ' ' .. 
The results ·of this work >and previous data on the pressure dependence . ' 

. of the isomer .·shift and internal--field ~f Fe57 in: nickel are compiled in 

. ·. Fi.gs. 3 .· ~nd 4, respectively~ In both cases, the data are in agreement 
. . . .,... 

·"' : within the experimental .errors." . , There appears to .be . a definite peak in 

: .·_\ 

the ihterna'l field at approximately 10 kbars o The initial rate of increase 

in the internal field was calcuiated by fitting the data from 1 atmosphere 

to 12.5 kbars t'o a straight line by lea;t squares analysis. The pressure 

coefficient of the field .is,given by. 

····· . . ·~ . 
,'/: 

(2) 

•, '' .';I The value of the internal _field at atmospheric pressure is 270 ±. -~ kgatiss. 

Similarly, a l,east .squares '.fit of the isomer shift· dat~ yields 
. ' 

.. :··, ·:· 
~ ' . 

!" '. 
(3) 

'· ... : . ··.• ;, 

. or in terms of the relative volume· change by · . . . . 

.,.·.·· 
.. •\,, 

I' 
l ·• ,;~ .:··· 

;·.1 

- ,0.0789 em/sec . 
d(IS) 

. _ _ d(V/Vo) 

·.,-' 
' .. :· ·, ~- ·.: ' 

(4) .·. · .. · 

·: .:· 
=··.·. _:,·. 

. ,( .', .... 

····'· 
. .. ·,,, 

'I' ,. 
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·· Th~··valu~· ~f the is~mei:' ,shif·t at. t 'atmosphere relative to: ~tai~less steel-: · 
. ~. ;· i ~· . : ; : '~ . . . , . • , I 

is ~-o~i46±.o4 m.rn/s'ec .. 'rt is:n~ted that
1
,the _pr-essu;re yariati6n of the;· 

ismne~ shift for Fe57 in nickel·· i~··db~u~· ~ali \~e Va~ue observed fo~ Fe57 

in iron, lvhile .. the compressibiiities of •iron and .nickel' are approxirrately 
r . , . 

' '• ' . 5 
the· same· magnitude .. 

• I ' '.' -"), :. 

. . .. . rr. DISCUSSION ... 
~ . . . ;,. .. 

:-. ".:- .. ;. .\ . -··:' ;'o' 

'·.::-;·.:. . ' ' ... ~ . ''! ' ' ., .. . . ' 

... ·.In order tO tmderstar'ld.the -pressure dependence of th~ isomer .shift 
.·, : . 

. , of Fe5i in nickel,. it .. iS.Ivorth>~hile, 'to.'digres~·ind. _review earfier. results. 
~ . • I . ' • ' ' ' ' ! . ' ' ' ' ' ' _'• ' 

on Fe57 in pUre iron metal. · The magnitude of the observed isomer shift 

for Fe57 in,iro~ is given by27 . , 

I:, 

'." 
·:·: 

d.( IS) ''4 ' I . ' 
d(V/Vo)' == . 0.13 em sec ... 

,, \ 
.·,-. 

.•,; 

'r') 
., '; 

. \ 

_l· .• 

··· .. _ ' .. · ,. ' .. ( 5). 
1·: .. · 

. This value may be attributed wholly· to· a: scalip.g 'or the 4s wave function. 

:with voltune .
2T' Th.is: ass~e s that the nUmber of conduction elec~roi:iS. re-

. . ·' . ,. 

· 'mains constant "and they a-re uniformly co~pre·s·sed upon applfca tion, of 

pressure.· Hesistivity-volwne data on iron' shmvs· that the positive volume 
. . . 

derivative of the resistance maybe attributed totally ,to a change.in the 

electron-lattice int~raction:, ·.consequently, t.o an. increase in the Debye 
' ' . . . · .. : -~ ' '.' ' ·.' .·. : . ·._ .. · . . ·. · .• '. . ' 28 

number of conduction, electrons remaining constant. . 
' '· 

temperature, the 

· ·' :However,' r~si~thrity data on 'nickel indicate. a: somewhat smalle:r:· decrease 
,:: 

in theresis'tivity' with volume than vTOUld. beexpected On the basis Of the 
' ,· ' ' . . .. · .. ' .· ' ··. . ' ·. ''. 4 ' . .. 

elect~-::>n-lattice ·interaction, . The·· additiona'l resistance rr.ay be caused· 
' "' . " ,, . . 

·.by a decrease in the number of conduction ele.ctrons., An estimate of the 

magnitude Of the decrease ,in COUd':J.Ctiorl electron density is obtained from 
'' . ' . . ... 

·. 'magnetic data.'. 'I'he .. saturatiorl moment, cr ' of nickel decreases. with de-
0 . 

· .. 'creasing volwne by an amotint. given. by3 

.··,. .· .... 
·_,·,., 

.: :·-:· ... ·· 

. !''. 

,.: ).; ..... ,·. .. .. , ·, ~ 

: ... . ·· 

' ' 
.,._ .. · .. ·.· .·. 
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· ... '.: 

(6)< 

.. If .it is assfuned that :the.:cle<!reasefn the saturation ~oment ~is .. caused by 

· .. a transf~r of electrons. from th·e· cond~ction .band to 'the unfilled jd band, -
-, 

the decrease in the conduction electron density is given by_ 

( 1) 

· Thus, assuming the remaining conduction electron. dEmsity to be uniformly 

compressed,.the t~tal'charige·in the conduction electron density is given by 

.· .. 
( 8) . 

. :'. 

····.: 

· ... ; 

'.:· 

' ' . . . . . 

· .• = • .~-

..... 

~. ,· '; < 

~ ·. .. . . . . 

,The volunie variation of the·isomer shift is then givenby 

. d(IS). ~ 
d(V/Vo) 0.07 em/sec. 

• .. · 
(9) 

,.. .. : 

'. 
This result is in ·agreement with the experimental result, 0.0789 em/sec. 

\ 

.·.Considering the assumptions made in this ca·lculation, the agreement vrith 

, experiment may be fortuitous. In any ·case, there appears to be a decrease 

. in the 4s electr:n1 density which partially counteracts the increase in 

··· total s-electron 'density 1vith co~pression •.. 'tTithin the experimental error, 

the· isomer shift 'shovred ho anomalous· behavior.at 10 kb~;s. ·. 

The initial increase in the magnitude of the· internal. field of Fe57 in. 
. .t 

· nickel. with pressure is in agreement with the. increase in the field at I'U 
6i 

nuclei in. nickel. This result further confirms the imp~rtance of the host 

· lattic.e in determining the pressure dependence of the internal field ... The 

·:: '·' ',: .· 
• ' ' I 

' >":'·. ,· 

1.'. 

. \ . 

. ;•. 
·" < 

. . ·~ 

.~. ·, 

· ... '.' ·.:. 
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obser\l"ed peak in the. internal field ~t 10. kb~rs .is unexpi~iriahle at·. this. 
•'!. L •. • : . , > .. ""' .. • . ' . , •• ... 

.. ,· j.. ·. .· . :; _.,_·_-. . . .· •. · .• :'' · .. · ' .· ., . . •• .: . 

, time, ·however,: compressibility. and resistivity ·data. o~ pure ni~kel in~ 

di~ate ~hat the pea{may b~ dh.aricteri.st"id. of riickel'·and not. th~ ·Fe 57- . 

'·. 
A' similar 'peak is obs~r.ved 9;t approximately 75 kbars. nickel system. 

for ·the interhal field at Fe57 fn ~o~alt. 8 .. Also, on the basis of NMR 

results, Andersop has suggested the possibility·ofa maximum in the 

.· . 29 
·Curie. temp~ra tu:r;e. of cobalt. ·. The pres sure dep€-mdence of_ the infernal • 

. . . . . . . . 

. field may be used to estimate the variation of the Curie temperature 
·. .· . 29 . . I . . . ' . , 

with pressure. Since the internal field is approximately proportional 
· .. : 

' to the magnetization, the temperaturedependence of the field may be 

: estimat'ed by the' ~loch rf5/2 law; ~h~ch 'desc:r'ibes the temperature variation 
. 1 

. of the ·magnetization well below the Curie point. \.!Sing 'the reported . 

. :value· of dln Hjd.Pfor nickel gi\l"en e.arlier, the calculated initial"' in­

.. crease. in the Cure temperature is o.37°K/kbar compar~ci -vrith ar. observed 

.value o:r 0~35°K)kb~r .. This.example illustrat-es a useful applicat.ion of 

.. high pressure M'c5ssbauer data in solid state physics .. The observed 'peak 

·.·.in H at 10 kb~rs suggests the possibi,lity of a maximu..'li in the Curie 

tem~er~ture of nickel at 10 kbars;. 
. ·. . •' .. ' . ~ 

Although the resu.lts given above indi~ate the. importance of the, 

host lattice ·in high· ;pressure M'cissbauer studies, .more data are requi;red · 

'on. pure. nickel before. we ·.~an' be certain that the. ob~er\fed. effects .are 

not chara~t~ristic . o;_ the, Fe~7-nickel syste~·. · .' 

. V; ·. CONCLUSIONS 
' .. ., 

The above results illustrate the usefulriess·of the Mossbauer effect 

in understanding the. ·cbupling of nuciear'' parameters to the bun:. pro­

perties ·of materials'; The. techriiqtles applied in this. \'I'Ork are easily 
''".· 

•. applicable to· other Mossbauer experiments .. · , Several experiments a.re of 

·,\' 
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direCt inte:es~ ~:~h re ~peCt t~ ~~e abOVe ;~sult s . First, . further mea-

. su~~m~nts. of tb.e bulk propertie:. of nickelare required from l atmosphere . 
. · . ':. •, ' ,. ; ' . 

. . . ·. , . . ... . . .· . . . ' ... 
to 20 kba~s.' These data might ansl-rer .the question of the observed 

anomalies· at. 10 kbars. Second) high;..pressure Mossbauer' measurements of 

. Fe57. in other ·mate~ials such as cobalt with enrphasis on the lmv pressure 

region are required in order to further confirm the· importance of· the· host · 

lattice ·in determining the volume dependence· of the irite.rnal :rnagnetic 

\ 
field and isomer shift. 
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