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I·:Oss'cauer e:>.-perincnts
1 

on I:l<lterials U..'l'lde::: ve:::y high p:::ess~es o.:1d o~ ~::-.c 

results o"otai:::1ed fron a study of those chanscs :p:::-oduced by :p:::-essu::.·c i:-.. ti:e 

l•:ossoauer spectru."'il of Fe57 in metallic i::.·on. 

the Fe 57 ~~5ssb2..uer 5I>ectru;n in iro:1 tlc~l is of inter~s~ :fo~ scvc~·\?..1 

reaso::1s. All ... h,., nucl"ar na ..... -m,•"'rs u .. on .,t-.;c-... ......... e r:',-,..57 >::'. ec-::-_ ... ,,,...,, Q"P"".· ·"-"' •• '~>: ... •'- • ... - ... <.! '\:: \,t;; )/ • .-..~... ... .... • ... - - .:.' - ........ - •J ,_._ 

can be dete~!ed from other expe:::iments. Thu~tr..e spect~~ can be us~d 

as a probe into no:::1-nuclear effects tc >·i~lich the spectru.m is sensiti·rc 

such as the electronic charse density unci spin polariz.:Ltion at ".:.he :r .. ucle-..:.s. 

?ne l't.ossbauer spectru.-:1 of Fe57 can be used. both to detect and. to c~::c.s:.ct.::rizc 

the reported hi~h pressure phase of iron ~£tal. 2'3 Furthe~worc) the dc)cndence 

of the spectru..-:1 on the oa~etic field at the m:.cleus c.s:.:::1 be usee. -co stud.y 

the effect of co~.1pre3sion on the ferro:·.iZ.g~etizm of o:-i'ron. 

pressure exper~ents can yield such dc"~iled info~tion about bc~~vior 

on an ator:J.ic scale \·lhich ::::nakes the Hossbauer effect a r:1ost usef\.:.1 c:-:-:x:ri-

mental tool for high pressure resea:::-ch. 

Tr.e theory of the l.gssbauer effect and. cond.i".;icns 

recoilless radiation have been >wr!.;:ed out q,ui"ce 

be discussed. here. 'I".·TO experirr.ents observina ;:,:Ossba-..:.er spe: ctr;;. sol::. is 

at elevated pressures have been reported. Pound, Benedek a:::ci Drevo::.r"' :·.:.:::.C.e 

a precise study o~ the shift in photon energy (the 

by hy6.1'ostatic ::9ressures up to 3 Kbar. Tr.ey attributed =ozt of ~~e s~~=~ 

to the increase of the electron density at the nucleus but C.ic 

any details of the fine structure of the spect:::wa. 
- /'-

co;.:orkers studied the influence of presslU'e on .... ... .ae ~~Oss'bc.t.:.cr c~fect. o: ~y_o.:_ 

fon~ed in situ in gadolini~ metal
6• 7ne theoretical predic.:~ion ::::..<l~ C:; .. 

Ea~~s7 that hicher pressure would pe~t observation of recoillcs5 r~~i~~:on 

not detectable at one atmosphere "'as d.e::lOnstrated, and very C.ra~;,t::.c c.r.a:;.;;c.:s 
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of the fine structure were found. 

Sine.;:: the 14-KeV radiation i.;ouJ.d be attenuated se·..rerely in p.:::.szing 

throuzh the t·mlls of the pressure vessel, it was decided. to contuin t!lc 

radiation source t:.nder pressure i:::J. order that the radiation p.:::.sscd throu.::;h_ 

the ~.;all of the pressure vessel only once. For simplicity, t::Oc so::.1·cc i·l<::o.s 

a disk of iron ~tal .175 inch in diaffiete~ and .007 inch thick. Iron 

enriched to 99-9'~ in Fc56 was used in r.;al~ing tne C.isk to min;'~'.~ zc the 

absorption of the recoilless radiation viithin the disk. 

·?nc 14-:<c V excited state of' !?e57 vras obtained froo t.he 270-drq ::-.~.c.lf-

life electron capture decay of co57. The long r.alf-lif'.;:: o: this dc:c3.y 

controls the intensity of raC.ia tion •,;hich is esscnt.iall:/ ccnst<:.nt for· c:. 

perioC. of a fei.; hours. To obtain the Fe57 in an. iron rc.t:.cr t~~n <::. cocc.lt 

enviro~ent, the Co57 was electroplated onto the iron disk; a~~ th~ 

was annealleC. at l000°C for t~o hours in a hydrogen at.~sphere after cl~ctro-

platins. The s~le preparation •ms C.one by the l~uclear Science c:.n6. :Snsineering 

Corporation. A Sa=::?le iVit:O. 4 r.:iliicuries 

reported here. .Assu.'1ling a u.nifo~ distribution of Co 57 ,,,i thin . 005 in.::h 

from ea.ge) tne· cobalt concentration should. be less 0 .1~;. 

The iron disk was contained. betl>'een a set of . 250 incn face C.ia.12t.::r 

:Bridgr.:an a.."'lvils by a ferric oxid~ coated rin~ of pyroph~lllite .031 ir.c::;, -.:.:J.ic}: 

and .010 incn hi3h. The k'e 0 u.; +."., ur..;c'n t-.r •. -=-. ... 2 3 " ... --- "....... -· - ring v:as coated ',ic.s 
~-" 

99.9% Fc'0 
to minimize absorpt.ion of t~c 14-XeV radiation. 

~-·, ... , ...... -... -...... .....,.,.1._ -'-'• .. -U to 

:ring and anvils have been described. elsewhere. 
8 

Pressure i,'as a:;>:::;>lie\i · .. , -- 2.. 

200-ton capacity hydraulic press· th:rou:;.."-l a calib:ra:teC.., . . - ...... ("'- .. ~·.- ·. ,. ... ~- .. .., ____ ...., .... _ ----·- ........ ..._,_ 

load cell. T'..::J.is permitted continuous I:!Oni~:ring of the load on t~~ ar.vil :·~·.;::.:::::;, 

which was cons~"'lt within a~·most 2% at any pressure. 
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:·J"o inforr::.::.tion is availu.ble about the distribut::.on of p::-.::::;::;:.:.::-c in D-n 

iron Cisk i~ this ceollietry1 so pressures reported are ave~~ce p~~ss~rcs o~ 

anvil face. E>:perience in ..... 
1-!J. v!l silve::- chlo~ic..c· 

indicates that about or~ly 82'-% of a:::-ea of the ~nvil face is 

bearing a:1Ci t:;.e average pra ssure · on . the C.is1: is about 2Cf/; his!lc:c t:~:-1 'the 

average pressu:::-e on the anvil face. 

in the pressure can be reduced by repbcinc; t~e solid ::::at.2.l C.islc 'l·:i t:;. <1 

circular section fron the circu~ference and filling ::::o::;t of the vol~~8 w~~~ 

Difficul".:.ies in o"::ltaining rcprod.uci"ole spectra e;.::-p2::-icnc..:::O.. "Vlitl". ".:.::-~c 

a !·:ossba:.:.er spectroncter using the velocity-si{eep tecr...niq:.:.e ·oe d..:::vclop.::::<i. 

0 
Tae low temperature spectrometer design of Shirley et al." vTas ~:.0d.ificd. fo::-

an external source for this reason. The absorCer 1·ras ~ ..... -
2. • Vv...L 

thick fo~l of 19-9 stainless steel, e~riched to 65% in ?c 57 . ·.: .. :: .. ~ foil :..z..s 2. 

broad sinele abso~tion which p~~t~~Q tne co~?onents of th~ 

in iron to be resolved. 

the moving el.:::r;er.t o:t' a Sanbor-... 1 6LV1 v.::loci ty tra: ... sd.t.:.c8::::- · ::.n o::::-C.c::::- to :::.:..:c t:r.c 

tr.e stz. tionary elenient of the tl .. ansdu.ccr "t·tas ~10u..···rteC.. 

tr.e transducer vTas directly proportional to the velocity of tl:e abso::-".:e;:c 

relative to the source. 

A l~ai ( Tl) sci:-:::ill.:. tion detector vras mou...'ltcd bet'\veen 

the loud.speaker to detect the radiation transmitted. throu.:;n t::.c abso:::.·"::c:::. 

of the velocity transd.ucer v1as generated a.r;Q. :fed. into a 4oO-char-'1el ?t.:.2.s-::: 

. 
height analyzer. In this ~r~~er) a transmitte~ photon intensity u~~i~st 

- . ··-- -- ···--·--·------·-------· 
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312C:1USC 3. sinusoidal ~r~ve 

v~locity ro.n3cs. 

calibr.:.tc:d. 

spectra '1-lCr(-: ta}:en at lo::..d.s o-=: 50, 60, 90, 105, 120, ar:d. 11.;-0 Kb.:.r; 

c.vcrage .. -.. "" 

•,;ere tak~n sta~istic~l er~o~ 

r:os~ 0. 5~~ of lOC~~ "transcission. The o"uscrvcd. - -C:.CC::'C2..C~~ 

:fro:n for ~st intense pea}: of the 

so.r.:.c :_x.:al~ in the d.ccY~2..se is 

of 

r~coil Th~ lozs of .; '("'..: •. ~ ...... ~· -i ..:_"''" ........................... -- ""J 

=-7 
priate to F~"'' in fc::..·ro:~"-S.Gr.etic a-ir-on. 

..L~nes ~esolv~C... s.::.;:r ... ":" .. ::i:n 

of t~esc S?2Ctra. 

AJ ~easuring ~~c =ag;~etic splitting as defined in Eg. (l); 

electric quadr~pole splitting as definc:d by E~. (2); and. v,..,, t::.~ -vc2..ocit:,r of 
\.-

center of ~:~vity of the spect~~ ,."i th respect to tl:e 

absorptio::::~. 1-1-
0 

is the r:.agnetic rr:.or.1ent of the ground state of ?857. 

A 

B 

= j.l 1i 
0 

( I \ 
~J 
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-7 

Q. is tne elcc""~~ic (lUz:..ci.~:yole :::o:c.en.:~ of thG 14-l(e\' s~:::.te o~ Fe) 1
) 2-~i l~ ~~:. q 

r.::s:pe:ctively. 

four cute~ lines of t~e s~ectr~~ according to E~s. (3)-(5). 

':.::loci ty of the i th line nunbered f:Y\);;1 t~e lC1·rest ene~fSY lin.::. 

A 

B 

v 
c 

(v,... 
0 

"l )/5· !.r30 

1v .J.. v,... - v -\ 1 . 0 2 v_)/4 
) 

+ v_ 
) 

+ v /') fl...;. 
o~" 

v 
i 

( ...,, 
::;,) 

( ), ' "T) 

(5) 

4) 
J 

::; sc._y;:~~~ -:-.~. _~, ._·. ~ •.• ::.: ;..-;._·"'.:.~.,;:-· .... - ._,..,'":'r.c.' ._·. n 7 ........ "':'. -::· .......... ..... ~.·-· ~.~ lv', i"':.-· ..... , .1 .. 
~ --~-..... -- -oJ _- .. - - -·~- ...,;;;' ..... ...,_....__ ... ··-~-

zero velocity (at -0.127 in o.C.dition to 

cr~ract~ristic of a-iron. T.ne cor.sta.D.ts calculs.ted for t!:e si:·~ l:.nc s:;~(!~:cu.r:1 

are A ;;::: 1.87 ~ 0. 02 rr:..'n/sec, B ;;::: O.l -i· 0.1 -::::::/sec, 

che:nica1 is ?Ositive 

ar~Q v = -;-(). 025 
c 

pozi tio~s of t~J.e t1vo inner lin~s of the si:.: line. s~ec~~ru:::. c.:.lc~:..:.. tee. 1-ri tn. 

additional line can not be expl2..inccl in te:.-.Y.S of rad.i3.tio:.:. c,f ~1:1.01::~ :~:·..1l~~?olz.~it::r 

f:::-o:: 21 CL- iron lattice sit.;: • 

t~~ of a seconQ iron atom enviror~nt such.as the hiGh ?~2ss~~c ?~S~ of 

iron. 

of: ::..s 2 

ex?c~i:;:c:nt to 65 Kb~r by Li tster and Benedek. ll 



UW\L-10785 Rev. 

I' -o-

J.,.... ...... r"'r''" ..... -:"'o 
.. .-\...u..;:, ...... ._\;.; P. E v 

c 

Kb::;r ~/sec rr:r.1jscc rr::o./s~:;c 

±0.02 ±O.J.. 

.OOJ.. 1.97 o.o + O.C95 - 0.032 
(l _,.;.,~) 

'-'-"""•...:. 

50 1 .. 93 0.0 ·:-- 0.057 - 0.03j 

60 ' o.cso l 0? 0.0 0.~2C; ..:.. . ,/~ -

90 1.95 o.o O.C07 - 0.032 

105 1.95 0.0 o.cS9 - 0.032 

l20 1.93 0.2 0 l '1 ') 
·-..) - 0.0,32 

----
--- -----··----

\ 

·. 
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o~i:;in of field l'"'..e..s C.isc~s!:ied 
12 

o..r.:.c.. 

and. of 

cour:>ling. 

a-iror~ ~z a cubic luttice systcn ~o::~ l:hich electric fie:ld. t;l"·.::..d.ie:Y:ts 

Obzerv2.tion of non-ze~ .. o valt:es of 3 at t:-'lc 

c~scur~d 

st~inless st~el foil. 

also coulQ ?~OQ~C2. ~uadru~ole S?litting. 

va~i2.tion of chemical 

'•ii".;h an i:'ldicat.ion of the \ra.ri2.. t.ion 

is 

o"btained. by 

of 

5 z.l. 

E:·:cept for the l4o 1Cuar point., tr.er~ is a g~~C:o.:.l sb.if~ 

or ~l:.is r::.easure:-e:ent is ::1ot hi,S:~. 

v~lccity spe~tr~ on the ~ulse heisht ~~~~yzcr; 

co~·r.;:ction 1-l'ill be of the order of a chc.r...r • .;:)l \·lid.th) 0.063 r::..--;.jscc. 
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nuclet.:s 

to 

to of about 8-10)~ tl-:.c 

-- ~8-J: .. .. 
:----~ ~c. h~ .. · ... r:--lr:·c+":""r~· .• -. ::-· - ~. ~ ..; .~ '- - v __ ., COYlll.CU1"2..owlOn .. This corres~onds closely to tte dccr2~sc 

i::.1 t!" .. e iro:-l l::.ttice 

it c2.11 'be 

2 
al. 

st:J..tic 

t:-.:.c 

hi~ ... 

2 ') i l. 
p::essur~ .. ~·.ro~k) }:;}_..,. \·.roulci 'be s~c~ a .seco::1C. e::-lv .. i::. ... o:::.:·::nt. 

is·::o--c - ' oose-:\'C(;.., 

p~ascs at 

single 2-~0ssbauer lir..e 

cc2:·:is tc::ce 

I ,_., ,.. .. , ) 
\ •·'-::! s?ectr~l .. 

,_ \ 
~;)CC) 

=7 
2.. .si::-.:.gle lir:e s:.9ectrc:.m. Z:.lso :C.L2.s 'beer. o"bser\re:Q for }\::.:.1· 1 ..;""~ C!. nu.::--~te::: of ~.:.crl(;tic 

<::.lloys 2.S a C..ilute 

in tb.ese 

'7:'" ...... .::---·-=- ~.-... ~ _, ..... ....,w ...,_ .....,._...,) • 

=7 
o:: ~:s:Jli t Fe,...,£ 
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