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- MOSSBAVER EFFECT IN IRON AT VERY HIGH PRESSURES
- Malcolm Ilicol and George Jura
: Depaxtment of Chemistry end
Inorgenic Materials Reseaxrch Division
- ¢f the Levrence Radietion Laboratory
University of California ,
Berkeley %, California .
“We have stﬁdied the effect of very high pressureé on the Mosé‘oauer
spectrum of Fe-5T in iron metal at seven pregsures from one atmosphere
- to a pressure that 18 probebly higber than 140 Xver. Up to & presumative
pressure of about 120 kbax, the spectrum consists of six lines characteristic
Of Fe-57 in & forromagaetic medium. In some of the spectra the ‘two weak

-izmer lines vere poorly resolved. Tb.e wagnitude of the magnetic splittiu@ ‘

'k .':_[decrea ed slowly wi.th preasum 3 comsistent wvith & uneaz' ertrapolation of'

¥

k the- nuclear magnetic resonance results of Benaﬁek a.nd. Lit.,terl. Thers was -
alco a gmdual chemcal shift of tha spectnm 'towa,z'd lmrer energies in |
aare@men‘c w:i.th the msult.a of Pound et al.a Both of ‘the...e ei‘fects could. be

N -va‘ctmbuted to an increased he electron density at the mucleus. -

At 140 xbar (Fig. 1), a ceventh line appeared in the spectyum near |

- zéro velocity (at -.lslb 2,067 m/aec) This line probably was due %o the |

| appeara.nce of’ the high pmasure hemgonal close packed phaae which has. o

_ '”be_qn repor'k;gd by & nuzber qf worlaers.s 5 Jamieaon end -Lawsons report that ‘
- . the tméitﬁion 18 not sharp, that both cub'ic a.n& he‘.a@onal phases coei:ist .
:‘oﬁer a brosd tre.néitidn m‘gion._ Thia could explaﬁ.n the coe'»:istence of a

83x :u.ne (bee) end an appa.rent aing,le line (hcp) apec‘c.rm The present data

| jseem to indicate that in the hexagonal phase the I‘e-57 vas not alig,ne&._ :

o
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‘I’he source of ‘th.e rccoillc: s radiation was & disc of Fe-56 matal
.175 Anch in diameter and JCO7 inch "chici; onto the edge of which & milli-
‘ curies oL Co-S'{ had Leen electm*olawd along oneum..f ef the circumference.

: The sampm was e.rmealed for wo.- hours ‘at 1000 C in a hydrogcn a’cmonphere

o w pemi‘t 'the Co-57 tc dii‘fu.»e m-*oo the iron la’c‘%:icc. The semple was

coated with Fe

‘.v:.cm’calned in a pair bf modiﬁeu Bridgman anvils6 'by e P}jTO?hylli’w rinw

o .250 inch in diaxmter, .010 :hwh hign and .030 inch chick. The rﬁ.ng was

. 56 _
2%
'.r'_.while m..nimizm@ 'the self-—a'bsem‘cﬂon 04. *the recailless re.di;..'cion. The '

i.o 1ncrease the friction ber Ween the mng and the auvils

- ‘ lx--ke\r ra&ia ion waa amenuated seriau..»ly "oy the ring, and ’chis placea a.n
DpeY 1imit oa ohe pressurcs which could be used. Presaurcs quo'&;ed bere -
_‘ 'wera tha avnmge prcscures on the .250 mch Wter ansril :fe.ce. The o
| acmal prcssura a’c 'the e&ge of thc éisc from which 'bhe mdlation eminatcd
: 'Uwas m“c o, 'but my' “be appreciably hie;her. _ | y
‘.Ehc :adia.‘tion passing "chrom ‘ohs ring was paadcd hh:cou@;h an abscrb:mg
| fm.l of a 19‘}‘3 Cr - 9}5 Ni s»aimless steel vhich was enrlchcd o nearly '
" '7C§$ E‘e-ST. !, This foil was mllecl 'to .0007 inch th:icknesa and had a ’broad ?
| '. sz.nrrle ao.,c;m’cion line The 10:1.1 was a‘ctached. 'bo an automtmc" loud°pea.ker _
| spectmm tey similm to that cescrl’bed 'by Shirlﬁy ét a17 vhich was modiﬁea
‘bo pemit a codium iodide detcc tox of tm tmasmittea @anma z'a,fs *to be:
,' ingerted. bc‘bween the foil and the dr:i.va mecha.nism. A .;lnu.;oidal drive vas
C used, ana the intenai‘ty of "c&m 1&-1«:@»* mdiation tr:msmitwd at each of
” ;' nearw 390 Velocities vas collected on a 1&00 channel pulse height analyzer..
| This .;oectrum was narmlize& ..or 'the variation in tim. spent at each

veloci“c .
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Fron %ﬁm‘eaﬁimtes of Walliex, Wertheinm and Jaccarino,a the magnitude

of the chemical shift obsemd"to 1%0 Koar corresponds to an increase in",

'the l'rs elect::on density at the nucleas of the order of 10p. Thie corresponds, '
’, _mith the pﬂfcen‘c‘.,g,e ‘Jecrease in the voluwe of ir*on repOT rted ab 8‘}3 to 131 k.bg.r.h
. V«m.e t.Aer 'tLﬁ magnitucle of tha dv*crewse in uh@-‘ m:ame tie sp.u.bcing could be

: ml.ﬂne& in the same manner is no*c comple uely understood; hs)vever;, the

qecreuse_ in 'e..be splitting is in the direcmon e pec»ed.‘ from an increasing

kg electron dezzsi’i:y at the nuclﬁzu_g if the spin orientotion vas unaffected

by the compression..

o . "i?.‘"Liizster and G B. ﬁemdei«z, J .'AppL Phys. (to be published).
R. V. Pound, 'Gl'.l B¢ Benedok .@'.nd R. Drever; Phys. Rev, Letters 7, 405 (3,961).
3 5. ¢. Drickemer énd A. L. Balchan, Revs Sci. Instr. 32, 368 (1961).

D. Brancmﬁ‘t} E. L. Petersoa end S. M shall, J. Appl. Phys. 27, 557 (1956).

5.3, €. Jemicson end A W, Lawson, 3. Appl. Pays. 33, 776 (1902)

G.,- Jara et al. » rmgress in Vox*-,.; Hiuh Prcssure Research, F. P. Bundy,

W. R. Hib‘bar&, and H. zx‘. St ~ong eds., Jobn Wiley & Soas, New York (1961)

D. A. Shirley, M. Kaplzm, R. W, Grant a.nd D, A. Keller Phys Rev. 127,
2091 (3962) |

L. R, t"mmser, Gu Ko Wer’chem, and V. J’accarino, Ph;y-a Rev. Letters 6,
(2‘961)*¢ e

. NOTE: "Refer to UCRL-10785 for more réceri't information’._ :
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. Figwre Caption
Pig. L. “140 Xvar iron spectrum. The ‘solid lines dudicate the positioa ..
and intensities of the seven idnes (calculated for the two.
‘o linmer idnes of the G-ivon spectrum)e . .
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