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nis paper reports on the developuent of a'techﬁique Tor conducting
R & s . ek e . -

MOsstauver experiments” on materials under very high pressures cnd on tae
results obtained from a study of those changes produced by pressure in the

o7

in metallic iron. The effect of pressure on
the 1“es'{ Mbssbauer spectrum in iron metel is of interess

reasons. All the nuclear parameters upon whica the Fe specirum deponds

my,

can be determined Irom other experimenis. Thus,the spectiruz can e used
as a probe into non-nuclear effects t¢ wiailch the spectrum is sensitive

such as the electronic charge'density and spin polarization at the nucleus.
57

The MOssbauer spectrun of Fe can be used both to detect and to cacracuerize

the reported high pressure phase of iron nmezal. 2,3 rurthermore, tihc dependence
of the spectrum on the magnetic field at the nucleus can te used 0 study

the effect of compression on the ferromagnetism of G-iron. Fow oiher nigh

. -

sressure experiments can yield such detailed information about Tenovics

it al -

on en atonic scale whicn makes the Mdsstauer effect a most useful crderi-

mental tool for high pressure research

i1 -

The theory of the Mdsstauer ect anl condivicns for o

L)

T

[0}

recoilless radiavion have bteen worked out cuite thorouzaly and will not

N

be discussed here. Two experiments observing M3ssbauer spccetra in solids

)

at elevaled pressures have been reported. Pound, Benedek and Drever” made

a precise study ol the shift in the vhoton ene‘ (the chemical sniii) produced

by hydérostatic pressures up to 3 Koar. They atiributed mest of the shiie
to the increase of the electron density at the nucleus out &id not resors

any details of the fine structure of the spectrumn. Tae authors with tuc
coworkers studied the influence o pressure on the »
formed in situ in gadolinium metal . The theoretical prediciion madc ty

Hanks® that higher pressure would permit observation of recoilless radiztion

not detectable at one atmosphere was cexonstrated, and very drametic chanzes
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of the fine structure were Ifound.

Since the lk-XeV radiation would be attenuated severely in paszing

¢t

o

was decide

Fk

throuzh the walls of the pressure vessel,

-0

to coniain the

raéiation source under pressure in order that the radiation passed throusa

»-

“

the wall of <the pressure vessel only cace. For simplicity, thc source was

a Gisk of iron metal .175 inch in diameter and .0C7 inch thick. Iron

TT"_\56

. ) o - ~ . £ . . . . . -
enriched to G9.9% in Fe”  was used in mzking the disk to minimize the

=4

absorption of the recoilless radiation w1vdln the disk.

The 1L-XeV excited state of 'Fe’! wes ocbteined from the 270-day hali-
life electron capiure cecay of COST. The long half-life of this decay
controls the intensity of radiation which is esseantially ccnsient for o
period of a few hours. To obtain the Fe57 in an'iron rother than a cocalt
environmeat, the Co57 was electroplated onto the iron disk; and the samdle
was annealled at 1000°C for two nours in a hydrogen atmosprere after claectro-
viazting. The scmple preparation was Cone oy the Nuclear Science and Zngineeri

. | - . o m T s o .
Corporation. A saxple with & miliicuries of Co vizteld on ithe .O0T incn
edge along one-half of the circumference was used
reported here; Assuming a unirorm disvribution of Co’7 within .005 inch

-

from trhe edge, the covalt éoncentration should te less than 0.1%.

Tre iron disk was contained between a set of .250 inch face dizmeter
Bridgman anvils by a ferric oxids coated ring of pyrophyllite 031 inch thick
and .Cl0 inch high. The Fe203 with which the ring was coated was enricicd 1o

G9.5% Fe “o minimize absorption of the li-XeV radiation. Detiails of the

[523
[%7]
o
S
[
,J
o
(8]
}
ot
[
e

. s 1 . .8
ring and anvils have been described elsewhere. Pressure wa

200-ton capacity hydraulic press through a calibrated, strain-gauge Instiwonied

load cell. This permitted continuous monitoring of the lcad on the anvil Iuces,

which was constant within at most 2% at any pressure.



Tae low temperature spectrometer design of Shirley et al.” was modified for
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No inforrmation is avaeilable ztout the distrivution of pressure in an

W

iron disk in this geometry, so pressures reported are averaje »press

P AL N " - - - . PSR -
redium indicates that about only 82% of the area of the anvil face is icad
- 1w : . oo - - A e oy
cearing and the average pressure on the disk is zbvout 203 nizner Thon thc

ressure on the anvil face. In future experiments, the uncorcainty

£
<
6
=
1]
48]
[}
e

in the pressure can be reduced oy replacing the solid metal dis
circular section from the circumference and filling most of the volw:e

a well-studied pressure madium.

Difficulties in obtaining reproducibvle specira exsericnced with h
: . N 161 o v
constant velocity specirometer used in the Dy erxperirens suzrzesied that

a MOssbauer spectrometer using the velocity-sweep technigue be develoncd.
an external source for this reason. The absorter was made with a .0CL inca

tainless sieel, enriched

Q-

0

Yy
4

thick foil o

broad single absorpiion which vermitied the components of the Fe Ioneetrua
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e arsorcer was connecited to

=3

solved.

[}

in iron to be x

2

the moving element of a Senbora 6LV1 velocity transducer in order to uaoke ithe

]

traensducer sense all the motion of the absorver relative to the

tne stationary element of the transducer was mounted. The outszui voltia~e of
the Transducer was directly proportional to the velocity of the absoritcr
relative to the source.

- -

n detector was mounted between tasc aosorber and

-
5
i
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3
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(4]
[¢]
[N
91
ct
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ct
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O

the loudspeaker to detect the radiation transmitited througn the absoricr.
When a 14-XeV T-ray was detéecied, a square pulse Troporitional o tnt ouinuT

of the velocivy transiucer ves generated and fed into a 400-chamnel nulse

beight analyzer. In this xanner, a transmitted photon intensiiy azainst
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