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tl Pisternakl , and P, P, Taylo#

1Schtwl of Physics and Astronmg, Tel fbiv University, J&mat kiv 69978, Israel, and

Physics Division, Los Alims ltational Laboratmj, Los Almos, M 8?S45, I./M, ‘Physics

hwsIon, Los films Mational L&mtorq, Los N-s, ttl 87545, USIl.

Tiw tecitni que ot” generati w wry high *rwwre by means ot” iiidwond

hi] Cells (MC) for ffissbauer Effect applications is outlined. (i

rmprdwwsive description is presdted of the principles of M,

edification for the use in ffissbauer Spwtroscopy (t’tS), the

tterri11 -Bassett and Eassett ml 1s, of pressure mewmments, of

gasketinq and collimation, and of h@rostatic mdia, txapies of

t*l~ 11$s,,~~ 12?,
# are given shwing the feasibility of MC

applications in HS, other isutopes with potential use for high

pressure MS usi ny MC me suggested,

M* nmtms: (-)/! !i$.+p,31,7H#Ms, 61,16, -d,76, wl, +y
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1 lHriwGlcTl(wl

Shtic high presstm techniques be been uidely dpplied since t’k emiy &Igs

of the KMwer Effmt to irwestigdte the effect of lattice spacing ciwnges on the

hyperf i M interaction constants. The deuices to ~chime high press.w w based

primarily on tk lkid~n wwil md tlw piston-y] irder concept-s, both of Aich wre

ituented and dwelopi by Brid~n md later inprwcd k Drick~r ml co-workers

/1,2/. Rwiws of ffissbauer Spectroscopy ui th high pmssum bad on Brid~n cells

were uri tt.en hy sewral authors during tk

swcnties by Uilliiwson f7/, who emphasized

On tk practical side, the use of Brid~n

‘Ml Kbar mximw pressure W

sirties Z3,4,5, E#, ad, at tk cd of tk

the mle of high pmre on ismer shifts

cells for I’fisshwer L’feet MS 1iaited tu

buri ng th Iwt 15 wars, comurrently ui th mmrous hiqlt prwsww studies ui th

the llrid~n rolls, a IEW tmhnique ws mold. which rewlutionizmi the field of

static high pressurw, nmely tk dimnd awil CR]] (W). Today tk M has hccae the

most pwrful ultr~-higlrpmssure dtwice, openirg w venues for exciting studies of

cmdens.sl rotter, The first ffisstwer Effect MC studies WR mpnrt:d as early M l%%

by hggins, tfdo, and Ui~u PV using an imn Asorber. Source experiments ni th ‘ ‘b(Fe)

were first reprtd by T~ylor and coworkers in 13W /lEl, 11/. Other tE experiments

ui th 5) FH ( i m metal and FezO, ) to pressures heyw! W Xlws ww conducted by Symu

e~, a] , /1~,’ a~i ~s~I et. a] , Ilv. ~ first llq Sn experimuts in til) metal tiith M

129] in C]mentfl] Iz k) Pasternak e~, ai, , in l%%wre rrported by Chm et. al /14/,

/’!Iti awl ‘~’ EII in ELI netal bq Farrcl I ml Ta~lur /l&, Tiwcr studies prwed that MS

cdl] prd,; ticd]]y hc used ds dn ultrwhigh-pressww dwicr. nut only for ‘7fe ~, but a!sn

for othrr I’F.whdmr i wtupes prwi diny tlw eMperiwlltal cmuli tire-- are propwlq

uplirnized.
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The purpose of this paper is to introduce the MC device technique for

generating high and ultra-high pressure in conduction with the fli5ssbauer Effect. 1t

uill he sbn that by proper modifiution of the existing MS it is possible to

conduct MS with Asorbers with pressures at least to 1 flbar, 0s an exmple for this

application saw reamt results uill be presented /17/ of ‘i9Sn and ‘Z* I tlS in Snlq, a

mt)lewlar crystal shining unusual structural md valeme transformations at elfwated

pressure, and of ‘L1 Eu in Europim A.al W/, Me shall concentrate on the principles

of the M, 9nphasizing: 1- construction of the vey simple dlfied tkrril I-Bassett

cell llW and t~ mre sophisticated Rassett cel 1 /lW, ube pressures to 358 I(bar athl

beyond 1 Hbar are achieved, respectively; 2- in-situ pressure calibration and, 3-—-

particular details such as y-ray colliwtion, sources, Ivjdrostatic pressure media, etc,

For a genera] rwieu of the MC the reader is refemd to the paper of (+. Ja~rmi)

[al ,

2. TMNIOUES

2.1 Principles of Di-nd Atwil Cells

The MC is forwrxi frm three basic parts, raely: 1- a force generating dwim,

Z- diaunl~ a~i Is, and 3- a smple choler made frm a mtAl gasket, Tlw schmatic

dr~ily describing the basic principle @- tk MC is ski in Fig. i, Tk high prcssum

achimvi uith the dimnd awi !s is due to the cxtrmely high strength uf the diamnd

single cr@~ls and the ~lativnly mall size of ttw smp!r, chdw which allms usv uf

relatively SMl I fnrces achiewd nomat Iy hy the use of high strenyth steel scrms.

DimmA amils arc malt: frm high qualit(j, fltwlcss, brilliant cut gm s(oncs,

For most high prmsun! app] ic~tinns dimmls in the rangr nf IAI to 1/3 carat afi: ustx!.

Tb culrt tip is grmnd and pol i~hed to a hex~ decagon surfalw par~l 1!:1 tn thr t~hll’ in

the (l&!) or (l!ti) plane of the di-md (SW Fig.1). The dititer of tfw ~iwil is ill
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the range of 8,5 1.0 m, For pressures exceeding 1 Hbar a bevel of 2- ? is added

to the anvil face, producing a roller awil surface of RB.2 m, Ditmond awils am

-rciallq available either in standard or custmmade configurations ~li,

The gasket and th smple choler are irn~rtint factors in generating high and

hydrostatic pressures with MCs The s.mple chaher is pxwpared by drilling a hole (EI,2—

- 0.3 m in di~ter) at the center of an indentation mde by t% wwils. Tk fiml

thickness of the cmpressed gasket is in the range of 28- 40 pm, The gasket apart f rm

prcwiding containment of the pressure meditm acts as a supporting ring around the

dimnd tip, preventing failure of tlw amils due strsses at the edge of the a~il

faces,

2,2 Pressure Calibration

Due to its transparence to light om is able to use t)w N& flumescewe method

to maswe in situ pressures and pressure distributions, The bo R lines of twhy, RI———

and Rt, are quite intme, fluorescing at 692,7 and 694.2 IN, respectively, They can be

loca]lq excited, for eximple ~ the green or blue lims of an a~on ion laser or hq the

blue liw of a (l-He laser. The wavelength of the R-1 ims irmmse uith pressure,

line~r to at least 3M Khar uith the sinplp relation: P ❑ 27,4(A ukm P is in K)Mr

ad M iu m, The follming relation holds to 1 flbar /22/:

P(tlhar) ~ 3. fW[(AM94.i! + IF 11 (1)

Am M is n~meters. Ruby chi~s in t)w 18 !4! pm size r~ngr are spread helm ad

on top of the smple (I laser microscope sqstm for pres.suw cdl ibration is tlxm ill

l’iy, 2 LW. It is cmpomd of a high qu~lity wtal lurgic~l microscope, a di(;fm)i(

mirror to all Iu t!w blm(grem) light of thr exciting Iasm to he almost NW refl~;twl

into ihe ~ and tfw red fluorescent ruby I iyht to k trdnmitted, a fiber opti[: bundln
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to transmit the I ight into a monochrmator, and a (1. lm resolution momch.rmator, The

laser-ca] ibration systm is a vey important part of the MC high preswe research,

Pressure calibration using sweral ruby chips ailws measumsent of the pressure

distribution at a given setup /lY. One should he are of the differences in pressure

while wmuri t~ the ruby f I uorescence at mm temperature and the Itisshaum spectrm at

im or high tesperatums, In tk case of tk mll used by us a W pressure difference

ws detected Hueen 29 X b Ml K, Tk variation of pressure with temperature is a

characteristic of the particular MC used and should he experiwntally detemined,

2.3 Pressure Mid

To obtain a hjdrustatic Aim for pressures to 159 Kha, a mixture of mthano]

ethanol (4: 1 ) is cxmnonly used ~4/, For higher pressures, condensed gases such as Hz,

Ar or Xe are preferable, They are introduced into the sapjc chaher eitkr by

pressurize ng the gas or imersing the cel 1 into the condensed gas prior to sea! ing the

cell.

In uhat follcm w describe tuo well knwn types of MS modified tn account

for the special requirements of tk ~. In general thy are manufactured fra special

steels achievi rg high degree of strength and hardness after proper heat treatmmt. h

-D non ferrms material WA is a G1-Be al Ioy, uhuse advantage is its nonmwjnetic

proper ty,

2.4 The llodified Merrill hsstitt (MB) Cell

The MI,! ml] is tiw si~plest MC, It is extremely cmpact and ua~ drsigwd hlj

Herri I I and Bassett !OII tk purpose of studqinq x mq diffraction, At its inceptiun i t

MS m,lnt to genur~tt! prrssures up to 158 ith~rs, hwrl i n ~ recent appl imtim of

thiq mll tn ‘~’1 R!; ii!!ti, prmsures to 358 H),v uerc achimed, and it is beliwwi h)

the dUtkPS (:d~dhle Of PN?SSUNX to ~ ~r. ~ dewription Of d ~ cYI ] ShWllw its
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relatiw dimensions is shcun in Fig,3, h pktograph of a Ml cell used by tk authors is

depicted in Fig.4, Such a ml] has ken used for ‘tq Sn j17\, ltql f2Y, and ‘%l Eu i16~

absorption experi~nts ad for “Cat Fe) smme studies II I,GY, For tk absorption

studies, a T~$@W1@ alloy gasket was used. This high-2 mterial mt only saves as a

gasket to contain the mple but nlso as a collimator for t)w 21 - 2R-kU y Pays

~rtai ning to these lsoto~. This ~terial hds exml lent gasketinq properties, i t

eti~des WY w]] armnd the diand and is k]iwed to be the uain factor for

obtainig pressures to 358 Kbar in tk MB cell.

The MB cell is cmposed of the follming parts: 1- & oppsite platens of

hardened dais or alloys. T~ sr- are used to pull the platens togetkr and

prcwide tk fmm for obtaini~ the high pressure, 2- b discs for holding tk amils.

Om of the di..ws can be horizontally mewed for aligning tk arwils, 3- mwi]s and, 4-

gmkets Parallel conditions of tk tm culets are achiwed uith tk three SC=

mrmdl Iy used for gcmrating

with the gasket ~d, @

corners am maintaimd at a]]

+

the high pressure, by obsemi ng tk interfemme pattern

differences in tk weral I thickness insured at tk three

subsequent pressures.

fin important aspect of the H.11ml

fields and very Im tmpatums, he to

.
usi ng nnn-ferrms

ccwducti ng rnagmt

for MS is its adaptab litq to high magnetic

its mall size and tlw possible constmctiun

~teri~ls, it can be easily inserted in a standard large bore super-

2,5 The Basstitt Cell

or attached to a dilution refrigerator /19,11/.

The “kk.ett” rfill uas introdumd lwJ Bassett eta! ‘iV. A mdificd Eassrtt

CCII dtsignvd for ~ is shmn in Fiy.5. 14ith such d cell, om may ra+ch 1 flbar pressurw

using flnt m]ets, and pressurw excmdimg j thr uith bnwlled ullets . h %rsim of

this Uassrtt (;11 si~ilar to ow slum in Fig,5 WM used by !i@mJ et,al.t12~ umi
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recently by Hasu et. a,

2.6 S’~ial Gmsiderat

For absrqt

/iv.

Ons

on mmmments one sluuld cm.sider tk pmblm of ahsorher saple

sizes. This is m unique cam Are the ahsorbm di~ter is corrsiderahly wailer than

that of t)w same! A t~ic.al absorber dimmsion is ~ di~ter (7xltl+ cd ) and M

~ thickness Bue to its ~11 neight, loading at absorbers dom uder a ●icroscope

with special tools. All mrcial swumes have am.as far la.qer tkn tk Asorbers It

is desi~able ti reduce sm.me di~t.m and at tk s tim to iwrease its specific

activity. For iusbmz in the case of ’291 16ssbatrer Effect , a ~ial MglTeO’ source

*S made in d fom of 3-u dimter ~1 let W. thmmwer successful experiments wv

conducted uith -rrlal 5-wCi CaSnOl ad 160-d.i *$ ’NJ sm.mes, It is arth

mentioning that with such large ratio of smmdahsorkr radii, tk a.bsmher mterial

close to tlw gtdet periphery is umstly shadd. Bough ulculations Sk that the

effective Asorher diid,w is W of the actual one. This reduction of absorber

diacter ks a psitive aspect in the sense that tk material close to tk gasket

(wkre tlw pressure in.lmogemjty i~ the Iarqest) is not effectivdy scanmd, Tlus, tk

Asorption s#ra ~hasize t)me parts of samp!es uith the least pressurw i nbcqem-

ity,

One hportant considmation pertaining to tk ffisshmer Effect is the awil

thickness. fin iwrage thicbss for a pair of H.Xi-carat aruils is 4.5 m, Tk

clmtronic absorption of 1$1 Eu, ‘13Sn, or 1291 y-rays is mmrul B.S@ ukmas for ‘7Fe

is 8.93! TluIs, fur ~~pe W experi~nt~ mc slmld consider usi~ =aller arwils,

around B.lfl urat ~h, ~iallq cut to iw.rease tk table size ●nd decrease its

thickness .Yli.
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As an cx~ple of MC applications for t6s-sbauer Effect studies ue present me

recant results of high pressure ~ of ‘l’Sn /171, ltl Eu Ilti, and 1~’1 j, # , Tkse

studies wre perfcmd in the tiperatww rarge of 4 - MB K aid with pressmes up to

365 lbar using the mdified krrill-ks.ett cell as described in 2,4, tkawwents ~re

mrulncted in a bath-cryostat using lie or H2 exchange gas a~i ~ith a source vibrated in

a vertical de. A l-m thick ltal(T1 ) cmnter MM used For wst cases.

kkskuer spectra of Eu uta] at M # with vmyi~ pressure is sbn in Fig.6,

The smme used was a 4W di~ter MAt--Ai &Fj at 44 K, Typical ac.cmulatim time Ior

spdra was 24 - 4S h. A saple W- ps thick MS placed in a ~~ dimder hole

drilled in a Ta,#lt ~asket. liquid argon MS wed as the hytm.static pressure dim.

k can be seen, despite the lwlatively lcu count rate (5 - 211 tis), spectra of

twfficient quality amld be ammlated in tk time period. Similar conclusions can he

derived for the case of ll*Sn. In Fig,7 tljpical spectra of ‘l$Sn in a Snlq absorkr at

vari MIS pressure and at 7B N am depicted. l%a~nts -m dom tii!h a 6.6u9 m-z,

ahs.orber thickness, enrickd uith 111 Sn, placed in a 27’O-p-di~ter Xl-pa-high cavity,

A 25 w Pd filer MS used, Tk scwce us a ~rcial 5-uCi CaSnOl, Time pcricds for

ml Iecting each spectrm were 12 - 24 ,knws with a characteristic count rate of CA CIS,

ffissbauer spectra uith ‘2s1 require more stringent precautions as ampared uith

tk Ill d Sn expmimmts. The 1‘s~e smrce decays primari Iy &j high energy beta deuy

tiws pmtucilg intense ad emgetic ikstra.hlung radiation, that is easi Iy

trami tted through the ml 1 and tk gasket, Furthermore, the 27. B-keU ffi~buer 1i m

is kmily “cunttmii~ted” uith the K-.< ray 01’ Te. kth these rents contribute

i~nsely to tk Aackgnnind. A I’&l 1“Te106 sawe MS used i n the fom of d 3-m

di-ter, 9.5-u thick pellet irradiated in a high flux rwactor for three WA period

and then anmdled. 11 tqpicdl spectrm llllt at 278 Kbar and 4 K is sbn in Fig, B, Tlw

absorber thickm-s was D M m-’, l~ded into a 2MIIU di~ter )mIe. thm tu ttw

cmplex f~tmes of tlw quadmpo]e split qcrtmm, 2-3 Aa\m wme ~uired to accmll~te

sufficient cants to disenta~ie th? smcral sites and hyperfim Cunstdnts b a
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substantial dqme of confidence, Spectra rwmded with a Sil” lq absorber at 41 with

inmasing (up arm) and decreasing (dmn arrm) p .re=mres are sham in Fig.9.

4, COtCLUSION

So far w have presented MC high pressure IIS for several isotopes, wely:

‘7 Fe, *lt Sn, ‘2’1, and 1$1 Eu, For other tlS isoto~ one should mnsider:

1- The use of “point” sources with high specific activity

2- Problem related to the particular y-ray energy transition

Tlw f I A pmhlm is straightfo~rd, The probl m of y-ray energy concerns both I w and

high energies. In the case of Iaremrgy y-ray, the linit is the diimmd thickness. ftt

tk -nt, for ahscrption experiments 14.4 keU secm to be the lc m 1init, wen Hi th

roller (e, g, thinner) diimntls L?7\. For isotopesuith $ ~ 3S IwU external

col 1imators are needed unless “point” sources with diaeters less then ~308 w are

wailable, The follwing isotopes have nany of the right properties for MC studies:

67zn, 155~, 161 Dy, 170Yb, ‘931r, ‘g’%, and ‘3711p4

The appl ic~tion of tliisshauer Spectrosco~j to vey high pressures, using DNA

has been estdliskd, Undoubtedly, raodifitition of existing M& and dmeiopment of nm

coc@@s specifically addressing HS will continue, Consequently, ue may expect a

rwival of high pressure MS studies extending to the vey high, megabar rqion The

need for these studies is clear. The ffisskuer Effect is an unique “microscopic probe”

operating on the atmic~lecui a~scale, with mny special features for measuring

properties of condensed matter at verq high pressures! In particular ue erwisaqe a

strong dmand for this technique in geophysical] and geochmical studies. It is WI ]

knwn tlwt iron is a prevai I ing elment ad a dcminant part of most cmpounds foming

tk earth awl its interior where pressures in the Hbar region are prevalent.
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Furtherwre, ue may expect an increasing nwher of IIS studies in Aerials that undergo

phase transitions at WY high pressures, supplmmting x-ray diffraction and optictil

data,

This wrk MM funded in parts by the IJ.S. Departmmt of Energy, Office of Basic Emrgy

Sciences, Division of’ Ilaterial Sciences md by tlw U, S.-Israel Binational Science

Fcmndat ion ~ider (hant Mo, 86-843241,
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/W vwiati~l~ of the Wk stwn in Fig, 2 are used at many high pressurti

laboratories (see P.11. Bell and H*K. Mao in ~ie ltiititim d UmAmgtom Yw

M 74(1975)399). Tk version shwn is being used at Tel Aviv hi~mity,

/24/ G,J,S, Piemarini, S. Block, ad J,S, Barnett, J. Appl, Phys,
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k. sect. ~(1%1’f)lsz.

K?7~ Special 0.8’3 - 6.18 carat ami 1s for ‘7Fe MS, with increased table size and a

total thickness of the aiwil pair of 2,4 m, are wrrent!q producd by hot, P. O. EIOX

392%, Tel tiiv 61392, Israel,

Figure Captions,

Fig.1 The basic opposed diand anvil configuration used for DMs to pressures of (1

Hbar, For pressures exceedinq 1 hr an additional bwelli~ is required (see text).

hbg chips are Spredd at the sap] e tip and bdtm for pressure measuments,

Fig,2 Sclwmtic of a laser-microscope, 1) f) MT Ol~pus microscope, (2) Illuminator,

(3) x - y stage, [4) MC, (5) hn extra longworking-length 2JN objective, (6)

Illuminator, {7) (I 29 - Ml W variable ptwer argomion laser, (8) Laser pmm

controller, (9) II dichruic mirror passive to red and reflecting for the blue (green)

light. (19) Fi]ters, O Combination of filters ml the blue or green options of the

dichroic filter (9) ailms the use of the blue+qreen, blue or green modes of the Iimer,

(it) kular, (12) I’iber optic bundle with a circular cross section at the rnicroscopc
●

exit and a ru:tmgular section mtchinq the entry s] it of the mnochrmator, (13) tlono

Armator (1), 1 m resolution) with a (.xmputer control led step-dor. (14) ti-dimetcr

“photaultipier, (15) PC for controlling the momdrmdtor and collecting and amlyzing

data frm the photcmultiplier, (16) Gmera.

Fiq,3 h cmss-wction of tk modified Mf-MC, 1 Platens with three steel SCIWS, i!

Supporting disks, 3 Tat#l, gAet/col I imator, 4 Dimnd arwi 1s, $Uibmtinq cmrcc,

6- Cmpressd gasket ~i th tk absorber cbbcr, 7 hhj chips, B Absorber,

Fig.4 h photograph of copper beyl li~ tkrrili Bassett Mt. Tb upper part shins the
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assmbled cell. On tk Jeft of the IMP part

pins), and the indented part where the absorber

glued to the disk is Awn at the right part.

Fig,S h sketch of a modified Bassett cell wed

one notices the gasket (held by ‘w

chider is drilled. The dimond anvil

for tIS. The awi 1s are placed betueen

the upper (1) and Imer (2) tungsten carbide rockers. While adjusting the arwils, the

rockers can be freely rotated (xr and ljr)j uhere.as the translational aligments (xt and

M) are achieved using eflernal fim screws, 3- Cglinder, 4- Piston. 5- Thmst ring. 6-

Six screws. 7- Uihrating source.

Fig,6 ffksbauer spectra of Eu Aal at 44 K ad 8, 62, md 98 Kbar. The source used

MS l~lb~g at 44 K,

Fig, 7 fborpt i on spectra of **’Snlq at 14(.I K and various increasing pressures. ‘fhe

configuratioml phase transition of the Sn(lU) ccntra! ion ~ith IS R 3.8 m see”’ ,

taking place with increasing pressure is clearly obsewd,

Fig, $1 )fk&uer spmtrtm of 1*$11 at P ~ Z7t! Kbar and T c 4 H and uith II llglTe06

source at 4 N. The solid Iim is a least-squares fit to tk experimental points

dssming three quddrupo]e split caponcnts (dashed and dotted lines),

Fig. 9 ffissbduer sptxtrd of S* Z91, fur i ncrmsi ng (up arm) and decreasi irg (dw

mm) pressures at 4 H, Spertra abmr %) #bar ucre fitted with k quddrupo!e sp] it

cmponents, Th: uccurencc of a prrssurc hysteresis i c c1early obwnved.
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