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A newultra-highpressurephasein samarium
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Structuralchangesin samariumunderpressurewerestudiedin adiamond-anvilcell (DAC) to 189 GPa.A numberof phase
transformationswereobservedbetweenroompressureand7SGPa.At about91 GPa samariumtransformsto abody-centered
tetragonalstructure,andtheunit cellparametersat 189GPaarea= 2.402(4)A andc= 4.231(17)A, V= 24.40(12)A3andZ—~2.
Identificationof abody-centeredtetragonalphasein Sm at about90GPa,which is similar to that reportedin Ce, suggeststhat
thisphasecouldappearin otherrare-earthelementstoo.

Jayaramanand Sherwood[1] reporteda system- ent in the sample are Ca 10 ppm, Cu 5 ppm,
atic behavior in the phasetransformationsof lan- Mg 10 ppmand Mn—j 10 ppmby weight. Weused
thanidesas a function of pressureand their sug- a diamond-anvilcell (DAC) apparatusfor ourstud-
gestedstructuralsequencewith increasingpressure ies. Type 1 A diamondswerepreselectedfor low in-
is hcp—Sm-type-.dhcp—fcc.Beyondthe face-centered ternalstrain andthe anvilshavea central flat of 50
cubic (fcc) phasea six-layeredstructurewasdis- j.tm toa culetsizeof 300 ~imwith 70 bevelangle.The
covered [2,3] andat still higher pressureandor- Smsample,with Pt powderasa pressuremarker,was
thorhombic (a-U type) phasewasreportedfor Pr loadedintothe 50 ~.tmsampleholeofa pre-indented
[4,2]. spring steelgasket.Thesampleplus platinumpow-

Studieson Ce haveindicatedthatat about12 GPa deractedas the pressuremedium.Underthe con-
pressure,cerium, with an a” body-centeredmono- ditions of this study, the final samplesizeat high
clinic structure,transformsto a body-centeredte- pressurewasapproximately80 tim in diameter.
tragonalphase[5,6]. So far no systematicsearchwas Diffractiondatawereobtainedat theCornellHigh
madefor the appearanceof this phasein otherrare- EnergySynchrotonSource(CHESS)X-ray facility.
earthelements,andthe pressureat which it maybe TheX-ray spot from thesynchrotonsourcewas cot-
stablecould be very high. Recently, Sm was inves- limatedto —25 tim diametersothata small areaof
tigatedat roomtemperatureto 190 GPaandthedata the samplecouldbe X-rayedto avoidthelargepres-
between90 and190GPaarepresentedin thisLetter. sure gradientthat existsacrossthe sample [7]. We
A detailedpapercoveringthe whole pressurerange estimatethepressuregradientacross25 tim to be 1—
from 1 atm to 190 GPawill be publishedat a later 2 GPa.A solid-stateintrinsic germaniumdetector
date. was used to collect energy-dispersivediffraction

TheSm sampleswerepreparedfrom a thin foil by (EDD) spectra.The diffraction angleswere cali-
a sublimation processandwere 99.99%pure. The bratedby usingagold standardandatotalof eleven
samplewasanalyzedby optical emissionspectros- spectrawerecollectedfor the study.A detailedde-
copytechnique,andnot otherrare-earthimpurities scriptionoftheexperimentalprocedurewasgivenby
could be detected.Commonmetal impuritiespres- Ruoff [8].

0375-9601/91/S03.50© 1991 ElsevierSciencePublishersB.V. All rights reserved. 89



Volume 158, number1,2 PHYSICSLETTERSA 19 August 1991

Ed=35~724±O~OO78keVA Table 1
1 200 —~ Calculatedandobservedd valuesfor thebody-centeredtetrago-

nal phaseofSmat 189 GPA.
Sm + Ft —— 189 GPa

I d (observed) d (calculated) h k I

eon 2.116 2.116 002
I 2.096 101

— 1.706 1.706 110
8 1 ~ 1201 1.218 103

0 . the sample,while the rest were from the pressure
15 20 ENERGY (key) 30 35 standard,the fluorescentpeaksand at times from

gasketmaterial.Thesereflectionscould be fitted to
Fig. I. Energy dispersivespectrumfrom the run at 189 GPa. a body-centeredtetragonalstructure,fig. 1. A corn-

— . . . parisonwasmadebetweenthe observedandcalcu-

latedd valuesfora body-centeredtetragonalcell and

A numberof phasetransformationswereobserved the agreementis reasonable(table 1). However,it
betweenroompressureand75.0 GPaandthesewill is evidentfrom table 1 thatone reflectionat 1.099
bediscussedin detail in anotherpaper.At about91.0 A couldnotbe fittedto thisstructure.This isaweak
GPapressure,new reflectionsappearedin the spec- reflection, but could not be ignoredbecauseof its
trum suggestinganotherphasechange,andthe re- presencein all the runsat andabove91.0 GPapres-
flections (from the sample)in the 123 GPaexper- sure. At presentwe do not know the sourcefor this
iment were all from the high pressurephase.These reflection.
reflectionspersistedto the highestpressureof this Volume compressiondatafor Sm between123.0
study(190GPa).Therewerefive reflectionsin the and 189.0GPawerecalculatedon thebasisof abody-
higher-pressurespectrathat could be attributed to centeredtetragonalstructureandplottedin fig. 2,

a14 ‘ Sm
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0)

Fig.2. Volumecompressiondata V/ V0for samariumbetween120.0 and 190.0GPapressure.
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and the unit cell parametersat 189.0 GPa are High pressurestudieson Ce [5,6] haveshownthat
a=2.402(4)A andc=4.23l(l7) A, V=24.40(12) it goesthroughan isostructuralface-centeredcubic
A3 andZ= 2. The c/a ratio for Sm is 1.76 which to anotherface-centeredcubictransformationat 0.8
compareswell with thec/a ratioof 1.69for Ce given GPa,at about 5 GPa it transformsfrom face-cen-
by Olsenet al. [6]. At thehighestpressuresamarium teredcubic to ana” body-centeredmonoclinic and
is 63%compressible,V/V

0= 0,37, andthiscompres- at about 12 GPa cerium further transformsfrom
sionvalueiswithin therangepreviouslyreportedfor body-centeredmonoclinicto a body-centeredtetrag-
otherrare-earthelements(e.g.Gd at 106 GPahas onalphase.Thishigh pressurephaseis stableto46.0
V/V0=O.460 [9]). Olsenet al. [10] havealso re- GPa [6].
ported similar compressionvalues from their Sm Systematicsin the structuralsequenceof therare-
equation-of-statecalculations.From fig. 3 it is also earthmetalssuggestthat similar structuresin these
evidentthatsamariumis more compressiblein the would appearat progressivelyhigherpressureasthe
c directionrelativeto the a direction. Z valueincreases(Ce—’Lu). So far, the body-cen-

teredtetragonalphasewasnotencounteredin other
rare-earthelements,perhapsbecauseto date the

I I highestpressureto which a rareearthelementwas
subjectedto was 106.0GPa (e.g.Gd [9]). Identi-
ficationof thebody-centeredtetragonalphasein Sm
at about90.0 GPa,which is similarto that reported

in Ce, suggeststhat this phasecouldappearin Gd at

4.0 — — pressuresin excessof 106 GPaandin PrandNd be-
low 90 GPa pressure.It would be worthwhile to
studythetowerZ rareearths(Ce,Pr,Nd) in order
to ascertain(a) whetherthe body-centeredtetrag-
onal phaseis presentin otherrareearthsand (b)
whetherit is ultimatehigh pressurephaseof these

3.5 — — rare-earthmetals.
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