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Neutrondiffraction measurementson HoSbandDySb showan anomalously
largeintensityfrom magneticcritical scatteringabovea well-definedNéel
point TN. The origin of this unusualcritical behavioraboveTN is not
understoodat present,althoughit appearsrelatedto strongmagnetoelastic
couplingwhich for bothsystemsresultsin a cubic-to-tetragonallattice
distortionat TN.

THE RAREEARTH pnictidesare aninterestingclass It hasbeensuggested”3that theanomalous
of metallicmagnetssincemostof the compounds critical behaviordisplayedby theserare earthpnictides
exhibita structuraltransformationat low temperatures isassociatedwith strongmagnetoelasticcouplingwhich
in additionto magneticordering.Recentmeasurements resultsin a cubic-to-tetragonallatticedistortionat
on HoSband DySb haveshownevidenceof anomalous TN.“~ Alternatively,it is conceivablethatsuch
critical behaviornearthe antiferromägneticordering anomalousresultsare not critical phenomenaat all,
temperatureTN. Specificheatmeasurementson HoSb’ and thelargeexponentsare actuallyeffectiveexponents
give unusuallylargevaluesof the critical exponents obtainedby forcinga powerlaw divergenceto a first
aand a’ suggestiveof tricritical behavior.2Moreover, order transitionwhich hasbeenbroadenedby chemical
thetemperaturederivativeof the electricalresistance andstructuralinhomogeneities.In this note,we
R obeysthe samepowerlaw divergenceaboveTN as establishby neutrondiffraction measurementson
thespecificheatC,,, ~ In DySb,specificheatand HoSbandDySb theexistenceof an anomalouslylarge
neutronscatteringmeasurements4haveshowna first intensityfrom magneticcritical scatteringabovea
ordertransitionwith themagneticandstructural well.deflnedTN.We will show that in severalrespects
phasetransitionsoccurringat the sametemperature. our resultsfor HoSbareinconsistentwith the
Theseexperimentswere supportedby resistivity explanationof a first ordertransitionwhich hasbeen
measurementsshowinga step-discontinuitywith broadenedby sampleinhomogeneities.
hysteresisat TN ~5.6However,despitethe first order
natureof the transition,theresistancealsoshowed HoSbandDySb aresemimetalsof the cubicrock.
downwardcurvatureaboveTN characteristicof critical saltstructureaboveTN. Below TN they are type 2
scatteringof electronsasobservedin GdSbandHoSb.3 antiferromagnets8’9withmomentsnearlyparallelto

a [I0OJ directionandwith ferromagneticsheets

* perpendicularto a [1111 direction.The samplesusedWork performedundertheauspicesof the U.S. in the presentinvestigationweresingle crystals
Atomic EnergyCommission. . -

~3 xix! mm(mosaicspread~O.5inthecubic

t Guestscientistsupportedby a Fellowshipof the phase)cut from thesameingotsasthe resistivity and
IAEA. Permanentaddress:Instituto de Energia specificheatsamples.”3Measurementswereper-
Atômica,SãoPaulo,Brasil. formedon bothdoubleand triple axisspectrometers
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FIG. 1. Intensityof~(1ll)magneticpeakvs tempera- be attributedto a failure of attainingthe full Ho3~
turefor HoSb.Arrow indicatesTN asdeterminedby momentat low temperatures.Despitethis large
theabruptonsetof thestructuraltransformation scattering,the intensityof themagnetic1/2 (111)
(Fig. 2). peakreproducedwell andshowedno hysteresisin

slowtemperaturesweepsinoppositedirections.
at theBrookhavenHigh Flux BeamReactorwith a
filtered incidentneutronbeamof energy 13.5 meV. We alsomonitoredthestructuraltransformation
In theexperimentsthe horizontalcollimation was in HoSbby measuringtheintensityof the nuclear
20 mm throughoutand theverticalcollimationwas (111) reflectionnearTN on the3-axisspectrometer
determinedby the samplesizeandthe 2 in. vertical asshown in Fig. 2. Thereis a sudden,though
dimensionof theslit system.Themonochromator continuous,changein intensityat T = 5.39±0.01 K
andanalyzerwerebentand flat pyrolytic graphite, which agreeswith the inflection point in themagnetic
respectively,havinga mosaicspreadof 0.4°full width intensity(Fig. 1) andalso TN asdeterminedfrom the
at halfmaximum. peakin C,, and themaximumin dR/dT.1’3The

integratedintensityof the(111) nuclearreflection
In Fig. I we haveplottedthescatteredintensity remainedconstantin the 2-axisscansin this tempera-

at the 1/2(111) magneticsuperlatticepointvs tempera- ture rangeandwe concludethat the abruptchangein
turefor HoSbasmeasuredon the2-axisspectrometer. peakintensity is due to structuraldomainsand
A similar curvewas obtainedfrom anE = 0, q-scan twinningof the crystalat theonsetof thetetragonal
on the3-axisspectrometer.Unlike a typical magnet- distortion.Thusthe structuraltransitiontemperature
ization curve,thereisa very largetail to the intensity 7’~is determinedquitewell andis equalto TN as
which is observedup to 5 K aboveTN. An inflection determinedfrom themacroscopicmeasurements.In
pointoccursnear TN 5.4K wheretheintensityis addition,thesharpnessof the structuraltransition

25 per centof theextrapolatedT = 0 value.For suggeststhatchemicalandstraininhomogeneitiesdo
comparison,in RbMnF

3,which is regardedasanideal notsmearthe transition.If the largemagneticintensity
Heisenbergantiferromagnet,the intensityat the aboveTN = Ts weredueto transformedregionsof
1/2 (111)magneticsuperlatticepointat TN is only a thesample,we would expectthe structuraltransition
few percent of the T= 0 value.

10Fromthe ratio of to besimilarly broadened.
thenuclear(200)andmagnetic1/2 (111) peaksof
HoSbat 4.2K, weestimatea saturationmomentof Toestablishthat the anomalouslylargemagnetic
aboutlO~.t~perHo~ion in reasonableagreement intensityobservedaboveTN is critical scattering,we
with thevalue of 9.31.LB reportedearlier.8Therefore, measuredthetemperaturedependenceof theq-width
therelativelylargemagneticintensityat TN cannot of the 1/2(111)peakin 2-axisand3-axisE = 0 scans.
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I I I I I I I ~ 2 x iO~A’ .‘~Thecorrespondinglowerbound

on the correlationlength~ is ~= 21r/K ~ 6000A or
is about 1000latticespacings.Thisvalueof ~ is about

Dy Sb a factorof 100 greaterthanthatobtainedfor RbMnF3
r iii at thesame~ We emphasizethatwehaveonlymade

anorder of magnitudeestimateof ~cforHoSbbut
that this is sufficientto demonstratethe dramatically

~ io narrowerq-width of the critical scatteringascompared
1111 with RbMnF3.

S I

As a final checkthat the largemagneticintensity

~ o above5.4 K resultsfrom magneticcritical scattering,
s we measuredtheneutronintensityasa function of

temperatureat the reciprocallatticepoint 1/2(0.94,
0.94, 1).This point issufficiently far from the

T superlatticereflection1/2(111)to avoiddetecting
I Braggscatteringbelow TN,but isis closeenoughto

0 I I I I ~ 1/2(111)to detectcritical scatteringof small
5 6 7 8 9 10 momentumtransfer.As thetemperaturewasvaried

T (K) throughTN we observeda sharppeakin intensity

FIG. 3. intensityof ~(111)magneticreflection of which is characteristicof critical scatteringin magnetic
DySb vsT. InsertshowshysteresisnearTN: (A) systems.
cooling;(a.)heating.

DySb,in contrastto HoSb,hasa stepdiscontinuity
In bothcases,we found that the full q-width at half with hysteresisin the intensityof the 1/2(111)
maximum(FWHM) is determinedby thespectrometer magneticreflectionat TN ~ 936K asshown in Fig. 314
resolutionat T= 5.4K, but it increasesby 25 per Nevertheless,just asin HoSbthereis a relativelylarge
centat 7.0K. This is consistentwith a correlation magneticintensityaboveTN which canbe observed
lengthfor magneticcritical fluctuationswhich increases for (T—TN) � 4 K. Wehavealsoverified in DySb
as TN is approachedfrom above.If a broadenedfirst that theq-width of the 1/2(111)peakincreasesupon
ordertransitionwereoccurring,themagneticintensity heatingaboveTN.In 3-axisscansalongthe [110]
at hightemperatureswouldbe due to a Braggpeak directiontheFWHM is determinedby the spectrometer
from the transformedregionof the sampleandthe resolutionat 9.5K andincreasesby 25 per cent
line width would betemperatureindependent.For at 10K.
(T—TN)~ 3 K, the energywidth of the 1/2(111)
peakwasaccountedforby the 0.08meV resolution Theneutronscatteringexperimentsreportedhere
of the 3-axisspectrometer. haveprovidedadditionalevidenceof anomalous

critical behaviornearthemagnetic-structuralphase
Althoughtheq-width of the 1/2(111)peak transitionin HoSb andDySb. In the caseof HoSbthe

increasesuponheatingaboveTN,the peakremains possibility of abroadenedfirst ordertransitionin the
strikingly narrow evenat T= 7.0K [e = (7’— TN)/ absenceof critical effectshasbeenruledout.Since
TN = 0.31.It is of interestto comparetheintrinsic we nowhaveavailablethe resultsof neutron,
q-width of the critical scatteringat� = 0.3with that ultrazonic,’

5~’6specificheatL4andresistivity3~
of the classicalantiferromagnetRbMnF

3 - In order to measurements,it seemsusefulto concludeby
obtain theintrinsicq-width,we havefitted the line emphasizingthebasicfeaturesof thephasetransition
shapeobservedin a 3-axisscanthrough 1/2(111) in HoSbandDySb. Theunusualmagneticcritical
(~II [1101 to a Lorentzianfolded with the instrumental behaviorappearsto beassociatedwith thesimultaneous
resolutionfunction calculatedby CooperandNathans.’~ structuraltransformationof thesolid.In the related
At e = 0.3 weestimatethewidth of the Lorentzian compoundGdSbwhich hasno observabletetragonal
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distortion,8the specificheatandresistivityexhibit thedynamicalaspectsof this phasetransition.Finally,
critical behaviortypical of metallicmagnets.”3In wenotethatwhile our measurementshavebeen
additionto themagneticcritical effectsaboveTN confinedto HoSbandDySb,it is likely that the an
whichwe havediscussedhere,thereis a pronounced anomalouscritical behaviorwould be commonto
softeningof theelasticconstant1/2(cii — c

12) otherrareearthpnictideswhich havesimultaneous
precedingthe tetragonaldistortionin DySb’

5 and structuralandmagneticordering.
HoSb.’6 Thustheremay be local fluctuationsin the
interatomicdistanceaswell asthemagnetizationabove
TN. The fact that themagneticandstructuraltransitions
occurtogethersuggeststhepresenceof a strong
magnetoelasticinteractioncouplingmagneticand Acknowled~inents— We aregreatly indebtedto R.J.

Gambinofor providingthesamplesusedin this
displacivefluctuationsof the ions. It would bedesirable investigation.Also we thank G. Shirane,S.M.Shapiro,
to perform inelasticneutronexperimentsonlarger J.D.Axe, J.K. Kjems,S.J.Williamson, P.M. Levy, and
samplesthanpresentlyavailablein orderto elucidate P. Bak for helpful discussions.
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