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SOFT X-RAY EMISSION SPECTRA OF Zr IN Zr—H ALLOYS
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Zr—L3 emissionbandsof ZrH~alioys(x= 0,0.54,0.95and1.90)have
beenmeasured.With increasingx, alow-energysubbandemergesand
developsat7eVbelowthe Fermi level atthe expenseof the intensityof
the main bandjustbelowtheFermiedge.Thesechangesin intensity
cancelwith eachother,suggestingstronglythata remarkableredistribution
of energyof 4d electronsatZr sitestakesplaceby the influenceof
protonsoninterstitialsites.

THE USEFULNESSof softX-ray spectroscopy(SXS) (f.c.t.) for 1.66~ x ~ 2.0;6-hydride(f.c.c.) for
for studyingthe electronicstructureof metal—hydrogen 1.59 ~ x < 1.66;anda-phase(h.c.p.Zr) + & hydride
alloyshasbeenrecentlydemonstratedin VH (D)~[1] for lowerx, at room temperature.Thepresenceof ~
andNbHX [2]. Themeasurementof V—L3 emission hydride(ZrH)hasalsobeensuggestedasametastable
spectraof WI (D)~hasgivenevidenceof agradual productin thea+ 6 region.Theehydride is considered
changeof hostd-bandwith theadditionof H (D) anda to haveafluorite structurewith onecubeaxiscon-
formationof H(D).inducedstatesat thebottomof the tractedto adegreewhichdependsonx. Basedon this
d..band,in generalagreementwith resultsof theoretical diagram,our samplesareexpectedto becomposedof
energy-bandcalculationsby Switendick[3]. Similar following phases:ZrH1.~(e);ZrH0.~(a+ 6);
resultshavealsobeenobtainedin Nb—L3 emissionsof ZrHO.M(a + 6); andZr(a).By X-ray diffraction
NbH~.In contrastto theseVa elements,wherethe analysisthesephaseswereclearlyidentified in the
hydrogencontentis limited tox lessthan0.8 under1 samples,exceptfor ZrH0~~andZrH0,~wheredif-
atmof H2 atroom temperature,IVa elements(Ti, Zr fraction linesof only 6-phasewere able to bedetected.
andHf) are knownto accommodatehydrogenup to Sincethemeasurementhasbeencarriedout not on
x — 2.0,andconstituteanothermetallicgroupsuitable powderedsamplesbut on bulk crystalsusedfor theSXS
for investigatingthe electronicstructureof metal— measurements,the diffractionlinesof coexistinga-phase
hydrogensystemsin awider rangeof the hydrogen mighthaveunexpectedlybeenmissedin the latter
concentration.Thepresentpaperreportsonmeasure- samples.
mentsof Zr—L3 emissions(5s4d-band-~ 2p312level The SXSmeasurementshavebeencarriedoutin the
transition)in Zr—H alloys, samewayasdescribedin ourpreviousreport[1]. A

A reactor.gradeZr sponge(0.080wt.%0 and curvedADP(110) crystal (2d = 1.064nm;R = 200mm)
0.078wt.%Fe;purity >99.8wt.%) was loadedwith wasusedas ananalyzer.The instrumentalresolutionat
hydrogenby holdingat 600°Cfor 6 hr underpurified theZr—L3 band(X = 0.559nm) is ratherpoor andis
H2-gasflow, andslowly cooled.Next,thesamplewas estimatedat 1.0eV from a measuredP—Ka1 (X =

successivelydehydrogenatedby annealingat 340—~ 0.616nm) line width. Thetotal resolutionincluding
600°Cfor severalminutesin vacuum,followed by slow thenaturalwidth of the Zr 2p3/2 level (-~1.5eV) [5] is
coolingwith valvesof the vacuumfurnaceshutdown, estimatedto beno lessthan2.5eV.
It wasfinally completelyoutgassedat 800°Cin vacuum Figure 1 representsL~215(L3 band)andL~3
of 1 x iO~Pa.This procedureenabledusto prepare (3p3/2-+ 2s) spectrain pureZr beforehydrogencharging
threeZrH~alloyswithx = 1.90±0.10,0.95±0.12and asa functionof the photonenergy.TheL3 bandis
0.54±0.10,in additionto a pureZr sample.The con- locatedon thehigh.energytail (dashedcurve)of the
centrationwasdeterminedby gas-extractionanalysis. 1433 characteristicline, which is utilized as a standardof
Theequilibriumphasediagramof the Zr—H system both energyandintensityof theL3 band.The FWHM
givenby Beck [4] indicatesthepresenceof c-hydride valueof this band(4.4±0.1eV) is about I eV larger
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Fig. 2. Zr—L
3 bandspectrain pure Zr andZrH~.The intensityof eachspectrumisnormalizedto itsLj33 peakheight.
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Table1. Incrementsin areaofemissionbandsof

E ZrH~correspondingto A, B andCshownin Fig.Zr- L band Zrtssetto100

Samples A B C Total

4. Thewholeareaoftheemissionbandofiure~— ZrH1,~ ZrH1,~ 9.8 — 10.0 5.0 4.8ZrH0~95 6.4 — 6.4 1.8 1.8ZrHo.~ 4.1 — 4.8 1.0 0.3in Fig. 3 after thebackgroundcontributionshavebeen
______ _____ subtracted.The intensityof eachspectrumin Fig. 2 isIncrementsin areaeseapeofhythogenfrom ~ples duringmeasurements

normalizedto itsL~3peakheight.It mustbementioned
herethatagradualalterationof spectralshapesdueto

ZrH0~4
asobservedin NbHX [2] hasneveroccurredin ZrH~,
andtheir SXSspectrahavebeenfoundto be quite
reproducible.We notethe following featuresof theL3
bandof Zr—H alloys.
7eVbelowtheFe~edgeE~(chosenatthehalf-height(1) A low-energysubbandemergesanddevelopsatPure Zr

position)with theadditionof hydrogen.
(2) Themainbandis depressedin height,andthe

2210 22I5 2220 2225 Fermiedgeis shiftedtowardhigherenergyasmuchas
ENERGY (cv) 0.5eVin ZrH1 ~o.It hasbeenconfirmedthatthese

Fig. 3.Zr—L3 emissionbandsaftertheL~components spectralchangesdueto hydrogenationareentirely
havebeensubtracted. restoredwhenthesamplesare completelyoutgassed.

It maybehelpful to makea comparisonof the
thanareportedvalue[5] ,reflectingthe differenceof Zr—L3 bandof ZrH1~~with thatof pureZr, asshown
theinstrumentalresolution.Spectraof theL3 band in Fig. 4. Threefeaturesareevidentlyseenin the figure:
observedinZrH~areshownin Fig. 2 andarereproduced anincrementofthe intensityatthelow-energysubband
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Fig.4. Comparisonof theZr—L3 bandof ZrH1~~with thatof pure Zr.
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(A), adecrementat themain peak(B),andasmall Zr—H alloysare notyetavailable,aroughestimationof
incrementatthehigh.energyedge(C). Settingthe thenumberof additionalelectronsin the 4d-bandmay
wholeareaof the emissionbandof pureZr to 100, bemadefrom ourpresentdata.On the assumptionthat
changesin areacorrespondingto the regionsA, B andC 4 valenceelectronsperZr atomare contributingto the
are tabulatedin Table 1, includingresultson other integratedintensityof theL3 bandof pure Zr, the num-
samples.We find thatin eachalloy A andB cancelwith ber of the extraelectronsin ZrH1~~,given by theareaC
eachotherwithin anexperimentaluncertainty,while C in Fig. ~, isestimatedas4 x 5/100= 0.2.However,this
tendsto increaseslightly with increasinghydrogen would probablybeanunderestimateof its truevalue
content, becauseof anappreciableself-absorptioncorrection

Thelow-energysubbandfoundin ZrH~corresponds yet to be appliedattheemissionedge.To makeamore
evidentlyto thoseobservedin V—L3 andNb—L3 quantitativeanalysisof thespectra,furthercorrections
emissionspectrain WI (D)~[1] andNbHX [2], respec- of the transitionprobability,Augerbroadeningandspec-
tively. In addition,our recentstudyon theTi—L3 band tral resolutionmustbeapplied.Natureofsp bandin
in TiHX [6] showsthatit hasspectralfeatureswhich ZrH~maybeunderstoodby measuringZr—M5
closelyresemblethosefoundin ZrH~.Thesefmdings emissions(5pband-~3d5,2). Themeasurementis now
stronglysuggestthatthesubbandis dueto aformation underway.
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