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We presentheresultsof measurementsf electricalresistvity on hydrogen-dopedr-Co
metallicglassin thevicinity of the superconductingransitiontemperature]c, in thetem-
peratureangel.5K — 4.2 K. Thehydrogendopantiowersthe superconductingransition
temperature At the sametime, the superconductingransitionregion is broadenedand
“steps”appeain theresistanceurve atthetransition.Scanningprotonmicroprobeandp-
p scatteringhave beenusedto determinearealdistributionsof hydrogeranddepthprofiles
in the samplesstudied.Hydrogendepthprofilesat particularpositionshave beendecon-
volutedusingcubicsplines.We discusghe effectsof differenthydrogenernvironmentson
thesuperconductingransitiontemperaturef Zr-Co-H metallicglasses.

1. Introduction

In evaluatingthe effectsof higherorderdiagramsin the perturbatiormodelsdealing
with electronicpropertiesof disorderedsystemssuchas4d-3d metallic glasseswe use
the hydrogendopantas an atomic probeto testthe contribution of variousinteractions
[1]. Sincethesehighly disorderedalloys containatomsof widely differentpropertiespne
may expect considerablevariationsin the chemicalshort-rangeorder, which is in fact
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obsered. Thesesystemamay thus be regardedasheterogeneousn the nanoscalelt is,
therefore,of greatimportanceto be able to characterizéhe samplenanotopologyand
nanomorphologypeforeandafterthedopantis introduced More specifically the question
of homogeneityf thedopantdistributionis of primaryinteresteforefurtherinvestigation
of itsinfluenceonthenanoscaleanbeperformedn aquantitatveway. In orderto address
this questionwe have undertalena studyof samplef Zr-Co metallic glassdopedwith
variousconcentrationsf hydrogenintroducednto the metalmatrix. Herewe discusghe
effectsof differenthydrogenervironmentson the superconductingransitiontemperature
of Zr-Co-H metallicglasses.

2. Experimental

Samplesverepreparedy theusualmethodof meltspinning[2]. Theribbonstypically
30 um thick and 3 mm wide, were cut into strips4 cm long, and were electrolytically
chagedwith hydrogen During hydrogenationtheribbonscurl up becaus¢he gasenters
preferentiallythroughthe surfacewhich hadbeenin contactwith the quenchingwheel.
As the hydrogendiffusesinto the sample,the ribbonsstraightenout and are then used
in the measurementd he structuresof the as-quenchedndhydrogenatedamplesvere
examinedby X-ray diffractionusingCu Ka radiationto verify thatthey wereamorphous.

In our earlierwork, the relationshipbetweerthe volumetricallydeterminechydrogen
concentratiorin the sampleandits resistancéhasbeenfound to be linear for the range
of concentrationaised[3]. Here we apply the samemethodby correlatingthe dopant
concentrationwith thechangen the sampleresistancat 0 °C andit is expressedn those
terms.

A
D1
[SCA |
N\ 7 LSCA;
PIXE e Sum
[ 4 /’// ’
i K = Time Analizer|— 7 Linear Gate
RBS .
S ADC
7 (S
D2 MCA
A

Fig. 1. Schematipresentatiowf theexperimentaketup DetectordD1 andD?2 areusedfor
detectionof elasticallyscatteregbrotons.DetectorsPIXE andRBS areusedfor detection
of X-rays and backscatteregrotons,respectiely. Bipolar pulsesfrom D1 and D2 are
usedin coincidencewhile unipolarpulsesare summedfor the pulse-heigh&analysisin
ADC/MCA.

The resistancavas measuredy low-frequeny (23.2 Hz) four-probe AC-methodin

34 FIZIKA A 6(1997)1,33-40



KOKANOVIC ET AL.: EVALUATION OF EFFECTS OF NANOSCALE ...

the temperatureangel.5K — 4.2 K. The precisionof thesemeasurementextendsto a
few partsin 10°.

The scanningproton microprobeand p-p scatteringwere usedto investigatethe hy-
drogenarealdistributionsanddepthprofilesin the samplesstudied.The hydrogendepth
profilesat particularpositionswere decowolutedusing cubic splines.The layout of the
scanningprotonmicrobeantacility atthe“Rudjer BoSkovi€” Instituteis shovn schemat-
ically in Fig. 1. The experimentaldetailsof this nev methodfor 3D hydrogenprofiling
aswell asthe decowolution techniqueappliedon the experimentalspectrameasuredt
differentsamplepointshave beendescribeclsavhere[4].

3. Resultsanddiscussion

The temperature-dependepéartsof the electricalresistvity of Zrgg7C0p.33Hx metal-
lic glasses(x = 0; 0.01; 0.02; 0.07), in the vicinity of the superconductingransition
temperatur@areshowvn in Fig. 2. As the hydrogerentersinto the Zr-Co matrix, the super
conductingtransitionregion not only broadensbut “steps”appeaisothatthreetransition
temperaturesanbeassociateavith eachsample(seeTablel). Thus,in Zrgg7C0p 33Ho.01,
therearethreestepsat Tc1 = 2.74 K, Tco = 2.68K andTcz = 2.58 K. As the hydrogen
concentratiorrises, the stepsbecomemore pronouncedand shift to lower temperatures

(e.g.,in Zro.67C.33H0.07,
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Fig. 2. Thetemperature-dependeamsistiity relative to its valueat 4.2 K versustemper
aturebelowv 3 K of hydrogen-dopedrq 67Cop 33Hx metallicglassesx =0 (0O), 0.01(0),
0.02(A) and0.07(<).
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TABLE 1. Valuesof the electricalresistiity, p(290K ), andthe superconductingran-
sitiontemperaturesici, Tco andTcs of hydrogen-dopedr g7Cop 33Hx metallicglasses.

x| p(pQcm) | Te(K) | Tea(K) | Tes(K)
0 180 2.74
0.01 182 2.74 2.68 2.58
0.02 184 2.69 2.59 2.50
0.07 192 2.21 2.17 1.98

Te1 = 2.21K, Tez = 2.17 K andTcs = 1.98K). The occurrencef several“steps”associ-
atedwith the onsetof superconductity couldbe dueto the presencef severalsupercon-
ducting“phases”which aredueto differencedn the local ernvironmentof the hydrogen
atomsin the matrix. Of course this phenomenomay (at leastin principle) be dueto the
possibleinhomogeneityin the dopedsampleand/ordifferentglassyphaseslf the steps
were due to inhomogeneitiesthey would have to be very large so asto effectively di-
vide the sampleinto several series-connectesmplessinceinhomogeneitie®n a small
scaleare expectedto insurepercolationto each“phase”,andshouldnot causethe steps.
BesidesJarge inhomogeneitiesvould producevery differentandirregular transitionsin
samplesontainingdifferentconcentratiorof hydrogen.

A B

e B T W - —
M

L ¥

L0 AT

Fig. 3. Areal densitymapof Zry67C0p 33Ho.10 Sample Scansizeis 700um x 100Qum.

Thesamplesverescannedvith 6 MeV protonmicrobeanto determinef thehydrogen
arealdensitieswere uniform (Fig. 3). Sincethe sampleswvere more than 30 pm thick,
the protonsscatterecht 45° in the first few micronscould not emepge throughthe back
of the samplesto give a coincidencein the counters.For deepercollisions, the enegy
lossof the scatteregarticlesdecreasesandat onepoint they begin to give coincidences.
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The closerthe origin of the scatteringgetsto the back surfaceof a given sample,the
greaterthe probability of the particlesto reachthe coincidencecounter and,corversely
thefurtherfrom thebacksurfacethescatteringeventtakesplace thegreatettheprobability
thatmultiple scatteringof the emenging particleswill causecoincidencdossesThesignal
yield thus decreasess we move from the back surface of the sampletoward its front
surfacei.e. toward “shallower” (asviewed from the front surface)collision depths.This
canbe obsened from Fig. 4. A large exponentialdecreasef eventsis obsened aswe
move toward the lower enegiesi.e. toward the front of the target. An assumedonstant
exponentiaffactora wasfitted to the slopeof theenegy spectrunfor thelast10 um of the
samplethickness.Threedepthprofilesat the pointsmarked in Fig. 3, anddecovoluted
with 11 cubicsplines,areshavn in Fig. 5. PointsA) andC) have the samethicknessput
atC), thereis aline-shapedurfacecontaminatior(alsovisible in Fig. 3), probablydueto
tracesof formvar glue.PointsA) andB) have the samehydrogenconcentrationbut at B),
thesamplds thicker andthe coindencdossis higher This causes falsedecreasé areal
concentratioseenn Fig. 3. Insidethesampleall thethreepointshave the samehydrogen
concentration.
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Fig. 4. The6 MeV proton-protorcoincidencespectrunof theZry g7Cop 33Ho.10 Sample.

Thus,only thelast10 ym of the samplecanbereliably analysedandby reversingthe
samplewe have obtainecthe profile datapertainingto thetwo outer10 pm layers.

We thus concludethat, within the limits of this method,the dopantconcentrationn
our samplewasremarkablyuniform, lendingcredenceo the dopingmethodused.There
is still no guarante¢hatthis uniformity extendsto thenanoscale.

Accordingto the structuralanalyse$5,6] of hydrogendopedZr-3d amorphouslloys,
the hydrogenatomstendto occupy preferentiallytetrahedraholessurroundedy four Zr
atoms for smallhydrogenconcentrationwhile tetrahedrakitesdefinedby threeZr atoms
begin to beoccupiedat higherhydrogenconcentrationConsequentlythe electronicstates
aroundZr atoms which contribute mainly to the electronicdensityat the Fermilevel, Ef,
are modified substantially{7]. Thus,a subbandorms at 6.5 eV below the Fermilevel,

FIZIKA A 6(1997)1,33-40 37



KOKANOVIC ET AL.: EVALUATION OF EFFECTS OF NANOSCALE ...

which hasbeenattributedto theformationof Zr-H boundstatesThis resultsin areduction
of the Zr 4d-densityof statesat Er, asobsenedearlier[1,8]. Becausef this preferential
Zr-H bonding,the Co 3d-stateswvould shift towardsthe Er (the effect oppositeto that
obsenedon alloying Co with Zr), leadingto the enhancementf spinfluctuationsin the
dopedsample Thus,botheffectsleadto the suppressionf the superconductingansition
temperaturelc. The effects are similar to thoseobsenred in Zr-Co metallic glasseson
goingfrom Zr-rich to Co-richalloys|[9].
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Fig. 5. Hydrogendepthprofile of Zry g7Cn.33H0.10 S@ampleat tree differentpointsshavn
in Fig. 3. Thethicknessncreasesisonemovesupwards,causinga falsedecreasef areal
density Point C) lies on anintensearealdensityline but the depthprofile shavs thatthis
enhancemeris causedy surfacecontamination.

In the undopedsample,the onsetof superconductity is establishedy percolation
throughthe Zr-rich partof thematrix (Tc = 2.74K). As hydrogerconcentratiofincreases,
thesiteswith lessandlessZr atomsbegin to beoccupied Thus,for x= 0.01,thehydrogen
atomsareprobablytrappedattetrahedraholesdefinedby four Zr atoms(stepat Tc = 2.74
K), or threeZr atomsandoneCo atom(stepat Tc = 2.68K), or two Zr atomsandtwo Co
atoms(stepat Tc = 2.58 K). This is in contrasto the hydrogen-dopedr-Ni amorphous
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alloys wheresitesdefinedby there Zr atomsand one Ni atom begin to be occupiedat
much higher hydrogenconcentration$10]. For the Zr-Cu system,this concentratioris
even higher[1]. This enhancedffinity for hydrogenatomsasone goesfrom Cu to Ni,
andCoandZr canbeattributedto thedifferencen the extensionof d-statesandto aband
structureof the alloy. As hasbeensaidbefore,the densityof statesof Zr-3d amorphous
systemat the Fermilevel is dominatedby the Zr d-statesvhich areonly partly filled and,
thus,canaccommodatthe surplushydrogerelectronamoreeasily In the caseof Cu, the
d-bandis completelyfilled and lies well belon the Fermilevel. This is consistentwith
theresistvity results[1,3] in thevicinity of the superconductingransitiontemperatures,
which shav no evidenceof “steps”in hydrogen-dopedr-Ni andZr-Cu alloys.

We canassumehatintroductionof hydrogentendsto suppresgercolationin the Zr-
rich part of the matrix, and superconductie currentsare also directedthroughthe Co-
richerdomainswherespinfluctuationsareincreasinglyinfluential, owing to a decreasing
coherencéength,&, foundearlier[11] (i.e.,& = 35x 10-1° min theundopedsample and
£ =27x 10719 m for x = 0.12). The existenceof spin fluctuationsin hydrogen- doped
Zr-Co metallic glasseds confirmedin our magneticmeasurementfl 2] which shov an
increaseof the magneticsusceptibilitiesat temperaturebelon 20 K, proportionalto the
hydrogenconcentrationAgain, if we comparethe presentesultswith thosefor Zr-Ni-H
andZr-Cu-H[1,3], we seethatsuperconductity is morerapidly suppresseih theZr-Co-
H dueto enhancedpinfluctuations.

4. Conclusion

Thescanningmicroprobeandp-p scatteringesultsshov a uniform distribution of hy-
drogenatomsin Zr-Co-H metallicglassesAlthoughthereis no guarante¢hatthis unifor-
mity extendsto the nanoscaleye have proposedhattheobsened“steps”in theresistvity
curvesatthesuperconductingransitionarecausedy differenthydrogerervironmentsn
the metallic matrix. The effect of hydrogenon the lowering of the superconductingran-
sition temperaturés throughthe decreasef the Zr 4d-densityof statesat the Fermilevel
andenhancemerndf the spin-fluctuationst Co-richersites.
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UTIJECAINEHOMOGENOSTINA NANOSKALI NA TEMPERATURU
SUPRA/ODLJIVOGPRIJELAZAU Zr-CoMETALNOM STAKLU DOPIRANOM
VODIKOM

Prikazuju se rezultati mjerenjaelektricne otpornostiZr-Co metalnogstakla dopiranog
vodikomu blizini temperatursuprarodljivog prijelaza,T;, u temperaturnonpodriju 1.5
— 4.2 K. Povetanjemkoncentracijevodika smanjujese temperaturasupraodljivog pri-

jelaza. Istovremenose Siri podriEje supraodljivog prijelazai pojavljuju se stepeniceu

krivuljamaotporana prijelazu. Prostornaraspodjelavodika, kako povrSinskatako i du-

binska,odredenge skanirajitom protonslom mikroprobomi p-p raspgenjemDubinska
raspodjelavodika na pojedinim mjestimadekorvoluiranaje pomctu kubne prilagodbe.
Raspralja seutjecajrazlikau raspodjeliatomamatriceu okolini vodikovih atomanatem-
peraturusupraodljivog prijelazau Zr-Co metalnimstaklima.
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