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ic’25 Mössbauerspectraof Se
0.~Te0.~alloy in bulk amorphousand

trigonalphasesrevealpartially resolvedquadrupoledoublets.Theaverage
quadrupolesplitting in the amorphousphaseis found to be 10 percent
larger.This observation,in theframeworkof the ring-chainmodel of
amornhousSe suggestsa substantiallylarger quadrupoleinteractionat
Te12~’sitesin mixed rings thanin copolymericchains.Thestrengthof the
quadrupoleinteractionin mixed rings andcopolymericchainsis found to
be 12.72±0.40mm/secand10.33±0.08mm/sec.Implicationsof these
resultson the chemicalbondingare discussed.

THE AMORPHOUSphaseof Sehasbeenstudied’ Ca>
functions,Infrared absorptionandRamaneffect. It is
usingX-rays,electronandneutronradial distribution
generallyheldthat thestructuralelementsof this phase
consistsof helical chainsandeight memberedrings in
varyingproportions.In this work the MOssbauer
effect on a ic”

5 impurity imbeddedin Se,hasbeen z
usedto investigatethebulk amorphousandtrigonal
phasesof the host. It is known2’3 thatadditionof —

z
Te impurity to Se leadsto the formationof copolymeric

I-.
chains(c-chains)andmixed rings at the expenseof
pureSe chainsand Se

8 rings in the amorphousphase
of Se.The Mössbauermeasurementssuggesta sub-
stantially larger quadrupolesplitting(QS)andisomer
shift (IS) in mixed rings thanin c-chains.This is an
importantresult which will permit characterisingthe ___________________________________

glassystateof Seusingthe Mossbauereffect.
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Alloys of the compositionSe0 .98 Te0. ~, werepre-
paredbemelting in vacuo99.9999%pureSe with FIG. 1. X-ray diffraction patternsof Se0.98 Te0.

isotopicallyenrichedic”
5. Threeidenticalmeltswere alloy in differentphases.(a) Melt quenchedin ice

waterto precipitatetheamorphousphase-sample‘a’
subjectedto differentheattreatmentsto precipitate (b) Melt annealedat 150°Cfor lhr toprecipitatea
the differentphasesasfollows. Sample‘a’ wasobtained Partiallyamorphousphase-sample‘b’. (c) Melt annealed
by quenchingthe melt in ice waterto precipitatethe at 150 C for 5Ohrto precipitatethetrigonal phase-
amorphousphase.The absenceof longrangeorder sample‘c’.
was confirmedby X.rays [Fig. I (a)]. Sample‘b’ was
obtainedby annealingthemelt at 150°Cfor 1 hr and a partially amorphousphase[Fig. I (b)]. Sample‘c’
thenslowly cooling to room temperatureto precipitate

wasobtainedby annealingthemelt at 150°Cfor 5Ohr
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andthenslowly cooling to room temperatureto pre.
cipitate the trigonalphaseof Se.X-ray patternsof S Se

meltsannealedlongerthan24hiwere foundidentical 70 — — — Se-Ti -

to thoseof trigonal Se [Fig.1 (c)]. Mössbauerspectra
of the differentsamplesobtainedwith asourceof j125 ~ COPOLYMER

—

in Cu at4.2°K consistedof partially resolveddoublets
(Fig. 2). Detailsof thespectrometerandcalibrating

60~~~HAINSproceduresappearin reference4.
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FIG. 2. MössbauerspectraofSe0•,8Te0•~,alloy in
(a) amorphous,(b)partially amorphousand(c) ~r. % OF $ OR Te
trigonal phase.Thespectrawere takenwith an 1125
sourcein Cumetalat 4.2°K.Spectraaandb were FIG. 3. Atomic distributionsin Se—SandSe—Tealloys
leastsquaresfit to two pairso quadrupoledoublets takenfrom reference3.
with certainconstraints(seetext).Spectrumc was
leastsquaresfit to apair of quadrupoledoublet.

covalentlybondedto two Sc nearneighboursin the
trigonal symmetryofc-chains.It follows that the QS

The analysisof theMOssbauerspectrawascarried observedfor sample‘c’ is the onefor c-chains.
out first, to obtainthe averageQS in the different
samples.A leastsquaresfit of the spectrato a pair of The OS in mixed rings was obtainedfrom the
lorentzianlinesof equalwidth andintensitygavethe Mossbauerspectraof theamorphoussamples‘a’ and
averageQS in samples‘a’, ‘b’ and‘c’ of 11.24±0.16, ‘b’ asfollows. Analysisof thesespectrawascarried
10.95±0.11 and10.33±0.08 mm/secrespectively, out by leastsquaresfitting to two pairsof quadrupole
One observesanincreasein theaverageQS on vitrifying doublets,in eachcaseconstrainingthe OS andIS of
theSehost.This result,in thelight of thering-chain oneof thepairsto the valuesof theseparameters
modelof amorphousSecanbe understoodasfollows, obtainedfrom sample‘c’. The resultof this analysis
We postulatetheexistenceof two inequivalentTe gavetheQS andIS of the otherpair as 12.72±0.40
sitesin theamorphousphaseof Sc,onelocatedin and+ 1.0±0.2mm/secrespectively.Theseparameters
mixedrings andtheotherin c-chains.We suggestthat are attributedto aTesite in mixedrings.Theanalysis
the QS in mixedrings is largerthanthatin c-chains, alsogaveR, theintensityratio of mixedrings to
andthattheincreasein theaverageQSobservedfor c-chainsfor the samples‘a’ and‘b’ of 0.48 ±0.06and
theamorphoussamplesresultsfrom anincreasein the 0.39 ±0.06respectively.
populationratio of mixedrings to c-chains.

ThelargerQS in mixedrings over thatin c-chains
Our recentexperimentswith ic—Sealloys

5show is particularlyintriguingsincefor pure Se,the Se—Se—
that theQS observedin thetrigonal phaseof the Sc covalentbondlengthandanglein the monocinic
Sc

0,~ie0. ~ alloy must beattributedto aTesite andtrigonal phasesarejustaboutthesame.
6The
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dominantcontributionto theelectric field gradient if fm,. > f~,thenit follows from (I) thatR >Nmr/Ncc.
at Tecomesfrom theunbalanced‘5p’ electrondensity That this appearsto bethecasehere,is borneoutby
which is determinedby the symmetryandbondlengths the fact that themeasuredratio R is substantially
Te formswith itstwo nearneighbourSe in the ring largerthan thepopulationratio of 0.07 for mixed
andchaingeometry.ForpureSe,Se8 rings arecon- nngsto copolymericchainscalculatedfor a 2 at.%Te
siderablysmallerin lengththanhelicalchains.There- impurity in Se by Schottmillereta1

3 (Fig3). following a
fore onemay expectthe rings tobe stifferin accom- theoreticalproceduredueto TobolskyandOwen.2
modatingalarger Teatom for Se to form a mixed Thesecalculationsare basedon a liquid phaseequilib-
ring. It is conceivablethat the Se—Te—Sebondis rium copolymensationof Se

8 rings,mixed rings and
moredistortedin mixed ringsthan in c-chains,andin copolymericchains;andparametersappropriateto
particularthe lengthof the ic—Sebond issmallerin the initiation andpropagationreactionsinvolved are
the mixed ring geometrythanin thec-chaingeometry. utilised for obtainingthe statisticaldistributionof the
Thelarger OSand IS in mixed rings couldthenbe differentstructuralelementsin themelt.
understoodasresultingfrom a largertime averageof
both the unbalanced‘Sp’ electrondensityandthe ‘s’ In the frameworkof the chain-ringmodelof
electrondensityrespectively.Theconjectureof a shorter amorphousSe,the presentMossbauermeasurements
Te—Sebondin mixed rings is alsosupportedby the showtheexistenceof a substantiallylarger quadrupole
measuredintensityratio R for theamorphoussamples interactionat ie in mixed rings thanin c-chains.l’his
whichsuggeststhat the recoil-free-fractionat Te in is an importantresult andneedscarefulinvestigation.
mixed rings is higherthan that in c-chains.The ratio Thesignificanceof this resultis that it will permit
R is givenby theproductof the recoil-free-fraction characterising

7the amorphousstateof Se. In view of
ratio and thepopulationratio of mixed rings to thelimited resolutionof the ic”5 experiments,this
c-chains,i.e. resultneedsto beverified independently.Attempts

- are underwayto measurethe QS at Ic in momoclinic

R = L~~ (1) Se.
~ N~

wheref andN designatethe recoil-free-fractionand Acknowledgements— Thanksare due to Dr. Frank L.
populationrespectively.Thesubscriptsmr andcc ~ ~f
standformixed nngsandc-chainsrespectively.Clearly, cussions.Jim Oberschmidtpreparedthesamples.
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ic”5 MossbauerSpektrender Se
0.,8Te0,02—Legierungingrob amorpher

und in trigonalerPhasezeigenteilweiseaufgelOsteQuadrupol-Dubletts.Die
durchschnittlicheOuadrupolaufspaltungin der amorphenPhaseist 10%
grosser.DieseBeobachtungdeutetim Zusammenhangmit dem Ring-Ketten-
Model desamorphenSelensdaraufhin, dassdie gegenscitigeBeeinflussung
derOuadrupolein denie

125 Positionenin gemischtenRingenwesentlich
grOsserist, alsin gemischtenKetten.Die StarkedesgegenseitigenQuadrupol-
einflussesin gemischtenRingenundcopolymerenKettenwurdezu
12,72±0,40mm/sek,bezw.10,33±0,08mm/sekbestinunt.Die Folgerungen
ausdiesenBefundenfilr die chemischeBindungwerdenbesprochen.


