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Matrix stabilizedatomicN in N
2 is createdin thin films with excitationintroducedat thesurfaceby atomicbeamdepo-

sition. Layered film coatingsof ‘
4N

2, ‘
5N

2, Ar and H2 areusedto elucidatetherole of molecularexcitonsin thestimula-
tion of emissionof light. Optical intensitystudiesindicatethatmolecularvibronsaredelocalized.Recombinationinduced
desorptionof H2 from an H2 coatedsurfaceis demonstrated.

Activatedsolid nitrogen (N2—N; atomicN stabilized cussionthemost importantexcitedelectronicstateis
in an N2 solid matrix) exhibitsa remarkableoptical the 3 ~ (P 5 X I ~4 cm~)which is delocalizedasan
emissionspectrumat low temperatures,thatwasexten- exciton in the solid.Otherimportantexcitationsin
sively investigatedat the NBSin thelate 1950’s [1—4] N2 —N aredelocalizedvibrationalexcitationslabeled
andmorerecentlyhasreceivedrenewedattentiondue by quantumnumberu andphonons.Herzfeldand
to a newinterpretationby Dresslerandcoworkers Broida [10] identifiedthe spectaculargreenemission
[5—8]. Previous studiesof N2—N includemassivecon- (the a-group)of N2—N asthe longlived decay(r 40 s)
densationfrom a gaseousdischarge[2] and7-ray [3] of the

2Dmetastablestateof N to the 4Sgroundstate.
or electronbombardment[3,7,9] of bulksolid N

2.We In fact,variousdecaychannelsare observedfor the
2D

havedevelopeda newmethodto studyN
2—N whereby statein the visible: (a)Thea-group,consistingof the

well-defmedatomicbeamsare usedto createandexcite N(
2D -* 4S)transitionalongwith phononsidebands.

(stimulateemissionof light from) N
2—N in thin films (b) Thea’-groupcorrespondingto N(

2D-~ 4S)plus
(<105monolayers).Wehaveshownthat thefirst step creationof an N

2(i E~,u = 1) vibron alsoaccompanied
of theexcitationprocessis localizedat the surfaceand by phononsidebands.This is shiftedto a frequency
ismost likely the resultof recombinationof N atoms, lowerthanthatof aby 2330 cm~:
Variationof beamintensityand film composition(using 2 1 +

14 N(D)+N(E u)layeredcoatmgsof N2, N2, Ar andH2),are used 2 g
to elucidatetherole of theN.~(

3~)-excitonsand 4 i + .

U ~ S~+N( ~ v+1l withv=0 ‘a
N

2(~,v)-vibronsin the generationof luminescence “ / 2” g’ /

spectra.We havealsoobservedH2 desorptionasa result (c) Thea” group,similar to a’, butwith u * 0 (and
of N- or H-atomrecombinationon an H2 surface. muchweakerthana’, which involvesthegroundstate

The excitationandspectraof N2—N canbeunder- of N2). (d)Thea” groupinvolving annihilationof a
stoodin termsof themetastableexcitedstateof atomic vibron:
N andmolecularN2 and thedelocalizedexcitationsin N~

2D’+ N (l ~ v
solid N

2, includingphonons.Thegroundstateof N is ‘~ ‘ 2” g’
the

4S state:optical transitionsoccur in thegreen ÷N~S~+ N ~ / “

(2D-+4S),UV(2P-+4S),andlR(2P--*2D).Theground “ ~ 2~’ g’0~ ~
electronicstateof molecularN

2 is 1 andfor our dis- Clearlyoneof themostfundamentalandintriguing
aspectsof N2—Nis thepresenceof bothlonglived cx-

1 Presentaddress:NatuurkundigLaboratorium,Vrije Universi- citedatomsandvibrationally excitedmoleculesandthe
teit, 1081 HV Amsterdam,TheNetherlands. origin of their excitation.It was shownby Peyroneta!.
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[3] thatanysatisfactorymodelshouldincorporatethe
in situ excitationof groundstateatomsN(4S -+ 2D). a b

Dressier [5] hasproposeda modelthatalso accounts
for the vibrationallyexcitedmoleculesbaseduponthe no coating N

2 coating

presenceof N2(
3~) excitonsresultingfrom theborn-

bardmentof solid N
2 by electrons[3,7,9] , ~irradia-

tion [3] or condensationfrom a nitrogendischarge[2].
In puresolid N2 the

3~~.excitonshavea relativelylong ,..,
lifetime (‘~1 ms) andmaydecayradiativelygiving rise 0 2 4 6 d 2 4 6

to the Vegard—Kaplanbandsasobservedby Coletti C H
2 coating double coating

andBonnot [9]. In N2—N, however,the excitonsare N2 over 2
effectivelyquenchedby the trappedN impuritiesand
asa result theVegard—Kaplanbandsare absent.In
Dressier’smodel [5,11] thequenchingproceedsac-
cordingto: ________________ o ~
N2(

3~~,v~)+ N(4S) e. H

2 coating H2 coating

N2+N beam H beam

-÷ N2(
1~,v~)+ N(2D) + phonons, (1) 5bolo

N
2(

3~,u~)+N(4S) + phonons. (2) ~ ~:

Process2 givesriseto atomsexcitedinto the 2Pstate. TIME [mm]

Decayof this stateis alsoobserved(the~- andii-radia- Fig. 1. The timedependenceof opticalandbolometricsignals

tion) [7] butwill bedisregardedheresinceour studyis for N
2—N films with indicatedcoating.For (a)—(e),a constant

limited to thevisible partof thespectrum.In our ex- flux N2 + N beam(fewpercentN) is turned on at t 0, for

penimentalsetupweuseanN2 + N beamto produce (0, a 99%pureH-beamis turned on at t 0.

andto excitealayerof N2—N ontopof a substrate
cooledto 1.8 K which sits in a UHV chamber.The countratewas I0~Hz for thea-line.Thisapparatusen-
beamis createdby microwavedischarge[12] andhas abledthecreationofbeamsandfilms of varyingthick-
anintensityof 1015 part/cm

2sat the substrate.The nessandcompositionin a controlledmanner.
N contentof thebeamcanbevariedfrom a few to Filmsof N

2—N were mostsuccessfullycreatedby
80%andcanbe analysedduring depositionwith a qua- usinga beamof N2 + N withalow degreeof dissociation
drupolemassspectrometer.Theintensitycanbevaried, (few percentN). As thefilm wasslowly built up, the in-
without affectingthe degreeof dissociation,by means tensityin the a-bandgrew.If the beamwasblocked,
of achopperor insertionof fine meshscreensin the theintensitywould fall dli with a time constantof
beampath.Thecold substrateis a 5 X 5 mm slab of r ~ 35—40sdue tothe lifetime of theN(

2D) state.
dopedsilicon which alsoservesas abolometerandasa Resumingwith coverage,the light intensitywould re-
thermometer.Thebolometerenablesa micro-calori- cover its interruptedvaluewith aboutthe sametime
metriccharacterisation[131of the condensationpro- constant(fig. 1a). It is believedthatexcitationtakes
cess.Severalnozzlescanbebroughtin line of sight of placeby the following process:N-atomsfrom thebeam
the substrateenablingrapidcoatingprocedureswhile recombineat the film surfaceinto an excitedmolecular
thedischargeconditionsremainunaltered.The lumines- state.A fraction of thesemoleculesrelaxestowardthe
cenceis analysedusinga low resolutionspectrometer lowestvibrational levelsof the 3~-state.TheN

2(
3~

externalto the UHV chamber.Opticalcomponentsre- excitationpropagatesinto thesolid as anexcitonand
strictedobservationsto the visible (14 000—28000 is trappedat an N(4S)impurity sitebeforeit can decay
cm1). Photoncountingwasused;a typical thick film radiatively[9]. Hereit isquenchedby exciting theN
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atomandcreatinga molecularvibron accordingto changesin surfacecompositionduring the desorption
process1 or 2. It is alsopossiblethatN2(

3~)cxci- of H
2. Whendesorptionis completedthebolometer

tonsareintroducedat the surfaceby adsorptionof ex- signalapproachesthevalue for the uncoatedN2—N
cited N2 moleculesfrom thebeam. film. Fromthe figurewenote thatsimultaneouswith

Thisexcitonmodelresultedfrom a carefulanalysis thechangesin bolometersignalthea-emissionbecomes
of the emissionspectrumof bulk N2—N [5] . Wehave visible indicatingcleaningoff of the H2 layer.The pro-
usedanindependentapproachto providea teston the cessby which H excitestheN2—N film hasnot been
consistencyof this model.A thick N2—N film was identified.Wespeculatethatthe emissionresultsfrom
coveredwith a few monolayersof H2 or Ar. Neither thestimulatedrecombinationof trappedN-atomsin
H2 [14] or Ar [15] haveenergybandswhich overlap thesurfacelayersof theN2—N film, althoughmore
with the ~ bandof solid N2 [9]. WhentheN2 + N complexprocessesmightbeinvolved. However,this
beamis againturnedon, no light is observed(seefig. lc) hasnot yet beenstudiedin detail.
from the compositefilm: the excitonscannotpropagate Insightinto thenatureof the (1~, v)-vibron of
throughthe barrier.FortheH2 coatedN2—N film, the solid N2 hasbeenobtainedby studyingthe relativein-
light resumesaftera timedelayof the orderof minutes, tensitiesof the aanda” lines(Iq and‘a”). Recalling
dependingon thethicknessof theH2 film. We shallin- the commonorigin of both the

2D-atomsandthevi-
terpretthis delayshortly. Next an N

2—N film is created bronswithin the excitonmodel(seerelation(1)) and
andcoatedby 10—20monolayersof pure

14N
2 or

15N
2. thefactthat only a”-emissioninvolvesvibron annihila-

WhentheN2 + N beamis turnedon, theintensityof tion, onerealisesthatanyrelationbetween‘a and‘a”
thea-linegrows with the characteristictime constant mustdependcritically on boththerelaxationandde-
of 35—40sproviding strongevidencefor the exciton localisationtimesof thevibrons.First consideravibron
model(see fig. ib). We interprettheobserveddecay relaxationtimeshort comparedto thedelocalization
in emissionfrom theH2-coatedN2—N film asadesorp- time.Undertheseconditionsa” emissionresultsfrom
tion effect.In the recombinationprocess(N + N -~ N2), thedeexcitationof a

2D atomandavibrationalexcita-
energyis released,which candesorbH

2 from the surface. tion on aneighboringsite,bothexcitationsoriginating
After theH2 is cleanedoff thesurface,the emission from the samequenchingprocess.Herewe areeffec-
processresumesasfor anN2 —N film. This is further lively dealingwith localizedexcitationsanda fixed
elucidatedby coatingtheH2 -coatedN2—N film with a fractionof the

2D -+ 4Stransitionsproceedsthrough
few monolayersof pureN

2. In this casetheemission thea”-channel:oneconcludesthat‘a”/’~ mustbe a
remainsquenchedwhenthe N2 + N beamis turnedon, constant,independentof theexcitationrate.Now con-
slowly building up asin theestablishmentof a virgin sider the caseof relativelylong lifetimes for the vibrons.
N2 —N film (seefig. I d).Apparentlythe desorption Undertheseconditionsthemolecularvibrationsde-
of H2 is blockedby the N2 layerandtheH2 layer localize intovibron bandsandthe vibron probability
remainslockedin place. densityon a siteneighboringthe localizedN(

2D) exci-
Recombinationinduceddesorptionof H

2 hasbeen
observedbeforein experimentswith H-beamsonH2
coveredsubstrates[13,16—18]. The interpretationof 8 • uriattenuatedbeam
measurementsof the totalpowerdissipatedinto the o chopperattenuated

substratebolometerby the atomicbeamwhich depends ~ 6 o mesh attenuated
somewhatsensitivelyonthe compositionof the last
layer is consistentwith a modelof induceddesorption. .~ 4
Wehavecombinedthe opticalandbolometertechnique ~ —

to provideevidencedesorptionis indeedtakingplace. 2

In figs. le andf we showboththea-lineintensityand I~(kHz)

the microcalorimetricresponsefor theH covered
N2—N film excitedby theN2 + N beamandtheresult
of excitationby a99%pureatomichydrogenbeam. Fig. 2. Intensityof thea” line relativeto thesquareof the in-
The changesin the bolometersignalare causedby tensityof thea line versus
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