ISSN1330-0008
CODEN FIZAE4

LASERINDUCED FLUORESCENCEDF Li; A 15} STATE

TICIJANA BAN, HRVOJESKENDEROVIC, BOJAN RESANandGORAN PICHLER
Instituteof Physics P.O.Box304,HR-10001Zagreb, Croatia
Receved 10 Decembed 997
UDC539.19

PACSnumber:33.20.-t

By using several continuouswave (CW) single longitudinal-modesemiconductotaser
diodesin theredspectralegion,we have excitedLi, moleculefromthe X 123 stateto the
A 137 state(transitions:(v"’ = 0,J" = 19) — (V' =4,) = 18);(v" =1,J"=9) — (V' =5,
J' =10); (v"=2,3"=9)— (V' =10, =10))
and obsened the fluorescenceof the resonanceA — X lines togetherwith collision-
inducedlines. Comparisonwith theoreticalsimulationsshowvs a very good agreement.
Theuseof two or threediodelaserss discussedh view of two- or three-stegxcitationof
Li> moleculeto the higherRydbeg or ionizedmolecularstates.

1. Introduction

Semiconductodiodelaserg1] have beenwidely usedin theinfraredandrecentlyin
theredspectrategion,offeringarelatively inexpensveinstrumentput with ahigh spectral
monochromaticittandmodesto relatively high power. The excitationof alkali atomsand
moleculeshaving spectrumin thevisible spectrategionis certainlythefirst stepto several
interestingapplications|ik e selectve excitationleadingto ionization.

We wereinterestedn usingseveral CW singlelongitudinallaserdiodesfor the step-
wise excitationof Li, moleculeto highly excited statesor evenionizedLiJ speciesThis
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in turn may helpin igniting the electricdischage or helpin guidingthe electricdischage
in densdithium vapour

We presenthefirst resultsin our extensve researclwherewe studiedthe first excita-
tion stepanddiscusghe secondstepof excitationof Li, molecule.

2. Experiment

Theexperimentalrrangementisedfor laserinducedfluorescencéLIF) mesurements
is shavnin Fig. 1. Themainpartsarethesemiconductolaserdiode,the crossecheat-pipe
oven(HPO)[2] filled with lithium, thesystenfor dispersinganddetectiorof fluorescence,
andthedata-acquisitiorlectronics.
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Fig.1. Experimentabpparatus.

Two semiconductotaserdiodeswere usedin the experiments.The first was a red
InGaAIP semiconductolaserdiodewith a wavelengthcloseto 670 nm, enclosedwith a
lensin a single,commerciallyavailablelasermodule. The maximumoutput power was
3 mW. The distancebeetwentwo adjaceniongitudinalmodesof the diodewas0.2 nm.
The seconddiodewas SANYO DL-4038-021InGaAlIP semiconductotaserdiode. It is
aredlaserdiodewhich operatesiear636 nm with a maximumoutputpower of 10 mW.
The modeseparationwas 0.08 nm. In our experimentswe usedlaserdiodesoperating
in the singlelongitudinalmodeat higherdriving currents.Small, but obsenableamount
of power in several side modeshasbeenobsened, evenin the single-modeoperation.
The frequeng of laserradiationis determinedboth by the lasertemperatureand by the
injection current[3]. Therefore,goodtemperaturecontrol anda stablecurrentsupplyis
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essentiafor adequatdrequeng characteristiof laserdiodes.Thatis achiered with the
home-madeslectronicdevice, the main partsof which arethe currentlaserdiodedriver
(LDD200-1R WavelengthElectronics) andthe temperatureontroller(MPT-2500,Wave-
length Electronics).The laserdiode is mountedwith a goodthermalcontactto a small
cooperplateto which a Peltiertermoelectriccooleris bonded.To the otherside of the
termoelectriccooler a brasswatercooledblock is attachedThe thermistoris placedin a
cooperplatefor sensinghe temperaturef the diode. The temperaturestability within 5
mK could be achieved. The temperatur@angefor the operationof the diodewasfrom 8
°Cto 20°C, andthe currentsusedfor the single-modeperationsverein therangefrom
54 mA to 75mA. Themeasureduningcharacteristicsiith singlelongitudinal-modéiops
areshown in Fig. 2afor the 670nm laserdiode,andin Fig. 2bfor the636nm laserdiode.
Pawver-versus-currentharacteristicat differenttemperature$or the 636 nm laserdiode
areshawn in Fig. 2c.

Thecrossedeat-pipeoven (HPO)wasusedfor generatind_i vapour Thelaserbeam
entersthe vapourthroughone arm of the cross,andthe LIF is obsered at right angle
throughthe otherarm of the heat-pipeoven. The HPOwasfilled with argon(servingasa
buffer gas)andLi metal,andwasheatedo about700°C. Our heat-pipeovenwaspumped
with arotaryvacuumpumpandcouldreachthe pressuref 2.5 Pa.
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Fig. 2. (a) Modehopsof the670nm diodelaserat differenttemperaturesf thediodelaser

Thefluorescencéight wasfocusedontotheentraceslit of a“Jobin Yvon THR” 1.5m
gratingspectrometeequippedvith a HamamatsirR936photomultiplier Theoutputsignal
wasfedinto a SR510lock-in amplifierandstoredin a PC.Thefluorescencspectrumwas
scannedisinga holographiagratingwith 2400grooves/mmoperatingrom 200nmto 800
nm. Theresolutionof the sistemwas0.02nm with the 50 pm slit widths.
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Fig. 2. (b) Modehopsof the636nm diodelaseratdifferenttemperatureesf thediodelaser
The points correspondo the wavelengthsof the single longitudinal modes.(c) Pover
versus-currentharacteristic®f the 636 nm laserdiode at differenttemperaturesf the
diodelaser
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3. Results

Li> moleculesn the HPO areexcited by diodelasersoperatingin the singlelongitu-
dinal mode.For a clearfluorescencepectrumit is very importantthatthe wave number
of the singlelongitudinalmodeusedfor the excitationcoincideswith the wave numberof
the moleculartransition.The wave numberof a moleculartransitionis determinedvithin
the Dopplerwidth of the givenmoleculartransition[3].

The exact positionsof lines of the A-X moleculartransitionswere calculatedusing
the Dunhamcoeficientsof KuschandHessel4]. For the evaluationof Franck-Condon
factors,the dipole momentof Schmidt-Minket al. [5] andthe statepotentialsof Kusch
andHessel4] wereemployed.

With the diodelaserwavelengthsetat 670.093nm (diodetemperaturély = 9.1 °C,
currentthroughthediodely = 70.5 mA andanoutputpower of 1.6 mW), thetransition

(V'=0,0"=19 = (V' =4, =18)

wasexcited. Thevapourtemperaturevas715°C, correspondingo thelithium concentra-
tion [Li] = 6.05-10' cm~2 andmolecularconcentratioriLi ] = 1.62- 104 cm3 [6]. Fig-
ure 3ashows fluorescencapectrumandthe theoreticalsimulationof the Franck-Condon
factorsfor the correspondingransitions.

With the diodelaserwavelengthsetat 672.36nm (diodetemperaturély = 16.4 °C,
currently = 74.2 mA andanoutputpower of 1.55mW), the transition

(V'=1J3"=9) - (V=50 =10

wasexcited. Thevapourtemperaturevas680°C, correspondingo thelithium concentra-
tion [Li] = 2.99-10'° cm~3 andmolecularconcentratioriLi2] = 6.9- 103 cm~3. Figure

4a shaws the correspondindluorescencepectrumandthe theoreticalsimulationof the

Franck-Condorfiactorsfor the correspondingransitions.

With the wavelengthof the secondaserdiodesetat 636.489nm (diodetemperature
Tg = 14.9 °C, currentthroughthediodely = 76.3 mA, outputpower of 7 mW) thetransi-
tion
(v'=2,3"=9)— (V" =10, =10)

wasexcited. The temperaturef lithium vapourwas 680 °C. The obsened fluorescence
spectrumandthetheoreticakimulationareshavn in Fig. 5a.

Becauseof the selectionrulesfor a 1>} — 123 transition[7], the fluorescencdines
in Figs. 3ato 5aappeafasP,R doublets.In Figs. 4aand5a, besideghe Stokesdoublets,
the fluorescencespectrumshavs one anti-Stoles doubletand two anti-Stoles doublets,
respectiely. Theintensitiesof thedoubletshave anoscillatoryervelope[7].

Figures3b, 4b and 5b shav partsof the fluorescencespectrashavn in Figs. 3a, 4a
and5a,respectrely, with the collision-inducedotationaltransitionsin Li,> molecule.The
satellitelinesoriginatingfrom the collision-inducedotationallevels have the structureof
P,R doubletsand are groupedaroundthe parentP, R doublet. Only satellitesof evenAJ
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appearmecausef the selectionrulesfor inelasticcollisions of a homonucleamolecule

[71.
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Fig. 3. (a) Li» (A — X) fluorescencspectrumwith the theoreticalkimulation. Transition
V" =0,J"=19) — (V' = 4,7 = 18) in lithium vapourat 715°C was excited by the
670.093nm singlelongitudinal-modeliodelaserwith the outputpower of 1.6 mW atan
argonpressuref aboutl160Pa, (b) Detail of theLi, (A — X) fluorescencéandv’' = 4 —
v'" = 0, with thelinesresultingfrom collision-inducedransitionswhich aresuperimposed
onthebroadwingsofLi 670.8nm self-broadenedesonancéne.
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Fig. 4. (a) Li> (A — X) fluorescencespectrunwith the theoreticakimulation. Transition
V'=1,3"=9) = (V' =5,J = 10); in lithium vapourat680°C wasexcitedby the672.36
nm single longitudinal-modediode laserwith an outputpower of 1.55mW at an argon
pressuref about170Pa, (b) Detailof theLiy (A — X) fluorescencéandv’ =5 — v'' =0,
with thelinesresultingfrom collision-inducedransitions.

Thebandsaredegradedo thered. The P(J — 4) linesfor thefluorescencév' = 10) —
(v'" = 1) lie very closeto eachother, sothey arenotresohedin Fig. 5b. Thesatellitelines
originatingfrom
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Fig. 5. (a) Li> (A — X) fluorescencespectrunwith the theoreticakimulation. Transition
V"'=2,J"=9) —» (V= 10,J = 10) in lithium vapourat 680 °C was excited by the
636.489nm single longitudinal-modediode laserwith an outputpower of 7 mW at an
argon pressureof about2800Pa, (b) Detail of the Li, (A — X) fluorescencévandv’ =
10— v" = 1, with thelinesresultingfrom collision-inducedransitions.

thecollision-inducedotationaltransitionswith AJ = 42 arestrongel[8] thanthosecom-
ing from the transitionsAJ = —2. In Fig. 3b, the satellitelines are superimposeon the
wide 2P + 2S-resonancéthium line.

168 FIZIKA A 6(1997)4,161-170



BAN ET AL.: LASER INDUCED FLUORESCENCE OF LI ...

4. Discussion

The experimentalfluorescencepectraareall very well reproducedy thetheoretical
simulationsspectraof the given moleculartransitions.For excitationsshovn in Figs. 3
and 4, the power of the laserdiodewasonly 1.5 mW. From our experiencein working
with thediodelaserswe canconcludethatthey arevery powerful in resonanceseitation
spectroscopin densevapour

The experimentalcollision-inducedrotationalstructureshavs the samemain charac-
teristicsasit wasreportedin the literature[7—9]. By varying the noble gasinside HPO
andthe pressureof that gas, it will be possibleto examinethe behaiour of the cross-
sectionfor inelasticcollisionsfor a given transitionunderdifferentconditions.It would
beinterestingo studyfurtherhow thecollision-inducedotationalstructuredehace if we
interchangaoblegasAr with reactve H, or nonreactie N> moleculargasesWe will try
to excitethe A— X transitiondn lithium vapourunderthe sameconditionsasin thepresent
experimentshut with Ar replacedy Hz or Na.

For the two-stepexcitation of lithium moleculeswe planto simultaneouslyrradiate
lithium vapourwith alaserdiodeat670nm, andanotheldaserdiodeat about635nm. The
first laserdiodeshouldexcite the xlzg — ALzt transition,andthe secondshouldexcite
the Al — Flzg transition.In the fluorescencepectrumwe expectto seethe strong
laserlines at a 636 nm and 670 nm aroundwhich are R, P doubletsof a corresponding
molecularA — X andF — A transitions respectiely [10]. Whenwe achieve the two-step
excitation,it shouldbepossibleto ionizeLi; moleculedy usinga photonfrom thefirst or
the secondaserbeam.This would form Li andfree electronalongthe two overlapping
laserbeamswhich may sene asa preionizatiormediumbetweertwo electrodesElectric
breakdevnin sucha casewould occuratalovervoltage.

5. Conclusion
The availability of moderate-paer diode lasersin the red spectralregion can help
in the excitation andionizationof Li, molecules.This may be usedfor further spectral
studiesof Li,» molecularstructureandcollision-inducedspectrafeaturesin addition,we

hopethatthe combinationof two diodelaserscanhelpin laserassistedgnition andlaser
guidingof electricdischagesin densdithium vapour
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LASEROM INDUCIRANA FLUORESCENCIA STANJA A 15F
MOLEKULE Liz

Pomdau kontinuiranih jednomodnihlaserau crvenom dijelu spektrapohludvali smo
molekuluLiz iz stanjaX =y ustanjeA' (prijelazi: (v" =0,J" =19) —» (V' =4, = 18);
V'=13"=9) — (V =5, =10);(v' =2, =9) - (V' =10,J' = 10))i promatraliflu-
orescencijuezonantnitA — X prijelazazajedncsasudaronuzrokovanimprijelazima.Us-
poredbaeksperimentalnilspektaras teorijskim simulacijamatih spektargokazujedobro
slaganjeDiskutiraseupotrebadvaili tri diodnalaserazatrokoratnhopoludenjemolekule
Li, uvisaRydbepgovaili ioniziranastanja.
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