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Thenitrogenanddyelasersystemhasbeenconstructedandasanexampleofitsapplicationthelaser
characteristicsoftherhodamine6G-cresylvioletdyemixturesystemhavebeenstudiedlthasbeen

fbundthatmｏｓｔｏｆｔｈｅｐｕｍｐｐｏｗｅｒａｂｓｏｒｂｅｄｂｙｒｈｏdamine6GistransfbrredtocresylvioletasausefUl

puｍｐｐｏｗｅｒ・Inaddition,ｏｕｒｌａｓｅｒｓｙｓｔｅｍｈａｓｂｅｅｎｓｈｏｗｎｔｏｂｅｅ髄cientlypowerfUlforspectroscopic
stl'rIies．

S麺ｄｙｏｆＬｚＩｓｉｎｇｂｙＭｅａ風ｓｏｆＥｎｅｒｇｙＴｒａｎｓｆｅｒｉ皿OrganicDye
MixturesPumPedbyanN2LaseroIoApParatIIS(Lasers）
ａ皿dRhodaInime6G-CresyIVioletDyeMixtureSystem
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１５１

１．XmmductiOn

Thenitrogenlaserhasattainedincreasedimportanceasapumplightsourcefbrdye
lasersbecauseofitsconvenientwavelength，shortrisetime，andhighrepetitionrate・
Forthisapplicationtheoutputpowerofthenitrogenlasershouldbeashighaspossible、
Inaddition，ｔｈｅｐｕｍｐｉｎｇｎitrogenlasershouldalsobeofsimpledesignandoperation
inordertomaintaintheadvantageoftheinherentsimplicityofdyelasers・Wehave
builtthenotorogenlaserofthetypedevelopedbyBastingetα1.1）
Dyelasershavemadeagreatprogressoverawidewavelengthregionfmmtheultra‐

violet(ＵＶ)totheinfrared(IR)．Hilderbrand2)andLin3)reportednear-IRdyelaser
emissionfromseveralpolymethinedyesdirectlypumpedbyUVnitrogenlaserradiation
(１＝337.1ｎm)．Ingeneral,however,itisdi髄culttoobtainthee髄cientlaseremission

inlongerwavelengthregions(e､9.,near-IR),fromnitrogen-laser-pumpeddyesolutions，
mainlybecauseofverysmallabsorptionat337.1nm

Recently,Iaserpumpingofadyethroughenergytransfbrprocesshasbeenstudiedin
somedyemixtures､4~8）Inthoseworks，variousdyemixtureswereexcitedbｙ337.1-nm
radiationfisomanitrogenlaser・Ｔheenergytransfbrprocesscanprovideawayofextend-
ingthewavelengthregionsinwhichlasingisachievedbyusingamixtureofdyes，
Inthispaper,wereportthecharacteristicsofournitrogenlaserandtheresultsofan

investigationoftheenergytransfbrdyelaseronacresylviolet(CV)一rhodamiｎｅ６Ｇ(Rh-
6G)dyemixturesystempumpedwiththeNzlaser,asanexampleoftheapplication．
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2．ExPerimental

2.1.Ｎ加o9e〃ＬａＳｅｒ

AnexperlmentalarrangementfbrobtaininglaseremissionisshowninFig.１together

０！
H９－ＬＡＭＰ

皇黒=。ＯＬ
Ｆｉｇｌ・Experimentalarrangement．

Ｃ:DyeandBuorescencecell；Ｆ，ａｎｄＦ２：ND-andglass-nlters，respectively；
ＢＳ:beamsplitter；ＰＭ：photomultipliertube；ＰＴ:phototube；ＰＡ：pream‐
pliner；ＨＶ：highvoltagepowersupply；Ｔ：trigger；ＴＰ：triggerpulser．

withthefiuorescencespectrophotometerconstructedinourlaboratory・Thenitrogen
laserusedinthepresentworkwasconstructedinourlaboratory,whiChwasalmostidenti‐
caltothesystemdescribedbyBastingαα1.1）andbyMaedaandMiyazoe､9）Thenitro-
genlaserconsistsofdoubleparallel-platetransmissionlineswithacrossedfieldlaser
tube,andatriggeredair-spark-gapattheend・Thelasertubewasmadeofacrylicresine・
Oneendofthelasertubewassealedbyanaluminizedplanemlrror,theotherbyaquartz

glasswindow・AllsealswereaccomplishedbyrubberO-rings・Theoveralllengthofthe
lasertubewas60cm・Rounded-offaluminumelectrodesuｓｅｄｗｅｒｅ５０ｃｍｌｏｎｇａｎｄ６ｍｍ

ｗｉｄｅｗｉｔｈａnelectrodespacingofl5mm・Theelectrodesweresupportedbyaspacer
systemmadeofglassandacrylicresine・Theinsulatorfbrtwoparallel-platetransmission
lineswasmadeofapolyesterfilmof250-"mthickness・Theconductorsweremadeof
aluminuｍｆｂｉＬＴｈｅｓｅｗｅｒｅｃａｒｅＭｌｙｐａｓｔｅｄｕｐｂyvacuum-pumpoiltothepolyester

filmofhighdielectricstrength(dielectricconstant8＝3.25)oneachsideofthealuminum
fbil・Greatcarewastakensothatnoairbubblesordustparticleswereincludedbetwee、

thealuminumfbilandthepolyesterfilm・Edgesoftheconductorsweresealedusinga
polyesternlmwithepoxyresinetoprotectthemfifomcoronaerosion・Thusabreakdown
voltageuptoalleastl5kVwasobtained・Thecapacitanceofthetransmissioｎｌｉｎｅ
ｗａｓ９３ｎＦ・Nitrogengaswasletinatoneendofthelasertubeandpumpedoutatthe
otheｒｅｎｄ．

Thenitrogenlaseremissionat337､１ｎｍｗａｓｄｅｔｅｃｔｅｄｂｙａｎｌｗａｓａｋｉSS-6100synchro-
scopeandabiplanarphototube(HTVR-617U)．Theemissionspectrumofthenitro‐
genlaserwasrecOrdedwithaphotoelectricrecordingsystemcomposedofaNalumi
500mmgratingmonoChromatorRM-21equippedwithaHTVR406photomultiPlier，
aDCpreamplifierincorporatingaTeledynePhilbrickoperationalamplinermodel
lOO9，andaHitachirecordermodelO56,asalsoillustratedinFig､１．Thepulsewidth
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Fig､３．Nitrogenlaserpeakpowerasa

fimctionofimpressedvoltage、

Nitrogengaspressure：６０Torr．
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Fig､２．NitrogenlaserpeakpowerasafUnctionof

nitrogengaspressure・Impressedvoltage：
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2.4．Ｃｈｅ】?zjcaIs

Thestructureofrhodaminｅ６Ｇａｎｄｔｈｅｍｏｌｅｃｕｌａｒｆｂｒｍｕｌａｏｆｃｒｅsylvioletareshown

2.2．DygLaSe7

ThetransverselypumpedconfigurationusedinthisstudyｉｓａｌｓｏｓｈｏｗｎｉｎＦｉｇ、１．The

UVoutputbeamfromthepulsednitrogenlaserwasfbcusedbyacylindricalquartzlens

CL(f＝１０cm)onthesurfaceofthedyesolutioninasquarequartzspectroHuorometer

cellC(1ｃｍ×１ｃｍ×4.5cm)．Theexistenceofapulsedlaserbeamofthedyemixture

wasobservedvisuallywhilethelaseremissionspectraweremeasuredbytheabove-

mentionedphotoelectricrecordingsystem．

ｗａｓａｂｏｕｔ３ｎｓ，Themaximumoutputwasobtainedatanitrogenpressureofca、６０

Torr,ａｓｓｈｏｗｎｉｎＦｉｇ､２．．Figure3givestheoutputpeakpowerａｓａｆｉｍｃｔｉｏｎｏｆｔｈｅｉｍ‐

pressedvoltage,showingthelinearrelationship、Sincethelaseroutputpowercouldnot

becalibrated,weusedtheimpressedvoltage(V)insteadofthecalibratedoutputpoweｒ

(e､9.,ｋＷunit)asthelasingthreshold，AIthoughtherepetitionfrequencyｐａｎｂｅｉｎ‐

creased,thepresentexperimentiscarriedoutwiththerepetitionhequencyofcα、１Ｈｚ

dUetothestabilityofthetrigger．

2.3.FI"07℃Sce"Ceα”AbSO7〆iO"ＭｅａＳ”･gme"tS

TheHuorescencespectrawerealsomeasuredwiththephotoelectricrecordingsystem

showninFigo1・TheHuorescencewasanalysedwiththegratingmonochromator・

TheoutputofthephotomultiplierwasfbdintotheDCpreamplifierandｔｈｅｎｔｏｔｈｅｒｅ再
corder、

ExcitationradiationwasobtainedfromanUshio500-Wsuper-high-pressuremercury

arclamp，ｔｙｐｅＵＳＨ－５００Ｄ・TheexcitationlightbeamwaspassedthroughaToshiba

glassnlterUＶ－Ｄ１Ａ・

TheabsorptionspectraweremeasuredwithaShimadzuMPS-50Lmultipurposerecord-

ingspectrophotometer・Ａｌｌｔｈemeasurementsweremadeatroomtemperature．
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TheabsorptionandfluorescencespectrashowninFig､５arefbreachofthetwodyes，
Rh-6G(Fig.５a)ａｎｄＣＶ(Fig.５b)．TheabsorptioncurveswereobtainedfbralO-mm

absorptionpathlength・TheHuorescencebandsofRh-6GandCVarecenteredatabout
572and643ｎm,respectively・ThemolarextinctioncoeHacients(8)ａｔthe337.1-nm
excitationwavelengthofRh-6GａｎｄＣＶａｒｅ６×１０３ａｎｄ３×１０３ｃｍ－１Ｍ－１，respectively・
Iｔｈａｓbeenknownthattheabsorptioncrosssectionsat337,１，ｍａｒｅ２．４×１０－１７ｃｍ２
ｆｂｒＲｈ－６Ｇａｎｄ４×１０－１８ｃｍ２ｆｂｒＣＶ､5）ＡｓｃａｎｂｅｓｅｅｎｉｎＦｉｇ､５，thesedyeshaveagood

spectraloverlapoftheRh-6GfluorescenceandtheCVabsorption・Therefbre,itwould
beexpectedinamixtureofbothdyesthatmostofthepumplightismainlyabsorbedby
Rh-6GandalargeportionofthisexcitationistransfbrredtoCVinadistancesmauenough

YoshihumiKusuMoTo,HiroyasuSATo,andKazutoMAENo

inFig､４．Rhodamine6G(thelaser-dyegrade；Rhodqmine-6G(Rh-6G）

r鋼:::>c鱗1㎡慨鑑鯛鰯撫蝋:星
ＷｅｓｔGermany）wereusedwithoutfilrther

Cresy(violet（CV1 purification・Asfbrthesolvent，methanol

wasusedasobtainedfromDQjindoLab.（theG9H8CIN30

Fig､4．Molecularfbrmula．spectrograde)．
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３．ResultsandDiscussio、

3.1．Crj〃iα/b7･SeIec伽９伽ＤＣ"０７．－AccePm7･Sys舵m

Twosolutes,oneadonor(Rh-6G)andtheotheranacceptor(CV)weredissolvedin

asolvent(methanol)．Here,itshouldbeemphasizedthatthisacceptorcompoundwas

employedbecauseofitshigherlasingthresholdrelativetothedonorwhenpumped
directlybythenitrogenlaser・Thedonorwaschosenaccordingtotwocriteria：（１）
ａｈｉｇｈｍｏlarextinctioncoefficientatthe337.1-nmexcitationwavelength,ａｎｄ(2)good
spectraloverlapcharacteristicswiththeacceptor(』.e,,goodoverlapofthedonorHuores‐
cenceandtheacceptorabsorptionspectrum)．

３００４００５００６００７００

Wavelen9th/nｍ

Fig.５．Absorption(A)andfluorescence(F)spectraofrhodamine6G(Rh-6G）

andcresylviolet(CV)．Absorptionpathlength:１ｃｍ・Concn.:Ｒｈ－６Ｇ，

２．０×１０－８Ｍ；ＣＶ,０．９×10-8Ｍ；inmethanol・Thearrowsontheabcissa

refertothｅ337.1-nmexcitationwavelength．

０

Ji

l

1．０

酋
一
の
色
２
厘
①
シ
種
何
一
①
匡

０
０●

》
Ｉ
・
一
×
“

●、

a）

ｃ
●
■

自一亨､1良

０Ｖ



Study･ofLasinginOrganicDyeMixturesPuｍｐｅｄｂｙａｎＮ２Ｌａｓｅｒ 155

昏
一
の
宮
の
Ｅ
一
の
三
一
画
一
の
正

６
０
０
０

２
２
１

の
。
匡
両
ｐ
湾
○
の
。
く

一_一 ～

アー
ＡＡ

３００４００５００６００７００

Wavelen9th/nm

Absorption(A)and且uorescence(F)spectraofadyemixturesolutioncontainin９

２．０×ｌ０－３Ｍｒｈｏｄａｍｉｎｅ６Ｇ,and０．９×１０=３Ｍcresylvioletinmethanolも

Absorptionpathlength：１ｃｍ．

０Ｖ

Fig.６．

togiveaneB5cientlyeBfectivepumppowerdensity・Figure6showstheabsorptionand

Huorescencespectraofamixtureof2､０×１０－３ＭＲｈ－６ＧａｎｄＯ､９×１０－３ＭＣＶ、The

Huorescencebandscenteredaroｕｎｄ６４２ａｎｄ５７０ｎｍａｒｅｉｄｅｎｔｉｆｉｅｄａｓｏriginatingfrom

CVandRh-6G,respectively・ＡｓｃａｎｂｅｓｅｅｎｉｎＦｉｇ６,ｉｎｔｈｅｄｙemixturetheRh-6G

fluorescenceisalmostcompletelysuppressedinfworofthelonger-wavelengthCV

emission，indicatingane伍cientexcitationtransferfroｍＲｈ－６ＧｔｏＣＶ・Therefbre，it

maybesuggestedthatCVispumpedinbothitsUVandvisibleabsorptionbandsandmost

ofthefiuorescenceemissionisduetoexcitationofthevisiblebandthroughtheenergy
transferfroｍＲｈ－６Ｇ．

3.3．Lase7．Ｅ”ssio〃α”Ｌａｓ加９Ｔ~h7℃shoM

Figure7showsthemeasuredlaseremissionspectrumfbrasolutioncontaining２．０×
10-3ＭＲｈ－６ＧａｎｄＯ､９×１０－３MCVmentiOnedabove，ThelaseremiRRionbandinthis

dyemixtureiscenteredatabout642nm、Ｔｈｅlasingthresholdwasmeasuredtobe６．４

ｋＶ・Forcomparison，thelaserspectrumfbraO､９×１０－３MCV-onlysolutionwasalso

measuredandisshowninFi9.8．ＡｓｃａｎｂｅｓｅｅｎｉｎＦｉｇ､８，thelasingwavelengthinthis

CV-onlysolutionisingoodagreementwitｈｔｈａｔｉｎｔｈｅｄｙｅｍｉｘｔｕｒｅ，whilethelasing

thresholdinthefoｒｍｅｒｗａｓｍｅａｓｕｒｅｄｔｏｂｅ８､４kVandishigherthanthatinthelatter・

Alltheresultsmentionedabovesupportthatthelaseremissioninthedyemixtureorigi-

natesfromCV、Therefbre,itcanbeconcludedthatmostoftheexcitationabsorbedby

Rh-6GiｓｔｒａｎｓｆｂｒｒｅｄｔｏＣＶａｓａｕｓｅｆｎｌｐｕｍｐpower,inotherwordspumpingbyexcita-

tiontransfbrisquitee価cient、Here，itshouldbereferredtothatsimilarexperiments，

６００６５０７００

WaveIen9th/nｍ

Fig.８．LasingwavelengthsofO､９×１０－３M

cresylvioletinmethanol．

Rh-6G岩0Ｖ

６００６５０７００

Wavelen9th/nｍ

Fig.７．Lasingwavelengthsofthesamedye

mixturesolutionasthatinFi9．６．
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usingthesametwodyes,havebeenperfbrmedearlierbyMoelｌｅｒｅＭＩ.4)andbyDienes
andMadden､5)Ontheotherhand,Castelli'0)hasreportedstimulatedemissionoｆＣＶ

ｐｕｍｐｅｄｂｙａｎＮ２１ａｓｅｒｏｒａＲｈ－６Ｇｄyelaserandhasshownthatthelasingefficiencyof
CVismuchhigherfbrpumpingwithaRh-6GdyelaserthanfbrthatwithaN21aser・

Ourconclusionisingoodagreementwiththeirs,4,5,1o）
InarelatedexperimentwehavealsotesteddyemixturescontainingRｈ－６Ｇａｓａｄｏｎｏｒ

ａｎｄ３,３'-.iethylthiacarbocyanineiodideasａｎａcceptoratvariousconcentrations・

Theresultsobtainedwillbepresentedelsewhere､11）

４．Summary

WehaVeinvestigatedthelasingcharacteristicsofRh-6G-CVmixturesbymeasure‐

mentsoftheabsorption,fluorescence,andlaseremissionspectraaswellaslasingthreshold・
ItwasshoWnthatenergytransfbrfromtheRh-6Gdonordecreasesthethresholdpump

intensitythanthatneededfbrdirectexcitationoftheCVacceptor・Inaddition,ｉｔｗａｓ

ｓｈｏｗｎｔｈａｔｉｔｉｓｐｏｓｓｉｂｌｅｔｏｓｔudytheenergytransfbrdyelaserwithourlasersystem

becausethepumpingoutputpowerofthenitrogenlaserisefficientlypowerM．
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