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lle have obgenred lunlncseelrce quenehrng of soltrtlons ln tro-lhortoa cxcitatlon by a nrb5r

Las€tr. lbe e*fectlvc crogs sectlon of thls process agrces wlth tbc assr4rtlon tbat the qucneh-

lng ts the result of a stlmrlatecl transltton to bl6b vlbratlonal levcls of tbe elcctronic

ground etatc.

I{c neaguretl tha dcpcnd.enec of thc hml.nescGlrcc tntcnstty of lunlnecoeat solutlons on thr

lntcnstty of cxcltetlon rlth thc nrby lasar. the lmrustlgatcd so}rtlons rcrc traneparcnt et

the laser ftequency, and thc lrnlncscence occltatlon raa by tro-phorbon absortrrbl.on. We uscal a

pr:lsetl Q-srvttcbed. rrrby J.aser (rotetlng prlsn) wlth grLse duratlon aglrroxlntcly ,O nsce and

alr cncrgr of ssneral dozcn Joul.cs. Ilre laser radlatlon nas focuEacl by a lelrs (t - f en) ln

eLde a eell rlth the lnvestfuated solutlon. Ihe lrnlneseence rlag obserncd tn a dJ'reetlon per-

pendtcuJ.ar to tbe laser bea,n vlth the ald of an EIU-EI photmultipller. A ftlte (CuSO4 rotu-

tlon) rlas placed ln fuont of tbe phortoruultlpJ-ter. A smll scetlon (-l m) ncar thc foeus reas

focused on the photonultlpller nind.ow. lte bea,n dlanebcr on thls seetl.on nas agproxtntcly

O.J m and. the powqr reache<l , gile#. Further lncreesc of thc trovcr 3-ed to breakdorn (duc

agnrent\y to dust parbtcJ-cs). ftre solvents were etbyl alcohol and. vatar, 1.e., veak\r-non-

linear llqul.ds. lbe geonetry of the bcan tltd no't change wlth lncrcaslng povcr, and no sel,f-

focuslng vag obse:nredl.

the lascr powcr ras narlcd vlth tbc airl of fllters. 3o nonltor thc potrcr, prt of thc

bea,n vas dleflected wlth a glass plate to a coa:<ial pbotoecll. the sfural- ftm thtg ecl] and

thc lr.mlnesccnee slgnal ltom the phortorltlpllcr nere fcil (througb dtffcrcnt dcJay tlncs) to

a,n SI-LL oaeilloroqn. Anrrtbcr ooa:clrl ccLL nac plaocil at tbc

oclt of the lsger bea.n fton thc eelf arxl senred to eheak the

trangnlsgloa and the absence of nonll.near absorptlon or seat-

terlng.

Flgure I shons, ln a J-og-log soBLc, thc regults obtalned

for a,n alb.Line solutton of fluonegcelu ln veter (coneortratlon
l ,

1o-- g,/E"f). ltre stratglrt }l.nc a bas unlty slope and <lmn-

strates thc llneertty of tbc transnl.sslon. Brls ltncartty

agrees vith thc faet thet tbe tvo-phorton absorlrblon ls vcry

sBLI (-:o-) or-1, """ tU) and there ls no appreelabrc non-

llnear scatterlng. ltrc slopc of thc deshcd J-J.ae eqral-s 2. Wc

see that tbc hrnlncacencc lntenslty flrst lacrcascs quadratl-

calJy wlth the occitatlon porcr, and thcn the lnercaga bcconcE

graihral\y llnear. A quadratlc depeadencc shouLl bc obscrrycd.

for tro-fhoton cxcltatlon. In the cesc whcn the bea,n nas not

f,ocused, re obtalacil tbc quadratle excltetlon ln the cntire tn-

F, photon,/cnzsee

FfS. 1. Transnlssion (a)
and lunlncrectrec lrtcnstty
(t) vr. orolttng flux F.
thc dschcd eurrc (c) tc a
plob of fornul"e (a).
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vcstlgated porc" lrterval. lhe d,rvlatlon tlom the quadratle law and the ehangcover to llnearl-

ty ehouJ-d be g,ttrlbutetl to quanch{rrg, whleh lncreases Iln*r\y wtth the lntenslty. As seen

tlon Fig. 1, the dsviatlon of the experlnerbal polnts flon the dasbed ].Lne reaehelr one ordcr

of mgaltude, :[.e., tbc qucncbing ls by a factor of ]I.

Analogors results vere obtained for alcohol solutlons of aerLdinc eul-f,ate aDil ]-arn{1e-
pbthal-lplile. No quenchlng rlas obsenred ln a solutlon of antbracenc in alcoho] ln the entlre

Jaser-porcr lrbenral.

Tlte lunl.nesconcc lrlnetlcs Ls deserLbecl ln the case of quadratlc excltatlon and llnear
guenching by the eguatton

any'at = u# - (V")n - FnFr (t)

nhere N ls the number of noLecules per untt volune, n ls the number of exeltctl molecuJ-es
(in our case n (( N, N * los ct'J, a,nd ,, ^o lor) c"-5), r (ct'zsec-t) ," the ftux ln
photons, 6 (cnhsee) ls the two-photon absorptlon coeffl.clert, r ls the Llfetine at the ex-
clted level, and. F ts thc effectlve quencblng cross sectton. In the case $hen the duratlon
of the exclttng pulse oreeeds r, it can bc assuned that Oa/at * O. (lhe sa.ne holds when
the lurdnescence intenslty Ls measured by determlaing the pulse na:rlnun [a].) Ilon thls wc
get

n = DIIr2/[(/t) + pr]. (a)

The lumlnescence lrbensity t ls proportlonaL to the rrumbcr of oreltcd. moJ-ecules, and.
consequent\r thls fo::nula glves the t(f) dependenee. the effectlve cross sections f| were
deternLned by comgarlng the orperlnentaL currres wlth thls dependence. If F, r^ ls the fln:c
at vhlch quenehlng by a factor of 2 takes pJace, then U = t/rF.t/e. I,be tili" Ilsts the
results obtalnecl for the four invegtlgd.?d solutLons. In estluotlng the fhur ve <Ilsregard.ed.
the uneven d.tstrlbutton of the l,ove" crrer the bea,n cross sectl.on, and. therefore the absofute
value of F nay be subJcct to apprecieble errore.

Itte quenchtng nay be duc

to absorlrtlon of the laser ltght

by the nolecuJ.es of an exclted

electronlc ]-eve].. It ls well

krorrn, honsver, tbat ln comtrllex

noJ.ecuJ.es transltlons to hlgher

states usua1\r procluce a non-

radiatlve transltlon to the

first exclted. statc, and not
to the grorrncl state, so that

such a proeess does not tead to
quenchlng. We therefore propose
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that the obsenred quencblng Ls due to stlmrLated esnlsslon lndueed by tbe laser }tgbt. Itrle
is aceolqnnted by ernl.ssl.on of a quantun at the nrly freguency, and the rnolceulc goes ovcr to
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hlgler vlbratlonal LweLs of the elcetronle
grormil state. ftls ls foLlorcd by a non-

radlatlve tra^nsltlon to lower vlbratlonaL

l-arels, and consequently such a proccss leads

to l-uninescence quenchtne (ffg. 2).

To eetlnte the nalue of B thet fol-
lows fton such a sctreme nc ca! co4larc the

effectlve eross section of tb stfuul"a,tcd tra,nsltlon rlth the probabtJ-tty of the sportancous
transltlon at the sa.ne Ileguency. Uslng tbe relatlon betwecn the Etngteln eoeffletcnts and
assunlng that the absorlrblon a,nd. lunlnescencc spectra obey the nlrror-qrmetry lar []lr rc
obtain the followtng fornuJa

where ,n ls the ruby frequency, v" and v, are the ftequcncles of the mxln of the absor;r
tlon and lumlnesceace egectra, o"(vr) ls the effectlve abeorlrtlon crogs sectlon et the d;!c-
lann, and A(vr) and A(v*) are the lntensltles (the nunbera of qnalrba) fa tlc lumlnescencc
spectnm at the na:dnwr and. at tbe nrby frequcncSr. Itrc frequency-d.ependent faetoe ls cqual
to 1.5 (for fluoreseeln). fhus, the ratlo of the eff,ectlve qucnchlng cross saction to the
absozptlon cross sectLon at the mxtmn ls of thc ord.er of the retlo of tbe luntnescence ln-
tensltles at thc ruby ltequene]r and at the mld[un.

l{e how of no oract neaguremerte of tbc renobe ].ong-x6y6 tallc of the hrnlaeecencc
spectra of the fwestlgated substa,nces (such neasurenenta ere qultc dlfftcult). Ilowcve!,
fro'n tbe long-ravc tall of the luntngsc'dnce. spectrun re cann conclude that tho ratlo
e(v*)/A(vr) ls of the order of o.ol. Ttrls agrees rlth the obtalncd g/6n ratlos (scc the
tabJ-e). For a,nthracene, thls ratlo should bc smller, since lte spectra are Located at
shotter vavelengtbs. No quenehl.ng ls therefore obs€nred ln anthracene.

In conclusLon, lt can be ncrted tbot thc obseryed quenchlng posslb\y hJ:rders tro-lhobon
excitatlon of generation ln thc solutlons, slace lt lnfluences the populatlon of the exeitcd
Ievel.
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Flg. 2. Traneitlon schcnel v3 -
nrby frequcncyl I - two-phot-ob
abaorptlon, 2 - lrrnlncsecncc, ] -
stlnulatcd cnlsslon nlth rubcc-
qucnt radtattvc trangltlon.

p(vR) ,7 .1,(v*)

o.(v") ,fr" l(v2)
(t)
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