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Thestrongvibronicone-phononside-bandsof the
5D

0-.

7F
0 emissionof Eu

3+in
{(C

4H9)4N}3 Eu~Yi_~(NCS)6areusedto computetheHuang—Rhyselectron—phonon
coupling factor(So) of Eu

3+ with themodeat 35 cm1. Increasingconcentrationfrom
Ito 100 is found to leadto a doubling of the electron—phononcoupling strength.Gen-
eralizationof suchaneffectis proposedasa newhypothesisfor partof the self-quench-
ing processof rare-earthions.

1. Introduction

Vibronic structurein absorption,excitationor emissionspectraare characteristic
of the strengthof the electron—phononinteraction.In general,theymay havetwo
causes;eithera shift in equilibriumof latticecoordinates:the Huang—Rhyscoupling
factor S

0is non-zero,or a phonon.forcedelectric—dipoletransition(S0 = 0), respect-
ively the so-called& andM-process[1].Recentlywe havestressedthe formalanal-
ogy betweennon-radiativedecaysandvibronic side-bands[2] showingthat side-
bandscangive informationaboutnon-radiativedecay.In this paper,we present
an exampleof increaseof the electron—phononcouplingwith concentrationof
the activeion asmeasuredby side-bandsintensities.This in turn allows usto pre-
dict theexistenceof an increasein non-radiativedecaydue to ion—ion induced
electron—phononinteractionsbesidesanycross-relaxationprocesses.

2. Experimental

The singlecrystalsof {(C4H9)4N}3 Eu~Yi_~(NCS)ousedto obtainthe emission
andRamanspectraof this studyweregrown following the methodpreviously
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describedelsewhere[3]. Chemicalanalysesfor Eu3~and(NCS) havebeenper-
formedto ascertaintheactiveion concentrationand formulaof the compounds.

Fluorescenceand Ramanspectrawere obtainedwith a Spex 1702doublemono-
chromatorusinganArgon laserasexcitationsourceat 4765 and4880A.

3. Results

The fluorescencespectraof {(C
4H9)4N}3 Eu~Y1_~(NCS)6for x = 0.01 and 1 at

300 K arepresentedin fig. 1 for the
5D

0 -~

7Ff, transition.In this compoundthe
Eu3~is N-bondedto six thiocyanatesin anoctahedralarrangementalthoughthe
symmetry is distortedwhenC and S atomsareconsidered.For instancein thecase
of Er3~it is knownthat the Er—N—C—Sgroupsare approximatelylinear with
Er—N—C andN—C—S anglesof respectively174 and176°[3]. This distortionin
the coordinationgeometrygives riseto thesharp5D

0 —~

7F
0 electronicline ob-

servedin fig. 1. A group theoreticalanalysisof thewhole Eu
3~spectrahasindicated

[4] that the site symmetryfor therare-earthwasprobablya distortion of °h belong-
ing to the C

2~point-group.The allowed0-phononline is surroundedon both sides
by two anti-stokes(A.S)andStokes(5) one-phononlinesat 35 and 130cm

t cor-
respondingto the two strongestkamanlinesregionof fig. 2. Dilution with Yttrium
gives a strongincreaseto the0-phononline reflectinga reductionin self-quenching
andalso a decreasein therelativeintensitiesof the one-phononside-bands.
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Fig. 1. Emissionspectrafor the 5D
0 —+

7F
0 electronicline with its two one-phononanti-Stokes

(A-S) andStokes(5) side-bandsat 35 and 130 cm
1 for two Eu3~concentrations(x = 0.01 and

x = 1).
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Fig. 2. Ramanspectrain the 20—400cm’ regionfor thex = I compoundat300 K

4. Discussion

In orderto avoidproblemswith deconvolutionof theStokessidebandsfrom a
risingbackground(fig. 1) we shallconcentrateupon theA-S andS side-bandsat
35 cm1 only.

Havingverified that the0-phononline wasstill presentat liquid helium temper-
atureandits strengthindicatingthat this normally forbiddenline (J= 0 ~ 0) was
allowedby the low sitesymmetry,we haveassumedtheone-phononlinesto be of
the L~-processtype.This impliestheelectronicmatrix elementsto be thesamefor
the 0- and1-phononline. Besidesthis matrix element,the next factor in thetransi-
tion probability is, for temperatureTand an N-phononband,the well-knownfunc-
tion [2]:

P(N T) = e_5o(2 1)((~~+l)\~N/2~ (S~WQI+ l))1+N/2

j~- / 1

giving:

P(0, T)/P(l, 7)= l/S
0(ff+ 1)
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for Stokesemissions.With ~ithe occupationnumberof theconsideredmodehw at
temperatureT: ñ (exphw/kT — 1)~.

In caseof absorptionor for anti-Stokesemissions,onehasby analogy:

P(0,T)/P(l, 7) l/So~i.

From the experimentallymeasuredintegrated0-phononand 1-phononlines,
valuesof theaboveratiosare determinedgiving thevaluesof theHuang—Rhyscoup-

ling factor S~at 0 K presentedin table 1.
TheincreaseinS0 dueto the concentrationincreaseis found to be largerthan

the experimentalerrorwhich canbe estimatedfrom thediscrepanciesbetweenthe
S andA-S lines.Furtherit canbe notedthat theS0 valueis largerthan usually
found for trivalentrare-earthions(S0 —0.02—0.1) [2,5,6]; but it is still smaller
thanthe valuefound for a forbidden

5D
0 -~

7F
0 line in W04 Ca (So — 10) [7]. The

fact that our S0 is lessthan unity showsthatour decisionto considerphononside-
bandsascausedby a pure&processratherthananM-processor mixed process
waswell founded.In this lattercase,theratio of the integrated0-phononline
would involve the ratio of two differentelectronicmatrix elementswhich should
yield an apparentS~of the order of unity [1]. Havingshownan increaseof
electron—phononcouplingwith concentration,we shall try to estimatethe correla-
tive increasein non-radiativedecaywhichcanbe predicted.

From thesimplified form for non-radiativemultiphonondecayprobability [2]:

e
5°S~(ff+

1)N
WMr(N) = WflR(O) N!

with N theorderof the multiphononprocess,if the occupancynumberfor the
effectivephonon(hwm), oneobtains:

L~WnR(N)/WnR(R)= ~.S0(N/S0)— 1

forS0 <1

L~WnR= WnRN~S0/S0.

For a given relativeincreaseof S~,thecorrelativeincreasein non-radiative

Table I
Valuesof the Huang—Rhyscoupling factor for two concentrations(x = 0.01 and1)

x S0 Comments
Concentration for modehw = 35 cm

1

1% 0.14 From S line
0.18 From A-Sline

100% 025 From S line
0.32 From A-Sline
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decayis thehighestfor the largestenergygaps (LIE = N/hWm)to the next lower
levels.The idealsituationto recognizethis effectwould be thefirst excitedstatesof
therare-earthtrivalent ions seriesand5D

0(Eu
3~),5D

4(Tb
3~).For such levelsand

others,self-quenchingtheoriesup to now haveto rely uponunknownsinks or
“poisonous”centers[8,9].

Typically for 5Do(Eu3~),onemayhaveN 10 to 40 and for ~S
0/S0 1, the

normally negligible [2] multiphonondecayis foundto be multipled by morethan
one orderof magnitudeandcouldstill be apparentlyincreasedby energymigration
in a macroscopicsample.This could explainthe self-quenchingshownin fig. 1.

We thenproposethat multiphononconcentrationenhancednon-radiativedecay
be consideredasa possibility for self-quenching,throughmeasurementof So(x)
beforecalling for the helpof diffusion to unknownsinks.

Sucha caseof concentrationsensitiveelectron—phononcoupling in anorganic
materialis certainlyoperativealso in inorganichostsas shownby thecooperative
side-bandsrecentlydiscovered[10]. This latter effectalso describesan increasein
electron—phononcouplingwith concentration;the appearanceof newlinesgiving
additionalpathsfor lowerorder multiphononnon-radiativedecayprovidesstill
anotherchancefor our hypothesisto be operative.

5. Conclusion

A newexampleof concentrationsensitiveelectron—phononcoupling directly in
a luminescencespectrumhasbeenpresented.It operatesin thesamesenseasthe
one demonstratedby cooperativeside-bands.We suggestthat multiphononcon-
centrationenhancednon-radiativedecayshouldbeconsideredasa newself-quench-
ing processto betakeninto accountwhendirect resonantor phonon-assistedenergy
transfersby cross-relaxationhavelow probabilities.
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