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The fluorescenceof Sm3+ in lithium molybdateborateglasses
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Abstract

We reportthe fluorescencespectraof Sm3~in (Li
2B4O7)1_~(MoO3)~glasses;fine structureof the 4G512—6H~12

(x = 5,7,9,11) transitionsanda slightincreaseof the oscillatorstrengthswith x areconnectedwith the localcrystal field
andhybridizationeffects, while an increasingfluorescencequenchingwith x appearsto be relatedto a proportional
increaseof the Mo2O~ clustercontent.

1. Introduction anincreasein the fluorescencetransitionoscillator
strengthswith increasingW03 content,which has

According to several contributions [1—3], at beenconnectedwith thehigh electricpolarisability
higherW03andMoO3 contents,clustersappearin of W03 [4,7] and which should not be so pro-
molybdate and tungstate borate glasseswhich nouncedusingthe lesserdielectric MoO3.
might beuseful for thestudyof radiationlessenergy
transfer mechanismsconnectedwith the fluores-
cenceof samariumandotherrareearthions. Both 2. Experimentaland results
glassnetworksare rathersimilar, butcomparative
Ramanstudies[2,3] haveshownthat certainclus-

The sampleswerepreparedandthe fluorescence
ters which exist in the tungstateborateglassesdo intensityandthe transmittanceof the glasses(Fig.not appearin the molybdateborateglasses,which 1(a)) were taken [5,6]. For the transmittancewe

makesthe lattera simplerandareferencesystemas
useda modified conventionaldoubleprism mono-

far as cluster assistedfluorescencequenchingor chrometer(C.Leiss) togetherwith a conventional
enhancementis concerned.Besides,for the tung- halogenlamp (Osram)as sourceanda Valvo XP
stateglassesthequenchingeffectswereobscuredby

1017photomultiplierasa detector.Forthefluores-
cenceexcitation we used the 5145 A beamof an
argonlaser(Lexel 75-1), which wasfocusedon the

* Correspondingauthor.1Presentaddress: Spindler&Hoyer, Konigsallee 23, D37081 sampleusinga suprasillens andwhich penetrated
Göttingen,Germany. the sampleat right angleswith the fluorescence

2Presentaddress:DVFLR, Bunsenstrasse10, D-37083 Gdttin- beam.Thesamplewaslocatedcloseto theentrance
gen,Germany. slit of a modified Jobin—Yvon M 225 double
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x ( A ) 2.1. (Li~B4O7)1~.(Srn~O3)1,glasses

4000 6000 8000
I I As excitation by lasersoften producesfluores-

cenceline narrowingasonly a subsetof Sm ions are
1 - excited (FLN) [8—II], for the Mo03-freeglasses,

the excitationintensity (4—lOOmW) andtheexcita-Tr
tion wavelength(4765,5145,4880 A) werevaried.
In no casethe relative heightsandpositionsof the~
peakswere changednotably ( < 1 %) andthe flu-
orescenceintensityscaledwith the excitationinten-

__________________________________ sity. Small changesof the linewidths connected
1 I with different excitations,however,weresuggestedI I

I 1 by deconvolutioninto Gaussianpeaks[8]. Because
I I

of accuracylimits of the fitting procedureandbe-
causea variety of effects can contributehere, i.e.,
selectivepopulationby changingthe bandwith of
the excitation(FLN), energy diffusion, openingof
newrelaxationchannels[9—i1], we did notproceed
further with these experiments.Also, virtually no

~a) changeswere found when mediummagneticand0 I I I - 0 electricalfields (~ IT, ~ 10 kY/cm) wereapplied.
52005400 6000 7000 Eventhe changein temperature(l60—600K) result-

x ( A ) ed in only small changesof the peakparameters.
________________________ The relative shifts obtainedwere in the order of

1 0.1—I % i.e., they have to be interpretedwith cau-
1000 ~iiit~~~’ tion. According to [7,13] the observedpeakposi-

2 3 tions themselvessuggestthe useof aSS+ L~energy
100 - level schemefor Sm

3~in all glasssamples,appar-

1r ~ ently subsplit by the (local) crystal field. The
10 - ~4 weakest line (4F

32—~

6H~
2),however, showed

a.u. -~ -- a largerandanomaloustemperaturedependenceof
I (hI the fluorescenceintensity (Fig. 1(b)).

600 400 300 K
2.2. (Li,B407J / -- (MoO3)~(Sm,O3)~glasses

lIT -

Fig. I. (a) Fluorescenceintensity1, (1) andtransmittivity T( 2 In order to comparethequantumyield P1 of the
of Sm

34 in a (Li
2B4O7)54 (Mo03)45(Sm203)1glass versus differenttransitionsfor variousmatrices,onehasto

wavelength). at 300K. Broken lines: fluorescenttransitionsof correct the standardized fluorescence spectra.
Sm

3~in acid aqueous solution according to Ref. [13]. Fig. 1(a) showsan example,for theabsorption~t
0of

1(b) Maximum intensityof threetransitions
4G

5,2-. and the excitation beamand for the absorptionof the
of

4F
32—~

6H
5,2versusreciprocaltemperature.1. 2, 3, 4: 5965.

6456, 5627, 5275 A, respectively; for line 4 1, = i~ fluorescentbeam ot~while they pass through the
exp( — LsE/kT);AE= 990 cm ~. glassfor a distanced0, d. According to Ref [7], the

correctedintensity I~,that is the fluorescentinten-
sity if the matrix were totally transparentat both

monochromatorandthefluorescencewascollected wavelengths,is given by:
by an offside sphericalmirror which itself was fo-

1~c ‘exp ~.o, d~)j(Af, df) withcuseddirectly on the entranceslit. As detectorwe
used the XP 1017 photomultiplierat — 10°C. f(i., d) = ~(2)/(l — exp( — z(i.)d)). (1)
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~f, ~oare numericallygiven by the Sm specificand a
the background absorption(Fig. 1(a), Table 1). -

After that, the local quantumyield is definedby:

~oc = ~/‘em I = 5,7,9,11. (2) 2

where ‘em is the sum over all emitted quanta. a.u.
Fig. 2 showsthe local quantumyield for the four
transitions4G

512 —~

6H~
12(x= 5, 7,9, 11) asa func-

tion of the MoO 3-content. Note, that the 9/2 and 0 20 40
11/2 transitionsdo not scalewith the other two
transitions,suggestinga particularsensitivityof the
correspondingoscillatorsto matrix changesjust as b
foundin the equivalenttransitionsin the tungstate 1
glasses[7]. Someadditional information is sum- 3
marized in Table 1. Onesignificant feature is the I ~ x 3 6
(linear) increaseof the Sm-specificabsorptionwith a.u. .

x, which againsuggestsan influence of the glass 4 ~-

matrix on theoscillatorstrengths.Anotherinterest-
ing featureis the increasingbrownish coloration, .2 I I 1—

suggestingthe appearanceof some other kind of 0 20 40
molybdate cluster(s) at higher MoO3 contents, X mol% Mo03

which may or may not contain different valence
6 + 5 + Fig. 2. Local quantumyield 1 versusMoO contentfor thestatesof molybdenumMo , Mo , as found for 3+. 4 6 —

Sm . G5 2 ~ H 2 transitions with n -.-- 5, 7, 9, 11(3, 1, 2,4).
the analogtungstateglasses[1,32]. Multiply sc~sleof 2(a)by 3.6 to match thescaleof(b). fit to

function: F~(x)= 1/(1 + 16.7x
175131 ); (1, 3); F

2(x) = F1(x)
(1 + 2.4x — 2x

2); (2,4); — — — borateanomaly(seetext).
3. Discussion

3.1. (Li
2B4O7)1~(Sm2O3)5glasses usedis not consistentwith a local C1 or C2 [16]

symmetry,disallowingmorespecificassignmentsof

3.1.1. Assignmentof the transitions the observedtransitions. We can state,however,
Fig. 3(b)showsthe 2S+

1L~energylevel schemeof that the splittingsanddegeneraciesas proposedin
Sm3~accordingto Refs. [12—15].The notation Fig. 3(b) would be sufficient to explain all the ob-

servedfeatures,for example,accordingto Fig. 3(b),
Table I the 4F

312 .-+

6H
512(

4G
512—.* ~H5~2)transition could

Composition,Sm-specificabsorption,density and color of the potentially be split into a triplet, as is found (Fig.
glasses 1(a)). Randomvariations of the nearestenviron-

L12B407 MoO3 Sm203 d 25m Color mentswould result in equivalentvariationsof those
[mol [mol [mol [g/cm

3] [m’, levels andthat would explain the Gaussianshape
%] %] %] 4880 A] andthe insensitivityto temperatureof the decon-

100 0 0 2.13 transparent voluted fluorescencepeaks. According to the
99 0 1 2.23 5.6 transparent knownspectraof Sm~2[17—19],the coexistenceof
94 5 1 2.27 6.7 transparent Sm2~canbe ruled out here.
89 10 1 2.30 8.3 transparent
79 20 1 2.37 10.4 transparent
70 30 0 2.40 brownish 3.1.2. Temperature-inducedchangesof the spectra
69 30 1 2.45 15.2 brownish The slight temperature-inducedshiftsof the line
59 40 1 2.54 18.3 brownish positions (Fig. 1(b)) are usually connectedwith
54 45 1 2.59 21.9 brown .

_____________________________________________a changeof the averagestatic crystal field with
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b - 30 iü~ cm
1 to extractthe true linewidthsevenafter deconvolu-Sm+3 tion as additional(nonresolved)transitionsmight

be present.Thetemperature-inducedbroadeningis

6p higheras in equivalentcrystals [24], which again
5/2 suggeststhat increasedvariationsin the local crys-

________ a tal field connectedwith the thermalexpansionare
_________4G responsible.

4F 7(2 20
4G 3/2

5/2 3.2. (Li,B
4 07)/ - ~(Mo03)~ (Srn,01) glasses

3.2.1. MoO3 inducedchanges:variation of the
oscillator strengths

11/2 The slight shifts of the line positions to higher

9/2 — wavelengthshavebeenconnectedwith an increase
7/2 of the Sm-nearestneighbour interactions with

___________ 5/2
~i5,2~2 x [7]. Also, the small increaseof 1i1(x) at low x and

(3/2 the increaseof the Sm-specificabsorption have
6 Mo2072 beenassignedto an increaseof the respectiveoscil-
5 9/2 lator strengthsfollowing the reductionof theSm—U

7/2 - distances,i.e., increasedmixing of electronicstates

6115/2 leadsto a further relaxationof the Laport selection
rules,which in turn is thoughtto be inducedby the

Fig. 3. Mo2O~- cluster(a)andenergylevel schemeof Sm
3+ (b) averagereplacementof B by W (Mo) in the tung-

accordingto [12, 15, 16, 33, 34]. Numbers left side of level
scheme:degeneracyof states, state(or molybdate)glasses.

3.2.2. Mo0
3-inducedchanges:Fluorescence

thermal expansion[20,21]. The reduction of flu- quenching
orescenceintensity with increasingtemperatureis The local quantumyield versusx curvesfor the
usuallyascribedto competingnon-radiativemulti- four main peaksshow that we havealwaysa flu-
phonon processes,which becomeincreasinglyirn- orescencedecayat higher x. Since the oscillator
portantwhenthe temperatureis raised[22]. This strengths increasewith a changeof matrix, see
doesnot,however,accountfor theanomaloustern- Table 1 and Ref. [7], the decreaseof thequantum
perature behaviour of the first small triplet yieldsshouldbedue to fluorescencequenching.As4F

32—6

6H
512 (Fig. 1(b)): here,by similarity argu- the maximum of P,(x) for the 9/2 and 11/2

ment, we adopt the interpretationgiven by Ref. transitionsat low x suggestsa superpositionof two
[23] for the caseof Er

3+ in tellurite andgermanate effectsof almostequalmagnitude,for a description
glasses;in thatcasetheupper(fluorescence)level of of r13

1(x) in terms of fluorescencequenchingalone
this transition gets populated by fast thermaliz- we shouldstart with the 7/2, 5/2 transitions.Here,
ation of excited states. In particular, if the we may assumea negligible changeof oscillator4G

572 and the
4F

3/2 levels (Fig. 3) are close to strengths.For the fluorescencequenchingdescrip-
thermal equilibrium, the occupancyof the higher tion one has a choice to adopt intrinsic (matrix4F

312 state should be proportional to exp induced)or extrinsic (impurities, clusters)causes.
— AE/kT), where AE is the

4G
512 —

4F
32 level Little is known about the electronicstatesof the

difference. Therefore, we use a logarithmic plot molybdateglassmatrix and in particular about
versus 1/T [29,30]. From that plot we find thoseof its clusters.If, however,the MoO3 substi-
990cm- and from the scaleof Fig. 3(b), 995 cm- tution itself would introduce acceptorstates for
A small increasein linewidthwith temperatureap- non-radiative transitions, we would have strong
parentlyoccursin bothcases,however,it is difficult fluorescencequenching already at small MoO3
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contents;however,at small x, P,(x) is almostcon- into accountthe(linear)matrix inducedincreasein
stant.Therefore,andsinceintentionalimpuritiesare oscillator strength; this we can implementby re-
absent,MoO3 clusters are more likely to act as placingJ~in Eq. (3) by 10(x) with
acceptors.Fluorescencequenchingby both multi-
pole basedenergy transfer and impurity assisted 10(x) = I~(1+ ax + bx

2 + ...) to give
resonantenergytransfer,can be compiledinto one I = I~(x)F(c(x))/1

0. (4)
formula for the reduced fluorescence intensity
[25, 26], i.e.: While the linear part of the expansionis directly

related to the linear increaseof the oscillator

= ‘e/’O = (1 + $(c/c*)~/
3)1 = F(c) strength,the small curvaturebx2 could arisefrom

theSm3+ self-quenching,asthis effectrunsthrough

= 3/4it(R*)613, (3) a maximumat about 2 weight% Sm [31]; i.e. we
expecta curvaturewhentheSm-contentis changed

whereR* is thecritical transferdistance,fi a mecha- around 2 weight% or when the density of the
nism dependentconstant,c the acceptor con- glassesis changedwith x while the Sm contentis
centration,I~,J~the fluorescenceintensitywithand fixed. Indeed, according to Table 1, the density
without acceptor, 0 mechanismdependentexpo- increasessomewhatwith x. Overall, we find that
nent: 0 = 3 the (assisted)radiationlessresonanten- a fit to Eq. (4) is possible.
ergy transfer, 6 = 6 the dipole—dipoleinteraction, As we expect a similar clusterformation also in
6 = 8 the dipole—quadrupoleinteraction, o = 10 the equivalentLithiumboratetungstateglasses,we
the quadrupole—quadrupoleinteraction, expectto apply this fitting procedurealsoto Sm3+

It has beenproposedthat the expectedcluster andEu3+ in tungstateborateglasses,at leastwhen
concentrationscL can be written as a power of the the chargetransferstateswhich frequentlyoccurin
numberof tungstenatoms I involved, c

1’-~x
tand thoseglasses[1—8]do notcontributeto thefluores-

thus also as a power of the number m of their cencequenchingsignificantly. This fit is also pos-
M0O

3—(WO3) units: c—~x
m[1]. Assumingthe cx- sible, but apparently we have to allow for two

ponentm to be integer and combiningthis with different neighbourhoodsfor the fluorescent ions,
Eq. (3), we expect as exponentof x: mO/3; i.e. for oneof which is unaffectedby the clusters,i.e. would
m = I we would find me= 3, 6, 8, 10; for m = 2 we give a constant reducedquantum yield and the
would find mO = 6, 12, 16, 20 and for m = 3 we otherinvolves someclusteracceptorstate:
would havemO = 9, 18, 24, 30, etc. As the optimal ~ = ~ (~F(c(x))+ (1 — z)Fo)/Io. (5)
fit of Eq.(1)to P

1(x)givesa 0 of 7--8(Fig. 2),wehave
a choiceof assigningthe fluorescencequenchingto The result for ~P1(x)of a Eu

3+ fluorescenttransition
m = 1, 0 = 8 (MoO

3 as impurity, dipole—quadru- in atungstateglassis shownin Fig. 4. Specifically,in
pole interaction)or m = 2—3, 0 = 3 (2.5 (MoO3)as Fig. 4(a) both contributionsare superimposed,the
impurity, assistedresonantenergytransfer). changein oscillatorstrengthincluded; in Fig. 4(b),

As it has beenshown that already 1 mol% Cu theoscillator strengthis normalizedto 1 in order to
[27], but not that amountof WO3 cancompletely show that a ~J

5
1(x)curveis obtainedlike that for the

quenchthe Sm
3+ fluorescence,thefirst choice,tak- molybdateglasses(Fig. 2). Thissuggeststhepresence

ing the glassforming MoO
3 as anacceptoris again of clusters in the tungstateglasses,too, but the

to be ruled out. numberdensityof the W2O~- clusters would be
On the otherhand,a Mo2O~cluster(Fig. 3(a)), considerablesmaller ; the borateanomaly,which is

which hasbeenclaimedtoexist in molybdateglass- supposedto occur aroundx = 20 mol% [32], how-
es from the interpretationof Raman spectra[3], ever,appearsto be morepronounced.Theassump-
would indeedinvolve 2—3 formula units of MoO3 tion of two different neighbourhoodsfor Sm

3’~
[33,34]. might appearremoteat first sight,butan equivalent

If this analysisis correct,we would expectto fit situationhasbeenencounteredwith Cuacceptorsin
the othertwo transitions9/2, 11/2(Fig. 2)by taking borate—tungstateglasses[28].
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