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Indium trifluoride basedmulticomponentglassesof the composition:30InF
3—3OBaF2—1OThF4—9ZnF2—2ORF,(RF = LiF,

NaF andKF) with Nd
3~(1 M%) were preparedand an investigationwas carriedOut on the significanteffectsof RF on the

physicalproperties, the absorptionspectra,the photoluminescencespectraand the decaytimes (ps) of the laseremission
transition4F

3/2 ~~‘u/2 (1.05 ~m) at 300 and77 K, by usinganargonion laser asthesourceof excitation.To understandthe
laserefficiency of thesematerials,the valuesof the spectroscopicquality factor (124/126)and the quantumefficiency (~j)

obtainedfrom the measuredand computedlifetimes of the
4F

3/2—~ 111/2 have beenestimatedandit is foundthat glass A
could besuggestedas a suitablelasingmaterial.

1. Introduction also ZrF4-free optical laser glasses with Ho
34,

Eu3~,Th3~and Pr3~,ions as the luminescent
The zirconium fluoride free glass systemshave centers[3—8].

attracted a great deal of attention among the In this paper,we reportthepreparationandthe
differentresearchscientistsin severallaboratories, important results from our systematicstudy on
becauseof their larger transmission range ex- the physical-, the absorption-, and the lumines-
tendedup to the JR region[1]. Theseglasseshave cencepropertiesof Nd3k-dopedglasseswith the
been used for the preparationof several optical alkali fluorides as the glass-network modifiers
componentsnamely,JRdomes,lenses,filters, laser (NWM).
windowsandlaserhostmaterials[2]. The superior
natureof InF

3 over ZrF4, in the glass making as
well as the transmissionability has been thor-
oughly investigated in different binary, ternary 2. Experimental
andmulticomponentsystemswithout anydopants
by Bouaggadet al. [1] at the CNRS laboratoriesin Threenewly formedNd

3~(1 M%) dopedopti-
France. cal glassesof the composition: 3OInF

3—3OBaF2—
Only a yearbefore, we startedthe preparation 1OThF4—9ZnF2—2ORF,(where RF = LiF, NaF

andcharacterizationof rareearthdopedZrF4 and andKF) havebeenprepared.Forour convenience
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the preparedglasseshavebeenlabelledas glassA, Table1

glass B and glass C respectively. In the above Physicalpropertiesof Nd
3~-dopedheavymetalfluoride glasses

• . • with alkali fluorides (LiF, NaF and KF) as thenetwork mod-
composition the threeglassescontain both alkali

ifiers (NWM).
and alkaline earthfluondes to control the crys-
tallization phenomenonand subsequentlyto ob- Property GlassA GlassB GlassC

tam good transparency.For all theseglasses,the Density

ratio betweenthe numberof anions and the ca- d (g . cm ) 4.970 4.952 4.938
Refractiveindex

tions remainsconstant.Theseglassescarry a good (n) at X = 589.3 nm 1.585 1.590 1.593

numberof polarizable cations,that are expected Averagemolecular

to displaysignificant differencesin their physical weight(M in g) 151.45 154.66 157.88

and optical properties[9]. The glassesselectedin Nd3k-ionconcentration

the presentstudy havebeenpreparedby employ- (N x10~9ionscm3) 0.800 0.786 0.772

ing the quenching technique described earlier Mean 9.206 9.436 9.660

[10,11]. Before putting the chenMcal imx into a Dielectricconstant
platinumcrucible,the mix has beencrushedin an (~= n~) 2.512 2.528 2.538

agatemorter to havefine powderparticlesin the Reflectionlosses

chemical composition.The collected melts from R ~ 5.1 5.2 5.2

the crucibleare quenchedbetweentwo brassplates Molar refractivity 10.21 10.54 10.83
andallowedto cool down to room temperature,to Polaronradius

produce a few circularly shapedoptical glasses ~ 2.02 2.03 2.04

with good transparency. Interionic distance

Purechemicalssuch as In 203, Th0
2, BaO and r (nm) 5.00 5.03 5.06

alkali oxides were purchasedfrom M/s. Johnson Electronicpolarizability 1 000 1 025 1048

MatheyChemicalsLtd., Cheshire,UK. With our _______________________________________
collaborationfrom both the physicsandchemistry
departmentsof University of Hull, the glasses
could be preparedby converting the oxides into tion state

4F
3/2 —* 111/2 has beenmeasuredboth

fluorides with the addition of excessNH4HF2. at room and the liquid nitrogen temperatures,
The chemicalmix hasbeenpre-heatedfor 20 mm using the line X = 488 nm of an argonion laser.
at 400°C for the fluorination reaction. Surplus The lifetime (~is)of this emission level has been
NH4HF2 still presentin the container has been measuredby the use of a Biomation 610B Tran-
removed on evaporation at a temperature of sient Recorderand a Nicholet 1070 Signal Aver-
400°C. Becauseof the changeof alkali cations ager,coupledto the fluorescencespectrophotome-
amongthe threeglasses,the melting temperature ter.
variesbetween850 and 1000°C.

By considering proceduresthat are already
known [4—6],the refractiveindices and the densi- 3. Resultsanddiscussion
ties of Nd-dopedglasseshavebeenmeasuredto
examinethe effects of the chemicalcomposition 3.1. Physicalproperties
on thesephysicalparametersandalso on the other
relatedphysicalproperties.The absorptionspectra The data presentedin table 1 show that an
of Nd-glasseshavebeenrecordedat room temper- increasein the averagemolecularweight (M) sig-
aturein the wavelengthrangefrom 920 to 320 nm nificantly influences both the densityand refrac-
on a Perkin Elmer 551 spectrophotometer.The tive index andalso variousotherphysicalparame-
excitationand photoluminescencespectraof these terssuchas the meanatomicvolume (V), polaron
glasseshavebeenrecordedat the laboratoriesof radius (rn) inter-ionic distance(ri), the electronic
the ChangchunInstitute of Physics, Changchun, polarizability factor (ae) dielectric constant (�)
PR China. The lifetime of the Nd

3 tlaserexcita- and the Nd3 tconcentration(N) to be affected.
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Table3
Radiativepropertiesof Nd3 ~-dopedheavy metal fluoride glasseswith alkali fluorides (LiF, NaFand KF) as network modifiers

(NWM).

Transition GlassA GlassB GlassC
4 __________________________________ ___________________________________ ___________________________________A(s~) /3R A(s1) PR A(s~) PR

115/2 72 0.004 41 0.006 111 0.004
13/2 1399 0.086 793 0.111 2155 0.072

111/2 7651 0.469 3774 0.529 12510 0.420
~I9/2 7188 0.441 2529 0.354 14985 0.504

15/2

AT= ~ A 16310 7137 29761
J-9/2

3.4. Lasercharacteristics population as explainedby Tanimuraet al. [16]
earlier.

The resultspresentedin table 4 describethe
measuredlifetime (Tm in ‘as), both at room and
liquid nitrogen temperaturesfor 4F

3/2 —‘ ~I11/2of 4. Conclusions
Nd-glassesalong with the computed radiative
lifetimes (TR) obtainedfrom the absorptionmea- To examinethe effectsof alkali fluorides, three
surements.The quantumefficiency (~1)has been newly synthesizedNd

3~-dopedInF
3 basedglasses

estimatedonly for the roomtemperaturemeasure- wereundertakenandcharacterizedfor their physi-
ment.The stimulatedemissioncross-sectionvalue cal and absorptionpropertiesat 300 K. The in-
of

4F
3/2 —~ 111/2 hasbeenevaluatedfrom the ex- tegratedabsorptioncoefficientof the five absorp-

pression[4], tion levels resultedin a good agreementbetween
the experimentaland computedspectralintensi-

A
~ 8~Cfl~~X~A(

4F
3/2 -a~I11/2). tiesof f—f transitions. The photoluminescencere-

cordingsat 77 K show an intenselaseremissionat
The different parametersin this equationhave 1.05 ~sm,for the glassesstudied.The Judd—Ofelt
their standardmeanings.The induced emission theorycombinedwith the recordedphotolumines-
cross-sectionis an importantfactor for devicesas cencespectrahasmadeit possibleto measurethe

4 4
it determinesthelasergain for a given inversionof stimulatedemissioncross-sectionof F3/2 —~ 111/2

for the threeNd-glasses.According to Jacobsand
Weber [17], the luminescence characteristic

Table4 parametersof
4F

3/2 —* ‘15/2 13/2, 11/2, 9/2 of Nd
3t

Laser emission characteristicsof Nd3k-doped heavy metal dopedmaterialscould be definedonly through a
fluoride glasseswith alkali fluorides (LiF, NaF and KF) as
networkmodifiers. coupleof J—O parametersnamely £2

4/Q6 (fig. 3).
With regard to ~2, it becomesindependentin

Properties GlassA GlassB GlassC characterizingthesefour transitionsbecausethese

Radiativelifetime emissionlevelshaveall zero valuesfor their tensor
T~Qss) 61 140 34 operator U

2 2 By examiningthe results from
Measuredlifetime tables 2 and 4, the spectroscopicquality factor

TmQJ.5) at300K 47 63 48
at 77 K 56 71 64 (Q

4/Q6) and the quantumefficiency (‘q) of the
4 4

Quantumefficiency laseremissionlevel F3/2 —a 111/2, it could be ob-
at 300 K (~= Tm/TR) 0.77 0.45 0.71 served that glass A possessesbettervaluescorn-

Stimulatedemissioncross- pared to the other two glasses(B and C). It is
section(opXlO

20cm2) 22.33 10.95 36.14 thereforesuggestedthat glass A could be consid-
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encouragementextendedto us time and again in
0~6 our researchpursuits.
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