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Lanthanide-dopethixed-metalgarnetsRE: Y3SeAIGa, 012 (RE= Nd, Ho, Er, Th, Dy, Yb) have beensynthesizedising
anaqueussol-gelsynthesigoute. Resultsobtainedby differentcharacterizatiotechniquegFTIR, XRD, ICP, SEM, TEM)
revealedno in uence of a dopingelementon the morphologyand phasepurity of the synthesizedamples.However, elec-
tron diffraction imagesshaved streakingswhich indicatedthat differentpoint or planardefectsoccuredin the structureof

synthesizedjarnets.
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1. Intr oduction

The speci ¢ propertiesof metal oxide ceramicsare
highly sensitve to the host material, dopantcompo-
sition and concentrationhost stoichiometry and pro-
cessingconditions[1-3]. Thus,the physical properties
of garnetsareusuallycontrolledby varyingtheir com-
positionwith the aim of preparingisomorphoussolid
solutionsby choosingappropriateconditionsof syn-
thesis[4]. In the contet of dopedmaterials,incor
porationof homogeneousldistributed nanosizedec-
ondaryphasesnto a hostmatrix canberealizedby the
molecularlevel fabricationof new materials. Subse-
guenttreatmenbf the materialsin suchaway leadsto
the formation of speci ¢ point defectsandcrystalline
orderingor, in otherwords,thisensures particulardis-
tribution of ions and defectsover crystallographically
nonequvalentpositionsin the garnetstructureg5].

In order to combinethe favourable propertiesof
glasses(i. e., broad emission bandwidth) and crys-
tals (i. e., good thermo-mechanicaproperties), the
rare-earth(RE) doped disorderedceramic materials
RE: Y3SQAIGa;0;12 (YSAGG) were synthesizedis-
ing an aqueoussol-gelmethod. Thesematerialsare
solid solutions of Y3Als5012 (YAG), Y3SGAI3012
(YSAG), andY 3Ga012 (YGG). The ceramicmateri-
als have the advantagein comparisorto a singlecrys-
tal: a e xible fabricationrouteandhomogenouscor
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porationof trivalentrare-earthdopingion into a host
matrix [6].

Thereareseveralreasongor examiningthe proper
tiesof RE: Y3SgAIGa,012 in greaterdetail. The dis-
tribution coefcient for RE in YSAGG is muchhigher
thanin YAG, makingit possibleoincrease¢he RE con-
centrationin YSAGG morethanin YAG. Replacement
of AI%* jons with larger SG* ions increaseghe dis-
tancebetweendodecahedrdlattice sites (substitution
sitesfor RE ionsin the garnetstructure).Any increase
in separatiorbetweenneighbouringRE ions tendsto
reducethe relatively strongion—ion interactionin a
hostmatrix, which reduceghe concentratiorquench-
ing of RE uorescence[7]. For example,the spectro-
scopicpropertienf Nd: Y3ScAls; xO12 ceramicsex-
hibited vetimesbroaderemissiorbandwidththanthat
of Nd: YAG with acompositiorparameteof x = 1[8].
The main aim of this study was the sol—gelprepara-
tion anddetailedcharacterizatiorof lanthanide-doped
Y 3S6AIGay01o.

2. Experimental

The Nd : Y3S6AIGay012, HO @ Y3SGAIGa,Oq5,
Er : Y3SQAIGay01, Tb : Y3S0AIGa,O2, Dy .
Y 3SGAIGa,012, and Yb : Y3SGAIGa,O1, garnets
were preparedby the sol-gel method. The Y(RE)-
Sc-Al-Ga-Oprecursorgels were preparedusing stoi-
chiometricamountsof the following analyticalgrade
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Fig. 1. FTIR spectrunof YSAGG samplecalcinedat 800*C.

reagentsyttrium oxide Y ,O3; scandiunoxide S¢,Og3;
aluminiumnitratehydrateAl(NO 3)3®H,O; gallium ni-
trate Ga(NQ;)3; neodymiumoxide Nd>Osz; holmium
oxide Ho,O3; erbium oxide Er,Osz; terbium oxide
Th4O7; dysprosiumoxide Dy,Os; ytterbium oxide
Yb,03; aceticacid CH3COOH:; nitric acidHNOs3; am-
moniaNHz®H,0; 1,2-ethanedioC,HgOo.

In the sol-gelprocessyttrium oxide was rst dis-
solvedin 0.2 M CH3COOH. SinceSc,03 andGa, 03
are insoluble in acetic acid, they were initially dis-
solved in hot nitric acid and evaporatedto dryness.
A clearsolutionof yttrium acetatewvas obtainedafter
stirring for 10 h at 65*C in a bealer coveredwith a
watch glass. Aluminum nitrate dissolhed in distilled
water scandiunmoxide,andgallium oxide dissohedin
diluted nitric acid wereaddedto this solution. There-
sulting mixture was stirred for 3 h at the sametem-
perature.Next, an appropriateamountof dopant(ox-
ide of rare-earthelement)dissohed in nitric acid was
addedto the above solution. In a following step,2 ml
of 1,2-ethanediohsa compleing agentwasaddedto
theabove solutionswith continuousstirring. After con-
centratingthe solutionsby slow evaporation(» 8 h)
at 65*C in an openbealer understirring the Y(RE)-
Sc—Al-Ga—QOacetate-nitrate-glycolaolsturnedinto
transparengels. The oven dried (110*C) gels be-
camelight browvn dueto the initial decompositiorof
nitrates.Thegel powdersweregroundin anagatemor-
tar, placedin aluminacrucibles,andburnedfor 2 h at
800*C in air (heatingrate 1*C mini 1). After inter-
mediategrindingin anagatemortar the povderswere
additionally sinteredfor 10 h at 1000*C (heatingrate
4*C mini 1) in air atambientpressure.

The Fouriertransforminfrared(FTIR) spectravere
measuredvith a PerkinEImer2000FT-IR spectrome-
ter. X-ray diffraction (XRD) studieswere carriedout
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Fig. 2. FTIR spectrunof YSAGG samplesinteredat 1000*C.

Tablel. ICP analysisof the nal RE: YSAGG sampleqstandard
deviationswithin parentheses) = 3).

Molar percentagef metals(%)
Compound Y Sc Al Ga RE

23.8(4) -
24.2(5) 0.4(2)
23.8(5) 0.4(3)
24.1(5) 0.2(2)
23.6(5) 0.9(5)
22.8(5) 0.3(1)
25.8(5) 0.4(4)

YSAGG

Dy: YSAGG
Er: YSAGG
Ho: YSAGG
Yb:YSAGG
Nd: YSAGG
Th: YSAGG

37.5(7)
37.8(8)
37.5(6)
37.8(5)
37.0(4)
37.6(4)
34.2(9)

24.7(5)
23.9(5)
24.5(7)
24.3(8)
25.3(5)
25.7(6)
25.5(8)

14.0(7)
13.7(5)
13.8(6)
13.6(7)
13.2(9)
13.6(4)
14.1(4)

on a Rigaku D/max-2000X-ray powderdiffractometer
usingCu Kg (, = 1.5408A) radiation. The induc-
tively coupled plasmaatomic emissionspectroscop
(ICP-AES,Plasma-Sped,eeman_abs,Inc.) wasused
to analysethe chemical compositionof nal prod-
ucts. The size and morphologyof the productswere
characterizedby scanningelectronmicroscopy (SEM,
AMARY 1910FE,USA) at 15 kV. TEM imageswere
taken with a JEOL 200CX transmissiorelectronmi-
croscopainderworking voltageof 160kV.

3. Resultsand discussion

To obtain YSAGG or RE: YSAGG phasesthe
Y (RE)-Sc-Al-Ga-Oacetate-nitrate-glycolatgrecursor
gels were calcinedand sinteredat 800—100G-C. All
ceramicsamplesbtainedwerecharacterizedby FTIR
spectroscop FTIR spectraof all samplesverequalita-
tively the sameregardlessof the natureof substitution.
Therepresentate FTIR spectrumof YSAGG ceram-
ics calcinedat 800*C is shavn in Fig. 1. The FTIR
spectraof the YSAGG samplesalcinedat800*C con-
tain broad bandsat 3450-3470cmi 1 which are as-
signedto the adsorbedvater Besidesthe FTIR spec-
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Fig. 3. XRD patternof Nd: YSAGG sample.

tra of intermediatesynthesigproductsobtainedexhibit
the bandsat » 1520 and » 1405 cmi 1, assignableo
carbonates. In addition, thereis a broad and inten-
sive band (900-650cmi 1) assignedo characteristic
metal-oxygen(M—QO) vibrations. The FTIR spectra
of samplescalcinedat 1000*C, however, do not shav
ary bandattributableto carbonatesr which canbe as-
signedto the adsorbedvater and only M-O stretch-
ing frequenciesare obsered. The FTIR spectrumof
therepresentatie YSAGG samplecalcinedat 1000*C
is shovn in Fig. 2. Therefore,from the FTIR spec-
troscoypy resultswe canconcludethatthe formationof
the YSAGG garnetphasestartsat 1000*C.

FTIR results are also consistentwith the crys-

tallization processobsened by XRD measurements.

The XRD patternsof different synthesisproducts
obtained at 1000*C were identical. As seenin
Fig. 3, the calcinationof RE: Y-Sc-Al-Ga-O acetate-
nitrate-glycolateprecursorgel at 1000*C produces
thefully crystallineNd: Y 3SoAIGa,0;, garnetphase.
For comparison, the XRD pattern of known
Y 2.97SC1:39Ga3:64012 (PDF 77-1062)is alsoincluded
in Fig. 3. Thus,theXRD datacon rm Y 3SgAIGa;012
to be the main crystallinecomponent.All singlelines
are indexed, and only one unindeced line at around
2£ %,30.5* couldbeobsered.
Theelementahnalysioof YSAGGandRE: YSAGG
ceramic sampleswas performedusing ICP spectro-

Fig. 4. SEM micrographof YSAGG samplesinteredat 800*C.
Magni cation 150kE .

scopy. The amountof specimengaken for the anal-
ysis varied in the rangeof 0.00218-0.0306y. The
resultsof ICP analysisare presentedn Table1l. As
seen,the metal contentin the specimenspractically
doesnot dependon the lanthanidemetal usedin the
synthesigprocessindicatinghighreproducibilityof the
usedsol-gelpreparationtechnique. Only in the case
of Th: YSAGG, the amountof yttrium is a bit lower,

while thecontentof gallium is higher However, anim-

portantconclusionis thatthe compositionsof all syn-
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Fig. 5. SEM micrographof Th:YSAGG sample sintered at

1000*C. Magni cation 150kE .

Fig. 6. TEM micrographof YSAGG samplecalcinedat 800*C.
Magni cation 75kE .

Fig. 7. TEM micrographof Yb:YSAGG sample sintered at

1000*C. Magni cation 75KE .

thesisproductsareratherhomogeneousas seenfrom
the standarddeviations. Usingthe datasummarizedn
Table 1, the approximatechemicalformula of synthe-
sizedgarnetscouldbe suggested:

Y 3:0(4) SCr:9(3) Al 1:1(2) Gay:9(3) O12;

DYo:03(2) Y 3:03) SC:9(2) Al 1:1(2) Gau:9(4) O12;

Ero:03(1) Y3:001) SCr9(3) Al 1:1(1) Géu:9(1) O12;

HO:02(1) Y 3:0(3) SCu:9(5) Al 1:001) Gau:9(3) O12;

YDbo.08(3) Y 2:9(2) SC:04) Al 1:0(2) Gau:9(1) O12;

Ndo:03(1) Y 3:02) SG:0(4) Al 1:01) Gau:8(3) O12;

Tho:042) Y 2:7(5) S&:0(5) Al 1:1(3) G&:0(3) O12.

The morphologicalpropertiesof ceramicssynthe-
sizedat differenttemperaturesvere characterizey
SEMandTEM measurementszigure4 shavs surface
featuresof the YSAGG samplesynthesizedt 800*C.
As seenin Fig. 4 the structureof intermediatesyn-
thesisproductsconsistsof agglomeratesvith highly
porousand facetedgrains. The SEM image of the
Tb: YSAGG samplecalcinedat 1000*C is shavn in
Fig. 5. This SEM imageexhibits clusteredhanograins
madeup of severaltiny crystalliteswith ade ned struc-
ture. It canbe seenin Fig. 5 that the Tb: YSAGG
solids are composedof sphericalgrains. Individual
particlesseemto be nearlynano-sizedrystalswith an
averageparticle size lessthan 50 nm. Moreover, the
SEM imagesalso shawv a sinterneck of a few nano-
YSAGG particleswhich have differentmutualorienta-
tion. It is interestingto notethatalmostidenticalsur
facemicrostructureandparticlesizewereobsenedfor
all lanthanide-dope® SAGG garnetsamples. More-
over, in all caseshenanoparticleareformedwith very
well pronouncecdagglomerationjndicating good con-
nectvity betweenthe grains. Evidently the SEM re-
sults shav that the morphologicalfeaturesof mixed-
metalY SAGG garnetsareindependenof the natureof
thedopant.

The TEM investigationsonceagain con rmed high
guality of synthesigroductsandreproducibilityof the
proposedsol—gel synthesismethod. The analogous
conclusiondrom TEM measurementsouldbedrawvn,
aswasindicatedby SEM investications.The TEM im-
ageof theYSAGG samplesalcinedat800*C is shavn
in Fig. 6. The intermediatesynthesigproductsconsist
of agglomeratedtrystalliteshaving a different shape
andsize. The TEM imageof theYb : YSAGG sample,
calcinedat 1000*C (Fig. 7), alsorevealedagglomer
atedgrains. Besidesthe TEM imageof Yb: YSAGG
ceramicssinteredat 1000*C shaws dispersectrystal-
lites of nearlyuniform size(30—40nm). The TEM im-
agesof RE: YSAGG powderssinteredat 1000*C also
shaved aggreation of crystallitesasin the undoped
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Fig. 8. Selected-are&D photographof YSAGG samplesintered
at800*C.

Fig. 9. Selected-are&D photographof YSAGG samplesintered
at1000*C.

YSAGG sample. The particle agglomerationcaused
by high sinteringtemperature®r the usedsynthesis
methodis evidently seen.Moreover, Fig. 7 shavs the
fusion of small YSAGG crystallitesto form strangely
shapedparticleswhich grow further to form clusters
of grains. The clusteringtendeng of the particlesin
the sol—gelsynthesisnaybe dueto the decompaosition
(>900*C) of yttrium oxycarbonater the tracesof the
“unburned” compleing agents(which may function
asbinder). Therefore,we canconcludethatthe grain
structureandtexture of the RE: YSAGG samplesob-
senedin transmissiorelectronmicrographsveresim-
ilar to the pure YSAGG ceramicswhich supportsthe
FTIR, XRD, and SEM obsenrations where no other
phasge.g., perosskite or monoclinic)wasdetected.
Selected-arealectrondiffraction (ED) photographs
werealsoobtained.The effusedringsvisible in Fig. 8
con rm thatthe YSAGG sampleannealedt 800*C is

partially amorphousand multiphase. The crystalline
charactercould be easilydeterminedrom the ED im-

agefor the YSAGG samplesinteredat 1000*C which

is presentedhn Fig. 9. However, it shouldbe notedthat
in mostcaseghe ED patternswverestrealed alonga®.

Thesestreakingsndicatethat stackingfaults, suchas
differentpoint or planardefects,occurin the structure
of synthesizedjarnets.

4. Conclusions

Usingtheaqueousol—gelmethodJanthanide-doped
yttrium - scandium aluminium- gallium mixed-metal
garnets Nd : Y3SGAIGay0;,, Ho : Y3SGAIGa04o,
Er : Y3SoAIGaO12, Tbh : Y3SAIGa,Oqy, Dy :
Y38C2A|G&2012, andYb : Y3802A|Ga2012 (or RE :
YSAGG) have beenprepared. This study clearly re-
vealedthe formation of monophasigarnetmaterials.
Besides,the homogeneoudlistribution of rare-earth
dopantsin the YSAGG lattice was achiered in all of
the cases. The morphologicalcharacterizatiorusing
SEM and TEM shawved the formation of highly ag-
glomeratechanocrystallinesamplesof nearlyuniform
size(30—40nm). Electrondiffractionpatternshaow the
streakingeffect which indicatesthat different defects
occurin thecrystalstructureof synthesizedjarnets.
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MISRI U METAL U GRANATU SULANTANOID U PRIEMAISOMIS NANODALELI U SINTEZE
ZOLI U IR GELIU METODU

S.Sakirzaneas,A. Kareiva

Vilniaus univesitetoChemijosfakultetas Milnius, Lietuva

Santrauka
Vandeniniu zoliu ir geliu metodu buvo susintetinti ivairus

misrus metal granatai(RE: Y3S@AlGa; 012, RE = Nd, Ho, Er,

Thb,
raturoje susidarovienfazis miSrusmetall granatas.Nuodugnesni

Dy, Yb). FTIR ir XRD tyrimaisirodyta, kad 1000* C tempe-

tyrimai (SEM, TEM, ICP) parock, kad priemaiSinioelementqpri-
gimtis neturiitakos gauu granati morfologijai ir faziniamgrynu-
mui, norselektroru difrakcijosnuotraulosrodoivairiuskristalines
gardebsdefektus.



