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1. Introduction 

 

   Yttrium and lanthanide aluminium garnets (Y3Al5O12, YAG and Ln3Al5O12, LnAG, Ln – 

lanthanide element from Eu to Lu) show great chemical stability, high temperature creep 

resistance and extremely important luminescent properties [1-6]. However, during the 

preparation of YAG very often the formation of secondary phases like perovskite (YAlO3, 

YAP) and hexagonal aluminate (YAlO3, YAH) have been observed [7, 8]. The sol-gel 

techniques have been used to prepare a variety of mixed-metal oxides including garnet 

materials with excellent phase purity of the final product [9-13].   

     Several lanthanide aluminium garnets (i.e., La3Al5O12, Ce3Al5O12, Pr3Al5O12, Nd3Al5O12, 

Sm3Al5O12) has not been synthesized so far, to the best our knowledge. A sol-gel method 

based on in-situ generation of mixed-metal chelates by complexing metal ions with ethane-

1,2-diol in an aqueous media has been used to prepare lanthanide-ion containing garnets, 

Ce3Al5O12, Pr3Al5O12, and Nd3Al5O12 [14]. It was concluded from the XRD data that during 

annealing of Ce-Al-O, Pr-Al-O and Nd-Al-O precursor gels at 800-1200 °C the garnet 

structure compounds did not form. The samples consisted of cerium oxide (CeO2) and 

alumina (Al2O3) phases, or the formation of praseodymium and neodymium perovskite 

aluminates (NdAlO3, PrAlO3) and Al2O3 phases instead of single phase garnets took place. 

The monophasic Y3-xNdxAl5O12 garnet has been obtained when x ranged from 0.1 to 0.8 [15]. 

The monophasic Sm3Al5O12 garnet phase is not synthesized and characterized so far as well 

[16]. However, during the heat treatment of the La-Al-O precursor gel powders at the same 

temperatures the LaAlO3:Al2O3 or LaAlO3:La2O3:2Al2O3 mixtures instead of the single 

La3Al5O12 garnet phase have formed [17, 18].  The main aim of this study was for the first 

time to investigate lanthanum substitution effects in Y3-xLaxAl5O12 garnet using mainly XRD, 

NMR and EPR characterization methods.  

 
2. Experimental 

2.1. Synthesis 
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    Yttrium aluminium garnet powders substituted by lanthanum Y3-xLaxAl5O12 (x = 0.03, 

0.015, 0.30, 0.45, 0.60, 0.75, 1.0 and 1.5) were synthesized using an aqueous sol-gel 

processing. In the aqueous sol-gel process, the following materials were used: Y2O3 (99.99%, 

Aldrich), La2O3 (99.99%, Aldrich), Al(NO3)3·9H2O (99.99%, Aldrich), acetic acid (99.5%, 

Chempur) and ethane-1,2-diol (99%, Merck). Y2O3 was dissolved firstly in 0.2
 
M acetic acid 

(100 ml). Clear solution was obtained after stirring at 60-65 °C for 10 h in beaker covered 

with a watch-glass. Then, aqueous solution of aluminium nitrate nonahydrate (25 ml) was 

added to the yttrium acetate solution. The mixture was stirred at the same temperature for 1 h 

and solution of and lanthanum acetate (La2O3 dissolved in 0.2
 
M acetic acid) was added. The 

resulting mixture was stirred at 60-65 °C for 1 h, followed by drop-wise addition of ethane-

1,2-diol (2 ml) upon vigorous stirring. The resulting sols were stirred at the same temperature 

for another 1 h and then concentrated by slow solvent evaporation at 65 °C until they turned 

into transparent gels. The gels were dried in an oven at 100-110 °C for 24 h. The resulting gel 

powders were ground in an agate mortar and heated in air at 800 °C for 5 h by slow 

temperature elevation (3 °C min
-1

). After grinding in an agate mortar, the powders were 

further sintered in air at 1000 °C for 10 h. 

2.2. Characterization 

 

    X-ray diffraction analysis (XRD) was performed on a Rigaku MiniFlex diffractometer 

using Cu K radiation (1.541874 Å). The solid state 
27

Al MAS NMR experiments were 

performed using 400 MHz Bruker AVANCE III HD spectrometer with a 4 mm wide bore 

double resonance HX CP-MAS probe. The experiments were performed in 9.4 T magnetic 

field using Ascend wide bore superconducting magnet. The Larmor frequency for 
27

Al was 

104.3 MHz. 
27

Al chemical shifts were determined respect to the narrow peak of 6-coordinated 

Al in the non-doped YAG. This signal has the chemical shift very close to that of 1 M 

Al(NO3)3 that is traditionally used for the referencing of 
27

Al NMR spectra [19, 20]. The 

MAS frequency was set 10 kHz. 
27

Al MAS spectra were measured applying the single pulse-
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acquire pulse sequence using the short duration (3 ms) excitation pulse, which corresponds to 

the excitation bandwidth of 83 kHz. The number of scans was 800 and the relaxation delay 

was 1 s. Scanning electron microscopy (SEM) micrographs were obtained with Hitachi SU-70 

SEM. Luminescence measurements were performed using Edinburgh Instruments FLS980 

spectrometer equipped with double excitation and emission monochromators, 450 Xe arc 

lamp, mirror optics for powder samples. Using 280 nm excitation wavelength for emission 

spectra, while excitation spectra were measured for 325 nm wavelength. Quantitative 

elemental analysis of the samples was performed using Perkin Elmer Optima 7000DV 

inductively coupled plasma optical emission spectrometer (ICP-OES). The analyzed powders 

were dissolved in nitric acid (HNO3, Rotipuran® Supra 69%, Carl Roth) and diluted with 

deionized water. Low temperature (20 K) electron paramagnetic resonance (EPR) spectra 

were measured with Bruker ELEXSYS-II E500 CW-EPR spectrometer equipped with liquid 

helium flow cryostat. Microwaves were generated at 0.2 mW power and 9.36 GHz frequency; 

the magnetic field modulation parameters were set at 100 kHz and 1 mT. EPR spectra 

simulations have been performed in EasySpin [21]. 

 

 

3.  Results and Discussion 

 

     The XRD patterns of the Y3-xLaxAl5O12 samples having different substitution level of 

lanthanum are presented in Fig. 1. These XRD results revealed that the phase purity of Y3-

xLaxAl5O12 specimens depends on the amount of lanthanum introduced to the garnet structure 

instead of yttrium. Evidently, the obtained XRD patterns for Y3Al5O12 and for the Y3-

xLaxAl5O12 with x = 0.03, 0.015 and 0.30 are in a good agreement with the reference data 

(ISCD 00-033-0040) and correspond to the single phase YAG or YLaAG. The lattice 

parameter a and cell volume V of these samples monotonically increased from a = 12.012 Å 

and V = 1733.2 Å (for x = 0) till a = 12.160 Å and V = 1798.1 Å (for x = 0.30) confirming 

that slightly larger lanthanum ion substitutes yttrium ion in the garnet structure. However, the 
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XRD patterns of Y3-xLaxAl5O12 with higher substitutional level of lanthanum (x = 0.45 and 

0.60) reveal that along with YLaAG phase the perovskite YAlO3 and LaAlO3 crystalline 

phases have formed after the heat-treatment of Y(La)-Al-O gel precursors at 1000 °C. These 

results evidently show the possibility for full substitution of Y
3+

 by La
3+

 in YAG crystal 

structure at low concentration of samarium (up to ~10%). Interestingly, with further 

increasing substitutional level of lanthanum in Y3-xLaxAl5O12 (x = 0.75, 1.0 and 1.50) the 

formation only perovskite phases could be detected. No even traces of YAG or YLaAG 

compounds have formed. Thus, the reactions (2-5) instead of the reaction (1) possibly 

proceeds at highest substitutional concentration of lanthanum.   

1.5 Y
2-x

La
x
O

3 
+ 2.5 Al

2
O

3 
→ Y

3-1.5x
La

1.5x
Al

5
O

12                                                              
(1) 

1.5 La
2
O

3 
+ 2.5 Al

2
O

3 
→ LaAlO

3 
+ La

2
O

3 
+ 2 Al

2
O

3                                                       
(2) 

1.5 Y
2
O

3 
+ 2.5 Al

2
O

3 
→ YAlO

3 
+ Y

2
O

3 
+ 2 Al

2
O

3                                                       
(3) 

1.5 La
2
O

3 
+ 2.5 Al

2
O

3 
→ 3 LaAlO

3 
+ Al

2
O

3                                                              
(4) 

1.5 Y
2
O

3 
+ 2.5 Al

2
O

3 
→ 3 YAlO

3 
+ Al

2
O

3                                                                
(5) 

The most likely that side phases formed during synthesis are perovskites (ISCD 00-029-0083) 

and alumina (ISCD 00-046-1212). However, no traces of Al2O3 could be detected from XRD 

patterns. These results let us to predict that amorphous alumina has formed even during the 

synthesis at such high temperature. A broad variety of solid-state NMR techniques, such as 

27
Al MAS, multiple quantum magic angle spinning (MQ-MAS), etc., have been effectively 

applied elucidating very fine structural details in series ions-doped aluminates [19, 20, 22].  

     Therefore in the present work the 
27

Al MAS NMR spectroscopy was applied in order to 

elucidate the influence of the gradual La-doping on the structural changes of Y3Al5O12 garnet. 

The spectra are shown in Fig. 2. It is well-known that the 
27

Al chemical shifts are strongly 

caused by the structural environments of aluminium atoms, i.e. the nearest-neighbour 

coordination geometry. Therefore the 
27

Al MAS NMR spectra provide useful, sometimes even 

unique information on the Al sites and the coordination numbers. According literature data [19, 
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20, 22] it can be stated that in the most Al–O environments, the 
27

Al NMR peaks of 6-

coordinated Al
VI

 (AlO6) appear in the range covering −20 to +15 ppm and are well separated from 

the signals from the 4-coordinated Al
IV

 (AlO4) that appear at 50 to 145 ppm. It is also known that 

the signals of 5-coordinated Al
V
 (AlO5) can appear in the range +15 to +35 ppm. However, 

these signals were observed rather rarely, e.g. in the glassy YAG–4Si [23] or in the pristine 

and Eu-doped and Dy-co-doped SrAl4O7 [22]. In the last work this was attributed to certain 

phase imperfections that, most probably, as the amorphous/glassy domains may appear. Also note 

that a certain polemic around the existence and the detection of the 
27

Al NMR signals from 

AlO5 sites run in the literature [24-26]. 

The peaks of 4- and 6-coordinated Al are well resolved and easily recognized in the studied 

spectra. The four-coordinated Al
IV

 atoms are surrounded by two yttrium ions at a distance of about 

3.0 Å, and by additional four yttrium ions at about 3.7 Å [19]. This gives rise to a relatively large 

electric field gradient at the position of Al
IV

 nuclei and to a broad complex shaped peak due to 

much stronger quadrupolar effects. The six-coordinated Al
VI

 atoms reside in a much more 

symmetrical environment. They are surrounded by six equidistant yttrium ions at a distance of 3.35 

Å. This causes a smaller value for the electric field gradient, and as a result, the Al
VI

 peaks are 

narrower and rather symmetrical in shape (Fig. 2). In the case of Y3-xLaxAl5O12 series is that the 

resonance frequencies of 
27

Al nuclei that are close to the La
3+

 substituent ions are shifted to higher 

values compared to the resonance frequency of 
27

Al nuclei that have only Y
3+

 ions nearby. As in 

the earlier studied case of Sm
3+

 substitutions [20] it can be supposed this is due to a through-bond 

hyperfine interaction and through-space anisotropic dipolar interaction between the unpaired 4f  

electronic spins of the substituents and the 
27

Al nuclear spins. Beside two major signals at 68 

ppm and 0 ppm that belong to four- and six-coordinated aluminium atoms surrounded by 

yttrium (denoted as Y-Al
IV

 and Y-Al
VI

), the additional peaks at 73 ppm and 9 ppm are 

observed in the 
27

Al MAS NMR spectra. The latter two peaks can be assigned respectively to 

Al
IV

 and Al
VI

 atoms in their first coordination shells of La
3+

 cations (La-Al
IV

 and La-Al
VI

), 
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respectively. The intensity of Al
VI

 peak with La
3+

 in their vicinity increases with an increasing x 

(Fig. 2). For more precise treatment the integral intensities were calculated using the multiple 

Voigt profile fitting of the overlapping signal contours. This can be used monitoring the 

structural evolution in the Y3-xLaxAl5O12 series increasing the amount of the doping element. It is 

known that the 4-coordinated Al sites do not exist in the perovskite phase [27]. Then the onset of 

structural transformation, the region coexisting phases, the appearance of perovskite-like 

phase and the residual of YAG phase can be deduced (Fig. 3).  

     Fig. 4 shows the representative SEM micrographs of sol-gel derived and annealed at 

1000 °C Y3-xLaxAl5O12 specimens having different amount of La. Evidently, the 

morphologies of obtained materials lack uniformity, as could be observed for the 

microstructures of compounds synthesized by sol-gel method [28]. On the other hand, some 

trends in changes of microstructure with changing concentration of lanthanum could be 

observed. The SEM micrographs taken for the samples with lower amount of La
3+

 ions (x  

0.3) show the formation of differently shaped micro-sized (2-10 µm) particles forming large 

agglomerates (50-80 µm). Even larger agglomerates have formed with increasing amount of 

lanthanum till x = 0.6. The SEM micrographs of the samples with highest substitutional level 

of La
3+

 (x > 0.6) showed the formation of plate-like crystals (30-100 µm) and monoliths. 

Moreover, these monoliths are partially covered with small particles. Thus, the SEM results 

seem to be in a good agreement with XRD analysis results. 

     It is known that the lanthanum cannot act as center of the luminescence, since La
3+

 

possesses a relatively stable empty 4f shell (the configuration is 4f
0
) [29]. According to Dieke 

diagram no emission line would fall in the visible region [29, 30]. There are many reports that 

La
3+

 ions can be used to sensitize other lanthanide ions [31-33]. It was also recently shown 

that the luminescence of the Bi-doped La2MoO6 phosphor is mainly related to the host lattice 

itself (molybdate) and distortions induced by La/Bi substitution [34]. Moreover, Freeda and 

Subash [35] observed contradictory La
3+

 photoluminescence at 395 nm and 535 nm in 
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CaAl2O4 matrix. Therefore, we decided to investigate the possible luminescence properties of 

our synthesized Y3-xLaxAl5O12 garnet samples.
 

     Fig. 5 shows the excitation and emission spectra of Y3-xLaxAl5O12 samples with different 

Y/La ratio. The excitation spectra for emission at 560 nm consist of two broad bands at about 

450 nm. These bands correspond to the [Xe]4f → [Xe]5d transitions of Ce
3+

 ion [36, 37]. As 

seen, the higher energy band is much weaker than its lower energy counterpart. This is 

probably caused by photoionization, i.e. the higher crystal-field component of the excited 

[Xe]5d
1
 configuration of Ce

3+
 is likely close or in the conduction band [37]. It was also 

observed that the intensity of low energy bands decreases with higher La content in the 

structure. This indicates that the crystal-field strength decreases with the increasing La content 

in the host lattice. The emission spectra under 450 nm excitation consist of a single broad 

bands peaked at around 560 nm. The spectra comprise a broad band, which is due to two 

strongly overlapping bands from the lowest crystal-field component of the [Xe]5d
1
 

configuration to the spin-orbit split sublevels 
2
F5/2 and 

2
F7/2 of the [Xe]4f

1
 configuration of 

Ce
3+

 ions [38]. However, the observed emission maximum variation from 545 to 575 nm is 

not dependent on the amount of substituent. On the other hand, these photoluminescence 

results are in an agreement with the XRD results. The most intensive emission of Ce
3+ 

was 

observed for the 
 
 monophasic Y3-xLaxAl5O12 specimens with x = 0.03, 0.015 and 0.30. For the 

YLaAG samples with higher amount of La (x = 0.45 and 0.60) the intensity of emission is 

abruptly decreases possibly due the changes of phase composition of the final synthesis 

product. Finally, when only perovskite phases have formed (x = 0.75, 1.0 and 1.50) the 

emission of Ce
3+ 

is not observed anymore.  

      Thus, the Ce
3+

 emission was accidentally determined in the Y3-xLaxAl5O12 samples. The 

question now is how cerium originated in the YLaAG garnet. As was mentioned the 

quantitative elemental analysis of the synthesized samples was performed using ICP-OES. 

Surprisingly, it was determined that lanthanum oxide which was used as lanthanum source 
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contained about 5 ppm of cerium. The cerium was also detected in all Y3-xLaxAl5O12 samples, 

and cerium amount was increased monotonically with increasing amount of lanthanum in the 

end products. In the single phase mixed-metal Y3-xLaxAl5O12 garnets with x = 0.03, 0.015 and 

0.30 the amount of cerium varied in the range of 9.610
-6 

- 9.610
-7

 mol%. Thus, even very 

low cerium impurities determined in the Y3-xLaxAl5O12 garnet samples showed rather 

intensive luminescence. Recently, the (Y1-xCex)3Al5O12 garnets with high Ce content (x = 

0.006–0.21) were fabricated using a polymerized complex method via a two-step heating 

process [39]. Due to the higher amount of Ce
3+

 the emission peak in these garnets was shifted 

from 538.4 to 606.2 nm exhibiting orange-red emission. Despite the large lattice expansion of 

host crystal, crystal field splitting did not show a significant increase. Hence, the cerium 

emission in Y3-xLaxAl5O12 samples probably could not be also explained by the change in 

crystal field splitting. On the other hand, variation of  hues from green-yellow through yellow 

and eventually to orange in the Y3-xLaxAl5O12 garnet samples with low concentration of 

cerium can be achieved, for example by co-doping [40]. 

     EPR spectra of Y3-xLaxAl5O12 garnet samples detected at 20 K are shown in Fig. 6. The 

spectra consist of a complex pattern of EPR signals in a broad magnetic field range, which is 

dependent on the amount of La doping. Field values, where YAG:Ce
3+

 resonances are 

expected [41-44], are indicated with the dashed lines. A more detailed analysis of the detected 

EPR signals is given in Fig. 7. The shape of the unmodified YAG sample spectrum in 0-0.6 T 

range is typical of Fe
3+

 impurities [45]. The high-spin state S = 5/2 is the ground state for the 

3d
5
 configuration Fe

3+
 ion in the YAG matrix. Consequently, EPR transitions are determined 

by the Zeeman term as well as the second and fourth order zero field splitting terms of the 

spin Hamiltonian (SH), which in YAG powder spectrum is reflected by a signal which 

consists of multiple peaks in a broad field range. EPR signals of YAIG in octahedral and 

tetrahedral coordinations have been documented in the literature [46, 47]. Fig. 7 shows that 

even slight substitution with La produces broadening of the Fe
3+

 signal and at higher doping 
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levels the signature peaks are no longer resolved. This indicates substitution-induced crystal 

lattice distortions, which produce variations in the SH parameter values.  

     The most notable feature in the EPR spectra of La modified samples in the 0.03-0.6 

substitution range is appearance of peaks at B ≈ 0.24, 0.36 and 0.74 T. This signal was 

observable only in the 5-40 K temperature range; at 60 K the signal had vanished. Such 

behaviour is typical for rare earth impurities and can be explained by rapid relaxation 

processes of the spin system at higher temperatures. The resonance positions can be 

approximated by an effective spin  = 1/2 system and a SH with orthorhombic symmetry: 

      (6) 

where  is the Bohr magneton and  is the g-tensor. The determined principal components 

of the g-tensor for the La0.03YAG sample are  = 2.750,  = 1.860 and  = 0.898. These 

values are in a good agreement with the reported  values of 2.74, 1.87 and 0.91 for Ce
3+

 in 

YAG single crystals [42–44]. Cerium ions reside in D2 symmetry Y
3+

 sites of the YAG lattice 

[42, 43], which explains the low symmetry nature of the EPR spectrum. 

     A systematic shift and broadening of Ce
3+

 spectra features with increasing the La 

substitution level is visible in Fig. 6. EPR spectra simulations of the g-tensor values have been 

performed in order to account for these effects: the results are summarized in Table 1. The 

shift of EPR resonance positions is reflected in the variations of the g values, while g strain 

parameters have been adjusted to reproduce experimental linewidths and relative intensities of 

spectral components. The “strains” contain information about the distribution of the 

respective SH parameter around its mean value due to site-to-site variations in the geometry 

of the paramagnetic center [48]. The strain values increase with the amount of La doping, thus 

suggesting gradual structural disordering in YAG:Ce
3+

 sites. Highly doped samples, which do 

not contain the YAG crystalline phase, do not exhibit the YAG:Ce
3+

 EPR signal. 

     To summarize, EPR analysis provides experimental evidence for the presence of Ce
3+

 

impurities in the investigated samples in 0.03-0.6 La substitution range. Ce
3+

 incorporates in 
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the usual sites of the YAG matrix, however distortions in the local structure occur by 

increased addition of La. If the level of La doping exceeds 0.6, the EPR signal associated with 

YAG:Ce
3+

 vanishes, which is in correlation with XRD and NMR results. 

     It seems that additionally co-doped Y3-xLaxAl5O12 compound could be a promising 

material for the application in the optical thermometry area.  By varying the concentration of 

La
3+

 ion, various intensities of upconversion luminescence can be easily achieved [49-51]. 

Also, the emission in different ranges could be improved by appropriate dual doping [52].  

 

4. Conclusions 

       In this work Y
3+

substitution by La in Y3-xLaxAl5O12 garnet synthesized by sol-gel method 

has been investigated. It was concluded from the XRD data that substitution of yttrium by 

samarium with formation of monophasic Y3-xLaxAl5O12 is possible only at low concentration 

of lanthanum. The single-phase Y3-xLaxAl5O12 garnet has been obtained in the cases with x = 

0.03, 0.015 and 0.30. The lattice parameter a and cell volume V of these samples 

monotonically increased from a = 12.012 Å and V = 1733.2 Å (for x = 0) till a = 12.160 Å 

and V = 1798.1 Å (for x = 0.30) confirming that larger lanthanum ion enters yttrium position 

in the garnet. With further increasing of lanthanum (x = 0.45 and 0.60) the mixtures of garnet 

and perovskite crystalline phases have formed. In the cases of Y3-xLaxAl5O12 with x = 0.75, 

1.0 and 1.50 the formation only perovskite phases were detected. The structural 

transformations, the region of coexisting phases, the appearance of perovskite-like phases and 

the residual of garnet phase have been evidently deduced from the results of solid state NMR 

spectroscopy. Surprisingly, the emission spectra of Y3-xLaxAl5O12 garnets under 450 nm 

excitation consisted of a single broad bands peaked at around 560 nm originated from d-f 

transition in Ce
3+

. The EPR analysis provided experimental evidence for the presence of Ce
3+

 

impurities in the investigated samples in 0.03-0.6 La substitution range. Surprisingly, it was 
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determined that lanthanum oxide which was used as lanthanum source contained about 5 ppm 

of cerium. 
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Figure Captions 

 

Fig. 1. XRD patterns of sol-gel derived Y3-xLaxAl5O12 samples. 

Fig. 2. 
27

Al MAS NMR spectra of the Y3-xLaxAl5O12 samples. The spinning sidebands from 

Al
VI

 sites are denoted by asterisks. 

Fig. 3. The monitoring of structural evolution in Y3-xLaxAl5O12 using the normalized integral 

intensities Y-Al
VI

/(Y-Al
VI

+La-Al
VI

) and La-Al
VI

/(Y-Al
VI

+La-Al
VI

) (red and green points, 

respectively) as function of concentration of La
3+

 in the samples. The overlapped contours 

were separated using a multiple Voigt profile fitting. 

Fig. 4. SEM micrographs of Y3-xLaxAl5O12 samples with different amount of lanthanum: x = 

0.15 (bottom, left),  x = 0.3 (bottom, right), x = 0.45 (middle, left), x = 0.6 (middle, right), x = 

0.75 (top, left) and x = 1.0 (top, right). 

Fig. 5. Excitation (top) and emission (bottom) spectra of Y1-xLaxAl5O12 samples.     

Fig. 6. EPR spectra of the investigated Y1-xLaxAl5O12 samples having different substitutional  

level x. 

Fig. 7. Assignment of Fe
3+

 and Ce
3+

 impurity EPR signals.             
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> Y3-xLaxAl5O12 specimens were synthesized using aqueous sol-gel synthesis method.> Monophasic 

garnets obtained at low substitution of yttrium by lanthanum. > The region of coexisting phases 

have been evidently deduced by solid state NMR spectroscopy.  > The Ce
3+

 emission at around 560 

nm was observed in Y3-xLaxAl5O12 garnets. > The EPR analysis provided experimental evidence for 

the presence of Ce
3+

 impurities in the samples.   
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Table 1. SH parameter values of the Ce
3+

 EPR signal. 

 

Sample 
g tensor strain 

gx ± 0.002 gy ± 0.004 gz ± 0.002 Δgx ± 0.005 Δgy ± 0.005 Δgz ± 0.003 

La0.03YAG 2.750 1.860 0.898 0.055 0.085 0.024 

La0.15YAG 2.770 1.845 0.891 0.065 0.100 0.031 

La0.30YAG 2.798 1.838 0.882 0.085 0.145 0.041 

La0.45YAG 2.822 1.820 0.878 0.093 0.175 0.042 

La0.60YAG 2.820 1.848 0.877 0.140 0.220 0.050 
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Fig. 1. XRD patterns of sol-gel derived Y3-xLaxAl5O12 samples. 
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Al MAS NMR spectra of the Y3-xLaxAl5O12 samples. The spinning sidebands from Al
VI

 sites 
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Fig. 3. The monitoring of structural evolution in Y3-xLaxAl5O12 using the normalized integral 

intensities Y-Al
VI

/(Y-Al
VI

+La-Al
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) and La-Al
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) (red and green points, respectively) 

as function of concentration of La
3+

 in the samples. The overlapped contours were separated using a 

multiple Voigt profile fitting. 
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Fig. 4. SEM micrographs of Y3-xLaxAl5O12 samples with different amount of lanthanum: x = 0.15 

(bottom, left),  x = 0.3 (bottom, right), x = 0.45 (middle, left), x = 0.6 (middle, right), x = 0.75 (top, 

left) and x = 1.0 (top, right). 
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Fig. 5. Excitation (top) and emission (bottom) spectra of Y1-xLaxAl5O12 samples.  
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 Fig. 6. EPR spectra of the investigated Y1-xLaxAl5O12 samples having different substitutional  level x. 
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 and Ce
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