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Abstract. The powders of Mg(Al|.xEux)20 4 have bccn synthesizcd by sol-gel method. Optical 
properties of the material werc investigatcd. The nature of lines in luminescene* spectra is related 
to the electron transitions of Eu34 ions corresponding to diíĩerent sites in the lattice. The iníluence 
of Eu concentration on optical spectra was studieđ.

1. Introduction

The rare-earth in general, and Eu3* ions in particular - dopcd materials have a large attention 
because of their potential use in optical devices such as lasers, íìber ampliíìers, hole-buming high- 
density mcmory, projection color television...[ 1,2,3]. Bcsides, the Eu3> ions are well known as an 
active element for red emitting phosphors. Their spcctra may give detailed information about the 
surrounding of Eu3+ ìons in a lattice. That is why, it is a very useful structural and optical probe.

In the present work, we rcport on study of optical properties of trivalent europium ions in 
povvdcrs of Mg(Al,.xEux)20 4 synthcsized by citratc gcl method. Our invcstigation arc mainly íocused 
on the nature of lines corresponding to 5D0—► 7Fj(j = 1,2,3,4) emission transitions of Eu3* ions.

2. Expcrimental

The powders of Mg(Al|.xEux)204 were synthesized by the method described in [4]. Mg(N03)2, 
A](N03)3 and Eu(NO})3 solutions wcrc mixed with molar ratio Mg2+: Al3+: Eu3* = 1: 2(1-x): 2x. Citric 
acid aqueous solution was added into the above solution with molar ratio CA: ZMnf = 1.3. The 
solution was vigorously stirred at room temperature. The pH of solution was adjusted to 6 -s- 6.5 by 
adding the ammonia solution. Thcse conditions were dravvn from our study of the iníluence of molar 
ratio CA :EMn* and pH of solution on the citrate gel íormation. By heating and vigorously stirring the 
solution at 60 +70 °c, a homogeneous and transparent gel vvas obtained. After drying in air at 100 
-rl 10 °c for a day, the gel was convcrted to a xerogel more opaque and dense.

The excitation and emission spectra were caưied out on FL3-22 Jobin Yvon spex USA 
spectroíluorometer with 450w  xenon lamp as an excitation source. X-ray diffraction pattems were 
examined by diffractometer D5005 Brucker Gennany.
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3. Results and discussion

3.1. pỉiotoỉuminescence specíra
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Fig. 1. Emission spectra of Mg(Al|.xEux) 20 4  with differcnt contcnts X, Xcxc= 399 nm. 

a- X = 0.01; b- X -  0.04; c- X = 0.08; d- X = 0.15; e- X = 0.2.
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Fig. 2. Emission spcctra of Mg(Al|.xEux)20 4 with different contents X, Ằcxc= 469 nm. 

a- X = 0.01; b- X = 0.04; c- X = 0.08; d- X = 0.15; e- X = 0.2.

The room temperature íluorescence spectra excited by 399 nm and 469 nm wave1engths of the 
synthesized Mg(Al|.xEux)20 4 with different contents (x = 0.01 - 0.2) of Eu34 ions are presented in Fig.l 
and 2, respectively. The peak positions of lines assigned to 5D0-> 7F0)2 transitions are given in Table 
l.The results indicate that thc intensity of emission lines coưesponding to 5D0-> 7Fj (j = 0, 1, 2, 3, 4)
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transitions decreased with increasing concentrations of Eu3+ ions. It is scen from Fig.l that in the case 
of 5D0-> 7Fo nondegenerate transition in emission spectra of Mg(Alị.xEux)204 with the lowest content 
(x = 0.01) only one line at 577 nm is observed. For samples with higher concentrations of Eu3* ions, 
besides the line at 577 nm we could find other one at 573.1 nm, vvhich also bclongs to 5D0 —> 7F0 
transition. These rcsults strongly suggest the existence of two sites of Eu3+ ions located at 577 nm 
(labeled A-site) and at 573.1 nm (labeled B-site) in the powders of Mg(Alj.xEux)20 4, the nature of 
which will be discussed later.

sD«-> 7f 2
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Wavclength (nm)
Fig. 3. Emission specưa of Mg(Ali.xEux)20 4 with different contents of Eu3+, 

Xrxc= 396 mrì. a- X = 0.04; b- X = 0.08; c- X = 0.15; d- X = 0.2.

Wavclength (nm)
Fig. 4. Emission spcctra of Mg(Al|.xEux)20 4 vvith differcnt contcnts of Eu3\  

Kxc= 6̂6 nm . a- X = 0.04; b- X = 0.08; c- X = 0.15; d- X = 0.2.
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Morcover, in thc observed emission spectra dominant peaks lying at 611.3 nm and 615.8 nm 
belong to 5D0-> 7F2 transition. It means that there is an asymmetry in the sphere surrounding the Eu3> 
ions in synthesized material [5]. When the samples Mg(AI|.xEux)20 4 with contents of Eu3* ions X >
0,04 were excitcd by 396 nm and 466 nm, signiíicant diffcrences in thc spectral structure are shown in 
Fig. 3 and 4. For comparison, the peak positions corresponding to 5D0 -> 7F0.1.2 transitions in thcsc 
cascs are also given in the Table 1. It means that, with the selective excitation vvavelengths we could 
obtain only onc luminescence line at 573.1 nm for 5D0 -> 7F0 transition related to B-site of the Eu3* 
ions in the lattice. The prescncc of the strongly íorbidden 5D0 -> 7F0 transition indicates that, the local 
sitc is the lack of inversion symmetry [6]. Morcover, the existence of B-site here creates not only thc 
pcak at 573.1 nm associated to 5D0 —> 7F0 transition, but also ihe other new ones at 599.1 nm (5Do —> 
7F|) and at 606.3 nm (5D0 —> 7F2). Besidcs, in the \vavclength rangc corresponding to 5D0 —> 7F2 
transition the luminescence lincs are different from thosc showing in Fig. 1 and 2. Hcrc we can sce a 
strong intensive sharp line lying apart at 625 nm, its intensityMS comparcd with 615.8 nm line, while 
pcak at 611.3 nm in this case is weaker.

Table 1. The pcak positions assigned to 5D0—> 7F0I lemission transitions in synthesized Mg(Al|.xEux)20 4.

Content of 
Eu3+(x)

Trar.sitions 5D0 -»  7Fj 
0  = 0 , 1 ,2 )

Pcak positions (nm)

-̂cxc = 399 nm or 469 nrn •̂cxc= 396 nm or 466 nm

0 . 0 1

J = 0 577.0 (sitc-A) -

J = 1 590.3 (site-A) 
596.8 (sitc-A)

—

J = 2 611.3 (sitc-A) 
615.8 (sitc-A+B) :

0.04 - 0.08

J = 0 573.1 (site-B) 
577.0 (site-A)

573.1 (site-B)

J = 1
583.7 (site-B) 
590.3 (site-A)
596.8 (site-A)

581.0 (sitc-B) 
583.7 (site-B) 
590.3 (site-A)

599.1 (site-B)

J = 2
611.3 (site-A) 
615.8 (site-A+B) 
625.0 (site-B)

606.3 (site-B)
611.3 (site-A) 
615.8 (site-A+B) 
625.0 (sitc-B)

0.15-0.2

J = 0
573.1 (site-B) 
577.0 (site-A)

573.1 (site-B)

J = 1
583.7 (site-B) 
590.3 (sitc-A)
596.8 (sitc-A) 
599.1 (site-B)

581.0 (site-B) 
583.7 (site-B) 
590.3 (site-A)

599.1 (site-D)

J = 2 611.3 (site-A) 
615.8 (sitc-A+B) 
625.0 (site-B)

606.3 (sitc-B)
611.3 (site-A) 
615.8 (site-A+B) 
625.0 (sitc-B)
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Fig. 5.5D0--> 7F0j,2excitation spcctra of Eu3+ for emission linc assigned to A-site. 
a- À.cm= 611.3 nm; b- Km = 590.3 nm; c- Xcm = 596.8 nm; d- =577 nm.
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:ig. 6. 5D0-> ?F0 12excitation spectra of Eu3+ for cmission line assigned to B-site. 
b- Xcm = 583.1 nm; c- Ằcm = 599.1 nm; d- \ cm = 606.3 nm; e- = 573.1 nm; f- xem = 581 nm.

The cxcitation spectra for lumincscence lines around 5D0 —> 7Fj transitions in the vvavelength 
region from the near u v  to visiblc (350 nm - 560 nm) including lines associated to intra - 4í6 
absorption transitions from the ground lcvcl 7Foto the excitcd levcls 5D|.5, 5G2, 5L6 [7] were cxamined 
at room ternperature. From scrics of similar lines, the observed excitation spcctra could be classiíìed
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into tvvo groups, which arc displayed in Fig. 5 and 6. For the íirst group, thcre arc spectra recordcd by 
moniloring the íluorescence of transitions 5D0-> 7Fj at 577 nm (j = 0), 590.3 - 596.8 nm (j = 1) and 
611.3 nm (j = 2), vvhile the second ones are associated to 573.1 nm (j = 0), 58] - 583.7 - 590.3 - 599.1 
nm (j = 1) and 606.3 - 625 nm (j = 2). The similar of the excitation spectra indicatcs that, each group 
of lines belongs to Eu3+ ions occupying the same site in the lattice of Mg(AI;.xEux)204. For comparison 
bet\vecn two groups, the excitation spectra for the emission lines assigned to the nondegenerate 
transilion 5D0“> 7Fo at 577 nm and 573-1 nm are shown in Fig.7. Here we can sce the different spectra 
with a pair of corrcsponding pcaks, which are shiíted each other about 2 -3  nm. This result also is an 
obvious evidence abont presence of two diffcrcnt sites of Eu3+ ions in Mg(Ali.xEux)20 4.

VVavelength (nm)

Fig. 7. Site selective 5D0-> 7F0excitation spectra of Eu3* coưesponding to a- 573.1 nm of B-site; b- 577 of A-site.

Wavelength (nm)

Fig. 8 . Excitation spectra of Eu3f ions for emission line 5D0-> 7F2 at 615.8 nm.
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For the luminescence transition 5D0 -> 7F2 bcsides above-mentioned peaks at 611.3 nm 
belonging to the íìrst group and 606.3 - 625 nm corresponding to the sccond one, therc is a peak at 
615.8 nm, thc excitation spectra recorded by monitoring the Auorescence of which is displayed in 
Fig.8. The presence of both of peaks in the spectrum with equal intensity at 466.3 nm and 469.3 nm 
corresponding to two sites A and B of Eu3* ions indicates their contribution to emission linc at 615.8 
nm. That is vvhy, in every case, vvhich was reprcsented abovc, the emission line at 615.8 nm alvvays is 
presented in the photolumincscence spectra.

In order to find the nature of íluorescence centers Eu3f occupying different sites in 
Mg(AI|.xEux)204our attention is íocused on the investigation of X-ray diffraction pattem.

3.3. X-ray diffraction patíern m easurement

The X-ray diffraction (XRD) pattem measurements in the diffraction angle rangc of 15°'80° 
examined on samples of Mg(A!|.xEux)204 containing different concentration of Eu3+ ions arc shovvn in 
Fig. 9. It is found that XRD pattems of Mg(Ali.xEux)204 strongly depend on concentrations of Eu3+ 
ions. As seen from Fig. 9 (a), in the sample vvith lo\v content (x = 0.01), only strong sharp diffraction 
peaks corresponding to the structural phase of spinel MgAI204 were observed. With increasing content 
of Eu3+ ions (x = 0.08 -  0.2), these peaks became vveaker and entirely nevv peaks vvere appeared in the 
spectra (see Fig. 9-b,c), which are intcrpreted as peaks associated to a new multiplc phasc of 
aluminium - curopium oxide (A I 2 EU4 O 9/ 2 EU2O 3-A I 2O 3 ). Thus, in samples of Mg(Alị.xEux)204 with 
higher contcnts of Eu3* ions thc host lattice includes two different phases. And the highcr content of 
Eu is, the vveaker peaks related to spinel phase are and thc more intensivc ones assigned 10 phase of 
the AI2EU4O9 oxide are.

Bascd on this discussion it is concluded that, trivalent ions curopium in povvders of 
Mg(Al|.xEux)204 may be possible to occupy two different sites belonging to a phase of spinel MgAl20 4 
and a phase of aluminium - europium oxide (AI2E114O9/ 2EU2O3 -  AI2O3). Thus, dopant Eu3+ ions in 
synthesized Mg(Al|.xEux)204 maybe also prođuce new peaks OI change their intcnsity in optical 
spectra.
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Fig. 9. X-ray diffraction patterns for Mg(Al|.xEux)2 0 4 with different content of Eu3\
a -  X = 0.01; b - X = 0.08; c - X = 0.2.
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