N8 | ABiaug
Sl oL S 0 G-

{ P | T 1 T 0
‘(eg/4s/ed :IN) qng:vozlvw J0O 2inynJls Z”EliVOZIVBO WU {05

pueq (poyiaw N+y9D) pale|ndje) :T ainsi4

TR

W ~Z
"370ws

WWW’W U mm ost

VT
n3: e
a7 3 07Ived PUE {00z

1N "qiv / Soa

(A8 29'2) N wesuod
1 1

1 1 1

"S|9A3| (A +ET) IV PUB (A3 €T 01 £°G) g ay1 Jo A]3SOW SISISUOI gD Y3 IS|[IYMm “Ia1deleyd
dz O ay: jo Ajuiew si gA 3yl 's|ana] Suidop (%-sjow T "6°9) MO| 1B 1SEd| 1B ‘pueq UOISSIWS
auo Ajuo ui 3nsas Aew yaiym auis Teg sy s4aaud +zN3 18Y1 515933ns s31843Ua (103 BY3 Ul (A3 OF)
92UIJ3HIP 3Y3 ‘UoIHppE U| "J313B| BY] 104 S9JURISIP O-NT 3Y3 Ul 3583423p 33eUdAR P|0j-334Y1 3yl Aq
passaulim se zeg ueyl Teg 3uiiniisqns +zN3 YUM paLI0ISIp SS3| pUNO) Sem aun3anls YOl|yeg ayL

"‘Ad02s04323ds SIA-AN-ANA (YS) UOI1BIPES UOJI0IYDUAS
9yr Suisn AQ Ajjejuswiadxa paipnis a4em salpuadosd SdusISBUIWN|  PIIIBIBS  "PIIR|NI|RD
9Jam sawayds AS1aua 1uaialip syl pue +z"3 YUm pade|das sem suol . eg s,1s0Y ay3 4o yiydia Aiang
""O¢|yeg padop LT Apnis 01 spoyiaw |eruswiiadxs yum Jayi1adol pakojdwa asam [¢] aSexoed
wesdoud 3ZNIIM dy3 Suisn suoliendjed (14q) Adosyl [euonduny ANsusp o/3iul go 3yl “4Jom syl uj

¥’ NIPOCIVIN JO (suorisod [ana) PSiv pue Jy ¥/ N3 ‘uoiisodwod (g)) pueq uodnpuod
pue (gA) @ousjea ‘ded pueq) ain1dnNJlS JIUOJIIBID 10BXD Byl Jed|d Sl U JAYUSIN ‘AjAndadsal
‘s193ua2 3ulyouanb suddsaulwN| Jo a8el01s AS1aua se 9j0J pajuemun Jo paJisap e Jayle Aejd Aew
$19949p 3YL 'suol Al pue .Y 9yl U9IMIaq ydlewsiw 3zIs/384eyd dy} wouy SUIlNsaJ SUOILIOISIP
[eAn3onJ3s pue s}oa4ap uollesuadwod adieyd JO 123449 Y1 UO 33pa|Mouy JO Yae| 3yl Ag paJapuly sl
S|ElI21BW JUBIDIYS SJOW UIAS JO JUBWO[3A3P 3y "S3UO JUId1Y3 Isow ay3 Suowe aue ([T] Ag/pN
‘63 :y ‘eg/is/ed N -'+EH'+ZI’131'703|VV\!) £ PUE N3 yum padop sajeulwnie yilies aujeyje ayl
"aJnjesadwal wood e Ajjenpeusd 1ysi| se ASusus paJ0ols 9Seajau S|elIIBW 9IUDISIUIWN| JUBISISID

9leulwn(e wniieq ‘92usdsaulwin| 1ua3sisiad ‘94n1dNJ3s d1UOJII3[S ‘SUOIRINJ[ED |4 :SplomAa)

2H1qnday yo3z) ‘anboud ‘saIsAyd Jo ainyisul 21qnday yaaz) ayi fo saoualds fo /ﬂuapmvg

pupjui{ ‘nyunj (YNSO) Y21p03say s|pliaipiy Jo jooyss 210npDID

pupjur4 ‘nying ‘(fanSiopy) $330Lins puo SpLIBIDIA J0f 813ua) ANsianiun nyJn I8

pupjui4 ‘nyany ‘Aiasiway) fo Juawiindaqg ‘nyiny fo I(J!SJQI\[U[]E

J1ZDig ‘O|nbd 0RS ‘IUBIGUIY OJaN 3 DIIWINYD 3P 041U ‘SaID3JINN 3 sD2I32b13u7 spsinbsad ap onysul,
1znig ‘0|nbd 0pS ‘IDIUWDPUNS DIIWINY 3P 0IUWDIIDASJ ‘DIIWINY 3P 01NIISU| ‘OjnDd ODS P aerJp_ISJa/\/unI
Y'nin@ojupny :104yno buipuodsalio),

(1UBYDIS [BAIDQOY ‘. SONSLPOY "A'D SBINT ‘HBAON [9ABd ‘.. DlBWE|B|A BlIen

‘g HEESNISET BYIN ‘4. USUBLIEET I[SUBL ‘.. BS|OH BWLIO[ *,03Ul[d4 °4"D BLIBIA ‘ O1Jg '] IWISH

20-0 0%|veg padop ,_n3 ay3 jo Apnis uoireipes uojosyduls pue 14



Only fair agreement was found between the calculated (5.7) and experimental (6.5 eV) band gap

energy. This may be due to the covalent character in BaAl,04. The increasing lattice covalency in
the MAI,O, (Ca—Sr—Ba) series moves the Eu** 4f’ ground level towards VB (Figure 1). After the
optimization of the crystal structure, the 4f°5d'-4f’ energy difference was 4.3 eV for both Ba sites.
This suggests that the emission energy is the same irrespective of the Ba site occupied by Eu®".

The experimental band gap energy decreased slightly (with 0.1 eV from 10 to 300 K) with
increasing temperature. This is in agreement with the conventional behaviour found for the
semiconducting materials [3]. The SR emission spectrum consists of two bands (2.4 and 2.8 eV)
which may be due to the 4f°5d'—4f’ emission of Eu®" in both Ba sites (Figure 2). However, this is
not directly indicated by the electronic structure calculations (see above). The weak additional
luminescence band may thus also originate from the possible creation of a new Ba®' site due to
the effect of water exposure on BaAl,0,:Eu?* [4].

Energy / eV
3.2 2.8 24 2
300k | BaAIZOA:EuZ*,Dy% T: 190 K 5
Combustion
A 250k - synthesis, 500 °C 10 7
c A :92nm
= 200k |
2
< 150k L Figure 2: The synchrotron radiation
%‘ excited (Aee: 92 nm) emission spectra
& 100k | of BaAlLO,Eu™,Dy** at selected
= temperatures between 10 and 300 K
50k - (SUPERLUMI, HASYLAB).
o 1 3 1 TE== 1 1
400 450 500 550 600

Wavelength / nm
The DFT results show that the calculations are an excellent tool to probe the crystal and electronic

structure of the Eu®* doped persistent luminescence materials especially when difficult or
impossible to study experimentally. Trap states induced by the isolated defects and defect
aggregates present in the BaAl,04:Eu®*,R** materials should still be studied in detail since they are
expected to have a crucial effect on the persistent luminescence efficiency of these materials.
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