Effect of host compositions on the afterglow properties of
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The effect of compositions of host precursors on the afterglow and phosphorescent
decay properties of Eii- and Dy**-coactivated strontium aluminates (SAED)
synthesized by a sol-gel process has been investigated. A variety of strontium
aluminates such as 4,04, SrAlLO,, and SrAl,O,4 have been identified in the
samples prepared from starting precursors with Al/Sr ratios ranging from 1 to 12,
respectively. The initial afterglow intensity.J for SAED phases was found to

vary with Al/Sr ratio of the sol-gel precursor, with a maximglappearing in the
sample with Al/Sr of 2 in which SrAl0, dominated. The afterglow decay rate was
found to be fastest for sample with Al/Sr ratio of 1:1 in which,/ArO4 phase
dominated. Moreover, the afterglow decay rates for those with Al/Sr ratio of 2:1 to
12:1, in which SrA}O, and SrAl .0, 4 dominated, were found to be slow and similar.

I. INTRODUCTION 520 nm attributed to El ions did not vary with the

The SrALO,:EW?*,Dy®* phase with-tridymite type com_positions%. On the ot.her hand, Yamamotd al. in-
structuré was reported to exhibit long persistent bluish- Vestigated the mechanism of long phosphorescence of

H . 2+ 3+ _ .
green phosphorescence and has been considered as a ®ycrystalline MALO,:Eu™,R™ (M = Sr, Ca;
ful green phosphor in the application of luminous R = DY, Nd) phases and reported that long-lasting phos-
watches and clocké&® Katsumataet al. have reported Phorescence in both phases is attributed to the
that among the four - and Dy**-coactivated stron- 4f°5d - 4f’ transition of EG* and to the holes ther-
tium aluminates (SAED) crystals of Sr0,, SrAl,0,, mally released+ from ﬂle_ trap levels with optimal depth
SrAlL,0;0 and SEAILO,, only the first three were found formed by Dy** or N in the band gap of the hosts,
to exhibit long-lasting phosphorescence with emissioryia€t al. reported the measurements of phosphorescence

peaking at wavelengths of 520, 480, and 400 nm, respe@nd decay dynamics for both Srf,:Eu*" and

tively.* On the basis of the investigation on the phospho—sr'°‘|204:Eu2+-Dy3+ single crystals. Their results indi-

rescence (or afterglow), thermoluminescence, an§&t€d that the trapping rate of Byion is fast with effi-
photoconductivity characteristics of polycrystalline Ci€Ncy of ca. 40% at ambient temperature and the decay
SrAlLO,EL?*,Dy*", Matsuzawaet al® suggested a CUVe of aﬁerglow is nonexpone_ntlal and coulq not be
mechanism indicating that the phosphorescence is a§XPlained simply by thermally activated detrapping proc-
cribed to the presence of holes and to the trapping anfSS€S: H_oIe transport rate was reported for the first time
thermal release of holes by BYyions in the system. to be an important factor in persistent phosphorescénce.
Katsumataet al. were able to grow Eii- and Dy On the other hand, Sakat al. studied the effect of

coactivated strontium aluminate crystals with different?0St composition on the phosphorescence for
Sr:Al compositions by floating zone techniqués. BaAlO,EU",Dy*" crystals and concluded that the in-

Katsumataet al. further investigated the effects of (E€nsity of afterglow phosphorescence, the trap depth, and
Al/Sr mole ratio (from 2.05 to 2.22) and Dy/Eu the trap density derived from the thermoluminescence
mole ratio (from O to 3.55) on the phosphorescen{CUrves vary with host compositiofisturthermore, Na-

properties (i.e., spectra and afterglow characteristicsfézawaeet al. measured the depth anP the relative density
of SrALO,:EL?*,Dy** crystals and concluded thag,, of of the traps in a series of SrfD,:EL?*,Ln (Ln indicates
rare earths except Pm and Lu) by using a transient lumi-

nescence methotThey concluded that the observed
hole activation energies (or trap depths) are very different

Saddress all correspondence to this author. across the Ln se_ries and r'e'lated to the ionizgtion pqtential
e-mail: tmchen@cc.nctu.edu.tw and the 4" -, 4" "5d transition energies of divalent ions
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of the series. Recently, Zhamg al*° reported that long- adopted in this work is 1:2:0.05:0.05 for Sr:Al:Eu:Dy.
lasting phosphorescent Ln-activated Sy@):Eu** The SAED phases with nominal compositions for
phases (Ln= Y, La, Ce, Nd, Sm, Gd, Th, Dy, Ho, Er, Sr:Al:Eu:Dy were represented asxD.05:0.05 X rang-
Tm, Yb, Lu) could be synthesized via a homogeneousng from 1 to 12, respectively).
precipitation route and concluded that Sy@}:Ew** co- The resulting white gels then were dried at 80 to
activated with Dy*, Nd®**, Ho**, PP*, and EF* ions, 120 °C for 5 h, heated at temperature between 500 and
respectively, was found to show suitable trap depth and200 °C for 10-24 h, respectively, and finally reduced at
low thermal activation energy. Moreover, Yuahal'* 1300 °C under an atmosphere of 5%/$5% N, for 1 h
reported the long-persistent photoconductivity ofto ensure the complete conversion offEto EW*.
SrALO,:EW?*,Dy*" single crystals and their observations  The synthetic conditions for all SAED samples inves-
support a hole-trapping model that has been used to irtigated in this work are summarized as a flow diagram
terpret the strong afterglow from this material. and shown in Fig. 1. Meanwhile, for the purpose of com-
Apparently, long-lasting phosphorescentparison a specimen with nominal composition of
MAI,O,:Eu**,Ln®" (M = Ca, Sr, Ba; Ln= rare earth SrAlL,O,:Eu, 05Dy, 05 Was also prepared by solid-state
ions) phases have been of great interests and have beeractions from SrCQ Al,O; Eu,05; and Dy0O; (all
actively investigated from the perspectives of both ma99.9%, Aldrich Chemicals, Milwaukee, WI) at 1300 °C
terialistic and mechanistic research. Thus, in an atfor 24 h in air and reduced under an atmosphere gkl
tempt to develop recipes for long-lasting phosphorescerdt the same temperature for 1 h.
phosphors with higher brightness and longer afterglow A small portion (20 mg) of resulting gels was dried
characteristics and obtain optimal materials parameterat 150 °C and characterized by differential thermal
for applications of these materials, we have extendea@nalysis (DTA) by using a Du Pont thermal analysis
Katamatsu and co-workers’ investigations on the effec{TGA) system (Du Pont Instruments, Wilmington, DE)
of host compositions on the afterglow properties ofwith a heating rate of 5°C/min. The x-ray diffrac-
SrAlLO,:Eu, Dy. In this paper we have identified the hosttion (XRD) profiles for SAED phases were collected
phases in SAED phases synthesized from sol-gel precuby using a MAC Science MXP-3 automatic dif-
sors with Al/Sr ratio ranging from 1 to 12 on the basis of fractometer (MAC Science Co., Tokyo, Japan) with a
the XRD data and we also reported their phosphores-
cence spectra and afterglow decay rates as functions of

excitation wavelengths and host compositions. Solution (1 Solution (if)

Aluminum isopoxide Sr(NO3);, Eu(NO;);#6H;0, Dy(NO;);06H,0
added in dissolved in the solution of
Il. EXPERIMENTAL 2-Methoxyethanol 2-Methoxyethanol / D.I. water =1 : 1
. . . °C, lhr
A series of EG*- and Dy**-coactivated strontium alu- g ot
minates (SAED) with Al/Sr mole ratios of 1, 1.5, 2, 2.5, Ethy] acetoacetate
3,35, 4,5,7, 9, 10, 11, and 12, respectively, were added

synthesized by sol-gel method without adding fluxes, and
the detailed synthetic conditions was reported else-

where!? Briefly, we prepared solution | by dissolving Mixing two solutions (1), (I1)
10 g of aluminum isopropoxide (98%, Strem Chemicals, > lfeep:‘iffi"g&dice}éﬂ‘ <
Newburyport, MA) in 100 ml of 2-methoxyethanol ydrolysis, condensation

(99%, Merck, Darmstadt, Germany) by refluxing at )
110 °C for 1 h. On the other hand, we prepared solution 1 Drying at 80°C J
Il by dissolving nitrates of Sr, Eu, and Dy (all 99.9%,
Aldrich Chemicals, Milwaukee, WI) with stoichiometry Y
of 1:0.05:0.05 in a mixture of 2-methoxyethanol and { Calcinated at S00C 8 h 1
deionized water in 50:50 v/v proportion. To avoid the
hydrolysis of cations alkoxides before mixing, we added
6.5 g of ethyl acetoacetate (EAA) into solution | as a
chelating agent before mixing of solutions | and Il. So- 1
lutions | and Il were then well mixed by constant stirring | Reduction (5 % Hy / 95%N; , 1300°C, 1 h) |
and kept in an ice bath to activate the formation of gels.
Several trial stoichiometries of Sr:Al:Eu:Dy were at- A
tempted in the synthesis, and the optimal stoichiometry | Polyerystalline StAlO: Bu, Dy phosphor |
was reported elsewheté.However, the molar stoichi- g, 1. Flow diagram for the synthesis of Sg@\,:Eu,Dy via a sol-gel
ometry leading to the formation of Sr4®,:Eu,Dy route.

[ Heat treatment at (a) 850°C, 10 hand (b)1200°C, 24 h, i
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graphite-monochromatized and Ni-filtered Cy Kadia- 1500 °C) adopted by synthetic routes with addition of
tion. Special caution was taken to make sure that n@®,0..'> The addition of ethylacetoacetate into solution |
starting material or any other impurity phase was idenprior to the mixing of solutions | and Il was attempted to
tified in the XRD profiles. The morphological investiga- inhibit the undesirable precipitation of gelatinous
tions of the as-prepared polycrystalline SAED phase#\(OH); due to hydrolysis of aluminum isopropoxide by
were carried out by using a CamScan 4D scanning eledorming metal chelate¥’

tron microscope (SEM; CamScan Electron Optics Co.,

Cambs, U.K.). B. DTA and TGA studies

Measurements of afterglow curves were performed on |, study the formation of SAED phases during heat

eatment and determine the effective processing condi-

diamete x 5 mmlength) of a holder that was then trans- \ aer as observed to occur in the range of 80 to 250 °C.
ferred fo the spectrophatometer. Prior to the MEASUrg, thermore, there exists an apparent endothermic peak
ments of afterglow curves and afterglow decay profiles ¢ 5g5 4 °¢ that could probably be attributed to the for-
the SA'ED samples were stored in a dgrk c'ham'ber for 8 M ation of SrcQ and AI(OH), (in minor proportion), as

to avoid the interference from preactivating light. The;icated by XRD profile analysis. At higher tempera-
SAED samples were then irradiated with ultraviolet with ture, a descending curve in the TGA profile was found in
excitation wavelengthe,g of 270 and 360 nm for o \ange of 620 to 700 °C that was attributed to the

30 min, respectively. The initial intensity of afterglow ye.omposition of SrCQ In addition, a broad exothermic
defined asl, was measured approximately 1s after the, o occurring in the range of 800 to 1200 °C in the TGA
excitation was terminated. Furthermore, the time

. . “profile was interpreted as an indication for the formation
dependent afterglow decay intensity) for SAED ¢ o SrALO, phase.

samples, preirradiated with ultravioleX (. = 360 nm)
for 30 min, was measured at specified peaking waves  yqp studies and phase identification
length maxima of afterglowhN,c) (shown in Table 1) in ' P

a dark chamber with the excitation source turned off.  Shown in Figs. 3(a)-3(d) are the XRD profiles for
SrAlLO,El, 05D, o5 derived from sol-gel precursors

yet heat treated under the following sintering condi-

[ll. RESULTS AND DISCUSSION tions: (a) at 850 °C for 10 h; (b) at 850 °C for 10 h and

A. Sol-gel synthesis then at 1300 °C for 1 h; (c) at 1200 °C for 24 h and then

. — at 1300 °C for 1 h; (d) via the solid-state route at 1200 °C

As indicated in Fig. 1, the SAED phases can be syntq; 241 and then at 1300 °C for 1 h, respectively.

thesized via a n_ovel sol-gel route ?t ca. 1200 °C tha? IS AlLO, was found in the sample prepared under con-
lower than_that (I_.e., 1400 t_O 1600 C;) adopted by SOlId-dition (a)1 whereas %Al 506 (major) and SI’AAO4 (m|—

state reactions without adding fluxés“or that (1100 to nor) were found to dominate in the sample derived from

TABLE I. Nominal compositions and host compounds of SAED syn- 0.00 100
thesized from the sol-gel process. 8
c
Nominal Al/Sr ratio @ -0.054 - 90
(Sr:Eu:Dy = 1:0.05:0.05) Host compounttis Mg (NM) g 4 >
= _ . 3>
1 SKAILO (85%), STALO, (15%) 508 0501 -0
15 SEALLO, (50%), SrALO, (50%) 502 &5 5
2 SrALO, (90%), SEAI,Of (10%) 492 % -0.15 L 70 B
25 SrALO, 490 5 =
3 SrALO, (95%), SrAl,0,4 (5%) 489 Q o0l -
35 SrALO, (90%), SrA|,0,6 (10%) 490 g 595.42°C
4 SrAlLO, (80%), SrAl.0;4 (20%) 490 = '
5 SrALz01, (85%), STALO, (15%) 488 R 7o w0 o0 a% 100 1200
6,7,8 SrAL,0;, (90%), STALO, (10%) 488+ 1
9 SrAl O, (95%), StALO, (5%) 488 Temperature ("C)
10, 11, 12 SrALO6 488 + 1
FIG. 2. DTA and TGA profiles of precursors for the synthesis of
#The number in the parentheses indicates the fraction of products. SrAlL,O,:Eu,Dy via a sol-gel route.
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condition (b), as indicated by the XRD profiles repre-ratio of 1 and 1.5 and the monoclinic Sr&,*’

sented in Fig. 3. On the contrary, Sg8l, (major) and (a = 844.2 pm,b = 882.2 pm,c = 516.07 pm, and

SrAl; ;0,4 (minor) were found in the sample derived B = 93.415°) overwhelms in those with Al/Sr ratio rang-

from condition (c). In particular, as indicated by the XRD ing from 1.5 to 7. Moreover, the hexagonal Sy40,4"’

profile shown in Fig. 3(d), the sample synthesized undefa = 558.5 pm andc = 220.7 pm) dominates in those

condition (d) shows the formation @-tridymite type  with Al/Sr ratio ranging from 4 to 12. Apparently, these

SrAlL,O, that exhibits much higher crystallinity than observations indicate the complexity of the phase equi-

those prepared via the sol-gel route. librium in the SrO-ALO; system at elevated tempera-
The identity of the host for the SAED phases synthetures®and the sensitivity of stoichiometry of the starting

sized from the sol-gel process (illustrated in Fig. 1) andprecursors to the formation of Srf®,:Eu**,Dy** and

the corresponding peaking wavelength of afterglowother SAED phases.

(Aag) for SAED derived from precursors with different

Al/Sr ratios are summarized in Table l. We have also , )

investigated the effect of Al/Sr ratio on the formation of D- Comparison of microstructure

SAED and the relevant XRD profiles for different SAED  The SEM micrographs for SAED phases derived from

phases with nominal Al/Sr molar ratio ranging from 1 to the sol-gel route and from a solid-state route are com-

12 are shown in Figs. 4 and 5, respectively. We havepared and shown in Fig. 6, respectively. As indicated

observed that cubic $Al,04*” (a = 1584.40 pm) domi- in Fig. 6(a), irregularly spherical grains with size of

nates as a major phase in the samples with Al/Sr molseveral tenths of a micron to several microns were

@ I +8r, Al O
s i e - & - (JCPDS 24-1187)
= ) 1t i3
Ao, A AW‘WM oSrA|204
(b) (JCPDS 34-0379)

-SrAl 1201 9
(JCPDS 26-0976)

Intensity (a.u.)

26 (degree)
FIG. 3. XRD profiles for sol-gel derived SrAD,:Eu, ¢5DY, o5 () 850 °C for 10 h; (b) 850 °C for 10 h and 1300 °C for 1 h; (c) 1200 °C for 24 h
and 1300 °C for 1 h; (d) via a solid-state route at 1300 °C for 24 h.

(a)SAI=1/1 g g g H -8, AlLO,
A (JCPDS 24-1187)
(0)SH/AI=1/1.5 -SrAlLO,

N (JCPDS 34-0379)
~ | ©suA=1z § ; «SrAl;,049
I 3 M (JCPDS 26-0976)
< |
SN’ o @

S\ | (@)srAE125 o
=
723
qc) (e)Sr/AI=1/3
-
£

(NSHAIE1/3. 5

(9)SHAI=1/4

200 300 40.0 50.0 60.0 70.0

2 0 (degree)
FIG. 4. XRD profiles of SAED phases prepared via sol-gel route with Al/Sr molar ratio from 1 to 4.
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=1 °
(a)SrAI=1/5 e . Lo o SrAI12019

0 ° o) frh 2o b, o AN A (JCPDS 26-0976)
(b)SHAI=1/7 R . .

- SrAlLO,

(JCPDS 34-0379)

o ° o 2
—_— o ° x x ° o
> B
: IAI=1 o ° o °
© (C)SHAI=1/9 . . R .
= A
7 o . . o
c  |@sva=1o o o .
5 :
[=
(e)SrAI=1/11 T e e o
PR o = =
= 5t 5.8 g 2= 8
20.0 30.0 40.0 50.0 60.0 70.0

2 6 (degree)
FIG. 5. XRD profiles of SAED phases prepared via sol-gel route with Al/Sr molar ratio from 5 to 12.

observed in the sol-gel derived SAED phases. On the
other hand, still irregular yet larger grains were found in
the specimen prepared via a solid-state route. We did ng
observe a great difference in both the grain size ang
morphology for the SAED phases synthesized from dif
ferent routes.

E. Afterglow curves and afterglow decay rate

As indicated in Table |, the peaking wavelengths of
broad afterglow band\(g), attributed to the typical
4f65d* _, 4f7 transition of EG*, was found to increase
systematically from 488 nm (Al/S+ 8to 12) to 508 nm §
(Al/Sr = 1) with decreasing Al/Sr molar ratio. Further-
more, the afterglow curves for SAED phases derived
from the solid-state route with Al/Sr ratio of 2 and from
gel precursors with different Al/Sr ratios (i.e., 1, 2, and
12) are represented and compared in Fig. 7, respectivel
The host of SAED phases has also been identified on th
basis of the XRD profile analysis and shown in Table 1
to rationalize the dependenceofs on the Al/Sr molar
ratio. As shown in Fig. 7, the observagg's for SAED
phases derived from sol-gel synthesis [Figs. 7(b)—7(d)
were found to be significantly shorter than that (i.e.,
520 nm) observed for the SrfD,:El**,Dy** phase by
Matsuzawaet al® The observed discrepancy may be
attributed to the phase distribution in the SAED serieg
or the fraction of long-lasting phosphorescent
SrAlLO,:El?*,Dy** present in different SAED phases de-
scribed above. "

In addition, the E&" ion was considered to distribute
randomly in the host lattice of miscellaneous SAED
phases (i.e., SrAD,, SrAl,;0O,, and SgAl,Og) and,
thus, the luminescence attributed to’Eis the result of
interaction in different crystal fields. As indicated by the
structural studies on th@-tridymite type SrALO, by  (b)

Schulzeet al.," the SF* ions were found to be situated in fig. 6. Comparison of SEM micrographs for SAED phases synthe-
the interstitials of the framework composed of (A)®  sized via the (a) sol-gel route and (b) solid-state route.

18-SA-50LID 00039
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into sublevels depending on the strength of the crystal
field.**2° When E&* substitutes $t, the anions expe-
rience different field strength in the two Brsites. The
energy levels of #°5d state are perturbed by different
degrees, resulting in different energy separations be-
tween ground and excited states. Furthermore, with in-
creasing crystal field strength the luminescence from
these sublevels can vary from blue to red in the visible
: spectral region.
i () Regarding the afterglow mechanism for
- SrALO,:Ew?*,Dy*", the Dy**codopant is suggested to
N promote the formation %;hole traps in SE®,:EL** in
' ' ' ' S T ' which the activator of EU acts as a luminescent center
00 0 >0 0 o 050 by exhibiting the 4°5d—4f" broad band luminescenée.
Wavelength (nm) Ohtaet al?* suggested that the hole traps could be as-
FIG. 7. Afterglow curves for SAED synthesized via (a) the solid-statecriped to the presence of¥rdefects in the host that are
method and via the sol-gel route with Al/Sr mole ratios of (b) 2, (c) 1, stabilized by charge compensation Withcbyioping. On
and (d) 12. -
the other hand, an electron trap propably originates
from oxygen defects that were generated by heating the
tetrahedra that allow for accommodation of ions having éSAED phases in a reducing atmosphere. In this work we
large radius. There are two distinct crystallographic sitehave found that the trapping effect of Blybecomes
occurring in equal multiplicity available to Srthat are  efficient with samples heated at 1300 °C for 1 h under a
both coordinated by nine oxygen iohsMonoclinic 5% H,/95% N, atmosphere.
SrAlL,0, is considered to be a good host to accommodate With the Dy** coactivator composition fixed at 0.05
Eu?* since the radius of &f is similar to that of EG* yet  relative to that of St*, we have observed that the initial
slightly smaller than that of D¥. Furthermore, the hole afterglow intensity I,) for SAED phases varied with the
traps ascribed to 8f vacancies and defects present in theAl/Sr ratio; that is, if one starts from Al/Sr ratio of 1,
SrAlLO, lattice are commonly generated and stabilizedincreases and reaches a maximum at Al/Sr ratio of 2 and
by charge compensation with doping of the®Dyws an  then |, decreases drastically in samples with Al/Sr
auxiliary activator. Thus, the intensity of afterglow is ex- greater than 4. Our results are inconsistent with those
pected to be highly dependent on the content or relativeeported by Katsumatet al.? who indicated that, other
fraction of SrALO,Eu**,Dy>*, SrAl,O,:EUW**,Dy*" (not  than doped DY concentration, the apparent afterglow
observed in this work), and SrplO, o El?*,Dy** phases intensity did not vary with composition for single crys-
since only these three SAED phases were found to exals of SrALO,:EW?*,Dy*" with Al/Sr ratio ranging from
hibit apparent afterglow behavi6r. 2.05 to 2.22. These discrepancies may be rationalized
The observed discrepancy in the shifting ©{s's by considering the phase distribution in SAED, espe-
among the three SAED phases may probably be attribeially the fraction of long-lasting phosphorescent
uted to the difference in the strength of crystal field for SrAlL,O,:Eu?*,Dy*" present in SAED phases synthesized
Ew" ions located in different environments, which werefrom precursors with different starting Al/Sr ratios, as
inherited from different preparation routes. Theindicated by Table I. Furthermore, the range of Al/Sr
SrALOEU*,Dy*" synthesized from the sol-gel proc- ratio (i.e., from 1 to 12) adopted in our work to synthe-
esses was found to be less crystalline than that preparaize the SAED phases was much wider than those (i.e.,
by solid-state reactions, as indicated by the XRD profilefrom 2.05 to 2.22) investigated in the work of Katsu-
shown in Figs. 3(c) and 3(d). Therefore, the variation ofmataet al*
Eu*" coordination environment and the difference in  The afterglow decay as functions of Al/Sr ratio and
strength of crystal field for Eif ion in SAED are con- excitation wavelength)(,,) for SAED phases, respec-
sidered to be significant to influence the obserxgd’'s  tively, was investigated, and the results are shown in
qualitatively. Our speculations are verified by the ob-Fig. 8. As the Al/Sr ratio varies from 1 to 12, the indi-
served\,g's values of 513, 492, 508, and 488 nm for vidual I, was observed to increase and reach a maximum
SrAlLO,EL*,Dy*" [from the solid-state route, Fig. 7(a)] at Al/Sr ratio of 2 to 3 and then to drop drastically for
and three SAED phases synthesized from gel precursors,, . of 270 and 360 nm, respectively. However, consid-
with Al/Sr ratio of 2, 1, and 12, as indicated by ering the excitation efficiency of ultraviolet induced af-
Figs. 7(b)-7(d), respectively. Thef %5d state of EG"  terglow in the SAED phases with a given Al/Sr ratio, we
has been known to be very sensitive to the change diave found that tha,,. of 270 nm appeared to be more
crystal field strength, and thus, it tends to be easily spliefficient than that of 360 nm.

Intensity (a.u.)
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The decay rate of persistent phosphorescence (aftepresence of several SAED phases in the hosts, derived
glow) intensity was investigated and represented irfrom various starting Al/Sr ratios ranging from 1 to 12 in
Fig. 9 by plotting reduced intensity lddi(;) against time the gel precursors, as revealed in Table I. Unless the
for SAED phases derived from gel precursors with dif-relative fraction of each SAED phase present in the hosts
ferent Al/Sr ratios. For a given time the Idfi¢) was can be determined unambiguously, our analysis on the
found to increase with increasing Al/Sr ratio, as indicatedphosphorescence decay mechanism will be extremely
by the decay rate curves shown in Fig. 9. The decay ratdifficult if not impossible.
of afterglow was found to be fastest for the sample with Furthermore, the afterglow decay curves observed in
Al/Sr ratio of 1:1, in which S§Al,O5 dominated, whereas our work appear to indicate different modes of decay
that for samples with the Al/Sr ratio in the range of 2:1 mechanisms in different time ranges that could be attrib-
to 12:1, in which SrAJO, and SrAl ,O,,dominated, was uted to the presence of hole traps with different depths
found to be similarly slow. Interestingly, the decay ratesand/or, presumably, to the different densities of the
are similar for SAED phases exhibiting different crystal-traps? Furthermore, whether the decay curves can be
linity, regardless whether the samples were prepared bgeconvoluted and fitted with an equation consisting of
the solid-state or sol-gel method. three exponential terms from which decay lifetimes are

The decay process of Srtf&,:EL?*,Dy** was reported  derived"® is currently under investigations in our group.
to be complicated and considered to consist of three re-
gimes by Katamatsat al:*>and Jiaet al.” However, the |y, CONCLUSIONS

analysis of the phosphorescence decay process observed h q d ful hesis of
in this work is even more complicated by observing the . We av? emonst+rate a successiul synthesis of a se-
ries of E(f*- and Dy**-coactivated long phosphorescent

SAED phases from the precursors with different starting
L L L Al/Sr stoichiometries via a novel sol-gel route. The ef-

. e —o—360nm| -1  fects of host composition and excitation wavelength on
] \ —e—270nm| |  the afterglow properties for the SAED phases were sys-
1 \. { tematically investigated. The phase equilibria for the for-
j o ) mation of SAED phases were investigated on the basis of
1 \ 1 XRD profile analysis. The initial afterglow intensity,§

for SAED phases was found to vary with Al/Sr ratio (i.e.,

from 1 to 12), with a maximall, appearing in the sample
___DE.\. 1 with Al/Sr of 2. The afterglow decay rate was also found
D‘“Eg: 1 to be fastest for the sample with Al/Sr ratio of 1:1,

ﬁ*ﬁ ] whereas that for SAED with other Al/Sr ratios are all

————— T similarly slowly. However, the mechanism of afterglow
decay process is complicated and difficult to analyze
Al/Sr molar ratio unambiguously due to the presence of various SAED

FIG. 8. Initial afterglow intensity Ig) for SAED observed as a func- phases in the host.
tion of Al/Sr ratio and\,.

Intensity (a.u.)
v E%-A\D

.
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