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Photostimulated luminescence and dynamics of Agl and Ag nanoclusters in zeolites
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The photoluminescence and photostimulated luminescence of Ag and Agl nanoclusters formed in zeolite-Y
are studied using fluorescence spectroscopy. The photoluminescence spectra of Agl nanoclusters show emis-
sion from both Agl as well as Ag nanoclusters which are present in small amounts in the Agl nanoclusters,
while in the photostimulated luminescence, only the emission of Ag clusters is observed. While the photolu-
minescence from both Ag and Agl particles displays subnanosecond and microsecond lifetimes, the emission
from photostimulated luminescence shows very short, picosecond lifetimes. A model which ascribes the pho-
tostimulated luminescence to recombination of electrons trapped in the zeolite with Ag in close proximity to
the trap site is proposed. The appearance of strong photostimulated luminescence with short decays in these
systems demonstrates that nanoparticles have potential for digital storage and medical radiology applications.
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[. INTRODUCTION conduction bandtrap depth of the phosphors is critical to
the effective operation of the detector. The trap depth to the
Silver and silver halide (A¥) clusters have been well conduction band must be small enough so that stimulation
studied due to their applications in photography where thevith laser light is possible, yet sufficiently large to prevent
absorption of light results in the formation of small Ag clus- random thermal release of the electrons from their traps.
ters at the surface of the halide microcrystal. These clusterSenerally, the trap depth should be larger than 0.5 eV to
then catalyze the reduction of the entire Agnicrocrystal  prevent thermal release or fading at room temperature. In
during the development process. In addition, silver and silveaddition, the wavelength separation between the stimulation
complexes encapsulated in zeolites may be used as photlight for reading(corresponding to the color center absorp-
catalysts for a variety of reactiohand as a medium for tion band and the emitted light for monitoring must be suf-
optical storagé.Thus small clusters of these materials suchficiently large so that noise signals due to scattered reading
as nanoparticles may offer unique advantages for photosefight are easily avoided. Ideally, the phosphors should have
sitive applications. Recently, both Ag and Agl nanoparticlesonly one type of trap to reduce signal loss due to electron
encapsulated within zeolite-Y were shown to exhibit strongmigration among different trap§.To data, there is no PSL
photostimulated luminescenté. phosphor that meets all these requirements. The PSL phos-
Photostimulated luminescencéSL) is a process in  phor used in commercial x-ray imaging systems is
which trapped charges are released by photons to produ@aFBr:Eif*. However, the BaFBr:Eii phosphor suffers
luminescence through recombination with other defect cenfrom poor readout temporal resolution due to the long decay
ters. This approach has been used extensively in x-rajfetime of EL?* emission[0.8 us (Ref. 6] as well as scat-
radiology>® The use of BaFBr:E& phosphors, which dis- tering of the stimulating laser light from the platelike poly-
play the PSL effect, for x-ray storage and imaging, hascrystals. In addition, the hygroscopic nature of this phosphor
proved to be one of the most successful detectors in digitdimits the stability of the system. Thus a new type of PSL
radiography’ The photostimulated luminescence mechanisnmphosphor with improved characteristics is desirable and the
of BaFBr:E¥" involving x-ray irradiation proposed by Ta- subject of extensive investigatioh:*®
kahashiet al. assumes that during x-ray irradiation, the’Eu Due to quantum-size confinement, the luminescence effi-
ions are partly ionized into their trivalent charge stateXBu  ciency in nanophase materials may be enhanced relative to
and the liberated electrons drift via the conduction band tdulk materials’®2!In addition, the luminescence wavelength
form F centers. Upon subsequent photostimulation, the elec-is tunable with sizé? Light scattering is significantly re-
trons are released from the centers into the conduction duced in nanoparticles compared with micron-sized particles,
band and recombine with Bl ions to produce the photo- since the light scattering intensity is proportional to the de-
stimulated luminescence of ElU at 390 nm. More recent crease of the particle siZé Therefore, nanophase materials
results, however, have attributed photostimulated luminesmay represent an efficient PSL phosphor for x-ray storage.
cence in this system to the formation of a PSL complexThe phenomenon of photostimulated luminescence from
where the charge transfer occurs via a tunnelinghanoparticles has recently been reported by several
mechanisn{:® groups>*1®24|n this article, photostimulated luminescence
One of the applications of PSL phosphors is medical im-dynamics from both Ag and Agl nanoparticles encapsulated
aging storagé® Such phosphors must posses the propertiein zeolite-Y are reported. In principal, the photophysics from
of high density, high brightness, short decay lifetimes, suitthese two nanoparticles could be markedly different for Agl
able emission and stimulation energies, and low lightis a semiconductor while Ag is metallic. Due to the propen-
scattering. The energy gap between the trap states and theity of silver halides to form small silver clusters on their
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surfaces, studying both types of species together may facili-— 90
tate better understanding of the mechanisms responsible fc2
the PSL observed in both systems. The photophysics ob'E

Emission at510 nm

Agl

served in this study from both particles are indeed similar. e r Z
The results show a significant reduction in the lifetime of the c
PSL relative to the normal photoluminesceni@d) in both o 60 d
particles. A model that attributes this result to the formation = e
of a zeolite-Ag complex is proposed. S as L
Il. PREPARATION AND CHARACTERIZATION z*
30 F

The preparation of Ag and Agl clusters in zeolite-Y
(henceforth Ag/Y and Agl/Y has been reported elsewhéfe. <
Briefly, Ag* ions were first exchanged into the cages of the ® 15 F
zeolite. The zeolite powder was slurried in de-ionized water *~
with the acidity adjusted tg@H 6 with nitric acid. Silver  —

nitrate was added and the mixture was stirred at room tem: 900 228 256 284 313 3a0
perature for 2 h. The Ag-ion-exchanged zeolite was col- W | h
lected by filtration and then washed with de-ionized water avelength (nm)

until no Ag" was detected in the filtrate. Ag clusters were FIG. 1. Fluorescence excitation spectra of Agl/Y beféaeand
formed in the zeolite cavities by vacuum heat treatment a:;mer U\/ i-rradiation at 254 nm for B), 8 (¢), 11 (d), and 15(e)
250°C in the dark. To prepare Agl clusters, the resulting_. tivel ' ' '
Ag™"-ion-exchanged zeolite powder was slurried in a sodium ' FESPECiVEl:
iodide solution by stirring at 100 °C for 2 h, after which the
materials were collected by filtration and washed extensivelyemperature. Figure 1 displays the excitation spectra of
with deionized water and finally dried and calcined at 250 °CAgl/Y particles when monitoring an emission wavelength
in dark and in vacuum for 2 h. Previous work has shown thatorresponding to the emission maximum of Ag particles
these particles are between 1 and 2 nm in size, which corrg~510 nm. The excitation peak at 265 nm is due to Agl
sponds well with the size of the sodalite cages of the ze‘blite.nanodusters, while the excitation peak at 305 nm results
The photoluminescence and photostimulated luminesfrom Ag nanocluster§.Under UV irradiation at 254 nm, the

cence spectra were recorded on a SPEX FLUOROLOG $tensity of the Agl peak decreases, while the intensity of the
fluorescence spectrophotometer. A pulsed nanosecond optiGgly peak increases. The Agl/Y emission intensity recovers

parametric  oscillator/amplifier (OPO ~ (Spectra-Physics nder subsequent illumination using a visible source. Since
MOPO-730 operating at a 10-Hz repetition rate was used to

I h liteti d h ¢ th silver halides are known to produce metallic Ag clusters
collect the PL lifetime data. The output of the OPO was, ., jradiatior25-27it is not surprising to find significant

frequency doubled in KDP to produce the PL excitation light. : : : :
2 - . . g particle luminescence from the Agl/Y particles. In addi-
The excitation light was directed onto the particles, andafon’ Ag is known to coexist with Agl in zeolite-¥ There-

emission was collected at right angles to the excitation ana . . :
focused into a 1/8-m monochromator equipped with a stan->ré phot_olumlnesce_nce from _Ag glusters is observed in
dard photomultiplier tube. The photomultiplier tube outputAgl/.Y particles even in non-UV-irradiated samplgs. .

was directed into a digital oscilloscope to record the emis-, F19Uré 2 shows the PL spectra of Agl/Y following excita-

sion decays. The response time of the system was measurli@n at 305 nm(the peak of the Ag nanocluster absorption
to be about 15 ns full width at half maximutFWHM). The broad emission band actually consists of two subbands.
The PSL lifetimes were too short to be measured with thel Ne first band results from Agl nanoparticle emission peak-
nanosecond OPO system. In this case, excitation was prdl9 at 474 nm and appears as a small, but discernable shoul-
vided by the output of a femtosecond regeneratively amplider on the blue energy edge of the broad emission peak in
fied titanium:sapphire laser system operating at 1 kHz. Th&i9- 2. The second band results from Ag nanocluster emis-
150-fs pulses of this laser at 800 nm and 200 mJ were dision centered at 510 nfaThe luminescence decreases in
rected onto the particles, and the emission was collected #ftensity when the sample is irradiated by ultraviolet light at
right angles and focused onto a streak canfetamamatsu 254 nm. This decrease can be partially recovered by expos-
C5680. Suitable bandpass and cutoff filters were used tdnd the sample to visible light. When Agl/Y particles are
collect the luminescence at different wavelengths. The timé&xcited at 275 nmnear the peak of the Agl absorption
resolution was determined to be about 14 ps FWHM using here is a noticeable redshift in the PL spectfusiative to

standard scattering material. excitation at 305 nm. .
After UV irradiation for a few minutes, strong PSL can be
Ill. RESULTS detected from Agl nanoparticles in zeolite-Y as shown in

Fig. 3. PSL excitation is easily stimulated using near-infrared
wavelength$. Figure 3 shows that the emission consists al-
most exclusively of Ag nanoclusters resulting in a narrower

Agl nanoclusters encapsulated in zeolite-Y show strondgyand than the PL emission band, and the PSL emission band
luminescence and photostimulated luminescence at roois redshifted from the PL emission band.

A. Photoluminescence and photostimulated luminescence
spectra of Agl nanoclusters in zeolite-Y
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[ Excitation at 305 nm

a

Signal Intensity (arb. units)
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Wavelength (nm) FIG. 4. Electron spin resonance of Agl/Y befo@ and after
UV irradiation at 254 nm for 8 mirgb) and 15 min(c), respectively.

Emission Intensity (arb. units)

FIG. 2. Photoluminescence spectra of Agl/Y beftaeand after

(b) UV irradiation at 254 nm for 5 min. After exposure to a visible ) ]
lamp for 5 min(c). of Agl nanoparticles is less than BaFBrEy nonetheless,

viable optical storage is possible with nanoparticle-based

. o . systems.
Additionally, after UV irradiation, an electron spin reso- y

nance signal is detectdfig. 4). Theg value(2.002 of this
signal is close to that of thE center(2.0023, indicating that B. Photoluminescence and photostimulated luminescence
the signal is from electron centéfscreated either in the spectra of Ag nanoclusters in zeolite-Y
zeolite matrix or else in the nanoparticles themselves. These Similarly, Ag nanoclusters in zeolite-Y are photosensitive
color centers could be the source of the electrons releasethd exhibit strong photostimulated luminescence. Figure 5
during the PSL process. shows the emission spectra of Ag/Y particles following ex-
The PSL longevity of Agl/Y nanoparticles was measuredcitation at 310 nm. After UV irradiation at 254 nm for 10
by noting the change of PSL intensity with time. At room min, the luminescence intensity decreases significaFily.
temperature, the PSL signal lose25% of its intensity in 2 5(b)]. The luminescence increases in intensity slightly when
h and 50% in 5 h. This degradation is faster than that othe sample is then irradiated at 840 fRig. 5(c)]. The lu-
BaFBr:E¢" bulk PSL phosphors, whose decay is only 25%minescence increases further by exposure to a 650 nm light
in 8 h® The loss of PSL intensity is related to the trap depthfor 10 min[Fig. 5(d)]. The luminescence is almost back to its
and the sample temperature. Shallower traps and/or higher
temperatures reduce the storage time by allowing thermally
activated electrons released from the traps to migrate via the
conduction band. Those electrons that do not retrap ulti- 3
mately lead to decreased PSL intensity. In this case, the
F-center trap depth is likely less than in BaFBréEu lead-
ing to shorter storage times. Although the storage longevity

[ Excitation at 840 nm

Emission Intensity (arb. units)

350 400 450 500 550 600 650
Wavelength (nm)

. . = FIG. 5. The 310-nm excited photoluminescence spectra of Ag/Y
400 450 500 550 600 before(a) and after UV irradiation at 254 nm for 10 mii), then
Wavelength (nm) exposure to 840-nm photons for 10 nfir), then 650-nm photons
for 10 min (d), and then to a visible lamp for 10 mie). Trace(f)
FIG. 3. PSL spectra of Agl/Y after UV irradiation at 254 nm for is the photostimulated luminescence spectrum stimulated at
10 min. Excitation at 840 nm. 840 nm.

PSL Intensity (arb. units)
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original intensity after exposing to a visible lamp for an ad-6(b). PL and PSL luminescence lifetimes from Ag/Y particles
ditional 20 min[Fig. 5(e)]. After UV irradiation, strong pho- are shown in Figs. (&) and {b) for comparison. The insets
tostimulated luminescence is observed from Ag nanoclustershow PL spectra taken with higher time resolution and show
which is shown in Fig. &). As in Agl/Y particles, the PSL the existence of two time regimes. The first is very fast, less
spectrum is slightly shifted to a longer wavelength from thethan the instrument response of 15 ns. The second regime is
photoluminescence spectrum of the clusters. Similar t@n the order of microseconds. Both the fast- and slow-
AgllY, Ag/Y particles show a marked decrease in PL afterlifetime components are observed at all emission wave-

UV irradiation. This decrease is almost completely reversibld€ngths. o
following irradiation by photons between 650 and 900 nm. . 1 he microsecond PL and subnanosecond PSL lifetime re-

Thus both materials may be considered for use as reusabﬂ%r]esr;rg.w tt).Ot: pa][t'dﬁf shor\]/v ”r‘]lélt'eXp.?nfnrt]'al beh?v:]ortr?t
image or digital storage media. all combinations of emission and excitation wavelengths

used in this study. This multiexponential behavior does not
. _ allow exact determination of all lifetimes and amplitudes:
C. Photolumm_escence ar_ld photos’umulated however, there are some very clear trends which are summa-
luminescence lifetimes rized below and in Table I.
The photoluminescence and photostimulated lumines- (i) PL from both Ag/Y and Agl/Y show both fag 15 ng
cence decay lifetimes of Agl/Y are shown in Figgapand  and slow(microsecongl components at all emission wave-
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Time (psec) lated luminescencdexcitation at 800 nm in
(b) Ag/Y nanopatrticles. The inset i@ displays the
PL lifetime at higher time resolution showing the
600 nm fast (<15 n9 time component.
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TABLE I. PL and PSL lifetimes of Ag/Y and Agl/Y nanopar- from both particles are remarkably similar, af@l in the PL
ticles. Values shown are the longest decay components of a multjifetime data of both particles, there are two distinct time
exponential fit. Errors 10%. regimes, while in the PSL lifetime data, there is only a fast
component. Shortened PSL lifetimes relative to PL lifetimes
have been observed previousfy°® In CaS:Eu, Sm phos-
Emission PL lifetime® PSL lifetim& PL lifetime® PSL lifetimé  phors, the PSL decay time of Eu is less than 14 p¥

AglY particles Agl/Y particles

(nm) (us) (p9 (us) (ps) which is much shorter than the spontaneous emission life-
460 50 160 175 90 time of EU/". Similar results have been observed in
500 65 320 185 125 SrALO,:EW, Dy, where a factor of 3 shortening of the
540 67 670 191 170 PSL versus the PL lifetimes has been obsefeth the
600 80 830 208 190 above cases this lifetime shortening has been explained as
resulting from fast retrapping or lattice relaxattéror by
¥ xcitation at 350 nm. resonant energy transfer or rearrangement of thé"Eu
PExcitation at 800 nm. levelst®
“Excitation at 275 nm. Ag photoluminescence from Agl/Y particles has been ob-

served previousl§.An “autoreduction” mechanism has been
lengths following excitation at either 275 or 305 nm. Theinvoked to explain the appearance of Ag along with Agl in
photoluminescence decay curves obtained at the different eXhese nanoclustefsThat is, the zeolite acts to reduce silver
citation wavelengths show a small, but noticeable difference¢ations incorporated in the zeolite cages during the nanopar-
Due to the multiexponential nature of the lifetimes, it is dif- ticle fabrication process, to Ag particles. In addition, irradia-
ficult to ascertain whether this difference is attributable totion of Agl is known to produce small Ag clusters on the
slight differences in decay times, different relative ampli-surfacé?*~?"and the PL results on Agl/Y indicate that UV
tudes of the decay components, or a combination of botfiradiation produces an increase in Ag luminescence concur-
factors. rent with a decrease in the Agl luminescence. Therefore, it is
(i) For both Ag/Y and Agl/Y particles, the longest PL reasonable to conclude that there are small Ag clusters likely
lifetimes (of the multiexponential decayare noticeably —0n the surface of the Agl particles. The fact that excitation of
shorter at blue emission wavelengths than for red emissioAd! results in luminescence from Ag particles reveals that
following excitation at either wavelength. In addition, the energy transfer takes place between the two species as has
longest PL lifetime from Ag/Y particles is about 3 times been observed previouslyThe close proximity of the two
shorter than that from Agl/Y particles. The longest time com-moieties would facilitate such transfer. Similar results have
ponent ranges from about 50 to §6s in Ag/Y particles, been reported for nanoscale silver oxide.
while in Agl/Y nanoclusters, the lifetime ranges from 175 to ~ Figure 3 demonstrates that PSL from Agl/Y particles is
about 200us, depending on monitored emission wavelengthdominated by the luminescence from Ag particles. In addi-
(iii) The PSL lifetimes from both Ag and Agl show only tion, both systems show extremely fast PSL decay times.
fast components. The PSL lifetimes are fit with a biexponenAlthough these decay times differ by about a factor of 3, they
tial decay function convoluted with the instrument responsglo not show the large differences that might be expected
function. The results show that the PSL lifetimes are shorte@iven that Ag is a metal while Agl is a direct-band-gap semi-
for red emission wavelengths relative to the blue emissiofonductor. The differences in PL and PSL lifetimes may well
wavelengths for both Ag and Agl particles. There is an in-reflect the different energetics between the two, but these
strument limited component at zero time which may be dudlifferences are not extremely pronounced. In addition, both
to extremely fast trapping of the excited electron as has beeparticles show identical PL and PSL lifetime behaviors i.e.,
observed in colloidal Agl nanoparticlé3 PSL lifetimes for ~ both fast and slow components in the PL versus only a fast
AglY particles are longer than the corresponding lifetimescomponent in the PSL. These observations lead to the con-
for Agl/Y particles. For Ag/Y particles the longest compo- clusion that the PSL photophysics within Agl/Y particles is
nent of the biexponential fit varies from 160 ps at 460 nm toprimarily determined by Ag clusters on the surface of the
830 ps at 600 nm. In Agl/Y particles, this component rangeA\gl nanoclusters.
between 90 ps at 460 nm to about 190 ps at 600 nm. The PL lifetimes from both particles show multiexponen-
tial behavior with two very distinct time regimes: a fast
(<15 n9 and a slow(50—100 mgtime scales. Two distinct
IV. DISCUSSION subsets either of Ag or Agl particles or environments within
the zeolite sample would produce such results. There are
Any model proposed to explain these results must at anany possible explanations for the existence of these two
minimum explain the following observations(1) Photolu-  time regimes(i) The fast decay may be a result of differ-
minescence from Ag particles is observed following excita-ences in the strength of the transition moment of some spe-
tion at the absorption maximum of Agl in Agl/Y particles, cies relative to others. This could be the result of stronger
(2) the observed photostimulated luminescence spectrunmteraction with the zeolite(ii) One subset may be from
from Agl/Y particles is composed almost entirely of lumines- clusters within the sodalite cages, while the other is from
cence from Ag particles(3) despite the fact that Ag is a clusters within the supercages of the zeolite. Interactions be-
metal and Agl a semiconductor, the PL and PSL lifetimestween the Ag or Agl moiety and the different cage types of
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the zeolite could result in two distinct subsetsi) There Nanoclusters Zeolite-Y

could be two different sizes or conformations of clusters

within the cages: for instance, one with a smaller number | o —

of atoms(molecule$ and one with a larger numbeiv) One Agt x°

subset may have an extremely efficient nonradiative deCa) | mmm—— =

pathway available relative to the other species. Coupling ot .. | \\ Near-IR Excitation
trap states in the zeolite or trapping of the excitations within Ag**___y_F ¢

decay would then be from a subset of particles which have
either different configurations or environments such that ef-
ficient trapping does not occur.

To sort out these possibilities, it is important to note that
the size of the particles is consistent with formation only
within the smaller sodalite cages: no evidence of larger nano- i l
clusters residing in the supercages is present. Therefore, it i
unlikely (ii) is correct. Matrix isolated Ag clusters are known
to have different absorption and emission spectra depending g g Energy level schematic depicting the various photo-

i 31-37 37 ; ;

on S_'Zé and conformatloﬁ. _'f different sizes or confo_r- _physical processes in Ag/Y and Agl/Y nanoparticles. Solid lines
mations produced the two distinct subsets, some PL emissid@present photon excitation, dashed lines represent luminescence,
wavelengths should have all or mostly the fast-decay comand dotted lines represent energy transfer between levels.
ponent and other wavelengths mostly the slow component.
Both components are observed at all emission wavelengths, 2AgT+20%" = 1/20,+ 2A¢°+ Z,
indicating that selective emission based on cluster size O here 702~ represents a zeolite framework. addrenre-
conformation is unlikely to be the cause of the two time rep ; A ’ p

. . . . sents a zeolite framework with a missing oxygen lijoky-
regimes. This casts doubt on explanatigh). Previous opi- en vacancy i.e., with a Lewis acid site. The autoreduced
cal measurements of Ag clusters in zeolites have noted th g is most IikeI;/ in close proximity and coupled to the
the spectra are similar to Ag clusters in rare-gas matrites. L

. ) ? a0 o ewis acid site forming an Ag- complex at the interface.
These interactions are considered weasind therefore itis  gecayse this complex is at the interface of the particle and

unlikely that such interactions would lead to a drastic changge zeolite, it will have additional trap sitégepresented as
in the electronic transition moment. Therefore, explanatioqrap states in Fig.)8such as surface states, available as well.
(i) may be ruled out. The conclusion that the fast-time decay Excitation of Agl particles results in PL from either Agl or
arises from a subset of species that couple to efficient trag|ge Ag via efficient energy transféfig. 8. This leads to the
sites either within the nanocluster themselves or within theyjower, microsecond luminescence if the particle is not effi-

zeolite framework, provides a plausible explanation for thegiently coupled to the trap sites in the zeolite or nanocluster.
observed results. Short excited-state lifetimes have been okrne near-Uv photons used in these experiments are not ca-

served in Agl colloidal nanoparticles by femtosecond tranpaple of generating free electrons and holes in the zeolite
sient absorptio® These short lifetimes have been related Oframework. Hence AYis likely ionized to Ag™ by UV irra-
trapping and nonradiative electron-hole recombinationyiation (AdP—Ag*) leading to both a source of electrons,
within the nanoparticle&’ Trapping to states within the zeo- anq 4 jJuminescent center, AgThe ionized electron may be
lite would also serve to shorten the observed lifetimes. Eff"captured in the Lewis acid sitéexygen vacancieghat are
cient electron trapping in the zeolite must occur in order e acceptors of electrons and/or in trap states of Agl or Ag
observe the photostimulated luminescence. In addition, trafsanoclusters. These electron centers are likely responsible
ping may occur at other S|tes_ both within the_ zeolite or thefy; the electron spin resonandgSR signal. The trapped
nanoclusters. The slower, microsecond luminescence thflectrons in the zeolite Lewis acid sites produceRkeenter
originates from species that are not efficiently coupled to thg,ear-infrared absorption required to stimulate PSL. Upon

trap states. . _ further irradiation with low energy photons, these electrons
Figure 8 displays an energy level schematic that explaing ;e released and may recombine with theAgenters

the ph_otophysics in these nanoparticles and the nature of ”iﬁrough either tunneling or through the conduction band,
trap sites. In order to understand the observed results, thiy scenarios have been invoked to explain P&§:1318

likely geometrical and chemical distribution of both Ag and 1,¢ photoreleased electron may recombine with Ag give
Agl clusters within the zeolite must be considered. After ion,o emission of A as follows:

exchange, AgJ cations are encapsulated into the zeolite

cages. In the formation of Agl nanoclusters, reaction with e+AgT—Ag” —Ag+h,

anions produces Agl nanoclusters in the zeolite cages, while

there are still some Agions that coexist along with the Agl Wheree represents electrons released from the color center,
clusters? In either case, the Agions are “autoreduced” to Ago* is the excited state of the Ag cluster, and®Ag the

Ag® when the samples are heated in vacuum according to thground electronic state after emitting the photons)( As a
following reaction® result, in either Agl/Y or Ag/Y patrticles, only PSL from Ag

the nanopatrticle could account for the fast decay. The slowel f . F-Center

Luminescence Trap States

UV Excitation

Agl Ag
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particles is observed. The PSL emission displays only theay curves depending on the excitation wavelength are also
fast decay due to the proximity of the nanoparticles with tragikely due to these different sizes or conformations. Different
sites either within the zeolite or at the surface and interfacexcitation wavelengths may allow partial photoselection of
of the complex. Thus the PSL originates from the Agem-  the size, conformation, or environmefproximity and/or
plex at the interface of the nanoparticles and the zeolitecoupling to the zeoliteof the clusters.
Likewise, recent results of PSL from BaFBr&uphosphors Finally, PSL observed from Agl/Y particles is qualita-
postulate that the PSL originates at interfaces defined btively stronger than PSL from the Ag/Y particles. The PSL
grain boundaries and dislocatichdhe subnanosecond PL lifetimes are also shorter in Agl/Y compared to Ag/Y. It is
lifetime component also likely originates from this complex. unclear from the data whether these differences reflect the
Not all Ag clusters will reside near a Lewis acid site in the different energetics between the two particles or are a result
zeolite however. Nor is it likely that all Agl/Y particles have of other factors. Therefore, Agl/Y may be a better material
Ag clusters associated with them. Those clusters that do ndor x-ray storage relative to Ag/Y. However, these short life-
have access to efficient trap states will, upon irradiation, distimes and strong PSL make both of these materials good
play the longermicroseconglifetime decays similar to that candidates for new phosphor screens because of the signifi-
reported for AgBr nanoparticlé$ However, those clusters of cantly enhanced readout rates possible. These materials may
either Ag or Agl particles that have an Ag particle in closealso be useful for digital storage applications.
association with a Lewis acid site will have an extremely
short Ilfetl_me and bec'o'me the luminescent center upon pho— V. CONCLUSION
tostimulation. In addition, there may be other trap sites
within the zeolite and migration may occur between them as In summary, strong photoluminescence and photostimu-
has been postulated previouslyThe existence of additional lated luminescence are observed from Ag and Agl nanoclus-
trap sites and transfer between them only serves to shortdars formed in zeolite-Y. The PL lifetimes demonstrate the
the lifetime further. This mechanism is similar to one pro-existence of two subsets of nanoparticles: one with a long
posed to explain PSL in a number of x-ray storage(microsecond lifetime and the other with a much shorter,
materials’®138 |n this case, PSL complexes are formed subnanosecond lifetime. In contrast, PSL lifetimes show only
which have the active luminescent center and electron trap ia fast, picosecond lifetime. The origin of the photostimulated
close proximity. Tunneling serves to connect the two specieduminescence is ascribed to the formation of a PSL complex
In the present case, the AgZ site serves as a PSL complex between interfacial Ag and Lewis acid sites in the zeolite in
where excitation of the electron from its trap within the zeo-close proximity, while the PL originates from both the PSL
lite results in transfer to the Agcenter. complex and from nanoparticles which are not strongly
In addition to the fast and slow regimes evident in thecoupled to the zeolite oxygen vacancies. The strong photo-
lifetime data, there is significant lifetime decay dispersionstimulated luminescence with short decay lifetime demon-
with respect to emission wavelength in both the PL and PSLstrates that nanoparticles have promising application in digi-
In both cases, red emission wavelengths have slower lifetimt&l storage and medical radiology.
decays than the blue wavelengths. This can be explained by
noting' that small Ag clusters havg different ab:%orption and ACKNOWLEDGMENTS
emission wavelengths depending on #z& and
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