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Eu31 Luminescence, Ce41 r Eu31 Energy Transfer, and White-Red
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Photoluminescence studies on pure and Eu31-doped Sr2CeO4 compounds are presented. The pure compound displays a broad band
in its emission spectrum when excited with 254 nm, which peaks at 467 nm and is due to the energy transfer between the molec-
ular orbital of the ligand and charge transfer state of the Ce41 ion. The excitation spectrum shows a broad band which peaks at 300
nm. From the spectral properties, it is established that Sr2CeO4 has good potential for application as a blue phosphor in low pres-
sure mercury vapor lamps and in TV tubes. The Eu31 spectral features, when doped at the Ce41 site either singly or along with
La31, have been studied and compared with the results obtained by doping the Eu31 ion at the Sr21 site. At low Eu31 concentra-
tions (#4 mol %), the observed excitation and emission spectra reveal excellent energy transfer between Ce41 and Eu31. This ener-
gy transfer generates white light with a color tuning from blue-white to red-white, the tuning being dependent on the Eu31 con-
centration. At high Eu31 concentrations (5-15 mol %), these compounds exhibit efficient red emission under 254, 355, and 466 nm
excitations. The observed luminescence properties of these compounds are similar to those of the known Y2O3:Eu31 red phosphor.
The emission intensity of Sr2CeO4:Eu (>0.05) under 466 nm excitation is twice that of Y2O3:Eu. The results establish that the com-
pound Sr2CeO4 is an efficient “single host lattice” for the generation of white and red lights under UV irradiation.
© 2000 The Electrochemical Society. S0013-4651(99)08-024-4. All rights reserved.
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Using novel combinatorial techniques, Danielson et al.1 recently
invented blue luminescence in the relatively simple mixed oxide of
the formula Sr2CeO4 in the SrO-CeO2 system. Under excitation by
UV light (lexc 5 254 nm), this compound exhibits photolumines-
cence due to the charge transfer mechanism, but this is not seen in
SrCeO3 or in any other Ce41 containing oxidic compound with octa-
hedral coordination. In addition, Sr2CeO4 was found to exhibit effi-
cient luminescence under excitation with cathode and X-rays.
Strangely, it was noted that the Ca- and Ba- analogues are not pho-
toresponsive. Structural studies1 have shown that Sr2CeO4 (crystal
structure: orthorhombic; space group Pbam) consists of linear 1D
chains of edge-sharing CeO6 octahedra (which run parallel to the
[001] crystallographic direction with repeat distance of 3.6 Å) with
four equatorial m2-O type atoms and two terminal Ce-O bonds per
octahedron, surrounded by interchain Sr21 cations. The terminal Ce-
O bond lengths are slightly shorter than the equatorial Ce-O bond
lengths indicating a slightly compressed CeO6 octahedron and thus,
lack of centrosymmetry. Detailed luminescence studies1,2 have
established that Sr2CeO4 is a novel and a new host lattice for further
studies as an efficient blue-white phosphor material.

It is well known from the studies on the commercial calcium
halophosphate phosphor (CHP 5 Ca5(PO4)3(F, Cl):Sb31, Mn21)
that the mixing of blue light (,475 nm, Sb31 emission) and orange
light (,570 nm, Mn21 emission) in proper ratio (Sb/Mn ratio) gen-
erates white light in this system under excitation by UV radiation of
l 5 254 nm in the low pressure mercury vapor (lpmv) lamps.3-8

Similarly, the mixing of blue (450 nm, Eu21 emission in Ba-Al-Mg-
O or Sr-Al-O system), green (540 nm, Tb31 emission in Ce-Tb-Mg-
Al-O or Ce-Gd-Tb-Mg-B-O or La-Ce-Tb-P-O system) and red (610
nm, Eu31 emission in Y2O3) colors in suitable proportion leads to
white light emission in the rare earth based trichromatic phosphor
blend (the so-called Color 80 or 90 lamps).8

Hence, by proper choice of the dopant ions, required emission
colors can be arrived at, which when mixed suitably, would generate
white light. However, the tricolor lamps contain different types of
“host lattices”, viz., complex aluminates, phosphates, and borates
with different crystal structures and morphologies, and hence, pose
problems for the manufacture of blends suitable for coating inside
lpmv lamps. In other words, a single host lattice (similar to CHP),
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when doped with various rare earth (Ln) ions either singly or in com-
bination, which can generate white light in the lpmv is highly desir-
able. Efforts are being made world wide in the search for new and
novel host lattices to act as single host phosphor.

Recently, we have studied in detail the luminescence proper-
ties9,10 of complex borates of the type Sr6(MM9(BO3)6 (M, M9 5
metal ions including Ln), originally discovered by Keszler and co-
workers,11 and established that they can act as excellent host lattices
for the emission of red, green, and blue light upon UV irradiation. In
view of the discovery of luminescence in Sr2CeO4, we thought it in-
teresting to examine the effect of doping with europium on its light
emitting properties. Our results show that indeed white light gener-
ation is possible by doping with small amounts of Eu. At higher
dopant concentrations, red luminescence occurs and in addition, effi-
cient energy transfer takes place between Ce41 and Eu31 energy lev-
els. Herein we report the synthesis, characterization, and lumines-
cence of pure and doped (at Sr- and Ce- sites) Sr2CeO4. The appli-
cation potential of these compounds are highlighted by suitable
comparison with standard commercial phosphors.

Experimental

The samples in polycrystalline form were synthesized by the
conventional high temperature solid state reaction. The starting
materials were: SrCO3 (of 99.5% purity, Lumichem Ltd.), La2O3,
Eu2O3, and CeO2 (all of 99.99% purity, Indian Rare Earths Ltd.).
La2O3 was heated in air at 10008C for 24 h to remove moisture and
CO2 present in it and was kept in a desiccator. The starting materials
taken in stoichiometric proportions were thoroughly homogenized in
an agate mortar for 45 min and then transferred to alumina crucibles
for heat treatment in air in a muffle furnace. The compounds were
subjected to heat treatment at 1050-11508C for 45-60 h with three
intermediate grindings and heatings, and finally cooled to room tem-
perature by furnace shut off. Powder X-ray diffractograms (XRDs)
of the compounds were recorded using an automated Philips X-ray
diffractometer (PW1820 generator; PW 1830 goniometer; Cu target
attached with autodivergence receiving scattering slits; graphite
monochromator; scintillation detector; PW1710 diffractometer con-
trol). The observed (hkl) reflections and their intensities were com-
pared with the calculated ones generated using the computer pro-
gram LAZY PULVERIX. The crystal data and the atom positions
were taken from Danielson et al.1 The lattice parameters were cal-
culated from the indexed XRD patterns using least-squares refine-
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ment. Powder density measurements were taken using pycnometric
technique with xylene as the displacement liquid (a 5 mL specific
gravity bottle and about 0.5 g of the sample). The thermal analysis
measurements, thermogravimetric/differential thermal analysis,
(TG/DTA) were carried out (range 25-10008C, 108C/min) using an
automated system (STA 1500; PL Thermal Sci. Ltd., U.K.). Particle
size analysis was carried out using a MALVERN (U.K.) particle
sizer, type 3600E. The scanning electron micrographs (SEMs) of the
samples were obtained using a Leica Stereoscan 440 model fitted
with an E5000 Polaron coating unit (rating: 10 kV, 25 pA beam cur-
rent). The samples for SEM studies were coated with a layer of gold
to prevent charging of the specimen. The photoluminescence excita-
tion and emission spectra were recorded at room temperature using
a Hitachi 650-10S fluorescence spectrophotometer equipped with a
150 W xenon lamp and a Hamamatsu R928F photomultiplier detec-
tor. The spectra have been corrected for sample thickness and spuri-
ous effects. The reflectance of the samples were recorded at 254 nm
by keeping both the excitation and emission slits at 254 nm and by
measuring the intensity. A polished Al2O3 pellet was taken as the ref-
erence. The luminescence intensity measurements were carried out
for samples taken in equal amounts and prepared under identical
conditions. The standard phosphors Ca5(PO4)3:Sb31; ZnS:Ag1, and
Y2O3:Eu31 used for comparison purposes were synthesized in the
laboratory.

Results and Discussion
Several samples of pure Sr2CeO4 and doped phases, Sr22xEux-

CeO4 and (Sr22xLax)(Ce12xEux)O4 (x 5 0.0005-0.15) in steps, have
been synthesized by the solid-state reaction. Duplicate compositions
have also been made to check on the consistency of behavior. The
compounds are crystalline, very pale yellow in color, stable in air, and
insoluble in water. The XRD patterns establish the single phase
nature of the synthesized compounds and no second phase was noted.
The least-squares fit orthorhombic lattice parameters for Sr2CeO4 are
a 5 6.12 Å; b 5 10.36 Å, and c 5 3.59 Å. These are in good agree-
ment with the values a 5 6.119 Å; b 5 10.349 Å; and c 5 3.597 Å
reported by Danielson et al.1 The powder density of the compound
Sr2CeO4 (measured: 5.37; theoretical 5.52 g/cm3) obtained by the
pycnometric techniques is found to be >97% of the theoretical value.
The TG/DTA carried out in air on the synthesized compound
Sr2CeO4 indicates no phase transition or weight loss in the range 25-
10008C. Particle size analysis showed that the particle sizes are in the
range 7-27 mm. The SEM studies revealed the polycrystalline nature
of Sr2CeO4 consisting of particles irregular in shape and size. While
at low magnification the particles appear agglomerated, at high
enough magnification, the nature of the individual crystallites (dense
and without any voids) is clearly evident (Fig. 1).

Sr2CeO4: A New Blue Phosphor
The excitation spectrum recorded for the compound Sr2CeO4 at

room temperature displays a broad band with two peaks, one in the
range 297-305 nm and the other at around 342-350 nm (broad shoul-
der), as shown in Fig. 2a. This band could be assigned to the transi-
tion t1g r f, where f is the lowest excited charge transfer state of the
Ce41 ion and t1g is the molecular orbital of the surrounding ligand in
sixfold oxygen coordination.1,12 This broad band is the charge trans-
fer (CT) band of the Ce41 ion and extends from 220-400 nm. Hence,
it is possible to excite the Ce41 ion in this lattice with 254 nm to check
for its suitability for application in lpmv lamps. In addition, efficient
excitation with radiation of wavelengths in the range 354-365 nm is
also possible, which is compatible with cathode ray excitation.

When excited with the radiation of wavelength 254 nm, Sr2CeO4
emits a broad band in the blue region which extends from 380-600
nm with a peak around 460-480 nm (Fig. 2b). This is in agreement
with the results of Danielson et al.1, and the band can be assigned to
the f r t1g transition of Ce41. The luminescence1 and reflectivity
properties as shown in Table I, are comparable with those exhibited
by known standard phosphors when excited with l 5 254 nm
though the measured quantum efficiency is <50%. The emission
spectrum of Sr2CeO4 observed with 355 nm excitation is similar to
that observed with 254 nm excitation; the only difference is the ap-
pearance of a weak band at 404 nm in addition to the broad band, on
excitation with 355 nm (Fig. 2b). The value of integrated emission
intensity for excitation with 355 nm is higher than that for excitation
with 254 nm (Table I). The emission spectrum observed for excita-
tion with 300 nm looks similar to the one observed under 355 nm,
the integrated emission intensity being high in the former case. Since
our interest is to check the emission features under 254 nm excita-
tion only, we did not carry out detailed studies on the excitation with
300 nm.

Sr2CeO4:Eu

White Light Generation in Single Host at Low Eu31 Concentration

Sr2CeO4:Eu, La system.—In order to study the Eu31 lumines-
cence features and the possible energy migration between Ce41 and
Eu31 to generate white light, compounds of the nominal composi-
tions (Sr22xLax)(Ce12xEux)O4 (hereafter referred to as A) where x 5
0.001-0.05 have been synthesized and subjected to photolumines-
cence studies. Since the stable valency of Eu is trivalent (31) and is
doped at the 6-(hexa) coordinated tetravalent (41) Ce site, the La31

is doped at the Sr21 (divalent) site for the charge balance. The ionic
radii of the ions permit this incorporation (rCe

41 5 0.87 Å; rEu
31 5

0.95 Å).13 It must be mentioned, however, that the nominal compo-
sitions may not represent the unique charge compensation mecha-
nism mentioned above, and several other defect structure models are
possible and should be taken in to account to describe the possible
environment of the Eu ions in the Sr2CeO4 lattice. The excitation
spectrum recorded for A with x 5 0.001 for lem 5 467 nm (not
shown in Fig. 3) shows a broad band with two peaks, one at ,300-
305 nm and the other at ,344-350 nm, which is similar to the exci-

Figure 1. SEM photographs of Sr2CeO4 at two different magnifications.
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tation spectrum of the undoped Sr2CeO4. This band is due to the
Ce41-O22 CT and the peak at ,300 nm is of high intensity. The
excitation spectrum recorded for the above composition (lem 5
614 nm, Eu31 emission) (Fig. 3a) shows the above CT band and the
Eu31 excitation lines at 397 nm (7F0 2 5L6), 466 nm (7F0 2 5D2),
and 536 nm (7F0 2 5D1) (of which the intensity of the 466 nm line
is the highest). At low concentration (x 5 0.001) of Eu31, the inten-
sities of the Eu31 excitation lines are very weak when compared
with that of the CT band of Ce41. As is well known, in the case of
hexa-coordination, the charge transfer band of Eu31 lies in the high
energy region and is not host lattice dependent.4,14 Therefore, it is
highly probable that in Sr2CeO4 the CT band of Eu31 lies in the high
energy region. Since the molar absorption coefficient of Ce41 is very
high when compared with that of Eu31 and since Eu31 is substitut-
ed at the Ce41 site, it is possible that the CT band of Ce41 inhibits
the CT band of Eu31 in this lattice. As the concentration of Eu31 is
increased, we observed that the intensity of the Ce41-O22 CT band
gets diminished while the intensities of the Eu31 excitation lines
(mainly the intensity of line at 466 nm) start increasing. This clear-
ly indicates the energy migration between the ions Ce41 and Eu31

in Sr2CeO4 as the concentration of the Eu31 ion increases (0.01-
0.05) (Fig. 3b-d).

The emission spectrum recorded for A (with x 5 0.001), when
excited with radiation of wavelength 254 nm (as well as with 355 nm),
displays a broad band which peaks at ,460-480 nm (Fig. 4a). This
broad band is due to the f r t1g transition of Ce41 in the compound
Sr2CeO4 and it covers all the Eu31 emission lines up to 650 nm. The

Figure 2. (a) Excitation and (b) emission spectra of pure Sr2CeO4. Excitation
and emission wavelengths are given.
Eu31 emission lines appear as weak shoulders in the Ce41 emission
band. When the Eu31 concentration is increased to 0.005 mol, the in-
tensities of the Eu31 emission lines (mainly 5D0 2 7F1 at 582 nm and
5D0 2 7F2 at 614 nm) start increasing (Fig. 4b). The intensities of both
the above transitions are almost equal (ratio ,1) and is almost con-
stant in the Eu concentration range x 5 0.001-0.05. The intensities of
the 5D0 2 7FJ51,2 transition lines show a low value when compared
with the intensity of the Ce41 emission band for x 5 0.005. The
5D0 2 7FJ53,4 transition lines are also very weak in intensity. The
5D0 2 7F0 transition is present at 578 nm and is a single peak which
shows that there is only one site for Eu31 in this lattice.4 Even though
lines in the blue and the green regions are present, they are very weak
in intensity. For A with x 5 0.02, the emission intensities of the Eu31

lines are found to be high, when compared with those of the Ce41

emission band (Fig. 4d). At this concentration and above, the intensi-
ty of the Ce41 emission band is found to be reduced gradually. Also,
the intensities of the Eu31 lines in the blue and green regions start
increasing for x 5 0.02-0.05 for A. This reveals an excellent energy
transfer from Ce41 to Eu31 in Sr2CeO4. When seen under UV light of
wavelength 254 (or 355 nm), the (Sr22xLax)(Ce12xEux)O4 com-
pounds display colors ranging from blue-white to red-white within
the concentration range x 5 0.001-0.05.

Sr2(Ce, Eu)O4 system.—It is well known that the net effective
charge of the crystal lattice plays a major role on the luminescence
efficiency of the dopant ion in the lattice under CT excitation.15 If
the net charge is negative, the efficiency will increase in the case of
lanthanide ions.16 In the case of Sr2CeO4, the CT band of Ce41 dom-
inates due to its high value of absorption. It is observed that the CT
bands of Ce41 and Eu31 are found to resemble each other in char-
acter.12,14 Therefore, explanations based on the configuration coor-
dinate model discussed by vander Voort and Blasse15 for Eu31 could
also be applied to Ce41. To investigate the influence of the net
charge on the luminescence efficiency of the dopant ion (here Eu31)
as well as to study the possible luminescence features, we have syn-
thesized and studied the compounds of the nominal composition,
Sr2Ce12xEuxO4 (hereafter referred to as B) where x 5 0.0005-0.05.
Here, since the trivalent Eu ion replaces the Ce41 ion and there is no
cation charge compensator, oxygen vacancies must exist or the net
charge is negative. The excitation spectrum recorded for B with x 5
0.0005 (lem 5 467 nm) shows a broad band (Ce41 CT band) with
two peaks, one at ,310 nm and the other at ,350 nm, of which the
peak at 350 nm is intense. As the concentration of the Eu31 ion is
increased, the intensity of the peak at ,350 nm starts decreasing
while that of the peak at ,310 nm starts increasing up to the value
x < 0.02 of Eu. For x 5 0.02-0.04, the peak at 310 nm dominates in
intensity.

The excitation spectrum recorded for B with x 5 0.0005, by
keeping the emission wavelength at 614 nm (Eu31 lines) shows the
intense Ce41 emission band and the weak Eu31 lines, similar to the
Table I. Comparison of the luminescence properties of Sr2CeO4 and the standard blue phosphors.

Property Sr2CeO4 Ca5(PO4)3F:Sb31 ZnS:Ag1

Color (in white light) Very pale-yellow White White (gray-white)
Crystal system Orthorhombic Hexagonal Face centered cube
Coordination of the Six (Ce41) Nine (Sb31) (Zn21)a

luminescent center
Color of emission, lmax Broad band-blue region Broad band-blue region Broad band-blue region

(467 nm) (475 nm) (450 nm)
Integrated emission intensity 64 100 018

(254 nm excitation) (counts)
Integrated emission intensity 81 —— 100

(355 nm excitation) (counts)
Reflectance at 254 nm b 08 012 012

a It is the bandgap and not the luminescent center which decides the emission in ZnS. Given here for comparison.
b Value measured for the polished Al2O3 pellet is taken as 100 (in counts).
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situation in A. Increase in Eu31 concentration (x 5 0.01-0.02) in-
creases the intensities of the Eu31 lines and the line at 466 nm is
dominant as shown in Fig. 5a.

The emission spectrum of B with x 5 0.0005 under 254 nm exci-
tation shows the Ce41 emission band (peak ,467 nm) which covers
all the Eu31 lines (weak shoulders) up to 650 nm. This happens up
to a Eu concentration of x 5 0.01, and for higher x, the Eu31 emis-
sion lines dominate in intensity (Fig. 5b). Unlike the previous case
(A), in this compound (B) the Eu31 emission lines at 614 nm (5D0 2
7F2) is more intense than the Eu31 line at 583 nm (5D0 2 7F1). The
ratio of the intensities is >1. This may be due to the stiff surround-
ings (octahedral coordination) of the Eu31 ion. We found that the
line due to 5D0 2 5F0 transition cannot be clearly observed under
254 nm excitation, but could be seen at 578 nm when excited with
466 nm.

(Sr, Eu)2CeO4 system.—In this case, the Eu31 is doped at the
Sr21 site and hence, either Sr vacancies exist in the lattice or the net

Figure 3. Excitation
spectra of Sr22xLax-
Ce12xEuxO4 for dif-
ferent x values. (a) x
5 0.001, (b) x 5
0.01, (c) x 5 0.02, (d)
x 5 0.05.
charge is positive. To study the luminescence properties, compounds
with nominal composition, Sr22xEuxCeO4 (hereafter referred to as
C) with x 5 0.04-0.10, have been synthesized. For a composition of
C with x 5 0.04, the recorded emission spectrum (lexc 5 254 nm)
shows a dominant Eu31 line at 614 nm and a weak Ce41 emission
band. The intensity of the 5D0 2 7F2 transition line (614 nm) is very

Figure 4. Emission
spectra of Sr22xLax-
Ce12xEuxO4 for dif-
ferent x values. (a) x
5 0.001, (b) x 5
0.005, (c) x 5 0.01,
(d) x 5 0.02, (e) x 5
0.05. RED denotes
red emission due to
5D0 2 7F2 transition
of Eu31, ORA
denotes orange emis-
sion due to 5D0 2 7F1
transition of Eu31,
and BLU denotes
blue emission due to
f r t1g transition of
Ce41, in this figure
and in the subsequent
figures.



Journal of The Electrochemical Society, 147 (7) 2773-2779 (2000) 2777
S0013-4651(99)08-024-4 CCC: $7.00  © The Electrochemical Society, Inc.
high when compared with that of the 5D0 2 7F1 transition (583 nm).
The presence of intense 5D0 2 7F2 transitions in the compounds A,
B, and C confirms the presence of a noncentrosymmetric site for
Eu31 in Sr2CeO4. The 5D0 2 7F0 transition line is clearly observable
at 578 nm when excited with 466 nm, as is the case of the compound
B. The excitation spectra observed for different emission wave-
lengths (lem 5 467 and 614 nm) show the CT band of Ce41 (with
the peak at ,308 nm as dominant) and the Eu31 excitation lines.
However, the intensities of the Eu31 excitation lines are more when
compared with those of the CT band of Ce41. Neither the net posi-
tive charge nor the larger ionic size of Sr21 seems to reduce the
intensity of the line due to Eu31 ion, when compared with the situa-
tions encountered in compounds A and B.

Depending on the Eu31 concentration, the compounds A, B, and
C all display emission colors ranging from blue-white to red-white,
when seen under UV light of l 5 254 and 355 nm. Hence, this offers
the possibilities of generating white light in Sr2CeO4 under lpmv and
cathode ray excitations. It is observed that similar to the known CHP
and the trichromatic lamp phosphors (TLPs), the compound
Sr2CeO4:Eu also emits in the region of visible light covering violet-
blue to red. For values of x in the range 0.005-0.015, the compound
Sr2CeO4:Eu gives white light emission under 254 and 355 nm exci-
tation when seen with the naked eye, similar to CHP and TLP. How-
ever, optimization of the Eu concentration, particle size and mor-
phology, addition of other complementary compounds (both blank
and luminescent) need to be done for this Sr2CeO4 single host lattice
to yield white light emission matching in color (both color coordi-
nates and color rendering index) with the known CHP and TLP
(Color 80 or 90).

Sr2CeO4:Eu

A Potential Red Phosphor at High Eu Concentrations

The above results show that irrespective of the site(s) at which
Eu31 is doped in Sr2CeO4, the red emission at 614 nm dominates

Figure 5. (a) Excitation and (b) emission spectra of Sr2Ce0.98Eu0.02O4.
under excitation with 254 (and 466 nm) as the Eu31 concentration
(x) is increased to 0.05 and above. This suggests that Sr2CeO4:Eu
(0.05-0.15) has ample potential for application as a red phosphor in
lpmv lamps, similar to the well-known Y2O3:Eu31 red phosphor.
The observed emission spectrum shows that in the case of A, both
orange (5D0 2 7F1) and red (5D0 2 7F2) color emissions dominate,
the latter with higher intensity when excited with 254 nm. In the case
of B and C, we observed that only the red emission line at 614 nm
dominates in intensity. The integrated emission intensities of all
these compounds along with Y2O3:Eu are given in Table II. From the
observed spectra (Fig. 6), it could be concluded that the compounds
B and C are potential candidates for application in lpmv lamps as red
phosphors. But the host lattice must be suitably modified to achieve
emission intensities equal to or greater than the known Y2O3:Eu31

phosphor under 254 nm. We found that the compounds A, B, and C
also show sufficiently high intensity under excitation with long
wavelength UV and hence could also be attempted for application as
a red phosphor in high pressure mercury vapor (hpmv) lamps and
perhaps in TV tubes.

When excited with the dominant 466 nm, we observed that in the
compounds A, B, and C, the intensity of the 5D0 2 7F2 (614 nm)
transition is higher than the intensity observed under excitation with
254 nm. The observed luminescence spectral features (under 466 nm
excitation) appear similar to each other and also similar to those
observed in the Y2O3:Eu31 red phosphor. But the intensities are
twofold higher than the intensity of Y2O3:Eu31, indicating the excel-
lent application potential of Sr2CeO4:Eu under this excitation (Table
II and Fig. 7). If properly pumped in the blue region, this compound
could be utilized for application in lasers as a red laser material
pumped in the blue region.17 The only dominant emission line is the
line due to the 5D0 2 7F2 transition at 614 nm. All the other lines are
very weak in intensity and therefore, there is no probability for the
presence of the orange and green Eu31 emission lines (Fig. 7). The
excitation spectra obtained for A, B, and C (lem 5 614 nm) show a
Ce41 (Eu31) CT band with a single peak at ,306 nm. The line at
466 nm due to 7F0 2 5D1 transition is of high intensity. At both low
and high Eu31 concentrations, the dominant levels (5D0 2 7FJ51,2)
show splitting due to the crystalline electric field (CEF) effects.

Energy Transfer Mechanism in Sr2CeO4:Eu31

In luminescent materials, energy transfer mechanisms between
ions of the same or different types and between the host and the acti-
vator are well known.4,5,7,8,18. They are either due to resonance or
exchange interactions or multipolar interactions between the ions of
the same or different types and depend on the critical energy trans-
fer distance (Rc) between the absorbing groups in the crystal lat-
tice.4,5 In addition, the lifetime of the excited state of the sensitizer
ion also plays a major role, and both radiative and nonradiative pro-
cesses of energy transfer can occur.

In the excitation spectra of Eu31 (lem 5 614 nm) in Sr2CeO4 we
observed that at low Eu concentrations, the Ce41 emission band is
present. When excited under CT excitation wavelength, the Ce41

emission band is observed together with the Eu excitation lines. The
Ce41 emission band is found to cover all the Eu excitation lines up
to 540 nm (mainly the dominant 466 nm) indicating that Ce transfers
Table II. Comparison of the luminescence properties of Sr2CeO4:Eu and the standard red phosphor Y2O3:Eu.

Integrated emission intensity

lexc 5 254 nm lexc 5 466 nm Reflectance at 254 nma

Phosphor (counts) (counts) (counts)

Sr22xLaxCe12xEuxO4 (x 5 0.08) 031 084 05
Sr2Ce12xEuxO4 (x 5 0.08) 044 100 06
Sr22xEuxCeO4 (x 5 0.08) 044 087 05
Y22xEuxO3 (x 5 0.06) 100 049 016

a Value measured for the polished Al2O3 pellet is taken as 100 (counts).
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some of its energy to the Eu ion. Increase in Eu concentration
increases the intensity of Eu lines with a corresponding decrease in
the intensity of the Ce emission band. Thus, the energy transfer is
incomplete and it is highly probable that both radiative and nonra-
diative energy transfers occur in Sr2CeO4:Eu with Ce acting as the
sensitizer and Eu ion as the activator in the host matrix.

At high Eu31 concentrations (x 5 0.05-0.15), the excitation spec-
tra of Eu31 (in the compounds A, B, and C) show the presence of both
Ce41 and Eu31 excitation bands. But in the emission spectra under
CT excitations, only the Eu31 emission lines are observed and the
Ce41 ion emission is totally quenched. Thus, for x > 0.05, the energy
transfer to the Eu31 ion from the Ce41 ion in Sr2CeO4 is complete
and nonradiative. It is well known that the energy transfer from a
broad band emitter to a line emitter is only possible for nearest neigh-
bors in the lattice.4 In the compound Sr2CeO4, the crystal structure is
one-dimensional with a fairly short interchain distance of 3.597 Å (c-
lattice parameter). The lifetime of Ce41 in the undoped Sr2CeO4 has
been measured to be unusually long (51 ms).1 Hence, there is a high
probability of energy transfer due to exchange interactions [since 3.6
Å < Rc for exchange interaction (5 Å)] which can occur between
Ce41 and Eu31 ions in different chains in addition to that within the
chains. But a reliable conclusion can be arrived at only after detailed
investigations on well-defined single crystal samples.

Figure 6. Emission
spectra of (a)
Sr22xEuxCeO4 (x 5
0.08) and (b)
Y2O3:Eu (3 mol %).
Conclusions
Pure and the Eu31-doped Sr2CeO4 compounds have been syn-

thesized by the high temperature solid state reaction and character-
ized by powder XRD, TG/DTA, density, particle size, and SEM
studies. The luminescence properties of the undoped Sr2CeO4 blue
phosphor have been compared with the known blue phosphors to
highlight its application potential. The Eu31 luminescence in
Sr2CeO4 has been reported for the first time. The energy transfer
between Ce41 and Eu31 occurs at low (and also at high) Eu concen-
trations and generation of white light is established under 254 and
355 nm excitation. Efficient red phosphors have been identified
under different excitation wavelengths at high Eu31 concentrations
(x $ 0.08) in Sr22xEuxCeO4 and (SrLa)(CeEu)O4 and have been
compared with the standard phosphor. The salient features of the 1D
crystal structure of Sr2CeO4 along with the unusually long excited
state lifetime, easy synthesis, good possibilities of controlling the
particle size and morphological features guarantee the potential of
this host lattice for application as a phosphor under excitation with
UV, cathode, and X-rays. Other dopant ions (rare earth and transition
metal) are being tried and the results will be published elsewhere.
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