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Gd2O3:Eu3+ (4 mol%) nanophosphor co-doped with Li+ ions have been synthesized by low-temperature
solution combustion technique in a short time. Powder X-ray diffractometer (PXRD), scanning electron
microscopy (SEM), Fourier transform infrared spectroscopy (FT-IR), UV–VIS and photoluminescence (PL)
techniques have been employed to characterize the synthesized nanoparticles. It is found that the lattice
of Gd2O3:Eu3+ phosphor transforms from monoclinic to cubic as the Li+-ions are doped. Upon 254 nm
excitation, the phosphor showed characteristic luminescence 5D0 → 7FJ (J = 0–4) of the Eu3+ ions. The

5 7 3+

anophosphor
u3+

adolinium oxide
i+ co-doping
RD
EM

electronic transition located at 626 nm ( D0 → F2) of Eu ions was stronger than the magnetic dipole
transition located at 595 nm (5D0 → 7F1). Furthermore, the effects of the Li+ co-doping as well as calci-
nations temperature on the PL properties have been studied. The results show that incorporation of Li+

ions in Gd2O3:Eu3+ lattice could induce a remarkable improvement of their PL intensity. The emission
intensity was observed to be enhanced four times than that of with out Li+-doped Gd2O3:Eu3+.

© 2010 Elsevier B.V. All rights reserved.

V–VIS
hotoluminescence

. Introduction

Nowadays, phosphors with high performances such as suffi-
ient brightness, fast response and long term stability are required
or the progress of modern luminescence devices [1]. The rare
arth activated oxide phosphors have good luminescent charac-
eristics, stability in high vacuum, and absence of corrosive gas
mission under electron bombardent when compared to currently
sed sulfide based phosphors. The red-emitting phosphors doped
ith trivalent rare-earth (RE) ions have been widely used in the
evelopment of emissive display and tricolor lamp industry for two

ecades. In the past, Li+ ion has been introduced in to different oxide
osts such as Y2O3:Eu3+ [2], Gd2O3:Eu3+ [3], SnO2:Eu3+ [4], acting
s a co-activator and charge compensator. It has been found that
he PL intensity was substantially enhanced after Li+ doping. It has

∗ Corresponding authors.
E-mail addresses: bhushanvl@rediffmail.com (H. Nagabhushana),

reechakra72@yahoo.com, chakra72@gmail.com (R.P.S. Chakradhar).
1 Present address: Scientist, CSIR-NAL, Bangalore 560 017, India.

925-8388/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
oi:10.1016/j.jallcom.2010.11.023
recently been reported that Li+ site could result in the enhancement
of up conversion emission in Gd2O3:Eu3+ [5]. It indicates that the
improved up-conversion intensity may originate from the break of
local crystal field symmetry around rare-earth ions by the Li+ dop-
ing. Since Li+ ion is very small, it can easily enter the host lattice,
occupying not only the substitutional sites but also the interstitial
sites [6]. Both the substitutional Gd3+ ions and the occupation of
interstitial sites can break the symmetry of the crystal field around
the rare-earth ions and the break can enhance the PL intensity.

The Li+ ions, even in very small quantities as the dopant, fre-
quently play an important role in increasing the luminescent
efficiency of phosphors. Therefore, alkali metal ions such as Li+,
Na+, K+ were used to modify the local site symmetry of Eu3+ for
improving the luminescence efficiency, owing to their chemical
nature of low oxidation states and distinct ionic radii. A number
of methods such as combustion [7], solid state [5], sol–gel [8] were

employed to fabricate the Gd2O3:Eu3+ nanoparticles. Among, these
methods, solution combustion technique is more attractive owing
to the advantages of the simple equipment, low process tempera-
ture, time consumption, high purity and easily controlled particle
size.

dx.doi.org/10.1016/j.jallcom.2010.11.023
http://www.sciencedirect.com/science/journal/09258388
http://www.elsevier.com/locate/jallcom
mailto:bhushanvl@rediffmail.com
mailto:sreechakra72@yahoo.com
mailto:chakra72@gmail.com
dx.doi.org/10.1016/j.jallcom.2010.11.023
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d = 0.9�

ˇ cos �
(1)
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To the best of our knowledge, the systematic studies on Li+

o-doping on the structural and PL studies of Gd2O3:Eu3+ is very
imited. As a part of our programme on phosphor materials [9–12],
ere we report, the effect of Li+-ion on structural and enhancement
f photoluminescence properties of Gd2O3:Eu3+ nanophosphors
repared by combustion technique. It is generally regarded that the

uminescent efficiency of phosphor is reduced with the decrease
f the grain size due to a large contribution of the surface states
o the non-radiative transition [13]. On the other hand, a change
n the composition of phosphor, such as the incorporation of Li+

on into host material, is an effective way to enhance its lumines-
ent performance. The role of the Li+ ion is mainly attributed to the
ux effect and the creation of oxygen vacancy [14]. Therefore, it is
xpected that the luminescent efficiency will be improved further
y co-doping with several dopants.

. Experimental

.1. Synthesis of Li+-doped Gd2O3:Eu3+ nanoposphors

The starting chemicals used for the preparation of Gd2O3:Eu3+ (Li+) nanophos-
hors were of analar grade gadolinium nitrate [Gd(NO3)3], europium nitrate
Eu(NO3)3] and lithium nitrate [LiNO3]. The oxalyl dihydrazide [ODH: C2H6N4O2]
s used as a fuel for combustion synthesis and was prepared in our laboratory
15]. An aqueous solution containing stoichiometric amounts of gadolinium nitrate,
uropium nitrate, lithium nitrate and ODH have been taken in a cylindrical Petri
ish of ∼300 ml capacity. The excess water is allowed to evaporate by heating over
hot plate until a wet powder is left out. Then the Petri dish is introduced into a
uffle furnace maintained at 400 ± 10 ◦C. The reaction mixture undergoes thermal

ehydration and ignites at one spot with liberation of gaseous products such as
xides of nitrogen and carbon. The combustion of ODH is exothermic and releases
he energy required for the synthesis. The combustion propagates throughout the

eaction mixture without further need of any external heating, as the heat of reac-
ion is sufficient for the decomposition of redox mixture. The flame temperature was
ound to be 1000 ± 50 ◦C, which persists for few seconds, and was measured by an
ptical pyrometer placed inside the muffle furnace. The flow chart for the synthesis
d2O3:Eu3+ (Li+) phosphor is given in Fig. 1.

Fig. 1. Flow chart for the synthesis of Gd2O3:Eu3+(Li+) nanophosphor.
Compounds 509 (2011) 2368–2374 2369

2.2. Instruments used

The phase purity of the nanophosphors is examined by powder X-ray diffrac-
tometer (PXRD) (PANalytical X′Pert Pro) using CuK� radiation with a nickel filter
was used to estimate the crystallinity of the phases. The surface morphology of the
product is examined by Scanning Electron Microscopy (SEM) (JEOL JSM 840A) by
sputtering technique with gold as covering contrast material. The FT-IR studies have
been performed on a Perkin Elmer Spectrometer (Spectrum 1000) with KBr pellets.
The UV–VIS absorption of the samples was recorded on SL 159 ELICO UV–VIS Spec-
trophotometer. The photoluminescence (PL) measurements were performed on a
Shimadzu Spectroflourimeter (Model RF 510) equipped with 150 W Xenon lamp as
an excitation source.

3. Results and discussion

Fig. 2(a) shows the powder X-ray diffraction patterns of
Gd2O3:Eu3+:Li+ (0–8 mol%) phosphors calcined at 800 ◦C for 3 h.
The Gd2O3:Eu3+ nanopowders indexed to mixed phase of mono-
clinic (JCPDS no. 43-1015) and cubic (JCPDS no. 86-2477) structure
respectively. The sharp and intense peaks clearly show the crys-
talline nature of the sample. As Li+ concentration increases the
mixed phase becomes more likely to be cubic phase. The ratio of
the peak values IC(2 2 2)/IM(4 0 2) (Intensity of cubic phase to mon-
oclinic phase) increased from 1.17 to 4.79. The crystallite size was
calculated from the broad PXRD peaks using the Scherer’s equation
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Fig. 2. (a) PXRD patterns of Gd2O3:Eu3+:Li+ (0–8 mol%) nanophosphors calcined at
800 ◦C for 3 h. (b) PXRD patterns of Gd2O3:Eu3+:Li+ (0–8 mol%) nanophosphors (at
2� = 47.5 (4 4 0)) calcined at 800 ◦C for 3 h.
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Table 1
Parameters calculated with respect various Li+ ion concentrations.

Sample FWHM (degree) 2� = 28.68◦ Grain size(nm) Band gap (eV)

Scherer’s method (d) W–H method (D)

Gd2O3:Eu3+ 0.3552 25.51 29.28 4.47
Gd2O3:Eu3+:Li(1 mol%) 0.3357 26.99 31.73 4.83
Gd2O3:Eu3+:Li (2 mol%) 0.2560 35.39 40.88 5.43
Gd2O3:Eu3+:Li (3 mol%) 0.2495 36.32 42.95 5.41
Gd2O3:Eu3+:Li (4 mol%) 0.2480 36.65 45.95 5.42

3+ 37.7
41.0
43.3
45.1
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The excitation spectra of without and with Li+ (6 mol%) doping of
Gd2O3:Eu3+ phosphors are illustrated in the Fig. 6(a and b) respec-
tively. The peak near 250 nm in the excitation spectrum is known
as the charge transfer (CT) peak which attributes to the transition
Gd2O3:Eu :Li (5 mol%) 0.2402
Gd2O3:Eu3+:Li (6 mol%) 0.2210
Gd2O3:Eu3+:Li (7 mol%) 0.2092
Gd2O3:Eu3+:Li (8 mol%) 0.2005

here d is the average grain size of the crystallites, � the incident
avelength, � the Bragg angle and ˇ the diffracted full-width at
alf-maximum (FWHM) in radians caused by the crystallites. The
ean crystallite size calculated from this method is found to be in

he range 25–45 nm.
The grain size was also calculated from the powder X-ray diffrac-

ion line broadening (B) using the analysis described by Williamson
nd Hall (W–H) method [17].

cos � = ε(4 sin �) + �

D
(2)

here B (FWHM in radian) is measured for different XRD lines cor-
esponding to different planes, ε is the strain developed and D is the
rain size. The equation represents a straight line between 4 sin �
X-axis) and B cos � (Y-axis). The slope of line gives the strain (ε)
nd intercept (�/D) of this line on the Y-axis gives grain size (D).

The grain size determined from W–H formula is slightly higher
han those calculated using Scherrer’s formula (Table 1). The small
ariation in the values is due to the fact that in Scherrer’s formula
train component is assumed to be zero and observed broaden-
ng of diffraction peak is considered as a result of reducing grain
ize only. Strain continues to increase with an increase in Li+ con-
entration. These results indicated that the host lattice dimension
hrinks with the concentration of Li+ from 0 mol% and then begins to
xpand when the concentration of Li+ is over 5 mol%. The effective
onic radius of Gd3+ ion and Li+ ion are 0.94 Å and 0.76 Å respec-
ively [18]. Hence, substitutes the Gd3+ ion with these smaller Li+

on can induce the shrinking of the host lattice, whereas Li+ ions
ccupying the interstitial sites leads to the expansion of the host
attice consequently, when the concentration of Li+ ions is below
mol%, Li+ ions occupy substitutional sites, but with higher concen-

rations, Li+ ions begin to take interstitial sites. The both types of Li+

ccupancies would break the local crystal field symmetry around
he Eu3+ ions, Li+ ions doping could help to break the forbidden
ransition, change the life time of energy levels and consequently
nhance the intensity. As Li+ content was increased from 0 to 4 mol%
rystallinity improved. However, when Li+ content was increased,
urther to 5 mol%, the crystallinity decreases, this result may be
nduced by increase of oxygen vacancies by Li+ ion substitution
19]. These oxygen vacancies in lattice weakened bond strength
uch that the lattice constant increased [20]. The lattice param-
ters to be observed shifted towards larger values due to lattice
xpansion with increase in Li+ concentration. Occupation of Li+ ion
ould naturally give rise to a substantial number of vacant sites

n oxygen ion and then expand the lattice with decrease of crystal
ensity. So the lattice expansion can be attributed to the weaken-
ng of bond strength due to the formation of oxygen vacancies [21].
etter crystallization and larger grain size can be regarded as the
esult of the Li+ ions during the preparation process, which plays
n important role in effectively promoting an incorporation of Eu3+

nd Gd2O3 as well as Li+ ions themselves in to the host lattice.
3 48.23 5.23
1 51.32 5.16
2 52.32 4.81
9 54.19 4.60

Fig. 2(b) shows the shift of the peak towards higher glancing
angle, it is due to smaller size of Li+ ion and it is conforms the
incorporation of Li+ ions in Gd2O3:Eu3+ lattice.

Fig. 3(a–e) shows the PXRD patterns of Li+ (4 mol%) co-doped
Gd2O3:Eu3+ samples calcined at 500, 600, 700, 800 and 900 ◦C for
3 h. It is observed that the intensity of the PXRD peaks increases
with calcination temperatures. It is noticed that the ratio of peak
values, IC(2 2 2)/IM(1 1 1), increased from 0.79 to 1.48 with increase
in calcination temperature 500–700 ◦C, and thereafter it start
decreasing from 1.48 to 0.93 with further increase in calcinations
temperature 800–900 ◦C.

Fig. 4 show the SEM photographs of without and with Li+

(6 mol%) co-doped Gd2O3:Eu3+ phosphor. The un-doped phosphors
are agglomerated from few microns to a few tens of microns, fluffy
and porous in nature. The agglomeration of nanoparticles is usu-
ally explained as a common way to minimize their surface free
energy. The voids and pores present in the sample are due to the
large amount of gases produced during combustion synthesis. In
Li+ (6 mol%) doped Gd2O3:Eu3+ phosphor, the agglomeration is
reduced and particles are in spherical in shape.

Fourier transform infrared spectral studies (Fig. 5) have been
carried out on all Li+-doped Gd2O3:Eu3+ samples. It is found that,
the peaks around 400 and 540 cm−1 confirms the Gd–O peak. No
other peak is noticed, this conforms the purity of the compounds.
Fig. 3. PXRD patterns of Gd2O3:Eu3+:Li+ (4 mol%) phosphors calcined at (a) 500 ◦C,
(b) 600 ◦C, (c) 700 ◦C, (d) 800 ◦C and (e) 900 ◦C for 3 h.
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Fig. 4. SEM micrographs of nanophosphors calcined at 800 ◦C
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Fig. 5. FT-IR spectra of Gd2O3:Eu3+:Li+ (0–8 mol%) phosphors calcined at 800 ◦C (3 h).
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Fig. 6. Excitation spectra of (a) Gd2O3:Eu3+ and (b) Gd2O3:Eu3+:Li+(6 mol%).
for 3 h (a) Gd2O3:Eu3+ and (b) Gd2O3:Eu3+:Li+ (6 mol%).

from O2− 2p state to Eu3+ 4f state [18]. The peak near 240 nm origi-
nates from the excitation of Gd2O3 host lattice (HL). The HL and CT
peak of the doped samples were improved distinctly in compari-
son with that of un-doped sample. It is noticeable that CT peak was
almost unchanged in Li+-doped samples. Lopez et al. [22] reported
that the oxygen vacancy might act as a sensitizer for the energy
transfer to the rare-earth ions owing to the strong mixing of CT
states. Hence the second aspect can be ascribed to the creation of
oxygen vacancies due to Gd3+ sites occupied by smaller Li+ ions,
resulting in the improvement of luminescent intensity.

It is observed that the host lattice peak in Li+ co-doped
Gd2O3:Eu3+ is shifted (∼10 nm) towards higher wavelength
side when compared to un-doped Li+. In emission spectrum
(�exi = 254 nm) (Fig. 7), the strongest peak situated at 612 nm is
assigned to the 5D0 → 7F2 transition of Eu3+ ions, and the peak
around 588 nm is related to 5D0 → 7F1 transition. The peaks from
5D1 → 7FJ (J = 1, 2) transitions were also detected in the range of
525–570 nm. It is obvious that the PL intensity of Gd2O3:Eu3+

nanophosphor can be enhanced drastically by co-doping with Li+

ions. Comparing with the un-doped samples, the PL intensities are
improved 4 times for Li+ co-doped Gd2O3:Eu3+ nanophosphors. The
influence of the Li+ ions on the luminescent performance may be
attributed to several aspects. Firstly and the most obvious one is the
flux effect of the Li+. It gives a better crystallization and larger grain

size, resulting in higher oscillating strengths for the optical transi-
tions [23], and also reducing the luminescence quenching due to the
surface states [13], thus bringing on the increase of the luminescent
intensity. In addition, Li+ ions promote the structured transforma-

Fig. 7. PL emission spectra of Gd2O3:Eu3+:Li+ (0–8 mol%) nanophosphors calcined
at 800 ◦C for 3 h.
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ii) The variation of 612/623 peaks (5D0 → 7F1/5D0 → 7F2) as a function of Li+ concen

ion from monoclinic to cubic Gd2O3:Eu3+. This structural change is
avorable for luminescence. The effective ionic radius of Li+ (0.76 Å)
on is smaller than that of Gd3+ ion (0.94 Å) and therefore the Li+

ons are suitable for occupation of the Gd3+ sites, which will give
ise to a number of oxygen vacancies for the charge neutrality.

When the concentration of Li+ ion is below 4 mol%, substitut-
ng Gd3+ ions with Li+ ions can induced oxygen vacancy due to
harge compensation, so the substitutional site Li+ ions and oxygen
acancies around Eu3+ ions can cause the crystal field distortion.
owever, for higher concentration of Li+ the substitutional site and

he interstitial site Li+ ions co-exist in the host. These interstitial
i+ ions would induce the Gd3+ vacancies so there are four differ-
nt types of defects around the Eu3+ ions, which cause much severe
rystal field distortion. When the content of Li+ is above 4 mol%, the
ncrease of emission peaks that stark levels have been split, which
roves that with the appearance of interstitial Li+ the crystal field
ymmetry around Eu3+ have been seriously broken.

Fig. 8 shows the PL intensity of the 5D0 → 7F1 (612 nm)
nd 5D0 → 7F2 (623 nm) transition of the Gd2O3:Eu3+ (4 mol%)
anophosphor as a function of Li+ (0–8 mol%) doping concentra-
ion. It can be seen that the intensities of the 5D0 → 7F2 transitions
re always higher than that of the 5D0 → 7F1 transitions irrespec-
ive of the Li+ concentration. The emission intensity resulting from
he 5D0 → 7F1 and 5D0 → 7F2 transitions are prominently enhanced
fter substitution of (4 mol%) Eu3+ by Li+ and the emission intensity
urther increases with the Li+ concentration obtaining its maxi-

um at 6 mol% Li+, then slightly decrease. This phenomenon is
robably due to the fact that low fraction of Li+ substitution in the

attice induce the fast energy transfer from the host to the Eu3+

ons and a decrease in interstitial oxygen, and hence conducting an
ncrease in the hole concentration leading to a decrease in compet-

tive absorption and as a result to a higher quantum yield [24]. On
he other hand the doping of Li+ might also give rise to the forma-
ion of defective structure. Once Li+ attains a certain concentration
5, 6 and 7 mol%), the defects in the host lattice greatly increase,
hich would unavoidably reduce the crystallinity and increase
on (mol%)

matrix. Inset: (i) PL comparison of Li+ (1 and 8 mol%)of Gd2O3:Eu3+ nanophosphor.
ns.

the unactive center concentration, thus leads to the luminescence
quenching [25].

Therefore, the PL intensity has great dependence on co-activator
concentration. The brightness increases with co-activator concen-
tration to certain extent, if above this point, the luminescence
begins to decrease, due to parity or aggregation of co-activator
atoms at high concentration which leads to efficient resonant
energy transfer between Eu3+/Li+ ions and a fraction of energy
migration to distant killer or quenchers, then quenching behavior
appears as a result.

The PL intensity ratios of the 5D0 → 7F1 transition to the
5D0 → 7F2 transitions at various Li+ concentrations are shown in
inset of Fig. 8. It is well known that the 5D0 → 7F2 transition is
allowed when Eu3+ embedded at a site of non-inversion symmetry
while 5D0 → 7F1 transition is allowed at a site with inversion sym-
metry. Hence, the PL intensity ratio 5D0 → 7F1/5D0 → 7F2 called as
symmetric ratio, gives a measure of the degree of distortion from
inversion symmetry of the local environment surrounding the Eu3+

ions in the host matrix [26]. However, it is reasonable to believe
that the doping of Li+ will introduce lattice defects, which will
undoubtedly reduce the symmetry strength of the local environ-
ment of Eu3+. Consequently, the symmetry ratio of Gd2O3:Eu3+:Li+

decreases with the increase of doped Li+ concentration (inset Fig. 8).
Fig. 9(a–e) shows the Gd2O3:Eu3+:Li+ (4 mol%) nanophosphor

heat treated at different temperatures from 500–900 ◦C. The PL
intensity of 5D0 → 7F1 and 5D0 → 7F2 transition plotted as a function
of calcinations temperature is shown in Fig. 10. It is observed that,
PL intensity increases with increase of calcinations temperature.
The crystal structure of the sample observed at low-temperature is
faintly disorder and quenching centers, resulting in better emission.
However, when temperature is raised over the certain point, this

effect becomes less prominent and as a result the emission inten-
sity reaches its saturations. For the enhanced PL intensity, it can
be suggested that the incorporation of Li+ ions creates the oxygen
vacancies, which might act as a sensitizer for the effective energy
transfer due to the strong mixture of charge transfer states [18].
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ig. 9. PL emission spectra of Gd2O3:Eu3+:Li+ (4 mol%) nanophosphors calcined at
ifferent temperature for 3 h.

The UV–VIS absorption spectra of Li+ (0–8 mol%) Gd2O3:Eu3+ are
hown in Fig. 11. Both of the spectra have strong absorption in the
V spectral region and some were peaks of intra- 4f transitions of
u3+ at lower wavelength. The Li+-doped sample exhibits a visible
ncrease of absorbance and an obvious red-shift of the absorption
dge compared with the one without Li+ doping. It has been known
hat the position of the absorption edge is determined by the width
f forbidden band with O 2p orbits as the valence band in multi
omponent oxides. Occupation of Gd3+ sites by Li+ ions would nat-
rally give rise to a substantial number of oxygen vacancies, which
ay change the energy band structure and enhance the deforma-

ion degree of O 2p orbits and the superposition of the electronic
ave functions, and then result in narrowing the forbidden band

nd shifting the absorption edge to the red.
The optical band gap energy (Eg) (Fig. 12) was estimated by the

ethod proposed by Tauc [27]. According to these authors, the opti-
al band gap is estimated with absorption co-efficient and photon
nergy by the following equation

k
�˛ ∝ (hv − Eg) (3)

here ˛ is the absorption co-efficient, h is the Planks constant, �
s the frequency, Eg is the optical band gap and k is the constant
ssociated to the different types of electronic transitions k = 1/2,

900800700600500
0

100

200

300

400

500

600

700

800

P
L

 I
n

te
n

s
it
y
 (

a
.u

)

Temperature (ºC)

5
D

o

7
F

1

5
D

o

7
F

2

ig. 10. The variation of PL intensity of 5D0 → 7F1 and 5D0 → 7F2 transition as a
unction of calcination temperature (3 h).
Fig. 11. UV–VIS spectra of Gd2O3:Eu3+:Li+ (0–8 mol%) phosphors calcined at 800 ◦C
(3 h).

2, 3/2, 3 for direct allowed, indirect allowed, direct forbidden and
indirect forbidden transitions respectively. According to literature
[28] the oxides are characterized by an indirect allowed electronic
transition and hence, the k = 2 value was adopted as standard in
Eq. (3). Thus the Eg values was evaluated extrapolating the linear
portion of the curve or tail [(h�˛)1/k = 0] in the UV–VIS absorbance
spectra. A plausible explanation for the variations observed in the
Eg values can be related to the degree of structural order–disorder
in to the lattice, which is able to change the intermediary energy
level distribution within the band gap. The variations in the band
gap values might also be due to higher degree of structural defects,
while the phosphors heat treated from 500 to 900 ◦C, the absorption
spectra shows more ordered/crystalline materials (inset Fig. 13).
On the basis of these information, if the structure becomes more
ordered with the heat treated temperature i.e. when the concen-
tration of structural defects (oxygen vacancies, distortions and/or

strains in the lattice) is reduced. The presence of intermediary
energy levels (deep and shallow holes) is minimized within the
optical band gap and consequently, the Eg values increase. As it can
be seen, the energy gap values (Table 1) are mainly depends on the
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reparation methods and experimental conditions (heat-treated
nd processing time). In particular, these key factors can favor or
nhibit the formation of structural defects, which are able to control
he degree of structural order–disorder in the material and conse-
uently, the number of intermediary energy levels within the band
ap.

. Conclusions

Li+ co-doped (0–8 mol%) Gd2O3:Eu3+ red phosphors have been
repared through solution combustion synthesis. The improve-
ent of the crystallinity and decrease of particle size induced

y the addition of Li+ ions has been observed. When Li+ was co-
oped, the PL intensity of Gd2O3:Eu3+ phosphor is enhanced. This

s due to charge compensation resulting from the substitution
ffect of Li+ ions to Gd3+ and also due to lowering of local sym-
etry that was induced by the Li+ ions. The luminescence spectra

onsists of a dominant red emission peak at 612 nm, which corre-
ponds to the transition of 5D0 → 7F2 of Eu3+ ions. The higher PL
mission intensity was observed in 6 mol% Li+ whose brightness
as increased by 4 times when compared to that of Gd2O3:Eu3+.

he improvement in the PL efficiency with the Li+ doping may
esult from improved crystallinity leading to higher oscillating
trengths for the optical transitions. Further, it can also be sug-

+
ested that the incorporation of Li creates the oxygen vacancies,
hich might act as a sensitizer for the effective energy transfer
ue to strong charge transfer states. Thus the red emitting Li+-
oped Gd2O3:Eu3+ phosphors are promising for possible display
pplications.
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