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a b s t r a c t

Terbium doped yttrium oxide (Y2O3:Tb3þ) nanophosphor has been synthesized via a facial yet modified
co-precipitation method. To get maximum luminescence output from Y2O3:Tb

3þ nanophosphors, sur-
factants namely, Cetyl trimethylammonium bromide (CTAB) and Trioctylphosphine oxide (TOPO) were
added during synthesis. Further, it has been observed that combined addition of surfactant
(CTAB þ TOPO) at the time of synthesis has resulted in nearly spherical morphology of the nano-
phosphor. Furthermore, these optimized material are observed to have enhanced integrated photo-
luminescence (PL) intensity of ~23% as compared to the one synthesized without the addition of any
surfactant. The results are further supported by detailed structural and optical studies. Optimum use of
surfactants during synthesis shows for the first time that both nano-sized distribution and high crys-
tallinity can be achieved simultaneously which has resulted in bright green emission in Tb3þ doped Y2O3

nanophosphors.
© 2016 Published by Elsevier B.V.
1. Introduction

Nanocrystalline particles exhibit many novel physical properties
not found in bulk materials [1,2]. These nanoparticles are of sig-
nificant interest from the fundamental point of view for the
phosphor’s technological applications. Rare-earth compounds,
such as hydroxides, oxides, phosphates, fluorides, and vanadates
have been extensively studied because of their potential applica-
tions in the high-performance magnets, luminescent devices, cat-
alysts, and other functional materials based on their electronic,
optical, and chemical characteristics arising from the 4f electrons
[3,4]. Among various rare-earth oxides, yttrium oxide (Y2O3) is a
promising alternative host matrix for luminescence, which has a
great application prospect in commercial lighting and display de-
vices, due to its high chemical stability, low thermal expansion and
phonon energy [5,6]. Luminescent properties of an optical host
strongly depend on the structure and morphology of the crystals.
By adjusting different morphologies of the host material, the rela-
tive intensity of the emission peaks can be effectively controlled.
ey).
Therefore, the controllable synthesis of Y2O3 with well-defined
morphology and narrow size distribution via a rapid, simple, and
mass production method is a great challenge. To date, numerous
efforts have been made to explore various convenient and efficient
approaches for the preparation of different inorganic crystals in
nano-dimensions with different shapes [7e9]. In these techniques,
the use of organic additives as the shape modifier is a common
strategy to adjust and control the morphology and size of the
products. Organicmolecules are known to either promote or inhibit
crystal growth by modifying its surface. By properly choosing
organic additives that might have specific molecular complemen-
tarity with their inorganic counterparts, the growth of the crystals
can be rationally directed to yield products with desirable mor-
phologies and/or hierarchical structures [10].

Inmany recent papers, an increase in PL efficiencywith decrease
in particle size in Tb3þ doped Y2O3 nanophosphors has been re-
ported [11,12]. In fact unique physical behavior can be predicted in
these systems as the particle size is reduced to become comparable
to some characteristic lengths such as the Bohr’s exciton radius
[13]. Besides these commonly known quantum size effects, the
excited states of the localized dopant atoms e.g., Tb3þ in Y2O3 can
be strongly modulated because of quantum confinement in the
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nanoparticles. These modifications result in changes in the overlap
of wave functions with other atoms in the quantum dots [12].
Owing to this intonation consequence of quantum confinement,
the impurity states in a doped nanocrystal (DNC) can interact more
efficiently with the host than in the bulk, leading to momentous
deviations in the electronic energy structure and transition prob-
abilities [14]. Therefore, for improving the interaction of the dopant
impurities with the host matrix, quantum confined nanostructures
are desired, which is the main focus of in this work.

In the current work, we report the synthesis of Y2O3:Tb3þ as an
efficient green-emitting nanophosphor by modified co-
precipitation method. CTAB/TOPO with different combinations
have been used as surfactants (during synthesis) in order improve
the morphology and luminescence of the nanophosphor. The
structural, morphological and luminescent properties were studied
using X-ray diffractometer (XRD), Fourier transform infrared
spectroscopy (FT-IR), High resolution transmission electron mi-
croscope (HRTEM), steady state and time resolved photo-
luminescence (PL) measurement techniques. XRD studies and
Rietveld refinement confirmed the body-centered cubic structure
of doped phosphors. With systematic structural and optical char-
acterizations it has been observed that addition of CTAB or TOPO
has enhanced the luminescent intensity of Y2O3:Tb3þ nano-
phosphors. Further, their combined addition (CTAB þ TOPO) at the
same time has helped to synthesize nano-sized highly luminescent
Y2O3:Tb3þ green phosphor under UV excitation. Both luminescence
and crystallinity were significantly improved, with the addition of
these two surfactants simultaneously at the time of synthesis.
These modifications in the synthesis route have resulted to achieve
enhanced luminescence from Y2O3:Tb3þ nanophosphors along
with high crystallinity and almost spherical morphology which
increases the potentiality of this green phosphor in biological fields
and innovative display applications.

2. Experimental

2.1. Materials

For synthesis, Y(NO3)3.6H2O (99.99%), Eu(NO3)3.6H2O (99.99%),
Cetyl trimethylammonium bromide (CTAB) (99.99%), Tri-
octylphosphine oxide (TOPO) (99.99%) were purchased from Sigma
Aldrich. Ammonium hydrogen carbonate (NH4HCO3) was pur-
chased from Himedia. All the materials were used in as received
condition without further purification.

2.2. Method

First, according to the formula (Y0.995Tb0.005)2O3, stoichiometric
amounts of rare-earth nitrates were dissolved in double distilled
water and solution of 0.2 mol/L concentration was used as mother
solution. Similarly, solutions of CTAB (0.001, 0.002, 0.003 and
0.004 mol%) and TOPO (0.005, 0.010, 0.015 and 0.025 mol%) as
surfactant were prepared by adding proper amount of these sur-
factants in 30 mL of water. The surfactant solution was then added
Table 1
Detail of sample(s) along with their code(s).

S. No. Name of the sample

1 Y2O3:Tb3þ (0.05 mol%) at 700 �C
2 Y2O3:Tb3þ(0.05 mol%) þ CTAB(0.003 mo

3 Y2O3:Tb3þ(0.05 mol%) þ TOPO(0.015 mo

4 Y2O3:Tb3þ(0.05 mol%) þ CTAB(0.003 mo

P e pure (no additive), C- CTAB, T- TOPO, CT- CTAB þ TOPO.
All the above samples are prepared at 700 �C.
to mother solution and stirred for 30 min to form a homogeneous
solution. 1.5 mol/L solution of ammonium hydrogen carbonate was
used as precipitant. Under continuous stirring the precipitating
solution was added into the mother solution till the pH of the so-
lution reaches 7, resulting in formation of precipitates. The sus-
pensions after 12 h of aging were centrifuged, washed 2 times with
ethanol and 3 times with hot deionized water. Then it was filtered
and dried at 75 �C for 24 h to get the white amorphous powders.
These powders were sintered at 700 �C for 2 h in a tubular furnace
at a heating rate of 1 �C per min in a recrystallized alumina boat to
get the corresponding nano crystalline powders.

Out of the above prepared samples, Y2O3:Tb3þ (0.05 mol%) have
shown maximum luminescence at 0.003 mol% and 0.015 mol%
concentration of CTAB and TOPO, respectively (discussed later in
context). Interestingly we have prepared one more sample of
Y2O3:Tb3þ (0.05 mol%) with both CTAB (0.003 mol%) and TOPO
(0.015 mol%) together as surfactant using similar synthesis route as
discussed above.

For better understanding we have given codes to all sample
prepared above in Table 1.

2.3. Characterization

X-ray diffraction (XRD) studies were carried out using Philips
powder X-ray diffractometer (model PW 1071) with Ni filtered Cu
Ka radiation in a wide range of Braggs angle 2q (15 � 2q � 85). TEM
images were recorded using JEOL 2100F (200 kV). For TEM analysis
synthesized powder was dispersed in ethanol and ultra-sonicated
for 15 min. One drop of the dispersed particles was put on a
carbon-coated Cu grid and ethanol was allowed to evaporate. It was
then mounted inside the sample chamber. Optical absorption
spectra of the synthesized nanophosphors were recorded with
double beamUVeVisible spectrophotometer using Hitachi U3900H
in the range 200e700 nm. Photoluminescence study, calculation of
Commission Internationale de l’�Eclairage (CIE) color coordinates
and Correlated Color Temperature (CCT) of the synthesized samples
(in powder form) has been recorded with Edinburgh Instruments
FLS920 spectrometer equipped with 450 W Xenon Arc Lamp and a
cooled single photon counting photomultiplier (Hamamatsu
R2658P). The lifetime measurement was carried out using a time-
resolved luminescence spectrometer (model: F900 Edinburgh),
equippedwith a time correlated single photon counting system and
microsecond xenon flash lamp as the source of excitation. FTIR
spectra have been recorded in the range of 4000e400 cm�1 with
Perkin Elmer Spectrum BX(2). The pH value of the precipitating
solutionwas monitored using a calibrated Elico LI 120 pHmeter. All
the measurements were performed at room temperature (~20 �C).

3. Results and discussions

3.1. XRD phase analysis

3.1.1. Structural analysis
The phase and purity of the samples were studied by X-ray
Code

SP
l%) at 700 �C SC
l%) at 700 �C ST
l%) þ TOPO(0.015 mol%) at 700 �C SCT



Fig. 1. (aed): XRD pattern of (a) SP, (b) SC, (c) ST and (d) SCT samples.

Fig. 2. (a) Comparative intensity of (2 2 2) diffraction peaks in the range of
2q ¼ 27�e32� of these samples (a) SP, (b) SC, (c) ST and (d) SCT. (b) Crystallinity index (CI
%) calculation from (222) peak.
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power diffraction (XRD) measurement. Fig. 1(aed) shows the XRD
profiles of (a) SP, (b) SC, (c) ST and (d) SCT at 700 �C. For comparison
purpose we have also given the XRD profile of pure cubic phase
Y2O3 (JCPDS 83-0927) [15]. From these profiles one can see that
samples prepared were in good agreement with the standard data
of the pure cubic phase Y2O3 with space group Ia3 [15]. No im-
purity peak was observed in these XRD patterns, indicating high
purity of the synthesized samples. No peak was observed for the
dopant (Tb3þ) signifying complete substitution of Tb3þ ion in Y2O3
matrix. It further implies that the dopant ions have occupied the
cationic sites in the host lattice [16]. The (hkl) values of the most
prominent peaks are shown in the XRD pattern (Fig. 1(aed)). To
study the effect of surfactant on the crystallite size and crystal-
linity of the Y2O3:Tb3þ, we have selected the highest intensity
peak (2 2 2) of all the samples (SP, SC, ST and SCT) from Fig. 1(aed)
and compared them in Fig. 2(a). A careful comparison of the (2 2
2) diffraction peak for samples (SP, SC, ST and SCT) between
2q ¼ 27�e32� have shown the following observation (Table 2,
Fig. 2(a)).

� The presence of TOPO at the time of synthesis in the samples
(ST) have caused broadening in (222) peak with decrease in peak
intensity as compared to sample SP.
� The sample containing CTAB as surfactant i.e. (SC) have shown
enhancement in peak intensity of this (222) peak with smaller
broadening as compared to sample SP.

It is important to mention here that, both these samples (ST and
SC) were heated at same temperature (700 �C), for same time (2 h)
under same physical condition and XRD measurements were also
done under similar conditions. So based on the above observations
it shows that CTAB surfactant during annealing helps in vanishing
unwanted phases in the samples which are present before
annealing. However, TOPO has decreased the crystallite size of the
samples which results in the broadening of (222) peak. We have
also observed the same behavior in all other peaks present in XRD
of these samples (SC and ST) (Table 2). Interestingly in sample (SCT)
synthesized by adding CTAB and TOPO together, both the broad-
ening and peak intensity of diffraction peaks were high i.e. this
sample (SCT) has smaller crystallite size and better crystallinity than
the other prepared samples (ST, SC and SP). From Table 2 we can see
that for the sample ST FWHM is more and peak intensity is less, and



Table 2
FWHM and Peak intensity of these samples (a) SP, (b) SC, (c) ST and (d) SCT.

Sample codes (h k l)

(222) (400) (440)

FWHM (radian) Peak intensity
(a.u.)

2q (degree) FWHM (radian) Peak intensity
(a.u.)

2q (degree) FWHM (radian) Peak intensity
(a.u.)

2q (degree)

SC 0.67305 4568 29.16 0.67855 1711 33.78 0.68787 2363.3 48.52
ST 1.17373 2606 29.16 1.55304 1288 33.49 1.33057 1400 48.40
SCT 0.76162 4100 29.16 0.71828 1600 33.77 0.7819 2271 48.50
SP 0.43922 3620 29.15 0.36903 1544 33.76 0.42426 2000 48.49

Fig. 3. (aed): HalleWilliamson’s plots.
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for the sample SC FWHMaswell as peak height is high, as compared
to SP (which was prepared by adding no surfactant at the time of
synthesis) sample.

To compare the crystallinity of the prepared samples, XRD
crystallinity index (CIXRD) were calculated from the following peak
Table 3
Illustrates the values of D (crystallite size in nm) and CIXRD (%).

Sample code CIXRD (%) (crystallinity index)

SCT 80.1
ST 64.3
SC 77.2
SP 70.2
height method developed by Segal et al. [17].

CIXRD %ð Þ ¼ I222 � Im
I222

� 100 (1)

where, I222 was the intensity of the (222) crystalline peak at 29� and
Im the height of the minimum of peak (222), as shown in Fig. 2(b)
[17].

To investigate further, crystallite size (D in nm) was calculated
using the Debyee Scherer formula [18] (Equation (2)) and the
HalleWilliamsons method (Equation (3)) [19].

D ¼ 0:9l
bcosq

(2)

bCosq
l

¼ 1
D
þ εSinq

l
(3)

Here, b represents the full-width at half-maximum (FWHM) in
radians, q is the angle of the corresponding diffraction peak and l

(0.154 nm) is the wavelength of X-rays, ε represents the microstrain
present in the samples. The crystallite size from the
HalleWilliamsons equation (Equation (3)) was calculated from the
reciprocal of the intercept of its straight line plot, as shown in Fig. 3
(aed) for samples (a) SP, (b) ST, (c) SC and (d) SCT. The slope of this
equation implies the micro-strain (ε) present in the samples.
Table 3 illustrates the values of D (crystallite size in nm) and CIXRD
(%) of synthesized samples using above mentioned methods.
Gaussian fittingwas used to calculate the FWHMand height of peak
(peak intensity) corresponding to hkl values of all the samples by
origin pro software [20].
3.1.2. Rietveld refinement
To know the cubic nature of structure, a structural refinement by

the Rietveld method [21] was performed using the Fullprof Pro-
gram [22]. The structural refinement results for the samples (a) SP,
(b) SC, (c) ST and (d) SCT phosphor annealed at 700 �C are shown in
Fig. 4 (aed) and are presented in Table SI (Supporting data). Results
show good agreement between the observed and calculated XRD
patterns. Quality of structural refinement data was checked by
measuring a parameter called goodness of fit (GOF), which is
defined as GOF ¼ Rwp/Rexp [22,23]. For perfect refinement the GOF
must approach unity. In the present case, the GOF for samples (a) SP,
D (crystallite size) nm

Debye Scherer ± error HalleWilliamson’s ± error

18 ± 0.30 20 ± 0.24
17 ± 0.15 15 ± 0.21
25 ± 0.22 24 ± 0.37
36 ± 0.38 34 ± 0.51



Fig. 4. (aec): Refinement data of (a) SC, (c) ST and (d) SCT sample.
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Fig. 5. FTIR of samples SP and SCT.
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(b) SC, (c) ST and (d) SCT was found to be 1.20, 1.24, 1.21 and 1.33.
Detailed discussions related to crystallographic data and modeling
of unit cell using Rietveld refinement data are presented in sup-
porting data section (section A, Figure SI(a, b) and Table S1).

3.2. FTIR analysis

FTIR study has been performed for the samples SP and SCT as
shown in Fig. 5. A broad IR band at 3442 cm�1 corresponds to OH
stretching vibration [24]. This band for the SCT sample becomes
comparatively small. The absorption band due to OeH vibration is
absent in the commercial undoped Y2O3 phosphor [16]. The re-
sidual hydroxyl groups (eOH) at 3442 cm�1 quenches the emission
intensity in rare earth emission and decreases the luminescence
intensity. This band becomes weaker with increase in annealing
temperature and disappears at higher temperatures. During syn-
thesis since both these samples were sintered at same temperature
(700 �C) so this difference between the peaks may be due to better
crystallinity of the SCT sample as compared to SP (discussed in XRD
earlier). This band becomes weaker with increase in annealing
temperature [24] (disappears at higher temperatures) and by
modifications during synthesis (washing the sample several time
by ethanol and water before annealing) [25]. The nitro group
around 1519 cm�1 and 1404 cm�1 has also displayed a decrease in
SCP sample as compared to SP. The residual nitro group around
1500 cm�1 are called luminescence quenchers for rare earth
emission and decreases the luminescence emission intensity
[26e29]. These facts discussed above support that the use of
polymers i.e. CTAB and TOPO at the time of synthesis and during
sintering which has decreased the luminescent quenchers to a
greater extent which has resulted highly luminescent Y2O3:Tb3þ

phosphors.
3.3. TEM micrographs

Fig. 6 (aed) shows the TEM micrographs of (a) SP, (b) ST, (c) SC
and (d) SCT nanophosphors sintered at 700 �C. In Fig. 6(a)
agglomerated particles can be seen as no additive was used at the
time of synthesis. For sample ST flake like morphology can be
observed in Fig. 6(b). Few folded flakes can be seen as samples were
heated at 700 �C temperature. Spherical morphology of the



Fig. 6. (aed): TEM image of (a) SP, (b) ST, (c) SC and (d) SCT sample.

D. Kumar et al. / Journal of Alloys and Compounds 695 (2017) 726e736 731
particles can be seen in samples SC as shown in Fig. 6(c). Average
particle diameter calculated from Fig. 6(c) lies between 30 and
40 nm which matches well with XRD measurements discussed
earlier. Fig. 6(d) represents TEM micrographs corresponding to
sample SCT. Since both the surfactants (CTAB þ TOPO) were present
at the time of synthesis, this sample (SCT) has shown almost
spherical morphology having particle diameter lying between 15
and 25 nm which agrees well with XRD data. The inset of Fig. 6(c)
shows Selected Area Electron Diffraction (SAED) pattern of SC
sample. Observed ring instead of spots corresponds to nano-
crystalline nature of synthesized phosphor. The observed rings
corresponding to (211), (222) and (400) lattice planes of the cubic
phase of Y2O3 are shown in inset of Fig. 6(c), which are in good
agreement with the XRD patterns discussed before. Inset of
Fig. 6(d) for sample SCT shows lattice fringes (0.308 nm) corre-
sponding to (222) which further defends its crystalline behavior.
3.4. Photoluminescence studies

To understand the effect of surfactant on optical properties of
Tb3þ doped Y2O3, we have recorded Photo luminescence excitation
and emission spectra of various synthesized samples. Fig. 7(a, b)
represents the comparative emission spectra of samples SP vs ST
and SP vs SC under excitation of 267 nm. Inset of Fig. 7(a, b) shows
the intensity relation with concentration of corresponding surfac-
tant. Enhancement in PL emission intensity due to addition of
surfactant at the time of their synthesis as compared to sample SP
can be observed. The obtained optimal concentration for maximum
luminescence in sample SC and ST is 0.003 mol% (CTAB) and
0.010 mol% (TOPO) respectively. Peak position in the emission
spectra (Fig. 7(a, b)) does not change with surfactant concentration
suggesting that the nature of Tb3þ activator remains unchanged
with concentration of surfactant. Percentage increase in PL emis-
sion intensity of ST and SC samples w.r.t. pure sample SP is 2.34% and
1.49% respectively. It has also been seen (inset of Fig. 7 (a, b)) that as
the concentration of surfactant increases above its optimum con-
centration, PL intensity decrease thereafter [30]. Fig. 8(a, b) repre-
sents excitation and emission spectra of SP, SC, ST and SCT samples.
Excitation spectrum recorded at lem ¼ 545 nm emission is the
overlapping bands having maxima at 267 and 301 nm [31,32]. The
band at around 267 nm is ascribed to the O2�/Tb3þ charge transfer
band (CTB), which corresponds to the electronic transitions from
the 2p orbital of O2� to the 4f orbital of Tb3þ. Origin of the band at
301 nm results from absorption of incident radiation by Tb3þ ions
and leads to excitation of electrons from Tb3þ ground state to one of
its excited 4f levels [16]. However, due to the parity forbidden
character of the transition within the 4f configuration, the peaks
beyond 301 nmwere weak [32,33]. Emission spectra of Y2O3: Tb3þ

(1.0 mol%) (Fig. 7(a, b), 8(b)) is composed of several sharp lines
resulting due to the 5D4 / 7FJ transitions where J ¼ 3, 4, 5 and 6.
Strongest emission occurs at 545 nm due to the 5D4 / 7F5 char-
acteristic transition of green emission for Tb3þ [16,32]. The other
peaks at 485 nm, 585 nm and 625 nm arise from the 5D4 / 7F6,
5D4 / 7F4 and 5D4 / 7F3 transitions, respectively. Band-gap dia-
gram of Y2O3:Tb3þ is given in Fig. 9. The emission intensity of SCT
sample has shown large enhancement. Percentage improvement in
PL intensity in this sample SCT is 23% as compared to sample SP
which was prepared without addition of any surfactant (Fig. 8(b)).
3.4.1. Decay analysis
Further, to understand behavior of luminescent decay, the decay

data was fitted with different decay equations (Fig. 10(aed)). It was
found that curve follow second order exponential decay for the
prepared samples [34e36].

IðtÞ ¼ I0 þ I1e
�1=t1 þ I2e

�1=t2 (4)

Where I1 and I2 are intensities at different times and their cor-
responding lifetimes are t1 and t2 respectively. The average lifetime
can be calculated using the relation [36].



Fig. 7. Comparative PL emission spectra of (a) SP and SC, (b) SP and ST sample.
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tavg ¼ I1t21 þ I2t22
I1t1 þ I2t2

(5)

On the basis of Equation (5), the average lifetime (tavg) of sam-
ples SP, ST, SC and SCT are determined to be 0.70, 1.47, 1.27 and
2.14 ms (micro-seconds) respectively. Decrease in structural defects
due to presence of surfactant during synthesis and lower doping
concentration of Tb3þ sites in the matrix may affect the 5D4 e 7F2
level emission (when excited under 272 nm wavelength), leading
tavg to be little higher than expected. It is clear from the results that
addition of surfactant and their mixture has increased the lifetime
of Tb3þ doped Y2O3 significantly. Presence of surfactant at the time
of synthesis decreased the surface defects which decreases the
non-radiative decay paths for excited Tb3þ. This decreases the non-
radiative transition probability which decreases the radiative
luminescence emission rate [37]. The decrease in the total transi-
tion probability enhances the lifetime of samples prepared by
surfactant addition as the lifetime is inverse of the total transition
probability [37].



Fig. 8. PL (a) excitation and (b) emission spectra of (a) SP, (b) SC, (c) ST and (d) SCT sample.
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3.4.2. Colorimetric studies
The color of any object (self-luminous or reflecting) can be

conveniently specified via Commission International de L0 Eclairage
(CIE) chromaticity coordinates marked on a chromaticity diagram
[38]. Fig. 11 shows the CIE chromaticity coordinates for the opti-
mized sample (SCT) calculated from the emission spectra measured
under 272 nm excitation wavelength. The CIE chromaticity co-
ordinates (Fig. 11) for phosphor SCT were found to be (0.340, 0.590)
which are very near to ideal green color (0.29, 0.60) [39]. Moreover,
the calculated color purity of the sample SCT was found to be 75%.
Detailed discussions related to color purity and correlated color
temperature calculations are given in supporting data (Section B
and Fig. S2).

4. Discussion

In this paper, we made an effort to correlate the XRD and PL
studies, so as to understand the effect of surfactants (TOPO and
CTAB) on Y2O3:Tb3þ phosphor. It has been reported earlier that
high crystallinity can be obtained in Y2O3 phosphors by annealing
at higher temperatures in the range of 600e1400 оC [19]. However,
with increase in temperature the luminescence along with



Fig. 9. Band Gap diagram of Tb3þ doped Y2O3.

Fig. 10. Luminescence decay curve (lem ¼ 545 nm) of (a) SP, (b) SC, (c) ST and (d) SCT
sample.
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crystallinity increases but crystallite size also increases [40]. The
main idea to gain better crystalline behavior and small crystalline
size of a phosphor is because both these properties upsurge the
optical properties of Y2O3:Tb3þ phosphor [41]. Micro-crystals of
highly luminescent and crystalline phosphors are useful in
different optoelectronic applications yet restrict their use in
different biological applications. Hence, it is required to attain
nano-sized particles having high crystallinity and luminescence.
Detailed XRD studies have shown that samples of Tb3þ doped
Y2O3 prepared by adding CTAB and TOPO (both) as additives helps
in getting better phase stability, crystallinity and smaller crystallite
size. XRD studies favors enhancement in PL intensity as samples
prepared by adding CTAB surfactant (SC) has better crystalline
behavior as compared to pure sample SP. Samples prepared by
adding TOPO additive (ST) have shown smaller crystallite size.
Both these properties i.e. better crystalline behavior and smaller
crystallite size can be observed in sample prepared by adding both
TOPO and CTAB samples simultaneously. TEM studies have shown
that better morphology in SC, ST and SCT play the major role in
defending the reason of enhancement in PL emission intensity of
these samples as compared to SP sample. FTIR studies shows that
the sample using CTAB þ TOPO (i.e. SCT) has fewer amount of
nitrate (NO�) and hydroxyl (OH�) ions present on its surface in
comparison to control sample (ST) which can be one of the reasons
for its increase in the PL intensity. It is well reported that both
these NO2� and OH� ions play as luminescent quenchers which
can increase the non-radiative transitions [26,29,42,43]. Overall,
the structural and optical properties suggest the optimum use of
polymers and their combination during synthesis has resulted in
an increase of crystallinity, small particle size and good lumines-
cence together. Although as mentioned above by FTIR studies that
the increase of luminescence for SCT sample can be explained by
the decrease of luminescence quenchers by using polymers during
synthesis. But further work for understanding the detailed
mechanism for the role of polymers on structural properties will
help the community to use these nanophosphors in diverse
applications.



Fig. 11. CIE (x, y) chromaticity diagram of SCT sample.
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5. Conclusions

Highly luminescent and green-emitting Y2O3:Tb3þ nano-
phosphors were successfully synthesized via a facile technique.
Surfactants Cetyl trimethylammonium bromide (CTAB), Tri-
octylphosphine oxide (TOPO) and their combinations during syn-
thesis has been optimized to get maximum luminescence output.
Further, mixed addition of surfactant (CTAB þ TOPO) at the time of
synthesis has improved crystallinity, morphology, PL emission in-
tensity (~23%) and lifetime of Y2O3:Tb3þ sample. XRD studies and
Rietveld refinement confirmed the body-centered cubic structure
of doped phosphors. FTIR studies has also shown significant
decrease in hydroxyl and nitrate ions in samples prepared in the
presence of surfactants. The Tb3þ doped Y2O3 phosphor exhibits an
intense excitation band ranging from 250 to 400 nm in the near
ultraviolet region and produces a bright green emission with the
CIE chromaticity coordinates of (0.340, 0.590) which can be used in
different applications as a promising green phosphor.

Appendix A. Supplementary data

Supplementary data related to this article can be found at http://
dx.doi.org/10.1016/j.jallcom.2016.06.124.
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