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Abstract: A low temperature solution combustion technique (400 
oC) is used in the preparation of Tb3+ doped (1-9 mol %) MgO 

nanoparticles with glycine as a fuel and magnesium nitrate as 

precursor. The XRD patterns of the powder discovered cubic 

structure with average crystallite size of 5-10 nm. A porous 

structure in Scanning electron microscopy showed that the 

crystallites were agglomerated. The MgO luminescence 

characteristics due to the effect of Tb3+ cations were studied and 

the results were discussed in detail. The excitation nearby ultra 

violet (331 nm) phosphor exhibits bright green emission. Because 

of dipole and quadropole interactions the emission peaks 

characteristics at 436, 450 nm in blue region were 5D3→
7Fj (j= 4, 

3), the peaks at 488, 543 in green region, 598 and 630 nm in red 

region were corresponding to Tb3+ transitions. In white region 

the resultant CIE chromaticity co-ordinates make the phosphor 

which is highly useful for display applications as well as white 

light-emitting diodes. 

Keywords: MgO: Tb3+; Nanophosphor; Photoluminescence; 

WLEDs; CIE. 

1. INTRODUCTION 

In comparison with the predictable illumination apparatus the 
white light emitting diodes showed numerous benefits like low 
power consumption, great luminous effectiveness, 
environmental protection and preservation [1–2]. WLEDs, can 
be fabricated in two different methods namely, nearby-
ultraviolet (NUV) chip plus tricolour (green, red, and blue) 
phosphors and blue chip plus yellow phosphor. WLEDs made-
up with NUV chips and tricolour phosphors developed colour 
interpretation indicator that of current profitable WLED’s 
because of emission is through only phosphors material [3-4].  

Usually using a appropriate anchor material with an additional 
activator the phosphors are made. Generally, anchor materials 

having superior mechanical, optical and thermal properties are 
used. Usually nitrides, oxides, sulfides, and silicates are used 
as host materials [5]. Trivalent Eu, Tb, Dy and Tm ions which 
are known as rare earth activators exhibit a exceptional optical 
performance when doped in to anchor material. These ions 
luminescence properties were attributed to electronic 
transition which occur inside the partly filled lanthanide series 
of energy shell 4f [6]. Emission properties are remarkable in 
the narrow-band of the trivalent rare earth ions which are 
employed in the advance of proficient phosphors [7]. As 
activators trivalent Tb ions are utilized for better and capable 
blue and green discharge. This emanates from transitions of 
5D3 and 5D4 excited states to the 7FJ (J= 0 - 6) ground state of 
trivalent Tb ions. When energized by UV energy, trivalent Tb 
ions (4F8) lifted to upper 4F7,

5D1 level and give afterwards to 
the 5D3 or 5D4 excited states [8-9].  

An insulating oxide having wide band gap (~ 6.0 eV) is 
Magnesium oxide (MgO). It has high-melting point 
(∼2830oC), high secondary electron emission yield and low 
heat capacity [10, 11] and also been used in applications of 
optoelectronic such as plasma display panels [12], photo 
electrochemical solar cells, gate-controlled devices, metal 
oxide semiconductor and extraordinary-temperature 
superconductor [13–15]. Freshly, MgO particles have gained 
greatest attention due to stimulating properties like great 
surface-to-volume ratio, great catalytic activity, and low-
temperature sintering with durable microwave absorption 
ability. Addition to these type properties it can also be used as 
electrochemical biosensors [16], as additives for refractories 
bactericides [17], and catalyst [18]. MgO has proved to be the 
excellent luminescent material as its synthesis is possible at 
low temperature and has high stability, high luminescence 
efficiency and inexpensive. In the past few years, a number of 
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MgO doped red and green emitting nanophosphors were 
reported for its extensive use in WLEDs applications [19].  

In this paper, an MgO: Tb3+ nanocompounds based green 
phosphor was synthesized by solution combustion method 
using glycine as a fuel which is self-propagating. By powder 
X-ray diffraction (PXRD), Scanning electron microscopy 
(SEM), Fourier transform infrared spectroscopy (FTIR), and 
transmission electron microscopy (TEM) the final products 
were well characterized and its photoluminescent properties 
were investigated. In the present work, photoluminescence 
properties of different concentrations of Tb3+ ions in MgO 
host material are discussed in detail.   

2. EXPERIMENTAL 

2.1. Synthesis  

The solution combustion method a series of phosphor 
nanopowders i.e. MgO: Tb3+ (1 - 9 mol %) were prepared. The 
stoichiometric composition metal nitrates such as nitrate of 
magnesium [Mg(NO3)2 (Sigma-Aldrich)], nitrate of terbium 
[Tb(NO3)3 (analar)] are used as oxidizer and glycine 
[NH2CH2COOH (analar)] as fuel. The molar ratio of 1:1.75 
nitrates of metal (oxidizers) to glycine (fuel) was considered. 
Initially the materials were dissolved in distilled water and in 
the range 1-9 mol% Tb3+concentration was mixed in relation 
to Mg content. Using magnetic stirrer the materials in a Petri 
dish with minimum quantity of double distilled water was 
mixed thoroughly and was then introduced into a pre heated 
muffle furnace to maintain temperature at ~ 400 oC. The 
solution undergone the dehydration, and was finally 
decomposed with the gases evolved. With a flame of 
smoldering type forming foam ruptured the mixture which 
was frothed and swelled. The combustion synthesis will be 
finished in very short period. The voluminous foamy 
combustion product was grinded well and used for 
characterization and studies. 

2.2. Characterization 

PXRD of Powder characterized using X-ray diffractometer 
(Shimadzu). Morphology of the samples was characterized 
using Hitachi table top Scanning electron microscopy. The 
product surface morphology was examined and also 
transmission electron microscopy (TEM). The functional 
group studies were performed by FTIR. Spectrofluorimeter 
Photoluminescence studies were made at Room Temperature 
and as excitation source xenon 450 W was used. For spectral 
analysis the Fluor Essence™ software was used. 

3. RESULTS AND ANALYSIS 

Undoped and trivalent Tb (1-9 mol %) doped MgO PXRD 
patterns of as-formed samples without any further calcinations 

(Fig. 1). All well indexed diffraction peaks in 2θ scale, 35.57 
(1 1 1), 42.59 (2 0 0), 62 (2 2 0), 74.28 (3 1 1), 78.34 (2 2 2) 
show pure single cubic phase, that matches (JCPDS 4 – 0829) 

by space group Fm 3 m (225) [20]. Lattice parameter and unit 
cell volume is valued for plane (200) expending relations (1) 
& (2) is originate about 4.3 Å and 79.507 Ǻ3 respectively. 

λθ nd =sin2                                    ….  (1)
 

( )222 lkh

a
dhkl

++
=                                 …. (2) 

It was clear from the PXRD analysis, crystal arrangement 
doesn’t inspire with the insertion of trivalent Tb ion, this is 
because, the alteration in ionic radii amongst substituted rare-
earth and Mg ion (the ionic radii of RTb

3+ = 0.0923 nm and 
RMg

2+ = 0.072 nm ) definitely adapted the lattice parameters. 
The normal crystallite dimensions (D) projected from line 
expansion in X-ray information by means of Scherer’s 
equation [21] 

θβ
λ

cos
k

D =                                   ….  (3) 

[Where, ‘K’; spherical symmetry constant usually considered 
as 0.89 – 0.9 for polycrystalline almost spherical samples, ‘λ’; 
wavelength of CuKα radiations of X-rays, ‘β’; full width half 
maxima (FWHM)]. D value was found in the range 5-10 nm. 
Expansion of the unit cell is caused by Tb3+ ions which are 
doped into MgO matrix also results in tensile stress, due to 
which the peaks are shifted towards higher angle side [22]. 
The attendance of micro strain in nanophosphors gives raise to 
the peak change and line expansion profiles. 

Further, strain present is calculated by W-H plots for MgO: 
Tb3+ (1-9 mol %) nanoparticles which are manufactured by 
combustion synthesis using equation (4)  

λ
θη

ελ
θβ sin1cos

+=                              …. (4) 

where ‘ε’ is the strain associated with the nanoparticles [23]. 
A straight line between ‘4 sinθ’ (x-axis) and ‘β cosθ’ (y-axis) 
is represented by the above equation as exposed in Fig.2 (a). 
To study size - strain parameters the Nelson-Riley method is 
likewise used as shown in Fig.2 (b). In this method, by a 
Lorentzian function crystallite size is described by Gaussian 
function [24].  
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Where k is constant which depends on their morphology; alike 

to W-H plots, factor ( )2cosθβhklhkld  is plotted with respect 

to ( )θβ coshklhkld for entire alignment peaks of MgO. 

Systematic crystallite structure computed by Scherrer’s 
method, W-H plan & size-strain plan are almost same, 
decreases with Tb3+ concentration & values are lesser equated 
to undoped material; however the strain values are originate to 
intensification with increase in trivalent Tb concentration. 
Being non-stochiometric oxygen and grain boundary defects 
the increase in strain was mainly attributed [25]. the radii 
mismatch of Tb and Magnesium leads to additional oxygen 
vacancies which are made in lattice introduces the defects 
were explained by defect reaction equation in subsequent 
section, as a outcome this additional lattice strain were likely 
expected in Tb doped nanophosphors [26]. 

Samples PXRD data is validated statistically for following 
reasons firstly to obtain the exact lattice parameters, by using 
FULLPROF software [27] Rietveld refinement analysis (Fig. 

3) was done, assuming Fm 3 m(225). To fit the various 
parameters Pseudo-voigt function was utilized two 
asymmetric factors and one global thermal factor). The lattice 
parameters and refined structural parameters were given in 
Tables 1 and 2. The refined and observed PXRD pattern holds 
good agreement in fitting parameters (Rp, Rwp and χ2) for the 
cubic phase. 

The ionic radii amongst doped and replaced ions acceptable 
percentage difference necessity not crossed 30%. Based on the 
formula the radius % difference (Dr) calculations amongst 
trivalent Tb doped and replaced Mg2+ in Tb doped MgO is 
considered [28, 29]:  

)(
)()(
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CNRCNR
D

m

dm
r

−
=                                 ….   (6) 

The SEM surface features texture and topography of the 
nanophosphors were characterized. It is evidently witnessed 
from the SEM photos as seen in Fig. 4 (a-d) powders are 
extremely permeable in nature, agglomerated asymmetrical 
particle shape, cracks, big voids and pores. During combustion 
process the discharge of huge quantity of gases occurrence is 
the main reason [30, 31]. The nanoparticles crystalline 
characteristics were carried out using TEM. Fig. 5 (a-d) 
demonstrates the TEM photos of pristine MgO nanoparticles. 
The irregularly shaped and highly dispersed particles are 
observed. The ring pattern obtained by Selected Area Electron 
Diffraction (SAED) figure is indication for the polycrystalline 
performance of synthesized nanoparticles and the results were 
detailed in Table 3. Further, by high resolution TEM 
(HRTEM) a distinct lattice fringes obtained a pattern revealing 
the information of highly crystalline pure MgO nanophosphor 

[32]. The 0.253 nm is the spacing between adjacent 
nanoparticles lattice fringes, actual near to that of 0.246 nm 
for MgO. The presence of Mg and O is clear by the EDX 
result where the Mg and O peaks appeared without any other 
characteristic peaks. However, for TEM analysis the peaks 
corresponding to Cu due to carbon coated copper grid are 
used. Hence, to suggest the results are definite evidence of that 
the sample do not contain any other element and are free from 
impurities. 

MgO: Tb3+ samples Fourier transform infrared (FTIR) spectra 
were shown in Fig. 6. The strong signature bond at 415 cm-1 is 
accompanying with the distinguishing vibrational manner of 
symmetric MgO6 octahedral sites. Additional, the peaks at 
550-850 cm-1 (γ1) are higher frequency stretching of MgO and 
410-450 cm-1 (γ2) is inferior frequency stretching. Mg-O-Mg 
interactions peak at 860 cm-1 is attributed. 1300-1800 cm-1 is 
the absorption range of related hydroxyl group of molecular 
water at 1643 cm-1, NH3 at 1480 cm-1 and it was due to C=O 
stretching mode. Due to absorption of atmospheric CO2 the 
peak at ~2400 cm-1 arises on the metallic cations. Also, the 
presence of hydroxyl groups is indicated by the absorption at 
~3500 cm-1 (O-H mode), the spectrum were not recorded in 
situ, which is probably due to the fact that the some water re-
adsorption at ambient atmosphere [33,34]. 

The Tb3+ doped MgO nanophosphor excitation spectrum 
recorded with emission centered 544 nm was found inset Fig. 
7.  At 285 nm (short ultraviolet region) the excitation peak 
centered was charge transfer band (CTB) of Tb3+-O2−. At 331 
nm the excitation greatest was found. The optical assimilation 
moves comparing to these wavelengths are inside of the 4f 
shell. 

Due to f-f transitions of Tb3+ ions a series of sharp lines were 
centered at 318, 331, 341, 351, 369, 377 and 399 nm, labeled 
to spin-allowed (SA) 4f �5d bands within 300 - 330 nm, and 
spin-forbidden (SF) 4f�5d bands within 330–400 nm [28, 
35].Transition from 7F6 ground state to excited states of 4F8 

configuration is related to lengthier wavelengths. Greatest 
penetrating lines with greatest at 369 and 377 nm are allocated 
to the 7F6� (5G6, 

5G5, 
5L9) and 7F6� ( 5D3, 

5L10 ) on the 
energy level foundation for Tb3+ ion [36-38]. With near UV 
radiation these excitation peaks inform that MgO: Tb3+ 
phosphors can be efficiently excited. It is interesting to note 
that GaN-based LED chips can be used as an excitation source 
for the present phosphor [39, 40]. 

Fig. 7 shows at 331 nm emanation spectra of Tb doped MgO 
(1-9 mol %) is excited. In general, due to transitions the 
emanation of Tb3+ ions occurs at 5D3 and 5D4 excited states to 
the 7FJ ground states. In two groups the emission spectrum 
lines are separated, 5D3 � 7FJ belongs to blue emission group 
below 480 nm and green emission from 5D4�

7FJ (J=6, 5, 4 
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and 3) over 480 nm. Emission peaks at 436, 450 nm (blue 
emissions) resultant to 5D3 � 7F4, 

5D3 �
7F3 transitions & 488, 

543, 598, 630 nm (green emissions) to the electronic 
transitions which are attributed at 5D4�

7F6, 
5D4 �

7F5, 
5D4 

�
7F4 and 5D4 �

7F3, respectively [41-44].  

On the basis of the schematic diagram the luminescence 
mechanism was explained for energy levels as shown in Fig. 
8. Transition of 4f–5d under the NUV-excitation (331 nm), 
Tb3+ ions are excited. In conduction band (CB) electrons are 
reassigned to 5d positions and leaving holes behind. Then 
complete valence band (VB) holes are moved. Some electrons, 
in 5d positions of Tb3+ relocated and tranquil to 5D3 level 
subsequent of distinguishing emission of Tb3+ as deliberated 
[45]. At the corner Mg molecules are contemporary in the 
cube and corresponding by 8 comparable neighbor oxygen 
atoms. The point bunch in lattice is symmetry of Mg locales in 
MgO cubic arrangement is in a perfect world D2d and Mg site 
has reversal symmetry. The host is doped with RE3+ ion, they 
likely possess these locales. Notwithstanding, the PL results 
demonstrate that RE3+ ion in MgO is chiefly arranged more at 
the low symmetry locales. The RE2O3 overabundance sum 
will probably dwell on either surface or nanocrystals grain 
limits to get ideal strain release.  

In present research work the rare earth oxide even at 9 mol % 
do not have diffraction peaks shows Tb3+ ions enters the host 
cross section and supplant Mg ion situated on base of nano 
crystals in view of the porosity of MgO [46]. Accompanying 
way the defect reaction comparison can be illustrated by using 
following equation 7. 

( ) xx

Mgxocx OxMgxVxTbOTbMgOx 0032 5.02)1()(5.0)(5.0)1( −+−+′′+=+−    (7) 

where ‘ ocTb ’ is Tb occupancy to the normally occupied sites 

of ‘Mg2+’ were replacement by ‘Tb’, ‘ 0V ′′ ’ is ‘O2-’ vacancy, ‘
x

MgMg ’ signifies the rest of Mg in the lattice of pristine ‘, x
O0

’ oxygen in MgO lattice [47]. 

Specifically, at 543 nm emission peak compares to 5D4→7F5 
& happens via forced electric-dipole (FED) is permitted 
without a reverse focus the Tb3+ particle involves a site. At 
543 nm Transition is centered and the normal for green 
emission affirms the energy transfer from MgO to Tb3+ [48]. 
Both odd - even equality state intensities depend upon and J–
Jo blending inside of the 4f- electron state complex, whereas 
the 5D4→7F6 at 488 nm is the magnetic-dipole move which has 
no electric dipole commitment. At specific intrigue these two 
emissions (488 and 543 nm) are spoken to really by the 
neighborhood situation of the Tb3+ particles. Emission peaks 
of relative PL intensity rely on upon the symmetry of the Tb3+ 
activator ions, & it portrayed as far as Judd–Ofelt hypothesis 

[49]. As dopant concentration increases, the emission intensity 
increases up to 3 mol % of Tb3+ 5D4→

7F5 and transition 
dominates. The increase in distortion may be attributed to the 
local field everywhere the Tb3+ particles [44]. Furthermore, the 
lattice there is charge imbalance because of trivalent 
Tb3+doping. 

The relative intensity Tb3+ relies on upon the doping 
concentration of Tb3+ in MgO phosphor was demonstrated The 
emanation transition centered at 5D4 → 7F5 (543 nm) 
demonstrates improved emission with increase in the 
concentration of Tb ion. At the point when the Tb3+ particles 
fixation expands over 3 mol %, PL discharge force starts to 
diminishing demonstrates concentration quenching (Inset Fig. 
9a). On the premise of taking after two aspects the 
concentration quenching may be clarified: (i) the excitation 
movement because of when the doping concentration is 
expanded the resonance between the activators gets upgraded, 
and along these lines the excitation energy reaches quenching 
center; (ii) activators were combined or coagulated & distorted 
to quenching concentration. Non-radiatively energy 
exchanged by the energy reabsorption or multipole-multipole 
connection [50]. Likewise, increment in Tb3+ fixation can 
bring about low concentration procedures in close Tb3+–Tb3+ 
sets, the quenching of Tb3+ luminescence regularly happens at 
very low Tb concentration. Tb3+ particles would enter into 
magnesium substitution positions, the majority may be 
ingested at the surface of the nano-crystalline MgO, which 
offers a great deal additional open door for cross-relaxation 
procedures and comparable outcome were accounted by F. Gu 
et al in MgO:Dy at 1.5 % Dy focus [51].  

∫
∫=

4871

5432

21
λ

λ

I

I
A

                                        

)8(−−−−−  

With increase of Tb3+ ions the values of A21 decrease. 
However, Tb3+ doping will introduce lattice defects it is 
reasonable to believe that which will lessen the symmetry 
quality of the neighborhood environment of Mg2+ locales. 
Thus, with the increment of doped Tb3+ fixation the 
symmetry proportion of MgO: Tb3+ diminishes. The Rc, 
critical transfer distance for energy transmission were 
determined with Blasse [52] 

3/1

4
3
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≈
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)9(−−−−−−  

The Rc in MgO: Tb3+ is computed to 10.59 Ǻ. For this 
situation, Tb3+– Tb3+ separation bigger than 5 Ǻ the trade and 
re-absorption connection gets to be incapable. Accordingly, 
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the vitality exchange between Tb3+ particles in MgO phosphor 
ought to happen just by electric multipolar connection. Van 
Uitert report [53], convergence of Tb3+ is more noteworthy 
over the basic one, outflow force of multipolar-association for 
each activator particle can be resolved from the mathematical 
statement [54]. 

[ ] 13/)(1
−

+= Q
xk

x

I
β

                          
)10(−−−−−  

Fig. 9(b) demonstrates log (I/x) v/s log (x) as concentration 
dependence curve. Reliance of log (I/x) on log x is direct, and 
the incline is ~ - 1.3275. Estimation of "Q" can be figured as 
8.3605, which is very near to 8.  

Commission International De I-Eclairage (CIE) chromaticity 
co-ordinates for trivalent Tb doped MgO (3 mol %) as a 
component of Tb3+ fixation for color was delineated by PL. 
The CIE directions figured from PL spectra (x=0.295, 
y=0.247) are appeared in Fig. 10 [55]. It was noted that the 
CIE co-ordinates of Tb3+ incorporated MgO: Tb3+ was near the 
National Television System Committee (NTSC) regular 
qualities, they drop near white area of chromaticity outline and 
their comparing area was stamped with star in white location. 
Coordinated color temperature (CCT) assessed by Planckian 
locus, which is just a little partition of (x, y) chromaticity chart 
and there exist numerous working focuses outside Planckian 
locus. CCT is ascertained by changing (x, y) directions of light 
source to (U', V') by utilizing taking after mathematical 
statements, and by deciding the temperature of the nearest 
purpose of Planckian locus to light source on the (U', V') 
uniform chromaticity chart (Fig. 11) [56]. 

3122
4

++−
=′

yx

x
U                                 (11) 

3122
9

++−
=′

yx

y
V                              ….  (12) 

The CCT originate from 11060 K by using U′=0.2196, 
V′=0.4137. Hence, current phosphor shows the potentiality to 
use in white LEDs and for the manufacture of unnatural white 
light in solid state display applications which is nearly same as 
that of expected white light due to its enhanced spectral 
overlap. 

4. CONCLUSIONS 

Tb3+- doped MgO nanophosphors are synthesized via facile 
route. MgO phosphors diffraction patterns shows a single 
cubic phase. The average crystallite size calculated is in the 

range of 5-10 nm with agglomeration. In the range of 40-50 
nm the average particle size was found. At 543 nm, the 
emanation spectra of MgO: Tb3+ is interrelated towards 5D4 � 
7FJ transitions of trivalent Tb ion, the greatest strong emission 
of Tb3+ is recorded for (5D4�

7F5) transition. The estimated 
CIE chromaticity and the excellent white emission properties 
co-ordinates (x=0.295, y=0.247) very close to NTSC standard 
value of white emission of synthesized phosphor. Hence, the 
promising material is optimized MgO: Tb3+ nanophosphors 
which can be widely used in optical display systems. 
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TABLES 

TABLE 1: Crystallite size of trivalent Tb doped MgO nanophosphor 

(Tb3+ mol %) 
Crystallite size in nm 
Scherrer’s W-H  

undoped 6.82 8.89 
1 6.60 8.83 
3 6.23 8.58 
5 5.64 8.30 
7 5.49 8.10 
9 5.38 7.80 
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TABLE 2: Rietveld Refinement of the MgO compound doped with different Tb3+ concentration. 

 

Compounds MgO: 

1 mol% Tb
3+

 

MgO: 

3 mol% Tb
3+

 

MgO: 

5 mol% Tb
3+

 

MgO: 
7 mol% Tb3+ 

MgO: 

9 mol% Tb
3+

 

Crystal system Cubic Cubic Cubic Cubic Cubic 

Space group F m -3 m F m -3 m F m -3 m F m -3 m F m -3 m 

Hall Symbol -F 4 2 3 -F 4 2 3 -F 4 2 3 -F 4 2 3 -F 4 2 3 

Lattice parameters (Å) 

a = b = c 4.2321 4.2321 4.2321 4.2407 4.2321 

Unit cell volume (Å3) 75.80 75.80 75.80 76.26 75.79 

Atomic Coordinates 

Mg 

x 0.0000 0.0000 0.0000 0.0000 0.0000 

y 0.0000 0.0000 0.0000 0.0000 0.0000 

z 0.0000 0.0000 0.0000 0.0000 0.0000 

Occupancy 0.5400 0.5383 0.4121 0.3930 0.3736 

Tb3+ 

x 0.0000 0.0000 0.0000 0.0000 0.0000 

y 0.0000 0.0000 0.0000 0.0000 0.0000 

z 0.0000 0.0000 0.0000 0.0000 0.0000 

Occupancy 0.1204 0.1208 0.1208 0.1390 0.1408 

O 

x 0.5000 0.5000 0.5000 0.5000 0.5000 

y 0.5000 0.5000 0.5000 0.5000 0.5000 

z 0.5000 0.5000 0.5000 0.5000 0.5000 

Occupancy 0.9994 0.9994 1.0069 1.0290 0.9986 

RP 4.21 2.71 1.79 1.51 1.99 

RWP 6.15 2.82 2.25 1.90 2.55 

RExp 10.5 3.25 3.12 2.34 3.12 

χ2 0.346 0.45 0.56 0.62 0.58 

RBragg 8.27 2.65 3.15 1.06 8.3 

RF 4.27 1.44 2.14 0.642 4.9 

X-ray density (g/cc3) 6.402 6.418 7.453 7.876 7.183 
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TABLE 3: SAED (TEM) Parameters of MgO NPs. 

 

 

Fig. 1. PXRD patterns of undoped and trivalent Tb -doped MgO. 

 

 

Fig. 2. ( a )  W-H plots of trivalent Tb doped MgO (1-9 mol%).  

(b) Strain-Size plots of trivalent Tb doped MgO (1-9 mol%). 

 

Fig. 3. Rietveld refinement for trivalent Tb doped  

MgO (3 mol%) nanophosphor.  

 

Fig. 4. SEM images A) undoped B) 1 C) 5 D) 9 mol %  

trivalent Tb doped MgO. 
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Spot# D -Spacing (nm) Rec. Pos.(1/nm) 
Degrees to Degrees to x- 

Amplitude 
Spot 1 axis 

      
1 0.2324 4.302 0.00 98.98 7845.52 
2 0.1639 6.102 7.44 91.54 4185.33 
3 0.1328 7.529 5.23 93.75 2049.97 
4 0.1156 8.652 2.19 101.17 1236.80 
5 0.1031 9.703 9.83 89.15 1214.00 
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Fig. 5. TEM, SAED, HRTEM and EDAX pattern of pristine 

MgO. 

 

Fig. 6. FT-IR signature of undoped and ( 1-9 mol% ) trivalent Tb 

doped MgO. 

 

Fig. 7.Emission spectra of MgO: Tb3+ (1-9 mol %) (Inset: 

Excitation spectra of 3 mol % MgO:Tb3+, λemi=544 nm). 

 

Fig. 8. Emission probabilities of trivalent Tb doped MgO pristine 

shown by energy level diagram. 

(c)

(b)(a)

(d)

4000 3500 3000 2500 2000 1500 1000 500

20

30

40

50

60

70

80

 

T
ra

ns
m

itt
an

ce
 (

%
)

wavenumber (cm-1
)

1
4

8
0

3
4
4
0

4
1
5

undoped

1 mol %

3 mol %

5 mol %

7 mol %

9 mol %

8
6
0

1
6
4

3

400 450 500 550 600

0.0

5.0x10
5

1.0x10
6

1.5x10
6

2.0x10
6

2.5x10
6

3.0x10
6

300 350 400 450

2x10
6

3x10
6

4x10
6

5x10
6

 

 

P
L

 I
n

te
n

s
it

y
 (

a
.u

)

Wavelength (nm)

7
F

6
 -

 5
L

8

7
F

6
 -

 5
G

4
7

F
6

 -
 5

L
1

0
7
F

6
 -

 5
G

6

Excitation spectra  

7
F

6
 -

 5
D

3

3
3

1

3
5

1

3
6

9
3

7
7

3
9

9

2
8

5

3
1

8

3
4

1

 

PL
 I

nt
en

si
ty

 (
a.

u)

Wavelength(nm)

 a. 1 mol %

 b. 3 mol %

 c. 5 mol %

 d. 7 mol %

 e. 9 mol %

5
D

4
 -
->
 7

F
6

5
D

4
 -
->
 7

F
5

5
D

4
 -
->
 7

F
4

5
D

4
 -
->
 7

F
3

b

a

c

d

e

4
8

7

5
4

3 6
2
9

CB

VB

5d state

5D3

5D4

7F3
7F4
7F5

7F6

Tb3+

Hole traps

4
8

7
 n

m

5
4

3
 n

m

R
e

s
o

n
a

n
t
 e

n
e

r
g

y
 t

r
a

n
s
fe

r

Electron traps

Cross relaxation

5
9

8
 n

m

6
2

9
 n

m

3
3

1
 n

m



Nano Phosphor MgO: Tb3+: Propellant Chemistry Route and Photoluminescence Properties for  
White Light Discharge under NUV Excitation 

81  |  Dayananda Sagar College of Engineering, Bengaluru-78 

 

  

 
Fig. 9. (a) The effect of Tb3+ on the 543 nm emission peak and variation of asymmetric ratio with Tb3+  

concentration (Inset: Variation of PL Intensity with different mol concentration of Tb3+) 

(b) Relation between log(x) and log (I/x) in MgO: Tb3+ (1-9 mol %) nanophosphors. 

  

Fig. 10. CIE diagram of MgO: Tb3+ (3 mol % ).   Fig. 11. CCT diagram of MgO:Tb3+  

   [Inset (x,y) co-ordinate values of 3 mol % MgO:Tb3+ ].    (3 mol % ) nanophosphor 
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