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Newly developed ceramic powders in the chemical composition of Bi, oRE ;s NbO, (RE= Eu**, Sm3*& Pr): ceramic
powders have been prepared using a solid state reaction method and for which SEM images and EDAX profiles have been
obtained to understand their morphology and elemental compositions. Their structures were characterized by using X-ray
diffraction analysis (XRD) and its profiles confirmed their structures are in orthorhombic matched with Host BiNbO,
ceramic powder profiles (JCPDS card No: (16-0295)). It is interesting to mention that all the three ceramic powders are

displaying prominent red or orange emissions under an UV source. Also their photoluminescence spectra confirm that,

Eu’*: BiNbO, (dark red emission at 614 nm (°D, — 7F,) with A,

nm (‘G,,— °H,,) with ),

‘exci

= 405 nm) and Pr3*: BiNbO, (red emission at 610 nm (‘D,— °H,) with A

=395 nm), Sm>*: BiNbO, (orange emission at 600
=367 nm to

‘exci

‘exci

recognize them as visible color luminescent and important optical materials.
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1. Introduction

Over the past several years, sharp and intense
emissions displaying rare earth ions doped optical
materials have extensively been studied in the
exploration of newer systems and appropriate dopant
ion concentrations in the production of a wide variety
of luminescent materials for different applications
[1-3]. In recent times, host matrices such as vandates,
molybdates, tungstates and niobates are considered
to be more interesting and significant materials for
their development and analysis. It has been viewed
that such potential host matrices could be found as
appropriate and relevant matrices to dope those with
suitable rare earth ions in optimized content for
achieving bright luminescence from them. Also
because of the fact that these host matrices could be
resulting in a broad and quite intense excitation band
in the UV region, such a transition has been labelled
as charge-transfer (CT) excitation bands, those are

found to be promoting the process of energy transfer
from the host to the dopant luminescent rare earth
ions, thus enhanced emission behaviors are displayed
from such promising systems [4, 5]. Amongst several
niobates, particularly bismuth niobate, has been a
microwave dielectric material with a low sintering
temperature as a key material for their applications
suitably.

In our previous work, we have optimized the
sintering temperature (800°C) based on the XRD
profiles and also studied their structural and thermal
properties of host BiINbO, ceramic powder [6]. In
the present work, our main focus is to evaluate the
emission performance of Eu*, Sm3* and Pr*:
BiNbO, ceramic powders and also study their
morphology futures by using Scanning Electron
Microscopy (SEM) and elemental analysis is carried
out by Energy Dispersive Spectroscopy (EDS).
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2. Experimental Studies

Rare earth ions (Eu’*, Sm** & Pr3*) ions doped
BiNbO, ceramics were prepared by a conventional
solid state reaction method, as shown in the form of
a flowchart. The involved chemical equation is (1-
X) Bi,0, + (X) Rare Earth Oxide + Nb,O5 — RE3*:
BiNbO, where X =0.05.

allowed to cool down to the room temperature. Each
of these powders was again powdered in an agate
mortar with a pestle for 30 min. The prepared
ceramics were characterized by XRD system namely
3003 TT SEIF}ERT X-ray diffraction with CuK line
(A = 1.5406 A) to understand their structures. To
examine their morphology, Scanning Electron
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Sm**:BiNbO,

Pr**:BiNbO,

Flow chart giving method of sample preparation

Spectral pure chemicals of Bi,O;, Nb,Oy and
oxides of rare earths (Eu,0;, Sm,0, and Pr,O,,)
powders were used as the starting materials and those
were weighed appropriately based on their chemical
compositions and upon powdering them for 2 h using
a solvent namely acetone in an agate mortar for
ensuring the homogeneity in the chemical mixture.
The mixture was put into a silica crucible and sintered
at 800 °C and it was kept at the same temperature 6 h
in an electrical tubular furnace. The same procedure
was followed to prepare all the three Eu**, Sm** &
Pr3* ions each separately doped in BiNbO ,Ceramic
powders. Finally, those sintered samples were

Microscope (SEM) images were taken by means of
(SEM-ZEISS) system. Gold coating was sprayed on
the sample surfaces by using JEOL fine coat in sputter
FC-1100 unit for avoiding possible charging of
specimens before SEM observations was made. The
elemental analysis was carried out by an Energy
Dispersive X-ray Analysis (EDAX) using an X-ray
detector attached to the SEM instrument. The
excitation and emission spectra of the synthesized
powder ceramics were recorded on a JOBIN YVON
F13-21 Spectrofluorometer equipped with a 450 W
Xenon arc lamp at the room temperature.
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3. Results and Discussion

X-ray diffraction (XRD) patterns of Eu**, Sm** and
Pr3*: BiNbO, ceramic powders are shown in Fig. 1
and the profiles have confirmed their structures are

BiNbO,, Pr**: BiNbO,, Sm**: BiNbO, and Eu**:
BiNbO, ceramic powder samples are 47.21 nm, 65.30
nm, 63.19 nm and 61.21 nm respectively. The increase
in crystallite size after doping rare earth ions may be
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Fig. 1: XRD profiles of host BiNbO, and BiNb04:RE3" (=Sm*, Em*& Pr3") ceramic powders. * Indicates the impurity peaks due to the

presence of rare earth ion.

found to be in orthorhombic structure and well
matched with the host BiNbO, ceramic powder
(JCPDS card No. (16-0295)), indicating that the all
the samples are in the same crystal structure. The
impurity peaks observed in the XRD profiles may be
due to the presence of rare earth ions in the host
matrix. The crystallite size has been calculated by
using the standard Scherrer’s formula t = KA/(B Cos
0), where [ is full width half maximum (FWHM) of
the diffracted peak, A is the wavelength of X-ray
radiation, 0 is the angle of diffraction and constant K
=0.89 [7]. The calculated crystallite size of the host

due to the bigger ionic radius of rare earth ions
compare to Bi ion. SEM pictures and EDAX
elemental analysis profiles of Eu**: BiNbO,, Sm**:
BiNbO, and Pr3+: BiNbO, ceramic powders as are
shown in Figs. 2(a-b), 3(a-b) & 4(a-b) respectively.
The obtained micrographs show that the grains are
agglomerated and the average diameter of the grain
is in the range of 400 nm ~ 500 nm. EDAX analysis
has been carried out mainly to confirm the presence
of RE ions in the ceramics prepared and the results
have thus confirmed their presence.
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Fig. 2(a): SEM image of Eu’*: BiNbO,, ceramic powder.

Fig. 2(b): EDAX profile of Eu®*: BiNbO, ceramic powder.
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Fig. 3(a): SEM image of Sm>*: BiNbO ceramic powder.

Fig. 3(b): EDAX profile of Sm3*: BiNbO, ceramic powder.
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Fig. 4(a): SEM image of Pr*: BiNbO, ceramic powder.

Fig. 4(b): EDAX profile of Pr3+: BiNbO, ceramic powder.
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The excitation spectrum of Eu3+:BiNbO4
ceramic powder is shown in Fig. 5 revealing four
excitation bands located at 374 nm, 385 nm, 395nm
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Fig. 5: Excitation spectrum of Eu’*: BiNbO, ceramic powder.

Fig. 6: Emission spectrum of Eu®*: BiNbO, ceramic powder with
an excitation at 395 nm.

and 416 nm that are assigned to the electronic
transitions of ’F, — 3G, G, °L and °D; respectively.
Among them, ’F; — °L at 395 nm is an intense band
and with which, an emission spectrum has been
recorded. The Fig. 6 presents the emission spectrum
of Eu*:BiNbO, excited at 395 nm. From 570-700
nm, there are groups of sharp lines assigned to the
transitions of °D, — 'F; (I =0, 1, 2, 3) levels of Eu**

1.0
405 nn(6H5/2 %4]_‘13/2) Aemi = 600 nm
0.8 3
w
o
-t
5 o
s g
~ 0.6 OT
< - - QA
— ,a Q Q Q S =
ot Q & N = = < =)
: E q-n \GT VJ = T
B 04 2 T 1 £ o 1
3 “ - = S
2 LoF & & g £
Q <& ~ =y E
# = g £ = g
4 = g s ® =
0.2 £ = 2 E Q w
] 2 2 =) 3
° b
&
0.0

340 360 380 400 420 440
‘Wavelength (nm)

Fig. 7: Excitation spectrum of Sm™*: BiNbO, ceramic powder.
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Fig. 8: Emission spectrum of Sm3: BiNbO, ceramic powder with
an excitation at 405 nm.

dopant ion. The emission peak at 650 nm corresponds
to the transition of 5D0 - 7F3. The prominent red
emission at 614 nm is attributed to the electric dipole
transition °D, — 'F, indicating that Eu®* is located
at the site of non-inversion symmetry [8]. The
emission at 591 nm originates from the magnetic
dipole transition D, — F . There is one weak
emission peak at 578 nm due to the electric dipole
transition °D, — "F,, which is forbidden and sensitive
to the crystal field [9]. Among them, D, — ’F, has
been a hypersensitive transition that follows the
selection rule of AJ = 2 and hence it demonstrates a
bright red emission.
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10 =610 om *G5,— °H,,, emission of Sm3 shows weak
absorption band at shorter wavelengths, 346 nm
0.8 (°Hy,— “Ks;,), 363 nm (°H,,— *D,,), 376 nm
(°Hy,— °P,,), 391 nm (°H,,— *L,,), 405 nm
wl & (*Hs,—> *L5), 418 nm - (*Hg,,— Py, *Ps))), 438

3 "1 e 6 4 6 4
; g nm (°Hy,— G,,) and 445 nm ( H,,— *M,,),). All
r g the bands of excitation spectra are due to the
= 04 transitions of the ground level °H), to higher energy
é_ levels. The bright excitation is induced by the

2 .. SH,,,— L, transition at 405 nm.
The characteristic energy levels of the Pr3* show
0.0 : : : linear and non-linear effects from the low-lying 4f-
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Fig. 9: Excitation spectrum of Pr**: BiNbO, ceramic powder.
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Fig. 10: Emission spectrum of Pr3+: BiNbO, ceramic powder with
an excitation at 367 nm.

There is also considerable similarity in the
emission colours of both Sm** (orange red) and Eu**
(red) in bismuth niobate. The fluorescence spectrum
as shown in Fig. 8 consists of four peaks involving
transition from a common 4G5 1 level to low lying
levels. The PL spectrum shows emission bands of
Sm** doped BiNbO, ceramic powder at 564 nm
(*Gg,— °H,,,), 600 nm (*G,— °H,,), 646 nm
(*Gy,— °H,,,) and 713 nm (*G,,,— °H,,,) with an
excitation at 405 nm(6H5/2—> 6P3/2 ). The strongest
emission is the 600 nm (*G,,— °H,,) red emission.
The excitation spectrum for maintaining the

levels are found to be originating in the display of
greenish-blue and red luminescence [10], anti-stokes
processes, through which infrared to blue or red to
blue photon up-conversion has become a possibility
or quantum cutting [11-15]. Upon introducing the rare
earth ions as the dopant ions in some oxide-based
lattices, especially those containing complex
oxianions, the Pr** could exhibit a prominent red
luminescent transition ('D,— *H,) connected with
partial and in some cases, total quenching of 3P0
emission (e.g. as in Y, 0, [16] and CaTiO; [17]). As
already pointed out by De Mello Donega et al. [18],
several non-radiative de-excitation path ways can
contribute to the quenching of 3PO emission in oxide-
based lattices: multi phonon relaxation, cross-
relaxation within pairs of Pr3* ions and intersystem
crossing through either low-lying 4f 5d levels or Pr—
to-metal charge-transfer state [19]. The excitation and
emission spectra of Pr¥*: BiNbO, are shown in Fig.
9. The excitation spectrum with an emission band at
610 nm ( 1D2—> H ) has shown a broader and intense
excitation band at 367 nm and it has been identified
as a charge transfer band (CTB). In oxides a charge
transfer band due to Pr** - O~ interaction may arise.
With this excitation band (367 nm), emission
spectrum has been recorded showing bright red
emission band ('D,— 3H,) at 610 nm, which is a
hypersensitive transition with AJ =2, hence it is more
intense. The emission peaks at 466 nm and 492 nm
correspond to the transitions (3P1’0—> 3H4). In the
excitation spectrum, the peak at 445 nm, other than
(CTB) charge transfer band corresponds to the
transition *H,— 3P,
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4. Conclusion

We conclude that ceramic powder samples of RE3*
(= Eu, Sm** & Pr¥): BiNbO, have successfully
been prepared by a conventional solid state reaction
method at 800°C as the sintering temperature. Based
on the nature of the XRD profiles of the samples,
orthorhombic phase has been identified (JCPDS-
Card No: 16-0295) and the crystallite size was found
to be in the range of 60 nm ~ 65 nm. SEM images
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