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Abstract Emission spectral results of Pr’* & Ho’* ions
doped Ca,GdO(BO3); powder phosphors are reported here.
XRD, SEM and FTIR measurements have been carried out
for them. The emission spectrum of Pr’*: Ca,GdO(BOs); has
shown an emission transition 'D, — >H, at 606 nm with
Jexci = 480 nm (CHy — °Py) and Ho’": Ca,GdO(BO;);
phosphor has shown an emission transition °S, — °Ig
at 549 nm with Aey; = 447 nm Iy — °F,). Emission per-
formances of these two phosphors have been explained in
terms of energy level diagrams.

Introduction

Luminescent materials containing rare-earth or transition
metal ions have become popular in the progress of optical
materials of significant importance [1-5]. Commercial
powder phosphors are usually based on the host matrices of
borates, aluminates, vanadates, phosphates, silicates and
tungstates etc [6—10]. Among them, all the borate based
phosphors have three structural units, namely (BO3)*",
(B306)3*, (B3O7)5* anion groups. We have mainly inves-
tigated the borate based materials with (BOs)®~ groups,
since the electronic delocalization in the planer borate
anions could be exhibiting NLO (Non Linear Optical)
properties [11]. A large number of borate compounds are
polyfunctional materials with non-linear optical, piezo-
electrical and acousto electrical properties. In addition to
that borate compounds are known to be transparent over a
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wide spectral range from VUV to IR region, large band
gaps, low cost of materials with good chemical stability
[12-14]. Recently, the borate host matrix Ca;GdO(BO3);
has attracted a great deal of attention as a potential optical
material based on its stable crystalline structure, non-
hygroscopic, versatility and chemical stability [15-17].
Alkaline earth lanthanide oxy-borates doped with rare-
earth ions are of more interesting luminescent materials.
Earlier, we have made an attempt to analyze the lumines-
cence properties of Eu’*(4f%) [18], Tb>*(4f%) [19] and
Sm>*(4f°) [20] ions doped in Cay;GdO(BOs5); powder
phosphors. These three rare-earth ions have prominent
emissions (red, green and reddish orange) in the visible
region. In the present work, we report on the emission
properties of Prit(4f? ) & (Ho *(4f'%): Ca,GdO(BOs);
powder phosphors.

Experimental studies

CasGdO(BOs)s: Pr’* & Ho®* powder phosphors were
prepared by employing a solid state reaction method. The
chemical equation can be expressed as follows

8CaCO; + 6H3BO; + (1 — x)Gd,0;
+x RE203 (RE = PI‘7 HO) — 2C34Gd(1,x)O(BO3)3 :
RE** (= Pr, Ho) + 9H,0 + 8CO,

The starting reagents Gd,O3 (99.9%), Pr,O5 (99.9%)
and Ho,03 (99.9%), CaCO5; and H3BO; (Analar grade)
were used in the samples preparation. They were weighed
on stoichiometric ratio and powdered finely by using an
agate mortar. In order to mix the raw chemicals
homogenously, small amount of acetone was added and
those powder mixtures were collected into an alumina
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crucible for heating. The temperature was gradually raised
from the room temperature to 900 °C, where the mixture
was kept for 10 h in an ambient atmosphere with an
intermediate grinding.

The phase purity and phase structure of powder samples
were characterized from the X-ray powder diffraction
(XRD) patterns, using a HLG4/B-PC X-ray diffractometer
with CukK,, radiation (1.54060 A) and a graphite mono-
chromator at the room temperature. The morphology of the
powder phosphor has been observed using JEOL JSM
840A Scanning Electron Microscope. The samples were
gold coated using the sputter coater polaron SC7610 sys-
tem. The FTIR absorption spectrum of the sample was
recorded on a Nicolet IR-200 spectrometer using KBr
pellet technique in the wave number range of 400-—
4,000 cm™'. Both the excitation and emission spectra of the
Pr** & Ho**: Ca,GdO(BOs); phosphors were measured on
a Spex Fluorolog-2 Fluorimeter with a Datamax software
to acquire the data with a Xe-arc lamp (150 W) as the
excitation source. A Xe-flash lamp (25 W) with a phos-
phorimeter attachment was used to measure the lifetimes of
the emission transitions of these powder phosphors.

Results and discussion

Figure 1 shows the X-ray diffraction patterns of (a)
Ca,GdO(BO3)s, (b) Pr*: Ca,GdO(BOs);, (c) Ho™:
CayGdO(BO3); powder phosphors. The standard XRD
pattern for Ca,GdO(BO3); is also shown as a reference. It
can be seen clearly that all the diffraction peaks of the
synthesized Ca,GdO(BO5);: RE** (=Pr**, Ho™*) phosphors
are in good agreement with those of standard of Ca G-
dO(BOj);. These powder phosphors belong to a
monoclinic structure with a space group Cm (a = 8.078;
b =15.98; ¢ = 3.55; p=101.26 A). On comparing these
XRD patterns, it is found that the Pr’* & Ho>* ions could
easily be substituted (in the place of Gd**) in the host matrix
without any change in the host matrix structure [21-23]. All

Fig. 2 SEM micrograph of (a)
Pr**: Ca,GdO(BO3)s, (b) Ho**:
CayGdO(BO3); powder
phosphors
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Fig. 1 XRD patterns of (a) Ca;GdO(BO3)3, (b) Pt Cay,GdO(BO3)3,
(c) Ho™: CayGdO(BOs); powder phosphors

the diffraction peaks of Ca,GdO(BO5);: RE**(=Pr’*, Ho™)
could be indexed according to those of Ca,GdO(BO3);, as
shown in Fig. 1. Figure 2 shows the SEM micrograph of the
CasGdO(BO3); doped with Pr** & Ho>* powder phosphors
to understand their morphology and from Fig. 2 we have
found that the particles are agglomerated in the phosphor
powders studied. Figure 3 shows the FTIR spectra of
Ca,GdO(BOs)s: Pr’* & Ho>* ions doped powder phosphors
and were assigned to vibrational transitions of the host
lattice CayGdO(BOs3)s. FTIR patterns of those samples
have similarities. The fundamental vibrations occur
below 1,500 cm_], and are associated with parent three
coordinated boron modes at 1,450-1,150 cm™’ (v3, B-O
antisymmetric stretch), 950-910 cm™ (vi, B-O symmetric
stretch), 795-710 cm™ (v,, B-O—B bend). The v; mode is
an intense one whereas v is a weak as shown in Fig. 3. The
strong features between 340 and 525 cm™' correspond to
Gd-O stretching modes [24, 25].
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Figure 4a shows the excitation spectrum of Pr’*:
CayGdO(BO3); powder phosphor. With the transitions
from the 3H4 ground state to the 3PO (480 nm), 'I6
(463 nm) and P, (447 nm) excited states. The intense
excitation wavelength is at 480 nm (*Hy — >Py) transition
and emission spectrum of Pr’*: Ca,GdO(BO;); powder
phosphor is shown in Fig. 4b. Under 480 nm excitation,
the Pr’": Ca,GdO(BOs); powder phosphor exhibits a
strong red emission (lDz — 3H4). Due to induced relaxa-
tion by a cross-relaxation [26] and also a multiphonon
relaxation [27] that could be the cause, for the non-obser-
vable of °P, — 'D, transition for the Pr’*: Ca,GdO(BOs);
powder phosphor. Figure 5a presents the decay curve of
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Fig. 3 FTIR spectra of (a) Ca;,GdO(BO3)s, (b) Pt CayGdO(BOs)3,
(c) Ho>*: Ca,GdO(BOs3); powder phosphors
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Fig. 4 (a) Excitation and (b) emission spectra of Pr: Cay,GdO
(BO3); powder phosphor

the emission band lDz - 3H4 of Pr**: Ca,GdO(BOs);
phosphor with an excitation at 480 nm with a lifetime
7 = 1.015 ms. An energy level scheme has been given in
Fig. 5b to explain the excitation and emission process in
the Pr**: Ca,GdO(BOs); phosphor.

The green emission from Ho>" is of particular interest
because it can be utilized as a green solid-state laser [28].
Figure 6a shows an excitation spectrum of Ho>*: Ca,G-
dO(BOs3); powder phosphor and excitation bands are
assigned to the electronic transitions 5y — °F, (447 nm),
g - °Gg (454 nm), Iy — Ky (461 nm) of Ho’*. The
emission spectrum of Ho>*: Ca,GdO(BO3); powder phos-
phor in the wavelength range from 520 to 580 nm is shown
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Fig. 5 (a) Decay curve and (b) energy level scheme of Pr’*:
Ca,GdO(BO3)3; powder phosphor
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Fig. 6 (a) Excitation and (b) emission spectra of Ho**: Ca,GdO
(BO3); powder phosphor
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Fig. 7 (a) Decay curve and (b) energy level scheme of Ho>*:
Ca,GdO(BOs3); powder phosphor

in Fig. 6b. The emission spectrum of Ho’": Cay;GdO(BO3);
powder phosphor, shows an emission band of °S, — °Ig
transition [29]. Figure 7a presents the decay curve of the
emission band S, — I of Ho*": Ca,GdO(BO3); phos-
phor with an excitation at 447 nm with a lifetime is
7 = 102 ps. An energy level scheme is given in Fig. 7b to
explain the excitation and emission process in powder
phosphor.

Conclusion

We have analyzed the emission characterization of Pr’* &
Ho>": Ca,GdO(BO3); powder phosphors. Also, we have
analyzed their XRD, SEM, FTIR spectral profiles to
understand their structure, morphology and functional
groups. Based on the results obtained in the present work,
we suggest that there luminescence phosphors could be
identified as novel optical materials for certain electronic
display applications.
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