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ABSTRACT

The photoluminescence properties of Eu®* doped BaB,O, prepared by novel solution
combustion synthesis technique are investigated. The structure of the prepared sample
characterized by TG-DTA, XRD and FTIR. Surface morphological study was done using
SEM images. BaB,O,:Eu*" gives strong emission at 380 nm (UV-A region), upon
excitation with 322 nm light. The concentration of Eu®* (relative to Ba) in BaB,0, for

which the quenching occur was found to be about 6 mol%, and the critical transfer

Keywords
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distance for this concentration was calculated to be 14.56 A. This phosphor may provide
an efficient kind of luminescent material for various applications in medical & industry.

Combustion synthesis,
UV emitter,
Photoluminescence.

Introduction

Since about 40 vyears the use of UV radiation for
phototherapy is well established. UVR has many uses as a
natural source of energy and is important in various biological
processes. Atrtificial sources of UVR are used for tanning,
medical diagnosis and treatment, and promoting polymerization
reactions. Exposure to UVR usually is expressed as a dose rate
in watts per square meter (the power striking a unit surface area
of an irradiated object). The commonly used unit of effective
dose is the minimal erythema dose (MED), which is defined as
the lowest radiant exposure to UVR sufficient to produce
erythema of the skin with sharp margins within 24 hours of
exposure. Though imprecise, MEDs are useful, because they are
related to the biological consequences of the exposure (IARC
1992). Many phosphor emits UVR (UVA, UVB & UVC) upon
excited by suitable wavelength light which are commercially
using for treating about 40 types of skin diseases and disorders
(1-17). Photo luminescent materials including oxides, silicates,
aluminates, aluminoborates, aluminosilicates, nitrides, borates
etc., plays a very important role for the potential applications in
ultraviolet devices. Among these hosts investigated, borates are
good candidates as hosts due to their low synthetic temperature,
easy preparation and high luminescent brightness.  The
luminescence properties of Eu® ions in alkaline earth
haloborates [18], and in SrB,0; [19] have been investigated by
some researchers.

In this paper we have reported the photoluminescence
properties of an alkaline earth borate BaB,0, doped with Eu?,
prepared by novel solution combustion synthesis method.
Material and Method

Inorganic borate phosphors were prepared by a novel
method described earlier [20-22], which is a variation of the
combustion synthesis. The method based on exothermic reaction
in which ammonium nitrate used as oxidizer and urea is used as
fuel. Fig.1 shows the stepwise preparation of samples by using
combustion synthesis technique. The stoichiometric amounts of
high purity starting materials, Ba(NOs), (A.R.), Eu,03 (high
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have been used for sample preparation. The starting materials
with little amount of DD water were mixed thoroughly in agate
mortar to obtain homogeneous solution.

The excess water has been removed by slow heating (70°C)
and the solution then transferred directly to the pre-heated
furnace (550°C) for combustion. Following the combustion, the
resulting foamy sample were crushed to obtain fine particles and
then annealed for 4 hr at temperature 800 °C under reducing
atmosphere. The prepared material were characterized by
powder XRD and FT-IR. Powder X-ray diffraction
measurement were taken on Rigaku Miniflex X-ray
Diffractometer and compared with the ICDD file. Morphology
and size of the calcined particles were observed by scanning
electron microscopy (SEM). PL & PLE measurements at room
temperature  were  performed on  Hitachi  F-7000
spectrophotometer in the range 200-500 nm with spectral
resolution of 2.5 nm and PMT voltage of 400 Volts.

Table: Molar ratio of ingredients used for material

preparation
Molar Ratio
Ba(NO3)2: EU(NOg)z:
H3BOg:CO(NH2):NH4N03
1-x) : x = 2 : 3 : 4
(x =0.03, 0.04, 0.05, 0.06, 0.07, 0.08)
Result and Discussion
TG-DTA Analysis

Decomposition of the Ba.g94B204:Euges precursors and
the subsequent phase formation process monitored by TG-DTA
are shown in Fig. 1.

About less than 0.5% weight loss is observed in the TG
curve of the precursor within the range of 40 to 170 °C,
indicating evaporation constituted water molecules. The main
weight loss of about 2% is observed in the range 200 - 620 °C,
which agrees with the first endothermic peak (DTA curve)
caused by the evaporation of organic solvent, decomposition of
nitrates and boric acid. No obvious weight loss after 800 °C
indicates that BaB,O, can be formed at around 800 °C.

Compound
Ba(l_x) EU(X) 8204
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Fig 1: TG-DTA analysis results of the Ba.g.94B,04:Eu0.06
precursor (Heating rate: 50 °C/min; Gas flow: air)

X-ray Diffraction Pattern

The powder XRD pattern of BaB,O, (Fig.1), compared with
ICDD file no. 00-024-0086 and found consistent with reference
[24]. The crystal structure of the prepared BaB,O, can be
refined to be monoclinic, space group C2/c witha=11.133 A b
=12.67 A and ¢ = 8.381 A. It is different from the reported B-
BaB204, which is rhombohedral, space group R3c witha =b =
12.532 A and ¢ = 12.726 A, (PDF#38-0722) [23, 24].
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Fig 2: The X-ray powder diffraction patterns of

By 94B;04:EUg06° -

SEM image of phosphor powder
Fig. 3 shows the SEM image of Bag 48,0 Eugos>” powder

prepared at 800-C. It was observed that the microstructure of the
phosphor consisted of irregular grains with heavy agglomerate
phenomena. The average size of the BaggB,0,: Eloos-"
particles is about 4-10 um. The results show that BaB,0y: Eu?
phosphor has a good crystallinity and a relatively low sinter
temperature.

) ~ : . - o
Fig 3: SEM image of BagesB,04:Eu** gs.
Photoluminescence of BaB,O,:Eu®

The excitation and emission spectra of Bag¢4EU ¢6B,0, are
shown in Fig.4. The S;, state with the 4f configuration is the
ground state of the Eu** ion. Within this configuration, the °p,
states are the excited state with the lowest energy [25]. The
excited states of Eu’* may be formed from the 4f°5d
configuration; the crystal field causes a splitting of the 4f°5d

configuration of the Eu?* ion in the phosphors. Therefore the
lowest excited state is below the °P; state and only 4f'(%S;),) to
4°5d transitions within the Eu* ions are observed in excitation
and emission [26]. The emission spectrum observed in the
present work at 380 nm. This emission band corresponds to the
4f'—4£°5d transition which strongly depends on the anion
environment around Eu?*ion. The excitation spectrum at 322 nm
and other weak bands in the ultraviolet region are assigned to
the electric dipole allowed transitions. The effect of doped Eu®*
concentration on the emission of BaB,04Eu®* phosphor was
also investigated. The emission and excitation spectra of
BaB,0,:Eu®* phosphors prepared at various concentrations of
Eu?" (x = 0.03, 0.04, 0.05, 0.06, 0.07, 0.08) are shown in Fig.4
& Fig.5. The PL intensity increases with Eu®* concentration
increasing until a maximum intensity is reached, and then it
decreases due to concentration quenching. From Fig.5, we can
see that the critical concentration quenching (yc) of Eu®* in
BaB,0,:Eu** phosphor is about 6 mol%. According to Blasse
[27], for the critical concentration the average shortest distance
between nearest activator ions is equal to the critical distance Ry.
Ry is, in fact, the critical separation between donor (activator
ion) and acceptor (quenching ion), at which the nonradiative rate
equals that of the internal single ion relaxation. The R, value can
be practically calculated using the following equation.

. 3\
=2X
0 dmycN

Where, y, is the critical concentration, N the number of Ba?* ions
in the BaB,O, unit cell, and V the volume of the unit cell. By
taking the experimental and analytic values of %, N and V (0.06,
12 and 1164.12 A3, respectively), the critical transfer distance R,
for BaB,04:Eu*" was determined to be about 14.56 A.
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Fig 4: Excitation (a) and Emission (1: 0.04, 2: 0.06, 3: 0.08)
of Eu,™ in Bag,B,04, (x=0.04, 0.06, 0.08).
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Fig 5: Variation in emission intensity of Eu* in Ba(0B20.,
(x=0.03, 0.04, 0.05, 0.06, 0.07, 0.08).
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Conclusion

In this work, we prepared some new UV emitting phosphors
BaB,0.:Eu®* by using solution combustion technique and its
photoluminescence properties were reported. TG-DTA study
supports to the formation of various phases of BaB,O, in the
range 40 — 950 °C. The structure conformation as synthesized
phosphor was characterized by using powder XRD technique.
FT-IR spectroscopy conforms the existence of the [BO3]*
groups. The SEM image represents the formation of irregular
shape particals. of calcined powder for 4 hr indicated highly
agglomerated powders. The phosphor BaB,O,Eu® give
emission at 380 nm upon excited by 322 nm wavelength. It is
also found that the concentration of Eu®* (relative to Ba) in
BaB,0, for which the quenching occur is 6 mol%, and the
critical transfer distance for this concentration was calculated to
be 14.56 A. The phosphor may provide the efficient candidate
for various applications in medical and industry.
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