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Abstract:

In this work, we stabilize Mn in its 2+ state in the
BaMgAI10017 (BAM) matrix using the combustion
route without a further calcining treatment. X-ray
diffraction (XRD) and energy dispersive
spectroscopy (EDX) measurements were used to
characterize the as-prepared combustion products.
From the EPR data, the relaxation-time values were
estimated for the system along with other EPR
parameters.

.Keywords:- Ginger, Lemon, , Soft drink, Squash,

Polyphenols.

1. Introduction

In recent years, Mn? -activated phosphors have
gained much attention due to its excellent electric,
magnetic and optical properties [1-3]. BaMgAl;qO;7
(BAM) is a well-known host matrix for doping of
transition metals and rare earths ions [4-6]. To the
best of the authors’ knowledge, a dearth exists
regarding the reports on EPR of Mn?*-doped BAM
compared with other hosts, and particularly
regarding the performance of a spectroscopic study
in this host matrix, an extensive paper has not been
published. It has been noted, that BAM has been
traditionally prepared using solid-state reactions,
which generally require long durations and high
annealing temperatures [6]. In consideration of this,
a successful preparation of the Mn**-doped BAM
phosphor via a simple and inexpensive solution-
combustion process was completed for the present
study to understand the role of the Mn** in the BAM
matrix.

2. Experimental

BaMgAI10017 doped with Mn2+ ions was prepared
by a solution combustion method. Barium nitrate,
magnesium nitrate and aluminum nitrate were used
in a typical synthesis as oxidizers, with
carbohydrazide as fuel and MnCI2-4H20 as dopant
precursors. The oxidizer:fuel ratio was calculated
based on valencies of oxidizer (O) and fuel (F) of
the reactants, keeping O/F = 1, as reported in an
earlier paper. The starting materials were dissolved
in a minimum quantity of deionized water in a china
dish to obtain a homogeneous solution. The china
dish was then introduced into a muffle furnace
maintained at 500 + 20°C. The solution ignites and
burns with a flame, thereby yielding a voluminous
solid mass. The dish was immediately removed
from the furnace. Then the voluminous and foamy
product was gently milled using a mortar and pestle.
Afterwards, the product was directly used for
characterization.

X-ray diffraction data were recorded on an
X’Pert Pro Diffractometer (Panalytical) using CuKa
radiation to ascertain the phase purity of the
prepared samples. The energy dispersive X-ray
(EDX) unit attached to the SEM was used to study
the chemical composition of the prepared samples.
Electron paramagnetic resonance (EPR) studies of
the powdered samples were done on a JEOL FE1X
ESR Spectrometer, operating in the X-band
frequency with a field modulation of 100 kHz.

3. Results and discussion

Figure 1 shows the XRD pattern of the BAM:Mn
sample obtained after the combustion process which
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almost matched with the standard ICDD pattern
number 26-0163 corresponding to BaAll0MgO17
crystallized in a hexagonal lattice. The lattice
parameters and some of the lattice planes
responsible for major peaks (for the XRD pattern)
are listed in Table-1. The EDX spectrum and the
corresponding chemical mapping of the elements
present in the BAM:Mn host is presented in figure 2
(@) and (b) which confirm the incorporation of Mn
ions in to the BAM host.

Figure 3 (a) shows the EPR spectrum of

BAM:Mn phosphor observed at 296 K. This
spectrum shows the signal with the effective g value
at g =~ 2.0 due to Mn2+ ions. The hyperfine structure
centred at g =2.0 is due to Mn2+ ions in tetrahedral
symmetry [7]. The population of spin levels (N) can
be calculated by comparing the area under the
absorption curve with that of a standard
(CuS04:5H20) of known concentration. Weil and
Bolton [8] wrote the following formula including
the experimental parameters of both the sample (x)
and the standard (std):
N = (Ax(scanx)2Gstd
(Bm)std(gstd)2[S(S+1)]std(Nstd))/(Astd(scanstd)2G
x(Bm)x(gx)2[S (S+1)]x ..(1) where A is the area
under the absorption curve, scan is the magnetic
field corresponding to the unit length of the chart, G
is amplitude, Bm is the modulation amplitude, g is
the g factor, S the spin of the ions in the ground state
(S=5/2 for Mn2+ ions and 1/2 for Cu2+ ions). The
subscripts ‘x” and ‘std’ denote the sample and the
standard respectively. Nstd denotes number of spins
in 100 mg of CuSO4-5H20 standard. The number of
spins increases with the decrease of temperature
from 296 to 110 K. EPR spectra of BAM:Mn
phosphor observed at 110 K is not shown. This is in
accordance with the Boltzmann distribution law.

The Gibbs' energy can be determined
using the expression [9, 10]

AG =2.303 RT log10 (kBT) / (Ah) ..(2)

where AG is the Gibbs energy, R is the
Universal gas constant (8.31 J/K/mol), kB is the
Boltzmann constant (1.38 x 10 -23 J/K), T is the
absolute temperature, A is the reaction rate constant
and is equal to the number of spins per m3, h is
Planck’s constant (6.63x10-34 Js). The Gibbs
energy of the Mn2+ ions in BAM:Mn phosphor at g
~ 2.0 has been computed to be -61.08 and -23.91
kdJ/mol at 296 and 113 K, respectively. This
calculated value is in good agreement with the value
reported for glasses and minerals [11, 12]. The
Gibbs free energy increases with the decrease of
temperature. This value indicates the stability of this
phosphor. Lower the value, higher the stability.

Thus the stability of this phosphor is high at 296 K.
The negative sign indicates that there is strong
attractive interaction between Mn®* ions and the
phosphor matrix. The negative sign also indicates
that the reaction between Mn?" ions is spontaneous
and exothermic. In this process, the heat energy is
given off in the reaction. The magnetic
susceptibility can be determined using the following
expression [13].
1= (NGB I+ 3ke T .(3)

Here N is number of spins/m3, g = 2.0, 3 is Bohr
magneton, J is total angular momentum quantum
number, kg is Boltzmann constant and T is
absolute temperature. The magnetic susceptibility
of Mn? ions in BAM:Mn phosphor at 296 K is
found to be 91.85 x 10 mkg. The magnetic
susceptibility decreases from 296 to 110 K. The
calculated magnetic susceptibility value is in good
agreement with the value reported in the literature
[11, 12]. The empirical Curie constant can be
determined using the formula [14].
C=(Ng?B?J(J+1))/3ks ..(4)

The symbols have their usual meaning. The Curie
constant at 296 K is found to be 27.18 emu/mol and
its' value at 110 K is found to be 37.97 emu/mol.
The Curie constant increases with the decrease of
temperature. The measured Curie constant is
consistent with the value reported in literature [12].
The Curie constant indicates the nature of
paramagnetic interactions.

The experimental effective magnetic moment can be
determined using the expression [15]
peff = (VKBC)/IN .. (5)

The theoretical magnetic moment value for a free
Mn2+ is 5.9 uB. The experimental value is found to
be 59 pB at 296 and 110 K. The experimental
magnetic moment value is equal to the theoretical
magnetic moment value. This indicates that high
spin Mn2+ ions are present in the phosphor. The
equality of theoretical and experimental magnetic
moment indicates that the orbital angular
momentum L is quenched. The value of the
magnetic moment is indicative of the effective spin
qguantum number S. The zero-field splitting
parameter D can be calculated from the ratio of
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intensity of allowed hyperfine lines corresponding
to the selection rule Am = 0 using the following
expression [16 ].

I o 2-(A%(35-4m?))/2(gBH)*~

(5.334D%)/(gBH)*-
(35.14D%(35-4m?))/(gPH)*+(208D*(35-4m?)?)/
(gBH)" .

(6)

where m is the nuclear spin magnetic quantum
number, I, the intensity of the my, allowed hyperfine
(HF) line, A is the hyperfine splitting constant, D is
the zero-field splitting parameter and the rest of the
symbols have their usual meaning. The zero-field
splitting (zfs) D arises due to a combined action of
the spin-orbit (and electronic spin-spin) coupling
taken as perturbation on the ligand field (LF) states
[17]. The zfs parameter for this phosphor is found to
be 32 and 33 mT at 296 K and 110 K, respectively.
The hyperfine splitting constant (hfs) A can be
calculated using the following expression [18].
Bm = By — An — (35 — 4m?) A%/ 8B0
(7)

where B, is the magnetic field corresponding to
mem hyperfine line, By is the resonance magnetic
field. The A value is thus found to be 8.46 mT at
296 and 110 K. The A value is independent of
temperature variation. The strength of hfs depends
on the matrix into which the ion is dissolved and is
mainly determined by the electronegativity of the
anion neighbours. This means that the magnitude of
the hfs constant ‘A’ provides a qualitative measure
of the ionicity of bonding between the Mn?* ion and
its ligands. van Wieringen [19] empirically
determined a positive correlation between ‘A’ and
the ionicity of the manganese-ligand bond. On this
observation, it is found that the bonding between
Mn?* ions and the surroundings in this phosphor is
ionic in character. In tetrahedral T4 or octahedral Oy,
symmetry, Mn®* ion exhibits a sextet hyperfine
structure centred at g = 2.0 [20]. A value for Oy, and
T4 symmetry are 10 and 8.3 mT [20]. In the present
case, we observed A value as 8.46 mT at 296 and
110 K. Therefore the site symmetry is tetrahedral
since A value is nearer to 8.3 mT. The details of the
‘g’ values, number of spins (N), Gibbs free energy
(AG), magnetic susceptibility (y), Curie constant
(C), effective magnetic moment (L), zero-field
splitting parameter, and hyperfine splitting constant

(A) for Mn* ions in BAM:Mn phosphor at 296 and
110 K are given in Table 2.

4. Conclusions

Sample of Mn**-doped BaMgAl1g017 was
synthesized by a solution combustion
technique. The route for production of
phosphors represents a fast, facile and
inexpensive  synthetic  method. The
hexagonal structure of the as-prepared
Mn®*-doped BaMgAl;,01; phosphor was
confirmed using the XRD technique. The
EDX studies confirmed the incorporation
of Mn ions in to the BAM host. Existence
of 2+ manganese species in the phosphor
was confirmed from the EPR data. From
the temperature dependent EPR data it was
observed that the number of spins increases
with the decrease of temperature. In
addition, Gibbs free energy, magnetic
susceptibility, Curie constant, effective
magnetic moment, zero-field splitting
parameter, and hyperfine splitting constant
(A) for the paramagnetic species was also
evaluated from the data.
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Table 1: XRD data of BAM:Mn, (A= 0.15406 nm)

2165 17 4.1 1 with a= 5.62
23.58 35 3.77 0 c=22.65
24.03 25 3.70 1

26.83 25 3.32 1

3159 40 2.83 0

32.78 17 2.73 1

35.21 100 2695 1

35.60 55 2.52 1

39.73 35 2.26 0

42.09 35 2.13 2

44.14 40 2.05 1

57.63 25 1.59 2

58.68 20 1.57 2

58.9 17 1.56 1

66.5 25 1.40 2

Table 2: Various EPR parameters for the BAM:Mn
system; g value, number of spins (N), Gibbs free
energy (AG) , magnetic susceptibility (y), Curie
constant (C), effective magnetic moment (), zero-
filed splitting parameter (D) and hyperfine splitting
constant (A).

T ¢ N AG 3 C u D A
e > (Spi (k3 (m (em & ( valu
m v ns/ /m 3k um m e
p al m) ol g ol T
( u )
K e
)
29 2. 373 - 91. 271 5. 3
6 0 9 61. 85 8 9 2 8.6
x10? 08  x 1
2 10°
3
11 2. 522 - 34. 379 5 3
0 0 2x 23. 51 7 9 3 8
102 91  x 1
10° 4
3 6

20 Intensity d hk Lattice
values value | parameters
15.64 25 5.66 0 Hexagonal
18.6. 35 4.76 1 Lattice
19.75 65 4.49 1
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Figure 1: XRD pattern of BAM:Mn phosphor

Figure 2(b): Chemical mapping of BAM:Mn
phosphor

Figure 2(a): EDX spectrum of BAM:Mn phosphor
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Figure 3: EPR spectrum of BAM:Mn phosphor at

room temperature
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