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a b s t r a c t

Glass samples of composition (59-x)TeO2-30B2O3-10MgO-1Eu2O3-xMn3O4, where x ¼ 0, 0.5, 1.0, 1.5 and
2.0 mol % were prepared using melt quenching method. The Mn3O4 nanoparticles (MNPs) concentration
dependent spectral properties were determined. XRD pattern verified the amorphous nature of prepared
glasses and the presence of MNPs inside the glass matrix. TEM images revealed the nucleation of MNPs of
average diameter 15 ± 1 nm. High resolution TEM data confirmed the NPs growth along (1 0 3) crystal
plane orientation having lattice spacing z 0.276 nm. Raman spectra displayed a shift in the vibrational
modes of TeO4 and TeO3 units and thereby confirmed the alteration in the glass network structures
mediated by NPs. The bonding characteristics of Eu3þ and ligand field parameters were evaluated. The
observed increase in the network covalency was attributed to the MNPs assisted changes in the electron
distribution. The emission spectra of glass samples revealed five prominent peaks centred at 578 nm,
591 nm, 610 nm, 651 nm and 700 nm which were assigned to the transition from 5D0/

7FJ (J ¼ 0, 1, 2, 3,
4) states of Eu3þ ion. Judd-Ofelt intensity parameters were calculated. The prepared glasses exhibited
paramagnetic behaviour. EPR spectra verified the predominant occurrence of Mn2þ with effective
g z 2.0.

© 2017 Elsevier B.V. All rights reserved.
1. Introduction

Plasmonic nanoglass is a new research paradigmwith numerous
application possibilities. Metallic NPs (such as gold, silver, copper,
etc.) embedded rare earth ions (REIs) doped glass became attractive
during past two decades. The inclusion of gold (Au) and Ag (silver)
NPs in glass containing REIs [1,2] were exploited to enhance the
quantum efficiency to achieve high performance lasing glass sys-
tem. Yusoff et al. [3] has proposed that the enhancement of pho-
toluminescence intensity is deduced by energy transfer fromNPs to
REIs and large local field in the vicinity of the REIs. Previous
research also demonstrated the impact of heat treatment on the
overall properties of tellurite glass [4]. Appropriate assembling of
nanoparticles generates new organized nanostructures with novel
physical properties, which can be used for various applications in
spintronics, ultrahigh density magnetic storage and magneto-
optics device. Particularly, the development of spintronics
M. Aziz), mrahim057@gmail.
requires new magnetic nanostructures with desired properties.
Thus, efficient methods were demanded for preparing and
assembling magnetic NPs based structures.

Lately, modification of electro-magneto-optic properties of REIs
doped glass system by incorporating magnetic NPs generated
renewed interests for magneto-optic device applications. As
compared to their bulk counterpart, magnetic NPs possess several
outstanding attributes including large specific surface area, low
dimensionality and quantum confinement effect [5]. Furthermore,
they exhibit high saturation field, high field irreversibility, and
extra anisotropy contributions. Synthesis and characterization of
magnetic (Fe, Co, Ni and Mn) NPs have ever-growing interest.
Amongst all, Mn ions have been frequently used to improve the
structural, electrical and magnetic properties of vitreous systems
[6]. Manganese ions exist in different valence states in the glassy
matrices. For example, Mn3þ ions in borate glasses exist with
octahedral coordination whereas in silicate and germanate glasses
they exist as Mn2þ ions with both octahedral and tetrahedral co-
ordination [7]. Moreover, these well-known paramagnetic ions
(Mn2þ and Mn3þ) are identified as strong luminescence activators
[8]. On the top, incorporation of Mn3O4 in glass has paramount
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importance due to their excellent physical and structural properties
[9]. These transition metal ions contribute multi-valence states in
the glass network and remarkably influence the overall properties.

In the context of borotellurite (BT) glass, Yusub et al. [10]
acknowledged the conversion of some BO4 units into BO3 units
due to the increasing concentration of modifying manganese ions
in the glass network. The alteration in the physical properties of BT
glasses as a function of manganese concentration was attributed to
the increase of non-bridging oxygen (NBO) in the BT network [11].
The incorporation of manganese in glass could open the network
and create NBO. Consequently, the optical band gap (Eopt) was
decreased and Urbach energy (DE) was increased [12]. However,
the majority of these researches are related to the bulk manganese.
Therefore, this present study aimed to investigate the impact of
MNPs on the spectroscopic properties of BT glass.

It is worth noting that Judd-Ofelt (J-O) theory has not been
applied so far to characterize the spectroscopic properties of Eu3þ

ions doped BT glasses with NPs embedment. Peng and Izumitani
[13] evaluated the J-O parameters for 5D0 /7F2, 7F4 and 7F6 emis-
sion transitions of the Eu3þ ions. Van Deun et al. [14] studied the
absorption spectra of Eu3þ ions involving 7F0 /5D2,5D4 and 5L6
transitions, where the calculated J-O parameters of Eu3þ ions [15]
exhibited good agreement to the measured oscillator strengths. J-
O parameters for glass containing magnetic NPs have not been
reported in literature.

Efforts were seldom dedicated towards the incorporation of
MNPs in BT glass system to examine their role in improving the
structural, optical and magnetic properties. In this view, we pre-
pared a new series of MNPs embedded BT glass doped with Eu3þ

ions and characterized. The effects of MNPs concentration changes
on the structural and luminescence properties were evaluated. The
optical absorption spectra were used to estimate the bonding pa-
rameters of the prepared glasses. The local symmetry of the Eu3þ

ions with their surrounding ligands was calculated. The J-O analysis
was performed to calculate the oscillator strengths and intensity
parameters (Ul ¼ 2, 4, 6). Then, the magnetic properties were
accomplished from the magnetic moment of the local magnetic
properties due to the nature of spin-spin interaction.

2. Materials and methods

Analytical grade powdered chemical reagents of high purity
(Sigma Aldrich, 99.9%) such as Tellurium oxide (TeO2), Boric acid
(H3BO3), Magnesium oxides (MgO), Europium oxide (Eu2O3) and
Manganese oxide (Mn3O4) were acquired for the glass preparation.
The batch composition and the prepared sample designation are as
follows:

BTMEMn0.0: 59TeO2-30B2O3-10MgO-1Eu2O3-0.0Mn3O4

BTMEMn0.5: 58.5TeO2-30B2O3-10MgO-1Eu2O3-0.5Mn3O4

BTMEMn1.0: 58TeO2-30B2O3-10MgO-1Eu2O3-1.0Mn3O4

BTMEMn1.5: 57.5TeO2-30B2O3-10MgO-1Eu2O3-1.5Mn3O4

BTMEMn2.0: 57TeO2-30B2O3-10MgO-1Eu2O3-2.0Mn3O4

The required proportion of the glass constituents (nominal
compositions) were weighed using high precession balance (Elec-
tronic Balance Precise XT 220A) and mixed thoroughly for about
30 min using milling machine to ensure homogeneous mixing.
Melt-quenchingmethodwas used to prepare these glass samples. A
platinum crucible containing about 20 g of the mixed glass con-
stituents was placed in a furnace at 900 �C for 1 h. For
homogeneous mixing, the molten liquid is shaken frequently and
vigorously. Then, the melt was poured in a brass mould once the
desired viscosity was achieved. Subsequently, the sample was
transferred to an annealing furnace at 300 �C and kept inside for 3 h
to remove the thermal and mechanical strains completely. After-
ward, the furnace was switched off and the samples were cooled
down to room temperature. The obtained glass samples were cut
and polished for further characterizations.

The amorphous phases of the synthesized samples were identi-
fied using X-ray Diffraction (XRD) measurement (Siemens Diffrac-
tometer D5000) in the 2q range of 10�e90�. The bonding vibrational
modes in the range of 200e1600 cm�1 are captured using Raman
Spectroscopy (Horiba Jobin Yvon, HR800 UV). The formation crys-
talline lattice plane in MNPs was confirmed using HRTEM (JEOL
2100F) operated at an acceleration voltage of 200 kV where a small
amount of powder sample was dispersed into acetone liquid using
ultrasonic bath. The solutionwas then placed onto a copper grid and
allowed to dry before it was ready for characterization. Absorption
spectra in the range of 200e800 nmwere recorded using Shimadzu
3101 PC UV-VIS-NIR scanning spectrometer.

The Nephelauxetic ratio (b) was calculated via [16],

b ¼ yc
ya

(1)

where yc is the wavenumber (in cm�1) of a particular transition of
the RE ion and ya is the corresponding wavenumber (in cm�1) for
the transition of an aquo-ion [17]. Both yc and ya are obtained from
UVeVis optical absorption spectra. The bonding parameter (d) was
determined using [16],

d ¼ 1� b

b
(2)

where b is the average value of b. Positive sign of d represents the
covalent bonding and negative one signifies the ionic bonding. The
luminescence spectra and decay time of the samples with various
concentrations of MNPs were recorded by a JASCO FP-8500 Series
with a 150 W xenon lamp as excitation source. The spectra were
measured in the wavelength range of 200e800 nm. Finally, to
determine concentration dependent MNPs embedded BT glass on
magnetic properties via Vibrating Sample Magnetometer (VSM)
and Electron Spin Resonance (ESR). All the measurement was car-
ried out at room temperature. The colour of glass sample without
MNPs was pale yellow. With the increase of MNPs concentration in
the glass the sample colour was changed from yellow to brownish
purple. This colour change indicated the successful embedment of
MNPs into the glass matrix and subsequent alteration in the overall
properties. Table 1 enlists the calculated physical and optical
properties of studied glasses.

3. Results and discussion

3.1. XRD pattern and Raman spectra

Fig. 1 shows the typical XRD pattern of BTMEMn2.0 glass. The
occurrence of strong diffraction peak at 2q ¼ 16�, 28�, 31�, and 37�

were allocated to the crystalline MNPs having (101), (112), (103),
and (211) planes, respectively. All the XRD peaks were perfectly
indexed to the MNPs single phase (JCPDS Card 24e0734) [18]. In
addition, the average crystallite size was estimated to be
6.48 ± 0.48 nm. Debye Scherrer formula was used for the most
intense peak (112) peak to estimate the nanocrystallite sizes.

The occurrence of prominent bands in the Raman spectra (Fig. 2)
clearly revealed the presence of various structural units in the glass



Table 1
Physical and optical properties of all BT glass samples.

Properties BTMEMn0.0 BTMEMn0.5 BTMEMn1.0 BTMEMn1.5 BTMEMn2.0

r (g/cm3) 4.717 4.716 4.706 4.725 4.736
Vm 25.90 25.92 25.98 25.71 25.58
n 2.32 2.38 2.50 2.43 2.41
Vt 0.26 0.21 0.16 0.17 0.18
L 0.800 0.799 0.798 0.797 0.796
OPD
(g atml�1)

85.04 85.16 85.12 85.62 85.96

ae
(10�22 cm�2)

6.12 6.27 6.55 6.33 6.27

Rm
(cm3 mol�1)

15.44 15.81 16.52 15.97 15.81

lo (nm) 4.40 4.42 4.44 4.37 4.35
Eg (eV) 3.27 3.03 2.61 2.87 2.91
DE (eV) 0.28 0.41 0.68 0.52 0.49

Fig. 2. (a) Raman spectra of all synthesized BT glass system, and (b) the de-convoluted
spectra of BTMEMn1.0 sample.
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system. The broad band near 450-485 cm�1 indicated the charac-
teristic of the bending and stretching vibrations modes of the Te-O-
Te or O-Te-O linkages wherein the oxygen was in the position of
axial and equatorial to the tellurium atom [19]. The appearance of
the broad band around 665-682 cm�1 and at 750-778 cm�1

confirmed the presence of stretching vibration mode between
tellurium atom and bridging oxygen in the TeO4 tbp units and vi-
bration of the TeO3 tp units with non-bridging oxygen (NBO),
respectively. Table 1 enlists the physical and optical properties of
the prepared glass system. Table 2 compares the observed Raman
bands with other BT glass system. The band corresponding to TeO4
tbp group exhibited a slight shift towards higher wavenumber
which indicated the structural alteration. Furthermore, as the
amount of MNPs was increased to 1.0 mol %, the peak of TeO4 tbp
was displaced from 665 cm�1 to 682 cm�1. Beyond 1.0 mol % of
MNPs, the peak was shifted towards a lower wavenumber
(678 cm�1 and 667 cm�1). Meanwhile, the TeO3 tp group was
shifted towards a higher wavenumber as MNPs is added up to
1.0 mol% and decreased afterward. The dominance of Te -O vibra-
tion compare to borate groups was attributed to the easy polari-
zation of TeO2 units than B2O3 units. Thus, the Raman peak
intensities of B2O3 were relatively weaker than that of TeO2. These
results authenticated the building up of the glass structure with
combination of both tellurite and borate networks.

The good correspondence between the phonon energies
involved in the electronic transitions and the vibrational modes
Fig. 1. Typical XRD pattern of BTMEMn2.0 glass.
observed in the Raman spectra demonstrated the local perturba-
tion effects due to the accommodation of small amounts of MNPs.
The MNPs concentration dependent Raman shift in the symmet-
rical vibrational modes of TeO2 and TeO4 groups towards higher
wavenumber further verified the influence of NPs on glasses
structures. It was affirmed that the covalency and asymmetry be-
tween EueO bond and ligands can be enhanced by increasing the
MNPs content. The vibrational modes involved in the progressions
corresponded to lattice phonons. This result was interpreted in
terms of the ionelattice interaction mechanisms, which aroused
due to the occupation of MNPs along the interconnected Te-O-Te
network in the vicinity of Eu3þ ion. This in turn altered the sym-
metry and/or covalency of the glass at the Eu3þ ion site. The nature
of the Raman spectra suggested the presence of an increasing de-
gree of disorder with increasing content of MNPs. This was due to
the strong dependence of absorption frequencies on the nature of
anions rather than cations. The concentration of the bonding de-
fects was found to depend upon the concentration of MNPs. Thus,
MNPs concentration variation caused substantial structural modi-
fications at the Eu3þ ions site in BT glass network.

The local field emanating from MNPs has affected different
structural units of tellurite, borate and linkages between them. The
Eu3þ ions that occupy different coordination sites with non-centro-
symmetric potential contributed significantly to U2. The variations
in the non-centro-symmetric potential sites generated a change in
the dielectric properties of the media. Consequently, the



Table 2
Comparison of assigned Raman bands of the present glasses with other reported BT glass systems.

Glass system Te-O-Te Band Assignments (cm�1) Ref.

TeO4 (tbp) TeO3 (tp) BO4 unit BO3 unit

B2O3-TeO2-Bi2O3-ZnO 455 670 750 e 1350 [20]
TeO2-B2O3-Al2O3 450 665 762 e e [21]
Na2O-B2O3-TeO2 453 679 778 e e [22]
TeO2-B2O3-ZnO-V2O5 464 671 750 935 e [23]
BTMEMn0.0 450 665 760 1053 1373 Present work
BTMEMn0.5 459 674 762 1135 1367 Present work
BTMEMn1.0 471 682 775 1177 1363 Present work
BTMEMn1.5 468 678 768 1147 1363 Present work
BTMEMn2.0 466 667 763 1072 1365 Present work
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environment of the Eu3þ ions and nephelauxetic ratio influenced
the U2 value. In fact, among the three J-O parameters, the param-
eter U2 was related to the covalency and structural changes in the
vicinity of the REI (short-range effect). Conversely, U4 and U6 being
related to the long-range effects were strongly influenced by the
vibrational levels associated with the central REI bound to the
ligand atoms. This change proved that the polarizability of the glass
matrix was enhanced with increasing MNPs concentration.
3.2. TEM analysis

Fig. 3 (a) shows the magnified (at 50 nm) HR-TEM image of
BTMEMn2.0 glass sample. Homogeneously dispersed tiny spherical
and non-spherical black blobs in the micrograph manifested the
existence of MNPs in the glass matrix. Moreover, the occurrence of
bigger NPs with different size and shapes were attributed to the
Ostwald's ripening growth mechanism assisted coalescence of
smaller NPs. Additionally, these NPs revealed agglomeration ten-
dency [24]. The region marked by the yellow rectangle in Fig. 3(a)
was enlarged and shown in Fig. 3(b). It displayed the single particle
in BTMEMn2.0 glass sample for two different magnifications
(20 nm and 5 nm). Fig. 3 (c) illustrates the further enlargement of
yellow box in (b) indicating the d-spacing (d ¼ 0.276 nm). The
selected area electron diffraction (SAED) pattern as depicted in
Fig. 3 (d) provided the information of lattice parameter which is
well matched with XRD pattern. The SAED pattern in the presence
of ring and spot indicated the polycrystalline nature of MNPs. These
spots presented the reflections of both compounds which were
well resolved in the XRD pattern. These rings were assigned to the
nucleation of small crystallites while the spots were allocated to
formation of the large nanocrystallites in the glass matrix [25]. The
strong diffraction ring corresponds to the (103) plane of nano-
crystallited which was comparable to MNPs lattice spacing of
0.276 nm (JCPDS No. 24e0734) [18]. Fig. 3(e) depicts that the NPs
size distribution is Gaussian with average diameter about
15 ± 1 nm.
3.3. Absorption spectra

Fig. 4 shows a typical optical absorption spectrum of
BTMEMn0.0 glass sample in the wavelength range of 400e650 nm
which exhibited three prominent bands at around 461 nm, 531 nm
and 591 nm corresponding to 7F0/5D2,

7F0/5D1 and 7F0/5D0

transitions.
Using the absorption data the bonding properties of Eu3þeO

and surrounding ligand field parameters inside the glass matrix
were calculated. The bonding parameter (d) was calculated from
the obtained nephelauxetic ratio. The values of b and d are listed in
Table 3. It was observed that the d possessed a positive sign
(Table 3), implying covalent bonding nature of Eu3þ-ligand with
increasing concentration of MNPs. This increment in dwas ascribed
to the value of electronegativity difference. With increasing elec-
tronegativity difference between two atoms, the polar covalent
bond became higher. This signified that one of the atoms was more
positive and the other one was more negatively charged. The atom
which attracted electrons toward it becamemore negative and vice
versa. The electronegativity of Mnwas 1.55, oxygenwas 3.61 and Te
was 2.15 which showed that the electronegativity difference be-
tweenMn-Owas higher than those of Te-O bond. Thus, the addition
of MNPs at the expense of TeO2 caused an increase in the number of
covalence bond. The electron pair in Mn-O bonding was shifted
towards the oxygen atom because of the larger electronegativity
value of oxygen.

The alteration in covalency and the ligand environment around
the Eu3þ ion site was affected by the increase in NBO which in turn
modified the covalency of the metal-ligand bond in the glasses.
However, beyond 1.0 mol % of MNPs the observed reduction in the
value of d indicated an increase in the ionic type of bonding. The
relation of dwas inversely proportional to that of b as found in other
glass systems. The decrement in the bwas caused by the decreasing
of effective positive charge connected to europium atom when it
attracted electrons from ligands. The gradual expansion of the d-
orbital of Eu3þ ions produced a larger electron cloud and simulta-
neously allowed the overlap of ligand orbital and d-orbital of
europium. This led to a decrease in the inter-electronic repulsion
between europium and ligand, thereby increased the covalence
bonds. The size of orbital became larger than the single orbital
resulted from the overlapping of two atomic orbitals.

Effectively, the bonding characteristic between Eu3þ ion and
ligands in the glass matrix and the asymmetrical site around Eu3þ

ions were considerably changed due to the embedment of MNPs.
Moreover, the lower the value of nephelauxetic ratio signified the
larger electron cloud generated in the glass sample. It enhanced the
tendency of atomic orbitals overlapping between Eu3þ ion orbital
and ligand orbitals. Thus, the value of bonding parameter was
increased, implying an enhanced covalency.
3.4. Luminescence spectra

Fig. 5 displays the room temperature luminescence spectra of all
BT glass samples under the excitation wavelength (lexc) of 390 nm.
It is comprised of five significant bands centred around 578 nm,
591 nm, 614 nm, 651 nm and 700 nm which were assigned to the
transitions of 5D0/

7F0, 5D0/
7F1, 5D0/

7F2, 5D0/
7F3, and 5D0/

7F4,
respectively. Emission bands located in the region of 580e620 nm
were more affected by the dopant concentration due to spin
reversal, where some of the singlet states have been converted to
the triplet one [26]. Mn2þ being paramagnetic in nature could in-
fluence the ligand Eu3þ ions interactions. Due to high energy
phonons in the glasses, the emissions from the excited levels 5DJ



Fig. 3. HR-TEM images of the BTMEMn2.0 glass at the magnification of (a) 50 nm, (b) 20 nm, (c) lattice spacing of (103) lattice plane direction, (d) SAED pattern of the red box in (c),
and (e) NPs size distribution corresponding to 50 nm magnification. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of
this article.)
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(J ¼ 1,2) undergo a fast non-radiative transition at 5D0 level when
the Eu3þ ions were excited to any level above the 5D0 level. The
intensity of emission bands were diminished due to the increase of
MNPs concentration, which was attributed to quenching effect [26].

It was evident (Fig. 5) that the intensity for 5D0/
7F2 (614 nm)

transition is maximum compared to the others while it was mini-
mum for 5D0/

7F3 (651 nm) transition. The 5D0/
7FJ (J ¼ 5,6)

transitions were not evidenced due to detectors limitations in the
spectrofluorimeter. The intensity for 5D0/

7F2 dipole (ED) (DJ ¼ 2)
transitionwas about three times higher than the onewithmagnetic
dipole (MD) transition (DJ ¼ 1) 5D0/

7F1. These two transitions
constituted the spin forbidden emission bands with (DS ¼ 1) [27].
The 5D0/

7F1,3 transitions were magnetic-dipole allowed which
obeyed the selection rule of jDSj ¼ 0, jDLj ¼ jDJj � 1 except (040,
D1 ¼ 0) and less sensitive to the symmetry of the ligand environ-
ment around the Eu3þ ion site [27,28]. Besides, the 5D0/

7F2,4
transitions were electric-dipole allowed and obeyed the selection
rule of jDSj ¼ 0, jDLj ¼ jDJj � 6, unless J or J0 ¼ 0 when jDJj ¼ 2, 4, 6,
DI ±1 [29]. It strongly depended on the local symmetry around the
Eu3þ ions where the intensities were sensitive on the change in
polarizability of the ligand atoms. In the present study, interactions
of electromagnetic radiation due to the surface plasmon resonance
of MNPs also contributed to the intensity changes in the ED andMD
transitions. Asymmetric ratio (IAS) was defined as the ratio of in-
tegral intensity of the ED transition (5D0/

7F2) to the MD transition
(5D0/

7F1). The expression for IAS yields [30],



Fig. 4. Absorption spectrum of BTMEMn0.0 glass.
Fig. 5. Luminescence spectra of Eu3þ doped and MNPs embedded BT glasses.
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IAS ¼

Z
I0/2ðwÞdwZ
I0/1ðwÞdw

(3)

Values of IAS provide important information about the symme-
try of the ligand field and covalency of the metal-ligand bond. The
IAS values for BTMEMn0.0, BTMEMn0.5, BTMEMn1.0, BTMEMn1.5,
BTMEMn2.0 glasses were found to be 4.09, 4.18, 4.87, 4.80 and 4.48,
respectively. The higher IAS values indicated that the Eu3þ ions were
located in a higher asymmetrical environment due to the aggre-
gation of MNPs. The calculated value of IAS was slightly increased
with the increase of MNPs concentration up to 1.0 mol % and
decreased thereafter. The decrease in IAS values might be due the
transformation of singlet to triplet state in the presence of the spin
orbital coupling effect [26]. The ratio of ED transition (5D0-7F0) to
MD transition (5D0-7F1) is insignificant since the emission peak of
7F0 was very weak. Meanwhile, laser integrated ratio (LIR) of the
corresponding transition from ED (5D0/

7F2) to the MD (5D0/
7F1)

was calculated, which was used to determine the degree of asym-
metry in the vicinity of Eu3þ ions and EueO covalence [31]. The
calculated values of LIR were ranged from 4.19 to 4.72, revealing
that Eu3þ ions occupied a site without inversion symmetry.

Amongst all glasses, BTMEMn1.0 sample possessed higher
magnitude of LIR and followed the trend of BTMEMn1.0
(4.72) > BTMEMn1.5 (4.70) > BTMEMn2.0 (4.33) > BTMEMn0.5
(4.22) > BTMEMn0.0 (4.19). These values were higher than those
reported for the glass system such as Tellurite (2.78) [32], Bor-
ophosphate (2.15) [33] Silicate (3.19) [34] and Phosphate (3.64)
[35]. The higher LIR values implied stronger covalent nature of
bonding which was further supported by the bonding parameter
data. These values were above 1.0 for centro-symmetric and were
below 1.0 for non-centro-symmetric surroundings.

Fig. 6 illustrates the partial energy level diagram of Eu3þ ion
which appears in the proximity of MNPs. Various mechanism such
Table 3
Band positions (cm�1) and bonding parameter (b and d) of the prepared glass system.

Transition BTMEMn0.0 BTMEMn0.5 BTMEMn1.0

7F0 / 5D2 21459 21321 21231
7F0 / 5D1 18656 18761 18796
7F0 / 5D0 17035 17035 17035
b 0.9941 0.9935 0.9926
d 0.5896 ± 0.035 0.6477 ± 0.038 0.7448 ± 0.04
as ground state absorption, energy transfer from NP to the REI,
radiative and nonradiative decay are shown. Upon laser excitation,
the electrons undergo a transition from the ground state (7F0) to
higher excited state 5L6 via ground state absorption (GSA) process.
Simultaneously, MNPs transfer an extra energy to Eu3þ ions.
Thereafter, fast non-radiative (NR: 5L6 / 5D2,1,0) and radiative (R:
5D0/

7F0,1,2,3,4) decay processes through multiphoton relaxation
tend to populate the states. The 5D0 to 7F0,1 transitions responsible
for the orange emission and the rest lie on red emissions at 610 nm,
651 nm and 700 nm. Conversely, the observed PL intensity
quenching is due to the energy transfer from Eu3þ to Mn species.
This energy transfer arises due to the nucleation and aggregation of
large number of NPs in the immediate neighbourhood of Eu3þ ions.
Such clustering of several tiny MNPs cause an overlapping of the
electric field and thus reduce the local field effect mediated energy
transfer from MNPs to Eu3þ ion. Meanwhile, this transfer could be
due to singlet to triplet states transformation [26].
3.5. JuddeOfelt analysis

Almost over half century, the Judd-Ofelt (J-O) [15,36] theory was
broadly used to evaluate the spectroscopic quality of REIs doped
materials. It was routinely used to calculate the oscillator strength
for an induced electric dipole transition from ground state 7F0 to an
excited state. The value of oscillator strengths, (f) was calculated
using the expression [36],

f ¼ 8p2mcv
3hð2J þ 1Þ

�
n2 þ 2

�2
9n

X
l

¼2;4;6Ul

�
JJ

���Ul
���J0J0

�2
(4)

where n is refractive index of the medium, J is the total angular
momentum of the ground state degenerated 2J þ 1 Stark level, n is
the wavenumber of the transition, Ul (l ¼ 2, 4, 6) are J-O intensity
parameters and kUlk2 (l ¼ 2, 4, 6) are the doubly reduced matrix
BTMEMn1.5 BTMEMn2.0 Aquo-ion [17]

21459 21505 21519
18939 18903 18691
17094 17152 17277
1.0000 1.0012 e

4 �0.0086 ± 0.0005 �0.1268±-0.076 e



Fig. 6. Partial energy diagram of Eu3þ ion in the vicinity of MNPs inside the BT glass
matrix (ET: Energy Transfer, R: Radiative Decay and NR: Nonradiative Decay).

Table 4
Wavenumbers and reduced matrix elements for 5D0 /

7FJ’ (J’ ¼ 0e6) transitions in
the studied glass system.

Transition
5D0 /

Type n (cm�1) kU2k2 kU4k2 kU6k2

7F0 Forbidden 17301.03 0 0 0
7F1 Magnetic dipole 16920.47 0 0 0
7F2 Electric dipole 16286.64 0.0032 0 0
7F3 Forbidden 15360.98 0 0 0
7F4 Electric dipole 14306.15 0 0.0023 0
7F5 Forbidden e 0 0 0
7F6 Electric dipole e 0 0 0.0003
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elements evaluated using intermediate coupling approximation for
JJ /J'J' a transition.

The transition intensity depends on the kUlk2 values betweenJJ
and J'J' manifold. J-O analysis for Eu3þ ion was challenging due to
the unavailability of some transitions in the optical absorption
spectra including 7F0 and 7F1 to 5D1,5D2 and 5L6 states. In addition,
the ground state (7F0) and first excited state (7F1) in the Eu3þ ion
were being close to each other (energy gap ~350 cm�1) resulted the
availability of 30% population in the 7F1 state [29]. Consequently,
the J-O model was responsible for thermal correction to the oscil-
lator strength of the corresponding transitions of Eu3þ doped glass
matrices. The observed bands of Eu3þ in the UVeVis absorption
spectrawere not sufficient to fit using this procedure since Eu3þ ion
possessed low-lying allowed charge transfer band. This in turn led
to a breakdown of the J-O theory. Partly, Eu3þ ion was not well
suited for J-O analysis, in contrast to other trivalent lanthanide
(Ln3þ) ions. These limitations were overcome by calculating the J-O
intensity parameters using the emission data instead of the ab-
sorption spectra. Nevertheless, the J-O parameters of Eu3þ ions
calculated from absorption and emission spectra agreed well when
the thermal correctionwas applied to the oscillator strengths of the
transitions.

In the present work luminescence spectra were used as an
alternative approach following [13] to find the J-O parameters of
the prepared Eu3þ doped BT glasses containing MNPs. Due to se-
lection rules and the unique nature of transition intensities for Eu3þ

ion, any one of the kUlk2 parameters decided the intensities of the
transitions since the remaining two were zero [37]. Most of the
matrix elements for transitions starting from the 5D0 level were
zero, except those for the 5D0/
7F2 transition (U(2) ¼ 0.0032),

5D0/
7F4 transition (U(4) ¼ 0.023) and 5D0/

7F6 transition
(U(6) ¼ 0.0002) as enlisted in Table 4.

The three phenomenological intensity parameters Ul (l ¼ 2, 4,
and 6) described the intensity of induced electric dipole transitions.
According to J-O theory, it can be determined by a standard least-
squares fitting approach of Eq. (4). All of the emission transitions
of Eu3þ ions, and the magnetic dipole allowed transition 5D0/

7F1
were independent of the host matrix.Whereas, the induced electric
dipole transitions 5D0/

7FJ (J ¼ 2, 4, 6) were strongly depended on
the host matrix. Thus, Ul (l ¼ 2, 4, 6) parameters was evaluated
solely from the emission transitions of 5D0/

7F2, 5D0/
7F4 and

5D0/
7F6, respectively. The Ul parameters were simply be evalu-

ated from the intensity ratio of the 5D0/
7FJ (J¼ 2 and 4) transitions

(
R
IJdv) to the intensity of the 5D0/

7F1 transition (
R
I1dv) using the

relation [38],

666664
Z

IJdvZ
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777775 ¼ AJ
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Smd
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�3n
�
n2 þ 2
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Ul

�
JJ

���Ul
���J0J0

�2
(5)

where n1 and A1 are the wavenumber and radiative transition
probability of the magnetic dipole 5D0/

7F1 transition,
Smd ¼ 7.83 � 10�42 [39] which refers to the 5D0/

7F1 transition of
Eu3þ ions MD transition, whose line strength is independent from
the host composition or the ionic concentration. Similarly, nJ and AJ
are the wavenumber and radiative transition probability of the
5D0/

7FJ (J ¼ 2 and 4) transitions and kUlk2 are the doubly reduced
square matrix elements (Table 4).

It is well known that the U2 parameter is structure sensitive and
depends on the covalence nature of the RE ion sites. The higher
values of U2 indicated the presence of covalent bonding between
Eu3þ ions and their surrounding ligands as well as the asymmetric
of the local environment of Eu3þ site [40,41]. Additionally, the
higher ligand polarizability was responsible for higher overlap
between the REIs and ligand orbitals. This imparted higher degree
of covalency between the REIs and ligands. It is worth mentioning
that the oxygen ion has higher electronegativity (3.44) compared to
other anions. Consequently, the covalency of RE-O bonds was
smaller than other RE-anion bonds. This led to the reduction of the
U2 values in BTMEMn glass. Meanwhile, the U4 and U6 corre-
sponded to the viscosity and rigidity of the host medium in which
the ions were situated [42].

Generally,U6 parameter was not reported in the literature partly
because of its negligible contribution to the lifetime of Eu3þ ions.
The determined values U2 and U4 of Eu3þ ions for various con-
centrations of MNPs are listed in Table 5. Compared to Eu3þ doped
other host matrices, BTMEMn glass system showed similar trends
in the bonding parameter (U2 > U4). This explained the existing
covalence character between the Eu3þ ion and ligands. Thus,
BTMEMn glass revealed the relative asymmetry at the Eu3þ site and
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covalent EueO bond character. These results were supported by the
luminescence intensity ratio values. The calculated dipole line
strengths were used to evaluate electric (Aed) and magnetic (Amd)
dipole radiative transition probabilities according the following
expressions [41],

Aed ¼ 64p4e2v3

3hð2J þ 1Þ ¼
n
�
n2 þ 2

�2
9

X
l

¼2;4;6Ul

�
JJ

���Ul
���J0J0

�2
(6)

Amd ¼ 64p4v3n3

3hð2J þ 1Þ ½Smd� (7)

where e, l, h and n have their usual meaning. The refractive index
for the BTMEMn1.0 glass was found to be 2.5, which was compa-
rable to values reported for similar compositions [37,42].

The radiative transition probability (A) for a transitionJJ/J0J0

was obtained by summing up the Aed and Amd [41],

AT
�
JJ;J0J0

� ¼ Aed þ Amd (8)

The total radiative transition probability (AT) for an excited state
is given as the sum of the A(JJ, J’J’) terms calculated over all the
terminal states. The relaxation of the excited state JJ to several
lower-lying states J’J’ was expressed by the radiative branching
ratio bR defined as [41],

bR
�
JJ;J0J0

� ¼ A
�
JJ;J0J0

�	
AT ðJJÞ (9)

This rate of depopulation of an excited state was given by the
radiative lifetime, tR(JJ),

tRðJJÞ ¼ 1=AT ðJJÞ (10)

Stronger emission probabilities and more transitions from a
level lead to faster decay and shorter lifetimes. The peak stimulated
emission cross-section s (lp) between the states (JJ) and (J’J’)
having a probability of A(JJ, J’J’) was expressed as [41],

s
�
lp
��
JJ;J0J0

� ¼ l4p
8pcn2Dleff

A
�
JJ;J0J0

�
(11)

where c is the speed of light, lp the peak wavelength, and Dleff is
the effective bandwidth of the emission peak found by dividing the
integrated area of the emission band by its average height.

The radiative parameters such as emission band position (lp,
nm), effective bandwidth (Dleff, nm), radiative transition proba-
bility (A,s�1), stimulated emission cross-section (s � 10�22cm2),
branching ratios (bR), experimental (texp) and calculated (tcal)
lifetimes corresponding to the 5D0/

7F0, 5D0/
7F1, 5D0/

7F2,
5D0/

7F3 and 5D0/
7F4 emission transitions of the Eu3þ ions in the

prepared glasses were calculated and presented in Table 6. All the
Table 5
J-O ( � 10�20cm2) intensity parameter of all prepared BT glass samples.

Glass code J-O Parameters Trends of Ul Ref.

U2 U4 U6

BTMEMn0.0 3.44 0.85 Insignificant U2> U4> U6 Present work
BTMEMn0.5 3.48 0.86 Insignificant U2> U4> U6 Present work
BTMEMn1.0 3.50 0.91 Insignificant U2> U4> U6 Present work
BTMEMn1.5 3.25 0.90 Insignificant U2> U4> U6 Present work
BTMEMn2.0 2.67 0.72 Insignificant U2> U4> U6 Present work
Eu:PbLFB 2.73 0.16 0 U2> U4> U6 [43]
SLBPEu 2.98 0.42 0 U2> U4> U6 [33]
GICZPSEu 1.36 0.25 0 U2> U4> U6 [27]
BPAEu 3.33 0.55 0 U2> U4> U6 [30]
results for the 5D0/
7F2 transition are higher. The stimulated

emission cross-section and branching ratio were the important
laser parameters in the design of new luminescent devices. The
higher values of these parameters predict the higher luminescence
efficiency of the glasses. Furthermore, the achieved values of bR are
50% higher than BTMEMn glass system.

It was established that such compositions have great potential
for laser fabrication. The stimulated emission cross-section is often
used as a parameter to lasing potential. In the present case, the
obtained stimulated emission cross-section and the branching ratio
values corresponding to the 5D0/

7F2 transition were found to be
better than those registered for Eu3þ in lead boro-telluro-
phosphate glasses [27]. However, it was close to those registered
for Eu3þ doped lead fluoroborate glasses [43] which indicated their
potential for laser applications. It was asserted that Eu3þ activated
and MNPs embedded BT glass system was suitable for visible red
laser applications as well as optical display devices at around
614 nm.

3.6. Luminescence decay

Fig. 7 shows the decay curves of 5D0 level for various concen-
trations of MNPs under 390 nm excitations (7F0/ 5D2) while the
emission is monitored at 615 nm. The decay curves of all the pre-
pared glasses were found to be single exponential and listed in
Table 6. The excited state lifetime was evaluated using the below
given expression,

It ¼ I0e
�t=t (12)

where It and Io are the luminescence intensities at time t ¼ 0 and at
‘t’ respectively, t is the lifetime of the excited level.

The estimated experimental lifetime (texp) values were found to
be 1.02, 0.86, 0.78, 0.72, and 0.48 ms corresponding to the
BTMEMn0.0, BTMEMn0.5, BTMEMn1.0, BTMEMn1.5 and
BTMEMn2.0 glasses, respectively. It was clear that addition of MNPs
has significantly changed the lifetime even at very low concentra-
tion (0.5 mol %). These observations were supported by the findings
of Wan et al. [44] on decay analysis of manganese ions in oxide
glasses. It is well known that due to the presence of exchange
interaction, the spin selection rule take place. Consequently, it
reduced the lifetime of emission. This lifetime reduction at higher
concentrations of MNPs caused the formation of exchange coupled
Mn pairs. Additionally, at room temperature the lifetime was
reduced by thermal quenching, which was found to be sample
dependent. The values of texp for BT glasses were comparable or
slightly lower than those of other glass system such as tellurite
(0.793 ms) [32], borophosphate (2.30 ms) [33] and phosphate
(2.34e2.47 ms) [35] which were commonly studied for efficient red
emission. Infact, others glasses caused significant changes in the
values for the lifetime.

The increasing nature asymmetry around the Eu3þ ion sites was
confirmed through the luminescence intensity ratio (LIR) which
was responsible lifetime shortening [30]. Meanwhile, the radiative
lifetime for the prepared BTMEMn0.0, BTMEMn0.5, BTMEMn1.0,
BTMEMn1.5 and BTMEMn2.0 glasses obtained using the J-O theory
was 2.08, 1.86, 1.52, 1.83 and 2.89 ms, respectively (Table 6). It was
observed that texp values were lower than tcal values. The
discrepancy between texp and tcal values was characterized through
the non-radiative relaxation rate (WMPR) of the excited Eu3þ ions.
The multiphonon relaxation rate was calculated according to the
expression:

WMPR ¼ 1
texp

� 1
tcal

(13)



Table 6
Emission band position (lp, nm), effective bandwidth (Dleff, nm), radiative transition probability (A, s�1), stimulated emission cross-section s (�10�22 cm2), branching ratios
(bR), experimental (texp) and calculated (tcal) lifetimes and quantum efficiency (h) of the Eu3þ: MNPs synthesis magnesium BT glasses.

Transition 5D0 / Parameters BTMEMn0.0 BTMEMn0.5 BTMEMn1.0 BTMEMn1.5 BTMEMn2.0

7F1 lp 591 591 591 591 590
Dleff 11.88 11.69 12.03 12.00 11.73
A 148.24 160.11 185.81 170.31 166.86
s 3.75 3.92 3.99 3.89 3.95
bR 21.57 21.00 20.02 21.57 29.21

7F2 lp 614 614 614 614 613
Dleff 11.19 11.12 11.40 11.44 11.69
A 481.25 537.99 658.28 545.69 346.06
s 4.44 16.11 17.41 15.22 9.61
bR 70.00 70.50 70.97 69.01 60.78

7F4 lp 699 699 699 699 699
Dleff 12.38 12.40 13.02 12.99 11.48
A 58.02 64.90 83.58 74.50 57.02
s 2.76 3.27 3.25 3.07 2.49
bR 8.44 8.50 9.01 9.42 10.01

tcal (ms) 2.89 2.08 1.52 1.83 2.89
texp (ms) 0.73 1.02 0.89 0.78 0.64
h (%) 25 49 59 43 34

Fig. 7. Decay curves of the 5D0 excited state of the synthesized BT glasses.
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The calculated values of WMPR for the BTMEMn0.0, BTMEMn0.5,
BTMEMn1.0, BTMEMn1.5, and BTMEMn2.0 samples were 0.99,
0.44, 0.47, 0.74 and 1.02 s�1, respectively. The multiphonon relax-
ation rate was effectively reduced which in turn enhanced the
radiative emission. The quantum efficiency was defined as the rate
Fig. 8. M-H curve of the prepared borotellurite glasses.
of number of photons emitted to the number of photons absorbed.
For RE ion doped glasses, it was determined as the ratio of the
experimental lifetime to the calculated lifetime via:

h ¼ texp
tcal

� 100 (14)

The estimated values of quantum efficiency corresponding to
BTMEMn0.0, BTMEMn0.5, BTMEMn1.0, BTMEMn1.5, and
BTMEMn2.0 glasses were 33%, 55%, 59%, 43% and 25%, respectively.
The quantum efficiency was increased considerably with increasing
concentration of MNPs included in the prepared glasses. The
quantum efficiency of the present BTMEMn glasses was higher than
those registered for Eu3þ doped magnesium borotellurite glass
(39%) [45] and lead boro-tellurite-phosphate glass (46%) [43].
3.7. Magnetic properties

3.7.1. Vibrating sample magnetometer measurement
Fig. 8 shows the room temperature magnetization versus

external magnetic field (M-H) curves recorded of the glass system
as a function of MNPs concentration change. The value of saturation
magnetization (Ms), remanent magnetization (Mr), squareness (Mr/
Ms), coercivity (Hc) and susceptibility (c) of the prepared NPs are
enlisted in Table 7.

The observed enhancement in the magnetization with the
addition of MNPs was ascribed to the NPs magnetic moment
alignment towards the applied field [46]. The magnetic interaction
among the magnetic Mn ions in the glass matrix played a role in
such augmentation of magnetic properties. This was ascribed to the
difference in the surrounding of magnetic atoms which was
contributed by the spin configuration in the core and surface area of
magnetic particles as reported earlier [47]. Furthermore, the
remanent magnetization was also increased with the addition of
MNPs. This was due to the presence of single domain grain struc-
ture with a domain specific atomic field direction. This atomic di-
rection remained unaffected by the influence of external magnetic
field which contributed to the rotation domain and produced large
energy thus enhanced the magnetization. As evident in Table 7, the
squareness (Mr/Ms) of BTMEMn glasses varied with the increase of
MNPs concentrations and the highest value was achieved for
BTMEMn1.0 glass. The calculated value of Hc was ranged from 4.19
to 1424.42 Oe. It was slightly increased for MNPs contents up to
1.0 mol % and decreased beyond this value. The BTMEMn1.0 glass



Table 7
Magnetic properties of prepared BT glasses.

Sample Magnetic parameters

Ms (emug�1)
� 10�2

Mr (emug�1)
� 10�3

Hc (Oe) Mr/Ms (emug�1)
� 10�2

cm (emuOe�1g�1)
� 10�6

g-values Hr (Oe) DHpp (Oe)

BTMEMn0.0 4.95 ± 0.25 0.61 ± 0.03 128.25 ± 6.41 1.36 ± 0.06 4.12 ± 0.21 1.99 ± 0.01 201.52 ± 0.81 79.17 ± 1.58
BTMEMn0.5 5.45 ± 0.25 0.97 ± 0.01 162.01 ± 8.10 1.78 ± 0.08 4.54 ± 0.23 1.95 ± 0.01 218.82 ± 0.87 121.74 ± 2.43
BTMEMn1.0 8.11 ± 0.41 4.06 ± 0.2 1424.42 ± 71.22 5.01 ± 0.25 6.76 ± 0.34 1.89 ± 0.01 226.49 ± 0.91 136.47 ± 2.72
BTMEMn1.5 8.49 ± 0.43 2.30 ± 0.10 81.61 ± 4.08 2.71 ± 0.13 7.08 ± 0.35 1.90 ± 0.01 225.82 ± 0.90 129.87 ± 2.59
BTMEMn2.0 13.31 ± 0.65 2.13 ± 0.11 4.19 ± 0.20 1.61 ± 0.08 11.09 ± 0.55 1.98 ± 0.01 211.88 ± 0.84 84.82 ± 1.69
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was observed to exhibit the highest Hc which was responsible for
the enhancement of magnetizations (see Table 7). The increase of
coercivity explained the increase of surface anisotropy in a spin-
glass-like state [48]. The magnetic susceptibility of the glass sys-
tem was calculated from Ref. [48]:

M ¼ cmH (15)

where cm is themagnetic susceptibility,M is a magnetization and H
is a field. The susceptibility of prepared glasses was increased with
the increase of MNPs concentrations. The single Eu3þ ion anisot-
ropy has affected theMNPs local field environment where themain
contribution was from the changes of electron spin. Hence, the
presence of MNPs in BTMEMn glass with positive susceptibility
confirmed that the material revealed paramagnetic behaviour.
Fig. 9. (a) ESR spectra of Eu3þ: Mn doped BT glasses (b) ESR spectra of MNPs at 1.0 mol
%.
3.7.2. Electron spin resonance spectra
ESR spectra of Eu3þ doped magnesium BT glasses embedded

with various concentrations of MNPs was recorded and presented
in Fig. 9. ESR was used to detect paramagnetic behaviour and to
provide information about the coordination of isolated sites. The
calculated values of magnetic parameters such as resonance mag-
netic field (Hr), peak-to-peak line width (DHpp) and g-factor are
obtained by ESR spectra were summarized in Table 7. The magnetic
resonance spectra are dominated by the intense and broad line. The
broadening of the EPR spectra usually observed in anisotropic an-
tiferromagnets due to the slowing down of spin fluctuations. It was
caused by the presence of defects in the nanopowder leading to
strains thus produced a broad distribution of the magnetic
anisotropy interactions [25]. The shift of the centre of resonance to
the lower fields at higher concentration may be due to nonhomo-
geneous local magnetic field that modified the resonance field. The
introductions of MNPs in glass matrix were responsible in ligand-
field effect which was caused by the variation in the interaction
of outer electron (3d shell) with the inner electron (4f shell).
Consequently, the local environment of manganese was changed
that contributed to the non-symmetrical curve (Fig. 9).

ESR spectra detected the presence of Mn2þ andMn4þ ions in the
glass, whereas Mn3þwas not detected due to the complete splitting
of the energy levels [49]. When MNPs were introduced in BTMEMn
glass, the ESR spectra showed resonance lines as Mn2þ ions were
entered in the glass as paramagnetic probes. This can be considered
as a superposition of two overlapping signals for all concentrations
of MNPs. The highest signal intensity of manganese was displayed
for concentration of 2.0 mol %. The contribution of this signal was
due to the increase of manganese ions and the absence of antifer-
romagnetic interaction between manganese ions in the glass sys-
tem. The increment in the intensity of the signal depended on the
concentration of magnetic ions. The induced magnetic field (ex-
change anisotropy field) was themain source of magnetic moments
for these glass systems [50]. Furthermore, the number of unpaired
electrons was different in different oxidation states. This could be
easily distinguished from the number of fine transitions in the ESR
spectra from their g value [51]. The g valuewas also indicative of the
nature of the bonding. The bonding is said to be ionic if the g value
shows a negative shift with respect to the free electron g value
(2.0023). Conversely, if the shift is positive, the bonding is said to be
more covalent in nature.

In the present work, the rather positive shift in the g value
(1.99e1.89 ¼ þ0.10) was observed as concentration MNPs in the
glass was increased. The value of g ¼ 1.89 is the minimum one
where the bond is in covalence environment as shown by
BTMEMn1.0 sample. All the glass samples with MNPs embedment
exhibited two resonance signals at gz 1.9 and gz 4.3 which were
characteristic of manganese ion. The position of g z 1.9 occurred
due to Mn ions coupled by the exchange that could effect of the site
Mn2þ ion, which was expected to replace the TeO2þ ion in an
environment that is close to octahedral symmetry. Meanwhile, the
resonance at gz 4.3 was attributed to the rhombic surroundings of
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the Mn2þ ions [52]. It was observed that the intensity of the signal g
at 1.9 was more intense compared to g values at 4.3. This indicated
that more number of Mn2þ centers was present in an octahedral
environment than in the rhombic environment [53]. Table 7
revealed that the calculated values of DHpp was increased from
79.17 ± 1.58 to 139.47 ± 2.73 Oe and the values of gwere decreased
from 1.99 to 1.89 when the concentration of MNPs was increased.
This variations of DHpp and g value were due to stronger dipo-
leedipole interactions and super-exchange interactions [54].
Table 7 also showed that the value of the resonant magnetic field
was increased from 201.52 ± 0.81 to 226.49 ± 0.91Oe as the con-
centration of MNPs was increased up to 1.0 mol % and decreased
thereafter. Values of g were calculated using:

g ¼ hv=bH (16)

where h is Planck's constant, n is the microwave frequency, b is the
Bohr magneton (9.274 � 10 �21 erg Oe�1), and H is resonant mag-
netic field, the resonance magnetic field should decrease when the
g increases, whereas n is constant in EPR spectroscopy. Addition of
Mn2þ ions in to the glass matrices caused an increase in the super-
exchange interactions, contributing to the increase of the internal
field and decrease of the resonance magnetic field. These results
provided the clear evidence of surface contribution to the observed
magnetic properties. This was supported by the magnetic proper-
ties via M-H curves. The magnetic field dependence of magneti-
zation M-H curves exhibits hysteresis behaviour at optimum
concentration 1.0 mol % with higher Mr and Hc values was due to
the large surface anisotropy present on the glass matrices. EPR
spectra strongly indicated that Mn2þ centers were in asymmetric
sites (octahedral) and the nature of the bonding was dominantly
covalent type.

4. Conclusion

The effects of MNPs inclusion on the structural, optical and
magnetic properties of Eu3þ doped BT glass system were deter-
mined. Such glass system was prepared using melt quenching
method and thoroughly characterized. XRD pattern confirmed the
amorphous natures of prepared glasses and HR-TEM image verified
the existence of NPs inside the glass matrix. Furthermore, SAED
pattern revealed the d-spacing of MNPs z0.276 nm with the
growth orientation along (103) lattice planes. The value of neph-
elauxetic ratio displayed covalent nature of prepared glasses. The
observed luminescence quenching was attributed to the energy
transfer from europium ion to NPs. The value of U2 exhibited the
strong dependence of covalency between RE ion and ligand ions.
Among the studied glasses, BTMEMn1.0 glass displayed the highest
value of A, bR and s corresponding to the 5D0/

7F2 transition as well
as maximum quantum efficiency. Glass system incorporated with
MNPs showed paramagnetic hysteresis. It was concluded that the
BTMEMn1.0 glass having interesting optical and magnetic proper-
ties were beneficial for wide range of applications including
magneto-optic devices and visible lasers operating at emission
wavelength of 614 nm.
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