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Abstract

A glass system 45B.03-50 Bi203-5M003 glass system containing various proportions of Dy.03 was prepared by the
conventional melt quenching technique. The density (p) and molar volume of the prepared glass is determined. The areas of
BOs and BO4 were obtained from the FTIR spectra deconvolution. The optical absorption and emission spectra have been
systematically studied and discussed. Also using Judd-Ofelt parameters to study the local structure around Dy ions. The yellow
to blue intensity ratio, (Commission Internationale de I'éclairage) CIE chromaticity diagram coordinates, and color temperature
values correlated were also calculated using emission spectra to evaluate the emitted light. The results obtained indicate the

usefulness of glass samples for potential white LED applications.
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1. Introduction

A commercial white light-emitting diode (WLED) is
obtained in two ways. The first method is to use InGaN
LED and YAG: Ce3 + emits blue light and yellow
phosphor. The other way is to use a UV chip to come
out of the RGB phosphor to produce white light [1][2].
These diodes are important solid-state light sources [3]
[4] due to their pros, such as high brightness, low
power consumption, and long time. It has many
problems [1] [4] [5] [6] [7] [8] , such as large amount
of scattered light and low light extraction efficiency,
low lifetime, low thermal stability, low intensity
glossiness and high correlated color temperature (
7750 K) which is complex and expensive. Otherwise,
glasses doped with rare-earth ions with a specific
composition are an alternative to Pc W-LEDs due to
their advantages [6]. It saves electrical energy and
reduces carbon emissions [1] [4] [8][9] [10] also has
excellent chemical and thermal stability, low
fabrication cost, and ease of forming any shape. The
glasses doped with rare-earth ions form the basis of
optical devices such as amplifiers, sensors, and lasers.
It has good emission light in the visible, infrared, and
near-infrared regions of the electromagnetic spectrum.

[11] [12] (Peng et al., 2020). (Dy+3) ion doped with
glass composition is interesting because it absorbs low
energy like UV or blue LED light [8][11] [15] mainly
in the visible region, in the blue region of the spectrum
(460-500 nm), and the yellow region (560—-600 nm).
The ratio between yellow and blue Y/B emission is an
effective tool to probe the structural nature of the
luminescent glass. The intensity of the Y/B emission
depends only on the Dy3 + concentration and the type
of host glasses. This ratio is an important parameter as
it describes the chances of any transitions to occur via
stimulated emission. [1][8][14][16][17][18][19]. The
photoluminescence of Dy3+ doped borate glass was
studied and concluded that, the borate glass sample
contains 0.8 mol% Dy3+ has the highest luminescent
intensity and is suitable for bright yellow light
production [20].V. Uma et al. [21] studied the
structural and optical properties of lithium
tellurofluoroporate glass samples doped with Dy3+
for white light applications and observed that, the
electric dipole transition in luminescence spectra was
predominant compared to the magnetic dipole
transition, and found that the color coordinates of
prepared glasses are found in the white light region.
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Ramteke et al. [22] tested the physical and optical
properties of lithium borosilicate glass doped with
dysprosium ions, and the authors concluded that the
increment of density and molar volume with the
addition of Dy,0s. Photometric studies have
confirmed that this type of glass is likely suitable for
white light applications. P. P. Pawar et al. [8] studied
lithium borate glass samples containing Dy3+ ions
content. It found that the stability of the glass and
optical basicity increased as the optical band gap
decreased with the increase of Dy3+ ions. The
Photoluminescence (PL) emission spectra also show
two intense blue and yellow bands and a weak red
band. They found that the glass samples understudy
useful in setting up pure white LEDs. Xin-Yuan Sun
et al. [23] studied silicate glass doped varies
concentrations of Dy3+ ions. It found that the
optimum doping concentration of Dy3+ ions is 3.0
Wit% by weight. They found silicate glass is more
convenient for generating the white light of blue LED
chips.

The aim of this work is to focus on the preparation of
modifier-free glass and study the effect of adding
renewable energy on the composition and optical
properties of glass samples.

2. Experimental work:

Glass sample composition 50Bi,Os- 5 MoO3- 45
B,0s- x Dy,03; where x=0.05, 0.1, 0.3, 0.5, 0.7, 1
mol% Melt quenching was used in the preparation
process. The samples melted in a porcelain melting-
pot at 3000C for half an hour and then at 10000C for
an hour in an electric muffle furnace (LENTON) and
it immediately poured between two copper plates.

The samples were examined using Philips
Analytical X-ray diffraction system, type PW3710
based on a Cu tube anode with a wavelength Kal=
1.5406 oA and Ka2= 1.54439 oA. The step size was
0.050, and the period per step was 2.5 seconds.

The density of the samples (p) is calculated using
Archimedes principal method with toluene (99.99%
purity) as an immersion liquid. The density of yield:

p=((0.865 W_a))/((W_a-W_b)) gcm-3

where Wa and Wb are the weight of samples in air
and toluene respectively, and 0.865g cm-3 is the
density of toluene at room temperature.
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The Infrared spectrometer (type JASCO FTIR-
4100, Japan) is used to detect the FTIR absorption
spectra of the prepared samples at room temperature.
Infrared spectrometer range is 2000-400 cm-1 with
the aid of the KBr disc technique.

The optical absorption spectra range from 190 to
2500 nm using a computerized recording
spectrophotometer (type JASCO, V-570).

The emission measurements were calculated by
using the (JASCO-FP-6300) Spectrofluorometer in
the (200-800 nm) wavelength range.

3. Results and discussion:
Fig. 1. shows the X-ray diffraction (XRD) patterns of

prepared glass samples. It indicates all the studied
samples are amorphous.
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Fig. 1. X-ray diffraction (XRD) patterns of prepared glass samples
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Fig. 2. FTIR of prepared glass samples
Fig. 2. shows the infrared spectra of glass samples
doped with Dysprosium ions. From fig. 2, it could be
noticed the band at 1636 cm-1 is due to the stretching
vibration of the [OH] group [24]. Also, fig.2 observed
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broad bands that indicate the overlapping of individual
bands from B, Bi, and MO [11]. The stretching and
bending vibration of borate groups are found in three
regions [25]. Starting from the first region in the range
1200-1500 cm™® summarized the presence of the
stretching of BO3 with bridging and non-bridging
types, the second in region 850-1200cm™* represented
the stretching of the BO4 group, and the last region in
600-800cm™ expressed the bending vibration of
boron. The Bi and Mo in borate glass have a dual
nature effect on the group formation and the linkage
between different groups. Bismuth can be present as a
former of the BiO3 group [26] [27] at 848 cm™ and as
a modifier of BiO6 at 565 cm-1 and 485 cm-1. From
fig 2, it observed the band at 450-530 cm[28]
appeared at 0.05 Dy and 0.3 Dy mol% glass samples
assigned to the vibrations of Bi—O-Bi bonds in the
octahedral [BiO6]. The addition of MoOs to the glass
network, results in the following equivalences of Mo6
+ and Mo5 + or Mo4+.[25][29] form the tetrahedral
MoO4 and octahedral MoO6 groups.

MoO3 has two forms when added to glass: at low
content, it acts as a network former, while at high
content, it is a network modifier [25]. As the content
of Mo is low (5 mol%), it probably acts as a former in
the presence of samples. The bands of Mo were found
at 835 and 890 cm™ and assigned to stretching
vibrations of [MoO4] anions [30][31][32]. A band at
880-870 cm* represents MoO6 octahedra [32] and a
band around 600 and 450cm™! assigned to asymmetric
and symmetric vibrations of Mo-O-Mo linkages [25].
It is observed that the band at~415cm™' [26], which
may be due to the vibration of alkali cations (Bi+3)
or/and rare-earth ions (Dy3+).
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Fig.3. the relation between (density and molar volume) and the
Dy203 concentration

Density and molar volume are the basis for studying
the properties of the physical behavior of samples from
the relationship between Density and molar volume as
a function of Dy concentration shown in Fig.3. The
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calculated areas of BO3; and BO,4 obtained from the
FTIR spectra deconvolution are shown in fig. 4.
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Fig.6 the differential method for Eg determination

The fraction of four-coordination boron atoms, N4,
is calculated to measure the relative changes in the
BO; and BOg units shown in fig.5. From Fig. 3, it is
observed that the density increases with increasing Dy
concentration, it attributed to the molecular weight of
Dy,03[33][34], also doping the glass samples with
Dy.0s lead to increment the ratio of oxygen—boron in
network and leading to a compact structure [27].

From fig. 4 observed the lowest values of BOs area,
located at 0.05 and 0.3 Dy mol% points, which mean
the conversion of some borate groups to BiOg group,
and this agree with FTIR analysis.

Optical band gap is the energy required by photons
to excite the electrons from the valence band to the
conduction band. It derived from the derivative
method according to the relation: [35]
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Where a is the absorption coefficient , h is planck’s
constant , v is the frequency, n is the refractive index
and E, . is the optical bandgap energy.

n
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Table 1. various IR peaks observed in the glass systems.

The obtained value observed in table.3 indicate the
decrease of the Eqy value with adding Dy as the
increase of Dy perform the electron localization
tending to increase in the doner center [36][8]. This
value is identical with other researchers [33][37]and is
in agreement with the molar volume trend.

Dy % samples

IR band positions Wave number(cm-1)

0.05 1442 1340 1210 1059 914 730
0.1 1440 1324 1205 1068 917 714
0.3 1425 1360 1301 1222 1046 886
0.5 1428 1314 1206 1045 896 779
0.7 1416 1294 1198 1061 911 737
1 1428 1306 1198 1064 921 771
Table 2.Vibration types of different IR wave numbers
IR band positions Wave number(cm-1) Assignments

1200-1500 cm—1

1406-1490 cm—1

Asymmetric stretching BO bond of [BO3] groups

are assigned to the asymmetrical stretching vibrations with three NBOs of

the B-O-B groups

850-1200 Stretching vibration of B-O-B linkage of tetrahedral BO4 units

848 cm-1 BiO3 former

565 and 485 cm-1 BiO6 modifier

<650 cm-1 may be due to the bond bending vibrations of Bi=O bonds in BiO6
octahedral units and BiO3 pyramidal units

450-530 cm™! assigned to the vibrations of Bi—O-Bi bonds in the octahedral [BiOs)

~415cm—1 may due to the vibration of alkali cation(Bi+3) or/and rare earth ions
(Dy3+)

835 & 870 cm-1 stretching vibrations of [MoO4] anions

880-870 cm-1 MoO6 octahedra

600 cm-1 Asymmetric vibrations of Mo-O-Mo

450 cm-1 symmetric vibrations of Mo-O-Mo

Table.3. Some Physical and optical parameters of the glass samples for different Dy,0; contents

Dymol%  Eg n Ru T ¥*%esu $* Rm M am=Rm/2.52
ahv?

0.05 2.90 2.424 0.173 0.704 2.27 0.388 30.26 0.380 12.01
0.1 2.95 2.410 0.171 0.707 2.15 0.383 30.44 0.384 12.07
0.3 2.93 2.416 0.171 0.706 2.20 0.385 30.33 0.382 12.035
0.5 2.93 2.416 0.171 0.706 2.20 0.385 29.91 0.382 11.86
0.7 2.93 2.416 0.171 0.706 2.20 0.385 31.58 0.382 12.53

1 2.93 2.416 0.171 0.706 2.20 0.385 29.65 0.382 11.76

By using the optical bandgap, the refractive index
of samples using the following relation:
n?-1

n2+2=

Eopt
20

1-—

In continuous reflection (RL), transmission (T) and

the third-order nonlinear susceptibility x®
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parameters determined according
relations [38]

el

to the following

n-1 2
n+1

_ 2n
n2+1

X® = [x®]* x 10710

And

where x(1) is the linear optical susceptibility
calculated as
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(n* —1)

4n

The total polarizability of material per mole
through Lorenz-Lorenz equation from the relation [39]

Rm=[(n§ — 1)/(0§ + 2))IVnm

The metallization [40] is an important value that
determined the nature of bonding in each glass sample
according to the relation

M=1—1m
Vm

The magnitude of electron cloud deformation under
the application of electromagnetic wave arising from
the presence of oxygen in glass with different shapes
as bridging, non-bridging, or negative charge called
Electronic  polarizability [38][39][41] calculated
according to the following relation

3
41TNA)Rm

Where om is electronic polarizability, NA
represents the Avogadro’s number. The obtained
values are tabulated in table 3, from table many
physical properties are explained, as the values of X®
which indicate the availability of using glass in
nonlinear optical applications, the values of
metallization is less than unity and constant as the
nonmetallic bond [42], at constant concentration of
bismuth oxide, the importance of prepared glass in

using as nonlinear optical application[38]
12
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Fig. 7. UV-Vis optical absorption spectra of glasses with
different Dy,05 contents.

Fig. 7. shows the optical absorption of samples
under study exhibited the following resolved peaks
[18][21] 6H15/2—6H11/2 (1688nm),
6F11/2+6H9/2(1274nm), 6F9/2+6H7/2 (1090nm),
6F7/2 (900nm), 6F5/2 (806nm) and 6F3/2 (758nm).
The intensity of the absorption peaks increases without
any significant shift in the peak position. The
oscillator strengths in the experimental method
determined according to the relation [21]

fexp=4.318 x 107° [ a(v)dv
The oscillator strength could be
theoretically according to the relation [21]

S

determined

8n?mc(n?+1)2

feal = = o =246 Il W[|u*|e1)?
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Where v is the wavenumber (cm 1) of the excitation
from ground state(yJ) to the excited state (y’J’), C is
the velocity of light in vacuum; m is the rest mass of

an electron and ||U?]|” doubly reduced matrix element.
The fit quality between the obtained Fcal and Fexp

values (in table4) determine from the root-mean-

square deviation based on the following equation:

fexp—fcal)2]'/?
rms= Z(et\?f;a)] (5)

Where N is the total number of the energy levels
used in the fit.

The lowest values of érms ranged from 10-6 give
the high quality and validity of JO analysis. Judd-Ofelt
parameters Q2, Q4, and Q6 are interesting for
investigating the local structure in a glass matrix
around a rare-earth ion. From the obtained parameters,
Q2 has a higher value than Q4, and Q6 indicates the
higher covalency and asymmetry around Dy3+ [18].

Many researchers studied the bismuth borate glass

containing Dy ions and found the position of Dy in an
asymmetric site with a weak bond with oxygen
surrounding it [43][44][45][46][47].
Judd-Ofelt parameters are beneficial in predicting the
relaxation of Dy from the metastable level 4F9/2
formed laser emission determined by the ratio
0Q4/Q6[43][45][46]. From the value of Q4/Q6 in table
4 it is observed that the values increase with the
increase of Dy concentration to reach a maximum
value 1.2 at 1 Dy mol%, predicting the ability of
material for the laser emission.
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Fig. 8. illustrates the excitation spectra of the high
concentration glass sample with 1mol% Dy by
monitoring emission at 575nm. It is observed that the
six bands[48][20][49] at 352, 367, 384, 429, 454,and
476nm represented the excitation from the 6H15/2
(ground level ) to 6P7/2, 6P5/2, 4113/2, 4G11/2,
4113/2 and 4F9/2 (an excited level ) respectively, with
high intensity located at 384 nm, in accordance with
the literature [50][51] [52].
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Table 4.Experimental and calculated oscillator strengths for Dy3+doped glass

1Dy% 0.7Dy% 0.5Dy% 0.3Dy%
Anm Fexp fcal fexp fcal fexp fcal fexp Fcal
1674 6.71 6.62 8.80 7.67 12 9.43 5.73 5.07
1276 44.8 47.8 42.8 45.8 50 537 275 29.3
1096 11.4 11.9 14 14.2 135 13 7.05 7.07
902 7.74 8.96 8.25 11.6 7.68 13 4.96 6.94
810 2.94 3.94 3.15 5.33 1.22 6.53 2.06 3.48
758 0.31 0.74 0.26 1 0.42 1.23
Arms 351 483 6.97 3.27
Q4/Q6 1.20E+00 9.08E-01 3.67E-01 3.96E-01
determining the efficiency of the white LED and the
300 . symmetry around Dy. The higher Y/B illustrates the
0 1 asymmetric ligand environment [50]. From the Y/B
gzm 1 H values in table 5, the Y/B ratio increased with the Dy
£150 | “ concentration increament up to 0.5 mol% to reach the
E100 | | maximum value and then decrease, which could
LI 1 iy explain the possibility of white light emission [57].
50 4 { § \/\-__J - . .
N - \/\i v — The color is a result of the ratio of the primary
300 350 400 450 500 550 color[25] is beneficial in a determination by 2 points
wavelengh nm

Fig. 8. the excitation spectra of glass sample with 1mol% Dy.
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Fig 9. Emission spectra of glasses with different Dy203 contents
excitation energy at 450 nm

Fig. 9. shows the emission of glass samples doped

with Dy3+ excited at 384nm. From fig 7, it could

be observed that the three emission bands.[21][53]

at 485nm (4F9/2 ->6H15/2) represents the blue
emission and it has a magnetic dipole transition which
is less efficient with the composition system. The band
at 575-584nm (4F9/2-> 6H13/2) represents the yellow
emission. It has electric dipole transition that is
affected by the glass surrounding it and at 650nm
(6H11/2) represents the red emission. From figx
observed the transition 4F9/2 -> 6H15/2 is relatively
quite weak, and 4F9/2 -> 6H13/2 transition is
hypersensitive. The 4F9/2->6H13/2 transition is
heavily affected by the environment around the
Dy3+ion site, referring to the lower symmetry around
the Dy3+ ions sites as well as the higher covalency
between Dy and oxygen ligand[54][52][55]. The ratio
between the electric and the magnetic dipoles [56]

Egypt. J. Chem. 65, No. 7 (2022)

by CIE 1931 chromaticity. The measured points
produced in the emission spectra and the CIE 1931
chromaticity determine the (X, y) points for each glass
sample excited at 384nm shown in fig. 10. From fig.
10., the values extracted from the CIE 1931
chromaticity tabulate in table 5. The results obtained
in the table and with the aid of fig.10 are observed the
higher values of x,y chromaticity that represent the
prepared glass samples ranged in the white region. The
two-point produced by CIE 1931
choromaticity[14][19] [25] reduced to one point with
the introduction of the Correlated Color Temperature
(CCT). CCT important light characterization as
Today the light, it is classified as the cool light used in
many places such as schools, offices, and hospitals, or
the warm light used in houses and restaurants. CCT
determined by the following relation
CCT = —449n3 + 352n% — 6823n + 5520.33
Where n= (x-0.332)/(y-0.186)

and CCT

x —0.332

ne— "=

y —0.186
With the help of Judd Ofelt parameters which
obtained from the absorption spectra, it can predict the
radiative parameter as the transition probability from
the ground state to the excited state according to the
relation[58]

_64m*v® [n(n® +2)? s
“3h(2J+ 1) 9n ed
Where n is the refractive index, n is the energy of the



SPECTROSCOPIC STUDIES OF DY?* ION DOPED MOLYBDENUM BISMUTH BORATE GLASSES ... 721

transition (cm-1), Sed is the electric-dipole line
strength and calculated according to the following
relation.
Sea= ¢ ) U’
A=2,4,6

In which QA is the JO parameters, and || Uk" is the
double squares reduced unit tensor operators for the
luminescence states

The total transition probability of emission level is

given by [58]:
AT = Z A
The predicted radiative lifetime (TR) [50] given by
R = [Ar(¥D]T
ratio

The branching

(BR)

luminescence

Table 5. J-O Intensity parameters, Y/B ratio,(X,Y) chromaticity

[59]corresponding to the emission from the excited
level (4F9/2)to a lower level that characterizes the
lasing power of the potential laser transitions from the
relation and it calculated as the emission transition
having a luminescence branching ratio (BR) greater
than 50%[49] is considered to have more potential for
laser emission
5 = A1)

T AN(YD
And can be calculated experimentally from the
intensities of emission bands.
The integrated absorption cross-section, ca [58], for
the stimulated emission for a fluorescent level is given
by

1 A

~ v2 8men?
All the values are calculated and tabulated in table 6.

Oa

Dymol% 0.05 0.1 0.3 0.5 0.7 1
Q) *10-20 —-— e 02=28.3 Q2=52 02=39.8 Q2=42.7
Q4=2.59 Q4=4.5 Q4=9.09 Q4=8.87
Q6=6.54 0Q6=12.3 Q6=10.01 Q6=7.39
Y/B 6.482363 7.431295 4.702516 5.072605 4.702516 4.961579
Xy) (0.327,0.321) (0.329,0.331) (0.318,0.318) (0.317,0.31) (0.33,0.32) (0.323,0.319)
chromaticity
CCT 5753 5652 6240 6255 5525 5966
Table 6 The radiative life time and branching ratio calculations
Dyconc% A AT=YA BR calc TR=[AT]-1 6=A/(8ncn2)v2
0.3 485 188.5 1170.3 16.108 854.4386 1.0081E-19
576 981.8 83.892 7.4051E-19
05 485 352.6 2161.6 16.311 462.6273 1.88551E-19
576 1809.0 83.689 1.36443E-18
0.7 485 3034 1758.3 17.253 568.7400 1.6223E-19
576 1454.9 82.747 1.09737E-18
1 485 230.1 1681.5 13.685 594.6912 1.23064E-19
576 1451.4 86.315 1.09474E-18

From table 6, it is observed that the branching ratio
calculated from Judd Ofelt is analogous to the values
obtained from experimental results for yellow
transition and has a higher value than blue emission
that the relatively larger Bcal values and stimulated

Egypt. J. Chem. 65, No. 7 (2022)

emission cross-sections are observed the values
decrease with the increase of Dy concentrations;
making them promising materials for lasing action
[43] through the emission channel 4F9/2-6H13/2 with
a wavelength around 576 nm.
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Fig. 10. The color coordination of glass samples doped with Dy exited 450nm

4. Conclusions

A glass of molybdenum-bismuth borate containing
dysprosium ions was prepared. The glassy nature of
the behavior of samples is confirmed using the XRD
spectrum. The amorphous nature was determined from
the first sight of glass samples that it appeared clear
and confirmed with XRD measurement. The vibration
Agroups related to molybdenum bismuth borate
glasses is determined using the FT-IR technique. The
highest values of Q2 represent covalent bonding
nature. The branching ratios and emission cross-
sectional values reveal the availability of the glass
samples understudy for the applications of yellow
laser. The obtained results are reliable with the CIE
chromaticity coordinates and the Y/B ratio.
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