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Abstract

Borate glass systems have been extensively studied for practical applications in optical display
devices by virtue of their peculiar luminescence efficiency. However, the attainment of high
emission from borate glass materials via apposite control of rare earth ions (REIs) contents
remains a topical issue in Material Physics. In this paper, we report the influence of REIs (Dy?",
Eu**, and Sm*") on multiple-colour emission of magnesium sodium borate (MSB) glasses
fabricated by using the conventional melt-quenching method. These glasses were optically
characterized via X-ray Diffraction (XRD), UV-VIS-NIR and Photoluminescence techniques.
The XRD pattern confirms the amorphous nature of the as-prepared glasses. The absorption
spectra disclosed several absorption bands at 347 nm (°Hs;» — °P72) for Dy**, 393 nm ("Fy —
SLe) for Eu** and 403 nm (°Hs;, —°Ps;) assigned for Sm** respectively. Also, the emission
spectra radiate at 463 nm (*Fo, — SF112 + °Hop), 612 nm (°Dy — F)) and 599 nm (*Gsp —
Hp) for Dy**, Eu®", and Sm** correspondingly, wherein Dy** emits blue, yellow, and red light,
Eu’* emits red light and Sm>* emits reddish-orange light. Finally, 1.0 mol% content of Dy*",
Eu’*, and Sm*" in MSB glasses was found to be optimal and hence considered the best optical

host for colour display devices.
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I. INTRODUCTION

lass is a non-crystalline solid with a short-range order of

solids which can melt below the glass transition
temperature [1, 2]. Among the distinct class of glasses, borate
(B203) glass matrices are spotted as the most suitable host for
rare earth ion doping [3-6]. However, sodium oxide (NaO)
incorporation in borate glass disclosed a unique superstructure
intermediate range order (IRO) that makes them
fundamentally interesting through composition variation or
thermal and pressure history control [7, 8]. The addition of
other network modifiers such as Magnesium oxide (MgO), to
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the sodium borate glass network can bring appealing changes
in optical and physical properties. MgO being a very good
network modifier can change the local symmetry around the
borate network by changing BOs units into BO4 and makes the
glass stronger and more closely packed [9, 10]. Moreover, the
existence of MgO may also reduce the hygroscopic nature
allied with the borate host which is very crucial for many
glasses to get stability against devitrification [11]. Despite
immeasurable studies on the impact of various dopants (rare
earth ions, REIs), only a few authors have simultaneously
reported the effect of three different REIs on a single glass
host (12, 13). Driven by this basis, herein we present the
synthesis and characterization of magnesium sodium borate
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glasses to ascertain the impact of three divergent rare earth
ions (REIs) like dysprosium (Dy*"), europium (Eu*"), and
samarium (Sm**) on their visible light emission performance.

II. EXPERIMENTAL PROCEDURES

A. Sample Preparation

The magnesium sodium borate (MSB) glass series with
nominal composition of 20nao- xmgo-(80-x)b,03 (with x =10,
20 and 30 mol%) for undoped and 20nao-30mgo-(50-x)b,03-
xre03 (with x = 0.1, 0.9 and 1.0 mol%) for doped samples
were prepared by standard melts quench technique and the
glass compositions designations alongside the digital image of
the as-prepared glass samples are well-presented in Table 1. 20
g of each sample was weighed using the analytical balance and
thoroughly mixed in alumina crucible. The mixture was
melted at 1100°c for 45 minutes and subsequently transferred
to a low-temperature furnace and annealed at 350°c for 3
hours.

Table I. Composition of prepared MSB glass samples

As-prepared  Sample Composition (mol %)

sample code B;0s NaO  MgO Dy:0s Ew0s SO
Sl 70.0 20.0 10.0 - - -
l@ . s2 60.0 200 200 - - =
= s3 50.0 200 300 - - .
sS4 49.9 20.0 30.0 0.1
Q S5 40.5 200 300 05
S6 49.0 20.0 30.0 1.0 - -
s7 409 200 300 - 0.1 z
O sg 490.5 200 300 - 0.5 :
S0 49.0 200 300 - 1.0 2
_ S10 49.9 20.0 30.0 - - 0.1
C S1l 49.5 20.0 30.0 - - 0.5
- S12 49.0 20.0 30.0 - - 1.0

B. Sample Characterization

The amorphous nature of the prepared glass samples is
determined using the Rigaku AX-2500 Advance X-ray
diffractometer that is equipped with a Cu-K-f filter having a
wavelength of 1.54 A. It was calibrated to measure in the
range of 20 from 3° to 100° whereas the absorption spectra of
all MSB glasses are exposed by using Shimadzu UV-3600
UV-VIS-NIR Spectrophotometer ranging from 200 to 800
nm. The emission spectra are analyzed using Horiba
Fluoromax-4 Spectrofluorometer measured from 300 to 1000
nm. The excitation wavelength of the MSB glasses was varied
depending on REIs (Dy**, 347 nm, Eu**, 394 nm, and Sm?",
403 nm) to inspect their prominent visible emission.
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III. RESULTS AND DISCUSSION

A. XRD Analysis

The XRD pattern of the undoped and Dy**, Eu*, and Sm**
doped MSB glasses obtained in the 26 range from 10° to 90°
is epitomized in Fig. 1. Apparently, the absences of discrete
peaks but the presence of broad peaks validate the amorphous
nature of these glasses. A similar result was obtained in
another borate host [3].

—— S3-MSB

—— S6-MSB:1.0Dy
S9-MSB:1.0Eu

—— S12-MSB:1.0Sm

Intensity (a.u.)

26 (%)

Fig. 1 The XRD pattern of selected MSB glass from each
series

B. Absorption Spectra Analysis

The absorption spectra of MSB glasses with varying
contents of REIs are shown in Fig. 2.

Fig. 2 (a) shows the second series which consists of
different concentrations of Dy,O; doped MSB glasses
analysed and a total of eight peaks were observed centred at
347 nm, 363 nm, 386 nm, 424 nm, 452 nm, 471 nm, 645 nm,
and 746 nm defined as the absorption bands. These absorption
bands are attributed from the ground state ®Hjs ), to the excited
states °P7a, “Psp, ‘lisp, *Gup, *Lisp, *Fop, °Fin, ®Fap
respectively [13]. Fig. 2 (b) demonstrates the third series
having Eu;O; as the dopant. Five absorption bands were
observed at 378 nm, 393 nm, 414 nm, 464 nm, and 532 nm
and associated respectively to the transition from the ground
state "Fo to the excited states Gy, 5L, °Ds, °D», and °D; [14,
15]. The last series of Sm>O3 doped MSB glass are analysed
and the absorption spectra are illustrated in Fig. 2 (c). Six
bands are observed and located at 344 nm, 361 nm, 374 nm,
403 nm, 440 nm, and 473 nm. These bands are associated with
the transitions from the ground state °Hs, to the excited states
4D7/2, 4D3/2, 6P7/2, 6P5/2, 4G()/z and 413/2 [16] We can conclude
that the increase in dopant rare earth concentration affect the
increases of absorbance to the MSB glasses.

©DOP_KASU Publishing



PHYSICS

Garba et al.

Absorbance (a.u.)

Absorbance (a.u.)

S7-MSB:0.1Eu
= S8 MSB:0.5Eu
- = S9-MSB:1.0Eu
= 0
= (nd
-~
(<]
[P}
5 o,
5 E ™,
§ A :
< A ::_I'H
] : ] I ]
450 500 550

(b) Wavelength (nm)

-S10-MSB:0.1Sm
= S11-MSB:0.5Sm
= 512-MSB:1.0Sm

H_—>

(c)

1
400

J
450 500 550 600

Wavelength (nm)

Fig. 2 The absorption spectra of MSB doped REIs (a) Dy**, (b) Eu** and (c) Sm3

C. Emission Spectra Analysis

Fig. 3 shows the emission spectra of MSB doped with Dy*",
Eu37, and Sm3™. Fig. 3 (a) depicts the luminescence spectra of
Dy** doped with MSB glasses excited at 347 nm. The sum of
eight visible emission bands was observed at 419 nm, 443 nm,
451 nm, 463 nm, 482 nm, 573 nm, 598 nm, and 627 nm
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assigned to the *Giip — “Hisp, “lisz — *Hisn, “lisn — “Hiip,
*Fo, = Friz + °Hop, *Fo, — ®Fopp + *Hyp, °F12 — Hsp, F1n
— ®Fy, and °F1» — °Fs; respectively. Among all of these
transitions, the transition at 482 nm (blue) disclosed the
highest intensity which is attributed to the electric dipole
transition [17]. The maximum emission intensity occurs for
sample S6 with 1.0 % mol Dy,0s.
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Fig. 3 Emission spectra of (a) Dy3+, (b) Eu3+, and (c¢) Sm3+

The Eu’" doped MSB glasses series shows reasonable
emission spectra (Fig. 4 (b).) ranging from 540 nm to 730 nm
under 394 nm excitation light. The spectra unveiled seven
emission bands situated at 558 nm, 576 nm, 589 nm, 612 nm,
649 nm, 701 nm, and 712 nm assigning to Dy — "F; where J
=0,1,2,3,4,5, and 6 respectively. The most intense transition
is "Dy — ’F; centred at 612 nm (red emission) and host-
dependent hypersensitive [16]. The second intense transition
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is Do — 7F; peaking at 576 nm (yellow or bright orange
region) and is ascribed to the magnetic dipole transition [16].
It is also observed from this Fig. that emission intensity is
maximum for 1.0 mol % Eu,0s.

The emission spectra of Sm** doped MSB glasses are
demonstrated in Fig. 3 (c). The emission bands centred at 563
nm, 599 nm, 646 nm, 712 nm, 728 nm, and 766 nm correspond
to the*Gs, — ®Hy(J = 5/2, 7/2, and 9/2) and °F 1, — *Hg (K =
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11/2, 13/2, 15/2) transitions respectively. The transition *Gs)
— SHyp, is the most intense followed by *Gs, — °Hy (J = 9/2,
and 5/2). The remaining transitions are in lower intensity thus
have weak emissions. *Gs, — ®Hyp transition has electric
dipole while *Gs, — °H; (J = 9/2, and 5/2) contain magnetic
dipole [18]. The trend of the emission spectra’ intensity of
Sm*" and Eu®" is almost similar which implies that more
concentration (mol %) of Eu** and Sm>" in MSB will increase
their emission intensity. Table II shows a comparison between
the excitation and the most noticeable emission wavelength
attained in this study with those obtained in other related
glasses.

Table II. Comparison of the observed excitation and
prominent emission wavelengths with reported data on similar
glass systems.

Glasses Excitation Prominent observed emission wavelength (nm)  Ref.

wavelength (nm)

S4-MSB:1.0Dy 347 432 573 598 625 Present work
S4-MSB:1.0Eu 394 589 612 649 701 Present work
S4-MSB:1.0Sm 403 563 599 0646 712 Present work
StMB0.7Dy 347 481 572 660 - [19]
StMBO0.5Sm 389 520 588 650 702 [19]
1Sm-CW 405 564 607 646 706 [20]
IDy-CW 388 478 487 574 661 [20]
1Eu-CW 394 591 615 654 701 [20]

IV. CONCLUSION

In-swift, Dy**, Eu**, and Sm>* singly doped MSB glasses have
been successfully prepared by using a melt quenching route
and optically analyze to comprehend their emission
proficiency. The absorption spectra of each rare earth ion
show that the most intense absorption bands for Dy**, Eu®*,
and Sm*" were located at 347 nm, 393 nm, and 403 nm
respectively depending on the concentration. Meanwhile, the
emission spectra demonstrate the highest emission intensity
situated at 463 nm, 612 nm, and 599 nm for Dy**, Eu**, and
Sm?* correspondingly where 1.0 mol% contents of Dy**, Eu®*,
and Sm*" in MSB glasses was identified as best host with
dazzling emission. This revelation reflects the potency of the
present glass system in solid-state lasers and colour display
device construction.
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