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Synthesis and photoluminescence behaviour of
dysprosium doped barium bismuth borate glasses
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Dysprosium doped barium bismuth borate glasses (BBOD) with the chemical composition (75-x) H3BOs+ 15BaCOs+ 10
Bi2O3 + x Dy203 (Wwhere x= 0.05, 0.1, 0.25in wt %) were prepared by melt quenching method. XRD analysis was used to
confirm the amorphous nature. The prepared glass sample was characterised through optical absorption and fluorescence
spectra. The presence of stretching and bending vibrational modes of borates (BOs, BOs and non-bridging oxygen atoms)
in the prepared glasses were explored through FTIR analysis. Thermal analysis reveals the homogenous formation of the
glasses. The glass transition temperatures were also obtained from the DSC spectra. Photoluminescence spectra of the
prepared glasses reveal two intense emission bands in the visible regions (blue and yellow). The x, y color chromaticity
coordinates of the prepared glasses were analysed using a CIE 1931 color chromaticity diagram and it is presented.
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1. Introduction

Rare earth doped materials receive great attention due
to their various photonic applications including solid state
lasers, color displays, optical telecommunications, optical
amplifiers, optical data storage, optical printing, remote
sensors and etc. [1,2]. Glasses containing rare earth ions in
various forms such as network formers, modifiers or
luminescent ions receive great deal of interest for their
unique optical, electrical and various other properties [3].
Borate glasses are widely investigated for several
technological applications. Among the other conventional
glasses like phosphate, germanate, vanadate and tellurite
oxide glasses,the borate glasses are good host matrices for
the rare earth ions because of their good glass forming
nature, thermal stability, chemical durability and good
transparency [4]. Compared to other oxides, borates
possess high phonon energies (~1300 cm™) which leads to
non-radiative transition. Due to this aspect we incorporate
heavy metal oxides like bismuth which allow a reduction
in the phonon energy and enhance possible radiative
transitions. Glasses doped with trivalent rare earth ions are
also considered to be promising materials for optical
amplifiers [5]. Among numerous rare earth ions,
dysprosium (Dy) is one of the vital role for white LED
applications due to its yellow and blue intense emission
bands. Dysprosium doped solid state systems are often
simply excited because of their excitation spectra display
many 4f-4f electronic bands.

Recently, Dy*" ions were incorporated in phosphate
glasses was analysed by Surendra Babu [6]. Optical

absorption and photoluminescence properties  of
Dy>*doped heavy metal borate glasses were discussed by
Sasikumar et al. [7]. Structure and spectroscopy of
neodymium and erbium doped lead phosphate glasses
investigated by Wojciech et al. [8]. White light generation
from Dy®" doped tellurite glasses was demonstrated by
Kamel Damak et al. [9]. Spectroscopic and
photoluminescence characteristics of Dy** ions in lead
containing sodium fluoroborate glasses for laser materials
were studied by Madhukar Reddy et al. [10].
Luminescence quenching of Dysprosiumions in lead
bismuth glasses were reported by Pisarska et al [11]. The
luminescence spectra of Dy*®" ions in heavy metal glasses
and glass ceramics were reported by Mohan Babu et al.
[12], Tenabe et al [13] and Babu et al [14]. Dy** ions
doped borate glasses for yellow and blue luminescence
band in visible and NIR regions were reported by
Kaminski et al [15, 16].

In the present work, thermal and spectroscopic
properties of Dy** doped barium bismuth borate glasses
were investigated and reported. The purpose of the present
study is to synthesise three different concentrations of
Dy>* doped barium bismuth borate glasses (BBOD) and to
characterize the samples using XRD, FTIR, DTA, PL etc.
The studies of absorption and photoluminescence were
performed in order to find the suitability of the prepared
glasses for near white light emission applications and the
results are discussed.
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2. Experimental method

Dy** doped barium bismuth borate glasses (BBOD)
were prepared by the conventional melt quenching
technique. High purity analytical grade chemicals such as
boric acid (H3BOj3), barium carbonate (BaCOj3), bismuth
oxide (Bi;O3) and dysprosium oxide (Dy,03) were
purchased from Sigma- Aldrich and were used as raw
materials to prepare few glasses. Approximately 15 gm
batches of chemicals were mixed and grinded in required
proportions in an agate mortar. The mixtures were
transferred into a porcelain crucible and were melted at
1000°C in a high temperature furnace at ambient
atmosphere. After one hour the melt was poured on a
preheated brass plate mould maintained at 350°C for 10 h
to remove the thermal strain, to avoid the formation of air
bubbles and to improve the mechanical strength. The
samples were slowly cooled to room temperature. The
glass samples with were labelled as 0.05BBOD, 0.1
BBOD and 0.25 BBOD respectively. The prepared glass
samples were polished carefully before the optical
measurements.

X-ray diffraction measurements were carried out
using a JEOL 8530 x-ray diffractometer employing CuKa
radiation source. The IR transmission spectra were
measured using a Perkin-Elmer Paragon 500 FTIR
spectrometer operating in the range 400 — 4000 cm™
adopting the KBr pellet method. The absorption spectra
were recorded between 350 to 800 nm by using Perkin—
Elmer—Lambda 950 UV-Vis-NIR spectrometer with a
spectral resolution of £0.1 nm. The glass sample (5 mg)
was heated in a platinum pan at the rate of 10 °C/min in
the temperature range 30-1200 °C and their thermal
behaviour (glass transition temperature Ty, glass
crystallization temperature T, and melting temperature Tp,)
was measured by DSC thermal analyser SDT Q600 V8.3
Build 101. The photoluminescence spectra were recorded
using a Perkin-Elmer LS55 spectrometer in the
wavelength of 500 to 700 nm with a spectral resolution of
+1.0 nm at room temperature.

3. Results and discussions

3.1. Structural analysis
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Fig. 1. XRD pattern of the Dy** doped Barium Bismuth
Borate glass
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The XRD pattern of the Dy** doped 0.1 BBOD glass
shown in Fig. 1. This exhibits broad diffused scattering at
lower angles suggesting the long range structural disorder
and confirms the amorphous nature of the prepared
glasses.

3.2. FTIR analysis

Infrared spectroscopy is used to identify the presence
functional groups in the prepared glasses. FTIR spectra of
the Dy>* doped barium bismuth borate glasses were
recorded in the wave number region 400 — 4000 cm™ and
the same is shown in Fig. 2. The percentage transmission
of the radiation is found to be maximum between 650 and
3000 cm! for all the glasses. The weak shoulder around
455 cm™* is assigned to isolated diborate group (BO,). The
absorption around 714 cm™ is assigned to the oxygen
bridges between two trigonal boron atoms and is attributed
to B-O-B bending vibrations. The peak positions around
1010 cm™* confirm the stretching vibrations of BO, group.
The broad band at 1410 cm™ in the spectra is due to the B-
O asymmetric stretching of BO3z units. The peak around
3662 cm? is attributed to the fundamental stretching of the
O-H groups and the peaks around 2852 cm™, 2934 cm*
reveal the presence of hydrogen bonding. [18-21]. The
characteristic active modes of vibrations of borate network
in all these glasses are similar to other borate based glasses
reported earlier [22,23].
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Fig. 2. Infrared spectra of the Dy** doped Barium
Bismuth Borate glass

3.3. Thermal analysis

DSC analysis was carried out in order to establish the
thermal stability of the prepared glass and is shown in Fig.
3. Through the DSC thermograms, the glass transition
temperature (Tg), crystallization temperature (T¢) and the
melting temperature (T were identified.

Glass stability factor (S) = (T¢-Ty) ()
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Hruby’s parameter (HR) =(TeT)/(TwrTe) (2

These values calculated from the measured values of
Ty, Te, and Ty, and the results were presented in Table 1.
The prepared glass has high stability factor (T - Tg) and
minimum temperature interval between crystallization&
melting is determined which creates the best candidate for
optical fiber fabrication technology [24] as there is a
reduced chance of crystallization. The value of the
Hruby’s parameter is high and it leads the large glass
forming tendency.

Table 1. Glass transition temperature (Tg), glass

crystallization temperature (T.) and melting temperature

(Twm) and stability factor (S), Hruby’s parameter (Hg) of
the prepared Dy*>* doped barium bismuth borate glass
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Fig. 3. DSC of the Dy** doped Barium Bismuth Borate glass

3.4. Absorption spectra
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Fig. 4. Absorption spectrum of the Dy** doped Barium
Bismuth Borate glass

Optical absorption spectrum of the Dy** doped barium
bismuth borate glasses were recorded in the visible region
and is shown in Fig. 4. The spectrum exhibits four
absorptions centered at 449, 469,751 and 801nm that
originates due to the electric dipole (ED) transition from
the ®Hys), ground state to the various excited states of
dysprosium ion such as “*lis;, “Ferp, ®Fa and °Fsp
respectively. The observed band positions are found to be
same irrespective of the change in the glass compositions
and the band assignments were made based on the
reported literature [25].

3.5. Excitation and emission spectra

Fig. 5 shows the excitation spectra of the Dy** doped
barium bismuth borate glasses by fixing the emission
wavelength at 595 nm. The excitation spectra were
recorded in the spectral region 300-500 nm. Six bands that
correspond to the transitions from 6H15,2 to different
excited states, ®P7, (350 nm), ®Ps;; (365 nm), *ly3, (387
nm), “Gi12 (426 nm), *lis» (453 nm) and *Fe, (471 nm)
were observed in the spectra for all the glasses.
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Fig. 5. Excitation spectra of the Dy** doped Barium
Bismuth Borate glasses
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Fig. 6. Emission spectra of the Dy** doped Barium
Bismuth Borate glasses
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In the present investigation, the luminescence spectra
were carried out by exciting the samples with 450 nm
radiation. The emission spectra were recorded in the
spectral region of 450-650 nm for all Dy** doped glasses
and are shown in Fig. 6 and Fig. 6.1 shows the energy
level scheme of excitation and emission transitions. The
spectra exhibit two strong luminescence bands at*Fo;p —
®Hys/2(blue) and *Fg/2 — ®Hisyp (yellow). The shapes of the
emission peaks are similar in all the glass matrices except
for a small variation in the intensity of the emission
transition.
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Fig. 7. Energy level of the Dy** doped Barium Bismuth
Borate glasses

3.6. CIE Chromaticity analysis

The colour of any light source can be described by
three variables x(A),y(A) and Z(\) (colour matching
functions), which are dimensionless quantities [26]. For a
given power-spectral intensity P (L), the degree of
stimulation required to match the color P (A) is given by

X = /jIQ(;L)P(;t)dA ®)
Y Z/Iy(l)P(/l)dl @)
Z= gb Z(A)P(L)dA ©)

Where X, Y and Z are the tristimulus values which give
stimulation (i.e. power) for each of the three primary red,
green and blue colors needed to match the color P(A).The
chromaticity coordinates x and y are calculated from the
tristimulus values according to the following equations
[27]
x=— X __
X+Y+Z (6)
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The values of the color chromaticity coordinates (x, y)
are found to be (0.263, 0.417), (0.281, 0.363) and (0.278,
0.376) corresponding to the 0.05BBOD, 0.1BBOD glasses
0.25 BBOD glasses respectively. Fig. 7 represents the CIE
chromaticity diagram of the glasses and it is observed
from the figure that the x, y values of all the glass samples
fall in the near white region. Hence, it is suggested that the
prepared dysprosium doped barium bismuth borate glasses
are suitable for laser applications, light emitting diodes
and display devices.

3.7. Color purity

The color purity or color saturation of a particular
dominant color in a source is the distance in the
chromaticity diagram between the emission color
coordinates and the coordinates of equal energy point,
divided by distance between the equal point and the
dominant wavelength point. Thus the color purity is given

by

\/(x_xee)z + (y_yee)z
\/(xd_xee)z +(Vd _yee)2

Color purity = (8)

Where (X V), (%e Yee) and (xg, Yq) are the chromaticity
coordinates of the emission light, equal energy point and
dominant wavelength points, respectively.
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Fig. 8. CIE Chromaticity diagram of the Dy*" doped
Barium Bismuth Borate glasses

From Fig. 8 for all the Dy** doped barium bismuth
borate glasses, the color coordinates are located just aside
of the pure white color located at the centre of the
diagram. This implies that the light emitted by Dy** ions
embedded in the BBOD glasses is not perfect white light
but possess the dominant wavelength deviating from its
white light emitting property. The dominant wavelength is
determined by drawing a straight line from pure white
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light coordinates i.e., equal energy point (0.33, 0.33) to the
color coordinates of Dy®* ions emission in glasses. The
color purity of three glasses have the value of (20.39%),
(52.00%), (30.82%). Among the three glasses 0.1BBOD
glass possess the high color purity. The color purity at 595
nm wavelength was found to be 0.5212 (52%).

4. Conclusion

The paper elucidates the method of preparing
Dysprosium doped barium bismuth borate (BBOD) glasses
among with a detailed discussion on structural, thermal
and optical properties of Dy** ions in the barium bismuth
borate glasses. XRD pattern confirms the amorphous
nature of the prepared glasses. FTIR spectra reveal the
presence of O-H vibrations, B-O bond of trigonal BO;
units and the vibrations of B-O-B linkages in the borate
network. The DSC curves have been used to study the
thermal properties like glass stability factor and Hruby’s
parameter. The color chromaticity coordinates of the
present glasses are found to lie in the near white light
region of the CIE 1931 chromaticity diagram making them
potential candidates for white LED applications.

References

[1] J. Mendez-Ramos, V. K. Tikhomirov, V. D.
Rodriguez, D. Furniss, Journal of Alloys and
Compounds 440, 328 (2007).

[2] Yamin Yang, Zhiping Yang, Baojiu Chen, Xu Panlai
Li, Quinglin Guo Li, Journal of Alloys and
Compounds 479, 883 (2009).

[3] Shelby J E (Ed.), Rare earth elements in Glasses, Key
Engineering Materials 94-95, Trans. Tech.
Publications, Switzerland, 1994.

[4] M. Yamane, Y. Asahara, Glasses for Photonics,
Cambridge University Press, 2000.

[5] H. Yamauchi, Y. Ohishi, Optical Materials 207, 679
(2005).

[6] S. Surendra Babu, P. Babu, C. K. Jayasankar, W.
Sievers, G. Worthmann, Optical Materials 31, 624
(2009).

[7] M. V. Sasikumar, D. Rajesh, A. Balakrishna, Y. C.
Ratnakaran, Journal of Molecular Structure 1041, 100
(2013).

[8] Wojciech A. Pisarski, Lidia Zur, Tomasz Goryczka,
Marta Soltys, Joanna Pisarska, Journal of Alloys and
Compounds 587, 90 (2014).

[9] Kamel Damak, El Sayed Yousef, Chrisition Russel,
Ramzi Maalej, Journal of Quantitative Spectroscopy
and Radiative Transfer 134, 56 (2014).

[10] C. Madhukar Reddy, G. R. Dillip, B. Deva Prasad
Raju, Journal of Chemistry of Solids 72, 1436 (2011).

[11] Woijciech A. Pisarska, Joanna Pisarska, Radoslaw
Lisiecki, Grazyna, Dominniak-dzik, Witold Ryba-
Romanoswki, Chemical Physics Letters 531, 114
(2012).

[12] A. Mohan Babu, B. C. Jamalaiah, J. Suresh Kumar, T.
Sasikala, L. Ramamoorthy, Journal of Alloys and
Compounds 509, 457 (2011).

[13] S. Tenabe, J. Kang, T. Hanada, N. Soga, Journal of
Non-Crystalline Solids 239, 170 (1998).

[14] P. Babu, Kyoung Hynk Jang, Eun Sik Kim, Liang
Shi, R. Vijaya, V. Lavin, C. K. Jayasankar, Hyo Jin
Seo, Journal of Non-Crystalline Solids 356, 236
(2010).

[15] A. A. Kaminskii, Crystalline Lasers: Physical Process
and Operating Schemes, Chemical Rubber Company,
Boca Ration, FL, 1996.

[16] A. A. Kaminskii, U. Hommerich, D. Temple, J. T.
Seo, K. Ueda, S. Bagayev, A. Pavlyuk, Jpn. Journal
of Applied Physics Letters 39, 208 (2000).

[17] P. Babu, H. J. Seo, C. R. Kesavulu, K. H. Jang, C. K.
Jayasankar, Journal of Molecular Structure 1083, 268
(2015).

[18] E. D. Lefterova, P. V. Angelov, Y. B. Dimitriev,
Physics and Chemistry of Glasses 41(6), 362 (2000).

[19] E. Mansour, Journal of Molecular Structure 1014, 1
(2012).

[20] K. Marimuthu, R. T. Karunakaran, S. Surendra Babu,
G. Muralidharan, S. Arumugam, C. K. Jayasankar,
Journal of Solid State Science and Technology 11,
1297 (2009).

[21] K. Marimuthu, R. T. Karunakaran, S. Surendra Babu,
G. Muralidharan, S. Arumugam, Journal of
Luminescence 130, 1067 (2010).

[22] E. I. Kamitsos, M. A. Karakassides, G. D. Chryssikos,
Journal of Physical Chemistry 91, 1073 (1987).

[23] E. I. Kamitsos, Physics and Chemistry of Glasses 44,
79 (2003).

[24] A.Hruby Czech, Journal of Physics B 22, 1187
(1972).

[25] K. Maheshvaran, K. Marimuthu, Journal of Alloys
and Compounds 509, 7427 (2011).

[26] J. Suresh Kumar, K. Pavani, A. Mohan Babu, Neeraj
Kumar Giri, S. B. Rai, L. Ramamoorthy, Journal of
Luminescence 130, 1916 (2010).

[27] K. Mariselvam, R. Arun Kumar, Universal J. of
Chem. 4(2), 55 (2016).

“Corresponding author: rarunpsgtech@yahoo.com,
rak@phy.psgtech.ac.in



