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ABSTRACT

Ca,MgSi,0;:Dy** (CMSD) white light emitting phosphor was synthesized by combustion route
process. In order to find out the phase purity and crystal structure, characterization of the prepared
powder samples was done by X-ray diffraction (XRD) technique. The results of the XRD study
obtained for CMSD phosphor revealed its tetragonal crystal structure with a space group P42,m.
XRD pattern well matched with the help of standard JCPDS Pdf file No. 17-1149. The average
crystallite size was calculated as 28.71nm and strain as 0.27. The actual structure formation and
identifying functional group was confirmed by Fourier transform infrared spectroscopy. The FTIR
results confirms that the synthesized phosphor has a better phase formation and this phosphor
contains chemical bonds and Functional group such as (Mg-0), (Si-O), (O-Si-O) and (CO,%), (O-H)
as well as (SiO,). The prepared phosphor was excited at 357 nm and their corresponding emission
spectra were recorded at blue (476 nm), yellow (578 nm) and red (615 nm) spectral line peaking
due to the 4F9,2 — 6H15,2, 4F9,2 — 6H13,2, 4F9/2 — 6H11,2, transitions of Dy3+ ions respectively. In this
paper, structural characterizations such as XRD, FTIR, and optical properties like
photoluminescence spectra of this phosphor are also reported.
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ABREVIATIONS

WLEDs : White Light Emitting diodes

RE : Rare Earths

FTIR :Fourier Transform Infra-Red
Spectroscopy

XRD : X-Ray Diffraction

KBr : Potassium Bromide

LEPs : Light emitting phosphors

S : Solid

aq s Liquid

g :Gas
Ca,MgSi,0,:Dy** : CMSD

1. INTRODUCTION

Material scientists and researchers have found
that the WLEDs as a solid-state light source have
emerged in the form of major attraction [1,2]. In
addition, it has been also observed that the rare-
earth doped inorganic luminescent phosphors
are quite applicable in most devices for the
generation of artificial light [3]. The combustion
method has proven its usefulness as an easy
route for the synthesis of a variety of
homogenous phosphors, including silicates and
aluminates, which is very suitable for the
phosphor preparation at low temperature and
much shorter time period as compared to
expensive high temperature furnace [4-6]. Thus,
this method has been successfully employed for
the synthesis of WLED phosphors. This method
confers control over the morphology and particle
size of the synthesized phosphors [7]. Research
on various RE doped phosphors in recent years
has led to very unprecedented results. They
have gained widespread interest due to their
inherent thermally stability, larger band gap,
higher elemental stability, low consumption,
structural diversity and enwronmental personallty
properties [8-10]. Sr,MgSi,O7: Eu®, Dy is the
best stable luminescent silicate phosphor. But
long afterglow characteristics have also been
discovered in many silicate materials. Later,
fluorescence and after-glow characteristics in
Ca,MgSi,0:Eu*, Tb* has been observed
similar to SrzMgS|207 Eu® Dy3+ phosphor, to be
maximum at 515/535nm wavelength in greenish
spectrum region [11]. The silicate phosphors
displayed some benefits over the already
evolved aluminates long persistent phosphors
over the varied luminescence color from blue to
yellow [12]. Jiang (2004) et al. also discussed
that in di calcium magnesium di silicate crystal
structure, dysprosium (Dy>*) is expected to

occupy the calcium cation (Ca2 ) site preferably
because the ionic radius of Dysprosium (Dy ")
0.97 A is very nearby to that of di valent calcium
cation (Ca®*) 1.12 A but di valent magnesium
cation (Mgz+) 0.58 A and tetra valent silicon
catlon (Si*") 0.26 A are too small for dysgrosmm
[Dy *] occupation [13]. Dysprosium (Dy’") rare
earth ion plays a chief role in the generatlon of
various types of LEPs [14]. Raut et aI (2011)
investigated that the Ca,MgSi,O-: Dy>* phosphor
displayed emission peaks at 462 nm (blue) and
576 nm (yellow) wavelengths in the visible
region, when stimulated at 384 nm wavelength.
[15]. Bhatkar et al. also reported that for tissue
engineering applications, silicate based bio-
ceramics are promising candidates as
biomaterials [7].

In this paper, white light emitting phosphor
Ca,MgSi,0;:Dy*" (4mol %) were successfully
synthesized via combustion route and its
structural properties such as XRD (X-Ray
Diffraction) as well as functional group
identification using FTIR (Fourier Transform
Infra-Red Spectroscopy) and optical properties
such as photoluminescence (PL) spectra have
also be discussed.

2. EXPERIMENTAL DETAILS
2.1 Sample Preparation

We have employed in our experiment the powder
sample with the general formula Ca,,MgSi,O:
Dyx (4mol %) phosphor was prepared via the
combustion synthesis method. All initial reagents
with (99.99%) purity, Ca (NOj3), (AR), Mg (NO3),
(AR), SiO*H,O (AR), NH>CONH, (Urea) (AR),
H3BO3 (boric acid) (AR) and rare earth nitrate Dy
(NOs3); (AR) were utilized as starting materials.
Very little quantites were used urea
(NH,CONH,) as a combustion fuel and H;BO;
(boric acid) (AR) as a flux. It was very mandatory
in our experiment that the entire precursor
reagents with suitable molar ratio were dissolved
in a very little amount of acetone (CH3;COCH;)
homogeneously to get a clear solution. The
weighed quantities of each nitrates, flux and fuel
were mixed into agate mortar and pestle
(diameter-57) in clock wise direction for 5 min to
convert into a thick paste. After the solution is
transferred into the cylindrical silica crucible with
comparatively larger volume as well as it is
placed into a muffle furnace already maintained
at 650°C temperature. The entire combustion
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process was completed in about 5 min. Within a
few minutes, the mixture solution undergoes
thermal dehydration with liberation of gaseous
products, to growth silicates and ignites to
produce a self-propagating flame Fig. 1(a). After
next few seconds, and as it is over, crucible is
taken out of furnace and kept in open to allow
cooling. Upon cooling Fig. 1(b), we acquire fluffy
form of phosphor, which is then grinded with the
help of agate mortar pestle (diameter-5”) to
obtain material in the powder form. The final
product obtained was post-annealed at 950°C for
1 h under an air atmosphere. Applying additional
grinded into a fine powder. The resulting sample
was restored in airtight bottle for characterization
studies.

The chemical reaction of this process is given as
follows:

Ca (NOs)y(s) + Mg (NOs)y(s) + SiO;*H,O(s) +
NHzoONHQ(S) + Dy (NO3)3(S) b CazMgSi207:
83;3+(S) + H0 (g) (1) + COz(g) (1) + N2(9) (1)

We have generally agreed that the fuel and
oxidizers are needed for any combustion
synthesis process. Metal nitrates are also
employed as oxidizers and urea is also applied
as a fuel. On the basis of propellant chemistry,
the stoichiometric compositions of all metal
nitrates and fuel are calculated. Thus, the heat of
combustion is maximum for Oxidizer/Fuel ratio is
equal to 1 [16].

2.2 Measuring Instruments

The raw reagents are weighed with the help of
Shimadzu ATX 224 single pan analytical
balance. XRD of the crystalline structure, size
and phase composition of the synthesized
phosphor were noted with the help of Bruker D8

advance X-ray diffractometer with Cu-K,
radiation having wavelength (A = 1.5406 A, at 40
kV, 40 mA), respectively. Actual formation of this
phosphor was obtained through FTIR. An FTIR
spectrum was recorded with the help of Bruker
Alpha Fourier transform Infra-red Spectroscopy.
For investigating the functional groups (4000 to
1400 cm™) as well as the finger print area (1400
to 400 cm'1) of synthesized phosphor through
mixing the sample with analytical grade
potassium bromide (KBr) with pallet preparation.
In photoluminescence spectra (PL), emission
spectra were recorded by a spectro-
fluorophotometer (SHIMADZU, RF-5301 PC)
using a xenon lamp of power 150 watt as
excitation source. All experiments were
performed in identical conditions and it was
observed that the results were reproducible. All
measurements  recorded at the room
temperature.

3. RESULTS AND DISCUSSION
3.1 X-ray Diffraction (XRD)

XRD patterns of Ca,MgSi,0,:Dy** phosphor
synthesized by combustion route method is
shown in Fig. 2. It is recorded in the range
(10°26\80°). All the peaks show well agreement
with the JCPDS No. 17-1149 [17]. The phase
formation of the prepared phosphors was also
confrmed by XRD characterization. The
standard Ca,MgSi,O; structure, cell volume and
lattice parameters are observed from data base
code AMCSD 0008032 [18]. It is also observed
that the influence of doping doesn’t affect the
phase structure of the phosphor. On this basis,
we can say that the Dy3+ ion are expected to
occupy the Ca* sites in the Ca;MgSi,O; host.
This structure is a member of the melilite group
and produces a layered compound.

Fig. 1(a). Heating process of CMSD phosphor

Fig. 1(b). Prepared CMSD Foam
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Fig. 2. XRD pattern of Ca,MgSi,0,:Dy*" phosphor

3.2 Debay Scherrer Formula

An estimation of average crystalline size for the
Ca,MgSi,O;: Dy** phosphor is done using
Scherrer’s formula; its mathematical
representation as follows:

D= KA/BCos6 (2)

Where D is the crystalline size, K=0.94 (Scherrer
constant), A indicates the wavelength of incident
X-ray (for Cu Ka radiation, A = 1.5406 A), B is the
FWHM (Full width half maximum) of the peaks
and 0 is the corresponding Braggs diffraction
angle [19-20].

3.3 Strain Determination by Uniform
Deformation Model (UDM)

The strain induced broadening in the powder
material was calculated via the following formula
given as below:

€ = B/4tan® (3)

Table 1 shown all parameters of the CMSD
phosphor. In this sequence, the sintered CMSD
phosphor was confirmed with a tetragonal crystal
structure with a space group P42;m. Whose
lattice parameters are a=b= 7.8071 A and
c=4.9821 A as well as a=p=y=90° and cell
volume is 303.663 (A)S. The crystallize size of
the prepared phosphor, according to the

dominant peak (211), yielded 28.71nm at 31.24
[26 deg]. In addition, The crystal plane spacing
(d) 2.8630A and strain 0.27 were calculated.

3.4 FTIR Spectra

3.4.1 Potassium
Preparation

Bromide (KBr) Pallet

The Potassium Bromide (KBr) pallet is prepared
including with CMSD phosphor, before recording
the FTIR spectra of a synthesized sample. It is
very essential to mix the sintered sample with
KBr (IR Grade) powder and grind it. After
applying with hydraulic pressure to form a thin
pallet. It is very important to be noted that the
KBr powder and CMSD sample should be taken
in very little amounts. So that, the pallet can
becomes thinner. In this way, FTIR spectra and
reading are obtained very clearly.

3.4.2 Functional group Discussion

Fig. 3(a) demonstrates the FTIR spectrum of
dysprosium doped di calcium magnesium di
silicate phosphor. FTIR spectra were carried out
in the range of (4000-400 cm™). This spectra
revealed that the actual formation and evidence
of functional group in phosphor. As the
dysprosium [Dy”’] ions enters in Ca,MgSi,O;
host lattice, most of the FTIR peaks become
sharp. This is mainly because of exhibiting a
preferable crystal perfection of ftri-valent
dysprosium [Dy*'] ions. The large band at 981.83
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cm” and 942.27 cm” for Si-O-Si asymmetric
stretch was examined to be more prominent
because of dysprosium [Dy3+] doping and there
was shift of bands at 845.65 cm™,745.43 cm”
are allocated to the vibration in the calcium [Ca2+]
ions. We see that the O-Si-O bands at 686.95
cm” and 646.30 cm” can be allocated because
of the existence of silicate [SiO4] functional
group. At 1910.35 cm'1, band centered can be
merited because of the existence of little amount
of calcite. At 493.83 cm'1, band centered
because of the Mg-O banding. The asymmetry
stretching can be allocated because of the
evidence of carbonate [CO3°] functional group,
spectrum band situated at 1910.37 cm™ and
band at 1636.23 cm™ was allocated because of
the vibration in magnesium [M92+] ions. The
evidence of hydroxyl [O-H] functional group
because of the stretching vibration, band was
centered at 3436.20 cm™' [21-27].

3.5 Photoluminescence Spectra

The excitation and emission spectra of
dysprosium rare earth doped di calcium
magnesium di silicate CMSD (Ca,MgSi,Oy: Dy3+)
phosphor are shown in Fig. 3(b) & 3(c). Emission
at wavelength 476nm ascribed to transition
(4F9,2—> 6H13,2), the excitation spectra showed in
Fig. 3(b). We observed that a series of spectral
lines are acquired in the range between (340 nm
— 470 nm), excitation with the strongest peak at
357 nm transition (6H15,2 —>4|13,2) because of the
4f-4f transition of the dysprosium [Dy*'] ions.
Simultaneously, there are some other
spectral lines allocated wavelengths at 367nm,
386nm, 429nm and 457nm, respectively.
Which are fixed to the transition from the ground
state (lower energy) to excited states (high
ene3rgy) in the 4f° configuration of dysprosium
[Dy™].

Table 1. According to prominent peak (211) of the XRD pattern of CMSD phosphor and the
calculation value of parameters

No. Parameters Ca,MgSi,0,:Dy** Phosphor
1. Crystal Structure Tetragonal
2. Space Group P42,m
3.  Lattice Parameters a=b=7.8071A, a=p=y=90°
c=4.9821A
4. Crystallize Size D(nm) 28.71nm
5. 2 Theta (Deg) 31.24nm
6.  Cell Volume 303.663 (A)°
8.  Crystal Plane Spacing d(A) 2.8630(A)
9. Strain 0.27
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Fig. 3(a). FTIR Spectra of CMSD phosphor
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Fig. 3(b) Excitation spectra (Aem = 476nm) of the Ca,MgSi,0,:Dy** phosphor
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Fig. 3(c). Emission spectra (Aex = 357nm) of the CazMgSi207:Dy3+ phosphor

Fig. 3(c) is showing the PL (photoluminescence)
emission spectra of CMSD (Ca,MgSi,O7: Dy**)
phosphor. At 357 nm wavelength, they were
recorded under excitation spectrum in the range
between (460 to 620nm). The emission spectra
exhibited intense spectral lines situated at 476nm
(*Fo—"Hisp), 578nm (*Fop,—°Hi3) and 615 nm
(4F9,2—> H112) because of the intra-configurational
4f—4f transitions of dysprosium [Dy3+] ion. The
yellow (4F9,2—>6H13,2) emission connected to the
forced electric dipole transition type is permitted

only at low symmetry, in which there is no
inversion centre. Synchronously, its intensity is
strongly affected by the crystal-field surrounding.
The blue band (4F9,2—>6H15,2) is acquired because
of the magnetic dipole transition (476 nm). The
red band (*Fep—°Hi1) acquired at 615 nm in
emission  spectrum  corresponds to the
dysprosium [Dy**] ion [28-30].

We have suggested that the main reason to
come whiteness from the mixture of dysprosium
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[Dy3+] ions emission in blue (476nm) and in
yellow (578nm) regions. It is reported that the
yellow and blue ratio, also known as the
asymmetry ratio of dysprosium [Dy3+] ion, which
varies with the host lattices. With an increasing
calcinating temperature, the yellow and blue ratio
also goes high because of the variation of the
local site symmetry around tri-valent dysprosium
[Dy**1ion [31,32].

4. CONCLUSION

In  summary, Ca,MgSi,0;:Dy’* (4mol %)
phosphor were successfully sintered via
combustion route process. The XRD spectra
displayed that the standard patterns of acquired
phosphor were well matched with the help of
JCPDS Pdf file No. 77-1149 and lattice
parameters were also observed from data base
code AMCSD 0008032. The XRD result revealed
its tetragonal crystal structure with a space group
P42,m. In addition, the average crystallite size
was calculated as 28.71nm and strain as 0.27.
The FTIR results confirms that the synthesized
phosphor has a good phase formation and this
phosphor contains chemical bonds and
Functional group such as (Mg-O), (Si-O), (O-Si-
0), (COs*) and (O-H) as well as ([SiO,). The
CMSD phosphors showed that the higher PL
emission intensity allocated at 476 nm (blue),
578nm (yellow) and 615nm (red). The grain size
was obtained in nano crystal with superior
homogeneity. These peaks were attributed to
electronic transition blue (4F9/2 — 6H15éz), yellow
(4F9/2 - 6H13/2 and red (4F9/2—’ Hq12) of
dysprosium [Dy”’] respectively. The optimum
intensity was acquired in 4mol % doping
concentration of dysprosium [Dy3+]. These
results indicate that synthesized phosphor may
be better promising candidate phosphors in the
field of solid state lighting and white light long
lasting phosphor as well as Drug delivery and
Bone tissue engineering, as well as plasma
display panel, Image Processing and cancer
therapy applications etc.
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