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| nfluence of SO,* anionic group substitution on the enhanced

photoluminescence behaviour of red emitting CaM 00, Eu** phosphor
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Abstract

CaMoQ:xEU**(x = 0.5, 1.0, 1.5, 2.0, and 2.5) powder phosphmsrporating SG anions
were synthesized at high temperature using thed-stdite reaction technique. The
structural, morphological and optical propertieshadse phosphors were analyzed using X-
ray diffraction (XRD), field emission scanning dél@n microscopy, X-ray photoelectron
spectroscopy, Fourier transform infrared spectrnpgand optical spectroscopy. The XRD
results indicate that the incorporation of S@nions and Eli dopant ions did not affect the
crystal structure of the CaMaQbut largely influenced the luminescence propsrtiethe
CaMoQ:-SO,:Eu** phosphorg.he optical properties of our materials were examinsing
the UV-vis absorptiorspectroscopy. The absorption edges of the phosphitdisdifferent
concentrations of Bl were less than theand gap energy of the CaMpénd their values
ranged from 3.30 to 4.75 eV. The intensity of tlee photoluminescence (PL) from
CaMoQ::Eu** phosphors was enhanced considerably upon incoiporaf SO,> anions,
suggesting that SO acted to capture primary excitation energy andhsfier it non-
radiatively to Ed" ions. In addition, the incorporation of $Oions also improved the
fluorescence decay life-time values of B@MoQ:xEU** phosphorssignificantly. Tunable
emission was observed when the*Eeoncentration was varied. Our PL results indicated
thatthe CaMoQ-SO4s:EU** phosphor exhibited the highest red emission iiteesmpared

to CaMoQ: Eu** phosphors, suggesting that CaMe®0D,:ELW** could be a promising red
component material for potential application in t@Hight-emitting diode devices.

Keywords: solid-state reaction, CaMaphosphors, S§3 anionic group systems, Euion,
photoluminescence and white light-emitting diode I(8Ds)
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1. Introduction:

Nowadays, host materials with good thermal and atenstability [1-5], excellent
optical properties, and ease of incorporation opai ions are widely used to prepare
phosphors for lighting applications. In particulgahosphors that are used for solid state
lighting (SSL) applications in white light-emittirdjodes (WLEDS). As a result, attention has
been focused on improving the efficiency and lifedi of these phosphors. Although W-
LEDs have been found to have high efficacy, redyivonger excited state life times, high
energy efficiency and high color stability; the byaof white light is low due to a lower
colour rendering index (CRI) and higher correlatsalour temperature (CCT) due to
deficiency of the red light component in commerdraolor LEDs[6-11]. This study was
therefore aimed at developing advanced red phospitiothigh CRI and relatively low CCT
that could be used as a source of red light, whithin turn improve the quality of white
light output in tri-colour LEDs. Thus, this studyas set out to prepare and evaluate

fundamental properties of red light emitting phasshfor such practical application.

Due to their excellent optical and electromagnptigperties, and chemical stability,
molybdate compounds are attractive host latticesai®-earths (REsS) dopant ions to prepare
chemically stable phosphors that could be usedpliGations such as display technology,
solid state lighting, Raman lasers, optical comrmation systems, and chemical
catalysis[13,14]. Molybdates have therefore bgmestigated in different fields of research
including production of advanced light emitting em@ls. In particular, the sheelite calcium
molybdate is widely used as host for REs to prephfferent types of phosphors. The
sheelite structure of CaMQ®@ composed of Caipolyhedral and Mogtetrahedron building
blocks. The central Ca atom or Mo atom preperly aligned and are coordinated with eight
or four O atomsyesulting in CaMo@ exhibiting compositional stability [15]. Moreover,
CaMoQ, hasa broad higher absorption band range in the higiggnregion (i.e. ultraviolet
or UV region), and can preferably emit high intépdblue or green light under UV
excitation. WhenRE®>* ions are incorporated in the CaMp®atrix and the material is
excited by high energy photorthe captured primary excitation energy is transféfirom
the MoQ? to the RE" ions, resulting in a dramatic increase in photesion from the RE
ions [16]. In this study, we prepared red light #img phosphor by doping CaMqQvith
EU®. In addition, we incorporatedSO42' anion group and we observed considerable
improvement in the PL intensity of red emissiomir&u’* ions due to non radiative energy

transfer from SO and MoQ? to the Ed* ions. Phosphors prepared from*Egomplexes
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are used more often as sources of red light in réetyaof displays and LEDs. These
phosphors exhibit higher luminescence efficiencynpared to other red light emitting
materials [17] and they are being investigated lapyresearchers worldwide. Fexample,
John Peteret.al.[18] investigated the PL properfe8aMoQ:EU** (0.1 mol%) excited using
near-UV radiation, and they observed a strong eamisat 615 nm whictwas due to the
forced electric dipole transitiom®,—'F,, which resulted in increased research inteirest
order to fully understand the luminescence behavidEl** in the CaMoQ, host. However,
the relatively low brightness and efficiency of Ca®:Eu** is not sufficient for application
in commercial W-LEDs. Therefore, it is necessargdaduct further research to find away to
enhance red emission from £in the CaMoQhost.An investigation carried out by Wang et
al. [19, 20] in which EY was co-doped with Bi and Snv* showed an enhancement of the
PL intensity of the EXf ion. Recently, several studies have been conduetedich anions
where used to substitute Rfon the CaMoQattice sites. For example, a study carried out
by Zhang et al. [21] showed an improvement the red PL emission intensity of
NaEu(MoQ), phosphor due to the incorporation of different amgogroup systems.

Furthermore, an enhanced red emission was obsémedNaLa(MoQ).:EU** due to the
incorporation of SG and BQ® anionic groups[22]. In this study, SZOanions, which
substituted Mo@z_sites in CaMoQwere found teenhance the intensity of red emission from

CaMoQ;:Eu*". In addition the effect of varying EU concentration on the intensity of the red

PL emission was also investigated.

CaMoQ-SO;xEU** (x = 0.5, 1, 1.5, 2, 2.5 mol. %) phosphor materialsren
synthesized via the solid state reaction ro8®,%> was incorporated into the Ma&sites
resulting in enhanced red PL due to energy trarfefen SQ to Eu**.We examined the
structure, morphological, and optical propertiesttid CaMoQ-SO,:xEU** phosphors A

mechanisnhat explains the radiative transition is also dssed.

2. Experimental Procedure:

CaMoQ-SO;xEUW** (x = 0.5, 1.0, 1.5, 2.0, and 2.5) phosphors weepared from
highly pure chemical compounds, namely Cad@9.9% Sigma-Aldrich), Mo© (99.9%
Sigma-Aldrich), (NH).SO, (99.9% Sigma-Aldrich) and EO@s; (99.99% Sigma-Aldrich).
Stoichiometric amounts of the starting materialgevmixed together in acetone using an

agate mortar and pestle. The mixture was calcindd@0°C for 4 hours. The final mixture



was ground thoroughly using an agate mortar andepeBhe chemical reaction for the
synthesis is given by:

CaCQ + MoOs+ (NH,),HSO, + EbO; —» CaMoQSOEW, + CO, + H,O+ 7H, + 2Ny(1),

and the schematic representation of the synthescegure is given by:

[ Solid State Reaction ]

Stoichiometry Quantities
v

Activator

Dry Mixing in Form in Agate

Powder 3 Mortar

e )

Mixing precursors with acetone

— I

Grounding
thoroughly

45 minute

B

Grounding

thorouglhiy Fine powder

\ 4

| Final Product |

v

Fig. 1. Schematic illustration of the sample preparation by the conventional solid-state
reaction route.

2.1  Characterization techniques:

Various techniques were used to characterize tmples. The crystal structure was analysed
using X-ray powder diffraction (XRD) using a Bruk&XS D8 X-ray diffractometer with
Cuk, (1.5406A). The data were recorded if Pange from 10 to 8(. The particle
morphology and the chemical composition were exarthinsing a field emission scanning
electron microscopy (FE-SEM) coupled with an Oxfoddtec 350 X-Max80 energy-
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dispersive X-ray spectroscopy (EDS). The ultratiolisible (UV-Vis) reflectance spectra
were measured using a Perkin Elmer Lambda 950 rgpdcttometer. Fourier transform
infrared spectra (FTIR) were recorded using a Nic6700 FTIR spectrometer in the spectral
range of 4000— 400 cth The PL and the lifetime measurements were redoidethe
fluorescence mode wusing the Cary eclipse spectwafioeter using a 150W
monochromatized xenon lamp as the excitation so#iteharacterizations were measured

at room temperature.
3. Results and Discussion
3.1 Powder X-Ray diffraction analysis:

Fig 2 (a) shows the XRD profiles of CaMaGand CaMo@ SOsxEU®* (x = 0.5, 1.0,
1.5, 2.0 and 2.5 mol. %) measured in the rangdegd. All the diffraction peaks resemble
those of the standard scheelite tetragonal streafiCaMoQ,. The peaks were indexed
according to a standard XRD spectrum referencetCiADS file no. 29-351[23] of a pure
tetragonal phase of CaM@OThe crystal structure as determined usthg diamond
software confirmed that our materials resemble dbleeelite structure oEaMoQ, with
space group l41/a (no.88) as shown in Fig. .2{H)e crystal structure showsCaand
MoO,* ionic sites, which can be occupied by*Eand SG” ions, respectively, as reported
elsewhere [24]. The enlarged version of the (1&H#gction for different concentrations of
Eu®*, shown in Fig. 2(c), illustrates the peak shift ¥arying concentration of Eli At 1.5
and 2.0 mol.% of EU, the peaks became narrow, with increased intersity reduced
widths. The narrowing of the diffraction peaks amtreased intensity indicate an
improvement in crystallinity. In addition, anion ogips have also been reported to
contribute positively tocrystallization of CaM@[@5]. The shift in the peak positions was
most likely due to micro strains resulting from tineorporation of EX and SGQ*. The
average crystallite sizeDj of the CaMoQ@ and CaMoQSOuxEU** phosphors were
calculated for the prominent (112) XRD peak usimperer's formula [26]. The average
crystallite size of CaMofwas ~ 46 nm, the sizes of Euloped CaMo@ SO, phosphors
increased from ~50 nm to ~70 nm, and the FWHM efdlifraction peak decreased with

increasing Etfconcentration as shown in Fig. 2(c).
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Fig.2: (a) X-ray diffraction patterns of CaMoO, and CaMoO,-SO,:xEu*" phosphors and (b) crystal

3.2

structure of CaMoO,-SO,:Eu*" and (c) magnified view of the (112) diffraction peak.

Particle Morphology and Chemical composition analyses:

Fig 3(a) shows the EDS spectrum of CaM&&D,:Eu** confirming the presence of all the

elements including Mo, O, Ca, S and Eu and thet,inBg 3(b), shows the weight



percentages of these elements. The weight per@epfdgo is greater than that of O, Ca, Eu
and S. Fig. 3(c) shows the SEM image of the CaM804:(1 mol%) Ed* powder phosphor
The powder was made of irregularly shaped partiatgomerated together, with different
sizes and well-defined grain boundaries. The neegrolonged heat treatment in the solid-
state route leads to aggressive grain growth angloagration, thus forming large
micrometric particles [27].

. Map Sum Spectrum b)

Wt o
Mo 476
0
Ca
Eu
S

x3,000 10.0kV BED-C SEM

Fig. 3: (@) EDS spectra of CaMo0O,-S04: Eu** phosphor b) Map sum spectra and (c) SEM
image showing the morphology.

3.3  Fourier-transformation infrared analysis:

The FT-IR spectra of the CaMaQOCaMoQ:Eu** and CaMo@-SO,:Eu** phosphors
are displayed in Fig. 4 (a). All the spectra haveraad band around 1131 ¢rwhich is
attributed to O-H-O absorption. Weak absorptionkpest 1798 and 2409 ¢hare ascribed to
the vibrational bending of O-H bonds, resultingnfratmospheric moisture absorbed on the
surface. The bands at 911 and 81%1are attributed to stretching vibration of O-Mo-O in
MoO,*28]. Weak broad vibration peaks around 1128, 18dd 1005 cnt are due to S
pointing to successful incorporation of $@ the host lattice [29]. The absorption bands
around 424 and 475 chare associated with the bending vibration of MgrBups. Fig. 4(b)
showed the schematic diagram of the bending aetthking vibrations of Mo@and SQ.
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Fig. 4 (a): FTIR spectrum of CaMoO,:Eu** 1.0 mol %, CaMoO,-SO4:Eu** 1.0 mol% and (b)
Schematic diagram of MoO,4 and SO, structural groups.

34  X-ray Photoelectron Spectroscopy: Surface Chemical Composition analysis

The XPS survey spectrum shown in Fig. 5 displays ¢hectronic and chemical
composition of the 1.0 mol% Eludoped CaMo@SO, phosphor. All observed peaks in the
spectrum confirmed the presence of Ca, Mo, O, E@n& C in the CaMo@SO,;:Ev®”
phosphor. C was from adsorbed atmospheric hydroonarand/or from the carbon tape [30,
31] on which the samples were mounted. Fig. 6 i@) @) present the high resolution XPS
spectrum of Ca before and after sputtering resgsgti Before sputtering the XPS peak for
the Ca (2p) has a core binding energies (BE) of 8BY and 347.2 eV for the gpand 2y,
respectively. These peaks have the FWHM of 3.0226&kV, respectively, for the 2pand
2ps2 doublets. These results show that the Ca oxidatiate was stabilized into the +2 state.
The XPS spectrum in Fig. 7 (a) shows the high tégml peaks of the Mo 3d with the



FWHM of 1.8 for the 3¢, and 1.8 eV for the 3@ with the core BE of 233.3 eV and 235.5
eV respectively, consistent with similar peaksorégd previously[30]. There is a significant
change in the FWHM, peak positions, and intenditthe Mo 3d spectrum after sputtering as
shown in Fig.7(b). Mo (3d) XPS peaks illustrates BE shift of 3g,for 2.1 eV and 3¢, for
1.4eV with the corresponding FWHM of 4.8 eV and &\ A minor peak was observed at
229.2 eV, which is associated with the lower oxamlatstate or the Mo metallic peak for the
Mo 3d [31]. Fig 8 shows the high resolution XPSde of Ols (a) before and (b) after
sputerring. The spectra were fitted with three-kigeasing a multipack software. The peaks
are labelled ©(532.1eV) Q (530.4 eV) and ©(529.8eV) and they are respectively assigned
to chemisorbed oxygen, oxygen ion vacancies indtiiee and adsorbed water molecules on
the surface of the CaMa€8O,:EU®* phosphor [32-34]. After sputtering, thep@ak became
less intense and shifted to the higher bindingggnerde. The high resolution XPS spectrum
for S 2p core-level shown in Fig. 9(a) consistéwal peaks located at 162.1 and 166.5eV and
they are attributed to the Sgpand S 2p,, respectively[35, 36]. The S 2p peak is acribedto
S in the SQions as reported previously [37]. The high resolutXPS spectrum of the
Eu3dis shown in Fig.9 (b). The high-signal-to-neiggo is due to relatively lower
concentration levels of B{38]. The peak around 1135 eV corresponds td ¥k, while

the peak at 1165 eV corresponds t6'Bas,and these peaks are consistent with the reported

values for the +3 oxidation states of the Eu i@¥] |
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Fig. 5: XPSspectra of the CaMo04-SO,:Eu3" phosphor before and after sputtering.
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Fig. 6: (a) XPS Soectra of Ca 2p before and (b) after sputtering.
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Fig. 7: (a) XPS spectra of Mo 3d before and (b) after sputtering.
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Fig. 8 The high resolution XPS scan spectrum of O 1s of CaM0O,-SO,4:Eu** (1.0 mol % of
Eu**) before and after sputtering.
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3.4  Ultraviolet-visible absor ption spectr oscopy:

Fig.10 shows the optical diffuse reflectance spe(@RS) of the CaMoghost and
CaMoQ-SO;xEU** (x = 0.5, 1.0, 1.5, 2.0 and 2.5 mol. %). All th&® spectra of CaMaD
host and CaMo@SQO,:xEu** showed similar pattern except additional absorpliands from
CaMoQ-SO;xEU** which are attributed to the f-f absorptions of *Ewdopants. The
absorption of the CaMaghost is located at ~450 nm, which has been agsdcieith the G-
—Mo®*charge transfer absorption band [40]. This indisak&t our phosphors were capable
of absorbing in the near ultraviolet region effidlg. This broad absorption peak
wavelengths shifted towards the shorter wavelengths increasing EX concentration.
Other than the Mog)™ group absorption band, additional absorption baattibuted to the
typical f-f transitions of the Eli ion were detected at 457, 535, 1385, 1962, 20612200
nm. The optical band gap of the CaMo@hd CaMo@SO;xEu*'(x = 0.5, 1.0, 1.5, 2.0 and
2.5 mol.%) phosphor materials were calculated bgguthe Kubelka—Munk function (R) as
shown in Fig. 11[41]. The optical band gap for h€aMoQ, and CaMo@ SO, doped with
0.5, 1.0, 1.5, 2.0 and 2.5 mol% of Ewere found to be 3.72, 4.66, 4.60, 4.34, 4.30 ahd 4
eV respectively. The increased bandgap were fooreui* doped CaMo®@SQ, phosphors
and this attributed to incorporation of £wand SQ* ions. As can be seen in Fig. 8, the
energy band gap values were progressively supptesih increasing Eticoncentration.
The variation in optical band gap energy valuesaasociated with the changes in the local
atomic structure or lattice. These band gap vakere greater than those reported previously
[42, 43].
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0.10 0.030
-.-l';l.Vlo()_‘-S()_‘ (HOST)
q =®=CaMoO S0 :Eu” (0.5%) 1
e CaMoO -S 0%
0.084 < 0.0254
a N? 0.020 -
> 0.06
= = 1
< g 0.0154
o a4 CaMoO,
< 0.044 o 1 3.72eV
= = 0.0104
. ——)
0.005 7
0.00 0.000

3.0 ) 3?1 ) 3:2 ) 373 ) 3:4 ) 3:5 ) 3:6 ) 3?7 ) 3:8 ) 3?9 ) 4.0
Photon Energy (eV) Photon Energy (eV)
Fig.11: Optical band gap determination of the CaMoQ,-S0,:xEu**(x = 0.5, 1.0, 1.5, 2.0 and 2.5
mol. %) phosphor materials.

35  Photoluminescence properties of CaM004-SO4: Eu®*

Fig.12 shows the PL excitation spectra of the CaMuo@t and theCaMoQ-SO.xEU** (X =
0.5, 1.0, 1.5, 2.0 and 2.5 mol. %) phosphors resmsbrdhen monitoring the emission peak of
EU®* (°Do—'F>) at the wavelength of 615 nm. The excitation pdakated at 361, 382, 395
and 416 nm correspond to tfe—°"Gs, "Fo—"G,, 'Fo—"Lg¢ and 'Fo—°Ds transitions of EX/
ions, respectively. Under excitation at 395 nm,ghession spectra @aMoQ-SO,;xEuW** (X =
0.5, 1.0, 1.5, 2.0 and 2.5 mol. %) phosphors weeernded and are shown in Fig. 13. The
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emission peaks at 575 nm and 750 nm are due tDthe’F, (J = 1, 2, 3, 4) transitions of
EU®" ions, respectivelyThe strongest emission peak at 615 nm is due to’Bhe>'F,
transitions of Eti.The weak emissions located at 592, 655 and 702 amen,associated,
respectively, with théDg—'F1, °Do—'F3 and°Do— 'F4, transitions of Eti[44]. The’Do—'F>
transition is associated with the electric dipdhat is insensitive to the lattice site symmetry
of the Ed* ions. The’Do—'F, transition is much stronger than tAB,—'F; transition,
indicating that the Eli ion is placed in a distorted local environment ][4Bartially
substituting Ti with Si@reduced the density of defects and improve thstahgurroundings
of PP* which resulted in the increase of the rate of gnéransfer from the CaTiCio Pr™,
and a subsequent increase in emission intensity fR®* [46]. In this study, the same
behavior was observed where the substitution of Siions and the defect densities were
reduced as non-radiative centres and improved dical Idistortion of the crystal field
surrounding the Eiin CaMoQ during calcination. This phenomenon has tendemcy t
increase the rate of energy transfer from the Cafogito Ed" ions. In addition, the SO

ion act as charge compensator or sensitizer [4if.1# (a) shows the PL maximum
intensities of the CaMo&S80,:xEL** phosphor material as a function of differentEion
concentrations for the major emission peak assetiaith the®Dy—'F, transition. The PL
intensity increased with increasing ¥ion concentration from 0 mol%, maximized at 1.0
mol% and then decreased when the concentratiorineesased to 2.5 mol.%. The decrease
of the PL intensity at E{i concentrations abovel.0 mol% is ascribed to conagon
guenching effect [48]. By using the Van Uitert etjpa (5), the interaction type responsible

for the energy transfer was determined [49].

k

1
X (+B()P/3Y ®)

where |I/x is the emission intensity per ion concatign (x), and k are the constants for a
given host lattice, an@lis a function of multipole-multipole interactiowhen the values df
are 6, 8, and 10, it shows respectively the d—pofdidipole), d—q (dipole-quadrupole), and
g—q (quadrupole-quadrupole) interactions. Fig. 14fiows a graph of tHéx versus x (where

| is the emission intensity and x is the dopinga=oriration) on the logarithmic scale. The
graph is of a linear type with a slope of -2.024jck is equal to #/3. Therefore, the value of
0 is ~6, suggesting that the d—d is the type of atten responsible for the quenching effect
of the PL emission of Efiions in the CaMo®S0Q, phosphors.
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Fig. 12: PL excitation spectra of CaMoO4 S0, XEu** (x = 0.5, 1.0, 1.5, 2.0 and 2.5mol. %)

monitored under 615 nm emission wavel ength.

—

PL Intensity (arb. units)

Fig. 13: PL emission spectra of CaMoO4-S0,:Eu®* x mol%. (x = 0.5, 1.0, 1.5 2.0 and 2.5)

monitored under 395 nm excitation wavelength.

15



3.4
3.2
30 =
2.8
2.6-

b)

= m  Experimental data
Fitted data
Slope = - 2.024

N
>
1

2.2]
2.0
1.8
1.6
® 1.4]

T T M L M L v U M L} M T b T b

. . . . ———

0.5 10 15 2.0 25 04 03 02 -01 00 01 02 03 04 05
3+ .

Eu” concentration (mol%) Log(x)

PL Intensity (arb. units)
[ )
Log(l/x)

Fig. 14: (a) Photoluminescence emission intensity as a function of Eu** ion concentration
and (b) Log (I/x) versus log(x) plot of CaMoO,-SO,: Eu* phosphors

3.6. Energy transfer mechanism between MoO4*to Eu® ion

Fig. 15 shows the schematic diagram explainingnieehanism of energy transfer
from MoQO,* to the 4 ground level of E¥. A similar mechanism was proposed by Lee et
al.[50]. Under UV excitation, the host electronskea transition from théA; ground state
to theT; excited state. When the Etions are incorporated in the CaMe80;, the energy
is transferred from Mo@" to the unexcitedf4evels of the Eti ions. Therefore, an electron
may relax non-radiactively as it makes a transifram the higher excited energy states to
the lower energy states and multiple photon emissiocur during this transition. This
absorbed primary energy is transferred from the Mo®@ the Ed* ion, resulting in the
electronic transition from thé ground state to thd g excited states of the Euion. The
°Le, and’D; (j= 1, 2, 3) levels decays non-radioactively to g level followed by the
radiative emission of visible photons during a siian from the®Do to 'F; (J=1, 2, 3, 4)

levels of Ed" ions.
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Fig. 15: The energy level diagram and the energy transfer processin CaMoO4-S0,: Eu®*
phosphor.

3.7.  Phosphorescence decay time curves:

Fig. 16 depicts the decay behaviour of tBe—'F, transition emission line for Bl
in the CaMoQ:EL** and the CaMo@SO,:El** samples. The experimental curves were fitted

using a double-exponential function:
I(t) = Ay exp (— &) + A, exp (— é), (6)

wherel(t) is the phosphorescence intensAyandA; are the constants, angandz, are the
lifetimes or decay constants. The lifetime of CaM®&D** is 430 ms, while that CaMa©
SO;EU**is 442 ms (i.e. 12 ms longer than the former). &hresults provides direct evidence
that SQ* does have a positive effect on the PL intensitgt ifetime of CaMoQ:Eu*”*

material. It is therefore reasonable to conclude ®Q%ions acted toharvest and transfer
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primary excitation energy to Euresulting in improved red photoluminescence ot &tithe

wavelength of 625 nm.

A, =615nm —CaM004:Eu3+
A_=395nm = CaMoO SO :Eu’’

ravg(CaMOO‘t:Euy) =430 ms
t, (CaMoO -SO :Eu’") = 442 ms
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Fig. 16: The fluorescence decay curves of CaMoO,: Eu** (1mol %) and CaMoQ,-S0,: Eu3* (1mol %)
phosphors.

3.8. CIE-color-coordinates and CCT of CaM00,-SO4: Eu® phosphors:

The CIE chromaticity coordinates diagram of CaM&®,:xEU**is shown in Fig. 17.
The colour was tuned from orange-yellow to redwasvary the molar concentration of ¥u

The CCT was determined using McCamy empirical fdemib1]
CCT= - 43711 + 36011 + 6861n + 5514.1 7)
where n =X%-Xo)/(y-Ye) andxe = 0.332 andg/e = 0.1858

The CIE coordinates and the CCT values are pres@mf€able 1. The CIE coordinates show
that our phosphors changed colour from orangeweed colour with incorporation of the
SO anionic groups and different concentrations ot 'Elihis confirmed that the emission
colours were tunable. The CCT values of our phosptwere found in the range of 3879 K-
7391 K for different E& ion concentrations. For the purpose of commelahiing, the
CCT value lower than 5000 K is certainly the coddl dight. The obtained CCT values of
CaMoQ:i-SO.:XEU** (x= 0.5, 1.0 and 1.5) are in close agreement withi8& value of the at
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noon (i.e. standard daylight at noon) (5000 - 540@hat is suitable for cold light emission
[52]. The present results suggest that our maseaed promising candidates for producing
cool red light illumination. The colour purity isne of the important features for evaluating

performance of phosphors, and it can be determised) equation (8):

e V(x—Xee)2+(y—Yee)? 0
Color purity = oo 0 X 100%, (8)

where (X, y), (¥s Yed, and (%, Yq) are the CIE color chromaticity coordinates of faenple
point, the standard equal-energy point (0.33333%B3 and the dominant-wavelength point
of the sample, respectively. The color purity valud the CaMoQ-SO,;:Ev**phosphorsare
listed in table 1, and were found to be in the ean§ 89-97%, which is greater than the
standard red emitting phosphor (CaMd&r*). The values shown in table 1 indicate that the
phosphors having a composition of tBaMoQ-SO:xEv** (0.5 and 1 mol. %) showed the
maximum red color emission and an exceptional cothuwomaticity coordinates with an

improved colour purity

Color Temperature in K
6500K 5000K 4100K 3500K 2700K Incandescent

O ¥ 6

- - -

A A
Pure Dar
ylight Natural Cool Warm Soft
Sunlight White White White White Light

A=x=0.5
08 B=x=1.0
N\ C=x=1.5
D=x=2.0

CaMoO,:Eu**(1%)

Fig. 17: CIE chromaticity diagram of the CaMoO,-S04: XEu®>* phosphors.
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Samples CIE 1931 Coordinates CCT Colour Colour

X y values (K) purity (%)
CaMoQ;:1.0EU™” 0.57 0.42 1805 68 Orange-red
CaMoQ-S0,:0.5EU* 0.69 0.31 5194 97 Red
CaMoQ:-SO;:1.0EU* 0.69 0.31 5194 97 Red
CaMoQ-SQ,:1.5E0" 0.67 0.30 7391 92 Red
CaMoQ:-SO;:2.0EU” 0.66 0.32 3879 89 Red

Table 1: CIE1931 chromaticity coordinate, CCT and colour purity values of CaMoQO,-
4 xEV® (x = 0.5, 1.0, 1.5, 2.0, and 2.5) and the corresponding colors.

Conclusion:

CaMoQ-SO;xEU** (x = 0.5, 1.0, 1.5, 2.0 and 2.5 mol. %) phosphor pE®dwere
successfully synthesized by the solid-state reaatn@thod. The structural, morphological,
and optical properties were investigated usingedd#fit techniques. The XRD diffraction
patterns were consistent with those reported irstaedard JCPDS file no. 29-351 of the pure
tetragonal phase of CaM@Orhe DRS absorption spectra showed that the dgtixsorption
band gap of our phosphors shifted toward the I@mergies due to incorporation of the SO

. The PL properties showed the tunable emissiam fweange-red to red emission colour that
was dependent on the Euconcentration. Incorporation of the $0into the host lattice
improved the emission intensity of CaMpBu®*, which confirms that S§ ions are
excellent sensitizer of the red emission. The puwftthe red emission was analysed and the
CIE coordinates, CCT and color purity analysis Itsssuggest that our materials are suitable

for use as sources of red light in displays anit legnitting devices of different types.
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A\ 4

VVVYVYY

CaMo00,:Eu* phosphors substituted with SO,* groups were prepared via solid state reaction
method.

Photoluminescence (PL)properties of CaMoQO,; Eu®* were improved by S0,Zions

The energy transfer from MoO,* to Eu** was showed in CaM 00, host.

CaM00,-SO,:Eu* (1 mol %) phosphor reported the strongest PL emission.

Orange-red to red color tuneable emission has been achieved by the SO,* substitution.
CaM00,-SO,:Eu* are potential candidates for UV excited red emission LED applications.
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