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Abstract – The rare earth activated phosphors nearly fulfill all requirements needed for their application in different 

fields. They show a strong absorption for the UV mercury radiation, their quantum efficiency is close to unity and they 

exhibit a nearly optimum emission spectrum. Luminescent materials are used for various purposes such as making lamps, 

CR tubes and TV screens, electroluminescent lamp and display panels, LED's, detectors for X-ray imaging, scintillation 

detectors, laser crystals, dosimetry of ionizing radiation's, paints, inks and whiteners, solar concentratorsand in chemical 

and bio-chemical analysis and medical diagnosis. The first class for which the emitting electronic states exhibit a weak 

interaction with the host lattice and the second class for which this interaction is strong. 
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INTRODUCTION 

 

              In general there are two classes of activator 

ions: The first class for which the emitting electronic 

states exhibit a weak interaction with the host lattice and 

the second class for which this interaction is strong. A 

phosphor basically consists of a host lattice in which 

activator ions are incorporated. These ions form energy 

levels responsible for the luminescence process. 

               The first class comprises most of the trivalent 

rare earth ions, because the luminescence transitions take 

place inside their inner 4f shells well shielded by outer 

electrons. The second class is represented by different 

kind of ions: (i) the transition metal elements for which 

the luminescent transitions takes place between d-d and 

d-s states and, in some host lattices, the conduction band 

can also be involved in the luminescent transitions, (ii) 

the s
2
 ions (e.g. Sb

3+
, Bi

3+
,Sn

2+
and Pb

2+
) having a filled s 

shell in the ground state, and (iii) most elements of the 

IVB, VB and VIB groups (e.g. Ti
4+

,V
5+

and Mo
6+

) giving 

rise to a charge transfer luminescence, which means that 

electrons of neighboring anions are involved in the 

luminescent transitions. 

                

The weakly interacting rare earth activators (e.g.Tm
3+

, 

Tb
3+

and Eu
3+

) show a so-called characteristic 

luminescence [49] with narrow emission lines. The 

spectral position of these lines is nearly independent of 

the host lattice. On the contrary, the strongly interacting 

activators exhibit broad emission bands. A further 

consequence for the rare earth ions is that the mutual 

interaction between the activators themselves is 

normally weak, too. Thus, a higher concentration of rare 

earth ions can usually be incorporated without 

perceptible concentration quenching as compared to the 

concentrations used for the second class of activators. 

             The physical processes involved in UV 

excitation can be described by considering the energy 

flow in the phosphor. For UV excitation the radiation is 

either absorbed in the host lattice and produces electron-

hole pairs, which transfer their energy to the activator 

ions, or is absorbed by incorporated impurity ions. The 

impurity absorption process takes place in most of the 

applied lamp phosphors for the 254 nm mercury 

radiations. The impurity ions directly act as activators or 

as sensitizers. In the latter case the energy is transferred 

to the activator ion by a non-radiative energy transfer 

process. Energy migration in a sub lattice mostly formed 
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by Gd
3+

 ions [50] is often used to improve the non-

radiative energy transfer. 

PRESENT STATUS AND OUTLOOK 

               The rare earth activated phosphors nearly fulfill 

all requirements needed for their application in different 

fields. They show a strong absorption for the UV 

mercury radiation, their quantum efficiency is close to 

unity and they exhibit a nearly optimum emission 

spectrum. A disadvantage of the rare earth phosphors is 

their rather high price. Therefore, in future various 

phosphor developments will be focused on cost 

reduction. This can be done by either finding new non-

rare earth based phosphor systems or by the reduction of 

the amount of rare earth material needed. The latter may 

be realized by decreasing the activator concentration in 

host lattices combined with more efficient energy 

transfer to the activator ions (e.g. via energy migration in 

sub lattices) or by using only one host lattice for two or 

three types of activators, each emitting in different 

spectral regions. The study of energy transfer in 

inorganic phosphors is an area of intensive research due 

to its fundamental interest in condensed matter as well as 

for its practical utility in devices [51]. 

                The luminescence properties of phosphors 

with respect to their performance in lamps are 

understood rather well. However, several properties 

discussed cannot be predicted accurately and must be 

determined experimentally, e.g. the activator host lattice 

interaction, the saturation at high excitation density and 

the thermal quenching behavior. Therefore, more 

profound understanding of the underlying mechanisms is 

required for further phosphor developments. The choice 

of phosphor even in the case of nearly ideal phosphor 

systems always remains a compromise between different 

device performance criteria.  

Mechanism of Energy Transfer  

               This process is observed when there are two 

different ions in a matrix. We may excite one ion, the 

donor, and observe fluorescence from another ion, the 

acceptor. We shall discuss here only the energy transfer 

between rare earth ions in sulphate matrix. 

Rare earth's are especially suitable for energy 

transfer studies because of their well-defined and narrow 

electronic levels, to which absorption occurs and from 

which fluorescence is observed. Symbolically, energy 

transfer can be written  

2(S) →     1(S) →   1(A) →    2(A) 

or   S* + A      →       S + A* 

              The donor system returns from the excited state 

2(S) to the ground state 1(S) and the energy released is 

used to bring the activator system from the ground state 

1 (A) to its excited state 2 (A). In case of the rare earth, 

the transfer is a non-radiative one, i.e. no phonon will 

appear in the system, during the transfer. Forster [52, 54] 

predicted that for the organic system, the rate of energy 

transfer is proportional to the overlap of the donor 

emission, and the acceptor absorption spectra. The 

discussion of Forster was extended by Dexter [55] for 

ions in inorganic crystals. 

Energy transfer between unlike centers                

               If luminescent centers come closer together, 

they may show interaction with each other which results 

in new phenomena. Consider two centers, S and A, with 

a certain interaction. The relaxed-excited-state of S may 

transfer its energy to A. This energy transfer has been 

treated by Forster and Dexter and is nowadays well 

understood. 

              Dexter, following the classics works by Forster, 

considered energy transfer between a donor (or a 

sensitizer) S and an acceptor (or activator) A in a solid. 

This process occurs if the energy differences between 

the ground- and excited states of S and A are equal 

(resonance condition) and if a suitable interaction 

between both systems exists .The interaction may be 

either an exchange interaction (if we have wave function 

overlap) or an electric or magnetic multipolar 

interaction. In practice the resonance condition can be 

tested by considering the spectral overlap of the S 

emission and the A absorption spectra. The Dexter result 

looks as follows:          

P12 = (2/ Ћ) | < 1, 2*| H SA |1*, 2 > | 
2
. ∫ g s (E) gA(E) dE. 

           Here the integral presents the spectral overlap, 

HSA the interaction Hamiltonian and | j > and | J* > are 

the electronic ground- and excited state functions, 

respectively, with j = 1, 2. Here 1 refers to S and 2 to A. 

The distance dependence depends on the interaction 

mechanism. 

              A high transfer rate, i.e. a high value of PI2 , 

requires a considerable amount of: 

(i) resonance, i.e. the S emission band should overlap 

spectrally the A absorption  band(s), 



Impact Factor-4.013               e-ISSN: 2581-6667 

International Journal of Engineering and Creative Science, Vol. 3, No. 3, 2020 
www.ijecs.net 

 

25 
 

(ii) interaction, which may be of the multipole - 

multipole type or of the exchange type. Only for some 

specific cases the interaction type is known nowadays. 

              Not always all of the excitation energy is 

transferred. If only part of it is transferred, this is called 

cross-relaxation [55, 56]. For improving the light output 

of a phosphor, people have made many efforts in 

developing new hosts, to make the best use of doping or 

by effective sensitization; usually in the sensitization 

case one activator is used with one sensitizer. 

CHARACTERISTICS FEATURES OF 

LUMINESCENCE 

Ce
3+ 

 

The Ce
3+

 ground state is split (
2
F5/2, 

2
F7/2). 

These are the only levels possible for 4f configuration. f 

→ f transitions in Ce
3+

 are in IR region. At room 

temperature, they occur as unresolved bands with 

maximum at about 2200 - 2300 cm
-1

 and half width of 

250 - 300 cm
-1

. At low temperature, the band splits into 

somlines, which are due to f → f transitions and electro-

vibronic transitions [108,109].  

                 The excited state, above 
2
F7/2 level, belongs to 

5d configuration in the form of broad bands.  Most 

commonly observed emission is characteristics of 5d → 

4f transition. Both absorption and emission have a 

usually broadband character, showing splitting 

characteristic of 
2
Fj states. The Stoke's shift is due to 

interaction with host crystal. As the position of 5d band 

itself depends on the host, not only the Stoke's shift, but 

also the spectral positions of both the absorption and the 

emission bands, depend on the host. In (Y, Ce) PO4, the 

emission is around 324 and 350 nm, while in (Y, 

Ce)3Al5O12, the emission is in the form of a very broad 

from 500 nm to well beyond 700 nm, having maximum 

at around 550 nm, and in sulphides such as CaS, Y2O2S, 

it is in green-red region [110]. Emission in the blue 

region is usual. Emission at longer wavelengths is 

obtained, when the center of the 5d level is at relatively 

low energies (strong Nephelauxetic effect), and the 

crystal field is very strong. Another feature of the Ce
3+

 

emission is that as both absorption and emission are 

resulting from allowed transitions, the decay time is 

short (of the order of few ns). Ce
3+

 phosphors are thus 

useful where rapid decay times are required (e.g. in time 

of flight camera and in scintillator). Luminescence of 

Ce
3+

 gets concentration quenched at 1-2 at. % Ce-

concentration [111], due to Ce
3+

 → Ce
3+

 transfer, 

followed by transport to killer site. Ce usually shows 

high quenching temperature in silicates, borates and 

phosphates. Since, Ce
3+

 has strong absorption in many 

hosts, and emission matching with 4f levels of other RE 

impurities, it can be used as a sensitizer for other rare 

earths [112]. 

Dy
3+ 

 

                 Dy
3+

 emission falls mainly in two lines in the 

visible region, arising from 
4
F9/2 → 

6
H15/2 (470 - 500 nm) 

and 
4
F9/2 → 

6
H13/2 (570 nm) transitions. The relative 

intensities of the two bands depend on the local 

symmetry [113]. When the ratio of blue to green 

emission is appropriate, one can obtain white emission 

using Dy
3+

. This property has generated some interest in 

Dy
3+

 luminescence. UV cannot efficiently excite Dy
3+

 

because its CT state as well as the 5d levels are situated 

above 50000 cm
-1

. Dy
3+

 can be sensitized by Bi
3+

 [109], 

Gd
3+

, Ce
3+

, Pb
2+

, and vanadate [114-116] ions. 

Gadolinium aluminium borate (GdAl3B4O12) doped with 

Bi
3+ 

and Dy
3+

 is an efficient lamp phosphor. Bismuth 

absorbs UV energy and transfers it to Gd. The energy 

migrates in Gd sub-lattice and is finally transferred to 

Dy
3+

. YVO4: Dy
3+

 is another lamp phosphor. Dy doped 

phosphors are also useful in dosimetry of ionizing 

radiation using thermoluminescence. CaSO4: Dy, CaF2: 

Dy and MgB4O7: Dy are some of the phosphors used in 

personnel monitoring in thermoluminescence dosimetry. 

Eu
2+ 

 

               The luminescence of Eu
2+

 ions in different 

hosts has recently attracted much attention due to its 

peculiar properties. Its excitation and emission spectra 

are usually broadband due to transition between the 4f
7
 

(
8
S7/2) ground state and the crystal field components of 

the 4f
6 

5d excited state configuration [122,123]. Eu
2+

 

emission results from two types of transitions. The most 

common is that due to 4f
6 

5d→ 4f
7
 (

8
S7/2). As the 

position of the band corresponding to 4f
6 

5d 

configuration is strongly influenced by the host, the 

emission can be anywhere from 365 nm (e.g. in BaSO4) 

to 650 nm (e.g. in CaS). Blasse [124] has listed the Eu
2+

 

doped compounds, which shows that the emission colour 

of Eu
2+

 can vary in a broad range, from ultraviolet to red. 

               Since 4f – 5d transition is an allowed 

electrostatic dipole transition, the absorption and 

emission of Eu
2+

 is very efficient in many hosts, which 

makes the Eu
2+

 doped phosphor of practical importance. 

Though both the excitation and emission originate in 

allowed transitions, the decay time is not very short as in 

Ce
3+

, but of the order of fraction of ms; the reason being 

that, the transitions are not of purely f – d type, but some 
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admixture of other states. When 4f
6 

5d band is higher 

than 
6
pj → 

8
S7/2 transitions are observed. These 

transitions have longer decay time; of the order of 

several ms. In many compounds d – f emission is 

observed at room temperature, while at low enough 

temperatures sharp line e – f emission become dominant. 

              In the octahedral site, the absorption of Eu
2+

 

arises from the crystal field split eg and t2g states of 4f
6 

5d 

configuration, which can be further split when the site 

symmetry becomes lower. For the host lattices, which 

have more than one crystallographic site available for 

divalent europium ions, the energy transfer usually takes 

place between the equivalent Eu
2+

 centres. This 

phenomenon has been observed by many researchers 

[125,126], and was discussed by Blasse et.al. [127-129]. 

Two- photon excitation reveals the excited states of 

Eu
2+

, f –f configuration, lying higher than the 4f
6 

5d 

band, as was found in the first two- photon spectroscopic 

study of rare earth ion [130]. 

LUMINESCENCE OF SULPHATES 

                Sulfates are known to be good 

photoluminescence and thermoluminescence materials. 

CaSO4: Dy is an efficient phosphor that it is used in 

thermoluminescence dosimetry for ionizing radiation 

[131]. Alkaline earth sulfates activated with rare earth 

ions are known as phosphors for use in 

thermoluminescence dosimetry, imaging plates, and thin 

film electroluminescence displays [132-135]. Alkaline 

earth sulfates activated with Eu3+and Sm3+ ions are 

promising candidates for optical information storage 

[136]. Gong et al [137,138] show the influence of γ-ray 

irradiation on the crystal structure and 

photoluminescence (PL) of alkaline earth sulfates 

nanocrystalline activated with Eu3+ and Sm
3+

 ions. They 

stated that PL quenching in alkaline earth sulfates 

nanocrystalline materials is due to dipole–quadrupole 

interaction [139]. Other than sulfate material some 

investigations are in progress on halosulfate based 

materials. In this chapter, the synthesis of KCaSO4Cl 

material by solid state diffusion method and explained 

energy transfer mechanism in Eu
2+

→Dy
3+

 and Ce
3+

→ 

Dy
3+

 ions in KCaSO4Cl halosulfate new phosphors have 

been reported 

The growth of crystals, however, is not as 

straightforward as it might seem at the first sight, due to 

the differences in solubility of the various alkali 

sulphates [1] and the presence of other phases [2-5]. For 

these reasons the compounds have sometimes been 

prepared by fusing the stoichiometric mixture of the 

constituent alkali sulphates in platinum crucible [2]. The 

single crystal obtained through solutions is prone to 

twinning. The normal growth is in the form of pseudo-

hexagonal plates composed of 60 twins [6]. 

              Mixed alkali sulphates with equimolar 

compositions have most commonly been prepared 

through slow evaporation of aqueous solutions 

containing the constituent sulphates in stoichiometric 

proportions. Mixed sulphates obtained by forming solid 

solutions of sulphates have received wide attention over 

the last couple of decades. The interest has been 

generated by properties such as the intriguing phase 

transition sequences which offer scope for modeling, 

ferroelectricity, ferroelasticity, pyroelectricity and of 

course, the presence of super ionic conducting phases. 

               According to theoretical analysis, 25 structures 

are possible for such compounds. Several transitions 

between these structures some of which are ferroelectric 

and ferroelastic, have also been predicted, the type of the 

transition sequence depending on the ratio c/a. 

Kurzynski and Halawa [7] in their theoretical analysis of 

systems AA’BX4 which can crystallize in slightly 

modified α-K2SO4 structure have considered mixed 

alkali sulphates. 

               Alkaline earth sulfates activated with rare earth 

ions are known as phosphors for use in 

thermoluminescence dosimetry, imaging plates, and thin 

film electroluminescence displays [8-11]. Alkaline earth 

sulfates activated with Eu
3+

and Sm
3+ 

ions are promising 

candidates for optical information storage [12]. Gong et 

al [13, 14] shows the influence of -ray irradiation on 

the crystal structure and photoluminescence (PL) of 

alkaline earth sulfates nanocrystalline activated with 

Eu
3+

 and Sm
3+ 

ions.  

                Sulfates are known to be good 

thermoluminescence materials. CaSO4: Dy is such an 

efficient phosphor that it is used in thermoluminescence 

dosimetry for ionizing radiation [15]. Other than sulfate 

materials some investigation going on halosulfate based 

materials. Klement [16] synthesized the halosulphate 

Na6Ca4(SO4)6F2 and characterized this compound by X-

ray powder diffraction. Also the compounds 

Na6Pb4(SO4)6Cl2 [17,18], Na6Cd4(SO4)6Cl2 [19] and 

Na6.45Ca3.55(SO4)6 (FxCl1-x)1.55 [20] developed and 

characterized by XRD technique. Information on various 

mixed and halosulphates are reviewed here- 

3.1.1- KZnSO4Cl 
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               Gedam et. al. [21] studied mixed sulphate 

KZnSO4Cl phosphor. The strong emission was observed 

in Ce, Ce→Dy, and Ce→Mn ions prepared by wet 

chemical method. Formation of the compound was 

confirmed by taking XRD pattern matched to JCPDS 

data. The broad band is observed at around 254 nm with 

prominent shoulder at around 274 nm in Ce
3+

. Two 

unresolved peaks are observed at 327 nm and 340 nm, 

which are assigned to the 5d→ 4f transition of Ce
3+

 ions 

giving maximum intensity for the excitation wavelength 

of 254 nm. The excitation energy matched with energy 

separation between the ground state and lowest state of 

the 5d level of the ion, shows that the lowest 5d level to 

the maximum. KZnSO4Cl: Ce
3+

 , Dy
3+

 give very strong 

PL emission of Dy
3+

 ion due to presence of Ce
3+

 ion as a 

sensitizer. The PL emission spectra of KZnSO4Cl: Ce, 

Dy phosphors shows Ce
3+

 at 327 nm and 340 nm due to 

5d→ 4f transition of Ce
3+

 ion  Dy
3+

 emission at 475 nm 

and 575 nm due to 
4
F9/2→ 

6
H15/2 and  

4
F9/2→ 

6
H13/2 

transitions of Dy
3+ 

ion at excitation 254 nm. The 

sufficient energy transfer from Ce
3+

 to Dy
3+

 ions was 

observed in KZnSO4Cl lattice. The similar results of PL 

enhancement of Dy
3+

 emission were reported in 1999 by 

Lakshmanan [22] in CaSO4 lattice.    The Mn
2+

 emission 

is observed due to energy transfer from Ce
3+

 to Mn
2+

 ion 

in this host.  Generally, Mn
2+

 activated phosphors are 

divided in to two classes; those with green emission and 

those with orange to red emission [23, 24].  

               Recently, M.G. Brik et. al. in 2011 [25] 

reported 4f→5d excitation and 5d→4f emission spectra 

of Ce
3+

 in KZnSO4Cl, NaMgSO4F and Na3SO4F 

halosulphate phosphors. Comparatively studied electron-

vibrational interaction [EVI] of the cerium 5d state with 

host lattices. Parameters of EVI such as Huang-Rhys 

factor, effective phonon energy were evaluated and 

positions of zero phonon lines were estimated. Emission 

band shapes of above phosphors modeled to confirmed 

validity of the obtained results. 

3.1.2- KMgSO4Cl   

The KMgSO4Cl:2.75H2O materials have the 

historical name Kainite [26]. The compounds 

KMgSO4Cl: (pure), KMgSO4Cl: (Ce, Ce; Dy, Ce; Mn 

and Eu) phosphors were prepared by wet chemical 

method showed very strong emission and energy transfer 

also took place [27]. PL excitation spectra of Ce
3+

 

phosphor shows broadband is observed at 254 nm with a 

prominent shoulder around 274 nm (λem=340 nm).The 

PL emission spectra of Ce
3+

 ions in KMgSO4Cl 

phosphors with different concentration under 254 nm 

shows two unresolved peaks at 327 nm and 340 nm, 

which are assigned to the 5d→ 4f transition of Ce
3+ 

ions. 

Energy transfer between pairs of rare earth ions at 

dilution levels below the self-quenching limits take place 

through multipolar interactions like dipole-dipole 

interactions or dipole-quadrupole interaction [28-30]. 

              Ce
3+

 ion can be used as a sensitizer as well as an 

activator, depending on the splitting of the 5d excited 

levels by the crystal field symmetry. Much work has 

been done on the energy transfer from Ce
3+

 to different 

activator ions in different host lattice [31-33]. A strong 

PL emission of Dy
3+

 ions was observed at 482 nm and 

571 nm in KMgSO4Cl:Ce,Dy phosphor due to presence 

of Ce
3+

 ion, as a sensitizer. Dy
3+

 emission at 482 nm and 

571 nm is due to 
4
F9/2→ 

6
H15/2 and  

4
F9/2→ 

6
H13/2 

transitions of Dy
3+ 

ion at excitation 254 nm.  

                The excitation spectra of KMgSO4Cl:Ce,Dy 

shows the broad band in UV region of spectrum 

containing excitation of  Ce
3+

 (254 nm) and emission of 

Ce
3+ 

at 327 nm and 340 nm occur due to energy transfer 

from Ce
3+ 

to Dy
3+

 ions. The emission spectra of the 

KMgSO4Cl host overlap with excitation spectrum of Dy 

and this provides the fundamental condition for energy 

transfer from Ce
3+

 to Dy
3+

 ions in KMgSO4Cl. This host 

is also suitable for the Ce
3+

→ Mn
2+

 energy transfer. The 

Mn
2+ 

ions show a green emission when located on a 

tetrahedral site while they show a red emission when 

located on an octahedral site. Therefore the doped Mn
2+ 

ion may substitute tetrahedral Mn
2+

 sites in the 

halosulphate structure composition. KMgSO4Cl: Ce
3+

, 

Mn
2+ 

new halosulphate phosphor was synthesized by wet 

chemical method. The PL characteristics of phosphors 

did not show individual Mn
2+ 

emission. Strong Mn
2+

 

emission observed at 560 nm due to transition of  
4
T1→ 

6
A1 of Mn

2+
 ion in KMgSO4Cl: Ce, Mn phosphor.  

  Photoluminescence (PL) excitation spectra of 

KMgSO4Cl:Eu shows broadband at around 254 nm. The 

PL emission spectra of Eu
2+

 ion observed at around 445 

nm. The strong PL emission of Eu
2+ 

ion is observed in 

KMgSO4Cl phosphor, the dopant ions Eu
2+ 

instead of 

giving a single emission peak, give bands around 445 

nm arising from transitions of the 4f 
6
5d configuration to 

the
 8

S7/2  level of the 4f 
7   

configuration [34,35]. The 

spectrum also has small shoulders around 420 nm and 

435 nm. As per an encyclopedia Britannia company 

(Merriam-webster), Kainite KMgSO4Cl:3H2O is a 

natural salt consisting of hydrous sulphate and chloride 

of magnesium and potassium that is used as a fertilizer 
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and as a source of magnesium and potassium 

compounds. 

3.1.3-NaMgSO4F   

The NaMgSO4F:2H2O materials has 

minerological and historical name Uklonskovite and that 

of Name SO4F is Anhydrouklonskovite. As per the data 

available of crystal structure of Anhydrouklonskovite 

[36]. The Symmetry class: monoclinic-beta; Space 

group: P 2(1)/m; unit cell parameters: a = 7.2020, b = 

7.2140, c = 5.7340, beta = 113.2300; number of formula 

unit (Z) = 2; unit cell volume (Vc) = 273.76 Å
3
; number 

of atomic position per full Unit Cell (P/U) = 28; molar 

volume (Vm) = 82.45 cm
3
/mol; Number of reflexes used 

in structure determination (NR) = 655; X-ray density () 

= 2.45 g/cm
3
; R-factor(R) = 0.0230; wavelength for 

calculated powder diffraction patterns (Cu) 

=1.54056,mass attenuation coefficient (µ/p) = 29.397 

cm
2
/g;  theta-interval for CPDP: T/I = 1-45. 

                   NaMgSO4F (pure); NaMgSO4F (Ce, Ce; Dy 

and Ce; Mn) phosphors prepared by a wet chemical 

method [37].  The PL excitation spectra of 

NaMgSO4F:Ce
3+

 phosphor (em= 341nm) shows 

broadband at around 254nm with a prominent shoulder 

around 267,253 and 237 nm. The PL emission spectra of 

Ce
3+

 ions in NaMgSO4F phosphors with different 

concentration under excitation of 254 nm wavelength of 

light. Two unresolved peaks are observed at 327nm and 

341nm, which are assigned to the 5d→ 4f transition of 

Ce
3+

 ions. The intensity 327nm is less as compared to 

341nm peak. With increasing concentration of Ce
3+

 ions 

the peak intensity of 341nm, increases the maximum 

intensity observed for 10 mole% concentration of Ce
3+

 

ions. This indicates that the NaMgSO4F lattice is more 

suitable for higher concentrations of Ce
3+

ions. The PL 

emission spectra of NaMgSO4F: Ce
3+

 phosphor show 

very strong Ce
3+

 emission at 327 and 341nm due to 5d→ 

4f transition of Ce
3+

 ions. The NaMgSO4F: Ce phosphor 

may be useful candidate for scintillation applications. 

Polycrystalline halosulphate phosphors 

NaMgSO4F:(Ce→Mn;Ce→Dy; Cu) by a wet chemical 

method and studied for thermoluminescence (TL) 

characteristics. 

I.M. Nagpure et.al. [38] synthesized 

NaMgSO4F: Eu by wet chemical method. The strong PL 

excitation and emission spectra were observed. The 

sharp excitation peak was observed at around 393 nm 

with prominent shoulder at around 384 nm, emission 

wavelength was monitored at 614 nm. PL emission of 

NaMgSO4F: Eu halosulphate phosphor shows Eu
3+ 

ions 

is likely to be incorporated substitutionally at Na
+ 

site as 

ionic sizes are similar, while differences in ionic charge 

will result in introduction of defects and resultant 

increase in asymmetry. In PL emission spectrum of 

NaMgSO4F: Eu halosulphate phosphor strong Eu
3+

 

emission is observed, due to the 
5
D0 → 

7
F1 and 

5
D0 → 

7
F2  

transition of Eu
3+ 

ions at 594 nm and 613 nm 

wavelengths, under the excitation of 393 nm wavelength, 

and it is the characteristic of Eu
3+ 

emission in the red 

region. Eu
3+ 

emissions are observed in the sample and it 

may be useful for mercury free lamps and solid state 

lightening devices. 
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