International Journal on Science and Technology (IJSAT)

E-ISSN: 2229-7677 e Website: www.ijsat.org e Email: editor@ijsat.org

=°

Concentration-Dependent Photoluminescence &
Thermoluminescence Properties of Eu** Doped
CakF; Phosphors

Usha Yadav', Jagjeet Kaur?, Abhishek Kumar Misra®
1.23Department of Physics, Govt. V.Y.T. PG Autonomous College Durg C.G.

Abstract

In the present study conventional solid state reaction method was used to successfully synthesize a series
of Eu** doped CaF, phosphors for 0.1- 2.5 mol% of Eu’** ions. In this study investigate its structural,
vibration and optical properties. X-ray diffraction analysis confirms the phase purity and crystalline nature
of the prepared phosphor and which revealed a cubic structure without any detectable impurity phases.
The FTIR (Fourier Transform Infrared Spectroscopy) is used to examine the vibrational characteristics
and bonding nature of the prepared sample. Under the UV excitation Eu** doped CaF, phosphor
demonstrate strong emission in visible spectrum, specially while the photoluminescence excitation peaked
at 280 nm, in the emission spectra broad band centered at 611 nm(°*Do—’F>), due to the electronic
transitions of Eu** ions. While literature reports on chemically synthesized CaF»:Eu®" often exhibit early
concentration quenching or require co-doping to enhance intensity but we observed in the present study
PL intensity significantly influenced by the activator (Eu**), the emission intensity increases with rise
concentration of Eu®" ion up to 2.0 mol%, after that concentration quenching occurs, which is relatively
high concentration of 2.0 mol%. Most significantly, thermoluminescence (TL) studies revealed a well-
defined glow peak, indicating the presence of trapping centers linked to Eu’* ions. Compared to
commercial dosimeters, the synthesized phosphor has highest intensity recorded at a 0.1 kGy dose for 1.5
mol% sample, the kinetic parameters such as, frequency factor, activation energy and order of kinetics
calculated using peak shape method. These comparative findings establish this phosphor as a more robust
and highly promising for application in LED technology and highly sensitive alternative for advanced
radiation dosimetry applications.

Keywords: Solid state, CaF,, Eu**, PL, TL & LEDs.

1.Introduction

Over the past few years, rare-earth-doped fluoride phosphors have gained significant interest due to their
remarkable luminescence efficiency, these characteristics make them highly suitable for a wide range of
display applications. Consequently, these materials are now extensively used as emissive components in
various devices such as field effect transistors (FETs), Cathode ray tubes (CRTs) and light emitting diodes
(LEDs). Specifically, fluoride-based phosphors are essential for studying advanced thermoluminescence
and photoluminescence properties. When compared to traditional light sources like fluorescent lamp and
incandescent bulb, LED offer clear advantage, including enhanced operational life, superior energy
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efficiency and environmental compatibility. These make them a highly sustainable for future lighting
solutions, furthermore in the research and innovation field has led to increased automation in daily life,
simplifying human tasks and offering greater convenience through advanced, technology driven system.

The concept of lifestyle managed simply by the push of button- made possible by growing automation —
points towards a future of seamless efficiency, as research continue advance the integration of these smart
technologies into our daily life routines is becoming more mechanization. This evolution not only reduces
manual effort but also enhances the overall quality of life by making complex systems more accessible
and user friendly. Ultimately, the progress in material science, such as the development of efficient
phosphors, plays a silent but vital role in powering the hardware that drives this automated world. To
detecting or reporting to external stimuli these smart materials are a capable substance, these stimuli may
encompass a variety of types, include environmental, optical, electrical, thermal, biological, and chemical
changes[1-4 ]. The miniaturization of display systems has heightened research interest in luminescent
materials[5—7]. The applications of advanced light emitting phosphors are extensive, encompassing
polymeric optical fibers, LEDs, displays, and light sensors[8—12]. Next-generation smart materials must
balance mechanical robustness with flexibility to ensure reliable performance in flexible devices,
flexibility of the electronics these materials used in flexible electronic devices without compromising
performance is a critical challenge for smart materials[13—18].The challenge presented is effectively
addressed through the application of nanotechnology[19-22]. Consequently, the intrinsic luminescence
characteristic is the primary attention of this investigation.This property holds potential for utilization in
intelligent materials, particularly in the context of flexible display applications. Europium (Eu*") doped
CaF; has emerged as a significant luminescent material, primarily due to it is recognized as a prominent
luminescent material, due to its intense and lasting red emission when triggered by ultraviolet light. The
unique electronic transitions of Eu®" ions are responsible for these distinct luminescent properties. CaF> is
particularly suitable as host material because it offers excellent color purity in the red spectrum, however
the practical application of these several factors such as raw material availability and manufacturing
complexity. Notably, Eu**: CaF, phosphors exhibit remarkable thermal and chemical stability, ensuring
consistent performance even under the demanding conditions typical of solid-state lighting. Furthermore,
their extended operational life makes them ideal for long-term use. This study details an accessible method
for synthesizing Eu®" doped CaF» nanostructured phosphors and investigates how varying Eu®*
concentrations influence the particle size and morphology of the host lattice. The stability and longevity
of phosphors are critical considerations in practical application. Furthermore, it offers an extended
operational lifetime, ensuring consistent performance over prolonged periods. The intense emission line
produced by the Eu®* long-lasting transition °Do — 'F» of Eu®* ions may be seen, at a wavelength of 611
nm, when the excitation of 280 nm (UV region), europium ions serve as very useful luminescent phosphors
making them highly suitable for applications in display engineering. [24—-36] In this work, we define how
to simply make new CaF-: Eu®* phosphors and CaF,:Eu* phosphor exhibits luminescent properties, which
may be used to improve the attractive performance of smart materials for flexible displaying applications.

In this study, CaF nanostructured particles were doped with Eu** ions. The effect of dopant ions Eu**
concentration on the shape and particle size of CaF, was also studied. CaF2:Eu*" doped samples were
synthesized by the solid-state reaction method. The structural and optical properties of synthesized
nanostructured materials were studies using XRD X-Ray powder diffraction, FTIR and PL
photoluminescence, TL thermoluminescence analysis and over the last few years, rare- earth ion (Eu)
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doped fluoride phosphors have gained significant attention for display applications, including LEDs, CRTs
and FETs due to their high quantum efficiency, among the wvarious alkali fluorides, Calcium
Fluoride(CaF») stands out due to its exceptional stability, nonhygroscopic nature, low refractive index and
minimal phonon energy, making it an ideal host for a broad range of emitting ions.

2.Method of Synthesis

In this research, Eu**doped CaF, phosphors were prepared using a conventional solid - state reaction
technique. In this approach, the initial raw materials, to achieve the desired composition of CaFa:Eu®",
CaF» and Eu,03 are weighed and mixed in stoichiometric amounts, to ensure the homogenous mixture, it
mixed together after weighing the starting raw material and ground together using mortar and pestle for a
continuous period of two hours. The resulting fine mixture was then transferred to a furnace for an initial
calcination stage at temperature 450°C for one hour, after calcination the mixture of the powders again
grind for 1 hour to improve uniformity and reduce particle agglomeration. The homogenized powder was
then sintered again at 750 °C for 3 hours under the same atmospheric conditions to finalize the Eu** doped
CaF: phosphor formation. After successful synthesis, to confirm the properties such as crystal structure,
morphology, functional group analysis, we analysed the samples using different technique such as XRD
& FTIR and also luminescence properties such as PL and TL studies. Fourier transform infrared (FTIR)
spectroscopy was employed to identify the functional groups and bonding characteristics. The optical
properties of the phosphor were investigated through photoluminescence (PL) spectroscopy, including
excitation and emission measurements.

3.Results and discussion

3.1 X- Ray Diffraction Analysis

The X-ray diffraction (XRD) pattern of CaF»:Eu**phosphor, synthesized via the solid-state reaction
method, is depicted in Fig.1(a). XRD is commonly used technique which is involves shining a beam of
X-ray on the sample, measuring the angle and intensity of the diffracted ray. The pattern exhibits several
diffracted peaks with hkl values, indicating a fully crystalline structure in a cubic phase, as referenced by
JCPDS Card number 35-0816. The observed peaks, corresponding to the values (1 11),(220),(311),
(400),(331),and (4 2 2), confirm the formation of a pure cubic crystal structure, the X-ray diffraction
pattern reveals broad peaks, indicative of the small crystallite size of the synthesized samples and the
crystallite size was calculated from the full width at half maximum (FWHM) of all peaks in the XRD
pattern using the Scherrer formula, expressed as:

D =k\/p CosO

Here, D represents the crystallite size perpendicular to the reflecting planes, A = 0.154 nm represents the
wavelength of the X-ray radiation, 0 corresponds to the diffraction angle, and B indicates the full width at
half maximum (FWHM) of the diffraction peak. Table 1 presents the values of diffraction angle, crystallite
size, and FWHM for the synthesized sample. The crystallite size calculated from the most prominent peak
in the XRD pattern of the CaF.: Eu** phosphor was observed to be 29.31 nm, indicating that the prepared
CaF: exhibits a nanocrystalline structure.
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The XRD pattern of CaF2:Eu®" phosphor for variable concentration of Eu** (1, 1.5 & 2.0mol%), which is
depicted in Fig 2. There is no consider change in the peak position with the doping concentration of Eu®*
ion, the average crystallite size of the phosphors observed at 29.31 nm & the peak index exposed the cubic
phase of CaF» phosphor. They are good accordance with JCPDS card no. 35-0816. It is indicated there is
no other impurity phase that can be studied in the phosphor and from these experimental results, we can
conclude that Eu**ions have been introduced in the host material CaF2[37].

2000
—— CaF,.Eu®
Matched with CaF, JCPD Card No. 35-0816
4 and Cubic Structure

£)

©

é‘ 111 220

@ 1000 -

a

=

311
400 4 422
o I “
20 40 60 80 100
20
Fig.1(a): XRD pattern of CaFz2:Eu’*phosphor for 1.5 mol%
Table 1. Crystallite Size
hkl Peak Position(20) | FWHM Crystallite Size | Average Size
D(nm) D(nm)

111 28.25 0.005236 28.52
220 47.40 0.006981 22.65
311 55.70 0.006981 24.28 29.31 nm
400 68.65 0.005236 34.18
331 76.20 0.006981 26.39
422 87.55 0.005236 39.81
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XRD Pattern Reference for CaF2 (JCPDS 35-0816)
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Fig.1(b) XRD pattern reference for CaF2(JCPDS 35-0816)
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Fig. (2) XRD pattern of CaFz2:Eu**phosphor for 1.0,1.5 and 2.0mol%.
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3.2 FTIR Analysis

FTIR spectrum of Eu*" doped CaF for 2.0 mol% shown in the Fig. (3) FTIR analysis of this phosphor has
been performed at room temperature within the range of (500-3000) cm™'. Some bundles appeared within
of vibrational frequencies (500-3000) cm™ which is (1639.01cm™, 1259.3,618.8 ,592) cm™. Frequency
band 1639.9 cm™! attributed H-O-H bending, 1259.3 cm™! found due to C-O stretching and 618.8 and 592
cm! attributed to metal oxygen (Eu-O) vibration which is confirm Eu,Os presence in the present phosphor,
whereas the Ca-F lattice vibration of the host is massive “dip” at the far right. State clearly that the absence
of other significant peaks confirms the high purity of the synthesized phosphor.
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Fig. (3) FTIR Spectra of CaF2:Eu®* (2.0 mol%)
4. Luminescence properties

The prepared CaF.: Eu?** phosphor exhibits an orange-red emission attributable to the characteristic
luminescence of Eu®* ions, the excitation and emission spectra of CaF.: Eu**, as shown in Fig. 4(a) and
4(b), reveal a broad excitation band observed around 280 nm in the ultraviolet region. Upon UV excitation,
the absorbed energy is efficiently transferred to Eu** ions, leading to their characteristic sharp emission
lines in the visible range. The main emission originates from the Do — 7F; (j = 0—4) transitions. Between
these, the *Do — 7F2 electric dipole transition is the most prominent, giving rise to a strong red emission
in the range of approximately 610-620 nm. This particular transition is highly sensitive to the local
environment of Eu** ions and suggests that the ions occupy sites lacking inversion symmetry inside the
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host lattice. In contrast, the Do — ’F; magnetic dipole transition, typically observed near 590nm, is less
sensitive to the surrounding environment and serves as a reference for symmetry analysis, in the emission
spectra range of wavelength from 550 to 650 nm with prominent a high-intensity peak found at 611 nm
resulting from energy transfer.

The emission characteristics of CaFa: Eu*" phosphor were analysed under excitation at 280 nm, the
resulting spectrum exhibits distinct emission lines corresponding to the Do — 7F; (J = 1, 2, and 3)
transitions of Eu®" ions., a strong emission peak observed at 611 nm is assign to the electric dipole
transition from *Do — 7F2, while the emission around 590 nm is associated with a forced magnetic dipole
transition. Overall, the emission profile spans the 550—-650 nm region, arising primarily from the *Do —
F; (J = 1, 2) transitions. Furthermore, photoluminescence studies of CaF.: Eu** phosphors reveal that the
emission intensity of Eu** ions is highly dependent on their doping concentration. Initially, the intensity
increases as the Eu** concentration rises from 1.0 mol% to 2.0 mol% due to the increase in luminescent
centres. However noticeable significant decline in intensity observed when the concentration is increased
to 2.5 mol% which is clear signature of concentration quenching. This phenomenon occurs because, at
higher concentration, the distance between activator ions decreases, leading to non-radiative energy
transfer through mechanism like cross-relaxation to quenching sites. Consequently ,2.0 mol% acts as the
optimum concentration for maximum luminescence in this CaF> host, beyond which the efficiency of the
phosphor diminishes.

The results suggest that Eu** ions occupy lattice sites of low symmetry within the CaF: host, as evidenced
by the comparatively weaker magnetic dipole (MD) transition relative to the electric dipole (ED)
transition. With increasing dopant concentration, particularly near 2.0 mol%, concentration quenching
becomes prominent due to enhanced energy transfer between adjacent Eu*" ions, resulting in observable
shifts in emission peak positions. In view of these findings, CaF.: Eu** phosphor with an optimal dopant
concentration of approximately 2.0 mol% is considered a promising candidate for compact fluorescent
lamp (CFL) applications when excited at 280 nm.

1000 280 nm

800 —

500 —

PL Intensity (a.u.)

400

200 4

T T T T
200 250 300 350 400
Wavelength (nm)

Fig. 4(a) PL excitation spectra of CaF2:Eu’*
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Fig. 4(b) PL emission spectra of CaF2:Eu®* excitation at 280nm.

4.1 CIE Coordinates

The CIE 1931 chromaticity diagram for the Eu®>* doped CaF» phosphor serves as a vital tool for assessing
its colorimetric performance, showing the precise coordinates of its light output, which is shown in Fig.
(4c). When excited, typically by ultraviolet region, this phosphor exhibits characteristics emission peaks
in the visible region, most prominently the orange red band at approximately 591 nm and 611 nm. The
chromaticity coordinate for Eu®>* doped CaF» sample were derived using spectral energy distribution data
obtained through spectrophotometric analysis. The resulting coordinates often lie near the edge of the red
region (x=0.6474, y=0.3522), of this material. To determine the CIE coordinates of these phosphors,
photoluminescence spectroscopy is employed. In this process, the emitted light is captured and directed
through a monochromator, which separates it into individual wavelengths. The intensity at each
wavelength is then recorded, and the overall spectral distribution is used to calculate the corresponding
CIE coordinates.
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5. Thermoluminescence (TL) Optimization

Thermoluminescence (TL) characteristics of Eu** doped calcium fluoride phosphors have attracted
significant attention because of their possible application in radiation dosimetry due to the material’s high
sensitivity and stable lattice structure. The optimization of TL response in this material primarily depends
on factors such as dopant concentration, synthesis conditions and post-preparation thermal treatment. As
illustrated fig 5(a) the TL glow curve of Eu*" doped CaF» phosphor for different concentration of Eu**
ions (0.1 to 2.0 mol%). The intensity increases with increasing the concentration of Eu*" up to 1.5 mol%
then it decreases due to concentration quenching effect, the TL intensity shows a strong dependence on
Eu’" ion concentration peak intensity usually increases up to critical threshold (often around 0.1 to 1.5
mol%) beyond which concentration quenching occurs due to non-radiative energy transfer between closely
speed of Eu ions.
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Fig. (5a) TL Glow Curve of CaF2:Eu** different concentration (0.1 to 2.0 mol%) at 0.1kGy Gamma
Dose at heating rate 5°Cs’!

5.1 TL Glow Curve Analysis

The glow curve shown in fig(5b) for Eu** dopes CaF» which is subjected to various (0.1 to 3.0 kGy) dose
irradiation, this fig. depicts the behaviour of TL intensity as a function of gamma dose. It is observed from
the figure; dose response shows a linear behaviour in the gamma dose region . The extreme intensity
observed for 1.5 mol % of Eu’* ion, after gamma irradiation a considerable deviation in the temperature
of the TL glow curve peak as well as intensity was observed[38]. This may due to the reorganization of
current existing trapping centre along with the formation of additional charge traps. In TL glow curve the
primary temperature observed around 225°C to 240°C, which is depending upon the doping concentration
and secondary low temperature may appear around 160°C to 180°C, which are typically associated with
shallow traps and are prone to thermal fading. In TL glow curves under the different gamma irradiation
dose (0.5 to 3.0 kGy) shows an increase of gamma doses, the shape of glow peak did not change
significantly. For 0.5kGy dose a peak observed at temperature 230°C and for 1kGy dose peak observed at
temperature 220.8 °C. A good T L dosimeter peak can be seen at 220.8°C as the TL intensity increases
with Gamma exposure time (5b). This curve can be successfully theoretically and experimentally fitted
using the CGCD method.[38]
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Fig(5b).TL glow curve of CaF2:Eu** (1.5 mol%) phosphor at variable gamma dose 0.5- 3.0 kGy at
heating rate 5°Cs™!

5.2 Determination of Kinetic Parameters using Initial Rise Method

Using the initial rise method, the activation energy (E.) of the prepared phosphor was determined. In graph
a plot of In(I) vs 1/kT was obtained from the initial ascending part of the glow curve, the linear fitting of
the experimental data yielded a slope of -0.706 corresponding to an activation energy of 0.706 eV, the high
correlation coefficient (R?= 0.987) shows the reliability of the calculated kinetic parameter.
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Fig.(5¢) Plot of In (I) vs 1/KT for the initial rising part of the TL glow curve using the Initial Rise
Method.

5.3 CGCD Glow Curve

The thermoluminescence properties Eu*>" doped CaF» phosphors are characterized by complex glow curve
that typically exhibits multiple overlapping peaks, reflecting the presence of various trap level within the
band gap. To separate overlapping peaks and evaluate critical trapping parameters such as activation
energy (E), order of kinetics(b), and frequency factor(s), the Computerized Glow Curve Deconvolution
(CGCD) technique was utilized. Specifically, the Glow Fit software was applied to analyze the 1 kGy
gamma — irradiated curve[37]. Which is shown in the glow curve fig (5d), the kinetic parameters are
determined using CGCD method. The CGCD fitting shows both narrow and deep traps contributing to the
TL emission. The low temperature peaks are ascribed to shallow traps with lower activation energy, while
at the higher temperature peaks correspond to deeper and more stable trapping centres responsible for
dosimetry applications. The intensity of the main dosimetry peak increases significantly at 1 kGy,
suggesting efficient charge carrier trapping. The dose lies within the linear response region of CaF» based
phosphors good appropriateness for high-dose dosimetry. The obtained kinetic parameters such as
activation energy and frequency factor further confirm the presence of thermally stable trapping center.
The calculated geometric factor (1) ranges from 0.46 to 0.52, since these values lie at 0.52, it indicates
that the phosphor follows second-order kinetics and 0.46, 0.50 is general order kinetics or near second
order kinetics. This suggests a significant probability of charge carriers undergoing re-trapping before
radiative recombination occurs. The activation energy, which represents the energy required to release
trapped electrons (trap depth), shows a descending trend across the samples moving from 1.264 eV to
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0.512 eV. The kinetic parameters reveal that, the most stable dosimatric peak observed for peak 1 due to
its high activation energy (1.264) and frequency factor (5.10 x 10'!s™), these values suggested a long-life
time & negligible thermal fading at ambient temperatures. Peak 2 and peak 3 exhibits lower activation
energy (0.781 eV & 0.512eV) compare to peak 1 indicating they are shallow traps prone to rapid fading.

Fig.(5e) shows gamma dose vs intensity plot for CaF2:Eu" (1.5mol%) phosphor, we observed the variation
of TL intensity as a function of gamma dose. It is study that the TL intensity increases with the increase
in gamma dose from 0.1kGy to 3.0 kGy, which is followed a relatively slower rate of increase at higher
doses indicating a trend towards saturation of the trapping centers.

The examination of thermoluminescence(TL) properties of the synthesized Eu®" doped CaF» phosphors
have significant potential for radiation dosimetry application, the high radiation sensitivity of the host
material combined with efficient trap centers introduced by Eu doping enhance the TL output, making it
highly practicable for low- dose radiation monitoring. Furthermore, a highly linear dose response range
allows straightforward and precise dose evaluation without the requirement of complex calibration
algorithms. Combined with its inherent thermal and mechanical stability, this phosphor exhibits crucial
dosimetric attributes necessary for potential application in clinical radiation fields, personal safety
monitoring and environmental dose assessments.
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Fig. (5d) CGCD glow curve of CaF2:Eu®* for 1kGy gamma dose.
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Fig.(5¢) Gamma dose vs Intensity plot for CaF2:Eu** (1.5mol%)

Table.2 Details of Kinetic parameters TL glow curve of CaF2:Eu’* at heating rate 5 °Cs"!

Peak | Ti(K) | Tm(K) | T2(K) | = 0 o p = | Activation Energy | Frequency
o/m (Eav) Factor

Peakl | 492.2 | 517.9 |546.7 | 25.8 | 28.8 | 54.6 | 0.52 | 1.264 ev 5.10 x10"!

Peak2 | 442.4 | 476.2 | 510.6 | 33.8 | 34.4 | 68.2 | 0.50 | 0.781 ev 3.33x 107

Table 3. Life Time and Fading.

Parameter Peak 1(1.264 eV) Peak 2 (0.781 eV)
Trap Depth Deep Trap Shallow Trap
Fading Rate Very Low High

Lifetime Long (Years/Month) Short (Days/Hours)
Application Ideal for Dosimetry Unstable for Storage
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4.Comparison Table of Kinetic Parameters:
The table below summarizes the activation energy valued obtained for peak 2 using two different analytical
methods:

Glow Peak Method Used Activation Energy( E in eV) | Difference(AE)
Peak 2 (Tm= | Peak Shape Method | 0.781 eV 0.075
476.2K)

Initial Rise Metod 0.706 eV

To understand the trapping mechanism and defect centers responsible for the thermoluminescence (TL)
emission in the prepared phosphor, the kinetic parameters activation energy (E) , frequency factor (s), and
order of kinetics (i) were observed. A comparative analysis was executed using two different methods,
Chen’s Peak Shape Method and the Initial Rise Method, focusing on the well resolved glow peak observed
at 476.2 K (Peak 2), the geometric factor (i = 6/®w) obtained from the Peak Shape method was found to
be 0.50, indicating that the trapping state obeys second-order kinetics and this implies a significant
probability of re- trapping before recombination occurs. The activation energy (E) calculated using peak
shape method which is found to be 0.781 eV, with a corresponding frequency factor (s) of 3.33x107s™!. To
authenticate these results and remove any potential artifacts arising from the chosen kinetic order, the
Initial Rise method was applied to the same glow peak and the Initial Rise method is highly reliable as it
is a fundamentally independent of the order of kinetics, using only the low — temperature tail where trap
emptying is negligible. The Arrhenius plot of In(I) versus 1/kT yielded a linear fit with a slope
corresponding to an activation energy (E) of 0.706 eV.

The activation energy values found from both methods show close agreement, with a minor change of
approximately 0.075 eV, this slight understanding in the Initial Rise method 1s a well -documented
phenomenon in TL analysis. It occurs because the initial Rise method avoids any experimental distortions
or thermal bleaching effects that may impact the higher temperature side of the complete glow curve, the
closeness of the trap depth values calculated from these independent theories confirm the accuracy,
consistency, and reliability of the evaluated kinetic parameter for this phosphor material.

IJSAT260311571 Volume 17, Issue 3 (July-September 2026) 15



https://www.ijsat.org/

IJSAT

=°

International Journal on Science and Technology (IJSAT)

E-ISSN: 2229-7677 e Website: www.ijsat.org e Email: editor@ijsat.org

100.0
99.8

99.6

99.4

Normalized TL Intesity(%)

99.2 H

99.0 +

0 1 2 3 4 5 6
Storage Time(Months)

Fig.(5f) Fading characteristics of CaF2:Eu’" phosphor for peak 1 stored at room temperature for
g g

six months.

6. Conclusion

In conclusion Eu** doped CaF, phosphor has been successfully produced using the solid-state
reaction route.

A structural study of the CaF»:Eu®" phosphor by XRD which is shows cubic phase structure and
average crystallite size observed at 29.31nm and also FTIR characterization of this phosphor was
done.

Photoluminescence (PL) measurements of the prepared phosphor reveal an excitation peak
cantered around 280 nm in the ultraviolet region. The emission spectrum displays broad bands at
591 nm, 611 nm, 625 and 650 nm. These emissions are attributed to electronic transitions from the
SDo—7F1 (591 nm), and °Do—"F> (611-625 nm), *Do—"F3(650nm, levels, the transition at 611 nm
stand out the most dominant, providing the material is strong contribution leads to stable color
output, producing orange-red emission. This strong emission profile makes its highly suitable for
display technologies, including screen devices and monitors.

In TL glow curve analysis , we observed that the intensity increases with increasing of dopant ions
concentration under gamma doses. And peaks observed at temperature 244.3°C at heating rate
5°Cs™!, Eu*" doped CaF, phosphor for 1.5 mol% concentration of Eu*" ion. After that, this 1.5mol%
of Eu®" ions irradiated with different gamma doses the peaks observed at temperature 220.8°C,
showing a good TL dosimeter peak. The kinetic parameters such as order of kinetics frequency
factor and activation energy that were calculated using initial rise method and peak shape method
were fitted using CGCD technique. Gamma dose vs Intensity plot of this phosphor was also
studies, which shows that intensity is a function of gamma dose.
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Because of its highly thermal stability, narrow emission bands and long luminescence lifetime Eu**

doped CaF> phosphors serves as an excellent luminescent material. Such properties making it
highly effective for several applications in optoelectronics, such as flat panel display and solid-
state lighting, Medical and environmental professionals rely on these phosphors with linear dose
responses are used to accurately monitor radiation exposure. The novelty of the present work lies
in the development of a highly stable single peak thermoluminescence phosphor without requiring
complex co-doping strategies. Unlike conventional fluorite dosimeters that suffer from severe
fading due to shallow traps, the synthesized Eu**":CaF, exhibit high-temperature trap centers
244 .3°C, ensuring minimal thermal fading and prolonged data storage reliability. Significantly, the
precise linearity confirmed by the CGCD technique over the investigated gamma dose range
establishes this material as a robust, dual-mode framework suitable for both advanced radiation-
sensing dosimeters and color-pure red components in WLEDs.
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