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Green Emission in Thermally Stable Er3+ Doped
Lead-Free Perovskite Phosphor for Solid-State

Lighting and Optical Thermometry Applications
Ishant Kumar, Avinash Kumar, Sandeep Kumar, Vikas Sangwan, and Arvind K. Gathania

Abstract—CaTiO3:xEr3+ (0.1≤x≤7 mole%) phosphor mate-
rials were meticulously prepared through the solution combus-
tion method. Comprehensive analyses employing Powder X-ray
Diffraction (PXRD), Field Emission Scanning Electron Microscopy
(FESEM), and Fourier Transform Infrared Spectroscopy (FTIR)
were conducted to investigate the phase, morphology, and vibra-
tional characteristics of the synthesized phosphors. A detailed
luminescence study was undertaken using photoluminescence spec-
troscopy, revealing distinctive 4f-4f transitions associated with
Er3+ in both excitation and emission spectra. The application of
Dexter’s theory provided insights into the quenching mechanism
inherent in CaTiO3:Er3+ phosphors. Photometric studies were
carried out to evaluate the suitability of the synthesized material for
solid-state lighting applications. Furthermore, to assess the thermal
stability of the phosphor material, the activation energy was com-
puted. The fluorescence intensity ratio of thermally coupled energy
levels of Er3+ ion was utilized to assess the temperature-sensing ca-
pabilities of the synthesized material. This material may be suitable
for solid-state lighting and optical thermometry applications.

Index Terms—Perovskite, phosphor, solid-state lighting, and
optical thermometry.

I. INTRODUCTION

LUMINESCENT materials, commonly denoted as phos-
phor materials, constitute inorganic compounds deliber-

ately infused with impurities such as rare earth and transition
metal ions. Solid-state lasers, optical temperature sensors, field
emission displays, plasma display panels, and solid-state light-
ing exemplify a diverse array of applications associated with
phosphors [1], [2], [3], [4], [5]. The versatility and efficacy
of these materials make them integral components in a spec-
trum of cutting-edge technologies. From precise laser systems
to highly sensitive temperature monitoring devices, and from
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state-of-the-art display technologies to innovative lighting solu-
tions, the multifaceted utility of these materials underscores their
significance in various industries [6], [7], [8], [9]. Conventional
lighting sources, such as incandescent and fluorescent lights,
constitute a significant portion of global electricity consumption,
exceeding one-fourth of the total energy used worldwide. In
response to this considerable challenge, material scientists have
dedicated substantial efforts to replace these traditional sources
with energy-efficient solid-state lighting alternatives. White
light-emitting diodes (WLEDs) incorporating phosphor conver-
sion present a particularly advantageous solution for energy
conservation [10], [11]. Commercially, WLEDs are typically
fabricated using an InGaN blue chip and Ce3+ yellow phosphor
[12]. However, this production method falls short of meeting the
criteria for high-quality interior illumination due to the absence
of a red-light component in the overall emission. This results in
an elevated correlated color temperature (CCT) of WLEDs and
a correspondingly diminished color rendering index. To meet
the standards of superior lighting quality, WLEDs must exhibit
a lower correlated color temperature for indoor lighting applica-
tions and demonstrate an enhanced color rendering index [13],
[14]. Achieving these characteristics is paramount to ensuring
optimal visual comfort, color fidelity, and overall lighting per-
formance in diverse applications ranging from commercial and
residential settings to industrial environments. Consequently,
researchers adopted an alternative strategy to enhance the quality
of WLEDs by encapsulating a Near-Ultraviolet (NUV) blue chip
with a composite of red, green, and blue phosphors [15], [16].
The identification of green, red, and blue phosphors responsive
to NUV light becomes paramount in this context. Thus, our
focus centres on the development of a novel green phosphor to
serve as a color-mixing element for phosphor-converted WLEDs
utilizing NUV chips.

Temperature constitutes a fundamental physical parameter
across various domains of natural science, encompassing bio-
logical systems, industrial processes, and scientific investiga-
tions. Consequently, precise temperature monitoring assumes
paramount importance in numerous aspects of life. Contact
thermometers, relying on the thermal expansion of liquids and
metals, serve as conventional instruments for direct temperature
measurement through physical contact with the target object.
Nonetheless, a limitation of these sensors lies in their inabil-
ity to gauge the temperature of inaccessible entities, such as
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those found in high-voltage power plants, oil refineries, coal
mines, high-pressure power plants, and corrosive environments.
Consequently, achieving precise temperature measurements re-
mains a focal point for scientific researchers. To surmount the
shortcomings of traditional contact thermometers, non-contact
optical thermometry has garnered considerable interest among
the scientific community. This attention is attributable to the fact
that temperature profoundly influences fluorescence intensity,
a pivotal characteristic of luminescent materials [17]. Due to
its advantageous attributes, encompassing elevated sensitivity,
precise spatial resolution, rapid response times, and the capa-
bility for real-time monitoring, the Fluorescence Intensity Ratio
(FIR) method has garnered substantial research attention. This
method is based on the examination of emissions from rare
earth ion’s thermally related energy levels, with a particular
emphasis on the intensity ratio that varies with temperature
[18], [19], [20], [21]. This feature endows it with suitability
for the accurate temperature detection of typically inaccessible
objects. Specifically, certain rare earth ions namely Er3+, Ho3+,
Tm3+, and Nd3+- manifest pairs of thermally coupled energy
levels, rendering them particularly well-suited for application
in FIR based optical thermometers [22], [23], [24], [25], [26],
[27]. The design and development of a phosphor material for an
optical temperature sensor necessitate careful consideration of
two primary factors. Firstly, the selection of an optically active
ion capable of modulating its emission in response to temper-
ature is crucial. Secondly, the choice of a host matrix assumes
significance, as it profoundly influences the temperature-sensing
capabilities and emission intensity of the phosphor material.
In creating phosphor materials for optical temperature sensors,
it’s best to choose host matrices that are stable physically and
chemically, have low phonon energy, and wide band gap [28].
Numerous phosphors, like PbLa2-2xEu2xW4O16 [29] CsPbCl3:
Bi3+, Eu3+ [30], PbZrTiO3:Er3+,Yb3+ [31] etc. incorporate
lead, a substance known for its deleterious impact on both
human health and the environment due to its toxic radiation
effects [32]. Considering these considerations, a collaborative
endeavour has been undertaken to investigate alternative ma-
terials with environmentally sustainable attributes, serving as
replacements for lead-based counterparts. The intricate oxide
CaTiO3 has been chosen as the host matrix in our study due to its
non-toxic nature, commendable chemical and thermal stability,
and relatively low phonon energy of approximately 470 cm−1

[33]. The orthorhombic structure of CaTiO3 classifies it within
the perovskite family, characterized by the generic chemical
formula ABO3. Here, B represents a cation featuring a relatively
small ionic radius, exemplified by Ti4+, while A denotes a cation
with a larger ionic radius, exemplified by Ca2+. The crystal
structure of CaTiO3 incorporates CaO8 polyhedra and TiO6

octahedra [34]. Possessing a notable band gap of 3.5 eV, CaTiO3

stands out as one of the preeminent wide band gap oxides [35],
[36]. Researchers have widely adopted CaTiO3 as a host matrix
for the formulation and advancement of rare earth-doped nano
phosphors due to their distinctive attributes. These include ele-
vated luminous efficiency, minimal phonon energy, a broadband
gap, facile synthetic conditions, environmental compatibility,
and robust thermal and chemical stability [37]. There has been

considerable exploration of rare earth doped CaTiO3 to enhance
its luminescent properties, showcasing its applicability across
various industrial domains [38], [39]. A key rationale for select-
ing Er3+ ions as dopants resides in their distinct energy levels,
specifically 2H11/2 and 4S3/2, which exhibit thermal coupling
and yield green light emission. This characteristic renders Er3+

ions particularly advantageous for applications spanning optical
thermometry and the development of nano phosphors emitting
green light [7].

While up conversion phosphor-based optical thermometers
have been extensively scrutinized and find application in diverse
fields, the competitive advantages offered by down-converting
nano phosphors warrant a more comprehensive investigation
for optical thermometer design. In the current study, we delve
into the bifunctional attributes of CaTiO3 doped with Er3+

ions, specifically focusing on its capabilities in temperature
sensing and solid-state lighting. To the best of our knowl-
edge, the temperature-dependent down-conversion behaviour of
CaTiO3:Er3+ has not been systematically explored. Our research
is dedicated to elucidating the down-conversion characteristics
of the CaTiO3:Er3+ phosphor in relation to temperature vari-
ations, to establish its suitability as an optimal candidate for
optical thermometry applications.

This study explores the dual applications of Er3+ doped phos-
phor, specifically focusing on solid-state illumination and optical
thermometry. The solution combustion method was utilized to
synthesize Er3+ doped phosphors due to its numerous benefits,
including cost-effectiveness, time efficiency, and environmen-
tally friendly nature [40]. The resulting material demonstrates
commendable color purity, good thermal stability, and high
sensitivity, indicating promising prospects for applications in
solid-state lighting and optical thermometry.

II. EXPERIMENTAL

A. Phosphor Preparation

The preparation of a series of CaTiO3:x Er3+ (0.1≤x≤7
mole%) phosphors using the solution combustion
method involved several steps. Analytical reagent grade
Ti(OCH2CH2CH2CH3)4, HNO3 (70%), Ca(NO3)2. 4H2O,
Er(NO3)3. 5H2O, and NH2CONH2 were the starting materials.
The synthesis process initiated with the preparation of a
titanium nitrate solution. In a 100 ml beaker, 10 ml of
double-distilled water and 1-2 ml of HNO3 were added to
Ti(OCH2CH2CH2CH3)4. The mixture was agitated on a
magnetic stirrer until a clear solution of titanium nitrate was
obtained. Subsequently, stoichiometric quantities of nitrates of
calcium, erbium, and urea were incorporated into the titanium
nitrate solution. The resulting mixture was continuously
stirred on a magnetic stirrer at an elevated temperature of
approximately 80–90 °C until it transformed into a dense slurry.
The obtained slurry was then subjected to a furnace heated to
500 °C to produce a fluffy powder. To enhance the crystallinity
of the phosphor powder, it underwent annealing at 800 °C for a
duration of 2 h. This multi-step process aimed at the preparation
of high-quality phosphors for further applications.
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Fig. 1. PXRD patterns of CaTiO3:x Er3+ (0.1≤x≤7 mole%).

Fig. 2. (a) Excitation and (b) emission spectra of CaTiO3:x Er3+ (0.1≤x≤7
mole%).

B. Characterization

The characterization performed in the present manuscript is
same as reported in our earlier work [7], [28] and their details
can be found from there.

III. RESULTS AND DISCUSSIONS

A. PXRD Study

Fig. 1 presents the powder X-ray Diffraction (PXRD) pat-
tern of CaTiO3:xEr3+ (0.1≤x≤7 mole%) phosphor. The PXRD
patterns of all the samples matches closely with the diffrac-
tion patterns of CaTiO3 with ICSD (Inorganic crystal struc-
ture database) Reference Code 01-082-0228. CaTiO3:xEr3+

(0.1≤x≤7 mole%) crystallizes into orthorhombic phase with
space group Pbnm [34]. Most intense diffraction peaks of the
phosphor are effectively indexed to (101), (121), (202), and (123)
(242) (161). The average crystallite size was determined using
Scherer’s formula [41]:

D =
Kλ

βCos θ
(1)

where ‘D’ represents the average crystalline size, λ is the X-
ray wavelength (1.54056 Å), K is a constant, θ is the Bragg’s

angle, and β is the full width at half maximum (FWHM). The
calculated crystallite size falls within the range of 19–22 nm.
Small impurity reflections marked by ampersand (&), hash (#),
and at the rate of (@) were also observed due to presence of
TiO2, CaCO3 and Er2Ti2O7 phases.

The Rietveld refinement analysis of CaTiO3:xEr3+ (0.1≤x≤7
mole%) was performed on major phase (CaTiO3) using the
FULLPROF suite program. The Pseudo-Voigt function was
employed to fit various parameters of the data points. Fig.
S1 illustrates the Rietveld refinement of the XRD patterns of
CaTiO3:xEr3+ (0.1≤x≤7 mole%). The detailed information
about the various structural parameters evaluated from the Ri-
etveld refinement analysis of various samples is presented in
Table S1.

B. FESEM Study

Fig. S2 present high-magnification Field Emission Scanning
Electron Microscopy (FESEM) images, detailing the morpho-
logical characteristics of CaTiO3:0.5 mole% Er3+. The FESEM
images depict irregularly agglomerated distorted spherical-like
particles. The particle distribution, as illustrated in the histogram
within Fig. S2(a), reveals a predominant particle size clustering
within the range of 20-100 nm. The average particle size is 55
nm. Further insight into the elemental composition was provided
by the Energy Dispersive X-ray Spectroscopy (EDS) spectra,
displayed in Fig. S2(b), affirming the presence of Ca, Ti, O, and
Er within the CaTiO3:0.5 mole% Er3+ phosphors.

C. FTIR Study

The investigation into the vibrational bands of CaTiO3:x Er3+

at varying concentrations (x = 0.1–7 mol%), was conducted
through Fourier Transform Infrared (FT-IR) studies, as depicted
in Fig. S3. The peaks observed at 434 cm−1 and broadband from
525–745 cm−1 correspond to the stretching vibrations of Ti–O
and the bridge stretching modes of Ti–O–Ti, respectively. These
spectral features reflect the structural characteristics associated
with the environment surrounding the TiO6 octahedra in the
ABO3 perovskite [42]. The shoulder peak at 875 cm−1 appears
due to the presence of out of plane bending of CO3

2− ion present
in CaCO3 [43], [44]. Furthermore, the band at 1442 cm−1 was
ascribed to the asymmetric stretching vibration of the CO3

2-

group present in CaCO3 [45], [46].

D. Room Temperature Photoluminescence Study

Photoluminescence excitation and emission spectra at room
temperature were systematically recorded to analyze the impact
of doping on the luminescence characteristics of CaTiO3:Er3+.
The Photoluminescence Excitation (PLE) and Photolumines-
cence (PL) spectra of CaTiO3:Er3+are illustrated in Fig. 2(a)
and (b), respectively. The PLE spectra were acquired within the
range of 300–500 nm, with the emission wavelength fixed at 546
nm. In line with our previous investigations, the PLE of Er3+

doped CaTiO3 manifested multiple narrow bands between 350
and 500 nm, corresponding to distinct 4f electronic transitions
of Er3+ ions. Notably, sharp bands at 372, 401 nm, 442, and 484
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nm denote 4I15/2 → 4G11/2, 4I15/2 → 2H9/2, 4I15/2 → 4F3/2 +
4F5/2, and 4I15/2 → 4F7/2 transitions of Er3+ ions, respectively
[7], [47]. For the analysis of PL properties, emission spectra
were recorded at 372 nm excitation for all synthesized samples.
The emission spectra exhibits characteristic green emission with
peaks centred at 526 nm and 546 nm, corresponding to 2H11/2

→ 4I15/2 and 4S3/2 → 4I15/2 transitions [22], [48]. Notably,
there was no change in peak profile with variation in doping
concentration. The partial energy diagram illustrating various
excitation and emission profiles are presented in Fig. S4 (a).
With an increase in doping amount, there was a rise in emission
intensity up to 0.5 mole percentage, attributed to the increased
luminescence centres. However, beyond 0.5 mole percentage,
a decline in emission intensity occurred due to concentration
quenching.

When the spatial separation between activators exceeds a
specific threshold, an escalation in non-radiative transitions
occurs. This phenomenon is attributed to the presence of cross-
relaxation channels, which act as inhibitory sites. The activa-
tion of cross-relaxation channels occurs in energy levels with
comparable energy differences between them. In the context of
an energy transfer process, such as A + B → C + D, cross-
relaxation channels become feasible if the energy difference
between A and C closely matches the energy difference between
B and D. Various cross-relaxation channels may be accountable
for the heightened non-radiative transitions in the synthesized
phosphors, and these are detailed below [7]:

CRC1: 2H11/2 (Er1)

+4I15/2 (Er2)→4I13/2 (Er1)+
4I9/2 (Er2) (2)

CRC2: 4S3/2 (Er1)

+4I15/2 (Er2)→4I9/2 (Er1)+
4I13/2 (Er2) . (3)

Within CRC1, the Erbium ion in the excited state 2H11/2

undergoes relaxation to the energy state 4I13/2, subsequently
transferring the remaining energy to an adjacent Erbium ion.
As depicted in Fig. S4 (b), this energy transfer through CRC1
induces stimulation of a neighbouring Erbium ion in the ground
state 4I15/2 to the excited state 4I9/2 level. In CRC2, the Erbium
ion initially in the excited state 4S3/2 undergoes relaxation to
the 4I9/2 state and transfers the remaining energy to another
Erbium ion upon being excited from the ground state 4I15/2 to the
higher state 4I13/2. These cross-relaxation channels contribute
to the increase in non-radiative transitions, and similar channels
have been observed in our previous work [7], confirming their
role in the concentration quenching. The influence of exchange
interaction is prominent when the critical distance (Rc) between
adjacent activator ions is less than 5 Å, whereas distance exceed-
ing 5 Å lead to multipole interactions. According to Blasses, the
distance between adjacent Er3+ ions can be determined using
the equation [49]:

Rc = 2

[
3V

4πZXc

] 1
3

. (4)

Here, Rc represents the critical distance, V denotes the unit
cell volume, Xc represents the critical concentration, and Z

represents the number of sites available for dopant ion occupancy
per unit cell in the host lattice. For the CaTiO3 host with Z
equal to 4, V equal to 224.241 Å3, and Xc equal to 0.005,
the calculated critical distance for energy transfer is 27.78 Å.
Given that this value exceeds 5 Å, it indicates the prevalence
of multipole-multipole interactions in CaTiO3:Er3+. The deter-
mination of multipole interactions can be carried out using the
Dexter formula for energy transfer [50]:

I

X
= k

[
1 + l(X)

m
3

]−1

. (5)

Here, I denotes PL intensity, and k and l are arbitrary con-
stants, while X denotes the critical concentration. The value
of m signifies the type of multipolar interaction, with various
constant values corresponding to different types of multipolar
interactions. Specifically, for values of m = 3, 6, 8, and 10,
exchange interactions, dipole-dipole, dipole-quadrupole, and
quadrupole-quadrupole interactions occur, respectively. The de-
termination of the m value involves calculating it from the slope
(m/3) of the graph log(I/X) vs log(X), as illustrated in Fig. S5.
The computed value of m is 5.28, closely aligning with 6. This
proximity implies that dipole-dipole interactions predominate
in the synthesized phosphor.

E. Photometric Analysis

The determination of CIE (Commission Internationale de
L’Eclairage) coordinates for the CaTiO3:x Er3+ (0.1≤x≤7
mole%) phosphors followed the 1931 CIE standard. The CIE
diagram, corresponding to an excitation wavelength of 372 nm,
is depicted in Fig. S6, with the corresponding estimated values
detailed in Table S2 (The CIE coordinates for different samples
are indicated numerically, corresponding to the serial numbers
listed in Table S2). The CIE coordinates of the optimized phos-
phor, CaTiO3:0.5%Er3+, were found to be (0.28195, 0.70117). It
has been documented that a correlated color temperature (CCT)
below 5000 K is suitable for warm white light used for inside
home application whereas CCT value greater than 5000 K value
is suitable for outside lighting applications [51]. Furthermore,
color purity, an essential parameter WLED application. The
CCT and color purity values of all the samples have been eval-
uated using the formula described in our previous work [7] and
enlisted in Table S2. The high color purity and CCT (>5000 K)
value indicates that synthesized phosphor can be used as cool
green emitting phosphor for outside lighting applications.

F. Decay Curve

The decay characteristics of CaTiO3:0.5% Er3+ phosphor was
analysed, as depicted in Fig. S7. Remarkably, the decay behavior
of CaTiO3: 0.5% Er3+ phosphor is effectively described by a
third-order exponential decay model (Exp Dec 3). The governing
equation for Exp Dec 3 is denoted as equation (6) [52]:

I (t) = I0 +A1e
−t
τ1 + A2e

−t
τ2 + A3e

−t
τ3 (6)

Here, A1, A2, and A3 are constants, while I and I0 are
luminescent intensity at time t and initial time respectively. τ1,
τ2, and τ3 signify decay times. For CaTiO3:Er3+, specific decay
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Fig. 3. Thermal evolution of (a) PL emission spectra of CaTiO3: 0.5% Er3+

phosphor under 372 nm excitation (b) thermally coupled levels of Er3+ ion (c)
FIR of thermally coupled levels of Er3+ ion and their fitting using Boltzmann’s
relation (d) relative and absolute sensitivity.

parameters were determined as follows: A1 = 0.72824, A2 =
0.26383, A3 = 0.33172, τ1 = 2.00036 μs, τ2 = 15.39955 μs,
and τ2 = 76.42103 μs. The average lifetime value for the
CaTiO3:Er3+ phosphor was computed utilizing equation (7):

τav =

∑
Aiτ

2
i∑

Aiτi
(7)

where, τav, τ i, and Ai represent average lifetime, decay times,
and constants. Through these calculations, the average lifetime
was determined to be approximately 64.88 μs.

G. Thermal Stability

The influence of temperature on the PL characteristics of
phosphor-based materials is a significant consideration for phos-
phor usage in numerous kinds of solid-state lighting appli-
cations. Usually, phosphors employed in illuminating devices
necessitate excellent thermal stability as blue/UV LED chips
generate temperatures of 150 °C during functioning time. Fur-
thermore, the thermal quenching properties of the versatile phos-
phor are also beneficial for optical thermal sensing applications.
By analyzing the emission profiles at varying temperatures, the
thermal quenching features of the phosphor have been explored.
The emission spectral profiles of the synthesized phosphor at 372
nm excitation as the temperature increased from 303 to 573 K,
are illustrated in Fig. 3(a). The peak intensities of emission were
dependent on temperature and the peak intensities associated
with the transitions 2H11/2 → 4I15/2 and 4S3/2 → 4I15/2 vary
with temperature. The emission peak related to the 2H11/2

→ 4I15/2 transition at 526 nm increases with an upsurge in
temperatures. Simultaneously, the emission peak at 546 nm is
linked to the 4S3/2 → 4I15/2 transition, which diminishes with
temperature. The 2H11/2 energy level was thermally populated
from the 4S3/2 energy level via external temperature, which
resulted in an intensity improvement in the 2H11/2 → 4I15/2
transition. This kind of variation in the PL spectral profiles
occurs because of the thermally coupled and very little energy
difference among the 2H11/2 and 4S3/2 energy levels of the
dopant (Er3+) ions. Furthermore, one of the most essential

criteria of thermal stability for the synthesized phosphor is the
activation energy, which was determined using the Arrhenius
equation as shown below [53]:

IT =
I0

1 + Cexp
(
− ΔE

KBT

) . (8)

The emission intensities at specific temperature T (K) and
initial temperature are denoted as IT and I0. The Boltzmann and
arbitrary constant parameters are represented as KB and C. The
activation energy of the phosphor is noted ΔE. The Arrhenius
equation has been applied to assess the ΔE based on the slope
of a straight line between ln[(I0/IT) – 1] and 1/KBT. The slope
value was determined to be 0.279, as shown in Fig. S8. For the
synthesized phosphor, ΔE is found to be 0.279 eV. Henceforth,
the influence of temperature on the emission profiles of the
synthesized phosphor indicates that the phosphor has excellent
thermal stability.

H. Thermal Sensing

Fig. 3(a) present the thermal evolution of the emission profile
of phosphor excited by 372 nm excitation within the temperature
range of 303–573 K. The variation in CIE coordinates with
T is negligible as depicted in Fig. S9. The emission intensity
at 526 nm is observed to escalate relative to the emission at
546 nm with increasing temperature, as depicted in Fig. 3(b).
This phenomenon emerges due to the thermal interconnection
between two emitting levels. The relative population of these
thermally coupled energy levels, separated by thermal energy (of
the order of KBT), conforms to a Boltzmann-type distribution.
This distribution significantly influences the transitions between
the two levels, particularly at elevated temperatures. The FIR
associated with the thermally coupled levels can be described
by the following expression [54]:

FIRTC =
I526
I546

= A e

(
−ΔE
KBT

)
(9)

where I526 and I546 represent the integrated emission intensity
of two thermally coupled (TC) green emitting bands, ΔE rep-
resents the energy difference between two TC levels. KB, T,
and A represent Boltzmann’s constant, absolute temperature,
and constant in relation to degeneracy, spontaneous radiative
transition rate, and angular frequency of the respected transition.
In Fig. 3(c), the experimentally determined FIR values are
presented against temperature (T). The FIR data is fitted using
the Boltzmann formula, and the value of ΔE/KB is derived
from the gradient of the fitted formula. Additionally, ΔE is
determined to be approximately 894.25 cm−1. By analysing
emission spectra, the value of ΔE is found to be 696.39 cm−1.
The presence of non-radiative cross-relaxation channels and the
overlap of two thermally coupled energy levels account for
the observed subtle energy differential of 197.86 cm−1 [54].
In optical temperature-sensing, certain performance parameters
like relative and absolute sensitivity are crucial for comparing
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various optical temperatures. The absolute and relative sensitiv-
ities are defined as [55], [56]:

Sa =

∣∣∣∣d (FIRTC)

dT

∣∣∣∣ =

∣∣∣∣ ΔE

KBT 2
× FIRTC

∣∣∣∣ (10)

Sr =

∣∣∣∣ 1

FIRTC
× d (FIRTC)

dT

∣∣∣∣ =

∣∣∣∣ ΔE

KBT 2

∣∣∣∣ . (11)

The temperature-dependent behaviour of Sa and Sr is ev-
ident in Fig. 3(d), showing a steady increase with temper-
ature. At 573 K, Sa attains its peak value, reaching 54.23
× 10−4% K−1. Conversely, Sr displays a consistent de-
creasing pattern with temperature, with its maximal value of
1.40% K−1 recorded at 303 K. A comparative analysis of Sa

and Sr with other temperature sensing phosphors is enlisted in
Table S3.

IV. CONCLUSION

In the current work, Er3+ doped CaTiO3 has been successfully
synthesized through solution combustion method. The obtained
material underwent structural confirmation and morphology
analysis via Powder X-ray Diffraction (PXRD) and Field Emis-
sion Scanning Electron Microscopy (FESEM), respectively. Ad-
ditionally, Fourier Transform Infrared Spectroscopy (FTIR) was
employed for vibrational characterization. Photoluminescence
(PL) emission spectra were recorded at an excitation wavelength
of 372 nm, revealing a distinctive green emission attributable
to specific transitions. Notably, our investigation indicates a
notable increase in PL emission with the initial rise in Er3+

concentration. However, beyond a critical concentration (x =
0.5 mol%), there is a discernible decline in emission inten-
sity. Dexter theory elucidates that dipole-dipole interactions
play a pivotal role in the observed quenching phenomenon.
Calorimetric analysis of the material yields CIE coordinates,
CCT, and color purity values, denoting its suitability as a green
component in solid-state lighting applications. Given the thermal
coupling of transitions, our study delves into potential applica-
tions, revealing the synthesized material’s efficacy in optical
thermometry. Maximum relative sensitivity of 1.40% K−1 and
absolute sensitivity of 54.23 × 10−4% K−1 were observed at
temperatures of 303 K and 573 K, respectively. In summary,
our findings underscore the multifunctional potential of the
synthesized material. It exhibits promise for applications in
both solid-state lighting and non-contact optical thermometry,
establishing its viability as a bifunctional material with diverse
practical implications.
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