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ABSTRACT

Present Phosphor La; 4 Eu,OCl (0 < x < 0.09) was synthesized via conventional
solid-state method at a temperature of 700 °C for a duration of 2 h. The com-
pound crystallized in the tetragonal structure with space group P4/nmm (No.
129). The intensity of transition Dy — “F, (617 nm) was found to be more
intense in the photoluminescence spectra. Intensity parameters and radiative
properties like radiative lifetime, transition probabilities, and branching ratio
are evaluated employing of the Judd-Ofelt theory. At room temperature for a
frequency range of 10 Hz—8 MHz, AC conductivity, dielectric properties of
La;_,Eu,OCI (0.01 < x < 0.09) are studied. Studies indicate that above 30 kHz
till100 kHz, the AC conductivity establishes slowly and at 300 kHz increases
rapidly. Greater values of dielectric constant and loss were exhibited towards
lower frequencies which then declined significantly with increasing frequency
making the phosphor suitable for microwave device applications. The CIE color
coordinates results of Eu’*-activated LaOCI phosphor (0.642, 0.358) were closer
to the commercial red phosphors such as Y,O5:Eu”"(0.645, 0.347), Y,O,S:Eu**"
(0.647, 0.343) and National Television System Committee (NTSC) (0.67, 0.33)
resulting in making LaOCl:Eu”"behaves as a promising material for red phos-
phor materials.
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Table 1 Calculated crystallite
size from PXRD peak

broadening for La;_,Eu,OCl

Concentration of Eu** 0.00 0.01 0.03 0.05 0.07 0.09
Scherrer’s method (nm) 37.44 38.59 36.75 35.71 37.88 37.20
W-H method (nm) 32.02 31.6 31.89 31.5 32.06 31.75

1 Introduction

RE*"-activated oxyhalides phosphor of lanthanides is
utilized in broad areas of applications in the industry
[1]. Lanthanum oxyhalides (LaOX, X = Cl, Br, F)
enclose distinctive, exceptional optical, magnetic,
electrical, and luminescent behavior [2, 3]. Due to
their ability as phosphor hosts, luminescence prop-
erties of these materials are examined broadly
[4, 5].The RE>" are generally included in materials as
trivalent cation to comprehend optically active sub-
stances in optoelectronic, photonic applications. In
phosphors for many reasons, europium serves to be
an efficient luminescent center [6, 7]. To observe color
red on displays of a variety of electronic devices,
phosphors with europium as dopant ions are signif-
icant. In nanocrystalline form these materials has
numerous potential uses in the field of chemical/bi-
ological sensors, light emitting devices, photocataly-
sis, and solar energy conversion [8-10].

Intensity parameters and radiative properties like
branching ratio, radiative lifetime, and transition
probabilities are basic property that characterizes
optical materials for their utility in laser devices and
photonics [11]. Using the theory of Judd-Ofelt anal-
ysis, all the above quantities may be estimated from
either the absorption or emission spectrum of the
phosphor. Two physicists Judd [12] and Ofelt [13],
discretely found an electronic model to evaluate the
spectral parameter of ions of rare earth. In-depth, the
knowledge of the function of these parameters is
required to devise phosphor with enviable lumines-
cence. Commonly the spectral intensities with their
relative ratios characterize the rare-earth ions. Judd—
Ofelt (JO) theory helps in explaining the nature of
rare-earth dopants rooted inside the host. According
to this theory, mixed parity states are produced due
to crystal field effects and could be known through
JO parameters which are reactive to the local envi-
ronment [12, 13]. It is important to study the variation
of AC electrical conductivity with the frequency of
the applied electric field, as most of the electrical
appliances rely on electrical modes of operations [15].
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Synthesis of LaOCI can be done via various meth-
ods, including liquid-phase method [16], solid-state
[17], combustion [18], sol-gel [19], solvothermal and
surfactant-assisted  solvothermal reaction [20],
mechanochemical grinding [21]. Of all these
methodologies, solid-state reaction proposes numer-
ous merits like large scale production, high purity of
products, solvent/surfactant-free process, and
enhanced control over composition.

The present paper reports the preparation of
La;_4Eu,OCl (x = 0.0 to 0.09) phosphors via solid-
state route in a short time at comparatively low
temperature. The crystallographic structural param-
eters, functional groups are determined by PXRD,
FTIR spectroscopy, respectively. Energy bandgap
and morphological studies are done using UV-Visi-
ble spectra and SEM/TEM analysis. The photolumi-
nescence and CIE analysis of the sample are carried
out. Besides, the Judd-Ofelt intensity parameters,
radiative emission rates, branching, lifetime, and
asymmetry ratios are evaluated with the emission
spectra. At room temperature, the AC conductivity,
tan 8, and dielectric constant are examined as a
function of frequency.

2 Experimental
2.1 Synthesis

A conventional solid-state route was adopted for the
synthesis of Eu*"-activated LaOCI phosphor. Rare-
earth oxides La,O3, Eu,0O; and NH4CI are the initial
materials. Calcination of all rare-earth oxides at
800 °C for 6 h is done before weighing. Using pestle
in an agate mortar, the stoichiometric amount of
LayO;, EuyO3, and NH4CI (excess 20%) were ground
thoroughly. The mixed powder was taken in porce-
lain crucible, calcined at 700 °C for 2 h (ambient
atmosphere) which is bought down to room
temperature.

(1 —x)Lay0O3 + xEu,O3; + 2NH,4Cl

— 2La;_4Eu,OCl + 2NH; + H,0 (1)
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2.2 Characterizations

PANalyticalX'Pert Pro powder diffractometer with
nickel filter using Cu Ka radiation (4 = 0.15418 nm)
was utilized to examine the phase purity of the
compounds. SEM analysis was done using ESEM
quanta 200, FEI. HRTEM was examined using Jeol/
JEM 2100 with 0.23 nm point resolution and 0.14 nm
lattice resolution. Using KBr as a reference, FTIR and
UV-Visible absorption spectra are noted from Perkin
Elmer spectrometer Frontier and Perkin Elmer
Lambda 750 spectrophotometer, respectively. Jobi-
nYvon spectrofluorometer (Fluorolog-3, Horiba) for-
tified with a 450 W xenon lamp as an excitation
source was used to carry out the PL studies. With
Hioki IM3536 LCR meter from a frequency of 10 Hz
to 8 MHz, AC conductivity and dielectric property of
phosphor are studied. Under room temperature, all
the measurements were made.

La Eu,_OCI
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Fig. 1 PXRD patterns of La;_,Eu,OCl (0.00 < x < 0.09)
nanophosphors
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3 Results and discussion
3.1 Powder X-ray diffraction

Figure 1 represents X-ray diffractogram of La;_y.
Eu,OCl (0 <x <0.09) compound. A single-phase
Eu’*-doped LaOCl compound is confirmed from the
sharp and single diffraction peaks of the XRD spec-
trum. No obvious shifting of peaks or other impurity
phases can be detected in the Eu®"-doped samples,
indicating that the Eu®* ions are efficiently incorpo-
rated in the LaOCI host lattice by replacing the La**
[35]. With the space group P4/nmm, a tetragonal
(PbFCl-type) structure has been exhibited by the
phosphor [18, 19]. a =0.4121 nm, b = 0.4121 nm,
c = 0.6884 nm were the unit cell lattice parameters
with o = p = y = 90°. In LaOCl, Eu®* can get substi-
tuted into the cationic site available; to validate this
acceptable percentage ionic radius (D,) may be eval-
uated. Between the dopant and substituted cation,
the percentage ionic difference (D,) shall not go
above ~ 15% for the substitution of dopant [14]. The
following formula is used to calculate the difference
in ionic radii:

Rh(CN) — Rd(CN)

Ry (CN )

here Ry, (CN) and R4 (CN) represents radius of host
cation and doped ion respectively. Upon substitution
of the ionic radii of Eu>* and La®>" respectively, the D,
between them is obtained to be 8.24%. Thus Eu’*
evidently would replace the Lanthanum site in
LaOCl.

The grain size measurements are done by means of
Debye-Scherrer formula:

Y
~ Pcosb

D, = (2)

(3)

here, k =0.9 = constant, d = grain size, f = full-
width at half maximum (FWHM), 4 = wavelength of
the X-ray radiation and 0 = angle of diffraction. The
determined grain size of Eu’* doped LaOCI lies
between 35-37 nm.

The particle size also was found using FWHMSs of
the diffraction peaks. The FWHMSs (f) could be
written as a linear combination of influences from the
particle size (d) and strain (¢) using the Hall and
Williamson relation [22]:

@ Springer
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Fig. 2 W-H plots of La;_,Eu,OCl (0.00 <x < 0.09)

nanophosphors
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A straight-line graph is obtained by plotting B cos
0/ vs sin 0/ for Eu>" doped LaOCI Fig. 2. On the B
cos 0/ axis, the reciprocal of intercept particle as
32 nm which provides the mean size of is in accord
with the evaluated value by Debye-Scherrer formula.
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3.2 SEM and TEM analysis

Figure 3a and b represent SEM micrographs and the
composition of elements of La;_,Eu,OCl (x = 0.07)
phosphor. An agglomeration is exhibited by the
nanophosphor which can be attributed to the method
of synthesis.

TEM and HRTEM of La;_Eu,OCl (x=0.07)
phosphor help in the understanding of particle size
distribution. Closer examination of TEM images in
Fig. 4a reveal that the phosphor is in the nano regime.
The lattice fringes as seen in Fig. 4b with 0.34 nm as
the interplanar distance that matches the plane (101)
in LaOCl. Diffraction circles composed of diffraction
dot is exhibited in Fig. 4c SAED pattern of La;_y.
Eu,OCl (x = 0.07).

3.3 FTIR spectra

Figure 5 represents the Fourier transform spectra of
La;_Eu,OCI (0.00 > x > 0.09) nanophosphor in the
range 450-4000 cm ™. In the lower frequency domain
at 510 cm ™' (La-O) vibration peaks of metal-oxygen
bands appeared [23]. The band at 1594 cm ™' repre-
sents asymmetric stretching vibrations of C = O car-
boxyl groups, while bands at 1383 and 3461 cm™!
correspond to the bending and stretching bands of
the O-H group correspondingly [22].

3.4 Energy bandgap analysis

Figure 6 shows the bandgap energy for La;_ Eu,OCl
(0 < x <0.09). The energy bandgap is determined
using Wood and Tauc relation from the data of
absorption Spectra:

Spectrum 1

1 2
ull Scale 354 cts Cursor: 0,000

Fig. 3 a FE-SEM micrographs and b EDAX spectrum of Lag 93Eug o7OCl nanophosphors
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Fig. 4 a TEM image. b HR-TEM. ¢ SAED of La 93Eug o;OCl nanophosphors

ahv = A(hv — Eg)" (5)

hv is photon energy, o denotes co-efficient of
absorption, A = constant of proportionality, Eg.
= energy bandgap, and n relies on properties of
transition in a semiconductor. n = %, 2, 3/2 or 3 for
allowed direct, allowed indirect, forbidden direct,
forbidden indirect electronic transitions, respectively.
For LaOCl nanophosphor the absorption spectrum is
governed through direct electronic transition, n is 2
[24]. The intercept of the tangent to x- axis provides
the value of energy gap and is found to be in the

Transmittence (a.u)

T T T T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

Fig. 5 FTIR
nanophosphors

spectra of La; ,Eu,OCl (0.00 <x < 0.09)

range of 4.165—4.22 eV for La;,Eu,OCl (0 <x
< 0.09) nanophosphors.

3.5 Photoluminescence

Figure 7a and b represent excitation and emission
spectra of La;_Eu,OCl nanophosphors, respectively.
The luminescence of Eu’* ions attributes to the phe-
nomenon of excitation which is due to Eu>* — O*
charge transfer (CT), enhancing the emission effec-
tiveness along with sensitizing phosphors for series
of short-wave UV (254 nm) [25]. The 395 nm
("Fy — °Le) excitation wavelength corresponds to 4 f-
4 f transitions of Eu’" ions in the host lattice. On
excitation at 395 nm, a set of emission lines were
exhibited by the spectra that relates the transitions
from °Dy level of excitation to ground levels 7F] Jg=1,
2, 3,4) of the Eu™*f, configuration. The transition
Dy — ’Fy owes to J-mixing by the crystal field
effects. °Dy — “F; and °Dy — ’F, transitions were of
specific importance among all as they signify the
local environment of Eu®>* ion. The °Dy — ’F; tran-
sition peaks originate from the magnetic dipole
transition. On the contrary, the radiative transitions
from °Dy to “F, and ’F, levels are induced by an
electric dipole in nature. The Dy — “F3 (650 nm)
transition is prohibited from both magnetic and
electric dipole considerations. Magnetic dipole
(5D0 - 7F1) emission transition was predominant, as
the Eu" ion was located at the site with inversion
symmetry, further induced electric dipole
Dy — “F,) transition becomes dominant at a site
without inversion symmetry [14]. For La; Eu,OCl
phosphors, Eu®* ions essentially occupy site without
inversion symmetry in LaOCl host lattice as the
intensity of emission for Dy — “F, (617 nm) was
stronger than °Dy — “F; (595 nm). Splitting in Dy —
’F, transition can be due to the stark effect (splitting

@ Springer
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Fig. 6 Energy bandgap diagram of La;_ Eu,OCl (0.00 < x
< 0.09) nanophosphors

of energy levels due to the external electric field or
crystal field). Crystal field splits the excited energy
levels of rare-earth ions into a number of sublevels
thereby increasing the probability of transition near
the expected wavelength inducing more peaks in the
spectrum. By increasing the Eu*" doping concentra-
tion (1-9 mol %), the relative intensity of Dy - ’F,
transition (617 nm) increases up to 7 mol% and
thereafter decreases due to quenching. Quenching
effect appears because of the non-radiative energy
transfer owing to radiation re-absorption, exchange
interaction, or multipole-multipole interaction.

To begin with, the transfer of energy occurs due to
the rate of re-absorption of radiation as an impact of a
broad overlap of fluorescent spectra of the activator
and sensitizer [26]. Clearly from the PL spectra, it is
seen that the quenching effect is not due to radiation
re-absorption.

Next, according to Blasse et al., R. the critical
transfer distance is written as [27]

@ Springer
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Fig. 7 a Excitation spectra and b Emission spectra of La; _,Eu,OCl
(0.01 < x < 0.09) nanophosphors

3v 1"
Re = 2[4XCnN} (6)

V = 0.117 (nm) 3 = a’c is unit cell volume, X. = 0.07 is
concentration of Eu®* ion (optimum), N = 4 in a unit
cell the no. of vacant cationic sites for LaOCl. The
non-radiative transfer of energy occurs only if R,
value is less than 3-4 A [28]. For La;_Eu,OCl, 9.28 A
is obtained as its critical transfer distance R, inferring
the transfer of energy is not because of exchange
interaction for LaOCL

Lastly, if the energy transfer is relative to (x) %3
where x = C / C* = concentration of dopant, C is
quenching ion concentration, and C* is critical
transfer concentration of quenching then the multi-
polar interaction tends to non-radiative energy
transfer. 6 =6, 8 or 10 indicates dipole-dipole,
dipole-quadruple or quadruple-quadruple
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interaction correspondingly [29]. Transfer of energy
in the host matrix is given by correlation of emission
intensity and activator and can be written as:

91_( - k[l + ﬁx(’/ﬂ B (7)

k and B = constants! = emission intensity per acti-
vator ion. Relation (7) may also be written as:

log G) K- g log(x) 8)
0.07 is the critical concentration for LaOCL:Eu®*. A
graph of log (%) vs log (x) is drawn by determining the
integrated intensity of x = 0.07, 0.09 that is a linear fit
as in Fig. 8 Slope (3 is obtained as -2.11 and thus 6
is equal to 6.33. d-d interaction be held responsible
for quenching of Europium ions in the host as 0 value
is close to 6. [23]

Commission International del’Eclairage (CIE)
chromaticity diagram was used to estimate the
accurate color of emission and its purity for the
synthesized phosphor. Under an excitation of
395 nm, the chromaticity coordinates for La;_,Eu,.
OCl (x =0.00, 0.01, 0.03, 0.05, 0.07, 0.09) is (0.642,
0.358) indicating that the color emitted is in the red
region as in Fig. 9 and results revealed that the
LaOCL:Eu”" phosphor is nearer to commercial red
phosphors such as Y,05:Eu®" (0.645, 0.347), Y,0,.
S:Eu®" (0.647, 0.343) and National Television System
Committee (NTSC) (0.67, 0.33) [24]. Table 3 gives the
values of U, v/, x, y, CCT, and color purity. Because
the location of luminescent emission hardly varies,
the CIE chromaticity coordinates of the phosphor
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Fig. 8 The correlation between log(I/x) and log(x) of
La;_,Eu,OCI nanophosphors beyond quenching concentration
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Fig. 9 a CIE. b CCT chromaticity diagram of La;_yEu,OCI
(0.00 < x < 0.09) nanophosphors

were not dependent on the variation in europium
concentration. Thus LaOCL:Eu®" phosphor serve to
be one among the constituent for the emission of
white in relating it with phosphors emitting green—
blue. The results reveal that LaOCL:Eu®* phosphor
serves to be a strong candidate for red phosphor
materials.

3.6 Judd-Ofelt analysis

Judd—-Ofelt theory [12, 13] favors in quantifying the
impact of crystal field on Eu’* ions spectral charac-
teristics. JO parameters be useful in knowing the
behavior of the covalency of Eu-O bonding and the
local environment of the lanthanide ion. Also, Q,
intensity parameters (generally coupled with short-
range coordination chemistry) and €, (that together
with Qg confine long-range effects) are beneficial to
look into the structural environment and rigidity of
inorganic matrix correspondingly [30, 31]. It is

@ Springer
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figured out that their absolute values aren’t utilized
in knowing fundamental physics. Emission spectra
were utilized to find JO intensity parameters.

The spontaneous emission probability of magnetic
and electric dipole A™ and A®! are respectively
given by

B 6414313S,,4

An,wl —
J=1 3h2] + 1) ®)
64nty3e? n(n? +2)° 5 7
A = Q; CDo|UV | F))?
] =T 3h(2] +1) 9 122;1 ]< | ’ ]>
(10)
here, n = refractive index of host, S,q = con-

stant = 7.83 x 107** esu® cm® -the magnetic dipole
line strength for Eu®t is independent of host [32],
Yy = wavenumber, e = charge, (2] + 1) = the degen-
eracy of the initial state. The square reduced matrix
elements (°Dy | U? | “F,)?and (°D, | U? | 7F,)? are
0.0032 and 0.0023 correspondingly.

The summation of the radiative transition proba-
bilities is given by:

> Az == AwiiAuis (11)
J=0-4

Radiative lifetime t,,4 given by:
1

Tygd = = (12)
" Z]:O—Al A7F,

The luminescence intensity of emission bands
induced by the magnetic-dipole (I,q) and electric
dipole (Io4) transition is given by:

led = "CA Ny
Led
And
hcA, 4, Ny
Lg = % (13)
md

where Nj gives a population of °D, state of
Europium.

The ratio of luminescence intensity of emission
bands induced by the MD and ED transition is
written as [33].

(n® +2)%e20 |

R="ET2 C%md ey 5D |UD| Fp) 14
T j—24{’Do|UYV | Fy) (14)

Which can also be written as
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 [lad?
JLnaas

(15)

Dy — 7F], J=1, J=2, 4, and 6 transitions of
magnetic and electric dipole, respectively, ] = 3 and 5
are forbidden whose square reduced matrix elements
are zero as proposed by optical transition theory [33].
In Fig. 7b, transition due to ] = 6 is unseen in emis-
sion spectrum of LaOCI:Eu”* nanophosphors. Q, and
Q, may be estimated by relating Egs. (14) and (15).

Emission from an excited to its lower levels-The
branching ratio B is written as [34]:

Acdimd;
= edhmdi (16)
2 j=0-4 A7y,

The JO intensity parameters, transition probabili-
ties, branching ratios, radiative lifetime, and asym-
metric ratios for La;_,Eu,OCl are tabulated in
Table 2. All molar concentrations exhibited a trend
Q, > Q, JO parameters indicating that Eu’* ion
occupies asymmetric sites [34]. Higher value of Q,
was obtained for x = 0.07 in comparison to other
concentrations representing that at this concentration
the effect of the crystal field of LaOCl is high upon
Eu®" ions giving rise to forced ED transition
"Dy » ’F,» being highly intense than the Dy — “Fi-
MD transition (is obvious in the PL). The Eu’* ions
lack inversion symmetry considerably as specified by
asymmetric ratio values as well. Thus one can con-
clude, Eu”* ions favor non-centrosymmetric sites in
the host, thus ensuing in a weaker Dy — ’F; transi-
tion and a strong °Dy — “F, transition. The radiative
lifetime of every molar concentration is evaluated
and is obtained to be ~ 1.56 ms for the optimized
concentration. This result indicates the aptness of
LaOCl: Eu’* nanophosphor as red emission and an
effectual material for luminescence.

3.7 Electrical and dielectric properties.

Conductivity measurements were carried out with
frequency from 10 Hz to 8 MHz at room tempera-
ture. The AC conductivity of La;_Eu,OCl (0.01 <
x < 0.09) are evaluated using the following equation:

oac = 2mfe'eptan d (17)
Here €' = real part of dielectric constant, f = ap-

plied AC signal frequency, g = permittivity of free
space and tan d = tangent loss.



Table 2 Calculated values of JO parameters for La;_,Eu,OCl phosphor
Jex (nm)  Eu’T conc  Judd-Ofelt intensity parameters Transitions Aoy (=124 A7F] Trad (%) Asymmetry
X (107*%cm?) s N (ms) ratio
Q, Q4
395 *Do—'F, 79.81 13.99
0.01 5.98 3.13 Dy~ F, 390.43 57034 175  68.46  4.72
Do—'F, 1001 17.55
Dy—F; 79.81 13.13
0.03 6.36 3.22 SDy—"F,  421.96 607.98 1.64 6940 5.10
Do—'Fy  106.21 17.47
*Do—'F, 79.81 13.27
0.05 6.42 3.30 Dy~ F, 419.05 601.28 1.66 69.70  5.36
>Dy—"F4 102.42 17.03
°Do—F, 79.81 12.46
0.07 6.97 3.40 Dy—"F, 455.14 640.65 1.56  71.04 549
Do—'F4  105.70 16.50
SDy—"F, 79.81 12.71
0.09 6.74 3.39 Dy~ F, 439.74 628.01 1.59  70.02 531
SDy—"F, 108.46 17.27
6x10° dispersion. The conductivity is frequency indepen-
Laq_,Eu,OCI dent (dc conductivity) in the plateau region due to
5x10° e x=0.00 long-range movement of charge carriers [36]. In the
——x=0.01 higher frequency range (dispersion) with increasing
4x10° +xfg-gg frequency, the conductivity which is AC tracks an
T sv10° :;0:07 exponential power law revealing a rise [37]. AC
& ——x=0.09 conductivity is due to the consequence of more
2 2e10°4 amounts of trapped charge carriers which doesn’t
° contribute to long-range dc conduction process
1x10° resulting in more ac conductivity towards higher
frequency range [38, 39].
o_l : : : : : : The property of the dielectric material is inferred
1 2 3 4 5 6 7 through the behavior of the material in a parallel
log f plate capacitor. The capacitance of the capacitor in

Fig. 10 Variation of AC conductivity with frequency of
La,_«Eu,OCl (0.01 < x < 0.09) nanophosphors

Conducting property of materials relies on fre-
quency which is due to the conduction between the
localized states [35]. Figure 10 indicates the fre-
quency dependence of conductivity for La;_ Eu,OCl
(0.01 < x < 0.09). In the range of frequency 10 Hz to
8 MHz, the conductivity of La;_,Eu,OCI (0.01 < x
< 0.09) displays two distinct regions, a plateau, and

free space separated with a distance ‘t’ may be writ-
ten as:
g, A

Co="

(18)

where, & = permittivity (free space), t = distance
between the plates, A = area of the plate.

The capacitance of a capacitor with a dielectric
medium between the plates is as follows:

Cu =

= (9
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Table 3 CIE color coordinates
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and CCT values for La,. hex (nm) Concentration of Eu®* X y u \4
xEu,OCl (0.00 < x < 0.09) X
Ni hosph
ano phosphor 395 0.01 0.640 0.360 0.428 0.5534
0.03 0.635 0.361 0.427 0.5537
0.05 0.639 0.359 0.425 0.5537
0.07 0.642 0.358 0.427 0.536
0.09 0.640 0.353 0.429 0.5533
1.2x10° 4.0
L, Eu,0C! Laq_Eu,OCI
. x = 0.00 353
1.0x10° ——x=0.01 ——x=0.00
x =0.03 3.0 ——x=0.01
8.0x10* —— x=0.05 x=0.03
x =0.07 2.5 ——x=0.05
—— x =0.09 -
6.0x10 - x x=0.07
w o © 20+ ——x=0.09
1]
4.0x10° = 151
2.0x10° 1.0
0.5
0.0 x
‘; é :Ii t|1 é ili 7 0.0 T T T T T T T i;;-l'“‘"‘E
30 35 40 45 50 55 60 65
log f log f
2.5x10° Fig. 12 Frequency dependence of dielectric loss of La; _,Eu,OCl
La, Eu,0CI (0.01 < x < 0.09) nanophosphors
2.0x10° ——x=0.00
——x=0.01 C .
x=0.03 m m
= —m _m 20
1.5x10° 4 ——x=0.05 D & ( )
x=0.07
i ——x=0.09
o . The dielectric constant in complex form is given by:
1.0x10°
&= —j (21)
50107 where ¢ & ¢ are real (relative permittivity) and
imaginary part of dielectric constant respectively and
0.0 . .
: : : : : : €* is also written as [40]
1 2 3 4 5 6 7

log f

Fig. 11 Variation of dielectric constant as a function of frequency
(a) real part of dielectric constant (b) imaginary part of dielectric
constant of La; ,Eu,OCl (0.01 < x < 0.09) nanophosphors

here &,, = permittivity of the medium.

The ratio between C,, and C, gives the dielectric
constant denoted by ‘e’ also called the relative per-
mittivity of the medium (e,)

@ Springer

1
= 22
¢ T e,z 22)
o = angular frequency, Cy = free space capacitance.
g M
tand = y = W (23)

The variation of dielectric constant (¢” and ¢”’) with
frequency of La;_,Eu,OCl (0.01 < x < 0.09) phos-
phor is a shown in Fig. 11a and b and it is clear that &
declines as frequency increases and reaches constant
indicating after a specific frequency, hopping of
electron may not go along the alternating field [41].
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Because mobility of electrons is more than holes, the
influence of holes in the process of polarization is
least and decreases considerably at low frequencies,
and hence the overall polarization and dielectric
constant reduce. The types of polarization held
responsible for variation of dielectric constant of
material are ionic, electronic, orientation, and space
charge polarization. Interfacial polarization led to a
decrease in ¢ and being constant at higher frequen-
cies for the present phosphor.

Equation (23) represents the dielectric loss "tan &'.
'd’, a phase shift related to a time lag between an
applied and induced voltage leads to energy dissi-
pation and loss currents in AC circuits which require
no charge carrier migration. A graph of tangent loss
vs log f of La; _Eu,OCI (0.01 < x < 0.09) phosphor is
an shown in Fig. 12 which reveals a peaking behavior
due to resonance matching [42]. Because of the
energy exchange to oscillating ions from the applied
field, no power loss is observed within the investi-
gated frequency range.

Materials with lesser values of dielectric loss are
best suited for high-frequency applications like
microwave devices and the present phosphor La;_y.
Eu, OClI (0.01 < x < 0.09) have exhibited much lower
values of dielectric loss [43, 44].

4 Conclusions

A series of red light-emitting LaOCI phosphor with
different mole concentrations of europium as dopant
La;_xEu,OClI (0 < x < 0.09) was synthesized by tak-
ing stoichiometric amount of La,Os; Eu,O; and
NH/C1 (excess 20%) via solid-state method which
exhibited a tetragonal structure with space group P4/
nmm(No. 129). Morphological investigations are
made by SEM and TEM exhibiting the agglomeration
form of the phosphor. The size of the particle is in the
range of 32 nm. From the excitation spectra, it is
noted that La;_,Eu,OCl can be proficiently excited
using near UV, UV blue, UV, and hence is suitable for
present-day solid-state applications. Concerning the
transition °Dy — ’F, for x =0.07, the phosphor
exhibited the highest luminescence intensity at
617 nm. The CIE color coordinates were found as (x,
y = 0.642, 0.358) which is nearer to the commercial
Phosphor. The value of R. between Eu ions in the
host is found to be 9.28 indicating multipole-multi-
pole interactions probable cause for quenching
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(further than x = 0.07 doping Eu®Y). From JO analysis
regardless of Eu®*concentration, Q, > Q, represent-
ing asymmetric environment around the activator.
Asymmetric ratio values being higher propose a
dwelling of Eu®" ion in sites without an inversion
center with low symmetry. It is observed at the lower
frequency the nanophosphor displays a greater
magnitude of dielectric constant and loss that
declined significantly as frequency increases. For
La;_Eu,OCI (0.01 < x < 0.09) at a higher frequency,
lower values of tan 6 marks its appropriateness for
high-frequency microwave device applications
moreover because of more stability, effective PL
intensity, best CIE chromaticity these phosphors are
potentially used in display devices.
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