. LATVIAN JOURNAL OF PHYSICS
s S Cl e N d O AND TECHNICAL SCIENCES

2018, N 6

DOI: 10.2478/1pts-2018-0043

LUMINESCENCE PROPERTIES AND DECAY KINETICS OF Mn* AND
Eu** CO-DOPANT IONS IN MgGa,0, CERAMICS

A. Luchechko'?, Ya. Zhydachevskyy>*, D. Sugak?®, O. Kravets!,
N. Martynyuk?, A.LPopov*, S. Ubizskii?, A. Suchocki®®

! Ivan Franko National University of Lviv,
107 Tarnavskogo St., Lviv 79017, UKRAINE

2 Lviv Polytechnic National University, 12 Bandera St.,
Lviv 79646, Ukraine

3 Institute of Physics, Polish Academy of Sciences,
32/34 Al. Lotnikow, Warsaw 02-668, POLAND

* Institute of Solid State Physics, University of Latvia, LATVIA

5 Institute of Physics, University of Bydgoszcz, Weyssenhoffa 11,
Bydgoszcz 85-072, POLAND

E-mail: “andriy.luchechko@]lnu.edu.ua,
®dm_sugak@yahoo.com, “popov@latnet.lv

The MgGa,O, ceramics co-doped with Mn** and Eu’* ions were synthe-
sized via a high-temperature solid-state reaction technique. The samples with
various Eu** concentrations were characterised using high-resolution pho-
toluminescence (PL) spectroscopy. The PL spectra show weak matrix emis-
sion in a blue spectral region with dominant excitation band around 380 nm.
Manganese ions are highly excited deeply in UV region and exhibit emission
band peaked at 502 nm. The Eu** ions show characteristic f-f excitation and
emission lines. The energy transfer between host defects and activator ions
was observed. Luminescence decay curves of Mn?" and Eu** emission showed
complex kinetics with both Eu**-ion concentration and excitation wavelength
changes.
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1. INTRODUCTION

Complex oxides with crystalline structures of perovskite, garnet and spinel
have many important properties that determine their successful application in sci-
ence and technology, in such areas as ferroelectricity, semiconductor electronics,
optoelectronics, luminescence and radiation technology etc. [1]-[11]. In particular,
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transition metal or rare earth ion doping of these materials creates excellent emitting
phosphor materials [11]-[27]. Among these ions, the Mn*" and Eu®* ions are known
as the main sources of green and red light emission, respectively. Thus, such materi-
als are often used in display technologies, such as field emission displays, vacuum
fluorescent displays etc. [12], [14].

At the same time, the Eu®" ions are active in crystal sites with low point sym-
metry caused by the large degree of inversion of the spinel structure (e.g., magne-
sium gallate MgGa,0,) and other structural perturbations. In order to obtain efficient
phosphors, the coexistence of tetrahedral and octahedral cation sites is the key factor
for host materials [15]. As far as we know, there are only a few reports of photolu-
minescence (PL) decay investigations in ZnGa,0,: Eu*" spinel obtained by diffe-
rent methods [12], [14]. Simultaneously, no detailed study has been reported about
decay profiles and energy transfer process in MgGa,O,: Eu’*. Only Tsai et al. 2006
[28] reported about the decay curve of D —’F, transition of MgGa,O,: 5% Eu**
nanopowder. Moreover, no PL decay kinetics investigations have been yet reported
for MgGa,0, co-doped with Mn*" and Eu*".

In the present research, the high-resolution PL excitation and emission spectra,
as well as decay characteristics of Mn** and Eu’* co-doped magnesium gallate ce-
ramics are presented.

2. EXPERIMENTAL DETAILS

The synthesis had been carried out via high-temperature solid-state ceramic
technique from simple oxide powders of at least 4N grade of purity. The powders
were mixed with the stoichiometric composition in an agate mortar for 6 h with fur-
ther pressing. The obtained tablets were annealed at 1200 °C for 8 hours in the air.
The concentration of Mn?" was set constant at 0.05 mol.% and concentration of Eu**
ions was changed from 2 mol.% to 4 mol.%. The phase and structure analysis were
described earlier [13], [29].

PL and appropriate PL excitation (PLE) spectra were measured at room tem-
perature using a Horiba/Jobin-Yvon Fluorolog-3 spectrofluorometer with a 450 W
continuous xenon lamp as an excitation source, while a Hamamatsu R928P was used
as a detector. The measured PLE spectra were corrected for the xenon lamp emis-
sion spectrum. The PL spectra were corrected for the spectral response of the spec-
trometer system. The PL decay kinetics was recorded using an Edinburgh FS5-MCS
spectrofluorometer equipped with a 5 W/ms Xenon flash lamp.

3. RESULTS AND DISCUSSION

PL excitation spectra of MgGa,O, co-doped with 0.05 mol.% Mn*" and 4
mol.% Eu®" ions registered at several emission wavelength are shown in Fig. 1a. Two
excitation bands of the matrix emission in the MgGa,O, ceramics co-doped with
Mn?" and Eu** ions were observed in the UV and near UV regions of spectra. Deeper
UV excitation band peaking around 260 nm shows a lower intensity with respect to
near UV band at about 380 nm. The excitation spectrum of Mn?* ion registered at
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502 nm demonstrates intense excitation deeply in the UV spectral region indicating
the recombination process as it corresponds to the region of fundamental absorption
edge (E, =5 eV) [28]. The tail in the exitation of manganese ions from 260 to 320
nm shows that the charge transfer (O*-—Mn?*) also occurs [1], [13], [14].

The europium ions are excited with the charge transfer from oxygen anions
to Eu®" ions (240-340 nm) and the 4/-4f intra-shell transitions of Eu®" ions cor-
responding to the sharp lines (350—420 nm) under 615 nm registration [13], [29].
The remarkable sharp declines of the excitation intensities in the range of f~f lines on
the excitation spectra registered at 440 nm and 502 nm indicate that the energy trans-
fer occurs through excitation mechanisms between host defects and activator ions.
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Fig.1. Photoluminescence excitation (a) and emission (b) spectra of MgGa,O, co-doped with 0.05
mol.% Mn?" and 4 mol.% Eu*" ions.
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PL spectra of MgGa, O, co-doped with 0.05 mol.% Mn**and 4 mol.% Eu** ions
atdifferent excitations are shownin Fig. 1b. The luminescence of MgGa,O,:Mn**,Eu**
is represented by the UV-blue host emission and activator ions in green and orange-
red regions, respectively. The host luminescence originating from structural defects
is clearly seen under 360-nm excitation [29]. The decline of the host emission inten-
sity at about 393 and 463 nm is due to reabsorption by Eu’* ions in the near-surface
ceramics layer [13]. The emission of Mn?" ions peaked at ~ 502 nm is the most
intense at 240-nm excitation due to the efficient energy transfer from MgGa,O, host
to the Mn?* ions [30]. At the same time, the orange-red emission of Eu** ions is the
most intense under the 280, 380 and 393 nm excitations. Only dominant emission of
Eu’ ions is obtained at 393-nm excitation, which corresponds to 'F —°L, electron
transitions in the activator ions. Note that redistribution of the emission intensities
in hyperfine structure of °D —’F, transitions, and a change in excitation wavelength
is found as well.

All PL decay curves of MgGa,0,:Mn*, x Eu*" excited at 240 nm and moni-
tored at 505 nm can be fitted with double-exponential function: I(2) = A4 exp(—t/
t)+ Aexp(—t/t,), where I(t) is the emission intensity, A, and A, are the weighting
constants, T, and 1, are the fast and slow decay components of the luminescence
lifetimes, respectively. The typical curve for MgGa,O,:Mn**, 4 mol% Eu*" is shown
in Fig. 2a. It has been established that fast and slow components are at about 3.2 and
5.6 ms, respectively. Moreover, the lifetime constants of manganese ions weakly
depend on the europium concentration. One can assume that one of the components
is related to Mn?* ions in the tetrahedral sites of the spinel structure and the another
with manganese ions near structural defects or in distorted tetrahedral sites, for ex-
ample, by oxygen vacancies. At the same time, to reveal the nature of the fast and
slow components more detailed investigation is needed. It should also be noted that
MgGa,O,: Mn** shows a single-exponential decay with T = 7.1 ms at the excitation
in the region of d-d intraband transitions of Mn?* ions [30].

The PL decay curves of Eu** ions have been measured at a different excitation
wavelength in the emission peak at 615 nm. Figure 2b shows the PL decay curves of
Eu’*" ions in MgGa,O, ceramics co-doped with 0.05mol% Mn** and 2-8% Eu’* at 393
nm excitation that corresponds to the f~f transitions in Eu** ions. The decay curves
were also fitted using the double exponential function. The values of a lifetime are
presented in Table 2. The lifetime decreases with growth of the Eu** ion doping level.
Short component changes from 0.31 to 0.14 ms and a long one from 1.98 to 0.77 ms.

Table 1
Decay Profiles of Double Exponential Fitting of MgGaZO , Co-doped with
0.05 mol.% Mn?** and 2-8 mol.% Eu’* Ions at 615 nm Registration and
Excition 270 nm
0 3+
x mol.% Eu T, ms A, % 1, ms A, % Adj.R?
ions
2 0.26 94.8 0.98 5.2 0.99981
4 0.19 77.2 0.78 22.8 0.99983
6 0.17 72.4 0.76 27.6 0.99952
8 0.11 80.6 0.58 19.4 0.99934
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Table 2
Decay Profiles of Double Exponential Fitting of MgGa,0, Co-doped
with 0.05 mol.% Mn?* and 2-8 mol.% Eu®' Ions at 615 nm Registration and
Exitation 393 nm

x mol.% Eu' T, ms A, % 1, ms A, % Adj.R?
0ons

2 0.31 98.3 1.98 1.7 0.99875
4 0.25 81.5 0.82 18.5 0.99914
6 0.18 67.1 0.79 32.8 0.99896
8 0.14 52.4 0.77 473 0.99862
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Fig. 2. Decay kinetic curves of Mn?* ions (a) and Eu’* ions (b) in magnesium gallate spinel.

The decay curves for ZnGa,O,: 4%Eu’" nanospheres and MgGa,O,: 5%Eu’*
nanopowders were fitted with a single exponential function with lifetimes 0.472 ms
[12] and 0.934 ms [28], respectively. At the same time, the double exponential func-
tion was used for the decay profiles in ZnGa,O,: Eu’* nanopowders [14], [15]. It was
suggested [28] that only one mechanism was involved in the luminescence process,
and most of the Eu’* ions occupied distorted octahedral sites in the Mg Zn _ Ga,O,
crystallites. In MgGa,O,: Mn?*, Eu**, the decay kinetics was more complicated,
which suggested involvement of at least two mechanisms in the luminescence pro-
cess. The fast component was tentatively related to Eu®* located on grain boundaries.
The second process could be attributed to the Eu** ions in crystallite bulk.
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Table 3

Decay Profiles of Double Exponential Fitting of MgGa,0, Co-doped
with 0.05 mol.% Mn”* and 4 mol.% Eu’* Ions at Different Excitations
and 615 nm Registration

A, M T, Ms A, % T,, Ms A, % Adj.R?
240 0.14 80.4 0.78 19.6 0.99943
270 0.19 77.2 0.78 22.8 0.99983
300 0.20 76.3 0.74 23.7 0.99978
380 0.23 78.9 0.76 21.1 0.99962
393 0.25 81.5 0.82 18.5 0.99914

4. CONCLUSIONS

The excitation spectrum of Eu**-emission shows dominance of 4f-4f transi-
tions over the charge transfer band despite it is also very intense. Emission spectra
demonstrate that the °D —’F, transitions of Eu’" ions in the orange-red spectral re-
gion are the most intense ones. The energy transfer from the host and Mn?* ions to
Eu®* ions has been demonstrated by the excitation/emission spectra as well as PL
decay curves. The luminescence decay time of Mn?* emission has been determined
to be ~ 4.7 ms and independent of Eu** ions concentration. The emission decay
profiles of Eu** emission ions in MgGa,O, co-doped with 0.05 mol.% Mn*" and
2-8 mol.% Eu’" ions have been observed to be non-exponential, depending on dif-
ferent europium concentrations and excitation wavelengths.
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AR Mn?* UN Eu** JONIEM LEGETAS MgGa,0, KERAMIKAS
LUMINISCENCES IPASIBAS UN SABRUKSANAS KINETIKA

A. Lugecko, J. Zudagevski, D. Sugaks, O. Kravets, N. Martinuks,
A.L.Popovs, S. Ubizski, A. Sucocki

Kopsavilkums

Ar Mn** un Eu* joniem legéta MgGa O, keramika tika sintezéta, izman-
tojot augstas temperatiiras cietvielu reakcijas metodi. Paraugi ar dazadam Eu’*
koncentracijam tika raksturoti, izmantojot augstas izskirtsp&jas fotoluminiscences
(PL) spektroskopiju. PL spektra ir redzama vaja matricas emisija zilaja spektra zona
ar domingjoso ierosmes joslu ap 380 nm. Mangana joni ir ierosinati UV zona un
izstaro emisijas joslu, kuras maksimums ir 502 nm. Eu** joniem ir raksturigas f-f
ierosmes un emisiju linijas. Tika novérota energijas parnese starp matricas defek-
tiem un aktivatora joniem. Mn*" un Eu®" emisijas luminiscences dzes€Sanas liknes
paradijusas sarezgitu kinétiku saistiba ar Eu** jonu koncentracijas un ierosmes vilpa
garuma izmainam.
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