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Magnesium stannate (Mg,SnO,) samples with 0.003, 0.004, 0.03, 0.05, 0.08, 0.1, 0.2, 0.3, 0.5,
1,2, and 5 at. mol% of Co*" were prepared by wet chemical method. The samples were investigated
using X-Ray diffraction and photoluminescence techniques at room temperature. The results indicate
that Co®" occupies tetrahedral sites in the inverse spinel structure of Mg,SnO,, replacing Mg?*'. The
material exhibited a red-infrared luminescence associated with Co** spin-allowed transitions. Crystal
field parameters were calculated using Tanabe-Sugano theory for d’ systems in tetrahedral environment.
In the range studied, optimum divalent cobalt concentration for emission applications was found to

be 0.08 at. mol%.
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1. Introduction

Magnesium stannate ceramics (Mg,SnO,) is a very
versatile host from the point of view of optical properties,
due to its inverse spinel structure. Such structure consists of
octahedral and tetrahedral sites, which makes its doping with
transition metal (TM) and rare earth (RE) cations of different
valences possible. Depending on the position of the cation
inserted in the system, the material can emit luminescence.
In the case of a TM doping, the emission can occur in the
visible and near infrared (originated from the transition metal
occupation in tetrahedral sites), or in the infrared (through
the transition metal occupation in octahedral sites). From the
point of view of spectroscopic properties, this characteristic
opens the possibility of obtaining emission from the material
in different wavelengths, enabling the generation of systems
in tunable frequency bands.

Based in these characteristics, several works report
the synthesis of Mg,SnO, in diverse ways and with varied
doping. The most common preparation method is the solid-
state route'?, but other methods were also described, such
as sol-gel auto-combustion®, modified Pechini method?,
millimeter-wave heating’ and co-precipitation method®.

Undoped Mg,SnO, presents a persistent luminescence
in the visible range, widely known and investigated. Several
works report an intense band between 400-500 nm under UV
excitation®’. The origin of this emission is associated with
lattice defects and oxygen vacancies, which generates electron
or hole traps. The recombination of F centers (negative oxygen
vacancies) with holes causes the luminescence observed in
the blue-green region’®.

Concerning the doped system, we can find in literature
works reporting this host containing transition metals as
activators, such as Mn*" 3, exhibiting a green luminescence,
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with emission in the same region of the undoped Mg,SnO,;
Fe**, with a near-infrared broadband in the 720-789 nm
range'’; Cr**, also generating a near-infrared band with
persistent luminescence characteristics'"'; and a Cr** and
Ni** co-doped system, resulting in a super broadband in the
near-infrared in the 830-1480 nm range'. However, there are
very few works that explore the doping of the material with
divalent cobalt ions and with specific focus on its optical
properties. Our research group previously synthesized the
Mg,SnO, with 0.1 at. mol% of Co*" through solid state
reaction. The emission spectra exhibited two bands, the most
intense in the 650-780 nm range, accompanied by a weak
band in 800-900 nm region. These bands were assigned to
Co?" transitions in tetrahedral sites'.

In addition to the optical properties, several authors have
already demonstrated that Mg, SnO, has diverse applications,
such as dielectric material for microwave devices', electronic
ceramics'®, wireless high-temperature sensor'®, field emission
displays (FEDs)", self-sustainable night vision devices'®, Li-
ion battery electrodes (when combined with SnO,)", probe
in autofluorescence bioimaging'!, fingerprint visualization'
and optical storage®.

In this work, we successfully performed the synthesis of
the magnesium stannate containing several concentrations of
the divalent cobalt cation, using the wet chemical method,
commonly used in the synthesis of superconductor materials®,
but little explored in the production of light-emitting ceramics*"*.
The technique consists of a coprecipitation from an aqueous
solution of acetic acid containing metal ions, followed by a
calcination at high temperature after evaporation of organic
compounds from the solution. The structure of the material
was investigated using the X-ray diffraction technique and
Rietveld refinement. Optical properties were investigated using
photoluminescence emission and excitation spectroscopy,
in addition to radiative lifetime measurements.
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2. Experimental

2.1. Material synthesis

Specimens of magnesium stannate Mg,SnO, (2Mg0:1Sn0,)
with several Co*" concentrations were prepared using the wet
chemical route**?. This method consists in the stoichiometric
mixture of the powder oxides MgO (99.0%, Riedel-de
Haen), SnO, (99.9%, Sigma-Aldrich) and CoCO, (99.0%,
Coleman & Bell) in a solution containing 50% of glacial
acetic acid (CH,CO,H) diluted in 50% of distilled water.
The masses of the raw materials were calculated to produce
a set of samples doped nominally with 0.003, 0.004, 0.03,
0.05, 0.08, 0.1, 0.2, 0.3, 0.5, 1, 2, and 5 at. mol% of Co*,
replacing Mg?* ions. Since MgO is highly hygroscopic,
this reagent was used in excess of 10% related to its mass
calculated in the stoichiometry. A solution containing distilled
water and acetic acid was placed together with the powder
reagents in a beaker, mixed and slowly heated over a heat
plate to evaporate the liquid. Then, the resulting mixture
was put in an oven at 100 °C for 24 hours. Next, the solid
mixture was placed in an alumina crucible and calcinated in
a muffle furnace at a temperature of 700 °C during 6 hours
for removal of organic waste. The calcinated mixture was
macerated for 10 minutes to obtain a fine powder.

The powder was divided equally in three parts to make
three pellets for each sample. Each part was axially pressed
under 3400 Kgf/cm? and it were obtained pellets with 13
mm in diameter and 2 mm in thickness. These pellets were
placed in alumina crucibles and put in a muffie furnace for
10 hours at 1250 °C in air. At the end of 10 h, the oven was
turned off and the pellets were cooled to room temperature
by thermal inertia and then removed from the oven. Samples
exhibited colors varying from light blue (almost white) to
sky blue, according to Co** increasing concentration, as can
be seen on Figure 1.

2.2. Material characterization

Samples were subjected to crystal structure analysis and
phase identification through investigation by powder X-ray
diffraction (XRD) technique. One pellet of each concentration
was grounded in an agate mortar for XRD measurements.
Diffraction patterns were obtained using a Bruker D2 Phaser
diffractometer with Cu-Ko, radiation (A = 1.54056 A) operating
at30kV and 10 mA. Data were collected in a Bragg—Brentano
geometry with 10°<26 <65%and 0.019 step size. XRD data
were refined using the Rietveld method through the FullProf
Suite package®. Refinement was executed using data from
the Inorganic Crystal Structure Database (ICSD) as starting
point. Rietveld refinement provides information regarding
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the space group, lattice parameters, and phase quantification,
among other parameters.

Photoluminescence experiments (emission (PL),
excitation (PLE), and time emission decay) were performed
at room temperature (RT) using a PTI 300 QuantaMaster
spectrofluorometer equipped with a 75 W pulsed xenon
with a repetition rate of 200 Hz. Wavelength scans were
performed with a step increment set at 1 nm, variable slit
widths, and signal detection obtained using a PTI 914
photomultiplier detection system (185-900 nm range, peak
at 400 nm). Newport filters were used to block the excitation
wavelengths and scattered light in the emission-detection
apparatus. All optical spectra were corrected using the
apparatus sensitivity response.

3. Results and Discussion

3.1. Crystal structure

Figure 2 displays the room temperature diffraction
pattern of all samples. Rietveld refinement was executed in
every diffractogram, using FullProf software and data from
cubic Mg,SnO, as starting point (ICSD code 28199). The
refinement result can also be seen on Figure 2, where red
dots are the experimental data, the black line is the calculated
pattern obtained from refinement, and the Mg,SnO, Bragg
reflections are positioned below the diffractograms (green,
purple and orange sticks). The bottom line in blue is the
difference between the experimental and calculated XRD
patterns. The y* showed in the Figure 2 for each sample
indicates that the observed XRD experimental patterns
agree closely with the calculated refinements. The sharp
peaks indicate that all samples have high crystallinity. The
most intense peaks are indexed as Mg,SnO, single phase.
The DRX patterns did not change significantly with Co*"
doping as can be seen on Figure 2.

In these diffractograms the Mg,SnO, main phase is
accompanied by small amounts of unreacted MgO or SnO,
with phase proportions lower than 5%, depending on sample.
In Figure 2 the asterisks point to the peaks related to the
MgO and SnO, phases. The appearance of these unreacted
compounds is usual since both are highly hygroscopic. Due
to the small proportion of these secondary phases, they are
not expected to affect the photoluminescent properties of
the studied samples.

In MgO the Mg ion is in an octahedral site, and it is
known that the Co*" ions have a preference by tetrahedral
sites. However, statistically is not expected that Co*" ions
occupy Mg sites in MgO. In similar form, in SnO, Sn** ions
are in octahedral sites. Moreover, the valences difference
(Co*" and Sn*") are not favorable for Co-Sn substitution.

Figure 1. Samples after thermal treatment. From left to right, the Co®" concentration increases at the following order: 0.003, 0.004, 0.03,

0.05,0.08,0.1,0.2. 0.3, 0.5, 1, 2 and 5 at. mol% of Co*".
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Table 1. Refined crystallographic parameters and agreement factors
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Figure 2. XRD pattern and Rietveld refinement for all samples.
Experimental data are represented by red circles while the black 2
line represents the calculated profile. The difference between the 4 1.55
calculated and observed data is represented by the blue line. Green GOF-index 12

sticks represent Mg,SnO, Bragg reflections, purple sticks SnO, Bragg
reflections and orange sticks MgO Bragg reflections. Asterisks point
to the peaks related to the SnO, (purple) and MgO (orange) phases.

A discussion about the valence of the cations inserted in
the host lattice can be made based on the X-ray results shown
in Figure 2. It is expected that, using enough cobalt reagent
in the sample preparation, a crystalline phase will emerge in
which Co is a host cation. Considering the possibility of Co*
oxidizing to Co**, the expected phase would be MgCo, O,
spinel in which the Co*" ions would be in octahedral sites.
The X-ray data does not indicate the presence of MgCo,O,
in none of the studied samples. Therefore, Co* ions are not
expected in these samples.

Table 1 presents the main crystallographic parameters
extracted from the Rietveld refinement for the sample with
0.1 at mol% of Co*" and Table 2 presents the coordinates
of the atomic positions also extracted from the refinement.
The main phase Mg,SnO, (99.66% in phase proportion)
presents an inverse spinel structure, with tetrahedral (A)
and octahedral (B) sites, space group Fd3m . The unit cell
has a cubic symmetry containing 8 A, 16 B and 32 oxygen
atoms’**, Mg?" ions are found in both A and B sites, but
Sn*" occupy only B positions. According to the refinement,
the lattice parameter is @ = 8.632(7) A. In this sample, SnO,

Table 2. Mg,SnO, main phase and SnO, secondary phase atomic
positions for the 0.1 at. mol% of Co** sample.

Ox  Wyck
State Symbol

Cation y z Occ

Mg,SnO,
0.00000 0.00000 0.00000 0.04167
0.62500 0.62500 0.62500 0.04167
0.62500 0.62500 0.62500 0.04167
0.38355 0.38355 0.38355 0.16667
SnO,
0.00000 0.00000 0.00000 0.12500
0.28422 0.28422 0.00000 0.25000

Mgl  +2 8a
Mg2 +2 16d
Snl  +4 16d
o1 -2 32e

Snl  +4 16d
Ol -2 32e

has only 0.34% in phase proportion according to refinement.
The Co?** doping up to 5% did not change significantly the
Mg,SnO, crystal structure.

The ionic radii of Mg?* (0.57 A/ 0.72 A, CN = 4/6) and
Sn* (0.69 A, CN = 6), where CN = coordination number,
are compared with Co**(0.58 A/ 0.74 A, CN = 4/6, high
spin) in tetrahedral environment®, and we can observe that
these values are very similar. However, it is believed that
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the divalent cobalt cations tend to occupy Mg?* tetrahedral
positions, due to their valence similarity'*. Photoluminescence
measurements can help to clarify which site (octahedral or
tetrahedral) is preferential for Co?* occupation and can also
be used to confirm the valence of the emitting cation. These
results are presented in next section.

3.2. Photoluminescence spectroscopy

The photoluminescence spectra of the Co*"-doped
samples in the 600-900 nm range, under 560 nm excitation
wavelength and slit width of 3 nm, are exhibited in Figure 3.
All spectra present a broad, homogeneous band in the red-

Aexe= 560 Nm

exc

“A(*F) 0.08%

PL Intensity (arb. units)

Wavelength (nm)
Figure 3. Photoluminescence spectra of the Co?*-doped samples
under 560 nm excitation at room temperature.
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infrared range, with emission intensity varying with Co*"
doping level. A weak structure is also observed around
853 nm. These bands are identified as Co*" emission in
tetrahedral sites, where the band in higher energy is assigned
to the “T (*P)—*A,(‘F) spin-allowed transition. The weak
structure at 853 nm is assigned to the *T,(*P)—*T (‘F) Co**
spin-allowed transition. Similar spectra were also obtained
when the same compound containing 0.1 at. mol% of Co**
was synthesized via solid state route, exhibiting a broad
band peaked at 698 nm under 500 nm excitation'*. Other
authors working with systems using Co*" as activator report
similar spectra®®?’,

The divalent cobalt concentration plays an important
role in the emission intensity. In this way, Figure 4 depicts
the changes of relative integrated intensity, the wavelength
position of the band maximum (band peak) and the FWHM
(full width at half maximum) as a function of Co*" doping
level. From Figure 3 and Figure 4a we can observe that in
the investigated range, the sample with 0.08 at mol% of
Co*" is the concentration which presented the most intense
spectrum and highest relative integrated intensity, very close
to the 0.1 at mol% of Co?". For higher concentrations, the
relative integrated intensity of emission decreases. The bands
shape does not change significantly with concentration, but
there is a slight change in the band maximum (band peak,
see Figure 4b).

In Figures 4b and 4c¢ is shown the band peak and FWHM
of selected samples. The samples with 0.003, 0.004, 2, and
5 at. mol% of Co?" are not shown due to its low intensity.
The 0.08 at. mol% of Co** sample has a band peak at 697
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Figure 4. Samples’ emission characteristics as a function of Co?* doping concentration. (a) Relative Integrated Intensity; (b) Band peak

and (¢) FWHM.
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nm, which does not change significantly in the 0.05 - 1.0 at.
mol% of Co?* range. In this range, the band peak is found in
the 696-698 nm. This shift of + 1 nm is not significant, since
it is within the range of the slit used in the measurements
(3 nm). In addition, the bands are homogeneous. The
homogeneous broadening and similar shape of the strongest
emission bands indicate that Co*" occupies only one kind of
site in the 0.05%-1% at. mol% of Co** concentration range.
The photoluminescence results did not show evidence of the
presence of cobalt with a valence other than +2.

Full width at half maximum (FWHM) is a good parameter
to describe whether an emission has the potential to be
tunable. The greater the FWHM, the greater the ability of an
emission to be tunable over a wide spectral range. Figure 4c
shows the FWHM for selected samples, and it is found
that this parameter increases until it reaches a maximum
value for the 0.08 at. mol% of Co** sample, which has a
FWHM of 1086 cm™ (52 nm). For higher concentrations,
the FWHM decreases. Based in these results, it is possible
to affirm that the 0.08 at. mol% of Co*" sample presents the
best emission characteristics, with the most intense emission
and the wider FWHM. In addition, in the studied samples,
a concentration quenching occurs above 0.08 at. mol% of
Co?", where the emission decreases as an effect of increasing
Co*" concentration, causing the absorption of the emission
by their neighbors.

For a concentration quenching situation it is possible to
estimate the critical distance R .according to Dexter-Schulman
theory. Considering the energy transfer process between
two identical emitting centers, the critical distance can be
defined as the distance for which the transfer probability
equals the emission probability***’. The value of R can be
calculated from Equation 1:

1/3
RC—2[ ¥ J (1)

where V' is the volume of the unit cell, x. is the critical
concentration and # is the number of lattice sites in the unit
cell that can be occupied by the Co*3!. For our sample set,
x.=0.0008, =643 A* and n = 8, which gives R.= 58 A.
The value of R .indicates which mechanism is predominant
in the energy transfer process. If the critical distance is
less than 5 A, exchange interaction is predominant. For
greater values of R , the energy transfer process is mainly
governed by multipolar interactions®*3, which is the case of
Mg,SnO,:Co*. According to Dexter-Schulman theory, the
relationship between the emission intensity and the activator
concentration can be expressed as Equation 23031-33:

log([/x):log(K)710g(ﬁ)7(0/3)log(x) 2

where x is the activator concentration, and //x is the emission
integrated intensity per activator concentration (x). K and
B are constants. Typical values of 0 are 3 (nearest-neighbor
interaction), 6 (dipole-dipole interaction), 8 (dipole-quadrupole
interaction) and 10 (quadrupole-quadrupole interaction)**1-5333,

The plot of log(I/x) as a function of log(x) for the band
in higher energy in the 0.08-5 at. mol% of Co** concentration
range®-* is exhibited in Figure 5. The slope of the plot is
related to the 0/3 value. In this way, the slope of 2.14897

7.0

o data
linear fit
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log (I/x)
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301 Slope = -2.14897 N
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log (x)
Figure 5. Plot of log(I/x) versus log(x) for Mg,SnO,:Co*".

gives a 0 value of 6.4 which is approximately equal to 6.
This result indicates that the main process governing the
concentration quenching in Mg,SnO,:Co*" is the dipole-
dipole interaction.

Transition-metal Co*" presents the d’ electronic
configuration. The structures observed in the optical spectra
can be related to the electronic transitions using Tanabe-
Sugano theory*” . From the energies associated with the
observed transitions in the emission spectra and using the
Tanabe-Sugano matrices for d’ electronic configuration,
the values of the crystal field parameter (Dq) and Racah
parameter (B) can be calculated. Using these Tanabe-Sugano
matrices it was obtained the following parameters: crystal field
Dq = 252-285 cm™' (depending on the Co** concentration)
and B = 782 cm!, with Dq/B in the 0.32-0.37 range (see
Table 3). The values found for the energy parameters are in
concordance with other systems containing Co*" as activator
with weak crystal field in tetrahedral coordination®’, The
value of the B Racah parameter is lower than the free ion
value (971 em™)*, which indicates that the Co?>*-O* bond
has a covalent character.

Figure 6 depicts the Co-doped photoluminescence
excitation spectra (PLE) for selected samples monitored at
715 nm. The spectra have similar features, with the structures
related to electronic transitions of Co?" inserted in tetrahedral
sites. Structures identified at 560 nm (17857 cm™), 600 nm
(16667 cm™) and 660 nm (15151 cm™) are assigned to the
‘AL(‘F)—=’A (°G), *A(‘F)=’E(*G) and *A,(‘F)—*T (‘P)
electronic transitions, respectively. The transitions observed
in the PLE spectra indicate that the transition positions do
not depend on Co?" concentration level.

Co™ energy levels in Mg,SnO, identified in PL and PLE
spectra for 0.08 at. mol% of Co?" sample are presented in
Figure 7. The order of the energy levels is determined by the
ratio Dg/B. For the Dq/B values found (see Table 3), which
were related to a weak crystal field, the ground level is the
‘A, (*F), followed by *T,(‘F), *T (‘P), ’E(*G) and *A (*G).

According to the energy level diagram, divalent cobalt
electrons are excited by visible light leaving the *A,(*F)
ground level and occupy the *T (“P), ’E(*G) and *A (°G)
excited levels. After some time, these electrons decay via a
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Figure 8. Time decay curves of Mg,SnO, for several Co** concentrations
(at. mol%). Dots are experimental data, and the lines are the linear
fitting of experimental data. The curves were obtained with emission
positioned at 715 nm under 630 nm excitation.

Table 4. Time decays obtained from fitting.
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Figure 7. Energy levels of Mg,Sn0O,:Co**(0.08 at mol% of Co™).

Table 3. Crystal field parameters.

Concentration

(at. mol% Co*") Dq (cm) B (cm™) Dq/B
0.003 285 782 0.37
0.004 279 782 0.36
0.03 271 782 0.35
0.05 264 782 0.34
0.08 262 782 034

0.1 262 782 0.34
0.2 264 782 0.34
0.3 264 782 0.34
0.5 264 782 0.34
1.0 264 782 0.34
2.0 260 782 0.33
5.0 252 782 0.32

nonradiative process to the *T (‘P) level, losing part of the
initial energy to lattice vibrations. This energy difference
between the excitation and emission processes related to
the *T (“P) level is called Stokes shift. For 0.08 at. mol% of
Co* sample the Stokes shift is AS = 778 cm™. This value
of the Stokes shift is considered short, and it was found
similar for the 0.1 at. mol% of Co?" sample (770 cm™)
obtained by solid state reaction for this group, leading to
a self-absorption process and possible interference from

Concentration (at. mol% Co?") T (us)
0.004 11.3
0.03 9.4
0.05 8.7
0.08 8.7
0.1 8.7
0.2 8.7
0.3 8.6
0.5 8.6
1.0 8.6
2.0 8.5
5.0 8.6

excitation wavelengths in the sample emission'*. Due to
this considerable overlapping, the proximity among Co*"
ions could lead to a marked luminescence quenching when
the Co*" level increases above a specific limit which will
depend on the kind of occupation site. In these samples, due
to the increasing of Co?" concentration, the distance between
neighborhood Co?* ions decrease leading to quenching effect,
which is clearly observed in Figure 4a.

Figure 8 exhibits the time decay curves using 630
nm excitation for ‘T (*P)—*A,(‘F) transition at 715 nm.
Experimental data (represented as dots in the Figure 8) were
fitted using a single exponential profile. From the fitting, the
radiative lifetime for all samples can be seen on Table 4.
The radiative time decay helps to identify the nature of the
transition related to the emission process. Emission related
to spin-forbidden transitions are associated to higher time
decays while spin-allowed transitions have a lower time
decay®. In general, ceramics containing divalent cobalt
in tetrahedral sites as an activator have a short decay time
originated by spin-allowed transitions.

The observed short radiative lifetimes close to 9 s is
like other Co**-doped systems and associated to spin-allowed
electric dipole transitions, which corroborates the transition
assignment related to the emission spectra'“?2, Moreover,
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the results indicated that the time decay does not change
significantly with divalent cobalt doping. As reduction of the
emission lifetime with Co*" level increasing is not observed,
it is possible to affirm that the energy transfer Co*"-Co*" or
from Co* to any other luminescence quencher site is not
significant in the investigated concentration range.

Concerning the bandgap, the best experimental data
to estimate this property comes from the spectra obtained
from absorption spectroscopy. Unfortunately, absorption
spectroscopy measurements were not performed in this
work due the lack of the appropriate experimental setup.
Despite this, it is known that usually the absorption bands
are similar in energy and shape to the photoluminescence
excitation bands (PLE). This was previously observed for
several spinels such as MgGa,0,:Co** #*, ZnGa,0,:Co*
“4, and MgGa,0,:Cr** .

Some authors showed results of bandgap calculation using
PLE instead of UV-VIS absorption spectroscopy with results
close to those obtained with absorption spectroscopy*’-°. In
this way, considering the possibility of the similarity between
PLE and absorption spectra of the Mg,SnO,:Co*", as seen in
references*, the bandgap value for the Mg SnO,:Co** of the
most emitting sample (0.08 at mol% of Co?") was estimated
from PLE spectra. Figure 9 shows the low energy side of
the PLE spectrum (black circle). The bandgap is determined
by a linear extrapolation of the PLE data (the linear fitting
is the red solid line). As the low energy side of spectrum
does not extend up to horizontal axis, the bandgap value E,
=1.69 eV is roughly estimated. Considering that the spectra
for all samples have a similar profile, it is expected that the
bandgap values be similar for all samples in the 0.05 — 1 at.
mol % of Co*" range.

4. Conclusions

Mg, SnO, ceramics containing several Co** concentrations
in the 0.003 - 5 at. mol% of Co*" concentration range were
synthesized by wet chemical route. To our knowledge, it is
the first time that this material was synthesized using this
preparation method. Samples were investigated through

XRD, PL and PLE techniques. The XRD patterns did not
change significantly with Co*" level. Rietveld refinement
confirms the presence of the main phase Mg SnO, in all
samples accompanied by small amounts of MgO and SnO,.
PL spectra exhibit emission in the red / near-infrared for all
samples with a more intense band in the 650-750 nm range
accompanied by a weaker band in the 800-900 nm range. The
analysis of the emission features for all samples indicated
that the 0.08 at. mol% of Co?* sample has the best results,
with the highest integrated intensity and largest FWHM.
The photoluminescence results did not show evidence of
the presence of cobalt with a valence other than +2. The
integrated intensity emission as a function of the activator
concentration indicates that the dipole-dipole interaction is
the mechanism that rules the concentration quenching. PL
and PLE spectra are characteristic of Co?" in tetrahedral
environment. Based in the optical spectra, the crystal field
parameters Dq and B were calculated. Time decay calculations
confirm the assignment of the bands. The estimated bandgap
for the most emitting sample was 1.69 eV. The results obtained
indicate that Mg SnO,:Co*" has potential for application as
a tunable source in the infrared region at room temperature.
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