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Different Sites for Divalent Europium Luminescence in BaMgF,
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The Eu?* luminescence of the compound Ba;_,Eu,MgF, (x = 0.10, 0.20, 0.30, 0.55) depends strongly
on the conditions for synthesis and on the temperature. Two Sd—4f emission bonds whose relative
intensities depend on the europium concentration and on the conditions of preparation, have their
maxima at about 420 and 470 nm, respectively. A 4/-4f (°P;,-%57,) line emission is observed in the low

europium concentration samples.

1. Introduction

Compounds of the type BaMF, (M =
Mn, Fe, Co, Ni, Zn, Mg) crystallize in the
orthorhombic system with the space group
A2,am (I). The structure consists of MFg
octahedra sharing corners to form puckered
sheets parallel to (010) which are linked by
Ba?* ions only. The Ba?* ions are coordi-
nated to eight F~ ions. In a recent commun-
ication we have described the luminescence
of Eu?*-doped BaMgF, in considerable de-
tail (2). This report limits the Eu?* concen-
trations to 10, 20, 30, and 55 mol% where a
different type of luminescence, originating
from a different center is observed. Lumi-
nescence spectra of these compounds at
300 and 77 K are described.
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2. Experimental

Samples have been prepared by firing in-
timate mixtures of stoichiometric amounts
of the fluorides BaF,, MgF,, and EuF; in
sealed graphite crucibles in a nitrogen at-
mosphere at 950°C. EuF; has been obtained
by the hydrogen reduction of EuF; at
900°C.

The optical measurements were carried
out by the method described previousiy
3, 4).

3. Results

Two types of emission were observed for
this system, thereby necessitating the clas-
sification of samples into Types 1 and 2.
These are briefly discussed below:

Type 1. The wavelength of maximum
emission- is 2.95 eV (420 nm) and that of
excitation is 3.82 eV (352 nm).

Type 2. The wavelength of maximum
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Fic. 1. Room-temperature excitation spectra of (a)
Type 1 (E.n = 2.95 V), and (b) Type 2 samples (E, =
2.69 eV).

emission is 2.67 eV (464 nm) and that of
excitation 3.82 eV (325 nm).

The Type 1 luminescence which corre-
sponds to the normal emission of Eu?* in
BaMgF, has been reported (2, 5). Figure la
shows a room-temperature excitation spec-
trum of a Type 2 sample and compares it
with that of a Type 1 material (Fig. 1b).
These are practically the same. However,
the emission spectra shown in Fig. 2 are
completely different. The wavelength of
maximum emission appears now at 2.67 eV
(460 nm). At 300 K, this band has a full
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Fi1G. 2. Emission spectra of Type 2 samples at 298 K:
(1) BagwEuo sMgF,, (2) BaggEugMgF,, and (3)
Bay 70Eug 30MgFy; Eex = 3.82 €V.
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FiG. 3. Emission spectra of Type 2 samples at 77 K,
(1)-(3) same as Fig. 2, (4) Bag4sEug ssMgF,. Sites Eu,
and Eug are explained in text.

width at half maximum of 0.42 eV. Also,
samples with low Eu?* concentrations (x =
0.10 and 0.20) exhibit weak line emission
(4/-4f) at 3.46 ¢V (358 nm) (6).

Emission spectra of Type 2 samples at 77
K are shown in Fig. 3. A band at 2.95 eV
appears now in addition to the 2.62-eV
band and grows in intensity with increasing
Eu?* concentration. For x = 0.30 and 0.55,
two separate bands at 2.95 and 2.62 eV are
observed. For x = 0.10 and 0.20, this band
appears only as a weak shoulder on the
high-energy side of the 2.62-eV emission.
Strong 4f-4f line emission is seen for x =
0.10 at 77 K and a weaker line emission
appears for x = 0.20.

4. Discussion

The fact that the excitation spectrum of a
Type 2 sample is practically the same as
that observed for a Type 1 sample implies
that the luminescent center for excitation in
both cases is the same (see Fig. 1). We call
this center Eus. However, the emission at
300 K appears at considerably lower ener-
gies. This implies the existence of a second
luminescent center in Type 2 samples, Eug,
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with efficient energy transfer from Euy, to
Eup occurring at 300 K. Thus, for Type 2
materials excited at 3.82 eV, the emission
takes place mainly in Eug after efficient en-
ergy transfer from Eu,.

The excitation spectra of Type 2 samples
at 77 K remain practically the same as that
at 300 K. It can thus be deduced that the
concentration of Eug centers is much lower
than that of Eu, centers. This is also con-
firmed by the existence of a very weak band
in the excitation spectrum at 3.65 eV (340
nm) only at 77 K, which is now ascribed to
Eug. The energy transfer from Eua to Eug
at 300 K is apparently very efficient since
no Eu, emission is observed.

The emission spectra at liquid nitrogen
temperature show the presence of an addi-
tional band at 2.95 eV, which is attributed
to the emission from the Eu, sites in the
lattice under 3.82 eV excitation. This may
be explained as follows. At room tempera-
ture there exists a favorable spectral over-
lap between the emission at the 2.95-eV
(Eu, centers) and 3.65-eV (Eug centers) ex-
citation bands. At these temperatures the
thermally stimulated energy transfer pro-
cess is thus efficient; emission is observed
from the Eug centers after excitation into
the Eu, centers. At low temperatures, due
to narrowing of the corresponding bands,
the spectral overlap decreases; this leads to
inefficient energy transfer between the two
centers. Thus, under 3.82-eV excitation,
emission from both centers Eu, (2.95 eV)
and Eug (2.72 eV) is observed (see Table I).

TABLE 1

RaTio oF Eug TO Eu, EMissioN (77 K) As A
FuncTION oF Eu?* CONCENTRATION

x in Ba,_,EuMgF, I(Eug)/KEuy)
0.10 9.5
0.20 4.8
0.40 0.71
0.55 0.66
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F1G. 4. Temperature dependence of the half width of
a Type 2 samples. Experimental points are repre-
sented by (X), while the dashed curves is the best fit to
Eq. (1). See text.

As can be seen from Table I, the emission
from Eu, sites becomes more favorable
than that from the Eug sites with increasing
Eu?* concentration. For x = 0.10 and 0.20
the 2.95-eV emission appears only as a
shoulder on the high-energy side of the
2.72-eV emission and at x = 0.30 and 0.55 a
complete separation of the two band ap-
pears. This is due to the fact that with an
increase in Eu?* concentration the number
of Eu, sites (normal sites) increases rela-
tive to that of Eug sites. This also follows
from the disappearance of the weak 3.65-
¢V band in the excitation spectrum of sam-
ples with x = 0.30 and 0.55 at 77 K.

The temperature dependence of the half
width of the emission band has been inves-
tigated and is shown in Fig. 4. It follows the
equation (7)

H = H, [coth(hv/2kT)]? [1]

within experimental accuracy and yields Hp
= (.32 eV for the half width at zero temper-
ature and 7.73 x 10'2s~! for the vibrational
frequency associated with the excited elec-
tronic state.

Type 2 emission may be explained by as-
suming the presence of traps. A possibility
exists for occurrence of some Eu?* ions
near defects. Since fluorides are notorious
for oxygen contamination, it can be as-
sumed that Eu?* next to O* ions on F~
sites are involved. Also, since the ionic ra-
dii of 02~ and F~ in different coordinations
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are very similar (9), it would seem reason-
able that oxygen would be capable of sub-
stituting fluorine in a fluoride crystal lattice.
These Eu?* ions will have their energy lev-
els at somewhat lower energies than Eu?*
ions surrounded only by fluorines. Thus,
the formation of low-energy and high-en-
ergy sites for the Eu?* ions and the corre-
sponding emission from the Eu?* (O%7) ions
can be explained. The energy transfer can
thus be described by Eu?* (F~)-Eu?* (O¥).
Effects of this type have been used to ex-
plain luminescence in certain fluoride sys-
tems [10].

To test for this hypothesis, a sample of
BagygsEug ;sMgF4 was quenched in air after
heating it to beyond the melting point. The
excitation and emission spectra are shown
in Figs. 5 and 6. The excitation spectrum
consists of two bands whose intensity ratio
depends on the emission wavelength. The
excitation band at 4.0 eV corresponds to
the Type 1 or Eu, centers, while that at
3.67 eV corresponds to the Type 2 or Eup
center. However, excitation into either
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Fi6. 5. Excitation spectra of an air-quenched
Bay gsEug sMgF, sample at two different emissions (a)
E., =295¢V and (b) E., = 2.69 eV.
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Fi1G. 6. Emission spectra of the sample in Fig. 6 at
two different excitations: (a) E., = 3.94 ¢V and (b)
E, =365eV.

band yields the same emission spectrum
with a maximum at 2.67 eV. The emission
intensity is, however, stronger under 4.0
eV excitation, thus confirming the efficient
energy transfer from Eu, centers to Eug
centers.

Further confirmation for the presence of
0?2~ ions in the lattice comes from the fol-
lowing experiment. A Type 2 sample was
heated in a reducing atmosphere consisting
of 97% N,—3% H, mixed gas for 5 hr. The
luminescence spectrum of this sample had
changed to Type 1 upon this treatment. Ob-
viously, hydrogen helps in the removal of
the oxide ions from the lattice, thus effec-
tively decreasing the number of traps.

The occurrence of line emission in Type
2 samples at low Eu?* concentrations can
be explained on the basis of the defect na-
ture of the host lattice. Substituting 0%~ for
F~ ions leads to fluorine ion vacancies,
which lead to lattice distortion; this is re-
sponsible for the 4f—4f line emission of
Eu?*. A similar observation has been made
for Eu?* doped KCl and KI (/7). It should
be noted that for Type I emission no 4f—4f
transition is observed for low concentration
of Eu?* in BaMgF, at temperatures down to
10 K (2).
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Finally, we note that energy transfer be-
tween inequivalent Eu?* ions has been
reported before. More recently, Blasse
(12) has shown that energy transfer is possi-
ble between inequivalent Eu?* ions in
Rb,ZnBr,. In this host lattice there exist
two different crystallographic sites for the
Eu?" ion replacing the Rb* ion. In BaMgF,
there exists only one site for the Eu?* ion.
The inequivalent sites become possible due
to the presence of oxide ions in the lattice;
the defect Eu?" ions act as traps for the
migrating excitation energy of the intrinsic
Eu?* ions in the host lattice.

5. Conclusion

Despite the fact that in the BaMgF, struc-
ture only one crystallographic site is avail-
able for Eu?*, two luminescence centers are
observed. The center with emission at low
energy is ascribed to an Eu?* ion near a
defect (02—, Eug center), while the center
with its emission at high energy is ascribed
to Eu?”* ions free of defects (Eu, centers).
The fact that the shorter wavelength emis-
sion peaks are replaced by longer wave-
length peaks with increasing temperatures
indicates energy transfer between different
europium centers. Excitation occurs in the
Eu, centers and the excitation energy mi-
grates through the lattice until it is trapped
at Eug centers near defects; this gives rise
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to the long wavelength emission. It is con-
cluded that the Type 2 emission is due to
the presence of O?~ ions in the lattice and
that the presence of these ions has a very
pronounced effect on the Eu?* lumines-
cence. This is not surprising since the 5d
band of the Eu?® ion is sensitive to very
subtle crystal field effects brought about by
only minor distortions of the local environ-
ment of the ion.
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