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Effects of the thermal treatment on the luminescence of
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The modifications induced in YVO, nanocrystals by the thermal treatments are observed and analyzed using Er** as a
probe. These modifications are discussed in the frame of the Judd-Ofelt theory. The results are compared with the previous

ones, obtained with Eu® as a probe.
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1. Introduction

YVO,: Eu is a strongly luminescent material which
has been used as the red phosphor in cathode ray tubes for
more than 20 years [1-3]. The crystalline YVO, adopts the

tetragonal structure (space group Djz - I41/amd [4])

composed of YOg dodecahedra (the point symmetry of Y**
is Dyg [5]) and VO, tetrahedra (symmetry D,y [4]). The
rare earth ions occupy the Y** site in YVO, [5].

In a recent paper [6] we analyzed the effects of the
thermal treatment on europium-doped YVO, nanocrystals
synthesized by direct precipitation technique using optical
and Mossbauer spectroscopy. In this paper we analyze the
effects of the thermal treatments on the erbium-doped
Y VO, nanocrystals using optical spectroscopy.

2. Experimental

The Y.95Erg0sVO, nanocrystals were synthesized by
direct precipitation reaction [7]. A mixture of two
solutions (Y(NO;); and Er(NOs);) was added to a solution
of NH,VO; whose pH was adjusted to 12.5 with NaOH.
The obtained colloid was heated at 60 °C for one hour
under magnetic stirring. The nanocrystals were separated
from the solution by filtering and then dried at 60 °C. The
resulting powders were annealed at 400 °C, 600 °C,
900 °C and 1200 °C for four hours in air.

The luminescence spectra were recorded using a setup
with a Xenon lamp with suitable filters as pumping source,
a Jarrel-Ash monochromator (1 m) equipped with an S-20
photomultiplier, and a lock-in amplifier (SR 830) online
with a PC. The luminescence signal was modulated with a
SR 540 chopper.

3. Results and discussion

In Fig. 1 is shown part of the luminescence spectrum
of EI‘3+ in YVO, (transitions 2H2|1/2 d 41]5/2 and 4S3/2 -

4115/2). At room temperature the H211n and %Sy, are
thermalized. In very simplified two level model (i.e. the
crystal-field splitting of both 2H2,1 and %S5, levels is
neglected) the ratio of the populations N(2H211 /2)/N(4S3/2) =
exp(-AE/kgT), where AE is the energy difference between
these two levels and kz is the Boltzmann constant.
Considering the difference between the gravity centers of
2H2,1,, and *Sy, levels in Er:YVO,, AE = 751 cm™ [8], it
results exp(-AE/kzT) = 0.0273. This explains the relative
low intensity of the 2211 — *I;s», luminescence band in
Fig. 1, though the radiative probability of this transition is
rather large, as we shall see below.
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Fig. 1. Part of the luminescence spectrum of E¥’" in YVO,. Only
the 2H211/2 — 4115/2 and 4S3/2 — 4115/2 transitions are shown.

The majority of the observed optical transitions in
lanthanide ions are induced electric-dipole transitions. In
the frame of the Judd-Ofelt (JO) model [9, 10], the
radiative transition probability for an electric-dipole f-f

transition between the initial state |[‘P'S'L'1]’> and the
final state |[‘PSL]J> is given by
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where Q; are the three JO parameters and <||U (")"> are the

squares of the reduced matrix elements of the unitary
operators U”, in intermediary coupling and 2 is the
average wavelength of the transition. Their values for Er’*
for the transitions originating in S5, and 2H2,,, are given
in Table. 1 (our calculations).

The emission transitions from *Ss, are pure electric
dipole; those from M2,y are mainly electric dipole.
Neglecting the dispersion of the refractive index n, the
contribution of the magnetic dipole transitions, and
considering only the larger terms (i.e. those corresponding
to 453/2 - 4115/2, 453/2 - 4113/2 and 21’1211/2 - 4115/2)

AEd 21_1211/2
Agd 4Ss/z
_ 4 (0.70836xQ, +0.41081x Q,)/0.525°
12 0.34563  0.21588
3 + 3 Q6
0.85 0.55

~0.878xQ,/Q, +0.509x Q, /Q,

@

In Eq. (2), the average wavelengths are: 0.525 um
corresponding to 2H2 110 — *ispn, 0.55 um — transition 2Ss
— 4]15/2, and 0.85 pm for 2S3/2 g 4[13/2.

Table 1. Squares of the reduced matrix elements of the
unitary operators UY. The largest matrix element
entering Eq. (2) are emphasized.

2 2 2
. &) @) (6)
Transision | |(UOf" [l (o)
2
H%“/Q - 0 0.19626 | 0.01016
S3/2
H%“/Q 1035118 |0.01982 |0.00396
. Fop
H%}”Z 1 0.20695 |0.08618 |0.31196
9/2
H%;”Z 7 10.02991 | 0.17658 | 0.04331
11/2
H42“/2 T 10.02243 | 0.05893 | 0.05761
113/2
H42]“/2 ~ 1070836 | 041081 | 0.09488
15/2
2S5 — Fop 0 0.00046 | 0.02756
*Ssn — loy 0 0.08376 | 0.25443
2S5 — Tn 0 0.00433 | 0.06939
2Ssn — ap 0 0 0.34563
2S3n — ‘15 0 0 0.21588

The values of the JO parameters in bulk Er:YVO, are
Q, = 13.45x10™ cm’, Q, = 2.23x10™° cm’, and Q¢ =
1.67x10x107%° cm? [8]. Introducing these values in Eq. (2),
A4(2H2,,, ) 4%, )~ 7.751.

The ratio R of the areas of the luminescence bands in
Fig. 1 is proportional with the ratio of the radiative
transitions probability multiplied with ratio of their
populations:

_ area(zHZH/z - 4115/2)

~ ared’s,, > '1;,,) 3)

A“CH2,,, = s,
A4Sy, =g,

exp(= AE/k,T)
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Fig. 2. The ratio R function of the annealing temperature. The
straight line merely shows the decreasing of the parameter R.

In Fig. 2 is given the dependence of R of the annealing
temperature. Increasing the annealing temperature, the
ratio decreases, a similar behavior with the asymmetry
ratio R, in Ref. [6] (and with R4, too). For an easier
comparison, we reproduce separately the R, (Fig. 3) and R,
(Fig. 4) dependences as measured for Eu-doped YVO, [6].
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Fig. 3. The ratio R, function of the annealing temperature.
The straight line has the same meaning as in Fig. 2.

In Eu®" -doped materials the ratio R, (defined as the
ratio between the area of the electric-dipole transition *D
— "F, and the area of the magnetic-dipole one, >Dy — "F))
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is proportional with €, and ratio R, (between the areas of
Dy — "Fyand °Dy — 'F, 1) is proportional with €.
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Fig. 4. The ratio R, function of the annealing temperature.
The straight line has the same meaning as in Fig. 2.

The experimental errors in Figs. 3 and 4 are larger
than in Fig. 2, due to the relatively reduced area
corresponding to the magnetic-dipole transition Dy — "F|
in Eu*":YVO,. Nevertheless, the decreasing of the R, and
R, ratios is evident.

The JO parameters for bulk Eu*":YVO, are: Q,=
7.49x10™° cm?® and Q4 = 0.47x102° cm?, obtained from the
fluorescence spectrum [19]. (s was not determined due to
the very reduced intensity of the >Dy — "Fj; luminescence
band. We note that the ratio of ours R, and R4 is
approximately equal with the ratio Q,/Q, from Ref. [19].

We observe that for erbium doped materials the term
containing the ratio Q,/C is dominant in Eq. (2).
Therefore, the reduction of the R in Fig. 2 is related mainly

to the reduction of Q,/Q¢ ratio. An examination of the Figs.

3 and 4 shows that in the same temperature interval (400 —
1000°C) the dynamics of R, and R, (for Eu-doped YVOy)
and of R (for Er-doped YVO,, Fig. 2, present paper) is
approximately the same (for Er-doped sample, the value of
R at 1000°C was obtained by linear interpolation). Since
the dependence of Q¢ of the annealing temperature in Eu-
doped sample was not determined due to the very low
intensity of the 5Dy — 'F, transition, we can deduce its
behavior comparing the results obtained for the QQ, and Q4
in Eu:YVO,; and €,/Q¢ in Er:YVQ,. It results that the
behavior of the ratio R in Er:YVO, is mainly given by €,
and Qg does not vary significanltly.

4. Conclusions

The ratio of the Judd-Ofelt parameters €2,/Q is the
dominant term in the evolution of the luminescence
spectrum (transitions 2H2,/ — *Lsp and *Ss, —>4115/2) of
Er" in YVO, nanocrystals as the result of the thermal
treatments. In the frame of the experimental errors, this
ratio has the same dynamics as Q, in europium doped

YVO,. It results that Er’** could be used as a probe of the
morphologic transformations induced by the thermal
treatments.
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