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Abstract

The Photoluminescence (PL) spectra of Gd,05:Eu composed of cubic and monoclinic structure were collected on November 2003 and June
2006, respectively. The results show that a portion of cubic Gd,O5 transforms into monoclinic after the sample was left as it is for two years; and
the °D,~"F; emission of Eu®" in cubic host was enhanced in this released complex. Considering the high pressure behavior of Gd,0s, we think
this structural transition is due to the sample that endures a process of press and release while the residual stress is released slowly.
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1. Introduction

Gd,03 is a versatile material with high application potential
in various fields of technology. It is of interest as protective and
corrosion resistive coatings [1,2] due to thermal stability and
refractory properties [3,4]. When doped with rare-earth ions
(Eu*", Tb*>") [5-7], gadolinium oxide presents good lumines-
cent properties. Its optical thin films for ultraviolet laser [8] and
X-ray imaging system [9,10] have recently been reported. In the
recent years, the subject of nano-size particles has also been
extensively studied and has become a research focus due to its
fundamental and technological importance [11,12]. This is
particularly true in the case of luminescent materials because of
their quantum confinement effect, which leads to novel
optoelectronic properties. For example, emission lifetime,
luminescence quantum efficiency, and concentration quenching
have been found to depend strongly on the particle size in the
nanometer range [13—16]. During the fabrication of the
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nanosized Gd,0O; particles, the complex composed of cubic
and monoclinic structure formed [17]. In this letter, we
introduce a result that a portion of cubic sample can transform
into monoclinic structure after a long-term release of the
residual stress.

2. Experimental

Our experimental procedures were as follows. We prepared
the GA(NO3);3 solution by mixing 0.3625 g Gd,05 (99.999%)
and 0.0035g Eu,03 (99.999%) with 50 ml distilled water and
adding appropriate HNO; to the mixture with proper stirring to
form a clear solution. The solution was diluted to 100 ml by
adding more distilled water. Then 3.3 g CTAB was added in it.
When the solution became clear, an additional 10 ml NaOH
solution (0.6 M) was added into it. After being stirred for about
30 min, white precipitations, i.e., Gd(OH);, were separated out
by centrifugation. They were washed by hot distilled water and
were separated out by centrifugation again. After the precipita-
tions were dried in air, they were heated to 1073 K and lasted for
2 h. The products were nanosized Gd,O; (about 30 nm)
composed of cubic and monoclinic structure [17]. Then, the PL


mailto:chenhy@jlu.edu.cn
mailto:zjiahua@public.cc.jl.cn
http://dx.doi.org/10.1016/j.matlet.2007.01.005

4004 S. Gao et al. / Materials Letters 61 (2007) 4003—4005

Excitated by
256nm

b (2006)

a (2003)

T T T T T T T
560 580 600 620 640
Wavelength(nm)

Fig. 1. The emission spectra of the Gd,O5:Eu under the excitation of 256 nm.

spectra of this sample were collected in November 2003 and
June 2006, respectively.

3. Results and discussion

The emission spectra of Gd,O3:Eu composed of cubic and
monoclinic structures are shown in Fig. 1. The curve a presents the
spectrum collected in November 2003 and the curve b displays the one
collected in June 2006. Under the excitation of 256 nm, they show
characteristic 4f—4f emissions of Eu®>" in cubic and monoclinic Gd,O5
[17]. For the as synthesized sample (in 2003), the strong peak
belonging to cubic Gd,O3:Eu (610 nm) is clearly stronger than others.
The strong peak at 613 nm, which belongs to monoclinic Gd,0O5:Eu, is
just like a shoulder of 610 nm emission. This indicates that cubic is the
main structure in the sample at the earlier stage. For the sample after
two years (in 2006), the emissions of cubic Gd,O5:Eu reduced their
intensity. Its strongest peak, which is at 610 nm, is covered up by the
strong peak at 613 nm, which belongs to monoclinic Gd,O5:Eu. This
indicates that a portion of cubic Gd,O3 transforms into monoclinic
Gd,O3 after a long-term relaxation process.
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Fig. 2. The excitation spectra of the Gd,05:Eu.
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Fig. 3. The emission spectra of the Gd,O3:Eu under the excitation of 232 nm.

Fig. 2 is the excitation spectrum of the sample. As shown in curve a,
which is collected by monitoring the 610 nm emission according to Eu®*
in cubic host, we can see three kinds of excitation peaks. They were
marked as (1), (2) and (3), where (1) is from the cubic host’s absorption
(232 nm); (2) is from the charge transfer state (CTS) absorption of Eu—O
(256 nm); and (3) is from the absorption of Gd*" ions. For the excitation
spectrum of Eu®* in monoclinic host, we choose to monitor the strong
peak at 623 nm due to its position that is clearly separate from the peak at
610 nm. As shown in curve b, we can only see two kinds of excitation
peaks. They are from the CTS absorption of Eu—O (256 nm) and the
absorption of Gd** ions. So, our results show that in spite that the sample
is a mixture, the emission from cubic host can be studied by the
excitation of 232 nm.

When the sample was excited by 232 nm, according to the cubic
host’s absorption, cubic Gd,O; host will be excited and monoclinic
Gd, 05 host will be ineffective, leading to the appearance of mainly the
characteristic emission of Eu®" in cubic Gd,0;. As shown in Fig. 3,
curve a shows the spectrum collected in 2003. It presents normal
characteristic emission of Eu*" in cubic host, where the emission of
>Dy—"Fy is far stronger than the one of >D,-"F,. However, for the curve
b, which shows the spectrum collected in 2006, the intensity of the
SD,-’F; emission increases and almost reaches to the one of the
>Dy—'F; emission. So, our results show that, after a long-term
relaxation process, the released complex enhanced the ’D,-Fy
emission of Eu®" in cubic host. This will be helpful to extend the
application of Gd,O3:Eu for displaying different color.

We explain the above structural transition as follows. Under high
pressure, the structural transition of Gd,O5:Eu shows that the cubic
structure turns into a possible hexagonal one above 13.4 GPa. When
the pressure is released, the sample reverses to the monoclinic
structure. The compress and relaxation of the sample lead to the cubic
Gd,05:Eu turns into monoclinic one [18]. In this experiment, the
residual stress is equivalent to a pressure on the nanosized crystallines.
After a long-term relaxation, the residual stress is released slowly. This
makes the sample endure a press-release process, resulting in a portion
of cubic Gd,Oj3 transforms into monoclinic Gd,0s3.

4. Conclusion

In conclusion, during the fabrication of the nanosized Gd,03
particles, the complex composed of cubic and monoclinic
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structure is formed. The PL spectra of this sample were
collected in November 2003 and June 2006, respectively. The
results show that a portion of cubic Gd,O5 transforms into
monoclinic after the sample was left as it is for two years; and
the °D;—"F; emission of Eu*" in cubic host was enhanced in this
released complex. This will be helpful to extend the application
of Gd,O3:Eu for displaying different color. Considering the
high pressure behavior of Gd,0O3, we think that this structural
transition is due to the sample that endures a process of press
and release while the residual stress is released slowly.
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