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Abstract

We have investigated the relationship between the structure of the photoluminescence (PL) excitation bands from yttria-stabilized zirconie
(YSZ) and the defect states caused by oxygen vacanciesin YSZ. The PL excitation spectra of YSZ samples with 2-®pua#c¥ntrations
were measured at room temperature, and PL excitation bands from the YSZ samples were observed around 240 and 280 nm. We founc
linear relationship between the intensity of the PL excitation band at 241 nm and the concentration of oxygen vacancies in the YSZ samples
The concentration of the oxygen vacancies could be estimated from this linear relationship. Moreover, we found that the PL excitation band:
around 240 and 280 nm can be attributed to the bulk and local states of oxygen vacancies in the YSZ samples, respectively.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction In this study, PL and PL excitation spectra of YSZ sam-
ples with different %03 concentrations (2—8 mol%) were

Currently, one of the most popular electrolytes for use in measured at room temperature, and two PL excitation bands

fuel cells is yttria-stabilized zirconia (YSZ), which operates appeared around 240 and 280 nm from all of the YSZ sam-

efficiently as an oxide ion conductor arounet 1L.0° K [1-3]. ples. We found that the intensity of the PL excitation band

The ion conductivity originates from the presence of oxygen that appeared around 240 nm increased linearly as 1g Y

vacancies in YSZ, and hence it is important to characterize concentration increased. On the basis of these results, we

these oxygen vacancies for applications of the ion conductor.considered the relationship between the PL excitation bands
Photoluminescence (PL) spectroscopy is a useful methodand the oxygen vacancies in the YSZ samples.

for studying the electric band structure of Y8Z12]. How-

ever, few studies have reported PL bands corresponding to

oxygen vacancies in YSZ,10-12] An understanding ofthe 2. Experimental

guantitative relationship between the PL of YSZ and oxygen

vacanciesinthe YSZis still lacking. Moreover, little is known

about the PL excitation bands of YSZ. Excitation spectra are ples) and the 10mol% CeOZr0, po"_Vdef sample (10Ce )

expected to provide more accurate information about defectsample) that we used were commercially-available material

states due to oxygen vacancies than absorption spectra be(Tcl)lsohé: 0., Jﬁg?‘”)- Th_e powd_er sampr:ez wehre prleissed Into
cause the measurement sensitivity for PL excitation spectrap_e ets dy aco |sofstat|chpres§|nr? met I(') HTd e pellets V\;;ere
is, in principle, higher than that for absorption spectra. sintered at 1773K for 4h and then polished. A 9.5mol%

Y203-ZrO; single-crystal sample (9.5Y sample) that we
used was also available commercially (Crystal GmbH, Ger-

The 2—8 mol% %03—-ZrO, powder samples (2Y-8Y sam-

* Corresponding author. Tel.: +81 29 851 3354x8568; many)' o
fax: +81 29 854 9061. The PL and PL excitation spectra of the samples were
E-mail address: nakajima.hiromitsu@nims.go.jp (H. Nakajima). measured at room temperature using a Spex Fluorolog 3-
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22 spectrophotometer. The spectrophotometer consisted of a 12 =
450-W xenon lamp as the excitation light source, two double Y0, conc.
monochromators (one in the excitation side and another in the 1.0 - _s I'm] %

emission side), a Peltier-cooled photomultiplier, and a pho-
todiode reference detector. The PL excitation spectra were
corrected by dividing the raw luminescence signals from the
samples by the reference signals of the excitation light. Opti-
calfilters (UV-33 and L-42) were used to eliminate secondary
light during measurements of the PL and PL excitation spec-
tra, respectively.

Relative intensity

3. Results and discussion

Excitation wavelength [nm]

3.1. PL excitation band around 240 nm
) o Fig. 2. PL excitation spectra of the 3Y, 6Y, and 8Y samples for emission
Two PL bands, corresponding to two excitation wave- at 450 nm. The intensity of the PL excitation band from the 8Y sample at
lengths, were observed from all of the YSZ samples except 241 nm is taken to be unity.
the 2Y sampleFig. 1shows the PL spectra of the 8Y sample.

One PL band appeared around 450 nm under 240 nm exci- . . -
tation, whereas another PL band appeared around 570 nm To investigate the excitation band structure of the PL band

under 280 nm excitation. Two PL bands also appeared for theUnder 240 nm excitation, the PL excitation spectra of the YSZ
3Y-6Y samples, which depended on the excitation wave- sgm.ples were measured for emission at 450 nm. One PL ex-
length (240 or 280 nm). We consider the PL band that was Citation band was observed around 240 iy (2), and we -
observed under 240 nm excitation in this section and the pL found thatthe intensity of the PL excitationband at 241 nmin-
band observed under 280 nm excitation in the next section. Créases linearly as the;®s concentration increasesig. 3);

The PL band observed under 240 nm excitation agrees withthere is a quantitative relationship between the PL intensity

that reported previously, and the PL band can be attributed to2nd the concentration of oxygen vacancies, because the con-
intrinsic defect states due to oxygen vacangiés12] The centration of oxygen vacancies increases as the concentration

2Y sample has the lowest;©3 concentration of the YSZ of Y203 increases. The concentration of oxygen vacancies

samples that we tested, and hence has the least extrinsic deqould be estimated trom this_ quantitative _relatio_ns_hip. The
value of the regression coefficient of the linear fitHig. 3

fect states due to the presence of Y ions in the YSZ samples. ] . ) '
Consequently, no PL band corresponding to extrinsic defect (0.984) is very close to unity. Moreover, the intersection of the

states could be observed from the 2Y sample under the presenfitied line with they-axis (0.033) is very close to zero. These
conditions, and therefore just one PL band correspondingresu“s mean that the PL excitation band around 240 nm for

to the intrinsic defect states could be observed from the 2y the emission at 450 nm can be attributed to defect states of
sample.
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Emission wavelength [nm] Fig. 3. Plot of the intensity of the PL excitation band from the YSZ samples

at 241 nm for emission at 450 nm againsOg concentration. The intensity
Fig. 1. PL spectra of the 8Y sample under 240 and 280 nm excitation.  of the PL excitation band from the 8Y sample at 241 nm is taken to be unity.
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Fig. 4. PL excitation spectra of the 3Y, 6Y, and 8Y samples for emission Fig. 6. PL excitation spectra of the 8Y sample for emissions at 450, 500,
at 574 nm. The intensity of the PL excitation band from the 8Y sample at and 530 nm. The intensities of the PL excitation bands at 245 nm are taken
280 nm is taken to be unity. to be unity.

oxygen vacancies due to the presence of Y ions. This is sup-from zero Fig. 5). Furthermore, the deviation from a linear
ported by the result that the intensity of the PL excitation relationship illustrated ifrig. 5is larger than that ifrig. 3.

band from the 10Ce sample (<0.01) was very close to zero; These results suggest that the relationship between the inten-
the 10Ce sample has no Y ions and no oxygen vacancies tasity of the PL excitation band at 280 nm and the concentration

maintain charge neutrality. of Y203 does not have a simple linear correlation.
To understand the difference between the two PL excita-
3.2. PL excitation band around 280 nm tion bands around 240 and 280 nm, the PL excitation spectra

of different samples were compared for different emissions.

To investigate the excitation band structure of the PL band We found that the PL excitation band around 280 nm can be
under 280 nm excitatiorF{g. 1), the PL excitation spectra of ~ attributed to defect states that occur at the grain boundaries
the YSZ samples were measured for emission at 574 nm. Ongn the YSZ samples, at their surfaces, or at both, whereas
PL excitation band was observed around 280 Rig.(4). The the PL excitation band around 240 nm can be attributed to
intensity of the PL excitation band at 280 nm increased as thebulk defect statestig. 6 shows the PL excitation spectra of
Y ,03 concentration increaseBig. 5). On the contrary tothe  the 8Y sample for emissions at 450, 500, and 530 nm. The
case of the PL excitation band around 240 rifig( 3), the intensity of the PL excitation band around 280 nm increased

intersection of the fitted line with the-axis (—0.258) is far compared to that around 240 nm as the emission energy de-
creased. This is reasonable, because the PL excitation band
around 280 nm corresponds to the PL band around 570 nm

12 = (Fig. 1). The same trend was observed for the 2Y-6Y sam-
ples. In contrast, the PL excitation spectra of the 9.5Y sample

10 o  RS0955 e (single crystal) for emissions at 450, 500, and 530 nm were al-

° most identical Fig. 7). The 9.5Y sample has no grain bound-

2 08 - & aries, and therefore the PL excitation band around 280 nm
g can be attributed to defect states due to oxygen vacancies
o 06 that exist at the grain boundaries in the YSZ samples, at their
§ surfaces, or at both. At these sites, Y ions are distributed het-
& 04 - erogeneously and are likely to cause the defect states. On
e the other hand, the PL excitation band around 240 nm can

02 ¢ be attributed to bulk defect states of oxygen vacancies in
.,o" the YSZ samples. These results are consistent with a pro-

0.0 ) 7 L T 6l T ; T ll0 posed mode[10] that oxygen vacancies with one*Yion

and one Zt* ion as nearest neighbors to the vacancy lead
to one PL excitation band at 266 nm (280 nm in our study),
Fig. 5. Plot of the intensity of the PL excitation band from the YSZ samples whereas those with tWO_ZY_'O“S as nearest nelghbors to_ the
at 280 nm for emission at 574 nm against§ concentration. The intensity ~ vacancy lead to the excitation band at 213 nm (240 nm in our
of the PL excitation band from the 8Y sample at 280 nm is taken to be unity. study).

Y ,0, concentration [mol %]
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1.6 = 8Y sample with those from the 9.5Y sample, we found that the

PL excitation bands around 240 and 280 nm can be attributed
to bulk and localized states of oxygen vacancies in the YSZ

samples, localized states which exist at grain boundaries in
the YSZ samples, at their surface, or at both.

4 Emission
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