
Light-induced change of charge transfer band in nanocrystalline
Y2O3:Eu3+
Hongwei Song, Baojiu Chen, Hongshang Peng, and Jisen Zhang 
 
Citation: Appl. Phys. Lett. 81, 1776 (2002); doi: 10.1063/1.1501441 
View online: http://dx.doi.org/10.1063/1.1501441 
View Table of Contents: http://apl.aip.org/resource/1/APPLAB/v81/i10 
Published by the American Institute of Physics. 
 
Related Articles
Synthesis and upconversion luminescence of N-doped graphene quantum dots 
Appl. Phys. Lett. 101, 103107 (2012) 
High energy sideband on the magnetic polaron related luminescence in EuTe 
Appl. Phys. Lett. 101, 092108 (2012) 
Red-IR stimulated luminescence in K-feldspar: Single or multiple trap origin? 
J. Appl. Phys. 112, 043507 (2012) 
Next generation of Ge1−ySny (y=0.01-0.09) alloys grown on Si(100) via Ge3H8 and SnD4: Reaction kinetics and
tunable emission 
Appl. Phys. Lett. 101, 072105 (2012) 
Carrier-dopant exchange interactions in Mn-doped PbS colloidal quantum dots 
Appl. Phys. Lett. 101, 062410 (2012) 
 
Additional information on Appl. Phys. Lett.
Journal Homepage: http://apl.aip.org/ 
Journal Information: http://apl.aip.org/about/about_the_journal 
Top downloads: http://apl.aip.org/features/most_downloaded 
Information for Authors: http://apl.aip.org/authors 

Downloaded 10 Sep 2012 to 159.226.165.151. Redistribution subject to AIP license or copyright; see http://apl.aip.org/about/rights_and_permissions

http://apl.aip.org/?ver=pdfcov
http://careers.physicstoday.org/post.cfm
http://apl.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=Hongwei Song&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://apl.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=Baojiu Chen&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://apl.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=Hongshang Peng&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://apl.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=Jisen Zhang&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://apl.aip.org/?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.1501441?ver=pdfcov
http://apl.aip.org/resource/1/APPLAB/v81/i10?ver=pdfcov
http://www.aip.org/?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.4750065?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.4748981?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.4745018?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.4745770?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.4743010?ver=pdfcov
http://apl.aip.org/?ver=pdfcov
http://apl.aip.org/about/about_the_journal?ver=pdfcov
http://apl.aip.org/features/most_downloaded?ver=pdfcov
http://apl.aip.org/authors?ver=pdfcov


APPLIED PHYSICS LETTERS VOLUME 81, NUMBER 10 2 SEPTEMBER 2002
Light-induced change of charge transfer band in nanocrystalline
Y2O3 :Eu3¿

Hongwei Song,a) Baojiu Chen, Hongshang Peng, and Jisen Zhang
Laboratory of Excited State Physics, Institute of Optics, Fine Machine and Physics, Chinese Academy
of Sciences, 1 Yan-An Road, Changchun 130021, People’s Republic of China

~Received 7 January 2002; accepted for publication 25 June 2002!

In this letter, we report the observation of ultraviolet light-induced change of excited charge-transfer
band in nanocrystalline Y2O3:Eu31, which is attributed to the rearrangements of local
environments surrounding the Eu31 ions in the near surface of nanoparticles. ©2002 American
Institute of Physics.@DOI: 10.1063/1.1501441#
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Yttria doped with trivalent europium ions, Y2O3:Eu31

is the unsurpassed red emitting phosphor in fluoresce
lamps and projection television tubes.1,2 An optical quantum
efficiency of almost 100% seems to make additional inve
gation of this material redundant.3 The resolution of images
is related closely to particle size of phosphors. Smaller p
ticles are favorable for higher resolution. For this reason,
studies on luminescent properties of nanocrystall
Y2O3 :Eu31 has attracted extensive interests during the
few years.4–7 Additionally, the advances made in the redu
tion of the size of electronic devices require the investigat
of the physical properties of materials with particle sizes
nanometer regime.8,9 The electronic properties of nanomet
particles are twofold:~1! the quantum size effect and~2! the
increase of surface/volume ratio.10–12 Sometimes the inter
face effects can completely cover the expected quantum
effects.11,12 In nanocrystalline ZnS:Mn, due to the effect
surface defects, the luminescent intensity of Mn was chan
by the irradiation of UV light.13,14 In Y2O3:Eu31, the elec-
tronic transition from 2p orbital of O22 to the 4f orbital of
Eu31 produces excited charge transfer~CT! band.15,16 In this
study, we demonstrate the UV light-induced change of
band in nanocrystalline Y2O3:Eu31. This study is important
for the understanding of the interaction among surface sta
host and rare earth ions in nanoparticles.

The Y2O3:Eu31 nanocrystals were prepared by combu
tion. In the preparation, Y~NO3)3 , Eu~NO3)3 and glycine
were dissolved in distilled water and mixed to form the p
cursor solution. Then the solution was concentrated by h
ing until excess free water evaporated and spontaneous
tion occurred. The resultant Y2O3:Eu31 ~1 mol %! powders
were formed after the combustion was finished. The part
size was controlled by the ratio of glycine to Y~NO3)3 . A
detailed description of the sample preparation was given
Tao et al.17 The bulk Y2O3:Eu31 crystal was formed by an
nealing at 1200 °C for 8 h. The bulk and nanocrystals exh
cubic structure, which is confirmed by x-ray diffractomet
The average diameter of the nanocrystal used in the pre
study was determined to be 5 nm by transmission elec
microscopy~TEM! ~see Fig. 1!, while that of the bulk one
was determined to be 3mm by field-emission scanning elec
tron microscopy. The excitation and emission spectra w

a!Electronic mail: songhongwei2000@sina.com.cn
1770003-6951/2002/81(10)/1776/3/$19.00
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measured with a Hitachi F-4500 fluorescence spectrome
The continuous lights separated from a xenon-lamp w
used as irradiation, with a line width of 10 nm and a pow
density of 10– 100mW/cm2.

Figure 2 shows the excitation spectra of Eu31 for the
emission of5D0–7F2 in Y2O3:Eu31. A band extended from
200 to 300 nm was observed in both the nanocrystal and
bulk one, which was ascribed to the transition by CT. Ig
rashi et al. reported that the CT band in nanocrystallin
Y2O3:Eu blue-shifted as the particle size decreased, w
Tao et al. reported that it red-shifted. Here, we did not o
serve the shift of CT band, which indicated that the cov
lency between O22 and Eu31 did not change. In Fig. 2, the
sharp lines are associated with thef – f transition of Eu31.

Figure 3 shows the excited CT band in the nanocrys
line Y2O3:Eu31 before and after UV irradiation. It is clea
that the intensity of CT band decreased as a whole as
crystal was irradiated with 230 nm and 245 nm lights. As t
crystal was irradiated with a 260 nm light, the intensity at t
irradiated site did not change, while the intensity for sho
wavelength side increased. Only as the excitation is co
sponding to the energy of CT band, the emission intensity
Eu31 changes. The intensity of sharp excitation lines forf – f
transition of Eu31 does not change by irradiation, which in
dicates that the population of Eu31 does not change. Figure
shows the dependence of emission intensity at 610 nm
irradiation time. It is obvious that the shorter the waveleng
the larger the intensity change at the irradiated sites.
dynamics were well fitted by exponential functions. The
set shows the relative change at the irradiated sites as a f
tion of wavelength, which is proportional to exp(2l/l0),
wherel presents wavelength andl0 is a constant. It should

FIG. 1. TEM image of the Y2O3 :Eu31 nanoparticles.
6 © 2002 American Institute of Physics
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1777Appl. Phys. Lett., Vol. 81, No. 10, 2 September 2002 Song et al.
FIG. 2. Excitation spectra of Eu31 in Y2O3 :Eu31 nanocrystal and bulk one
for the emission at 610 nm.

FIG. 3. Excited CT bands of nanocrystalline Y2O3 :Eu31, measured before
and after irradiation with various lights.

FIG. 4. Dependence of normalized intensity at 610 nm on irradiation t
for various UV lights. Inset: the change at the irradiated sites as a func
of wavelength.
Downloaded 10 Sep 2012 to 159.226.165.151. Redistribution subject to AIP
be noted that the light-induced change of CT band co
preserve at least several hours at room temperature.

In comparison, we also measured UV light-induc
change of CT band in the bulk Y2O3:Eu31. Figure 5 shows
the CT band before and after irradiation with a 245 nm lig
It is obvious that the CT band does not change after irrad
tion. The inset also indicates that the intensity of CT band
the irradiated site preserves a constant during irradiation.
CT band in the bulk crystal either does not change after i
irradiated at the other wavelengths.

The proportion of surface atoms in the Y2O3:Eu31

nanocrystal~5 nm! is about 80%, while that in the bulk on
~3 mm! is less than 1%. The increase in the proportion
surface atoms enhances the proportion of local displacem
The near surface of nanosized particle is particular unsta
Therefore, the local environments for the Eu31 ions in the
near surface are easily rearranged by UV irradiation, lead
to the change of CT band of Eu31. The UV irradiation-
induced structural change was also observed in the o
materials.18 A special case is that the energy states of surf
defects are close to 2p excited bands of O22. The electrons
on the 2p excited states are captured by the nearby surf
defects through tunneling, leading the CT states to decre
after UV irradiation. The essence of this process is still
optical rearrangements of local environments surround
Eu31 ions.

In conclusion, the CT band in Y2O3:Eu31 is changed by
the irradiation of UV lights. This change is dependent of t
particle size and the wavelength. It is attributed to the opti
activated rearrangements of local environments surround
the Eu31 ions in the near surface of nanoparticles.

The authors gratefully thank the financial supports
One Hundred Talents Project from Chinese Academy of S
ences and State Key Project of Fundamental Research.
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