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Conclusion
• 58 nm-confinement does not alter the

Eu VDOS significantly – still mostly

bulk behaviour

• Suppression of the high-energy bands

in favour of soft modes in the coated

particles

• VDOS in all investigated systems is

entirely independent on temperature:

harmonic behaviour even in organi-

cally coated nanoparticles

• ”Boson peak” that appears in coated

nanoparticles is probably connected

to static disorder
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Motivation
The physical and chemical properties of nano-

structured ceramic oxide materials are both of
fundamental and technological importance. In
particular, the optical properties of rare-earth
complexes in sol-gel matrices and of nanosized
oxide clusters have been intensively studied,
since their luminescence may be used for mark-
ers in medical diagnostics [1–3], optical sen-
sors [4], flat-panel displays [5] and many more.
The energetically sharp 4f—4f transitions, with
wavelengths in the visible range, are particularly
suited for that purpose.

It is well known [6] that the luminescence

quantum yield of Eu3+ complexes is strongly
influenced by the chemical environment of the
rare-earth ion, since e.g. the presence of O–H
oscillators may decrease the lifetime of the ex-
cited state by vibronic coupling to the 5D0 —
7F2 transition [7].

Recently, the synthesis of surface-capped cu-
bic Eu2O3 nanocrystals was reported, whose
luminescence quantum yield increased with de-
creasing size [8] although the electronic transi-

tion is strongly localized on the Eu3+ ion and
therefore should not be very susceptible to quan-
tum size effects. It was speculated that the sur-
face coating would passivate defects within the
crystal wandering from the interior to the sur-
face [8]. Whether such defects are important
or not may be successfully investigated by vi-
brational spectroscopy: in particular by a tech-
nique that is sensitive to the only, excluding
any matrix or coating vibrations. The novel
technique of NIA (nuclear inelastic absorption)
fulfills just this requirement.

We have investigated the vibrational density
of states (VDOS) of the europium atoms in
bulk Eu2O3, uncoated n-Eu2O3 having an av-
erage diametre of 58 nm and coated n-Eu2O3
having diametres around 15 nm, respectively.

Moreover, NIA gives access to the VDOS of
soft phonons in nanostructured systems, which
is of fundamental importance for the under-
standing of their thermodynamical properties.

The issue of this study was

– to assess the effect of confinement on the
VDOS,

– to separate this effect, if possible, from sur-
face effects owing to organic coating,

– to find out whether n-Eu2O3 behaves like a
harmonic solid with static disorder or whether
there are anharmonic effects similar to those
in glasses.

The experiment was carried out at the beam-
line ID22N, working at 21.542 keV primary en-
ergy [9]. Data processing was carried out using
the program PHOENIX [10].
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A.Q.R. Baron,

Europhys. Lett. 35, 671 (1996)

[10] W. Sturhahn,

Hyperf. Int. 125, 149 (2000)

0 10 20 30 40
0

0.02

0.04

0.06

0.08

0

bulk
nano naked
n18 coated
n20 coated
n22 coated
n26 coated

Eu2O3
1 meV binning, normalized

0 10 20 30
E [meV]

0

0.0002

0.0004

0.0006

0.0008

0.001

g(
E

)/
E

2  [m
eV

-3
]

0 10 20 30

bulk
nano naked
n18 coated
n20 coated
n22 coated
n26 coated

Eu2O3
1 meV binning, normalized

0 10 20 30 40
E [meV]

0

0.02

0.04

0.06

0.08

g(
E

) 
[m

eV
-1

]

0

100 K
295 K

Eu2O3 bulk
1 meV binning, normalized

0 10 20 30 40
E [meV]

0

0.02

0.04

0.06

0.08

g(
E

) 
[m

eV
-1

]

0

100 K
295 K

Eu2O3 nano naked
1 meV binning, normalized

0 10 20 30 40
E [meV]

0

0.02

0.04

0.06

0.08

g(
E

) 
[m

eV
-1

]

0

 50 K
100 K
295 K

Eu2O3 nano coated
1 meV binning, normalized

Experimental setup for NIA

Wet−chemical synthesis (after [8])

AFM in tapping mode

Experimental Results, T = 100 K

Comparison of bulk and nano VDOS

Reduced VDOS for bulk and nano

Temperature dependence of the VDOS


