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Europium(11) oxide (EuO) has localized narrow 4f orbitals
that exist as the degeneracy levels between the conduction
band (5d orbitals of Eu") and the valence band (2p orbitals of
0?7).1 The 4f-5d electron transition and spin configuration
of EuO lead to unique optical, magnetic, and electronic
properties.>3 In fact, the theoretical quantum-confinement
model predicts enhanced luminescence and specific magnetic
properties for nanosized Eu" semiconductors.* >l Whereas the
preparation of bulk EuO by thermal reduction of Eu,0;
above 1000 °C was reported in 1965,/ EuO nanocrystals were
only synthesized and isolated recently. We recently prepared
spindle-shaped EuO nanocrystals (average 280 nm in length
and 95 nm in width) from Eu metal in liquid ammonia.”l Here
we report on the synthesis of smaller EuO nanocrystals
(average diameter: 3.4 nm) by photochemical reduction of
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Eu(NO;); in methanol. The EuO nanocrystals have two
unconventional photophysical properties: their emission
quantum yield in methanol is 49 £5 % at 300 K, which is the
highest efficiency reported for EuO, and their magnetization
increases dramatically under UV irradiation at room temper-
ature.

The EuO nanocrystals were prepared under an N, atmos-
phere as described in the Experimenteal Section. The TEM
images revealed that the sample consisted of EuO nano-
crystals (Figure 1a) with an average diameter of 3.4 nm
(Figure 1b). Their size distribution is much smaller than that
of the recently prepared EuO nanocrystals.”l The electron
diffraction pattern (Figure 1c) of the initial nanocrystals
revealed responses at 2.95, 2.43, 1.78, and 1.51 dA, corre-
sponding to (111), (200), (220), and (222) planes of NaCl-type
EuO, in agreement with those of the spindle-shaped EuO
nanocrystals.” 8! Magnetization measurements verified the
formation of Eu'"-free Eu" oxide (EuO). Thermogravimetric/
differential thermal analysis (TGA/DTA) indicated that the
EuO precipitates contain 48 % of organic compounds. Ele-
mental analyses and inductively coupled plasma atomic
emission spectroscopy (ICP-AES) gave empirical formulas
of precipitates prepared in the absence and presence of urea
of EuHg,C,4N;,0¢ and EuH;,C;;3N,,0¢5, respectively. The
empirical formula of the organic component was determined
from the difference between these formulas to be CH,N,. As
the removal of H,O from NH,CONH, (urea) leaves CH,N,,
the formation of polyurea (NHC(O)NHCH,),, on the surface
of EuO was assumed, and this was confirmed by IR
spectroscopy. The proposed photochemical reaction mecha-
nism for the formation of the polyurea-modified EuO nano-
crystals is shown in Figure 1d. Irradiation at the charge-
transfer bands between an oxygen atom of methanol and the

Eu ion of Eu(NO;); induces photoreduction to give an Eu!
ion and HOCH,".¥! The radical intermediate HOCH," reacts
with NO;™ to give OH™ and formaldehyde. EuO is formed by
the dehydrocondensation of Eu(OH),.'] The growth of EuO
nanocrystals is coupled with the polymerization of the
coordinated urea with photogenerated formaldehyde on the
EuO to give polyurea-modified EuO nanocrystals.

The absorption spectrum of the polyurea-modified EuO
nanocrystals in methanol is shown in Figure 2a. The band at
A =280 nm corresponds to the exciton band between the 4f

200 300 400 500
Alnm ————

Figure 2. a) Absorption spectra of the EuO nanocrystals in methanol. The
absorption below 4 =250 nm can be assigned to polyurea and methanol,
and that above 1=250nm (arrow) to the exciton band of the EuO
nanocrystals. b) Excitation spectrum of the EuO nanocrystals in methanol,
monitored at A =340 nm. ¢) Emission spectrum of the EuO nanocrystals in
methanol (excitation at A =290 nm). All spectra are corrected for detector
sensitivity and lamp intensity.
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Figure 1. TEM image of the EuO nanocrystals. Images were recorded under axial illumination at approximate
Scherzer focus, with a point resolution better than 0.19 mm. a) Bright-field (BF) image with weaker electron
irradiation (2.4 x 102 em~2s, beam diameter =2 mm). b) Size distribution of a). c¢) Electron diffraction pattern.
d) Mechanism of the photochemical reaction.
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without polyurea modification
was 5+0.5% at 300 K. These
results suggest that the emission
quantum yields of EuO nano-
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crystals depend on their surface condition. We propose that
the presence of polyurea on the quantum-sized EuO surface
draws the quantum-confinement effect of EuO into itself.'”

The temperature dependence of the magnetic susceptibility
 of the EuO nanocrystals is shown in Figure 3. From the slope
of the T versus 1/y asymptote of the EuO nanocrystals (3kg/
Nu?p?, where N =number of atoms, ui = Bohr constant, kg =
Boltzmann constant), the experimental effective number of
Bohr magnetons p for the EuO nanocrystals was found to be

a) b)
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Experimental Section

Preparation of EuO nanocrystals: In a quartz vessel, Eu(NO;); (37.5 mm)
and urea (112.5 mm) were dissolved in methanol (400 mL) under an N,
atmosphere, and the solution was irradiated with a 500-W high-pressure
mercury arc lamp at 25°C. A yellowish powder precipitated after 30 min.
After 24 h of irradiation, the powder was separated by centrifugation and
washed with methanol several times. High-resolution transmission electron
microscopy (TEM) images of the EuO nanocrystals were obtained with a
Hitachi H-9000 TEM microscope equipped with a tilting device (£ 10°) and
operating at 300 kV (C,=0.9 mm). Absorption and emission spectra were
measured on a Hitachi U-3300 spectrophotometer and
Hitachi F-4500 fluorescence spectrophotometer, re-
spectively. Emission quantum yields were determined
by standard procedures by using an integrating sphere
(diameter 6 cm) and quartz cells (optical path length
1 mm).l'") The magnetic susceptibility y of the EuO
nanocrystals was measured with a superconducting
quantum interface device (SQUID) magnetometer
(Quantum Design, MPMS).
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