surface, interface and nano-structures

XANES study on the valence transitions as nanO-CeSzD(x-RT(Tan;pleS). nan0-CQQZ173K(|sar;1ple4).hnanO-

; ; ; ; CeO.x-623K(sample5), nano-Ce@73K(sample6). Further, it

in cerium oxide nanoDarthles was observed from HRTEM that the size of nanocrystal ,.CeO

was about 6nm.

Jing Zhang ZiyuWu Tao Liu Tiandou Hu XANES spectra at the Ces;Ledge were measured in

ZhonghuaWu Xin Ju transmission mode at the EXAFS station (Beam line 4W1B) of

Beijing Synchrotron Radiation Facility. The storage ring was run

at typical energy 2.2 GeV with the electron current about 80 mA.

. . A A Si (111) double crystal monochromator was used, providing an

Energy Physics, Chinese Academy of Sciences, Beijing, energy resolution of 1.5eV. To suppress the unwanted harmonics,

100039 the monochromatic crystal faces were detuned, reducing the

E-mail:jzhang@alpha02.ihep.ac.cn incident beam by 30%. The incident and output beam intensities
were recorded using ionization chambers, filled with nitrogen gas

The aim of this work is the determination of Ce environment ancend a 50% argon-doped nitrogen mixture respectively. The

valence state in Cerium oxide nanoparticles prepared by th&pectra were recorded in the range of 5.5-6.2 KeV, which cover

microemulsion method. X-ray absorption near-edge structurdhe Ls edge absorption of Cerium atoms.

measurements at Cq edge were performed on the nanoparticles

as a function of annealing temperature, ranging from 298K t03. Results and discussion

873K under air condition. The experimental results support therigure 1 compares the normalized Geeldge XANES spectra of

conclusion that Ce ion, in the investigated systems, is inceQ, nanoparticles at different temperature (ambient, 473K,

trivalence state when the annealing temperature is below 473K523K, 773K, 873K, respectively), along with two standard

As the temperature increases up to 623K, the XANES spectrungpectra of crystalline Ce(N§2.6H,0 in triclinic phase and CeO

shows the coexistence of %eand Cé+states. When the in cubic phase_ The C%_ledge Spectrum of CQ(DS in agreement

temperature is higher than 623K, the spectra become identical @jth the results of Kaindet al. (1988), Bianconiet al. (1994),

that of CeQwith a distinct double-peak structure, corresponding and Douillardet al (1995). The pre-edge structure, labeled A, is
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to the Cé" state. assigned to final states with delocalizédharacter at the bottom

of the conduction band. Due to the cubic crystal-field splitting of
Keywords: Cerium Oxide nanoparticles, valence transitions, Ce5d states, features B and D are associated to the transitions of
XANES. Ce 2p to the Ceaf'sd g L and Ce4f'sd b, L states, wherel,

denotes an oxygen ligargp hole; 4f* refers to an electron from

an oxyger2p orbital to a ceriundf one(charge transfer-like). The
nergy separation between peaks B and D is about 3.6 eV, which
in agreement with previous works (Biancaial1994). The
ature E is attributed to the contribution of a different final state
‘configuration 4f°5d. For the Ce bedge spectrum of
yCe(NQ)S.BHZO, the strongest peak C at about 5725.5 eV, due to

1. Introduction
The study of the physical properties of cerium oxide nanocrystalsle
has become an active area of research in recent years. SU??I

. . . . . . e
research has been primarily motivated by catalytic applications
such as oxidation of organic materials and reduction of heav

metal ions in in rial reams (L 1,1 . Th . e .
etal ions in industrial waste streams (Luataal,1998) € the dipole-allowed transition of C2p to Ce4f'5d final states,

electronic structure of nanocrystalline materials is - L ;
fundamental importance to the understanding of their properties.Characterlzes the Ce in trivalent state (Capebaal1992). The

As we know, the preparation of cerium oxide nanocrystals peak pos_itior)s anq the assignments of _the electronic transition of
require a heat-treatment, therefore, it is necessary to investigat%II materials investigated, are tabulated in Table 1.

the structural and electronic properties of the cerium oxide

nanoparticles during the heat-treatment procedure. X-rayTable 1 The peak positions and assignments in Gedge XANES
absorption near edge structure (XANES) spectroscopy, an uniquépectra of Cepnanoparticles at different temperature.

element-specific technique sensitive to the local structure, can

provide insight into local environment as well as electronic Sample
structures of materials. In particular, XANES studies at the rare-
earth (RE) L thresholds play an essential role due to simplicity Peak(ev)
and universal applicability (Borgnat al, 1998, Changet al, A B c D E
2000). In this paper, the cerium oxide nanoparticles are prepared 5717.8  5724.6 5725.5 5728.2 5736.3
by the microemulsion method and the cerium oxide nanocrystalg )
are obtained by increasing the calcination temperature. Th = 2p- 415
XANES spectra are used to investigate the electronic properties 2 2p- | 2p-4f'sdgL 2p-4f'5dtl | 2p-4f'5d
of these nanoparticles at different annealing temperature. 5d

3 2p- 4f'5d
2. Experimen?al . . 4 2p...af5d
CeQ,.x colloid was prepared in "microreactors" of reverse
micelles and microemulsions, formed from cetyltrimethyl |5 2p-4F'5d | 2p-4f'5dil | 2p-4f%5d
ammonium bromide (CTAB), butanol and Ce®¥¥»BH,O in 6 2p- 2p- 4f'5de L 2p-4f'5dL | 2p-4f°5d
cyclohexane (Biret al,1999). The nanometre CgQ (0<X<2) 5d

powder was obtained from the colloid solution by rotatory _
evaporation, and then was annealed at 473K, 623K, 773K, 873} denotes an oxygen ligand 2p hole
for 2h under the air condition. The resulted samples were labeled

J. Synchrotron Rad. (2001). 8, 531-532 © 2001 International Union of Crystallography < Printed in Great Britain — all rights reserved 531



surface, interface and nano-structures
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Fig.1 The normalized Ce stedge XANES spectra of Cerium Oxide
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spectra of crystal Ce(NJ.6H,O and Ce@

It is immediately apparent that the XANES spectra at £edge

of the annealing temperature below 473K has a single peak, and

is similar to that of crystalline sample Ce(j$6H,O and
different from the spectrum of standard GeOhe peak C is
significantly intensified in the sample of nano- Ge@T, with
respect to that of the spectrum of Ce@¥®H,O, indicating that

the first nearest neighbors are less distorted. As the calcination

temperature increases up to 623K, the spectra
features (C,D,E): C is due to €e; while D,E are spectral
features of C¥ . This shows that G&and Cé&" coexist in the

show three

nanoparticles when the annealing temperature is in the range
between 473K and 623K. When the temperature is above 623K,
four different features, labeled, A,B,D and E, are presented,

which are characteristic spectral features of Ci@Q@ubic phase.

Based on the above results, we deduced that the cerium oxide

colloids, formed from cetyltrimethyl

shows that Ce is trivalent in nano- GeERT. With increasing

ammonium bromide,
butanol and Ce(Ng)s .6H,O in cyclohexane, are essentially
cerium oxide nanoparticles coated with CTAB. XANES spectra

temperature, the CTAB around the cerium oxide nanoparticles

decomposes and can easily react with oxygen under

Ce" to Cé" and in the formation of Ceanocrystal. In fact,

air
condition(Binet al,1999). This results in a valence change from

the experimental XANES spectra have revealed already that the

valence of nanoparticles changes from®*Ge Cé* with the
increasing of temperature and the Ge@nocrystal form when
the annealing temperature is above 623K.

4. Conclusion

The structure of Cerium oxide nanoparticles, investigated as a

function of the annealing temperature, changes from triclinic

structure to cubic one (Cgl0and its valence varies from €do
Ce4+

valence state in the formation of nanocrystalline Cd@irther

effort is doing in our Lab. to confirm the formation mechanism of
CeG;, nanocrystal. A complete discussion of the XANES part of
the Ce I3 X-ray absorption spectra will be published in a

forthcoming paper.

by increasing of calcination temperature. The present
XANES results provide the evidence of local structure and
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