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Abstract

Literature is relatively sparse on XPS studies of europium compounds: it is essentially restricted to metallic compounds (EuM5, in which M
i eginning of
“ rgies (BE)
w s chemical
e nds. The
v ted
t needed for
d g the safety
o
©

K

1

i
l
a
o
a
i
n
a
C
a
a

B

ueous
anic

the
ctron
reted

ition
ub-
unds

oxo-
O

ere
l-
het-
d this
ates
ort-

0
d

s a transition metal) or to simple oxides. While particular interest have been devoted to understanding physical phenomenon in the b
shake-down” and “shake-up” satellites evidenced on core-level regions of the lanthanides, few information on absolute binding ene
as available. This paper reports an XPS binding energy data base for europium(III) compounds, in which Eu cation have variou
nvironments: simple oxide Eu2O3, Eu mixed oxides with organic oxalate, acetylacetonate or inorganic sulfate, nitrate, carbonate liga
alues of core-level BE (O1s, Eu3d and Eu4d) and the characteristics of shake-down satellites of Eu3d are reported, and their variations are attribu
o ionicity/covalency changes. Such interpretation was already published for Group A mixed oxides and zeolites. These data are
etermining Eu(III) species sorbed onto minerals in the presence of various ligands in the framework of retention studies for assessin
f future nuclear waste disposals.
2005 Elsevier B.V. All rights reserved.
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. Introduction

Understanding the chemistry of trivalent f-block elements
s important for managing nuclear wastes. Indeed, isotopes of
anthanides are fission products of uranium-235 and trivalent
ctinides (mainly Am and Cm isotopes) are activation products
f uranium-238. Lanthanides are also studied as non-radioactive
nalogues of trivalent actinides. In order to understand the chem-

cal behaviour of these elements in geological context for future
uclear waste storage, it is needed to understand their inter-
ction mechanisms with natural solids such as oxides or clays.
hemical retention, i.e. partition of the metallic element between
queous solution and mineral surface, is a key phenomenon for
ssessing the safety of possible nuclear waste disposal.

∗ Corresponding author. Tel.: +33 2 51 85 84 71; fax: +33 2 51 85 84 52.
E-mail address:cyrille.alliot@subatech.in2p3.fr (C. Alliot).

1 Present address: CNRS/Université Claude Bernard Lyon 1, UFR de Chimie
iochimie—43 Bd du 11 Novembre 1918 69622 Villeurbanne Cedex, France.

We are studying interaction mechanisms between an aq
Eu(III) and an alumina surface, in the presence of an inorg
or organic complexing agents[1]. Our approach is based on
combination of spectroscopic methods as X-ray photoele
spectroscopy (XPS), and sorption experimental data interp
with thermodynamic.

Many XPS studies are published on Group A or trans
metals oxides[2]; while much less XPS studies have been p
lished on lanthanides compounds, those on Eu(III) compo
are particularly sparse.

Numerous XPS data reported in the literature on mixed
compounds suffer from a lack of information concerning1s
results. Typically, no O1s values were reported in refs.[3,4],
while M and/or X core level photoelectron peaks BE w
reported for several MmXxOy oxocompounds—M is a meta
lic cation and the most electropositive atom, and X an
eroatom such as, e.g. C, N, S, Si, P. However, Barr publishe
information for silicas, zeolites, clays, aluminas and alumin
[5–7], to our knowledge, these are the only studies rep

368-2048/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
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ing detailed O1s data and interpretation for series of different
oxocompounds.

For this reason, we attempted to study the O1s signal in the
present work, however this is in principle virtually impossible
for sorption on alumina, since the O1s BE of alumina can not be
distinguished from those of the oxocompounds that we aim to
study.

The XPS studies on lanthanides have been specially focused
on the research for the origin of “shake-down” and “shake-up”
satellites in 3d and 4d core-level regions. When lanthanide ions
compounds are analyzed by XPS, unoccupied 4f-subshells are
lowered in energy by the potential of the photohole (Coulomb
interaction of the created photohole with the electronic system),
which allows a conduction electron to occupy these 4f-subshells;
this increases the occupation of 4f-subshells, corresponding to
an apparent change of the initial valence of the lanthanide cation
[8–12]. With increasing atomic number and thereby increasing
4f occupation, the probability of this mechanism decreases, it
approaches zero in Sm systems[13]. In europium compounds,
however, due to the energetic degeneracy of the 4f65d1 and
4f75d0 configurations, both configurations are observed in the
final-state, whatever the initial valence state[11].

This apparent change of the initial valence has been observed
for different rare-earth systems: Gd core levels in GdF3 [14], core
levels of La oxocompounds[15], and in some binary and mixed
oxides of La and Ce elements[15]. Several authors published
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of the Eu3d5/2and Eu4d core-level regions in Eu(III) compounds
(EuRh5, EuNi5, EuPt5 and EuPd5) Laubschat et al. have found,
that the contribution of the divalent final-state component
increases with increasing the atomic number within a same col-
umn of the Periodic Table. This effect is present to a lesser extent
in the Eu4d regions as well. Unfortunately, this corresponds
to the influence of Eu(III) chemical environment on satellite
intensity.

In literature, much attention has been devoted to the energy
separations between the satellite and main photoelectron peaks,
while less attention have been paid to absolute binding energies.
In a systematic study of 600 compounds containing 77 elements
[22], Jorgensen and Berthou measured absolute binding ener-
gies of the inner and outer shells of rare earth elements and
ligands in various rare earth compounds. They corrected charge-
up shifts for non-conducting materials by using the C1s peak
from mounting tape. However, use of this calibration method
is unsatisfactory. Indeed, the C1s BE of mounting tape, a non-
conducting material, is equally a function of charge-up shifts
of studied material. Therefore, the BE values estimated by Jor-
gensen and Berthou are associated with quite large uncertainties.

Uwamino et al.[23] have also studied a variety of rare-earth
compounds (oxides, sulfates and oxalates) by XPS, and the BE
values they reported also suffer from an energy calibration prob-
lem of the XPS spectra: they used a thin gold layer deposited on
each surface and calibration of all the photoelectron peaks BE
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PS studies of various metal oxides, including rare-earth ox
eO2, TbO2, La2O3 and Tb2O3 [16–19].
Eu3d core-level XPS spectra of EuAg5, EuPd2P2 and EuCu5

re reported to show two peaks corresponding to a rearr
ent of the 4f-subshells electronic occupation after photo

zation; in these compounds europium is exclusively divale
ndicated by M̈ossbauer spectroscopy and magnetic suscep
ty measurements[8–12]. One peak corresponds to the ini
ivalent 5d04f7 configuration of Eu(II) (main peak) and t
ther peak at about 6.5–8.0 eV higher BE is attributed to
d14f6 configuration corresponding to an excited state of E

n which the 4f rearrangement results in an apparent “Eu
onfiguration”, i.e. the so-called shake-up satellite in the
pectrum, the intensity of the satellite is about 15% of
ain peak[9,11,12]. Besides this shake-up process observe
u(II) compounds, the shake-down reverse process have
bserved for Eu(III) compounds: their XPS spectra can sh
atellite at BE lower than the photoelectron peak in the 3d
d regions of europium. Burroughs et al.[20] have proposed th
eside electrostatic coupling between the core hole and t
lectrons, these satellite peaks in the spectra would also be

nated in charge transfer coexcitations, principally from O2p to
anthanide4f for lanthanide having a partly occupied 4f-subsh

hatever their physical origins, these satellites make it virtu
mpossible to estimate the degree of valence mixing from
tudies of the corresponding lanthanide compounds.

The relative intensities of the photoelectron satellites va
ompared to those of the corresponding main peaks of E
nd Eu(III), and the probability for the presence of shak
nd shake-down processes seems to be correlated wi
hemical environment of europium ion[21]. From XPS spectr
:
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elative to that of Au4f7/2 at 83.3 eV, which neglects the ins
ating character of the analysed surfaces, and assumes th
as layer homogeneous.
In the present paper, the following Eu(III) compou

ave been studied by XPS: Eu2O3, Eu2(SO4)3, Eu2(CO3)3,
u(acetylacetonate)3, Eu(NO)3 and Eu2(C2O4)3. They are rel
vant of chemical species sorbed onto an alumina surface
resence of complexing agents, studies that we report else

1]. The BE values of core level photoelectron peaks of oxy
O1s), europium (Eu3d, Eu4d) in Eu(III) compounds are give
y using contamination carbon signal at 284.6 eV for en
alibration, and then discussed. Moreover, the character
f “shake-down” satellites of Eu3d5/2 and Eu4d are presente

n terms of intensity relative to the parent photoelectron p
nd of BE positions. To our knowledge, this combination

nformation from main photoelectron peaks and satellites
ot been considered in the literature. The values of core-
E and the characteristics of shake-down satellites of Eu3d and
u4d are reported and explanation of BE evolution in term

onicity/covalency changes is proposed supported by num
esults available in the literature on Group A mixed oxides[2].

. Experimental procedures

.1. Samples

Commercial products from Aldrich® were used as sta
ard samples containing europium in oxidation state
u2O3 (99.999% purity), Eu2(C2O4)3 (Eu(III) oxalate hydrat
f 99.9% purity), Eu(acac)3 (Eu(III) acetylacetonate hydrate
9.9% purity), Eu2(CO3)3 (Eu(III) carbonate hydrate of 99.9
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purity), Eu2(SO4)3 (Eu(III) sulfate hydrate of 99.9% purity) and
Eu(NO3)3 (Eu(III) nitrate hydrate of 99.99% purity). Powders
were pressed to obtain circular disks∼0.5 mm thick and 10 mm
in diameter, then placed in an oven at 50◦C for one day.

2.2. X-ray photoelectron spectroscopy (XPS)

Experiments were carried out using a VG Escalab MKII spec-
trometer with an unmonochromated Al K� (hν = 1486.6 eV)
radiation. The source characteristics were of 10 kV and of 5 mA.
The pressure was lower than 10−8 Pa in the analysis chamber.
The photoelectrons emitted from the ionization of target atoms
were selected in kinetic energy by passing through an analyzer
and the collected signal was amplified by five Channeltron detec-
tors, which permits lower detection limits: down to 1 or even
0.1 at%. Depending on the core level investigated, the depth
probed by XPS could be as large as 5 nm.

A freshly abraded silver sample was used for standardizing
the BEs of the spectrometer on the well-known Ag3d3/2 and
Ag3d5/2 XPS transitions at 374.3 and 368.3 eV, respectively.

The BE positions of O1s, Eu3d5/2 (the more intense of the
two Eu3d photoelectron peaks) and Eu4d have been determined
for all the above Eu(III) compound. The O1S signal of Eu(III)
compounds is included in the global O1s signal obtained mainly
from alumina (see Section1): we analyzed the global signal,
since decomposing it for extracting its Eu component was virtu-
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Table 1
BE values of O1s photoelectron peak in Eu(III) compounds (BE values are
corrected from contamination carbon at 284.6 eV)

Eu(III) compound BE of O1s (in eV)

Eu2O3 531.1/529.0
Eu2(C2O4)3 531.2
Eu(acac)3 531.2
Eu2(CO3)3 531.7
Eu2(SO4)3 531.9
Eu(NO3)3 533.5

to form various zeolites is associated with significant changes
in the O1s signals – shape and BE – consistently tracking the
x/y ratio, suggesting that the SiO and Al O bonds are altered
in zeolites as compared to the simple oxides SiO2 and NaAlO2.
He has interpreted the single peak of relatively narrow width as
evidence that this alteration results in a single type of oxygen
whereas two different peaks are observed for the two simple
oxides SiO2 and NaAlO2.

For Eu2O3, the peak located at high BE may be attributed
to water adsorbed during the formation of the pellet (adsorbed
OH implying Eu(OH)3 compound) following Burroughs et al.
[20] who proposed this interpretation for similar peaks of high
binding energy in the O1s spectra of rare-earth oxides, since
they disappeared on heating samples at 1000◦C for 1 h in
vacuum. Similarly, Hammond et al.[25] have obtained spec-
tra of CdO Oxide with two peaks in the O1s signal (530.7
and 528.6 eV), and they have attributed the peak at higher
BE to Cd(OH)2, since this peak totally disappeared on heat-
ing the surface at 300◦C for 1 h, whereas the lower BE peak
persisted.

The nature of Eu(III) compounds influences the BE of the O1s
photoelectron peak (difference between the simple oxide Eu2O3
and complex oxides), their BEs increases as follows (Table 1and
Fig. 1):

Eu2O3 < Eu(OH)3 < Eu2(C2O4)3 < Eu(acac)3 < Eu2(CO3)3
lly impossible or not reliable. Although the Eu4d signal is les
ntense than the Eu3d one, it is interesting to use both pea
ince their great difference in BEs allows to evidence depth
rogeneities of the samples. Moreover, the intensities an
ositions of “shake-down” satellites of Eu3d5/2 and Eu4d can
robe the chemical environment of Eu(III). The accuracy o
easured BE values was estimated to be equal to±0.3 eV.
As charging effects are unavoidable in the XPS study o

nsulating samples, the BE was calibrated with contamina
arbon in each sample. For this internal reference, we use
1s level of saturated hydrocarbons at 284.6 eV.

. Results and discussion

In the following section, we report and discuss the influe
f the chemical environment of Eu(III) on BE values for co

evel photoelectron peaks O1s, Eu3d5/2 and Eu4d, and on the
shake-down” satellites of Eu3d5/2 and Eu4d.

.1. O1s peak

Our measured BE values of the O1s signals for the Eu(III
ompounds (Table 1) were all found in the 524–538 eV XP
ange (Fig. 1). The shape of the O1s signal is quite differen
or Eu2O3, when compared to the other Eu(III) compounds
u2O3 an intense peak was found at high BE (531.1 eV)
shoulder at lower BE (529.0 eV), whereas for the other c

ounds a single peak was observed for each Eu(III) compou
he range 531.2 eV for Eu2(C2O4)3 to 533.5 eV for Eu(NO3)3.

Our results are consistent with those of Barr[5–7,24]on zeo-
ites. He has evidenced that the mixing ofxSiO2 andyNaAlO2
-
n

< Eu2(SO4)3 < Eu(NO3)3

Fig. 1. O1s XPS region as a function of Eu(III) compounds.
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Fig. 2. Correlation between Pauling electronegativity of heteroatom X and
O1s BE value for Eu(III) compounds (r2 = 0.894; BE = ((526.2± 0.8) +
(2.2± 0.3)× electronegativity).

The trend in this series is correlated to the electronegativity
of heteroatom X in EumXxOy; since the respective Pauling elec-
tronegativities of Eu, H, C, S and N[28] increase in the following
order:

Eu(1.2) < H(2.2) < C(2.55) < S(2.58) < N(3.04)

where X = Eu for Eu2O3. The correlation is even reasonably
linear (Fig. 2). Using the O1s photoelectron peak allowed to
discriminate: (1) Eu2O3 from other Eu(III) compounds; (2) the
nature of the complexing agent – carbonate, organic, sulfate or
nitrate ligands – of Eu(III), excepted when oxalate and acety-
lacetonate were simultaneously present. From considerations
based on electronegativity changes of the heteroatom, it might
very well be feasible to predict BE values for other Eu(III)
compounds, including those that are expected to be present on
alumina surfaces.

A usual explanation is: more electronegative the heteroatom
is, the more ionic the Eu-O bond is and the higher the
BE values of O are. Similarly, Barr[5–7] has typically evi-
denced on various zeolites, that the O1s BE values increase
from O1s= 529.9 eV for NaAlO2 the more ionic compound, to
O1s= 532.7 eV for SiO2 the more covalent compound in a series
of mixed (SiO2)x(NaAlO2)y compounds. The values of the O1s
BE increase withx for various zeolites. The O1s BE increasing
shift is correlated to this increasing degree of covalency in the
z hoen
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Table 2
BE values of Eu3d5/2 photoelectron peak, of its associated shake-down satellite
and ratio of their intensities in Eu(III) compounds (BE values are corrected from
contamination carbon at 284.6 eV)

Nature of Eu(III)
compound

BE of Eu3d5/2

(in eV)
BE of shake-down satellite
of Eu3d5/2 (in eV)

Eu2O3 1133.7 1123.5
Eu2(C2O4)3 1133.9 1124.0
Eu(acac)3 1135.0 1124.9
Eu2(CO3)3 1135.3 1125.2
Eu2(SO4)3 1135.9 1125.7
Eu(NO3)3 1136.4 1126.0

Fig. 3. Eu3d5/2 XPS region as a function of Eu(III) compounds.

Table 3
BE values of Eu4d photoelectron peak, of its associated shake-down satellite
and ratio of their intensities in Eu(III) compounds (BE values are corrected
from contamination carbon at 284.6 eV)

Nature of Eu(III)
compound

BE of Eu4d

(in eV)
BE of shake-down satellite
of Eu4d (in eV)

Eu2O3 134.9 128.5
Eu2(C2O4)3 134.4 127.3
Eu(acac)3 136.1 129.0
Eu2(CO3)3 136.5 129.1
Eu2(SO4)3 136.9 127.9
Eu(NO3)3 137.7 127.5

Fig. 4. Eu4d XPS region as a function of Eu(III) compounds.
eolite lattice. This could also explain the observations of S
26], who proposed a BE of 529.2 eV in Ag2O, while Hammond
t al. [27] proposed a value of 530.6 eV in Ag2CO3: the C O
ond is more covalent than the MO bond.

.2. Eu3d and Eu4d peaks

Eu3d5/2BE values have been obtained for several Eu(III) c
ounds (Table 2) in the XPS range 1120–1145 eV (Fig. 3), while

he Eu4d BE values (Table 3) are in the XPS range 115–150
Fig. 4).

Spectra of lanthanides with an incompletely occupied
ubshell exhibit splitting into two signals separated. This
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here observed from 7 to 10 eV for the Eu3d and Eu4d peaks
of all the Eu(III) compounds. These 7–10 eV values are con-
sistent with values published for oxides or Eu-transition metal
compounds, and attributed to the main photoelectron peak of
Eu(III) – highest BE – and its shake-down satellite, correspond-
ing to an apparent change in the 4f-subshell occupation number
similar to Eu(II), and located at a weaker BE than the main pho-
toelectron peak[8–12]. The exploitation of these satellites for
the determination of Eu(III) chemical environment is discussed
below.

The Eu3d5/2 BEs of Eu(III) compounds increase from
1133.5 eV for Eu2O3 to 1136.4 eV for Eu(NO3)3, according to
the following sequence (Table 2andFig. 2):

Eu2O3 ∼= Eu2(C2O4)3 < Eu(acac)3 < Eu2(CO3)3

< Eu2(SO4)3 < Eu(NO3)3

The same trend was found for the Eu4d peak (Table 3and
Fig. 4). Again, the nature of the Eu(III) compound has an influ-
ence on the BE values of Eu4d, which varies from 134.4 eV
for Eu2(C2O4)3 to 137.7 eV for Eu(NO3)3. As the same BE
evolution between Eu3d5/2 and Eu4d is observed, no surface
modification of samples occurred during the analysis of Eu(III)
compounds.

The Eu3d5/2 BE values were difficult to discriminate for
Eu (SO ) and Eu(NO) , but a simultaneous analysis with
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Table 4
Shake-down satellite to parent photoelectron peak intensity ratios for Eu3d5/2

and Eu4d peaks

Nature of Eu(III)
compound

Satellite/parent peak
Eu3d5/2 (in intensity)

Satellite/parent peak
Eu4d (in intensity)

Eu2O3 0.24 0.24
Eu2(C2O4)3 1.00 1.43
Eu(acac)3 0.23 0.29
Eu2(CO3)3 0.27 0.19
Eu2(SO4)3 0.16 0.13
Eu(NO3)3 0.13 0.11

tivity of the heteroatom X and the Eu3d BE value was evidenced
excepted for oxalate compound.

Finally, simultaneous using of the Eu3d5/2 and Eu4d core-
level photoelectron peaks allows to discriminate different Eu(III)
species. As for the O1s photoelectron peak, from considerations
based on electronegativity of heteroatom, it might very well be
feasible to foresee BE values of other Eu(III) compounds sorbed
on alumina surfaces.

3.3. Shake-down satellites of the Eu3d and Eu4d peaks

FromFigs. 3 and 4, respectively, displaying Eu3d5/2and Eu4d
regions, it appears that the intensity of the shake-down satellite
notably among the Eu(III) compounds. Shake-down satellite to
parent photoelectron peak ratio were calculated for each Eu(III)
compound for Eu3d5/2and Eu4d regions and results are reported
in Table 4. Evolution of these ratios is the same for Eu3d5/2 and
Eu4d and XPS regions of Eu(III) oxalate are quite different from
the other compounds of Eu(III). Indeed, these ratios are largely
higher for Eu(III) oxalate (value of 1 against a maximum value
of 0.27 for other compounds for Eu3d5/2and value of 1.43 against
0.29 for Eu4d). Our results are in agreement with those reported
in [23] on Eu(II) compounds that reveal a shake-down satellite
to parent peak ratio for Eu3d5/2and Eu4d much higher in the case
of oxalate than for sulfate and oxide.

Moreover, the ratios are notably greater in the case of carbon-
a lfate.
H from
l for
c at et
a uM
t s.

s peak
w m-
p isplay
a lt to
e lable
i ical
e

4

ase
w m-
2 4 3 3 3
hose of Eu4d allowed to discriminate between the two co
ounds. The same problem was encountered for discrimin
etween Eu2O3 and Eu2(C2O4)3, and the same evolution w
uccessful used.

The only data available in the literature for Eu2O3 are those
f Schneider et al.[11]: they measured the values 1134.2
35.0 eV for the Eu3d5/2 and Eu4d peaks, respectively. The
alues are not confirmed by our results. This could very
e attributed to problems in the energy calibration of their X
pectra (see Section1). The values published for Eu2(C2O4)3
nd Eu2(SO4)3, 1136.2 and 1137.7 eV, respectively[23] are
either consistent with ours. It can again be attributed to a
ration problem since the authors have used a thin gold lay

heir samples for calibrating in BE their XPS spectra.
The core-level shifts here observed for europium are c

ared to those published for Group A metallic elements, an
ransition metals mixed oxides[2,3,29–33]. These spectra pu
ished for several oxocompound MmXxOy showed higher cor
evels BE of M, when increasing the ionic character of MO
onds: M is a more electropositive atom than X, consequ

O bond are more covalent than MO ones, substituting
or M in typically M O M units to form X O M would pull
lectrons away from M, thus making the MO bond more ionic
nd inducing an increase of core-levels BE of M in XO M as
ompared to XO M, i.e. in MmXxOy as compared to MaOb.

For M = Eu (the most electropositive among the elem
onsidered because located at their left in the Periodic T
nd that X corresponds to C (oxalate, acetylacetonate an
onate), to N (nitrate) or S (sulfate), our results are in agree
ith those obtained on Group A and transition metals oxide

or O1s BE value a correlation between the Pauling electron
n

-
r

)
r-
t

-

te, oxalate, acetylacetonate and oxide than for nitrate or su
owever, our results can not be compared to those issued

iterature since the only data about satellites exploitation
hemical environment determination are those of Laubsch
l. [12] in the case of Eu-transition metals compounds of E5

ype, which is very different from our Eu(III) oxocompound
The analysis of shake-down satellites of Eu3d5/2 and Eu4d,

uch as its intensity relatively to the parent photoelectron
ill allow to discriminate Eu(III) oxalate from the other co
ounds. Although oxide, carbonate, and acetylacetonate d
more intense satellite than for sulfate and nitrate, it is difficu
xplain these trends because of a lack of information avai

n literature on shake-down satellites application to chem
nvironment determination.

. Conclusion

To our knowledge, this study is the first XPS BE data b
ith a coherent binding energy calibration for Eu(III) co



6 F. Mercier et al. / Journal of Electron Spectroscopy and Related Phenomena xxx (2005) xxx–xxx

pounds differing by the chemical environment of Eu(III). The
characteristics (signal shape, intensity, BE) of core-level pho-
toelectron peaks O1s, Eu3d5/2 and Eu4d, then of shake-down
satellites of the last two peaks, have been reported and exploited.
The results indicate that combining all these information is nec-
essary to discriminate Eu(III) oxocompounds.

For each of the core-level peaks, all BE evolutions have been
explained by ionicity/covalency changes of implied bonds from
electronegativity differences of atoms and a good linear relation
was evidenced for O1s BE as a function of electronegativity.
A satisfactory linear relation was equally evidenced for Eu3d
and Eu4d BE. Our results are in perfect agreement with numer-
ous data of literature concerning Group A and transition metals
oxides and zeolites. Although our list of Eu(III) compounds is
not exhaustive, a good comprehension of observed trends in BE
evolution is sufficient to transpose these results to other Eu(III)
species and to anticipate their BE values.

This binding energies data base would be applied to ternary
systems Al2O3/Eu(III)/organic complexing agent (for example,
a carboxylic acid as oxalate issued from cellulose degradation) in
order to identify chemical species of Eu(III) sorbed onto alumina
surface.
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