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Spectra for the manganese 3s→2p x-ray emission after resonant and nonresonant photon excitation of a 2p
electron are presented for metallic manganese, MnF2, MnO, and LaMnO3. The absorption and emission spectra
are compared with the results of free-ion calculations for Mn2+ and Mn3+. The experimental absorption
spectrum of MnF2 is in very good agreement with the calculation for Mn2+, while the absorption of the other
compounds is found to be a superposition of Mn2+ and Mn3+. There are noticeable differences among the
compounds, both in the relative positions and intensities of the emission peaks. The resonant emission spectra
from MnF2 is dominated by decay from the 2p53d6 resonant configuration, while “normal” fluorescence is
found to predominate in LaMnO3. In metallic manganese and MnO the emission spectra are well described as
a superposition of these two extreme cases.
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I. INTRODUCTION

Transition-metal compounds have a wide range of inter-
esting electronic and magnetic properties that have made
them the subject of numerous studies. Located right in the
middle of the 3d row, manganese forms compounds that can
be used to study different aspects of transition-metal com-
pounds ranging from the effect of intra-atomic electron-
electron correlation to charge transfer. Knowledge of these
properties is important for both a basic understanding of the
electronic structure of these compounds and to understand
their behavior in many applications.

Inner-shell spectroscopies are well-established tools for
the study of the electronic structure and thus have been ex-
tensively applied to manganese compounds. X-ray absorp-
tion spectroscopy(XAS) across theL absorption edge in Mn
has been used to determine, among other things, the manga-
nese oxidation state in different compounds.1–6 This is pos-
sible because in XAS one obtains information about the con-
duction band, of 3d character. In this regard the ligand-field
multiplet theory7 has proven to be an invaluable tool in the
interpretation of the results. Complementary to XAS, x-ray
emission spectroscopy(XES) provides information about the
density of states of occupied levels that participate in the
decay process after the production of an inner-shell hole.
One can also study photoexcitation processes that involve
the resonant promotion of an inner-shell electron into a dis-
crete or quasidiscrete state, followed by the emission of a
photon to fill the inner-shell hole. An analysis of the energy
loss in this x-ray Raman-scattering process provides infor-
mation about the energy levels of the ground state. In par-
ticular, the 2p→3d resonant excitation with the subsequent
decay of the 2p hole by photon emission is particularly well
suited to study the partially filled 3d shell in manganese
compounds. Early studies of valence emission in MnO
showed that useful quantitative information about low-

energy d to d dipole-forbidden excitations could be
obtained.9 That work also showed that a free-ion calculation
in a two-step picture,9 was adequate for a direct comparison
with experiment. Chemical effects in both x-ray absorption
and resonant valence x-ray emission in several manganese
complexes have been studied in detail.2,3,5Recently, attention
has been given to the process in which the 2p core hole is
filled by emission from the 3s shallow inner shell. In addi-
tion to the well-known advantages of the valence photon-in–
photon-out processes,10 detection of emission from the 3s
core level is not affected by self-absorption,11 and one is
therefore allowed to directly compare emission from differ-
ent samples. The 3s-hole width is, however, rather large(of
the order of a few eV), and this results in broad emission
features. Also, the emission process is strongly affected by
electron-electron correlation, especially by interaction be-
tween the configuration with a 3s hole in the final state with
the configuration with two 3p holes,12–14 something that re-
flects the fact that in these compounds intra-atomic many-
body effects are as important as the interatomic many-body
effects.8 This correlation effect in the 3s→2p emission was
studied12 for one value of the excitation energy in MnFe2O4,
and is the subject of independent work14 for a whole range of
excitation energies in MnF2. In that article,14 we showed that
in this ionic compound, the observed resonant spectra can be
interpreted in terms of a relatively simple Mn2+ free-ion cal-
culation that includes the interaction between the 3d5

ground-state configuration and the configurations with a
single hole in the 3s subshells3s3d6d, and the configuration
with two holes in the 3p subshells3p43d7d. We also proved
that a comparison with a free-ion calculation also gives good
results for nonresonant excitation, provided that only the
states with a 2p hole coupled to the 3d5 6S high-spin outer
shell are considered.
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In this article we present a comparison of experimental
results for resonant and nonresonant manganese 3s→2p
emission in metallic manganese and in the compounds MnO
and LaMnO3. We use our previous results14 for MnF2 as a
reference. Manganese is nominally Mn2+ in MnF2 and MnO,
while it appears as Mn3+ in LaMnO3. Therefore, the Mn2+

free-ion calculation presented before14 can be also used for
the comparison with MnO. In this paper we extend the the-
oretical results for Mn3+ in a spherically symmetric environ-
ment, and they are then compared with the experimental data
for LaMnO3.

II. EXPERIMENT

The experiment took place at beamline 8.0 at the Ad-
vanced Light Source of Lawrence Berkeley Laboratory.
Monochromatized photons from a 5.0 cm undulator(U5.0)
are focused onto the sample, and the resulting fluorescence
emission spectra are recorded with a high efficiency x-ray
spectrometer. This soft x-ray fluorescence spectrometer is a
grazing incidence instrument with a fixed entrance slit and a
position-sensitive area detector. A total electron yield(TEY)
spectrum is obtained by recording the total electric current
through the sample as the energy of the exciting photons is
scanned. Photon emission spectra are then recorded at se-
lected values of the incoming photon energy by positioning
the spectrometer detector along the Rowland circle to inter-
cept the wavelength region of interest. Details of the beam
line and the spectrometer have been published elsewhere.15

The incoming radiation flux was monitored by the total pho-
tocurrent produced in a gold mesh placed in front of the
beam just before the sample chamber. The monochromator
and the spectrometer energies were calibrated with the ab-
sorption and emission spectra of the metallic manganese
sample. The absorption and emission experimental values in
metallic manganese were fixed to those published in the
literature.16,17We took a metallic manganese reference emis-
sion spectrum before recording the series of emission spectra
for each sample. The metallic manganese sample was a com-
mercially available chip of purity greater than 99.9%, though
it was exposed to atmosphere before loading it into the ex-
perimental chamber and therefore its surface was oxidized.
The MnO and MnF2 samples were commercial powders of
purity greater than 99%. The LaMnO3 was a single crystal.
For the MnF2, MnO, and the metal emission spectra, we used
an angle of incidence of 45° with respect to the incoming
radiation, and therefore the fluorescence also made an angle
of 45° with respect to the sample normal. In order to increase
the count rate for LaMnO3 we had to increase the angle of
incidence to 55°, and we also increased the monochromator
exit slit aperture. This should have little effect, however, on
the relative intensities of the emission peaks.

III. RESULTS AND DISCUSSION

A comparison of the TEY spectra of MnF2, metallic man-
ganese, MnO, and LaMnO3 is made in Fig. 1. The lower case
labels in the MnF2 spectrum indicate the values of the excit-
ing photon energy at which we recorded the 3s→2p photon

emission spectra that are analyzed in detail elsewhere.14 The
upper case labels in the metallic manganese, MnO, and
LaMnO3 spectra also give the values of the photon energy
for which we recorded emission spectra. The TEY spectrum
of both metallic manganese and MnO were recorded directly
from the samples, and therefore show indication of an oxide
surface,6 even for MnO. In Ref. 6 it was shown that the
signal from the oxide layer can be removed by sputter clean-
ing the sample. If we compare our TEY spectra with those of
Ref. 6 it is clear that our MnO TEY spectrum is almost
identical to their spectrum for the oxidized sample, and their
clean MnO spectrum is almost the same as our MnF2 spec-
trum that has been shown to correspond to Mn2+

absorption.14 They also showed6 that a direct subtraction be-
tween the original spectrum of the oxidized sample and that
of the clean sample resulted in a Mn3+ absorption signal.
Here we follow a similar procedure to subtract the Mn2+

spectrum obtained in MnF2 from each of our TEY spectra.
The results are shown in Fig. 2. The bottom panel is, once
more, the MnF2 total electron yield. In the top panel we
show the signal that has to be added to the bottom panel to
obtain the spectra in Fig. 1. It is clear that in all cases the
subtraction gives spectra that correspond to Mn3+.6 In fact,
the result for MnO is in good agreement with Ref. 6. We
notice that there are some differences among the subtracted
spectra, mainly in the region of theL3 edge. The signal for
the metal does not show a defined structure, while the MnO
and LaMnO3 have a pre-edge peak and two distinctive peaks
at 640.3 and 641.7 eV. However, the intensity ratio of these
two peaks is different for each compound. They are both
about equal for MnO, while in LaMnO3 the second peak is
larger. In LaMnO3 there is also an indication of structure at

FIG. 1. Total electron yield(TEY) spectra of MnF2, metallic
manganese, MnO, and LaMnO3 in the region of the 2p→3d reso-
nances. The labels give the excitation energies at which we obtained
3s→2p emission spectra. The photon energy scale is the same in all
spectra, while the vertical scale is arbitrary in each case.
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low photon energies, around 637 eV. TheL2 absorption fea-
tures on the high-energy side are almost identical for all three
samples. The fact that we were able to subtract a significant
Mn2+ absorption signal in LaMnO3 is in agreement with the
results of a cluster calculation20 that indicates that the ground
state is an almost equal admixture ofd4 and d5LI states,
where this last term denotes a state in which a ligand electron
is transferred to the manganese ion.

In our previous work,14 we showed that the TEY spectrum
of MnF2 can be interpreted directly in terms of Hartree-Fock
(HF) calculation for the Mn2+ free ion. All the lines corre-
spond to electric-dipole excitations starting in a 3d5 6S
ground-state configuration. In this paper we make the corre-
sponding comparison between the results of a calculation for
a Mn3+ free ion and the subtracted signal for LaMnO3. The
calculation considers transitions starting at the 3d4 5D
ground term, but in this case there are five possible values of
the total angular momentum. We included all transitions
originating in these states, weighted by their corresponding
Boltzmann and degeneracy factors. We used the standard
80% contraction factors for the Slater integrals to partially
take into account the effect of correlation.18 The calculated
spectrum is presented at the bottom of Fig. 3. The experi-
mental Mn3+ spectrum for LaMnO3 in Fig. 2 is shown on
top. The theoretical spectrum was shifted down in energy to
make the peaks at 640.7 eV coincide. In this case the free-
ion calculation is not as successful as for Mn2+.14 It gives the
right energy separation between theL3 and L2 absorption
edges. It also predicts a small peak at 637 eV that would
correspond to the pre-edge structure in the experimental
spectrum. However, this structure is broader and asymmetric
in the experimental spectrum. The calculation predicts three
peaks at theL3 and only two appear in the experimental data.

The first peak in the calculation is the strongest, and in
LaMnO3 the second peak is the largest. The calculation pre-
dicts a peak at about 646 eV that is completely absent from
the experimental spectrum. Finally, both experiment and
theory give a three peak structure in the region of theL2
edge, between 650 and 655 eV, but the calculation gives
sharper peaks and in the reversed order of intensity.

In these experiments we also recorded the 3s→2p emis-
sion spectra at selected points in the TEY spectra, indicated
by C, D, I, and K in Fig. 1. In MnO and LaMnO3 the
3s→2p emission features are about 20 eV higher in energy
with respect to the intense oxygen 2p→1s emission. They
are, therefore, superimposed on top of a rather large back-
ground. This background also appears in the metallic man-
ganese data, suggesting the presence of an oxide layer. In
fact, for the metal, MnO, and LaMnO3, we were able to
obtain spectra containing both oxygen 1s and manganese 3s
emission peaks, though there is definitely a larger oxygen
background component in the MnO and LaMnO3 samples.

We start the 3s emission comparison with the spectrum
obtained 16 eV above the resonance structure(Fig. 4). This
is much larger than the 2p-hole-width, and we therefore ex-
pect that in these spectra, emission is completely decoupled
from absorption. In our previous analysis,14 we made a de-
tailed study of this “normal” emission for MnF2 and also
gave a theoretical interpretation based on a multiconfigura-
tional HF calculation that includes the interaction of the 3s
hole in the final state with the 3p43d6 configuration. In Fig. 4
we make a comparison among the “normal” emission spectra
of all samples. The dots are the experimental spectra, while
the continuous lines give the result of a four peak fit to the
data, with the background subtracted. We used Pearson-7
functions19 with the same width and peak shape parameter
for all peaks. This allowed us to continuously vary the peak
shape between a Lorentzian and a Gaussian. The results ob-

FIG. 2. Result of subtracting the MnF2 TEY spectrum from the
spectra of metallic manganese, MnO, and LaMnO3.

FIG. 3. Comparison between the Mn3+ TEY spectrum of
LaMnO3 and the result of a free-ion calculation. Solid line: experi-
mental data. Dashed line: calculation. TheL3 and L2 absorption
edges are also indicated.
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tained in the fits indicate that in all cases the peak shape is
predominantly Lorentzian. The measured line width is about
3.8 eV and it is almost the same for all samples. For com-
parison purposes we indicate with vertical lines the position
of each of the peaks in MnF2. All the compounds show the
same overall structure with a strong peak, a low-energy
shoulder, and two small peaks on the high-energy side. This
structure can be explained by emission between a state in
which the 2p hole couples to the 3d5 6Ssubshell, resulting in
either a7P or 5P term, and a state with a 3s hole.14 The two
emission peaks lower in energy are dominated by transitions
into a 2p3/2 hole, while the two features at higher energies
result from transitions into a 2p1/2 hole. This behavior, which
is very well described by the calculation in MnF2, is also
present in all the other samples, even in the nominally Mn3+

compound LaMnO3. At this point we remark that the relative
position of the peaks is different for each sample. Compared
to MnF2, the whole emission structure is compressed and
slightly shifted towards lower emission energies in the other
compounds. In addition, there is an extra emission peak in
LaMnO3, at about 575 eV. Taking the difference between
centers of the highest and the rest of the peaks as an indica-
tion of the spread, one measures an energy spread of 19.6 eV
for MnF2, 15.2 eV for the metal, 13.8 eV for MnF2, and
15.3 eV for LaMnO3. The main emission peak is pretty
much in line for the metal, MnO, and LaMnO3, and is clearly
shifted down with respect to the main peak in MnF2. The
shoulder to the low-energy side is almost at the same energy
in all compounds, the largest shift being 0.6 eV towards
lower emission energy in the metal.

There are also differences in the relative intensities of the
emission peaks. The relative intensity of the low-energy
shoulder at 553 eV is largest for MnF2, then decreases
slightly for MnO and the metal, and is a factor of 3 smaller
for LaMnO3. The relative intensities of the two emission
peaks on the high-energy side also depend strongly on the
compound. In MnF2 the first peak is about 32% larger than
the second and they are almost equal in the metal, and in
MnO the second peak is 47% larger than the first. In
LaMnO3 the first peak of this group is 67% larger than the
second. The extra peak in LaMnO3 is the smallest of the
group.

We also performed a HF calculation for “normal” emis-
sion from a nominal Mn3+ ion in the ground state. In this
case we made the same assumption as before,14 namely, that
after direct production of a 2p hole it only couples to the
high-spin terms 3d4 5D. One then finds that a number of
states are produced and they roughly correspond to high-spin
sextet terms and low-spin quartet terms. Here we stress that
this approximate term assignment by no means implies that
these are pure states, because the Coulomb interaction and
the 2p hole spin-orbit coupling strongly mix different states.
In the end, however, a rather similar structure is found for the
3s decay, with four broad features. A comparison between
the calculated emission and the 3s “normal” spectrum of
LaMnO3 is shown in Fig. 5. The comparison between experi-
ment and theory is certainly not as good as the one found14

for MnF2. However, we find the same overall structure, a
strong peak corresponding to decay from the 2p3/23d5 sextet
terms, and a low-energy quartet shoulder. The calculation
gives two peaks at higher energy, both resulting from the
decay of a 2p1/2 hole. Experimentally, we observe the 2p3/2
and the 2p1/2 peaks at the calculated energies, and another
broad and weak peak at a higher emission energy. The cal-
culation also predicts a broad, low-energy satellite at about

FIG. 4. Normal 3s emission spectrum for MnF2, metallic man-
ganese, MnO, and LaMnO3. The excitation energy is indicated by
(j, K, K, K ) in Fig. 1. The dots are the experimental data. The
continuous line gives the best fit through the dots, including an
exponential background. The dashed lines are the individual peaks.
The vertical lines give the position of the emission peaks in MnF2.

FIG. 5. Comparison between the Mn3+3s “normal” emission
spectrum and the experimental data for LaMnO3. Dots: experimen-
tal results. The theoretical results are indicated as follows. Solid
line: emission from 2p3/23d5s5Dd sextet states. Dashed line: emis-
sion from 2p3/23d5s5Dd quartet states. Dotted line: emission from
2p1/23d5s5Dd sextet states. Dash-dotted line: emission from
2p1/23d5s5Dd quartet states.
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545 eV, however, no indication of its existence is found in
the experimental data. These results would seem to indicate
that “normal” emission is dominated by the 3s hole and its
interaction with the configuration with two 3p holes, and that
the detailed structure of the outer 3d subshell plays a minor
role.

From this analysis it is clear that the nondispersive or
“normal” 3s→2p emission has a similar structure in all com-
pounds studied. However, the position and relative intensity
of each peak depend on the detailed electronic structure of
the compound. The change in the peak position depends on
the changes in the energy levels owing to the presence of the
crystal field, while the relative peak intensity depends on the
electric-dipole transition-matrix element that is also depen-
dent on the detailed electronic structure. It is interesting to
point out that the measured changes in separation between
the low-energy and high-energy doublet that is due mainly to
the 2p fine structure would seem to indicate that this splitting
is affected by the valence-band structure. The largest mea-
sured splitting is 15.1 eV for MnF2, and the smallest is
10.3 eV for MnO. Taking the differences between the two
low-energy peaks and between the two high-energy peaks
one can also obtain values for the high-spin to low-spin split-
ting in the 3s subshell. These values can be compared to the
splittings obtained directly in photoemission,22,23but one has
to keep in mind that our values are certainly reduced by the
presence of the 2p hole. The comparison is made in Table I.
The effect of the 2p hole is to reduce the splitting, and it is
larger for the 2p3/2 hole. No systematic trend in the splitting
is found as a function of the manganese valence state.

Finally, a word about the extra peak at 575 eV in
LaMnO3. This feature is definitely too high in energy, and
would seem to correspond to the 3p→2p3/2 nondipole emis-
sion found in other transition-metal compounds.24 It is 19 eV
above the main 3s emission peak, while theory puts it at
about 30 eV.17 The fact that it appears only in LaMnO3, a
distorted perovskite, would seem to indicate that its intensity
is enhanced by the lack of inversion symmetry at the metal
site.

Now we compare the emission spectra obtained at corre-
sponding points in the TEY spectra. We took emission spec-
tra at resonances C, D, and I in Fig. 1, and thus we are able
to compare the emission features for the metal, MnO, and
LaMnO3 at these resonances with the emission spectra for
MnF2 at resonances b, c, and h, analyzed separately.14

The comparison of emission at the first resonance is made
in Fig. 6. Once again, the dots represent the normalized data,
while the continuous line represent the fitted peaks and the
dashed line indicates the peak position obtained for MnF2.
These were the emission spectra used for normalization, in
order to make the height of the most intense peak the same in
all compounds for this particular excitation energy. In the
calculation discussed in Ref. 14 we found that in the Mn2+

ion this resonance is dominated by a6P term that then de-
cays into4D and6D terms. We observe a similar behavior for
all compounds, indicating that at this photon energy both
absorption and 3s emission are produced by Mn2+ ions in the
sample. There are two peaks in each spectra, with compa-
rable relative intensities, but there are measurable differences
among the compounds. The4D shoulder at the low-energy
side is at about the same position in all the spectra. The6D
main peak is at about the same position in MnF2 and the
metal, and is shifted towards lower emission energies in
MnO and LaMnO3. The separation between the two peaks is
reduced from the value in MnF2, to the metal, until it be-
comes 3.8 eV in both MnO and LaMnO3. This last value is
closer to the one obtained in the ionic HF calculation.14

There are also variations in the intensity of the4D peak
relative to the6D peak. It is largest for MnF2, about the same
for the metal and MnO, and smallest for LaMnO3. All of
these values are smaller than the calculated free-ion relative
intensity.14

Figure 7 shows the emission spectra at the second reso-
nance of the 2p3/2 group (c in MnF2 and D for the other
compounds). In MnF2 this corresponds to excitation into a
4D state in Mn2+. However, in the other compounds this
resonance coincides with the strongest transition in Mn3+.
One would therefore expect that any difference of the 3s

TABLE I. High-spin to low-spin energy splittings(eV).

Compound Photoemission 2p3/2 fluorescence 2p1/2 fluorescence

MnF2 6.5a 4.5 5.2

Metal 3.9 4.3

MnO 6.2b 3.5 3.9

LaMnO3 5.6b 3.8 3.9

aAlso for atomic manganese(see, also, Ref. 22).
bRef. 23.

FIG. 6. Emission spectra at the maximum of the Mn2+L3 reso-
nance(b, C, C, C) in Fig. 1. The symbols are the same as in Fig. 4.

CHEMICAL EFFECTS IN THE MANGANESE… PHYSICAL REVIEW B 70, 035216(2004)

035216-5



emission compared to MnF2 is caused by the presence of
Mn3+ ions. In MnF2 the 3s emission proceeds mainly into the
4D and 6D channels, producing two peaks. The largest con-
tribution results from the state with the same dominant mul-
tiplicity as the intermediate state, which is a quartet. This
agreement between theory and experiment indicates that for
MnF2 the interference effects that were neglected in the cal-
culation play only a minor role in this compound. The situ-
ation is certainly different in the metal and in MnO. For these
two samples there is a broad feature that can be adequately
fitted by three peaks. The peaks at the highest and lowest
emission energies seem to be aligned in these two com-
pounds, and they are likely to correspond to emission into
the 3s4D and 3s6D states found in MnF2, provided they are
shifted down. The peak at the center would then correspond
to the main emission peak in LaMnO3 and it can be readily
identified with “normal” emission into a 2p3/2 hole produced
nonresonantly. This competition between Raman and “nor-
mal” emission has been observed before21 in CoO and NiO,
and was interpreted as resulting from the creation of
electron-hole pairs across the gap. However, in our results
for LaMnO3 this emission feature is really dominant and
does not disappear when the excitation energy is more than a
few eV above threshold.

Figure 8 shows the comparison between the experimental
emission spectrum and the result of the calculation for “nor-
mal” emission, in which we present the features that corre-
spond to decay of the 2p3/2 hole. The main peak in the cal-
culation corresponds to the high-spin sextet states, and is
shifted to lower energies with respect to the maximum in the
experimental data, probably indicating the presence of a dis-
persive peak. The quartet shoulder is certainly visible in the
experimental spectrum.

This competition between resonant and “normal”
3s→2p emission is also displayed in the spectra shown in
Fig. 9. Here we present the emission spectra that correspond
to the excitation energies indicated byh in MnF2 and I in all
the other compounds. In this case we have two excitation
mechanisms. We have a resonant transition that produces a
2p1/2 hole and we also have a nonresonant excitation in
which a 2p3/2 hole is produced, with direct excitation of the
electron into the conduction band. We also have to consider
the Coster-Kronig process that transfers the 2p1/2 hole into

FIG. 7. Emission spectra at the maximum of the Mn3+L3 reso-
nance(c, D, D, D) in Fig. 1. The symbols are the same as in Fig. 4.

FIG. 8. Comparison between the LaMnO3 emission spectrum at
resonance D with the calculation for “normal” 2p3/2 emission. Dots:
experimental data. The theoretical results are indicated as follows.
Solid line: decay from the 2p3/23d4 5D sextet terms. Dashed line:
decay from the 2p3/23d4 5D quartet terms.

FIG. 9. Emission spectra at the maximum of the 3p53d6 4D
resonance(h, I, I, I) in Fig. 1. The position of the “normal”
3s→2p3/2 emission peaks is indicated by solid lines, while that of
the resonant 3s→2p1/2 peaks is indicated by dashed lines.
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the 2p3/2 hole. This process will enhance the “normal” emis-
sion to fill the 2p3/2 hole. In the last two cases, and consid-
ering the Mn2+ ionic model, this would lead to nonresonant
x-ray emission starting in a 2p3/2

5 3d5 configuration. The fea-
tures that correspond to this “normal” emission are the two
peaks on the low-energy side of each spectrum(indicated by
solid lines), while the two peaks on the high-energy side are
the resonant ones(indicated by dashed lines). Taking the
peak with maximum intensity in MnF2 as a reference for the
emission energy, it is clear that the corresponding peak in the
other compounds is shifted towards lower energies, with the
largest shift occurring for MnO and LaMnO3. The resonant
structure is at about the same energy in the metal and in
MnF2, and is shifted towards lower energies in MnO and
LaMnO3. More importantly, the intensity of the resonant
structure relative to the “normal” 3s→2p3/2 is certainly dif-
ferent for each compound. In MnF2 this relative intensity is
the largest and then it decreases for MnO and LaMnO3, and
is smallest for the metal.

IV. CONCLUDING REMARKS

In this article we presented results for manganese x-ray
absorption and 3s emission for excitation energies across the
L absorption edges and for different compounds. We find
from the absorption spectra that the Mn2+ free-ion behavior

is dominant for MnF2. We also found that a signal produced
by Mn3+ absorption is present in the spectra of metallic man-
ganese and MnO, indicating the presence of a surface oxide
layer or mixed valence in the metal. However, the 3s x-ray
emission results indicate some degree of mixed valence
states in these compounds. The absorption spectrum of
LaMnO3 is also a superposition of absorption by Mn2+ and
Mn3+ ions. We found out that the free-ion calculation for
Mn3+ is not as successful as the Mn2+ free-ion calculation for
MnF2, something that suggests a mixed valence for LaMnO3.
It is also clear that chemical effects are present in the man-
ganese 3s→2p emission after resonant excitation of the 2p
core electron in all compounds studied. There are systematic
trends in this study that indicate that the pure ionic behavior
found for MnF2 is dominated by resonant emission. In the
metal and the more hybridized compounds the normal emis-
sion that results when the excited electron interacts weakly
with the 3d subshell is more important.
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