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a  b  s  t  r  a  c  t

The  complete  oxychalcogenide  solid  solution  LaCuOSe1−xTex (0 ≤ x ≤  1)  was  examined  by  X-ray  pho-
toelectron  and  X-ray  absorption  near-edge  spectroscopy.  Whereas  the  La  3d,  Cu 2p  and  most  of the
chalcogen  (Ch)  core-line  peaks  are  invariant,  the  O 1s  binding  energies  (BE)  show  shifts  (up  to  0.35  eV)
with  increasing  substitution  of Se  by Te that reflect  the  competing  effects  of  the  charges  of  neighbouring
La  atoms  and more  distant  Ch atoms,  if the  charge  potential  model  is applied.  This observation  supports
eywords:
xychalcogenides
olid solution
PS
ANES

the  occurrence  of  interlayer  La–Ch  interactions  between  the  [LaO]  and  [CuCh]  layers  in LaCuOCh.  The
Se 3d  BEs  show  smaller  shifts  (up to 0.15  eV)  that  indicate  the development  of  more  negative  charge
on  the  Se  atoms  with  increasing  x.  The  Cu  K-edge  and  Se  K-edge  spectra  reveal  subtle  absorption  edge
energy  and  intensity  changes  that  can  be explained  by  the  evolution  of Cu-to-Ch  charge  transfer  within
the [CuCh]  layers.
harge potential model

. Introduction

The quaternary rare-earth copper oxychalcogenides RECuOCh
Ch = S, Se, Te) have been explored for potential applications
n optoelectronic devices as transparent p-type semiconductors
1–7]. They belong to the large family of tetragonal ZrCuSiAs-
ype materials [8,9], which include the rare-earth transition-metal
xypnictides REMPnO (P = P, As), now in vogue owing to their high-
emperature superconducting behaviour [10–14].  The interesting
hysical properties exhibited by these compounds depend on the
omplex interplay of electronic interactions between the cova-
ent, conducting [CuCh]  or [MPn] layers and the ionic, insulating
REO] layers which are alternately stacked along the c-direction in
heir tetragonal structures (inset of Fig. 1). Evaluating the degree
f charge transfer within and between these layers is important
or understanding how these properties can be modified. Previ-
us analyses of X-ray photoelectron (XPS) and X-ray absorption
ear-edge spectra (XANES) support the picture of a highly two-
imensional layered structure for RECuOCh and REMPnO [15–17],

n contrast to tetrelide pnictides like ZrCuSiAs itself, which shows
hree-dimensional bonding character [18,19].  However, in the
aCuOCh (Ch = S, Se, Te) series, there is evidence for the occurrence

f weak interlayer La–Ch interactions between the [LaO] and [CuCh]
ayers that become enhanced with larger Ch atoms, through the
bservation of changes in the intensity of a satellite feature in the
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La 3d XPS spectra [17]. Intralayer Cu–Ch interactions would also
be expected within the [CuCh]  layers, but these were more prob-
lematic to detect because of final-state effects in the Cu 2p XPS
spectra.

The mixed-chalcogenide solid solution LaCuOSe1−xTex

(0 ≤ x ≤ 1) presents an attractive opportunity to analyze these
electronic interactions in more detail. Here, we report firmer
evidence for interlayer interactions between the [LaO] and [CuCh]
layers, as manifested by shifts in binding energies (BEs) in the O and
Ch XPS spectra that are influenced by the chemical environment.
We also probe the nature of the intralayer Cu–Ch interactions
within the [CuCh]  layers by examining changes in the Cu K-edge
and Se K-edge XANES spectra, which are less sensitive to final-state
effects.

2. Experimental

2.1. Synthesis

Reagents in the form of pieces (La) or powders (La2O3, Cu, Se, and Te) with
purities of 99.5% or better were obtained from Cerac, Aldrich, or Alfa-Aesar. La2Se3

was obtained by stoichiometric reaction of La and Se at 900 ◦C for 1 week.
LaCuOSe was prepared by heating a mixture of La2O3, La2Se3, Cu, and Se in

a  2:1:6:3 ratio in an evacuated and sealed fused-silica tube at 1050 ◦C for 10 days.
LaCuOTe was prepared by heating a mixture of La, La2O3, Cu, and Te in a 1:1:3:3 ratio
in  an evacuated and sealed fused-silica tube at 1050 ◦C for 1–2 weeks; regrinding the
quenched product and reheating for an additional week was required for complete

reaction. Members of the solid solution LaCuOSe1−xTex (x = 0.2, 0.3, 0.4, 0.6, 0.8) were
prepared by heating mixtures of the end-members LaCuOSe and LaCuOTe in appro-
priate ratios at 1050 ◦C in three cycles of 4 days each, with intermediate grindings.
All  compounds were found to be >98% pure, as determined by comparing the inten-
sities of the strongest peaks relative to those for impurity phases in their powder

dx.doi.org/10.1016/j.jallcom.2011.11.063
http://www.sciencedirect.com/science/journal/09258388
http://www.elsevier.com/locate/jallcom
mailto:arthur.mar@ualberta.ca
dx.doi.org/10.1016/j.jallcom.2011.11.063
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Fig. 1. Plot of cell parameters vs. x for LaCuOSe1−xTex forming the tetragonal
ZrCuSiAs-type structure (inset). The lines are shown only to guide the eye.

Table 1
Cell parameters for LaCuOSe1−xTex .

Compound a (Å) c (Å) V (Å3)

LaCuOSe 4.0651(1) 8.7914(2) 145.28(1)
LaCuOSe0.8Te0.2 4.0784(1) 8.8485(3) 147.18(1)
LaCuOSe0.7Te0.3 4.0927(1) 8.9128(2) 149.29(1)
LaCuOSe0.6Te0.4 4.0976(1) 8.9434(3) 150.16(1)

X
I
f
c
e
s
c
f

2

m
o
m
t

T
X

LaCuOSe0.4Te0.6 4.1294(1) 9.0748(2) 154.74(1)
LaCuOSe0.2Te0.8 4.1447(1) 9.1768(2) 157.64(1)
LaCuOTe 4.1783(1) 9.3363(3) 163.00(1)

-ray diffraction (XRD) patterns (Fig. S1 in Supplementary Data) collected on an
nel  diffractometer equipped with a CPS 120 detector. The cell parameters (Table 1)
or this complete solid solution increase regularly as x increases in LaCuOSe1−xTex ,
onsistent with the substitution of larger Te for Se atoms (Fig. 1). The cell volume
xhibits a small negative deviation from a strictly linear Vegard’s law dependence,
uggesting that there may be slight local ordering of the chalcogen atoms when the
oncentrations of Se and Te are similar. A similar behaviour was  previously observed
or  the LaCuOS1−xSex solid solution [20].

.2. XPS analysis
XPS spectra were measured on a Kratos AXIS 165 spectrometer equipped with a
onochromatic Al K� X-ray source (15 kV, 14 mA)  and a hybrid lens with a spot size

f  700 �m × 400 �m.  The air-stable samples were finely ground, pressed onto In foil,
ounted on a Cu sample stage with carbon tape, and transferred to the spectrome-

er  chamber in which the pressure was maintained between 10−7 and 10−9 Pa. The

able  2
PS binding energies (eV) and XANES absorption edge energies (eV) for members of the s

Compound LaCuOSe LaCuOSe0.8Te0.2 LaCuOSe0.7Te0.3 L

La 3d5/2 834.3(1)a 834.4(1) 834.4(1) 8
La 3d3/2 851.1(1)a 851.2(1) 851.2(1) 8
Cu 2p3/2 932.8(1)a 932.8(1) 932.9(1) 9
Cu 2p1/2 952.6(1)a 952.6(1) 952.7(1) 9
Cu K-edgeb 8986.1(1) 8986.0(1) 8985.8(1) 8
O  1sc 529.77(5) 529.63(5) 529.61(10) 5
Se  3d5/2

c 53.93(3) 53.86(3) 53.85(3) 5
Se  3d3/2

c 53.78(3) 54.71(3) 54.70(3) 5
Se  3p3/2 160.1(1)a 160.2(1) 160.2(1) 1
Se  3p1/2 165.9(1)a 166.0(1) 166.0(1) 1
Se  L-edge 1429.6(1) 1429.4(1) 1429.4(1) 1
Se  K-edge 12658.2(1) 12658.3(1) 12658.3(1) 1
Te  4d5/2 40.2(1) 40.3(1) 4
Te 4d3/2 41.7(1) 41.7(1) 4
Te 3d5/2 572.7(1) 572.7(1) 5
Te 3d3/2 583.1(1) 583.1(1) 5

a Taken from Ref. [17].
b Cu K-pre-edge located at 8980.6(1) eV for all samples.
c O 1s and Se 3d BEs were averaged from multiply measured spectra, with uncertaintie
 Compounds 514 (2012) 199– 204

samples were sputter-cleaned with an Ar+ beam (4 kV, 10 mA) to remove surface
oxides as much as possible until no further changes were observed in the survey
spectra. No visible chemical reduction occurred as a result of this sputtering proce-
dure. Charge neutralization was  attempted but was concluded to be unnecessary.

Survey spectra (collected with a BE range of 0–1100 eV, a pass energy of 160 eV,
a  step size of 0.7 eV, and a sweep time of 180 s) confirmed the presence of all ele-
ments in the expected compositions. High-resolution La 3d, Cu 2p, O 1s, Se 3p, Se 3d,
Te  3d, and Te 4d core-line spectra (collected with a BE range appropriate for each
element as determined from the survey spectra, a pass energy of 20 eV, a step size of
0.05 eV, and a sweep time of 180 s) were calibrated to the C 1s line at 284.8 eV aris-
ing from adventitious carbon. These spectra were analyzed with use of the CasaXPS
software package [21]. The background arising from energy loss was removed by
applying a Shirley-type function and the peaks were fitted to pseudo-Voigt (70%
Gaussian and 30% Lorentzian) line profiles to take into account spectrometer and
lifetime broadening effects. Table 2 lists the observed BE values, with uncertainties
estimated to be better than ±0.1 eV obtained from singly measured spectra, on the
basis of previous measurements on this instrument. Because small shifts in the O
1s and Se 3d BEs were noted, these spectra were re-collected for all members of
the  solid solution (including the previously measured end-members LaCuOSe and
LaCuOTe [17]) to obtain more precise values. For each member, two or three sam-
ples from the same synthesis batch were separately ground, sputter-cleaned, and
examined individually (Table S1 in Supplementary Data). On  the basis of these mul-
tiply measured spectra, the O 1s and Se 3d BEs were averaged and expressed to
two decimal places in Table 2. Their uncertainties evaluated from (ts)/

√
n, where t

values were taken at a 95% confidence interval, s is the standard deviation, and n is
the number of measurements, were generally better than ±0.05 eV.

2.3. Cu K- and Se K-edge XANES analyses

Cu K- and Se K-edge XANES spectra were measured on the bending magnet
beamline (20 BM)  at the Advanced Photon Source (APS) accessed through the Pacific
Northwest Consortium/X-ray Operations and Research Collaborative Access Team
(PNC/XOR-CAT), Sector 20, at Argonne National Laboratory. Finely ground samples
were sandwiched between Kapton tape and positioned at 45◦ to the X-ray beam,
which has a resolution of 1.4 eV at 10 keV, a spot size of 1 mm × 4.5 mm,  and a photon
flux of ∼1011 photons/s provided by a silicon (1 1 1) double crystal monochromator.
Spectra were collected in both transmission mode (through an ionization detec-
tor  filled with a 60:40 mixture of He and N2) and fluorescence mode (through a
4-element Vortex detector for the Cu K-edge and a 13-element Canberra detector
for  the Se K-edge). The step size through the absorption edge was 0.25 eV. Standards
of  elemental Cu and Se were placed behind the sample and measured simultane-
ously, with the maxima in the first derivatives set to 8979 eV for the Cu K-edge and
12,658 eV for the Se K-edge. Calibration values were obtained from the program
Hephaestus and the spectra were analyzed with the program Athena, both in the
Ifeffit software package [22]. Uncertainties in the absorption energies are estimated
to  be better than ±0.1 eV on the basis of multiple scans. All observed absorption
edge  energies are listed in Table 2.

2.4. Band structure calculations
The interpretation of XANES spectra was facilitated by evaluating the character
of  empty conduction states in LaCuOSe and LaCuOTe determined by tight-binding
linear muffin tin orbital (TB-LMTO) band structure calculations performed within
the local density and atomic spheres approximation with use of the Stuttgart

olid solution LaCuOSe1−xTex .

aCuOSe0.6Te0.4 LaCuOSe0.4Te0.6 LaCuOSe0.2Te0.8 LaCuOTea

34.5(1) 834.4(1) 834.4(1) 834.5(1)a

51.4(1) 851.3(1) 851.2(1) 851.2(1)a

32.9(1) 932.8(1) 932.9(1) 932.9(1)a

52.8(1) 952.6(1) 952.7(1) 952.7(1)a

985.8(1) 8985.7(1) 8985.6(1) 8985.3(1)
29.58(2) 529.51(5) 529.42(5) 529.74(3)
3.85(3) 53.83(3) 53.78(3)
4.70(3) 54.68(3) 54.63(3)
60.2(1) 160.1(1) 160.3(1)
66.0(1) 165.8(1) 165.9(1)
429.5(1) 1429.5(1) 1429.4(1)
2658.3(1) 12658.3(1) 12658.4(1)
0.3(1) 40.2(1) 40.2(1) 40.2(1)a

1.7(1) 41.6(1) 41.6(1) 41.7(1)a

72.7(1) 572.6(1) 572.6(1) 572.6(1)a

83.1(1) 583.0(1) 583.0(1) 582.9(1)a

s quoted at a 95% confidence interval.
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B-LMTO-ASA program (version 4.7) [23]. Integrations were carried out over 84
ndependent k points within the first Brillouin zone.

. Results and discussion

.1. XPS spectra

An initial examination of the core-line XPS spectra for the solid
olution LaCuOSe1−xTex (0 ≤ x ≤ 1) revealed no prominent differ-
nces. Although the Ch atoms are closest to the La and Cu atoms,
he gradual substitution of Se with Te is not reflected in any vis-
ble changes in the La 3d and Cu 2p spectra, which are strongly
nfluenced by final state effects (Fig. S2 in Supplementary Data)
24–29]. The La 3d spectra contain a satellite peak which was  pre-
iously attributed to a ligand-to-metal shake-up process and which
erves to measure the degree of orbital overlap between La and Ch
toms [17,27–29],  but the differences are too small between the
nd-members LaCuOSe and LaCuOTe for this feature to be helpful to
onitor. Similarly, the Cu 2p spectra are invariant, and in any case,

he Cu 2p3/2 BE cannot be probed reliably to obtain information
bout oxidation state [30,31]. Final state effects are quite promi-
ent in Cu XPS spectra, as has been noted previously [32]. When

 core-hole is generated upon photoionization, interatomic relax-
tion can take place whereby electron density from surrounding
toms flows towards it, enhancing the screening so that the final
tate energy is decreased and the BE is apparently lowered. This
elaxation becomes more pronounced with higher oxidation state
f the Cu atom, and it becomes difficult to separate ground-state
rom final-state effects in Cu XPS spectra [32].

Each of the O 1s XPS spectra reveals a main core-line peak inher-
nt to the oxychalcogenide at lower BE and a second peak attributed
o surface oxides that is typically found at higher BE (Fig. 2a) [15,16].
lthough surface oxides are normally difficult to eliminate entirely,

hey were minimized through sputter-cleaning for a duration that
oes not risk damaging the sample. In the course of this sputter-

ng procedure, the intensity of the peak arising from surface oxides
iminished while the position of the main core-line peak for the
xychalcogenide remained invariant. Surprisingly, we  noted sub-
le changes in the O 1s XPS spectra in which there were small BE
hifts of up to ∼0.2 eV, just above the limits of uncertainty (±0.1 eV).
hese spectra were recollected multiple times to improve statis-
ics, confirming a real trend in the O 1s BEs (Table 2 and Fig. 2a).
s Se is substituted with Te, the O 1s BE gradually decreases from
29.77(2) eV in LaCuOSe to 529.42(2) eV in LaCuOSe0.2Te0.8, but
hen it abruptly returns to 529.74(1) eV in LaCuOTe. Differences in
he Ch XPS spectra were more difficult to detect. Multiply measured
e 3d spectra suggest a gradual decrease in the Se 3d5/2 BE from
3.93(1) eV in LaCuOSe to 53.78(1) eV in LaCuOSe0.2Te0.8, with the
pectra of the Se-poorer samples suffering from greater background
oise because of the lower Se concentration (Fig. 2b). The remain-

ng Ch XPS spectra (Se 3p, Te 4d, Te 3d) are nearly indistinguishable
Fig. S2 in Supplementary Data).

Although BE shifts in the La 3d and Cu 2p spectra cannot be
sed to extract information about charges, we make the assump-
ion that these atoms are positively charged, with formal oxidation
tates of La3+ and Cu+. The BEs in the O 1s and Ch (Se 3d, 3p; Te
d, 3d) spectra are lower relative to the elements (dashed vertical

ines in the spectra) [33], indicating that these atoms are negatively
harged. However, the trends in the O 1s and Se 3d BEs with greater
ubstitution x in the solid solution LaCuOSe1−xTex (Fig. 3a) require
ifferent explanations. The decrease in Se 3d BE suggests that the Se
toms, which are more electronegative than Te atoms, must accept
 greater burden of the charge transferred in the Cu–Ch bonds;
ach of the diminishing number of Se atoms carries a more neg-
tive charge. The occurrence of BE shifts, albeit small, in the O 1s
eak is puzzling because the O atoms are not directly bonded to the
Fig. 2. (a) O 1s and (b) Se 3d XPS spectra for LaCuOSe1−xTex . The solid vertical lines
locate the O 1s and Se 3d5/2 peaks in LaCuOSe. For reference, the dashed vertical line
in  (b) marks the Se 3d5/2 BE in elemental Se.

Ch atoms. However, weak La–Ch interactions between the osten-
sibly independent [LaO] and [CuCh]  layers have been implicated
previously [17]. We  propose that the O 1s BE shifts are not caused
by changes in the charge of the O atoms (an intraatomic effect),
but rather by changes in their coordination environment, which
modifies the Madelung potential (an interatomic effect). When the
charge potential model is applied [34–37],  the O 1s BE shifts can be
described as:

�EO1s = k�qO + 4�
(

qLa

dO–La

)
+ 4�

(
qO

dO–O

)
+ 4�

(
qCh

dO–Ch

)
+ · · ·

(1)

in which the first term represents any inherent changes in the O
charge and the subsequent terms represent the contributions of the
first, second, and third coordination spheres (CS) around the O atom
to the Madelung potential. As more Se is substituted by Te atoms
(increasing x in LaCuOSe1−xTex), the La atoms become less posi-
tively charged (if the occurrence of La–Ch interactions is accepted);

that is, the �(qLa/dO–La) term becomes less positive. Meanwhile,
the Ch atoms become less negatively charged and more distant
(from 3.5 to at 3.7 Å), on average; that is, the �(qCh/dO–Ch) term
becomes less negative. Thus, the evolution of these contributions
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Fig. 3. (a) Plot of O 1s and Se 3d5/2 BEs vs. x in LaCuOSe1−xTex . (b) Schematic
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epresentation of the contributions (dashed lines) of the first, second, and third
oordination spheres (CS) to the Madelung potential (solid line) experienced by the

 atom in LaCuOSe1−xTex .

o the Madelung potential from the first and third CS, respectively,
ollows opposing trends, as qualitatively shown in Fig. 3b. The sum-

ation of these two oppositely sloped lines leads to a minimum in
he Madelung potential at some intermediate value of x, as shown
y the solid black line in the figure. Because the neighbouring La
toms in the first CS dominate the Madelung potential, the O 1s
E tends to decrease gradually with increasing x. However, at suf-
ciently high substitution levels, the contribution from the third
S eventually reverses the trend, such that in the end-member
aCuOTe (x = 1), the O 1s BE is essentially the same as in LaCuOSe
x = 0).

The analysis of the O 1s BE shifts above rests on the assumption
hat they depend mainly on ground-state effects, but it is worth-
hile considering if final-state effects could also account for the

bserved trends in which the BE is apparently lowered because of
nteratomic relaxation, as described earlier [32]. Because the imme-
iate environment around each O atom is a tetrahedron of four
a atoms, the highly ionic nature of the La–O interactions implies
hat such relaxation processes are unlikely. However, it is conceiv-

ble that as the more distant Ch atoms in the third CS become
ncreasingly substituted with less electronegative Te atoms, the La
toms gain more electron density so that this relaxation becomes
nhanced. If so, the O 1s BE would decrease monotonically and
Fig. 4. (a) Cu K-edge and (b) Se K-edge XANES spectra for LaCuOSe1−xTex .

reach its lowest value at LaCuOTe. As discussed above, the reversal
of the trend actually seen at LaCuOTe can be traced to a ground-state
effect involving the Madelung potential, implying these final-state
effects are less important.

3.2. XANES spectra

Information about the Cu atoms is best extracted through analy-
sis of the Cu K-edge absorption spectra. These spectra are much less
influenced by final state effects than the Cu 2p XPS spectra because
electrons are excited into bound (or continuum) states, providing
partial screening which in turn minimizes relaxation processes. In
accordance with the selection rule �l  = ±1, the most prominent fea-
ture in the Cu K-edge spectra of LaCuOSe1−xTex is assigned to the
excitation of Cu 1s electrons to unoccupied 4p states, marked as A
in Fig. 4a. This main edge-feature is prominent in other compounds
containing tetrahedrally coordinated Cu1+ species, such as Cu(I)
halides, and is unaffected by multiscattering resonance within the
EXAFS region [38]. The absorption-edge energy gradually decreases

from 8986.1(1) eV in LaCuOSe to 8985.3(1) eV in LaCuOTe, indicat-
ing that the Cu atoms become less positively charged and consistent
with diminished Cu-to-Ch electron transfer when Se atoms are suc-
cessively substituted by less electronegative Te atoms. The shift
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n the absorption edge to lower energy also agrees with the loca-
ion of empty Cu-4p-based conduction levels in the density of
tates for LaCuOSe vs. LaCuOTe (Fig. S3 in Supplementary Data).
here is a second, weaker pre-edge feature, marked as B in the
pectra, that appears to be fixed in energy (as confirmed by not-
ng the invariance in the maximum of the first derivative in the
pectra) but instead becomes slightly less intense on proceeding
rom LaCuOSe to LaCuOTe. Such a feature is normally assigned
s a dipole-forbidden 1s-to-3d transition in Cu2+-containing com-
ounds [39]. Although XPS and Auger spectroscopy indicate that
he present compounds contain Cu1+ species [17], which have no
vailable empty 3d states, we propose that the transition becomes
llowed through mixing of 3d and empty 4p states in the tetra-
edrally coordinated Cu atoms (which lack an inversion centre)
16,38]. Cu(I) halides exhibit similar 1s-to-3d/4p pre-edge features,
ith significant intensity because of the mixing with empty 4p

tates [38]. The diminished Cu-to-Ch charge transfer leads to fewer
vailable empty hybridized 3d/4p-based Cu states to which elec-
rons can be excited and thus lower probability for the absorption
rocess to take place. For comparison at the other extreme, the
re-edge is most intense in LaCuOS (Fig. S4 in Supplementary Data).

The Se K-edge spectra probes transitions from filled Se 1s to
mpty Se 4p states, as manifested by an absorption edge energy of
2658.2(1)–12658.4(1) eV that is nearly constant, within error, for
ll members of LaCuOSe1−xTex (Fig. 4b). (These spectra are shown
n fluorescence mode, providing a smoother background than in
he more usually preferred transmission mode, which gave poorer
ignal-to-noise ratios, especially for samples with low Se concen-
rations.) Interestingly, the absorption edge signal strengthens in
ntensity on proceeding from LaCuOSe to LaCuOSe0.2Te0.8. This
rend runs counter to expectations based on decreasing Se con-
entration, as has been seen, for instance, in Se K-edge spectra for
eSe1−xTex, where strong chalcogen–chalcogen bonds (∼2.7 Å) are
resent [40–42].  Although absorption spectra measured in fluo-
escence mode commonly suffer from self-absorption effects, we
onsider such effects to be unlikely here because the X-ray energy is
uite high (12 keV), which reduces photoionization cross-sections
43], the samples analyzed are thin [44–46],  and the Se concen-
rations are low. Instead, we propose that the La–Ch interactions
escribed earlier between the [LaO] and [CuCh]  layers provide

 mechanism for hybridization of La- and Ch-based conduction
tates, as confirmed by inspection of the DOS curves in the calcu-
ated band structures (Fig. S3 in Supplementary Data). The energy
ispersion of these conduction states widens by 0.5 eV on proceed-

ng from LaCuOSe to LaCuOTe, leading to greater probability for
bsorption from the Se 1s states and thus a more intense absorption
dge signal.

. Conclusions

Further evidence for the occurrence of weak La–Ch interac-
ions between the [LaO] and [CuCh]  layers in LaCuOCh has been
rovided by two major observations. First, the O 1s BEs experi-
nce small shifts on proceeding from LaCuOSe to LaCuOTe, not
ecause of inherent changes in the charge of the O atoms, but rather
ecause of changes in the Madelung potential dominated by the
iminishing charge of surrounding La atoms as the La–Ch interac-
ions strengthen with greater substitution of Se by Te. Second, the
rend in the intensity of the Se K-edge can be rationalized through
ybridization of La- and Ch-based conduction states. Direct evi-
ence for Cu-to-Ch charge transfer within the [CuCh]  layers has

ow also been obtained through the observation of absorption-
dge energy shifts and intensity changes in a pre-edge feature in
he Cu K-edge spectra, as well as small shifts in the Se 3d BEs.
he gradual nature of these BE and absorption edge shifts suggests

[
[
[
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that the electronic structure can be progressively tuned in these
oxychalcogenides.
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