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X-ray-absorption spectroscopic studies have been systematically carried out for the La-substituted
Bi,Sn s xLa,Ca sCu0, (x=0.0, 0.2, and 0 Acompounds and their HgBintercalates in order to characterize
the variation of the chemical bonding nature of host and guest upon substitution and intercalation reactions.
According to the CuK-edge x-ray-absorption near-edge structure-extended x-ray-absorption fine-structure
analyses, it is found that the oxidation state of the ¢la9ers is reduced by substituting the"$rion with
La™", while it is enhanced by the intercalation of HgBBuch findings provide clear evidence of the main
role of charge transfer in determining tfig of the intercalate. The chemical bonding between host lattice and
intercalant layer has also been investigated by performing thik-Bdge and Hd.,,,-edge x-ray-absorption
spectroscopic analyses, indicating that a small fraction of electrons are transferred from host to guest and that
the bond strength of Hg-Br as well as of Br-Bi is changed as the La-substitution rate increases. These results
underline that the local substitution of L'4 ions into the SrO plane gives rise to the overall changes for all the
chemical bonds in these superconducting lattices and clarify that the competing bond model can be effectively
applied to the chemically substituted superconducting oxid&&163-182608)02805-7

. INTRODUCTION measurements, it was found that the HgBitercalation de-
presses th& .'s of overdoped pristines by ~6 K, but in-
Recently, we have developed mercuric-halide-intercalatedreases those of underdoped ones by 4—6 K, indicating the
Bi,Sr,CaCyO, compounds (HY)osBi»SCaCyO, (X  hole doping from intercalant layer to host lattice. Therefore,
=Br and ), which are very interesting due to their unique it was concluded that the change of electronic structure in a
hybridized crystal structureln such nanocomposites, super- Cuo, layer is primarily responsible for tHE, variation after
conducting BjSr,CaCyQO, blocks are alternatively inter- intercalation rather than the interblock coupling effect.
stratified with electronically insulating B layers. In this In the present study, we have carried out systematically
respect, the intercalation of the Mg molecule into a x-ray-absorption spectroscopi€XAS) analyses for La-
Bi,Sr,CaCyO, lattice is expected to minimize the electronic substituted BiSr; 5 «LaxCay SC,0, compounds with x
coupling between adjacent superconducting blocks and con=0.0, 0.2, and 0.4 and their HgBintercalates, in order not
sequently to enhance the two dimensionality not only in itsonly to confirm the earlier conclusion about the origin of the
crystal structure itself, but also in its electron conductionT variation upon intercalation, but also to probe the evolu-
process. In fact, our previous magnetization study showedtion of the chemical bonding nature induced by substitution
clearly that the positional fluctuation of a vortex is signifi- and intercalation reactions, and to investigate their relation-
cantly increased upon BEg intercalation even at far below ship with superconducting properties. Even though it is cer-
the transition temperatureT{), indicating a remarkable tain thatT, of cuprate superconductors is closely related to
weakening of the interblock interactidrzor this reason, the the hole concentration of CuyQayers® there might be other
mercuric halide intercalates have been revealed to be goquhrameters affecting the superconducting properties such as
model compounds for examining the contribution of inter-the Cu-O bond distance. As clearly observed in the La-Sr-
block coupling to the high. superconductivity of layered Cu-O system, it has been well known that the highsuper-
copper oxides. conducting copper oxides including Bi-based cuprates be-
More recently, we have performed the intercalation ofhave like Mott-Hubbard insulators in the region of low
HgBr, into  BiSns ,La,Ca CO, (0.0=sx=<0.4) carrier concentration and like superconductors in the inter-
superconductofsin which the hole concentration in the mediate ranges, while in the heavily doped region they are
CuO, layer is controlled by substituting an alliovalent™  normal-metal-like' =23 And this characteristic phase transi-
cation for a Sf"" one~'%in order to compare th&, changes tion has been interpreted within the context of a relation
between hole-underdoped samples and hole-overdoped onlestweenU and W, whereU is the intra-atomic correlation
upon HgBg intercalation. If theT ., variation upon intercala- energy andV is the width of valence band, which is strongly
tion is due to a weakening of interblock coupling owing to dependent on the crystal structure of Gu@yers* In this
the basal incremenf; is expected to decrease equally re-respect, the CuK-edge extended x-ray-absorption fine-
gardless of the hole concentration, while if thechange is  structure(EXAFS) analyses for La-substituted pristines and
due to the hole doping by charge transfer, the maximriym their intercalates might provide useful information about the
will shift to the hole-underdoped region for attaining the op-relationship between the width of the valence band and the
timum hole concentration. From magnetic susceptibilitysuperconductivity in layered copper oxides, along with the
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variation of hole concentration. And our interests are ex-
tended to chemical environments of 1'%, since the incor-
poration of a La"" ion into the SrO plane is expected to
induce a significant change in the adjacent chemical bonds.
Such a change has appeared to be a challenge in applying the
competing bond model to high; superconducting
materials®~1” A precise understanding of the effect of
chemical substitution is thought to be very useful in studying
and designing high-. materials, since high superconduc-
tivity in metal oxides has often been achieved through the
substitution of an alliovalent cation as in the La-Ba-Cu-O
and Nd-Ce-Cu-O systent&!®

Il. EXPERIMENT

Polycrystalline samples of Bbr, 5 ,La,Ca sCu,0, with
0.0=x=<0.4 have been synthesized by the conventional
solid-state reaction method and their HgBmtercalates by
heating pristine polycrystals with mercuric bromide in
vacuum-sealed Pyrex tubes as described previously, and then
characterized by powder x-ray-diffractiofKRD) analysis
and thermogravimetric analysif GA).* We have chosen
compounds only with the substitution ratexof 0.0, 0.2, and

2nd derivatives (Arb. Units) Absorption coefficient (Arb. Units)

0.4 for performing the XAS experiments, since they repre- E o B
sent the hole-overdoped, optimally doped, and -underdoped 8975 8985 8995 9005
states, respectively. Energy (eV)

The present XAS spectra were measured with synchrotron
radiation by using EXAFS facilities, installed at the beam FIG. 1. CuK-edge XANES(a) spline andb) second-derivative
line 10B at the Photon Factory, National Laboratory for Highspectra for(i) the pristines BiSr, 5_,La,Ca Cl,0, with x=0.0,
Energy Physics in Tsukuba, operated at 2.5 GeV and 2609.2, and 0.4,(ii) their HgBr, intercalates,(iii) Nd,CuO,, (iv)
370 mA?° The samples were finely ground, mixed with bo- La;CuQ,, (v) LaCuGQ;, and(vi) LasLiosCup 04 For (i) and(ii), the
ron nitride (BN) in an appropriate ratio, and pressed into solid, dotted, and dashed lines represent the pristines and interca-
pellets in order to obtain an optimum absorption jumplates withx=0.0, 0.2, and 0.4, respectively. In case of the Bi-based
(Aut~1), enough to be free from thickness and pin_h0|ecuprates, the second derivatives were multiplied by 2 ir_l order to
effects2122 All the present spectra were obtained at room'epresent clearly the spectral changes upon La substitution.
temperature in a transmission mode using gas-ionization de-
tectors with a spacing of-0.4 eV for the x-ray-absorption (F=[ZK°(xcar— Xexpd’]"?/N, Where the summation was per-
near-edge structuréXANES) region and~1.5eV for the formed over the data points in the analyzed rangg with
EXAFS one. The silicor311) channel-cut monochromator the use of well-known single-scattering EXAFS the&ty.
was used for the CH, HgL,,, BiL,,, and BrK edges. To
ensure the reliability of thg spectra, much care has begn IIl. RESULTS AND DISCUSSION
taken to evaluate the stability of the energy scale by moni-
toring the spectra of Cu metal and,B% for each measure- Figure 1 represents the Ci-edge XANES spline
ment and thus edge positions were reproducible to betteand  second-derivative  spectra  for the  pristines
than 0.05 eV. Bi,Sr 5 «LayCa CL0, (x=0.0, 0.2, and 04 and their
The data analysis for the present spectra was performedgBr, intercalates, together with those for reference of
by the standard procedure as reported previcugiyl.the  Nd,CuQ,, La,CuQ, LaCuQ, and LaLiysCuy=O, Where
present XANES spectra were normalized by fitting thedivalent or trivalent copper ion is stabilized in the different
smooth EXAFS high-energy region with a linear function local geometries. It is found that the edge energies of Bi-
after subtracting the background extrapolated from the prebased cuprates are lower than those of ¥ ueferences, but
edge region. In the case of the Br edge(13470 eV, a higher than those of Clf ones, indicating the mixed oxida-
perturbation from the adjacent Bi, edge(13 426 e\ was tion state of copper (CU'/Cu*'") in these compounds. In
removed by subtracting the RBi,-edge spectrum of Hgl comparing the spectra of the pristines, there is an overall
intercalate from the perturbed original spectfEhe EXAFS  shift toward lower energy as the Srion is substituted by a
oscillations were separated from the absorption backgrounda™" one, indicating that the hole concentration of the GuO
by using a cubic spline background removal technique. Théayer is effectively reduced. And this is consistent with the
resultingy(k) oscillations were weighted witk® in orderto  parabolic feature of the plot off, vs x as previously
compensate for the diminishing amplitude of the EXAFS atreported® In order to get detailed information on the elec-
the highk region. For analyzing the EXAFS data, a nonlin- tronic and geometric structures of the copper-oxygen layer,
ear least-squares curve fitting was carried out to the Fouriereach spectrum has been carefully investigated by using the
filtered first coordination shell by minimizing the valuelef  second-differential method which is quite effective in differ-
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entiating a small difference of spectral featufBig. 1(b)].*

A small pre-edge pealdenoted a®) is observed commonly

for all the present compounds, which is assigned to the
guadrupole-allowed transition from the cors [evel to the
unoccupied 8 state?® The energy of this peak for the Bi-
based cuprates is found to be slightly lower than that for the
cu' references, but higher than that for the *€wones,
confirming again the presence of mixed-valent copper in the
lattice. In the main-edge region, there are some peaks corre-
sponding to the dipole-allowed transitions from the cose 1 Vi ANV Y AL ]
level to unoccupied @ states, which are denoted As B, 0 1 5 3 4 5
andC. According to our previous C-edge XAS study>

the main-edge features andB are attributed to the transi-
tions from the & orbital to the out-of-plane @, one with

and without shakedown proces@gespectively, whereas
the featureC is ascribed to an in-planep4. orbital transition
without a shakedown process. In the case ol LgCu, 0,
where the trivalent copper ion is stabilized in the anisotropic
crystal field, the shakedown peak is separated intoA

and A’ peaks, those which correspond tos?3d®
—1s'3d%p. L and 1s?3d®—1s'3d%4p,L transitions,
respectively. Since the shakedown process to fheatbital
occurs exclusively for the trivalent copper compound, the
peakA’ has been revealed as an indicator for the presence of
cu'"" species. In fact, this peak has been effectively applied
for investigating the oxidation state of copper in chemically

FT Magnitude (Arb. Units)

Ky k)

k(A
and electrochemically prepared JGuQ, 32’ It is clearly FIG. 2. (a Fourier-transformed CuK-edge EXAFS

observed from Fig. (b) that peakA’ is significantly de-  gpectra and (b) their inverse Fourier transforms of(i)
pressed with an increase of the La substitution rafg (  Bj,sr, Ca Cu,0,, (ii) Bi,Sr, 5L ,Ca LU0, , (iii )
whereas peal relating to the Cu" ion is enhanced, which  gj,s, L a, Ca 0,0, , (i) (HgBr)o BisSr, £Cay LU0, ,
is in good agreement with the shift of the edge energy. Howyy) (HgBr,)o 6Bi,Sh 4.8 ,Ca CLL0, , and (Vi)
ever, there is no remarkable change in the Ktedge (HgBr,), Bi,Sn 1Lay.Ca Cu,0, . In (a), the range over which the
XANES spectra before and after intercalation of HgBug-  Fourier filtering has been made is shown by the dashed linéb),In
gesting that the modification of electronic structure in thethe solid lines and open circles represent the fitted and experimental
CuG, layer is too weak to be observed. Actually, the Cudata, respectively.
K-edge XANES spectrum cannot reflect sensitively such a
small change since it does not probe the orbital witthar-  the La substitution ratex in Fig. 3. There is an increasing
acter that is directly involved in the chemical bonding. How-trend of the in-plane Cu-Obond distance for the pristines
ever, it is expected that such a slight modification of theand their intercalates with an increase of La content, indicat-
electronic structure could be detected by measuring théng the reduction of the CuQayer due to electron doping by
(Cu-O) bond distances. In this respect, the ®uedge La substitution. This is consistent with an increase of the
EXAFS analyses have also been carried out for the pristineg-axis lattice parameter determined from powder XRD
and their intercalates in order to determine the evolution ofinalysis and the shift of the edge energy in thelGedge
local structure around copper upon intercalation. XANES spectra. In contrast to a small variation in the in-
The k3weighted EXAFS spectra for pristine plane bond distance, we can observe a significant decrease in
Bi,Sn s «La,Ca Cw,0O, (x=0.0, 0.2, and 04 and their the out-of-plane Cu-Q bond distance by substituting a
HgBr, intercalates were Fourier transformed in theange La™ ion for a Si"' one, which is also in good agreement
of 2.6—12.8 A1 as shown in Fig. @).?% The first prominent  with a decrease of the-axis lattice parameter. In principle,
peak in the Fourier transforfFT) corresponding to the in- there are two competitive factors affecting the Cg-ond
plane and out-of-planéCu-O) pairs was isolated by inverse distance. One is the size factor where the crystal lattice is
Fourier transform tok space®~3! The resultingk3y(k)  contracted by replacing a larger “drion with a smaller
Fourier-filtered EXAFS oscillations are represented in FigLa™™" one? [Sr*"(8)=1.25 A, La'"'(8)=1.18 A, where the
2(b), and the curve fittings were carried out to them in ordemumber in parentheses represents the coordination ngmber
to determine the structural parameters such as coordinaticand the other is the electronic factor where the substitution of
number (), bond length[R(Hg-X)], and Debye-Waller a higher-valent L&" cation results in a decrease of the av-
factor (o). The best fitting results to the first coordination erage oxidation state of the Cy@heet; consequently, the
shell are compared to the experimental spectra in Rig,2 Cu-Og, bond is elongated due to a decrease of covalency.
and the fitted structural parameters are listed in Table |. Th@he observed bond contraction upon La substitution indi-
in-plane and out-of-plan@Cu-O) bond distances for the pris- cates clearly that the former factor plays a more important
tines and their HgBrintercalates are plotted as a function of role in determining the Cu-O bond distance rather than the
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TABLE I. Results of a nonlinear least-squares curve fitting for the first shell of Cu K-edge EXAFS
spectra for the pristines BBr, 5 «La,Ca sCw,O, and their HgBy intercalates.

x=0 x=0.2 x=04
Parameter Pristine Intercalate Pristine Intercalate Pristine Intercalate
R (A) Cu-Qq 1.90, 1.9Q 1.9% 1.9% 1.91, 1.9,
Cu-Qy 2.36, 2.34 2.34 2.3% 2.32 2.2%
a? Cu-Oy 3.2 4.0 4.5 4.1 4.3 6.3,
(1073 A?) Cu-Q,, 4.7, 4.4 8.8, 11.2 10.8 7.4
CN? Cu-Qq 4 4 4 4 4 4
Cu-Oy 1 1 1 1 1 1

&The coordination number was fixed to the crystallographic value due to a strong correlation between the
Debye-Waller factor and coordination number.

latter. In the case of HgBiintercalate, the out-of-plane bond O 2p,, (or O 2s) orbital to an empty Cu 8,22 one with a
distance is found to decrease remarkably compared to that eftion-anion resonance integhsf and energy difference be-
the pristine, whereas the in-plane one is not significantltween two orbitalSAE. When the apical Cu-O bond be-
changed. Since the La content remains constant during theomes shorter, it is expected that the Coulombic repulsion
intercalation reaction, the aforementioned size factor can bbetweenc-axis oxide ions and basal-plane ones will be re-
excluded as an origin of the change in bond length. Theremarkably enhanced, and thereby the Madelung stabilization
fore, the shrinkage of the Cugpbond induced by intercala- of O 2p orbitals becomes weak&t.Since the O P orbital
tion is surely due to an electronic factor, implying that thelies below the empty Cudz_ 2 one® AE is lowered and
copper ion is oxidized by charge transfer between the hostv becomes larger. For YB&u,Og, an increase i with
CuGO, layer and guest HgBralong the Cu-@Q, and Bi-Q;,  hydrostatic pressure has been found to be correlated with a
bonds® Moreover, the difference in the Cuspbond dis-  decrease in the-axis parameter and €2)-O bond®’ In con-
tance between pristines and intercalates is determined to teast, the T, of the hole-overdoped compound
nearly constant in all substitution ranges, indicating that theTl,_,Ba,CuQ;_, has been revealed to be depressed with a
structural evolution of the CuQayer is independent of La decrease of the-axis parameter and with an increase of the
substitution. bandwidth®® Together with the above examples, the present
From the viewpoint of electronic structure, the variation Cu K-edge EXAFS results indicate clearly that the contrac-
of the Cu-O bond distance gives rise to a change in the widthion of the copper-axial oxygen bond gives rise to a different
of the valence bandW). In a tight-binding approximatioff! T, variation depending upon the hole concentration of the
W is given asW~8b~¢,(A2+\2), whereb is the spin- CuQ, layer; that is, it enhances tHE; of the underdoped
independent electron transfer energy integrakonance in- compound x=0.4), but depresses that of the overdoped one
tegra) for nearest-neighbor copper atoms; is the one- (x=0.0). On the basis of such findings, it is suggested that
electron energy, and, (or \g) is the covalent-mixing the T, of the superconducting material can be optimized by
parameter) , (or A;)=b*¥AE for electron transfer from an controlling the axial Cu-O bond distance through chemical

substitution.
238 (et 196 Figures 4a) and 4b) represent the BL,-edge XANES
. L ] spline and second-derivative spectra for the pristines and
237F oupristine 3795 their HgBy, intercalates, respectively, together with those for

—_ r em intercalate ..

o 236F 1194 — the reference BD;. There are three broad peaks, indicated
8 P - ] _3 asA, B, andC, in all the present spectra and their energies
S 235¢ 119 = are summarized in Table Il. Among them, the pre-edge peak
= 234 b 1192 3 A is assigned to the %,— 6s transition, while the higher
o b . -] = main-edge peakB andC are attributed to 23,2—>6dtzg and
_i 23 1 :g: 2ps— 64, ones, respectively’*'Itis clearly seen that the
“ 232F 190 energy difference between peaBs and C is diminished
5 531k 3159 Z° upon intercalation as listed in Table Il. Since this peak_split-
C 1 ting is surely proportional to the strength of the crystal field,

230 F J1.88 the observed decrease in energy differenAEt(zg,eg) re-
Y T TR R flects the weakening of the crystal field around bismuth upon
0.0 1 2 3 4 5 intercalation, which is thought to originate from the follow-

ing two effects. One is the effect of introducing guest mol-
ecules in between the D, double layer where axially co-
FIG. 3. Variation of in-plane Cu-O bond distandesibes and ~ ordinated oxygen in an adjacent BiO layerg)Ois replaced
out-of-plane onescircles as a function of La content for the pris- by bromine. Since the electronegativity of bromine is smaller
tines (open symbolsand their HgBj intercalategsolid symbols. than that of oxygen, the strength of the crystal field around

La substitution rate (x)
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Ca
CuO,

Sr,La0 |

T

A >, @)}, B)

BiO

Absorption coefficient (Arb. Units)

BiO

Sr, LaO I
CuO,
Ca

2nd derivatives (Arb. Units)

- . e ] FIG. 5. Schematic representation for the evolution of chemical
13400 13420 13440 13460 bonds in theHgBr,), Bi,Sh 5_xLa,Ca sCL,0, compound upon La
Energy (eV) substitution, together with one-dimensional electron density maps
along thec axis. In structural model, the boldface and lightface
FIG. 4. Bi Lj-edge XANES (a spline and(b) second- solid lines represent the reinforced and weakened bonds upon La

derivative  spectra  for (i)  Bi,SrCa C,0,, (i)  substitution, respectively. In the electron density map, the dotted
Bi,Sr dlap LCasChOy, (i) BiSnilagLaLCh0,, (V)  and solid lines represent the calculated electron density based on the
(HgBI,)o BizSr sCay sCW0y (v)  observed XRD patterns and that on the basis of the present crystal
(HgBry)o sBi5SH sLag LCay sCW0y (vi)  structure, respectively.

(HgBry)g sBi,Sn 1Lag «L£a sCu,0, , and (vii) BiyOs.

of-plane bond between Bi and oxygen in an adjacent BiO
the bismuth ion decreases. And the other is the effect ofayer is remarkably elongated by intercalating Hgmmol-
increasing the Bi-@ bond distance which can be well ex- ecules into interlayer space, which results in a weakening of
pected from the C-edge EXAFS results. As shown in Fig. the crystal field around Bi. On the other hand, since a hole
5, because the axial oxygen is coordinated to a copper ion itransferred from the intercalated HgBayer would be delo-
one direction and to a bismuth ion in the other one, a remarkealized over the entire CuyOplane, to some extent, the
able shortening of the Cu<pbond results in an increase of Cu-Q, bond is also expected to be shortened, even bonded
the competing Bi-Q, bond distance and thus a weakening ofwith an uncapped Bi site, which induces the elongation of
the crystal field around Bi. But it should be noted that therethe competing bond betweengCand trans-positioned un-
is another crystal position for the bismuth cation which is notcapped Bi. In fact, there might be some differences in the
capped by bromine. However, in the case of such an unenvironment of Cu@and BiO layers depending on whether
capped Bi site, the HgBrintercalation is also expected to Bi is capped or not. But as described above, the chemical
give rise not only to the weakening of the crystal field aroundbonds of Cu-@, and Bi-Q;, are considered to exhibit a simi-
Bi, but to the decrease of the Cus@ond as in a capped Bi lar response to the HgBintercalation regardless of Br co-
site, on the basis of the following reasons. At first, the out-ordination to Bi. Therefore, the present XANES-EXAFS re-

TABLE Il. Peak energies of the BilL,-edge XANES spectral feature for the pristines

Bi,Sn 5-4La,Ca sCW0, and their HyBj intercalates.

Compound AleV)? B (ev)? C (ev)? C-B (eV)?
Bi,Sr, sCay <CU,0, 13417.7 13428.0 13442.9 14.9
(HgBr,)o $Bi,Sr; sCay Cu,0, 13418.0 13428.0 13442.4 14.4
Bi,Sr sLag ,Cay sCW0, 13417.7 13427.6 13443.3 15.7
(HgBr,)o 8Bi»ST; slag Cay £C0, 13418.2 13427.6 13442.5 14.9
Bi,Sr 189 ,Car sCW0, 13417.7 13427.4 13443.2 15.8
(HgBr,)o sBi,ST 1Lag 4Cay sCU0, 13417.8 13427.4 13442.6 15.2

3Peak energies were determined from the peak position of the second derivatives.
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A
L (a) . \ ‘ =

Absorption coefficient (Arb. Units)
FT Magnitude (Arb. Units)

) S I S S S |

13460 13470 13480 13490
Energy (eV)

| (b)

Ky k)

Absorption coefficient (Arb. Units)

T . . 1 . s .t

12260 12280 12300 12320 e ST

Energy (V) o3 5 7 9 1113
k@AY
FIG. 6. (&) Br K-edge andb) Hg L,-edge XANES spectra for
(HgBr)o sBizSn sCa sCW0, (boldface solid linep FIG. 7. (a) Fourier-transformed Hd.,-edge EXAFS spectra
(HgBry)o Bi SK slag Ca sCpO,  (boldface dotted lings and (b) their inverse Fourier transforms  of (i)
(HgBry)o sBi,Sn jLag «L£a sCu,0, (boldface dashed lings and  (HgBr,), sBi,Sr sCa CWw,0, , (i)
HgBr, (lightface solid lines (HgBry)o sBi,St 1Lag 4La sC0, , and(iii) HgBr,. The solid lines

o and open circles represent the fitted and experimental data, respec-
sults correspond to averaged variations of the Guidnd tively.

distance and of the crystal field around Bi.

The Br K-edge XANES spectra for HgBrintercalates ment of the competing Bi-Br bond, which allows us to ex-
and free HgBjy are represented in Fig(®. All the present plain the observed decrease in peak intensity with an in-
spectra exhibit a pre-edge peaAk(so-called “white-line”-  crease of the substitution rate.
type featurg around 13 470 eV, assigned to the transition The effect of La substitution on the intracrystalline struc-
from the 1s core level to the g state above the Fermi en- ture of HgBk, layers was also examined by performing Hg
ergy level Er). Although HgBp has a formal oxidation L, -edge XANES-EXAFS analyses. Figurébp represents
state of Br, there is a distinct pre-edge peak attributed to thethe HgL,,-edge XANES spectra of HgBiintercalates and
formation of a partially empty @ state resulting from a mix- unintercalated HgBrreference. Since the HY ion has va-
ing between Hg 6 and Br 4p, orbitals, which is expected cant 6 and & orbitals, it is therefore expected that two
from a higher polarizability of H§" ion with an electronic  spectral features should appear corresponding to a
configuration off Xe]4f1%5d1%s®, whered andf electrons  2p,,—6d transition(main-edge peakand to the Ps,— 65
shield the nucleus poorly. one (pre-edge peald), respectively, for all the HgBrinter-

The intensity of the pre-edge pe#kis observed to de- calates including the reference HgBf*® As reported”? a
crease upon HgBiintercalation, indicating that the intercal- distinct pre-edge peak appears exclusively for the Hg com-
ant HgBk, layer receives electrons from the host lattice. Andpounds with linear symmetry, but not for those with different
it is also found that the extent of peak depression becomegeometries like trigonal planar, tetrahedral, and distorted oc-
less prominent with an increase of La content, suggestive ahedral ones. In this respect, an enhancement of pre-edge
the different amount of charge transfer depending on the LpeakA upon intercalation suggests strongly a change in local
substitution rate. However, the present Keedge EXAFS  structure around mercury from an octahedral symmetry to a
results show obviously that the effect of intercalation on theinear one.
electronic structure of CuQdayers is nearly the same for alll The Fourier transformed Hyg,,-edge EXAFS spectra for
substitution ranges. Therefore, the intensity variation of peakhe HgBy, intercalates and free HgBrare shown in Fig.

A upon La substitution should be explained on the basis of(a).? The first peak in the FT is attributed to the mercury-
competing bond models. As illustrated in Fig. 5, the La sub-bromine bonding pair, which is isolated by inverse Fourier
stitution gives rise to a shortening of the Cy;®@ond dis-  transformation intck space. The resulting3y(k) Fourier-
tance, and thereby the competing Bi;®ond is elongated. filtered EXAFS oscillations are represented in Fi¢)7 to-

In turn, a weakening of the Bi-§)bond leads to a reinforce- gether with the best fits, and the fitted structural parameters
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TABLE lll. Results of a nonlinear least-squares curve fitting for the first shell olLijegedge EXAFS

spectra.

Bond distance Coordination Debye-Waller
Compound Parameter A) number factor (1072 A?)
HgBr, 2.45 2+48 3.09
(HgBry)g sBi,Sh sCa sCW,0, 2.46, 1.85 6.41
(HgBry)g sBi,Sh 1lag LLa sCu0, 2.48 1.84 6.35

&The coordination number of the reference HgRmas fixed to the crystallographic value in order to deter-

mine the amplitude reduction factor. The fitting analysis was carried out for the first shell of thg HgBr
octahedron.

are summarized in Table Ill. The coordination number islt is therefore concluded that the evolutionf upon inter-
determined to be 2 for the intercalates witks 0.0 and 0.4, calation is surely related to the variation of hole concentra-
indicating that the mercuric bromide intercalated into a hostion rather than the weakening of interblock coupling. From
lattice is stabilized in the form of a linear molecule as in thethe viewpoint of electronic structure, the shortening of the
gaseous state, regardless ofl'acontent'* And it is also  Cu-Qs, bond implies the broadening of the valence band,
found that the Hg-Br bond distance increases from 246 which is revealed to induce differefi, changes depending
of  (HYBry)osBi,Sr Ca L0, to 24§ A of upon the hole concentration of the Cu@yer, that is, T,
(HgBI)o 5Bi,Sh 1Lag L& sCU,0,, pointing to the weaken- enhancement for the underdoped compound, whergae-
ing of the Hg-Br bond upon La substitution. This is also in pression for the overdoped one. Therefore, it is suggested
good agreement with an expectation based on the competirtgat theT, of the superconducting material can be optimized
bond model where the La substitution enhances the bonby controlling the axial Cu-O bond distance through chemi-
strength of Bi-Br, therefore, the competing Hg-Br bond iscal substitution. On the other hand, from the present system-
elongated as shown in Fig. 5. Such a result underlines thattic XAS analyses, we provide clear evidence of a significant
the local substitution of a 133 ion into the SrO plane in- effect of local cation substitution upon all the chemical
duces overall changes for all the chemical bonds. In thidonds in the superconducting lattice. And it is also revealed
respect, it is very important to consider the effect of localthat the competing bond model is very effective in explain-
substitution over all the present chemical bonds in studyingng such overall changes of chemical bonds induced by the
the physical properties of cation-substituted superconductingubstitution of alliovalent cations. On the basis of these re-
materials. sults, we claim that the effect of local substitution on all the
present chemical bonds should be carefully investigated for
IV. CONCLUSION understanding the physical properties of cation-substituted

~ superconducting materials.
In the present study, an attempt has been made to inves-

tigate the effect of substitution and intercalation reactions on
the electronic and crystal structures of host and guest by
performing the systematic XANES and EXAFS analyses for This work was supported by the Korean Ministry of Edu-
the BLSr s «La,Ca Cu0, (x=0.0, 0.2, and 04 com- cation(Grant No. BSRI-97-3413and in part by the Korean
pounds and their HgBrintercalates. According to the Cu Science and Engineering Foundation through the Center for
K-edge EXAFS analyses, the Cu;hond is found to be Molecular Catalysis. The authors are grateful to Professor M.
remarkably shortened upon intercalation for all the La-Nomura for helping us to obtain the XAS data in the Photon
substituted phases, reflecting the oxidation of the QJager.  Factory.
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