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In situ temperature-dependent x-ray-absorption spectroscopic studies have been carried out for the mercury-
based cuprate superconductorgldlg sBay(Cay geSlh 142CUsOg s i Order to examine the evolution of elec-
tronic and geometric structures below and above the superconducting transition tempéFatut@§ K).
According to then situ CuK-edge x-ray-absorption near-edge struc{f{&NES) analyses, it is found that the
copper valence is remarkably enhanced with a partial formation @iICions in the superconducting state,
reflecting a lattice instability around copper upon the superconducting transition, which is also confirmed by
thein situ Hg L,,- and TIL,,-edge XANES analyses. Such a finding underlines that the phonon-mediated
pairing mechanism makes a significant contribution to the superconductivity of the Hg-based cuprates. On the
other hand, the systematic CuK-edge XANES spectroscopic studies for a series of
Hg; _TI,Bay(Cay geSih 14— 1CUO2ns 2+ s X=0 and 0.5;n=1, 2, and 3 superconductors have also been
performed, which allows us to determine the effects of the Tl substitution and the numi@r-@j sheet per
formula unit (W) on the hole concentration of the copper-oxygen la}80163-182808)09701-X]

I. INTRODUCTION x-ray-absorption spectroscopiXAS) study for the chemi-
cally well-defined divalent and trivalent copper oxides,
After the observation of the highest superconducting tranwhich allows us to identify clearly all the fine features in the
sition temperature ;) of 134 K in mercury-based copper Cu K-edge x-ray-absorption near-edge Struct(xé\NES)
oxides, HgBaCa,_;Cu,0sn104 5 (N=1, 2, and 3, intense region® On the basis of this assignment, we have success-
research has been performed to understand the superconduétly applied XANES analysis in examining the electronic
ing property and mechanism for these materidldviore-  Structure of various higfi- superconducting systems includ-
over, T, of ca. 160 K was reported for HgBaaCu,0g, , N0 the superconducting intercalation compouhidsd® Now
(Hg-1223 under pressuré® which induces many research we are going to extend our XANES studies to the Hg-based

efforts to reproduce such a high transition temperature undé;uprates, since it can provide a senS|t|.v.e probe fora change
an ambient atmosphere by applying chemical pressur@ local structure as well as for a modification of electronic

. . tE configuration in these compounds. A more remarkable ad-
through cation substitution® However, only a few spectro- . : : . SO
vantage is that it easily provides the bulk properties indis-

i i n their electronic str res wer rform e :
scopic studies on their electronic structures were performe ensable for clarifying the electronic structures of these com-

to e'“C'dfg}te the origin of remarkablg, increase under pounds, in contrast to the other surface sensitive method
pressuré:® In particular, a comparative study in normal and such as x-ray photoelectron spectroscopy.
superconducting states has not been carried out so far, even |, ihis work. we have thoroughly carried out tie situ

though it can provide direct and valuable information ONtemperature-dependent XAS studies at the kGuHg L, ,
superconducting  mechanisms  in  these compoundgng T| L,, edges for the Tl substituted Hg-1223 phase
This might be due to the difficulty in obtaining the homoge- Ho =Tl sBax(Cay 65T 10,CUs0g. 5 in order to probe the
neous sample and/or due to its instability. Recently weeyolution of electronic and crystal structures before and
found that the Tl ion in the(Hg-O) rock salt layer by a after the superconducting transition as well as to exam-
partial substitution of Hg gives rise to a stabilization of theine the role of the charge reservoir layer. In addition,
Hg-1223 phase as well as to an enhancement of criticahe effect of Tl substitution and the number ¢Eu-O)
current density. More interestingly, the Tl substituted layers per formula unit on the electronic structure of
Hao.5TlosBax(Cay geShy.142Cs0g 5 (Hg, TI-1223 com-  the copper-oxygen layer has also been investigated by
pound shows an increase ©f after Ar annealin@,sugges— performing the CuK-edge XANES analyses for the
tive of a hole overdoped state, in contrast to the unsubstituteflg, _, TI,Bay,(Cay geSlo 10n— 1CUWHO0sn+ 245 (X=0 and 0.5;n
case’ Therefore, it is thought to be an interesting example=1, 2, and 3 compounds.

for studying the mechanism of internal charge transfer for

the Hg-based cuprates. In this respect, Hg, TI-1223 is ex- Il EXPERIMENT
pected to be quite suitable for the temperature-dependent ex-
periment. The polycrystalline samples of

Previously we have performed the systematickGedge Hg; _,T1,Bay(Ca& geSlh.14n—-1CUOsni 245 (X=0.0 and 0.5;
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TABLE 1. Lattice parameters and superconducting transition temperatyiess) of the
Hg; 4 TI,Bay(Cay geSih 19— 1CUOon 42+ s (Xx=0 and 0.5n=1, 2, and 3 compounds.

Compounds a (A)? c (A2 T (K)
HgBaCuO,. 5 3.88682) 9.48861) 92

HgBa,Cay 58St 1.0+ 5 3.85841) 12.66465) 120 124

Ho <Tlo Ba(Cay geSTo.10ChOg. 5 3.84961) 12.65364) 122 100° 1224
HoBay(Cay 8¢Sty 10,CUsOg.s 5 3.86482) 16.03192) 126° 13%

HOo.£Tlo sBay(Cay geSt 102CU054 5 3.86491) 15.95732) 128 12¢ 13%

aX-ray-diffraction peaks could be well indexed on the basis of a tetragonal unit cell with a space group of
P4/mmm

®The sample as-sintered.

‘The sample annealed under oxygen atmosphgg=1 atm) at 250 °C for 8 tfHg-1212, 350 °C for 8 h

(Hg, TI-1212, 280 °C for 10 h(Hg-1223, and 400 °C for 6 HHg, TI-1223.

4The sample annealed under argon atmospHhefre<{1 atm) at 350 °C for 8 tiHg, TI-1212 and 400 °C for

6 h (Hg, TI-1223.

n=1, 2, and 3 were prepared from stoichiometric amounts compounds, together with those for the references of
of HgO, TLO; and ternary oxides B&uO;,, and Nd,CuOQ, La,CuQ,, LaCuG, and LagligsCuy0, Where a
Cay geST 140U, as described previousfy? %1 The crystal  divalent or trivalent copper ion is stabilized with different
structure of the present compounds was determined by powecal geometries. It is found that the edge energies of Hg-
der x-ray-diffraction analysis with a Rigaku automatic dif- based cuprates are lower than those ofllCureferences but
fractometer equipped with a CKia radiation. In order to higher than those of Gl) ones, indicating the mixed-
check out whether the as-sintered samples are in a hole umalence state of coppgCu(ll)/Cu(lll)]. Among the super-
derdoped state or in a hole overdoped one, the effects of Aronducting compounds, there is an overall spectral shift to-
and Q annealings on their superconducting properties weravard lower energy side with increasing the number of the
examined using a superconducting guantum interference déCu-O) layer per unit formula if), even though the band
vice magnetometer with an applied field of 20 G. The ob-calculation predicted that the self-doping mechanism be-
tained superconducting transition temperatuf@s's) are

summarized in Table | together with the lattice parameters DR
determined by Rietveld analysis. For the Tl substituents, the
complete substitution of thallium for mercury site was con-
firmed by performing the thermogravimetric analysis and
electron probe microanalysis.

The present x-ray-absorption spectra were measured with
synchrotron radiation by using extended Xx-ray-absorption
fine structure facilities installed at the beam lineB18t the
Photon Factory in Tsukuba, operated at 2.5 GeV and 260
~370 mA!8 The samples were finely ground, mixed with
boron nitride in an appropriate ratio, and pressed into pellets
in order to obtain an optimum absorption jumpgt~1)
enough to be free from the thickness and pinhole effects.
Forin situ experiments, the samples were mounted in a metal
holder attached to the cold finger of a liquid He cryostat. All
the present spectra were obtained in a transmission mode
using gas-ionization detectors. To ensure the spectral reli-
ability, much care was taken to evaluate the stability of the
energy scale by monitoring the spectra of Cu metal, HgO,
and TLO; for each measurement, and thus edge positions
were reproducible to better than 0.05 eV. The inherent back-
ground in the data was removed by fitting a polynomial to i ]
the pre-edge region and extrapolated through the entire spec- i ]
trum, from which it was subtracted. The resulting spectra, ]

Absorption coefficient

2nd derivative

:Il.x.l...B.l‘..‘I.‘
©(E), were normalized to an edge jump of unity for com- 8975 3985 8995 9005

paring the XANES features directly with one another. Energy (eV)

IIl. RESULTS AND DISCUSSION FIG. 1. CuK-edge XANES(a) spline and(b) second derivative
spectra for HgBHCay geSy 14— 1CU O+ 24 s With (i) n=1, (ii) 2,
Figure Xa) represents the Cki-edge XANES spectra for and (i) 3, (iv) Nd,CuQ,, (v) La,CuQ,, (vi) LaCuQ;, and (vii)
the HgBa(CageSl 14n—1ChOonioss (N=1, 2, and 3  La,ligsCly 0, respectively.
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comes more efficient with increasing?® Therefore, it is

suggested that the doped hole in the Hg-based cuprates is Soo o g sﬁ:?ﬁ’ He0 BaO

mainly originated from the excess oxygen in tdg-O) '/ .‘( B0 lﬂ\olﬂ 820 A_?%_s v,
plane rather than from the internal charge transfer process. %NMN o ‘l" ‘l‘ P s

In order to identify all the fine spectral features, each \‘F’gz Baoz SFEEEEy  Cuo: :>O<:> o

spectrum has been carefully analyzed by using the second &< %# 1150 \‘E/“‘! Bz0 ﬁ:ﬁzi Cu0;
differential method that is quite effective in differentiating a oD mgo ':'Z
(gﬁﬁ: g

small difference of spectral featuréBig. 1(b)].?* A small
pre-edge peakdenoted a$) is observed commonly for all
the present compounds, which is assigned to the transition (@) (b) ©)
from the core % level to the unoccupied 8 state. Even
though it is not allowed by the electronic dipolar selection
rule Al==1, the pre-edge peak can be observed either
due to a quadrupole transition and/or due to a mixing pf 4
and 3 states? The energy of this peak for the Hg-based
cuprates is found to be slightly higher than those fofIQu
references but surely lower than those for(l@y ones, con-
firming again the mixed-valence state of copp&u(ll)/
Cu(lll)] in these compounds. In the main edge region, there
are some peaks corresponding to the dipole-allowed transi-
tions from the core & level to the unoccupied @ states,
which are denoted a8, B, andC, as observed for other
superconducting copper oxid&'s:*3 According to our previ-
ous CuK-edge XAS study? the main edge featurésandB

are attributed to the transition from thes Drbital to the @ (©) ®

out-of-plane 4)7 one with and WlthOUt. shak(_adown pro- FIG. 2. Schematic representation of the crystal structure for
cesses, respe_ctlvely, Wherea_s_the fe_a@me ascribed to the HOB&,(Ca 565,14 1CU g 2+ 5 With (8 N=1, (b) 2, and(c) 3,
in-plane 4, final-state transition without shakedown Pro- and for the references ofd) Nd,CuO, () La,CuO, (or
cess. Among them, peak has been known to reflect sensi- | 51 i .cu,.0,), and(f) LaCuQ,. Note that the oxygen site on the
tively a modification of the local structure around the copperyg |ayer of the Hg-based cuprates is partially occupied.

ion.1° For the sake of a clear understanding of the relation-

ship between the spectral feature of this peak and the locdinal state and to th¢1313d94p(1,L‘1> one, respectively,
structure of copper, the crystal structures of all the preserthrough bothm- and o-bonding channels. This indicates that
copper oxides are illustrated in Fig. 2. It is clearly observedhe increase of the copper valence makes the shakedown pro-
from Fig. 1(b) that peakA is less intense with a higher tran- cess to the @, orbital energetically favorable through the
sition energy for LaCuQ, compared to NgCuQ,. Because electrostatically enhanced attractive potential of trivalent
the copper ion is stabilized in the tetragonally distorted oc-copper, in contrast to the divalent copper compouffids.
tahedral symmetry for the former but in the square planathis respect, the peak’ provides an evidence for the pres-
one for the latter, the observed spectral differences for botkence of the C(ll) ion, as confirmed by XANES study for
compounds can be well explained from the fact that thehe chemically and electrochemically prepared@aQ, ¢ **
shakedown process by the ligand-to-metal charge transfén contrast to the hole overdoped Bi-based cupratebe
(LMCT) is effectively reduced by the presence of axial oxy-peak A’ cannot be observed for all the present Hg-based
gens through the electrostatic repulsion. For the case of Hgzuprates, indicating that they are hole deficient as expected
based cuprates, there is a decreasing trend in the energy oém the fact that theifT.'s are significantly increased by
peakA with increasing the number of tH€u-O) layer per  annealing in oxygen atmosphere and by applying high
unit cell (n), which can be also explained successfully frompressuré:*® This is also supported by the previous thermo-
the viewpoint of crystal structuré;as the local symmetry of electric power measurements clarifying the underdoped
copper is changed from octahedral to square pyrantiab  hole concentration of the as-sintered samples of
square planay LMCT along thec axis becomes electrostati- HgBa,Ca,_;CU,0s1 245 (=1, 2, and 3.2°

cally favorable, resulting in a downward shift of this shake- On the basis of the present peak assignment, we have
down peak. Such an interpretation is supported from the fadhvestigated the effect of Tl substitution on the electronic and
that the peak position for the=1 phase is very close to that geometric structures of the CyQayer. The CuK-edge

for La,CuQ, with the same local symmetry of copper. In XANES spline and second derivative spectra for the
contrast to the shakedown process through #heonding  Hg; _,TI,Bay(Cay g6Sl 149n—-1CUO2n1 245 X=0 and 0.5;n
channel, the LMCT process along thebonding is too dif- =2 and 3 compounds are represented in Fige) &nd 3b),

ficult to occur for the divalent copper compound due to arespectively. The most striking spectral change upon Tl sub-
large electrostatic repulsion created by four equatorial oxystitution is a remarkable broadening of pe&kindicating the
gens. But, in the case of blai, sCuy 04, Where the trivalent presence of two different copper sites with an axial oxygen
copper ion is stabilized in an anisotropic crystal field, thecoordinated to the Tll) ion or to the Hgll) one. Taking
shakedown peakad andA’ are commonly observed, those into account the higher oxidation state of thélIT) ion com-

that correspond to the transitions to tHes'3d%4p,L~%)  pared to the H@l) one, the[TI(ll1)-O] bond is expected to
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FIG. 3. Cu K-edge XANES (a) spline and (b) second FIG. 4. CuK-edge XANES(a) spline and(b) second derivative
derivative spectra  for (i) HgBa,Cay geSlh.1LLU0g 5, spectra for HgsTly sBax(Cay geSh.142CUs0g, s at (i) 300 K and(ii)
(i) HQo.5Tlp sBaxCay 865514 W06+ 5, (iii) 34 K, (iii) LayCuQy, and(iv) LaysLigsCly 0,4, respectively.
HgBay(Cay.66510.102C W08 + 5 and (iv)

Hdo sTlo sBax(Cay 8651.102Cs0s 5 respectively. reservoir layer is depressed for the Hg, TI-1223 phase com-

pared to the Hg-1223 one. On the basis of this expectation, it
be stronger than thigHg(I1)-0)] one, therefore, the compet- is suggested that Ar annealing for Hg, TI-1223 gives rise to a
ing [ Cu-O,,] bond is weaker for théTI-O-Cu) pair with  slight oxygen loss, resulting in an improvement of the self-
respect to th¢Hg-O-Cu one. As a result, the LMCT process doping mechanisrff As a result, the hole concentration in
between Cu and Q. becomes easier for the former pair due the CuQ layer increases with an increase .

to a decrease of repulsive force between the @y dlectron Figures 4a) and 4b) represent the temperature-dependent
and oxygen ligand, which gives rise to a shoulder peak at th€u K-edge XANES spectra and their second derivatives for
lower energy side of peak upon Tl substitution. Hg, TI-1223 in superconducting@4 K) and normal states

In contrast to the peak broadening, there is no distinct300 K), respectively, together with those for JGuO, and
difference in the edge position between the Tl-substituted-a;LiosClpsO,. It is obvious that peaké, B, andC com-
compound and the unsubstituted one, indicating that Tl submonly shift to a higher energy side in the superconducting
stitution does not induce any significant change in the holéstate compared to the normal one, suggesting an enhance-
concentration of the CuQayer. As listed in Table IT. of ment of copper valence beloW. . In addition to the overall
Hg, TI-1223 is found to increase after heat treatment undepeak shift, we can observe a remarkable difference in the Cu
argon atmosphereP(,,=1 atm) in contrast to the Hg-1223 K-edge XANES spectra; an appearance of an additional
case®® suggesting that the hole underdoped state of the Hgshoulder A’) at 8986 eV for the low-temperature spectra.
1223 phase is changed to the hole overdoped one by subsihis difference can be more clearly seen in the correspond-
tuting Hg(l) with TI(lIl). But, the present XANES results ing second derivatives as shown in Figb¥4 As described
rule out the possibility of a change in hole concentrationabove, such a peak is attributed to the44p,, transition
upon TI substitution. Therefore, the differefit variation accompanied by a shakedown process through the LMCT
between Hg-1223 and Hg, TI-1223 after Ar annealing shouldrocess and is characteristic of trivalent copper. In this re-
be attributed to the modification of the charge reservoirspect, the occurrence of pe# provides an explicit evi-
layer. According to the recent band calculation on the oxy-dence of partial formation of Glil) in the superconducting
genated Hg-1223 phad®,it was found that the internal state, which is well consistent with an increase of copper
charge transfer between the charge reser(dg-O) layer  valence. Since the oxidation state of copper is closely related
and the superconductiviiCu-O) one is reduced effectively to the bond distance ofCu-O), the high-energy shift of
by an increase of oxygen content. Since the substitution gfeaksA, B, and C corresponding to the transitions to the
the TIIII) ion for the HdIl) one increases the amount of antibonding Cu 4, and 4, states can be interpreted as a
excess oxygefY it is expected that the role of the charge result of the contraction of in-plane and out-of-plai@-O)
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o T normal ong300 K), respectively, together with those for the

1 HgO, HgBx, and Hg} references. As predicted by the dipo-
lar selection rule, not only the main-edge pedksand C
- corresponding to g5,,— 6d transitions, but also the pre-edge
peakA corresponding to thef,— 6s one is observed com-
monly for all the present compounds, because they contain a
Hg(Il) ion with vacant & and & orbitals®3* Among these
spectral features, the pre-edge péaan provide a sensitive
probe to the bonding environment of the mercury ion. Actu-
7 ally, this peak is less prominent for the references<kgx
=Br and ) compared to the Hg-based cuprates and HgO,
which is surely attributed to the stronger covalency of
mercury-halogen bond rather than mercury-oxygen one. It is

L (b) l ' ' ] also found that the intensity of pedak is stronger for Hg-
- @ ‘/\/M/— ] 1223 than for HgO, which can be understood by considering
} ’ ] the (Hg-O) bond covalency that is larger for the latter with

] four extra oxygens present in the plane perpendicular to the

- (i) A ]
; B ] dumbbell axis in HgO. Such an enhanced covalency gives

i
@)

Absorption coefficient
c

C

g i) . rise to a partial electron transfer to the Hg &vel, and
'*;E r A 5 < 1 consequently to a decrease of hole density in the final §ig 6
£ :_(iv)%\\ ] state, with respect to the Hg-based cuprate with significant
= | S CN oxygen vacancies in thgHg-O) layer?’ Comparing the po-
& -_(v)—/\A/\,\_/——: \ -/ H sition of the edge jump, the oxidation state of the mercury
[ A B X ] ion in the Hg-1223 phase is estimated to be nearly the same
—— with the divalent state or slightly higher than that. But taking
12260 12280 12300 12320

into account the fact that the K ) ion can be formed only
Energy (eV) by removing one electron from the completely filled 6r-

bital, which needs an unusually large energy expense, a re-
markable increase of edge position is expected for the triva-
lent mercury ion compared to the divalent one. In this
respect, the small energy difference between the Hg-based
cuprate and HgO indicates that the amount of théllHgion

FIG. 5. HgL,-edge XANES(a) spline and(b) second deriva-
tive spectra for HgsTly sBax(Cay geSIp.142CUsOg, s at (i) 300 K and
(ii) 34 K, and for the references i) HgO, (iv) HgBr,, and(v)
Hgl,, respectively. The inset ith) provides an expanded view of
second derivative spectra for HgO(dotted ling and  ~°F e
HGo <Tlo Bay(Ca sST10,C0g. 5 in the superconducting state is, if any, negI|g|bIe_ for the Hg, TI-1223 phase. o
(solid line) and the normal onéashed linewith an energy range A closer comparison of the Hig, -edge second derivative
of 12 278—12 287 eV. spectra in superconducting and normal states reveals a slight

enhancement of peak below T, implying a decrease of

bonds in the superconducting state, leading to the destabilthe (Hg-O) bond covalency. Since the amount of excess oxy-
zation of antibonding Cu @ orbitals. Therefore, the present gen in the(Hg-O) layer remains unchanged before and after
results demonstrate clearly that there is a remarkable changlee superconducting transition, an increase of the peak inten-
in the local structure of théCu-O) layer before and after sity is ascribed to an elongation of the (Hgz@) bond.
superconducting transition. Although the lattice instability in From the viewpoint of the crystal structure where the axial
the superconducting state has been observed for varioxygen is coordinated to the copper ion in the one direction
high-T, oxides by other sensitive methots32 such a re- and to the mercury ion in the other offean increase of the
markable change in the present €uedge XANES spectra (Hg-O,,s) bond distance indicates a contraction of the com-
has so far never been observed for any other superconductimgting (Cu-Qyi) bond, which coincides with the present Cu
materials. It is, therefore, concluded that the phononK-edge XANES results. A weakening of the (HgsxQ)
mediated interaction contributes more significantly to the subond after the superconducting transition has been already
perconductivity of the Hg-based cuprates, compared to thpointed out from then situ Raman study where the Raman
other highT, superconducting oxides. Such a conclusion ispeak corresponding to the axial oxygen motion is softened
also supported from an extrene enhancement of the Hg- below T, s
based cuprates under high pressiftédoreover, the previ- Figures §a) and Gb) represent the TL,-edge XANES
ousin situ neutron-diffraction study revealed that the axial spectra and their second derivatives for Hg, TI-1223 in the
(Cu-O) bond of Hg-based cuprates has an extreme compressuperconducting stat84 K) and the normal on¢300 K),
ibility under high pressure, implying that this bond is closely respectively, together with that for the referencgCEl Like
related with theT, enhancement under high presstite. the HgL,, edge, there are three broad peaks, indicated, as

The in situ Hg L,,- and Tl L,,-edge XANES analyses B, andC, in the TIL,,-edge spectra, which correspond to
were also made to investigate the electronic and geometridie transitions to § and & final states® As can be seen
structures of the charge reservoir layer in normal and supelearly from Fig. §b), peakA is found to be more intense for
conducting states. Figureda and §b) represent the Hg Hg, TI-1223 than for TJO;, which can be well understood as
L,,-edge XANES spline spectra and their second derivativea result of the different occupation of thes ®&rbital by the
for Hg, TI-1223 in the superconducting stdf4 K) and the  adjacent(TI-O) bonds®’ From the edge position, the oxida-
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one is not effective in the present Hg, TI-1223 compound
and there is a slight local distortion of the charge reservoir
layer in the superconducting state, which might reflect the
7 lattice deformation around the copper ion.

IV. CONCLUSION

In this work, we have investigated the evolution of elec-
tronic and crystal structures upon the superconducting tran-
sition by performingin situ temperature-dependent XANES
analyses for HgsTlp sBay(Cay geShy 142CUs0g4 5. From these
studies, it is found that the copper valence is enhanced with
a partial formation of C(lIl) species in the superconducting
state, reflecting a lattice instability around the copper ion
belowT;. Such a result provides clear evidence of a signifi-
cant electron-phonon interaction in the Hg-based cuprates,
which can be interpreted as the origin of the previously re-
ported extremd . enhancement under high pressure. Taking
into account the fact that such a remarkable change in the
present ClK-edge XANES spectra has never been observed
for any other superconducting materials, it is concluded that
the phonon-mediated interaction contributes more signifi-
cantly to highT. superconductivity of Hg-based cuprates.
On the other hand, the systematic Ktedge XANES results
for Hgy xT1xBax(Cay gSTo 14— 1ChHO2n 124 5 (X=0 and 0.5;
n=1, 2, and 3 indicate that the average oxidation state of
Energy (eV) the (Cu-O) layer is decreased with an increasenofvhereas
it is not significantly changed by Tl substitution. On the basis
of these findings, it is claimed that the doped hole in the
Hg-based cuprates is mainly originated from the excess oxy-

expanded view of second derivative spectra fgiOgl(dotted ling gen in the(Hg-O) plane _rather than _ffc?m the internal charge
and Hg <Tlo Ba(Cay 55T 10,ClkOs. 5 in the superconducting transfer and that the dlffereﬁTc variation of Hg-1_2_23 gnd
state(solid line) and the normal onédashed lingwith an energy  H9, TI-1223 after Ar annealing is due to the modification of
range of 12 648—12 657 eV. the charge reservoir layer.

Absorption coefficient

2nd derivatives

12630 12650 12670 12690 12710

FIG. 6. TIL,,-edge XANES(a) spline andb) second derivative
spectra for HgsTlg sBay(Cay geShy.14-CUsOg, s at (i) 300 K and(ii)
34 K, and for(iii) the reference T0;. The inset in(b) provides an

tion state of thallium in Hg, TI-1223 is determined to be
trivalent as observed in the TIB&a,Cu;Og. 5 phase®® Like
the Hg L,, edge, the intensity of the pre-edge peakis This work was in part supported by the Ministry of Sci-
observed to be stronger for the low-temperature spectrurance and Technology for the high-temperature superconduc-
compared to the high-temperature one, reflecting again thivity research and by the Korea Science and Engineering
structural deformation around copper. Summarizing theé~oundation through the Center for Molecular Catalysis. The
present Hd- ;- and TIL,-edge XANES results, the internal authors are grateful to Professor M. Nomura for helping us to
charge transfer between tkidg, TI-O) layer and th€Cu-O) get the XAS data at the Photon Factory.
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