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Absence of strong correlation in L,Pd;B
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We use x-ray photoemission spectroscopy to study the electronic structure of new supercondBdi8r. Li
Binding energies of the Pdp3and 3l indicate valency that is intermediate between Pd mga) and
PdQ(2+), or effectively Pd 4 ° configuration. Comparison of satellite features in core level spectra,BtiB
with that of PdO suggests that a larger hybridization strength $##dB than that of PdO. The valence band
spectrum is in excellent agreement with first principle band structure calculations, allowing us to ascribe the
states at the Fermi level responsible for the superconductivity to be mainly Rghidized with B 2 and Li
2p. These observations indicate that correlation effects play a negligible role for the physical properties of the
new superconductor.
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Very recently, Toganet al. reported that LiPd;B is the  new superconductor bPd;B. We found that the satellite fea-
first Pd-based superconductor among metal rich ternartures in Pd ® and 3l core levels are very small compared
borides with the transition temperaturd@,) of ~8 K.!  with those observed in Pd and PdO. We also found that the
Li,Pd;B has been known to have a cubic structgspace Vvalence band spectrum of JHdB can be well described by
group of P4;32) consisting of distorted Rdoctahedra cen- band structure calculations. These results indicate that elec-
tered by boron atoms, which share all vertices to form aron correlation effects do not play a major role inR&%B.
unique three dimensional framewdtDue to the observa- In addition, the chemical shift of the core level main peaks
tion of superconductivity in LPd;B, it is important to study indicates that the valency of the Pd atom takes a value be-

the electronic structure of this compound. tween P@0+) and Pd@2+), that is in effective proximity to
One of the interesting questions is the role of electronthe 4d° configuration.
electron correlation effects in jPd;B. Electron-electron The polycrystalline LiPd;B samples used in the present

correlation effects in @ transition metal compounds have PES studies were prepared by an arc-melting process in or-
been studied extensively due to the fascinating physicatler to attain high-density material, details of which are de-
properties, believed to originate from the correlation effectsscribed in Ref. 1. The polycrystalline samples of Pd and PdO
e.g., high temperature superconductivity in cuprateslos- were also measured for comparison. We chose Pd and PdO
sal magneto resistance in manganftesid high thermoelec- for the two main reasong1) the valency of these com-
tric power in cobaltate3On the other hand, inditransition  pounds can be estimated from the chemical formula, 0+ for
compounds, while the existence of correlation effects in PdPd and 2+ for PdO from an ionic picture, af®l the valence
metal has already been reported in the early 1980sipor-  band and core level PES spectra have been reported already
tance of correlation effects inddelectrons has increased es- for both material$::1* Also, detailed theoretical studies
pecially after the discovery of superconductivity in which provide values for the electronic structure parameters
SrL,RuO,,2 where superconducting properties due to the corwere available for Pd@ The core level and valence band
relation effects has been reported. FosAd;B, very recent spectra of Pd and PdO discussed latter are consistent with
theoretical studiéshave reported that the electronic proper-those reported previously and provide a good reference for
ties of this compound are likely to be dominated by strongthe binding energies of core levels and the valence band
correlation effects due to the characteristic crystal structureglectronic structure of LP&B. PES experiments were car-
and proposed a possible realization of the first supercondueied out on a Scienta SES200 analyzer using synchrotron
tivity described with a three-dimensionial model. radiation light (1300 eV} from beam line BL25SU at
X-ray photoemission spectroscoffES provides direct SPring-8 with an energy resolution of 250 meV. All the
information on valence band electronic structure and corespectra were measured at 20 K under a base pressure of
level spectral features and an estimate of physical parameteBs6x 1078 Pa. Clean surfaces were obtainedibysitu frac-
such as, charge transfer eneryy hybridization strengtfT,  tures. The cleanliness of the surfaces were checked by the
and on-site Coulomb potentidl,;.1° Therefore PES has absence of C 4 signals. We did not observe any spectral
been widely used for studying electron-electron correlatiorchanges during the measurements of a few hours. The Fermi
effects of 3 transition metal compounds and even af 4 level (Eg) of the spectra was referenced to that of a gold film
transition metal compounds. In this paper, we show coreanounted close to the samples. Energy calibration has been
level and valence band x-ray photoemission studies of theerformed using the known binding energy of Afi df a

1098-0121/2005/19)/0925074)/$23.00 092507-1 ©2005 The American Physical Society



BRIEF REPORTS PHYSICAL REVIEW B'1, 092507(2009

3Py Pd 3d 34,
hv = 1300 6V

Pd 3p
hv=1300eV

3P

Pd

&
é
£ |Li,Pd;B |
S
x5
L
1 1 1 1 1 X5 I
600 580 560 540 520
Binding energy (eV)
PdO
FIG. 1. Pd 3 core level spectrum of LP&B compared with L
those of Pd and PdO measured with 1300 eV and at 20 K. The 355 350 340 335
normalization was performed with the intensity qiz3 peak. Binding energy (eV)

gold film with respect to the Fermi edge, and it was further FIG. 2. Pd @ core level spectrum of LPd;B compared with

confirmed from the good correspondence to the reportel!ose of Pd and PdO measured with 1300 eV and at 20 K. The
binding energies of Pdd3, of PdO (336.8 Ve normalization was performed with the intensity afs3 peak.

To compare the experimental valence band spectra witReaks of LyPdB is very narrow and weakly asymmetric
theoretical studies, we also calculated the band structure @ompared to that of Pd exhibiting an asymmetric tail at
Li,Pd;B with the standard full-potential augmented planehigher binding energy. Such a asymmetry of a core level
wave(FLAPW) method. We have carried out this calculation spectrum are known to originate from a large density of
by using the computer code KANSAI-94 and TSPAEEor  statesDOS) at E¢.1® Indeed, Pd metal has a very large DOS
the exchange-correlation potential we adopted the localat Eg, as reported previoust§ and also observed in the
density approximatiofLDA), according to Gunnarson and present study as shown later. Therefore weak asymmetry of
Lundqvist* The calculation of the core states and the va-Li,Pd;B indicates a marked decrease of the DO&@atom-
lence states are self-consistently carried out by the scalapared with that of Pd metal. The symmetric line shape of
relativistic schemé® We used the experimentally found PdO is consistent with the existence of a semiconducting gap
lattice constants and space gréuffhe muffin-tin radius atEg in PdO. The narrower linewidth of LPd;B than that of
of each atom is 2.2 bohr for Li, 2.0 bohr for Ni, and PdO, which is ascribed to the localized nature of the core
1.4 bohr for B. The basis functions with the wave vectorlevel as confirmed by theoretical studi@smplies the me-
|k+G| <Kax=6.90, wherek is a wave vector in the Bril- tallic nature of LjPdB, consistent with transport
louin zone(BZ) and G is a reciprocal-lattice vector used measurementsThe narrow linewidth of LiPd;B, which can
resulting in about 1360 basis LAPWSs. be fitted with a single Voigt function, also indicates that the

Figure 1 shows the Pdp3core level spectra of Pd, different Pd-Pd bond lengthslo not influence the real va-
Li,PdB, and PdO measured at 20 K with 1300 eV photonlency of Pd.
energy. The sharp peak at 530 eV for PdO is angxdre We also found that the binding energy of the main peak
level. One may find a very weak structure at 529 eV in theshifts to higher binding energy in the sequence of
Li,Pd;B spectrum, which can be ascribed to an ©signal  Pd335.1 eV, Li,Pd;B(336.1 eV}, and Pd©®336.8 eVj. The
from Li,O impurities. We observe Pdp3, and 35/, spin-  shift of a core level main peak reflects the chemical environ-
orbit splitting peaks with satellite features at higher bindingment of an atom, and Pd and PdO are reference materials
energy, more evident for@,,. The intensity of the satellite having Pd valence of 0+ and 2+, respectively. Therefore the
compared with that of the main peak depends on the comlecation of the peak of LPdB between those of Pd and
pounds and shows the smallest intensity fosPlckB. We ~ PdO indicates that the valency of Pd atoms ipPickB takes
also find that the binding energy of the main peak varies value between 0+ and 2+, suggesting monovalency. It is
systematically. These spectral features can be studied imoted that monovalent Pd is considered unstable in Pd
more detail with Pd 8 core level spectra because of the compounds; though it is reported in clinoptilolite, which is
smaller linewidth of the core level spectra of Pd han  the most abundant natural zeolifeln addition to a simple
those of Pd B. valence description, it is noted that the intermediate binding

In Fig. 2, we show the Pddcore level spectrum of energy of Pd @ core level for LyPd;B is consistent with
Li,PcB, together with those of Pd and PdO, measured apoorer screening in intermetallic JRB compared to Pd
20 K with 1300 eV photon energy. Consistent with the Bd 3 metal, and better screening compared to insulating PdO.
spectra, all the three spectra show weak satellite features at From the energy separation between the main peak and
higher binding energies to the main peaks of the &ghband  the satellite feature as well as the intensity of the satellite
3ds)» spin-orbit doublet. The spectral line shape of the mainfeature, important parameters describing physical properties
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FIG. 3. Valence band spectrum of,Bid;B compared with those  feature around 12 eV. The intensity Bt of Li,Pd;B is
of Pd and PdO measured with 1300 eV and at 20 K. The normalsmaller than that of Pd, while PdO is a semiconductor with-

ization was performed with the highes_t peak intensity in each specyt a Fermi edge. Thus the valence band spectral intensities
trum. Valence band spectrum of,FicsB is compared with the band ¢ Er are consistent with the line shapes of the core-level
structure calculations broadened by an energy-dependent LorentgiDeCtra

ian as well as a Gaussida dotted line, see text For Li,PdiB, we also found a weak higher binding energy

can be extractea]-_,lz Here we Compare the Spectra' featuresfeature around 9 eV in the Valence band Spectrum, ||ke the
of |_|2PdBB with those of PdO, where theoretical studies forsatellites in Pd and PdO. The weak features in Pd and PdO
the satellites have been already reported. For PdO, the satéialence band spectra are not present in one-electron band
lites in the core level and valence bands are ascribed tstructure calculation¥.?° To confirm the origin of the 9 eV
charge transfer satellites due to a strong hybridization befeature of LyPdB, we compare the experimental valence
tween Pd and @2 The satellite features in the P&l PES  band spectra of LPd;B with a calculated spectrum added
spectrum of PdO could be described with an impurity Ander-with an integrated background, as shown in Fig. 3. The cal-
son model with a PddO 2p charge transfer energy of  culated spectrurfa dotted ling¢ was obtained by carrying out
5.5 eV, an on-site @ correlation energyyq of 4.5eV (a  an energy-dependent Lorentzian broadetiirmd a Gauss-
corresponding Coulomb potential between a core hole and ian broadeningFWHM of 0.25 e\) of the band structure
valenced electron ofQ=Ug,/0.7), and a 4-2p transfer in-  calculation results after taking ionization cross secfibns
tegral pdo of 2.1 eV corresponding to the effective hybrid- into account. We find that the prominent valence band fea-
ization strengthrl [given by sqrt6) X pdo] =5.1 eV12Using  tures, the small intensity around t&e region, as well as the
available theoretical results reporting a relation between thweak feature around 9 eV can all be reproduced with the
separation energy and intensity of satellites with respect tbroadened calculated DOS fairly well. This indicates that the
2Q/T (Ref. 19 as a general trend, we understand that theveak feature at 9 eV of LPd;B is derived from the struc-
very small satellite intensity in LPdB compared to PdO ture in DOS and has a different origin compared to satellites
suggests a smallerQ2 T value for LbPd;B than for PdO. in Pd and PdO. To investigate the character of observed elec-
This leads to a largel value for LLPd;B than for PdO  tronic structures, we look at the calculated partial DOS
assuming the sam® value for both compounds, consistent shown in Fig. 4. We findA is hybridized states of Pdd4 B
with the covalent bonding of Pd and B in,Bd;B from the  2p, and Li 2p with larger Pd 4l contribution, and the struc-
structural analysi$. turesB andC are dominant Pddlstates. The structuf@ has
Figure 3 shows the valence band spectrum gPHiB, Pd 4 and B2 characters. The weak featugds B 2s states
compared with Pd and PdO, normalized with the higheshybridized with Pd 4 states. The states & per formula
intensities of the valence bands. The valence band spectrummit of Li,PtB is 32.6(states/Ryf.u.), smaller than that of
of Li,Pd;B has smaller intensity features arouBd with a  MgCNi;, which is a superconductor with CNibctahedra
clear Fermi edge structure, two prominent peaks around 2.&ualitatively similar to the BPgoctahedra in LiPd;B) and
and 4.5 eV with a shoulder around 5.5 eV, and a weak feais reported to have a sharp peak in DOS rigagiving rise
ture around 9 eV. We label those featuresta®, C, D, E,  to a ferromagnetic instabili§? The smaller DOS aEg of
respectively, as shown in Fig. 3. The valence band spectruri,Pd;B suggests weaker ferromagnetic correlations. The
of Pd has the highest intensity Bt with a Fermi edge and good agreement with the experimental and calculated va-
with a satellite feature around 8.5 eV ascribed to the twoience bands indicates that the electronic structure §7d;B
hole bound states originating from electron correlation ef-can be well described by the one particle approximation, and
fects as confirmed from resonance PES stutliEse valence therefore electron correlation effects may not play an impor-
band spectrum of PdO has structures around 2.5 eV ant@nt role for physical properties. Therefore, the superconduc-
6.5 eV with negligible intensity aEr and a weak satellite tivity of Li,PdB is most likely phonon mediated. We hope
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the present results motivates further thermodynamic andible for the superconductivity, are derived from Rbotbit-
transport measurements to confirm the origin of superconals hybridized with B p states. These results indicate corre-
ductivity in this Pd-based superconductor. lation effects play a negligible role in the new
In conclusion, we have performed x-ray photoemissionsuperconductor. In addition, the location of the core level
spectroscopy of the new superconductosPikB to study  main peaks of LiPdB between those of Pd and PdO sug-

the electronic structure and possible correlation effects progests that the valency of Pd atoms inRikB takes a value
posed theoretically. The Pdp3and 3 core level spectra petween 0+ and 2+.

show a satellite feature at 7.8 eV higher binding energy from

the main peak with very small intensity compared with that The authors thank A. Chainani, T. Taguchi, and T. Uozumi
of Pd metal and PdO. The valence band spectrum showsfar valuable discussions. This study was supported by
prominent two-peak structure at 2.5 and 4.5 eV with smalleiGrants-in-Aid for Young ScientistéA) (14702010 from Ja-
intensity nealEg and a weak feature around 9 eV, consistentpan Society for the Promotion of Science. The PES measure-
with the first-principles band structure calculations. Thements at SPring-8 were performed under a proposal number
comparison also shows that states riearwhich is respon- J04A25SU-0511N.
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