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Abstract: The electronic structure of BaPb0.75-xHgxBi0.25O3 (BPHBO) system is studied with x-ray photoemission spec-

troscopy (XPS). It is found that the core levels of Pb4f and O1s states shift towards low energy with the mercury doping 

induced, and at the meantime, the core level of Bi4f state shifts towards high energy. The results and analyses reveal that 

the mercury doping induces a systematic change of the electronic structure of the system, which consequently affects the 

superconductivity. Accordingly, the suppression of superconductivity at low doping level (x<0.2) is attributed to sup-

pressed charge-disproportionate state whereas the recovery of the superconductivity in the doping level region 0.3<x 0.4 

is due to a new M-I transition which converts the system from an insulating state to metallic one with the dominant carri-

ers of charge being holes.  
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1. INTRODUCTION 

 BaPb1-yBiyO3 BPBO is a copper-free oxide with infinite 
three dimensions perovskite-type structure, which shows 
superconductivity between y = 0 and 0.35 with the maximum 
Tc of 12 K around y = 0.25 [1-3]. The origin of the supercon-
ductivity in BPBO has not been settled yet. Different from 
high-Tc cuprates and Fe-based oxides, the BPBO is domi-
nated by sp electrons other than magnetic d electrons, ex-
cluding the possibility of magnetic pairing mechanisms. Un-
derstanding the electronic structure of BPBO is a necessary 
step to elucidate the mechanism of its superconductivity. So 
far many experimental studies have been performed on 
BPBO including doping effect experiments and x-ray pho-
toemission spectroscopy (XPS) analysis [4,5] to understand 
the correlation of the superconductivity mechanism with its 
electronic structure. Although many elements have been in-
vestigated as a chemical dopant for BPBO system, no re-
search has been reported on the doping effect of Hg in 
BPBO. The chemical properties of Bi, Pb and Hg are similar 
since they are very close in the period table, thus suggesting 
Hg being a potential dopant for Bi or Pb in BPBO. There-
fore, it is interesting to explore if doping Hg can lead to what 
kind change to superconductivity in BPBO.  

 It is reported recently that the crystal structure and super-
conductivity of BPBO change systematically with Hg doping 
level [6]. However, the mechanism beneath the physical 
phenomena is not clear. With Pb being really substituted 
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with Hg in BPBO, the chemical environment or bonding 
state of the component elements must be different from that 
of BPBO. XPS provides us with a useful tool to obtain in-
formation about the electronic states and chemical shifts of 
the electronic compounds, therefore, is suitable for studying 
the doping effect of Hg on the electronic structure of BPBO. 

 In this work, XPS was used to study the chemical envi-
ronment changes of the elements in BaPb0.75-xHgxBi0.25O3 
(BPHBO) with the composition for a better understanding of 
the changes of the electronic structure and superconductivity. 
A systematic study covering a wider composition range has 
been performed which reveals that the variation of the su-
perconducting transition temperature is closely correlated 
with the systematical change of the Fermi level of the BPBO 
system induced by Hg doping.  

II. EXPERIMENT 

 BaPb0.75-xHgxBi0.25O3 compound with x=0, 0.10, 0.25, 
0.30, 0.35, 0.40, and 0.75 were synthesized by a two-step 
method [6]: firstly forming a precursor of BaPb0.75-xBi0.25O3, 
then reacting HgO with the precursor inside an evacuated 
quartz tube. The precursor was prepared by the solid-state 
reaction in which high-purity powders of BaCO3, Pb3O4 and 
Bi2O3 were thoroughly mixed and then heated in an alumina 
crucible at 720

o
C for 12h in flowing O2 atmosphere. The 

precursor was mixed with HgO powder at a ratio of 1: x and 
reground, and then palletized into disks and sintered at 
800

o
C in an evacuated quartz tube for 48h before slowly 

cooled down to room temperature.  

 The crystal structure was studied by X-ray powder dif-
fraction (XRD) using a Philips X’Pert MRD diffractometer 
with CuK  radiation. The data revealed that the main phase 
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was BaPb0.75-xHgxBi0.25O3 with trace amounts of Bi2O3 at 
high doping levels (x>0.4). It should be pointed out that the 
real chemical stoichiometry of the samples may be affected 
by various factors and need to be precisely determined, thus 
the composition of the samples presented in this study is 
only the nominal one although, within the error of the XRD 
analyses, it is quite close to the real chemical stoichiometry, 
especially for the samples with low doping levels (x<0.4).  

 DC magnetization measurement was used to determine 
the superconducting transition temperature of the samples. 
The superconducting transition temperature of the samples 
used in this study is listed in Table 1. XPS measurements 
were performed using the Mg K  line (h  = 1253.6 eV) and 
photoelectrons were collected using a PHI DCMA. The shift 
of the binding energy due to surface charge effect was cali-
brated by assuming the binding energy of C1s to always be 
284.6 eV. The base pressure in the spectrometer was 3x10

-9 

Torr. All the XPS measurements were performed at room 
temperature in order to avoid possible charge effect in the 
sample of low conductivity. The samples were ground into 
powder and then press into pellet for measurements.  

III. RESULTS AND DISCUSSION 

 Fig. (1) shows the XPS valence-band spectra for the 
BPHBO samples with x = 0, 0.10, 0.25, 0.30, 0.35, 0.40 and 
0.75. The spectra for BaPb0.75Bi0.25O3 consist of four main 
bands centered at around 4eV, 13eV, 18eVand 21eV, respec-
tively, and it is clearly found that the main bands centered at 
around 4eV and 13eV shifted away the Fermi level, EF, 
gradually by the substitution of mercury for lead. The shift 
between x=0 and x=0.75 is about 1eV for both main bands. It 
should be noted that, for x=0, 0.1, 0.35, and 0.4 samples 
which are superconducting, there are two peaks around 18eV 
and 21eV for these samples, and more interestingly, for 
x=0.25, 0.3 and 0.75 samples which are nonsuperconducting, 
the two peaks disappear. As reported previously [6], super-
conductivity was observed for 0.00 x<0.20 and disappeared 
for 0.2<x 0.3, and recovered for 0.3<x 0.40. Therefore, it 
seems that there is a certain correlation between these two 
peaks and superconductivity. Furthermore, a clear Fermi 
edge is observed for x=0, 0.1, 0.35, and 0.4 samples, which 
indicates that these materials are highly metallic. On the 
other hand, for x=0.25, 0.3 and 0.75, the top of the valence 
bands does not reach to the Fermi level, which suggests a 
semiconductive feature of these materials. Such a situation is 
quite different from that in fluorine doped SmFeAsO system 
[7] where both superconducting and nonsuperconducting 
samples show highly metallic feature.  

 The shallow core-level spectra may be associated with 
the excitation of an electron from the ionic valence band 
with atoms of Ba, Pb, Bi and O since the energy levels of the 
states are approximately 1.0 eV for Bi6p

1/2
, 1.0 eV for Pb6p, 

3.0 eV for Pb6s, 3.2 eV for Bi6p
3/2

, 7.0 eV for O2p, 10.0eV 

for Ba5p, 19.0eV for Pb5d
5/2

, 21.0eV for Pb5d
3/2

, 23.1 eV for 
O2s, 24.0eV for Bi5d

5/2
, and 26.0eV for Bi5d

3/2
, respec-

tively. Relatively, the ionic valence band with atom Hg is far 
away from the Fermi level, the contribution of the electrons 
from the Hg to the electronic states around Fermi level can 
be negligible. The peak at 4 eV below the Fermi level may 
be reasonably assigned to the hybridization of Bi6p

1/2
 

(1.0eV), Bi6p
3/2

 (3.2eV), Pb6p(1.0eV) and Pb6s (3.0eV) 
with O2p(7.0eV), the 13eV band structure can be due to the 
hybridization of Ba5p (10.0eV) with O2s (23.1eV), the 18eV 
band structure can be due to the orbital of Pb5d

5/2
 (19.0eV), 

and the 21eV band structure due to the orbital of Pb5d
3/2

 
(21.0eV). It can be seen from the structure of the valence-
band spectra that both Bi6p and Pb6p dominate the elec-
tronic properties since the bands associated with the hybridi-
zation of Bi6p, Pb6p and Pb6s with O2p are the nearest to 
the Fermi level of the system. As mercury is doped into the 
system, a clear energy shift away from EF is observed for the 
four main bands in the valence-band spectra of BaPb0.75-

xHgxBi0.25O3. The energy shift away from EF may be under-
stood by considering the valence electrons of Hg being lower 
than those of Pb and Bi, which results in the decrease of the 
charge carriers (itinerant electrons) in this system. The pres-
ence of peaks at 18eV and 21eV in those superconducting 
samples indicates that the superconductivity correlates to the 
Pb5d electrons, which further indicates that Pb takes an im-
portant role to the superconductivity in BPBO system.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1). Valence-band spectra of BaPb0.75-xHgxBi0.25O3 measured 

by MgK  line (h  = 1253.6 eV) XPS for x = 0, 0.10, 0.25, 0.30, 
0.35, 0.40, and 0.75. 

Table 1. The Doping Level, x, and the Superconducting Transition Temperature, Tc, for the Samples Used in this Study. NS Means 

the Sample is Nonsuperconducting Down to 1.9K 

x 0 0.1 0.25 0.3 0.35 0.4 0.75 

Tc (K) 12.2 10.1 NS NS 10.5 8.8 NS 
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 Fig. (2) shows the O1s core-level spectra of BPHBO 
samples with x = 0, 0.10, 0.25, 0.30, 0.35, 0.40 and 0.75. It 
was noted that the XPS spectra of Ols are cleaved. They can 
be decomposed into two peaks located at around 528 eV and 
531 eV. The chemical shift associated with the photoelectron 
transitions is intimately linked with the effective atomic 
charge on the atoms probed. Let us consider the ratio, Z/r, of 
the ions bonded to the oxygen as a approximate measure of 
their ability to remove charge from the oxygen and, thus, 
increase the Ols binding energy (here Z being the nominal 
charge on the ion and r being the ion radius in nm). The Z/r 
values are 51.6 (Pb

4+
), 16.8 (Pb

2+
), 19.6(Hg

2+
), 8.4(Hg

+
), 

29.1(Bi
3+

), 65.8(Bi
5+

) and 14.8(Ba
2+

), respectively. On this 
simple basis we would expect that, the Ols binding energy is 
increase as this order: Hg2O<BaO PbO<HgO<Bi2O3<PbO2 
<Bi2O5. According to the polarity of Ba-O, Pb-O and Bi-O 
bonds, it is easy for us to assign the peak with lowest binding 
energy to the oxygen associated with the Ba-O and Pb-O 
bond and to attribute the peak with higher binding energy to 
the oxygen affiliated with the Bi-O bond. It can be seen from 
Fig. (2) that the both peaks move to lower binding energy 
after Hg doping. This suggests that Hg doping at Pb site has 
influence on the chemical environment of both Pb and Bi 
atoms.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (2). O1s core-level spectra of BaPb0.75-xHgxBi0.25O3 measured 

by MgK  line (h  = 1253.6 eV) XPS for x = 0, 0.10, 0.25, 0.30, 
0.35, 0.40, and 0.75. 

 Fig. (3) shows the Pb4f core-level spectra of BaPb0.75-x 

HgxBi0.25O3. Because there is no Pb in the sample with 
x=0.75, the spectra are only for the samples with x = 0, 0.10, 
0.25, 0.30, 0.35 and 0.40. The Pb4f photoemission is in fact 
split between two peaks, one at around 137.5eV binding en-
ergy attributed to Pb4f7/2 and the other at around 142.4 eV 
binding energy attributed to Pb4f5/2, with an intensity ratio 
generally about 4:3. This arises from spin-orbit coupling 
effects in the final state. The inner core electronic configura-

tion of the initial state of the Pb is: [Xe](4f)
14

 (5d)
10

 (6s)2 
(6p)

2
 with all sub-shells completely full. The removal of an 

electron from the 4f sub-shell by photo-ionization leads to a 
(4f)

13
 configuration for the final state. Since the f-orbital 

have non-zero orbital angular momentum, there will be cou-
pling between the unpaired spin and orbital angular momen-
tum. This spin-orbit splitting is of course not evident with s-
levels, but is seen with p, d and f core-levels which all show 
characteristic spin-orbit doublets. From Fig. (3), it can be 
seen the dependence of the binding energy of Pb4f7/2 and 
Pb4f5/2 on the concentration of Hg in the samples. The bind-
ing energy of Pb4f7/2 and Pb4f5/2 monotonously decrease with 
the increase of Hg content. Usually, an increase of covalence 
of the compound may result in a smaller binding energy. 
This kind of effect is usually ascribed to a less efficient 
screening of the nuclear charge by electrons in other levels. 
In the present case, the decrease in efficient screening of 
Pb4f7/2 and Pb 4f5/2 states indicates the decrease in the aver-
age electron density surrounding Pb atoms. This implies that 
the chemical characteristic of Pb-O bond is modified with 
the increase of Hg content in the samples, from more ionic 
bond at low Hg content transfers to more covalent bond at 
high Hg concentration. Accordingly, the decrease of the 
binding energy of Pb4f7/2 and Pb 4f5/2 with the increase of Hg 
content is understandable. Due to the decomposition of HgO 
metal Hg which plays the role of reducer, the covalent de-
gree of Pb-O bond (which is the result of polarization) in this 
oxide system will increase with Hg content. With increasing 
Hg doping level from x = 0 to 0.40, each Pb4f7/2 and Pb4f5/2 
core level gradually moves to lower binding energy by 0.2-
1.2 eV. More specifically, Pb4f7/2 line shifts towards EF by 
1.2eV from 137.5eV to 136.3eV and Pb4f5/2 line shift to EF 
by 1.2eV from 142.4eV to 141.2eV as Hg doping level, x, 
increases from 0 to 0.4.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (3). Pb4f core-level spectra of BaPb0.75-xHgxBi0.25O3 measured 

by MgK  line (h  = 1253.6 eV) XPS for x = 0, 0.10, 0.25, 0.30, 
0.35 and 0.40. 
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 The gradual decreasing in binding energies as increasing 
Hg content clearly indicate the smooth transition of the Pb-O 
bond from ionic to covalent states. The Pb4f spectrum have a 
slight asymmetry towards higher binding energy, which can 
be taken as an indication of a coupling of the core levels to 
excited states in the lower valence state of the PbO blocking 
[8].  

 Fig. (4) shows the Bi4f core-level spectra of BaPb0.75-x 

HgxBi0.25O3 as a function of Hg content. The Bi4f spectrum 
consists of two multiple-split peaks, which also have a slight 
asymmetry towards higher binding energy in the Hg doped 
samples in the samples with a higher Hg doping level 
(x>0.3), which indicates that there is a tendency of the in-
crease for the average valence of bismuth ions towards 
higher value. The average binding energy shift of Bi4f7/2 
lines around 158eV and Bi4f5/2 lines around 163 eV is 
around 0.5 eV as x increases from 0 to 0.75. 

 The core levels for other elements such as Hg and Ba are 
also investigated (the results are not shown here), which 
show no detectable changes with increase doping level, thus 
indicates that the valence state and chemical environment are 
relatively insensitive to the doping level.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (4). Bi4f core-level spectra of BaPb0.75-xHgxBi0.25O3 measured 

by MgK  line (h  = 1253.6 eV) XPS for x = 0, 0.10, 0.25, 0.30, 
0.35, 0.40, and 0.75. 

 In order to understand the mechanism of the binding en-
ergy shift in this system, Fig. (5) shows the doping level de-
pendence of the binding energy shift, EB, for O1s, Pb4f and 
Bi4f core levels. It is evident that, as the doping level x 0.4, 
the binding energy shift for Pb4f, EB|Pb, and the binding 
energy shift for O1s, EB|O show a steady decrease with dop-
ing level, whereas the binding energy shift for Bi4f, EB|Bi, 
displays a significant increase. At x>0.4, the changes of the 
binding energy shifts for both EB|O and EB|Bi are getting 
slow. Usually, the binding energy shift EB can be described 
by the formula below [9-11]:  

  EB= μ+K Q + VM ER,    (1)  

where μ is the change in the chemical potential (or the shift 
of Fermi level, EF), K is the coupling constant of the Cou-
lomb interaction between the valence and the core electrons, 

Q is the change in the number of valence electrons on the 
atom considered, VM is the change in the Madelung poten-
tial, and ER is the change in the extra-atomic relaxation 
energy. Here, K Q gives the so-called ‘‘chemical shift’’, 

ER is due to changes in the screening of the core-hole po-
tential by metallic-conduction electrons and polarizable sur-
rounding ions. With the present BaPb0.75-xHgxBi0.25O3 system, 
the substitution of Hg for Pb reduces the population of elec-
trons to the system since the Hg has a valence of 2+ whereas 
Pb has both 2+ and 4+ valences in BPBO system [12-15]. 
This may induce the shift of the Fermi level to low energy 
direction. However, a part of Bi

3+
 ions may transit to Bi

5+
 to 

balance the decrease of the electrons in the system. It was 
pointed out that the charge-disproportionate state Ba2(Bi

3+ 

Bi
5+

)O6 in BPBO plays an important role for the electronic 
structure and the superconductivity in the system [12-15]. 
The binding energy shift for the core levels shown in Figs. 
(2-4) do reflect the modification of the electronic structure 
by Hg doping, which further affects the superconductivity of 
the system. Therefore, the influence of the Hg doping level 
on the Fermi level shift and the charge-disproportionate state 
of the system will be the most interesting and important in-
formation in this study. According to the analyses of the core 
levels for all of the elements of this system shown above and 
using Eq.(1), we can deduce the values for μ and K Q|Bi, 
except as here in after provided, the subscript behind the 
straight line “|” represents that the physical quantity is re-
lated to the specified atom. It is evident that K Q|Bi is 
closely related to the change of the charge-disproportionate 
state of the BPBO system. Different from the layered com-
pounds like SmFeAsO [7] in which only FeAs layers are 
conductive for electrons, BPBO is an isotropic system where 
charge carriers distribution in the system is relatively uni-
form. In this case, the screening effect of the conduction 
electrons on the core-level will be relatively weak. For sim-
plicity, ER in Eq.(1) is approximately taken as zero. In addi-
tion, the charge-disproportionate state is only related with 
the variation of the valence of Bi ions, instead of other  
 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (5). Doping level dependence of the binding energy shift, EB, 

for O1s, Pb4f and Bi4f core levels in BaPb0.75-xHgxBi0.25O3 system. 
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elements. This means the change in the number of valence 
electrons in other elements in the system can be taken as 
zero. In such a circumstance, it can be deduced that 
μ ( EB|Pb+2 EB|O- EB|Bi)/2 and K Q|Bi EB|Bi- EB|O. For 

the sample of x=0.75 which contains no Pb al all, μ and 
K Q|Bi is determined by the binding energy shift of the core 
levels of Bi, O, and Ba. Based on these two formula and the 
binding energy of the core-levels shown in Figs. (2-4), the 
variation of μ (or EF) and K Q|Bi with doping level can be 
obtained.  

 Fig. (6) shows the doping level dependence of Fermi 
level shift, EF, and the change of charge-state of Bi ions in 
BPHBO system. The Fermi level shows a steady decrease 
with Hg doping level before x 0.4. This may be due to the 
substitution of Hg for Pb which reduces the population of 
electrons to the system since the Hg has a valence of 2+ 
whereas Pb has both 2+ and 4+ valences in BPBO system 
[12-15]. It is interesting to note that at x=0.35, the Fermi 
level displays a deviation from the linear decrease and begins 
to drop more rapidly, contrasted to the relatively slow reduce 
in the low doping level region (0<x<0.3). In addition, at 
x=0.75, the Fermi level begins to move up to higher energy. 
All these indicate that there may be some unusual change of 
the electronic structure of the system at these points. Differ-
ent from the Fermi level shift, the change of the charge state 
of Bi ions, K Q|Bi, show a nearly linear increase with doping 
level at x 0.4. This indicates that a part of Bi

3+
 ions have 

transited to Bi
5+

 state to balance the decrease of the electrons 
in the system. In BPBO system, a special situation is that 
there exists always equal amount of Bi

3+
 and Bi

5+
 ions [16], 

which keeps the charge-disproportionate state Ba2(Bi
3+

Bi
5+

) 
O6 to sustain the superconductivity of the system. A signifi-
cant change of the charge state of Bi ions, K Q|Bi, indicates 
that the balance of Bi

3+
 and Bi

5+
 has been broken, which in-

duces the steady suppression of superconductivity. However, 
such an explanation cannot explain the recovery of super-
conductivity at 0.3<x 0.4, more detailed changes of the elec-
tronic structure of the system should be taken into account. 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. (6). Doping level dependence of the Fermi level shift, EF, and 

the change of the change state of Bi, K Q|Bi, for BaPb0.75-xHgxBi0.25 

O3 system. The dashed line is the extrapolation of the linear de-

crease of EF at low doping level. 

 In order to understand the unusual chance of supercon-
ductivity with the doping level in BaPb0.75-xHgxBi0.25O3, the 

electronic structure around the Fermi level should be exam-
ined. As revealed by the valence band shown in Fig. (1), 
Pb6s, Pb6p, Bi6s, Bi6p, and O2p orbitals should have con-
tribution to the band structure around the Fermi level. Ac-
cording to the band structure proposed for the BaPb1-yBiyO3 
at y<0.3 [17], the hybridization of the O2p with Bi6s and 
Pb6s electron constructs an electron-type conduction band 
(see Fig. 7a). With increasing Hg content, the Fermi level 
decreases, and at the meantime, the unit cell of the BaPb0.75-x 

HgxBi0.25O3 is expanded [6], which reduces the inter-atomic 
overlap and consequently makes the band narrowed. There-
fore, with increasing the Hg doping level, both the Fermi 
level and the band widths continuously decrease, and split 
into two sub-bands at x 0.2 with the upper band empty and 
the lower band full. The upper band is denoted as 6s0 band 
and the lower band denoted as 6s2 band (see Fig. 7b). The 
metal-insulator (M-I) transition in the BaPb0.75-xHgxBi0.25O3 
system is very similar to the M-I transition in the BaPb1-y 

BiyO3 at y 0.35 [17]. Further increasing Hg content in the 
doping region of 0.2<x<0.3 keeps the insulator-like band 
structure with an expanded band gap. However, different 
from the situation in BaPb1-yBiyO3 which keeps an insulator-
like band structure at the whole range of y>0.35, the 
BaPb0.75-xHgxBi0.25O3 occurs a new M-I transition at x>0.3 by 
entering a hole-type conduction band (see Fig. 7c). This ex-
plains the recovery of the superconductivity at x>0.3 and 
suggests that the charge carriers of the system becomes hole 
dominant at x>0.3. At x=0.75, the Fermi level is increased 
compared to the value at x=0.4, indicating that the hole-type 
conduction band is filled again (see Fig. 7d).  

 The above results and analyses for the BaPb0.75-xHgxBi0.25 

O3 system show that at low doping level with x<0.2, Hg dop-
ing decreases the Fermi level and breaks the balance of the 
Bi

3+
 and Bi

5+
 which is believed to be the base of the charge-

disproportionate state Ba2(Bi
3+

Bi
5+

)O6, and consequently 
suppresses the superconductivity. At the meantime, the band 
width decreases and splits into two sub-bands at x 0.2 with 
the upper band empty and the lower band full, resulting a M-
I transition at x 0.2 which converts the system from a metal 
to an insulator. The recovery of superconductivity at x>0.3 is 
due to another M-I transition which converts the system 
from an insulator to a metal. These two metallic states are 
different with the former being electron-dominant and the 
later hole-dominant. The formation of the hole-dominant 
metallic state may be the consequence of the competition 
between the band filling effect and the modification of the 
charge-disproportionate state, both are induced by Hg dop-
ing. The former has a tendency to reduce the Fermi level 
whereas the later has an opposite effect. Due to an un-
changed total amount of Bi atoms in all of the samples, the 
system can sustain a sufficiently wide band even when a 
large amount of Pb is replaced by Hg. This provides a possi-
bility for the occurrence of a hole-dominant conduction band, 
as shown above. Further study is necessary to investigate the 
effect of the charge-disproportionate state Ba2(Bi

3+
Bi

5+
)O6 

on the superconductivity in the hole-dominant region and 
understand the mechanism underpinning.  

IV. CONCLUSION  

 XPS has been used to investigate the band structure fea-
tures of BaPb0.75-xHgxBi0.25O3 superconductor and the chan- 
ges of the band structure by various amounts of mercury 
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substituting for lead. The valence band of BaPb0.75-xHgxBi0.25 

O3 show four peaks below the Fermi level at 4eV, 13eV, 
18eV and 21eV, respectively, which corresponds to the 
Bi6p-O2p, Pb6p-O2p, Pb6s-O2p, Ba5p-O2s, Pb5d5/2 and 
Pb5d3/2 electrons, respectively. The core levels of Pb4f and 
O1s states shifting towards low energy can be attributed to 
the mercury doping induced Fermi level shift, but the core 
level of Bi4f state shifting towards high energy may be due 
to the broken balance between the Bi

3+
 and Bi

5+
 states. The 

core levels for other elements such as Hg and Ba are found 
no significant movement. The results and analyses show that 
the suppression of superconductivity at low doping level 
(x<0.2) is attributed to suppressed charge-disproportionate 
state whereas the recovery of the superconductivity in the 
doping level region 0.3<x 0.4 may be due to a new M-I 
transition which converts the system from an insulating state 
to metallic one with the dominant carriers of charge being 
holes.  
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