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Abstract

. The photocmission measurements have been carried out on the BSCCO (2212) superconducting system to understand the

effect of substitution of trivalent impurity (Nd) for divalent Ca and the effect of substitution Ba that has a larger wme tadius than Ca
The two compounds have been characterized by XRD and reststivity measurements. The photoenussion measurements have been made on

the Bi df. Sr 3d and Ca 2p core levels. The core level spectra show some changes

substitution i the two cases - which wall be discussed in detail
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1. Introduction

The Bi-based cuprate superconductors are represented by
the general formula BiaSraCa,,.\Cu, Oy ear4r. the 1 =2 being
known as the 80 K (2212 phase). A lot of substitutional
studies at different cationic sites have been made to
understand the basic mechanisms that govern the
superconducting propertics [ 1-7]. If Cu is replaced by 3d
clements in BSCCO, the substitution affects directly the
CuO; plancs. Extensive cationic substitutional studies arc
available for La,_ Sr CuQ, (LSCO), YBa,Cu,0,. 5 (YBCO)
and Nd~Ce~Cu~0 system [1-5]. A widely obscrved effect
with respect to the incorporation of the 3d clement is the
suppression of 7. with increasing impurity concentration
[6-8]. Our own study on Co-doped BSCCO, results in
decrease of 7, with incrcasing Co concentration [9]. The
doping of Y at Ca sitc, decreascs the 7, as well as the Cu
valence [10]. Also, it has been found that rare earth ions
doping in Sr sitc of Bi-2201, is accompanicd by
incorporation of extra oxygens and cnhancement of T, upto
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30 K [11]. By substituting rarc carth elements for Ca in
B1-2212. a transition from supcrconductor to msulator 1s
found to occur with progressive substitutions of rare carths
and this transition has been attributed to a deercase in the
carricr concentration [12- 14} Generally, there may be two
rcasons for superconductor to msulator transition. First, the
substitution of trivalent impurity for divalent Ca kills holes
and decreases the carrier concentration and second 1s the
substitution of ion having diffcrent ionic radius than Ca,
inducing pressure effects, thus changing the superconducting
propertics. It is very interesting (o study these two effects
separately taking the other as constant. Hence, we report
herein a systematic study of the changes in the core level
XPS spectra of BixSr2Ca, . ,Nd,CuO g (v = 0.05, 0.2) (where
the ionic radius of Nd 1s same as Ca and the valence of
Nd is +3 higher than the Ca) and BiSrCay Ba,CuO
(x = 0.05, 0.2) (where the valence of Ba is same and the
tonic radius of Ba is higher than the ionic radius of Ca)
samples in detail.
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2. Experimental

The samples of Nd and Ba doped BSCCO (2212) werc
prepared by solid statc rcaction method in a microprocessor
controllcd furnace (with temperature accuracy of +1°C at
1000°C). The starting materials were Biy0s, SrCOj;, CaCOs,
Nd»0,, BaCO; and CuO powders with the purity of 4N
(>99.99%). The powders were mixed well and calcined in
air at 800°C for 12 hours. The mixing and calcination werc
repcated at 810°C and 815°C to ensure complete reaction.
The reacted powder was then pressed into pellets and heated
at 860°C for 48 hours followed by quenching to liquid
nitrogen temperature.

The resistivity of the samples were measured by four-
probe mcthod in the temperature range 25-300 K.

The valence band and core level photoemission studics
were carricd out on an X-ray photoelectron spectrometer.
The spectra were taken with non-monochromatic but
monoenergetic AlK, X-radiation (resolution was 0.9 ¢V
and pass cnergy 35 cV). Energy scale and resolution
calibration were made using sputter cleancd gold (Au 4f
line at 84.0 eV). The vacuum was 5* 10-'° torr both in the
preparation chamber and measuring chamber. Fresh surfaces
necded for the measurements were obtained by mechanically
scraping the sample surface in UHV. Scraped and cleaved
surfaces show similar results, so the spectra have been taken
on scraped surfaces. Scraping was done sceveral times until
therc was no change in thc amount of oxygen and carbon,
which indicates surface contamination. No shift due to
charging was obscrved in any of the core-levels recorded.
The spectra were analyzed using a least square fitting
photoemission program known as Rainbow-PC.

3. Results and discussion

From the resistivity measurements shown in Figure |, the
T: onser 18 found to be ncarly same for all the samples. Again,
more or less ATc is same for pristine, low Nd-doped
compound (Nd = 0.05) and high Ba-doped compound
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Figure 1. Resistivity measurements for pristine BSCCO (2212) and doped

BSCCO (2212) for differcnt Ba- and Nd-doping concentrations.

(Ba = 0.2), less for low Ba-doped compound (Ba = 0.05)
and large for high Nd-doped compound (Nd = 0.2). The
normal state resistivity also changes with doping. Ty,
compound with low-Nd doping (Nd = 0.05) shows gy
increase in normal state resistivity and the compoung
with high Nd-doping (Nd = 0.2) further show an increy
in the normal state resistivity which is evident from (i,
hole quenching by Nd 3+. The low Ba-doped compoung
(Ba = 0.05) shows a dccrease in the normal state resistivity
The normal state resistivity of high Ba-doped compoung
(Ba = 0.2) increases as compared to low Ba-doped compoung
but is still lower than the pristine samplec.

X-ray photoemission studics have been carricd out op
the core level electron states of Bi, Ca, Sr, Cu and oxygen
and the valence band in the BisSryCa,y . \Nd,Cu,O_g (x = 00 05,
0.2) and the Bi;Sr,Ca;. Ba,CuyOg (x = 0.05, 0.2) systems
The deconvoluted spectra of Bi 4f, Ca 2p, Sr 3d, Cu 2p,
O s, Ba 3d and the valence band are given in the Figure,
(2-9) respectively.
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Figure 2. Bi 4f XPS spectra of

BSCCO (2212) for different Ba-
and Nd-doping concentrations.
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Figure 3. Ca 2p XPS spectra of
BSCCO (2212) for different Ba-
and Nd-doping concentrations
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Figure 4. Sr 3d XPS spectra of
BSCCO (2212) for different Ba-
and Nd-doping concentrations

Bi df Core level :

Figure 2 shows thc Bi 4f core level spectra for various
doping concentrations of Ba and Nd. For pure Bi-2212, the
Lower Binding Encrgy (LBE) peak is at 158.4 ¢V and Higher
Binding Energy (HBE) peak is at 159.1 ¢V. The origin of
the LBE is due to Bi in the Bi-O sheet and the HBE is due
10 Bi situated between the Bi-O and Cu-0 sheets [15]. The
LBE peak at 158.4 ¢V (for Bi»Os, the peak is at 158.5 cV)
confirms Bi 1o be at oxidation state of 3+.

The HBE components arc separated by 0.7 ¢V from the
corresponding LBE components. In the case of pure BSCCO
(2212) sample (x = 0), the intensity contribution from the
LBE peak is 71% of the total intensity, which shows that Bi
going to the Bi-O laycrs is 71% of the total Bi and Bi going
between Bi-O and Cu-O layers is 29% of the total Bi.
However, no appreciable shift in the binding cnergy of ILBE
and HBE is observed with progressive Ba and Nd doping
concentrations. This shows that the average valence of Bi is
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Figure 5. Cu 2p spectra of BSCCO

(2212) for different Ba- and
Nd-doping concentrations
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Figure 6. O ls XPS spectia ol
BSCCO (2212) for diflerent Ba-
and Nd-doping concentrations

34 and does not change with Ba and Nd doping. From
Table 1, 1t is also clear that there is no systematic change in
the ratio of the intensitics of the components (/; yi/fyw) with
Ba and Nd doping. Hence, the chemical bond nature of Bi
was not affected by Ca site doping. ‘This only (o be cxpected
since Bi lies far away from the superconducting Cu--O, plancs.
Ca 2p core level :

Figurc 3 shows the Ca 2p spectra of the various doped
samples. The spectra shows a doublet corresponding o
transition from both Ca 2ps;, and Ca 2py,» separated by 3.55
cV. The deconvoluted spectra of Ca 2pypn consist of two
components LBE and HBE. In the case of pure BSCCO
(2212) sample, the LBE is positioned at 344.82 ¢V and
HBE is positioned at 345.75 c¢V. The LBE component has
binding energy lower than metallic Ca and has assigned to
the Ca atoms occupying the Sr site (between Bi-O layer
and Cu-0 layer) surrounded by four oxygen atoms. The
binding energy of the HBE component is found to be the
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Table 1. Binding cnerpies of LBE and HBE for Bu 4/, Ca 2pyys and Sr 3ds,» and the ratios of their intensities.

Samiple By A ] (‘1 2pag o Sr 54()*,3‘
AT VR A, LBE  HBE o LBE  HBE  lipon
wv) (V) (eV) (V) (eV) ev)

Pure 158 36 15909 244 34482 34575 084 131,935 13; 9;1 w-;“ “

Ba = 005 15830 15899 214 3448 34574 084 131 958 133.011 288

Ba 02 15842 Q502 2a 34404 584 0.82 132,063 133042 294

Nd 008 15836 15907 2206 W4 87 34581 083 131 968 132954 255

Nd 02 ISR 31 18008 2 132980 2.8

38 14493

same as that i metallic Ca and 1s assigned to the Ca atoms
at the Ca site (between two Cu -0 planes) [15]. Wath both
Ba and Nd doping. these components are found to shift to
the hugh binding encergies and thus indicate that Ca at both
sttes become more 1onie i character. The posttions of both
the components and therr relative mtensity have been shown
i the Table 1. We see that the ratio of the intensitics of the
components (£ /1y ) decreases with Ba and Nd doping,
but the decrease 1s very small. We see that for pure sample,
46% ol the Cais going at the Srosite and 54% of the Ca 1s
gomg at the Ca site

Sr 3d core level .

Fagure 4 shows the Sr 3d speetra of the various doped
samples which show a doublet corresponding to the
transitions from Sr 3ds;y and Sr 3dy separated by 1.79 ¢V,
the spin-orbit sphitting. The deconvoluted spectra of
St 3dsy show two doublets, LBE and HBE doublets. The
binding encrgres of LBE and HBE of Sr 3d.» 18 131.9 ¢V
and 132.9 ¢V respectively. The binding encergies of both the
components are lower than that of 3d level in metalhie Sr
(134.3 eV). The four oxygen atoms around St are known 1o
cause this decrcase in the binding energies. The LBE and
HBE components are assigned to Sroatoms at the Srosite
(hetween the Bi-O layer and Cu-O layers) and at the Ca
site (between the Cu -0 layers) respectively [15]. For the
undoped compound, the ratio of intensitics of the components
comes out as /g /lym = 2.48, which means that 71% of the
Srois going at the Srosite and 29% is going at the Ca site,
as shown in Table 1. The interchangeability of Sr and Ca
ions has been reported by many authors. With Ba and Nd
doping. the relative site occupancy of Srion at the Sr site
increases to 75% for Ba = 0.2 doping and 74% for Nd =
0.2. We can say on this account that Ba and Nd ion
preferentially occupies Ca site, thus lowering the probability
of Sr atom 10 occupy Ca site. We also observe a shift in the
LLBE and HBE to higher binding encrgics and the shift is
0.12 ¢V for Ba = 0.2 and 0.1 ¢V for Nd = 0.2. This shows
that St atom becomes more ionic in character and goes to
a valence state higher than 2+ with progressive Ba and Nd
doping.

4583

082 132032

Cu 2p core level ;
Figure 5 shows the Cu 2p spectra of Ba- and Nd-doped
BSCCO (2212) samples. The spectra show well-screened
spm-orbit split main lines 2py (~933 ¢V) and 2pp» (<053
¢V) with their respective satellites at ~9 ¢V from cach of
them. The  main peak, in gencral, represents the 2p3/1].
and 2p3d'L 7 final states while the satellite represents the
2p3d? multiplet final states, where 2p denotes a core hole
state and L, significs charge transfer from oxygen ligands (o
the Cu 2+ ions. The broad Cu 2p;» main hine shows g
shoulder at lower binding energy. The Cu 2p;,» main hine
has been deconvoluted and shown in the figure. The mam
peak consists of three components, the central domimam
peak at 933.2 ¢V is duc to 2p3d'°L final state and the higha
binding energy peak at 934.7 ¢V is duc to 2p3d'°L7 tmal
state which corresponds to Cu being in valence state higher
than 2+. Many authors have attributed this to a trivalence
state of Cu. The LBE pcak at 932 eV shows the presence
of Cu I+ (2p3d'%) and this may origmate from some other
phase present in the sample. The binding energies ol
three peaks and their relative arca have been shown in the
Table 2.

Table 2. Binding energies of three deconvoluted peaks for Cu 2y, and
ratios of thetr area as a % of total arca.

Cu 2py

Sample
[peak V) Il peak V) 1l peak (eV)
(2p3d"™) (2p3d'L) 2p3d'LY)
Pure 932 00 933.19 934.71
1 64% 47.62% 40.73%
Ba = 0.05 93211 93333 934.74
15.26% 43.72% 41.02%
Ba =02 93211 933.32 934.78
13.8% 48.49% 37.71%
Nd = 0.05 932.06 93325 934.69
12.68% 46 97% 40.35%
Nd = 0.2 93207 933.25 934.78
12.36% 49.18% 38.46%




Phaotoemission stucy of Ba

0 Is Core level :

Figure 6 shows the O Is spectra of Ba- and Nd-doped
BSCCO (2212) samples. The spectra consist of three peaks
at binding encrgics at ~528.3 eV, ~529.1 ¢V and ~530.4 ¢V
i all the samples. The lower binding energy peak at 528.3
¢V has its origin from the oxygen atoms from the Sr-O or
Cu-0 layers [16] and is responsible for superconductivity.
The cnergies and their weightage are given in the Table '!
The peak at cnergy 529.1 ¢V has its origin from Bu—@
plancs or it may be a impurity peak. The peak af cncrg’y
530.4 ¢V may arise duc to the cxtra oxygen mtercalat
between the Bi-O layers [16] or may be duc to surfade
degradation or grain boundary contamination [17). i

3
»

Table 3% Binding encigies of three deconvoluted peaks for O s and theh
relatve wuglual.o

..unplc O s
] pml\ [ peak 11 peak
Pure 528 3 5291 5305
15.4% 58 1% 26 5%
Ba = 008 5283 5291 53044
16.58% §3.97% 29 349
Ha =02 528 3 5291 S30 14
15 3% S8 87% 26 07%
Nd - 005 528 3 529 | S8
15 39% 59 8% 24 9%
Nd = 02 52813 529 1 5304
24 8%

15 3% 59 9%

Ba 3d Core level :
Figure 7 shows the Ba 3d core level spectra of two Ba-
doped compounds of BSCCO (2212). In both spectra, two

Ba=0.0%

Intensity (arb. units)

795

1
78%

Binding Energy (¢V)

Figure 7. Ba 34 XPS spectra of BSCCO (2212) for two differcat

Ba-doping concentrations.
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peaks can be seen, the Lower Binding Eneryy (LBIE) peak
and the Higher Binding Energy (HBE) peak. For the low
Ba-doped compound (Ba = 0.05), T ower Biding baergy
(LBE) peak 1s at 778 3 ¢V and the Higher Binding Fnergy
(HBE) pcak 15 at 779.1 ¢V Since Cu
mterchangeable in thewr lattice stes and Ba has been doped
for Ca, Ba can also go to both the lattice sites. Henee. the
two peaks can be attitbuted o two lattice sites of Bare,
LBL arises due o Ba at Srosite and HBE: anises due 1o Ba
at Ca stte. From the table. we see that with increased Ba-
dopmg. the binding cncigy of the peaks shifts 1o higher

and Sroare

binding encrgy side and also, the mitensity rato of T BEF 10
HBE (/1 i ) imercases, which means that with mereased
Ba-dopmg Ba gomg at the Ca site decreases Tor low Ba
doping (Ba - 005) Ba gomyg at the Ca site as 59% and for
high Ba-dopmyg Ba gomyg at Ca sne s 53¢

Valenee band

The XPS spectra of valence bund of BSCCO mn fague 8
show a broad mam band between TS eVoand 7.5 ¢V binding
cnergy and a scecondary peak centered at 11,5 ¢V The
specttum s similar to what observed by Hillebrecht et af
[ 18]

14

They have compared therr specuum with the carbon
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Figure 8. Valence band NPS specta of BSCCO (2212) for ditferent
Ba-and Nd-dopmg concentrations

spectrum and concluded that all features correspond to the
superconductor By comparing our spectium with ther
valence band spectrum. we can also conclude that all
structures must be ascribed to the superconductor. The broud
band between 1.5 ¢V and 7.5 ¢V comprises of Cu 3d, Bi
6p. Ca 3d and O 2p bands. A little contribution from Bi 0y
is also present at the higher encrgy side of the mam peak.
The sccond peak at 1.4 eV has been obscerved i other
superconductors also [19.20]. and can be characterized by
a two-hole satellte |18].

By comparing the spectra of all doped samples with the
purc one, we can say that all spectra Jook alike. The only
dissimilarity is at the higher encrgy side of the second peak
for the sample (Ba = 0.2). This may be duc to the
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contribution coming from the Ba Sp bands and this
contribution is negligible for the sample (Ba = 0.05) as Ba-
content ts very low n that sample.

The valence band spectra for all samples have been
normahized and then deconvoluted (shown in Figure 9). Now,
the arca of the first peak will be a signature of density of
holes near fermi level. It s clear that the arca of the first
peak decreases with Nd-doping, whercas in case of Ba-
doping, we observe a little increasce.
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Figure 9. The valence band XPS spectra of BSCCO (2212) tor different
Ba- and Nd-dopmg concentrattons have been normahized and then
deconvoluted (a) pnstine BSCCO (2212), (b) BSCCO (2212) (Ba = 0 05),
(¢) BSCCO (2212) (Ba = 02), (d) BSCCO (2212) (Nd = 005) and
(¢) BSCCO (2212) (Nd = 02)

Let us first confine attention to the Cu 2p results with
reference to the pristine and low-doped compounds in Table
2. The observed decrease in the relative arca of 1T peak
(originating duc 1o the presence of itincrant holes) with
increcasing Nd shows that the density ol holes decrecases
with doping Nd. The decrcase in the density of holes is duc
to the hole quenching by the Nd 3+. On the other hand, we
observe an increase in the relative arca of Il peak with low
Ba-doping, implying that there is an increase in the density
of holcs. However, there is a decrease in the relative area
of T peak with both high Ba- and Nd-doping. These two
compounds do not appear to be singlc phase and hence we
do not discuss them any further. These results are quite
consistent with the results obtained in the valence band
spectra.

These results are also confirmed by the O s spectra
wherc we observe threc peaks out of which the first peak.
which is at 528.3 ¢V is duc to itincrant holes in the samples.

Hence, the relative arca of first peak is a measure of itineran
holes in the samples. From the Table 3, we obscrve (hy,
there is a decrease in the relative area of this peak for
Nd-doped compounds and also for heavy Ba-doped
compound. However for low Ba-doping it shows an increae,
indicating a possible increase in number of itincrant holey
in it. This may be responsible for the observed decicase
in ATc.

4. Conclusions

The BSCCO (2212) superconductor with Ba- and Nd-doping
has been synthesized and characterized by XRD and
resistivity measurements. Bi-spectra show no shift in binding
cnergy and confirms Bi to be in a valence state of 3+, §i-
and Ca-spectra confirm increase in binding energy and their
fitting shows that Sr and Ca atoms become more ionic
character with progressive Ba- and Nd-doping. Also, the
interchangeability of Ca and Sr ions results in the occupation
of both sites by Ca site dopant. The Cu 2p and O 1y specua
show that low Ba-doping results in decreasc in the transition
width ATc¢ as compared to all other studied samples. Nd-
doping as expected, leads to deterioration in the
superconducting behaviour of the samples.
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