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Abstract

We present our method of fabricating superconducting compounds of the infinite-layer structure
Sri;_xNdxCuO;_; with various doping concentrations. The samples undergo a high temperature-high
pressure process and are then bulk superconductors without any further treatment. A slightly reducing
atmosphere was necessary to get doped layer—phases. Refinement of the crystallographic data was
done by a least squares method. The T2"%®* values are in the range of 36-41 K. The lower critical
field H2P(T=0) is extrapolated to 15G, while magnetization cycles show extremely weak pinning
behaviour. From photoemission data a considerably diminished Cu-O-hybridisation is found. The
particular shape of partial Nd-valence band spectra for these compounds shows Nd to work as a

trivalent dopant for divalent Sr.

1.Introduction

In 1991, Smith et al.! published the discovery of a
new superconducting compound, which 1s composed of
an infinite stacking of CuO»-layers separated by doped
alkaline—earth-layers only and is, like the isostructural,
but not superconducting compound Ca; _Sr,CuQO4_j,
x=0.142, called “all-layer phase” or “parent structure
of all copper—oxide superconductors” 3. A basic un-
derstanding of the physical properties of this electron-
dopable system with T. up to 40 K could lead the di-
rection to find the mechanism of superconductivity in
high temperature superconductors (HTSC). Hiroi et
al.* found superconductivity in Sr—Cu~O systems with
transition temperatures of about 80 K and 100 K. Fur-
thermore, superconductivity is observed in these sy-
stems for Lanthanide dopants Ln=La®%®, formally lea-
ding to electron doping, and also Ca is used as a do-
pant on Sr-sites leading to hole injection arising from
Sr and Ca deficiency”. It was shown that the in—plane
Cu-0O bond length is the decisive parameter for deter-
mining if the plane can be reduced or oxidized!*.
Thin film preparation of Sr;_xNdxCuOs_js is reported
by Adachi et al.® and also by Sugii et al.®. We pre-
sent our investigations on Sr;_,Nd,CuOs_ssamples
using various methods like X-ray analysis combined
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with methods of structural refinement, X-ray photoe-
mission spectroscopy and photoemission with synchro-
tron radiation and measurement of the behaviour of
the samples in magnetic fields. The way of prepara-
tion is described completely.

2.Experimental

Well homogenized citrate precursors were used as
starting materials for the preparation of oxide com-
pounds of the formula Sr;_xNdyCuOs_s, 0<x<0.16.
Appropriate amounts of Cu(OH);-CuCOg3 (purity >
99.5%), SrCO3 (99.9%) and Nd;O3 (99.9%) are ad-
ded to a solution of nitric and citric acid containing
about 30% excess of the citric acid with respect to the
amount needed for the formation of citrates from the
starting chemicals. HNOj3 is needed for dissolving Nd-
oxides. After 1 hour of vigorously stirring and thereby
homogenization of the solution on a molecular level,
the dark blue liquid is ready to be dried slowly. Af-
ter decomposition and removing the organics at tem-
peratures of 600°C | the resulting fine, black powders
are sintered using high temperatures by also apply-
ing high mechanical, uniaxial pressure in a modified
belt apparatus. Typical parameters of this step are
p=4x10°Pa and T=1400°C with dwelling times up to
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Figure 1: Infinitelayer structure (several unit cells) of
SI1_dexCu02_5

2 hours and a second annealing step around 1100°C.
Finally, the samples are quenched to room tempera-
ture before releasing the applied pressure. Platinum is
used as a crucible material because of its high melting
point and stability and also due to its reducing power
during preparation which is essential for inducing su-
perconductivity. No further annealing step is needed.
The samples are cylindrical and have dimensions of
about 2mm in diameter and 1.5mm in height.

3.Results and Discussion

Phase purity was checked by X-ray powder dif-
fractometry (© — 20-geometry (Siemens D5000) and
Huber Guinier diffractometer). Only minor secondary
phases were detected, but could not yet be identi-
fied. The samples show phase purity to an amount
of > 90%. To get more precise structural parameters
a Rietveld refinement was applied (DBW Version 3.2
of the program!®) using space group P4/mmm?. The
symmetry was lowered to P4mm to allow indepen-
dent movements for O— and Sr-atoms in z—direction
(zo #0, zsr #1/2) in order to examine the flatness
of the Cu—O~ or Sr-layers, respectively. However, in
this case the quality of fit became worse. Lattice para-
meters were refined using 22 lines in a range of 20° <

20 <92° (CuKa,). For a superconducting sample of
composition Sri_xNdyCuO,_s, x=0.15, according to

the stoichiometry of starting powders, we find

a=3.9427Aand ¢=3.3922Ain good agreement with the

data from Smith et al.!. Thus the Cu—O-bond length is

nearly exactly the same as is in Ndy_,CexCuQOy_s 1.

We compared samples prepared from the same starting

powders but sintered in different crucible materials.

The sample mentioned above from a Pt—crucible was

superconducting (T2"*¢*=40 K), whereas those from Au-
crucibles showed no superconductivity down to 4.2 K.

Independent of starting stoichiometry and Nd—doping

level, the lattice parameters a=3.92074, ¢=3.4226 Aof
these samples show according to the data of Smith et

al.! the formation of Sr1_xNd,CuO,_; with x around

0.0 to 0.02, although an infinite-layer structure was

built up. Obviously, a slightly reducing atmosphere is

necessary to grow the Nd-doped structure which is

the case when using Pt—crucibles. This was also obser-

ved by Er et al.’ in the system Sr;_,Lay,CuO,_5. The

question, why excess O can prohibit the formation of
the high pressure phase of the Sr;_xNd,CuOz_s - and

Sr1_xLa,CuOy_; —solid solutions is still open.

Proper and reliable estimation of occupancy and tem-

perature factors from Rietveld refinement was not pos-

sible due to the unknown impurities. From the above

data a unit cell volume of 52.7314A3 is derived and a

bulk crystal density of Dx _ gay=6.033 g/cm?® (formula

weight of Sr;_yNdxCuQsy_s (x=0.15)=191.6578 g/mol,
one formula unit per unit cell).

Resonant photoemission with synchrotron radia-
tion at DESY/HASYLAB was used for investigations
of the valence bands (Cu-resonance at hw=74eV) and
recording the partial Nd-spectra of Sr;_xNdxCuOy_;
in order to get information about the charge carri-
ers that are introduced into the system by Nd-doping
(Nd3t) on Sr-sites (Sr2*). The valence band spectra
are shown in figure 2. We find narrow valence bands as
a consequence of diminished hybridization if compared
to the relatively broad bands in Nd;CuQO4_s .

From CuQOj4—cluster calculations we obtain the main

difference in electronic parameters of the Cu—O-layers
to be a 0.4eV lower Cu—O-hybridization for the infinite-
layer—-compound!?, whereas the Coulomb correlation
is the same as for the other n—type HTSC. The par-
tial Nd-spectra (see figure 3) for the T'-phase and
Sri_y«Nd,CuOs,_;5 show the Nd4f—valence bands with
localized 412 final states typical for trivalent Nd!3 as
well as a main contribution at lower binding energies
originating from hybridization with O2p-states. As a
result, we find that, like in T’—structures#:!®, the rare-
earth-layers between the Cu—O-sheets act as charge
carrier reservoirs.
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Figure 2: Valencebandspectra of Sr;_xNdyCuO,_s,
x=0.15, and NdzCuO4.s5 in the Cu-resonance at

hw=T4eV as well as partial Cu-valence bands (full line)
from CuQ4-Cluster calculations
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Figure 3: Partial Nd-valence band spectra for Sry_xNdy-
CuO3_s, x=0.15, and Nd,CuO4_;
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Figure 4: Fc- and zfc-transition to superconductivity for
S10.85 Ndo.15CuO2—s

Superconducting parameters were examined using
a commercial SQUID (SHE Corp., Model MPMS2).
The samples were mounted on sample holders such
that demagnetization factors can be neglected. In fi-
gure 4 the transition to superconductivity in an ap-
plied external field of 10G is plotted as a function
of temperature for field-cooled- (fc) and zero-field-
cooled (zfc) measurements. A TS™® of about 40K is
observed. The curves reveal a very broad transition
and saturation is reached only at very low temperatu-
res. We attribute this behaviour to a very small par-
ticle size of the short reacted samples. The supercon-
ducting volume fraction of about 25% as deduced from
the field-cooling measurements proves bulk supercon-
ductivity.

We measured the magnetic moment M of some
samples as a function of field H and temperature T
in the range of 0mT to 12mT and 4.5 to 30K, respec-
tively, in order to get the value of the lower critical field
H2P . Evaluation of the data was done determining the
onset of the deviation of M(H) from linear behaviour.
In the temperature range from 4.5K to 29 K the para-
bolic fits for the lower critical field

T2

H(T) = HY(T =0K)- (1 _ ﬁ)

extrapolate to T,=31K and poH2?(0 K) about 1.5mT



370 J. Markl et al. | Electron-doped infinite-layer HTSC Srj_ Nd,CuQ;_;

#oHe korr. (G)

18 F T T T T T )

Sr; 85Ndg 15Cu0; 4 |
Citrate, Pt, 1400°C/40kbar/1h

16 |
14 |- 1
12

10 -

0 1 1 1 1 I ]
15 20 25 30
Temperature (K)

Figure 5: Temperature dependence of the lower critical field
Of Sro,ss Ndo,15 Cu02_§

(see figure 5). This value is very small as compared

to e.g. oH2P of Ndy_yCexCuOy4_s of about 13.5 mT16,

Cycling the sample in varying magnetic fields well above
H2P we find nearly reversible behaviour which we ex-

plain by a very large penetration depth along the c-

axis of these weakly coupled layer structures.

4.Conclusions

In summary, superconducting samples of the infinite-
layer structure Srj_yNdyCuOg3_s were prepared by a
high pressure method. Superconducting transition tem-
peratures (onset) reached about 41 K and the estima-
ted Meifiner fractions about 25%. The material shows
very weak pinning behaviour. Electrons are thought
to be the charge carriers in Srq_xNdxCuO2_s because
of a) a formal doping of e~ by introducing Nd** on
divalent Sr-sites, b) the need of a reducing atmos-
phere for inducing superconductivity: oxygen vacan-
cies in the Cu—O-layers could lead to the observed di-
minished Cu-O-hybridization, c) Cu-O-bond lengths
are identical to T'—structures Nd;_,CexCuO4_s, and
d) Er et al.® found for the very similar compound
Sri_xLayCuO5_;s also prepared in reducing surroun-
ding, negative values for thermoelectric power S, quite
similar to the n—doped T'-system Ndj_xCexCuOy4_s .
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