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Abstract

Enhanced solubility of Ni in CuO, planes of Cu,_,Tl,Ba,Ca,Cu30,0_s has been observed. The main objective of ferromagnetic Ni substitution in
Cu,_, Tl1,Ba,Ca,Cu304¢_s superconductor at Cu sites was to reduce any possible anti-ferromagnetic order existing in the inner CuO, planes (IP); this
anti-ferromagnetism is suggested to be suppressing the zero resistivity critical temperature [T, (R = 0)]. If the anti-ferromagnetic order has some role
in bringing about superconductivity at a particular temperature, the doping of ferromagnetic Ni would destroy it and hence the superconductivity.
Our studies have shown that the doping of 50% ferromagnetic Ni at Cu sites in CuO, planes does not destroy the superconductivity; most likely
reasons for the enhanced superconductivity have also been discussed. The increased doping of Ni beyond 50% destroys superconductivity and
the final material becomes perfect insulator. These studies have suggested that Ni possibly breaks the anti-ferromagnetism existing in the inner
CuO, planes, and the critical temperature is not suppressed very much. The post-annealing experiments demonstrated that the magnitude of
diamagnetism is enhanced when carriers are optimum in CuQO, planes. These experiments have contradicted the previous notion of non-uniform
doping of inner (IP) and outer planes (OP) as a source of suppression of [7. (R=0)] of final compound. These experiments have also manifested

that the superconductivity and ferromagnetism can co-exist.
© 2007 Elsevier B.V. All rights reserved.

PACS: 74.16.—w; 74.76.Bz; 74.72.—h; 74.72.—]Jt

Keywords: Ni doped Cuj_,Tl,Ba;CayCuz_yNiyO19_s (y=0, 0.5, 1.0, 1.5) superconductors; Magnetic materials; Fermi surface; Annealing

1. Introduction

Among the unresolved issues in high T, cuprates, the most
important is the role of anti-ferromagnetism (AF) in the mech-
anism of superconductivity (SC) in CuO» planes, constituting
SC-AF-SC alternative layered structure [1,2]. In the unit cell
of Cuj_,TlBayCayCuzOj9_s the two outer-pyramidal CuO,
planes (OP) have five fold oxygen coordination and an inner
CuO; (IP) with four fold oxygen coordination [3]. Nuclear mag-
netic resonance experiments have shown that OP are over-doped
and the IP is under-doped with carriers [4—6]. Outer-pyramidal
CuO; planes have higher carrier density because of their pres-
ence in the vicinity of Cu;_,Tl,Ba;O4_s charge reservoir layer.
The other possible reason could be the formation of anti-
ferromagnetic order in the Cu atoms in the inner CuO» plane,
which can lower the energy of the carriers tied to it [1,2]. The
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outer planes has a superconductivity around 108 K whereas the
inner plane has around 60 K. The question arises whether there
is any role of anti-ferromagnetic order suggested to be present in
the IP in reducing the 7 (R = 0); the inner planes are suggested to
attain this anti-ferromagnetic state due to the deficiency of car-
riers. In order to settle these outstanding issues we have doped
the CuO; planes of Cuj_,TI,Bay;CayCuzOjg_s with ferromag-
netic Ni which is expected to break the anti-ferromagnetism
existing in the inner-plane. The lower 7, (R=0) of IP would
increase if anti-ferromagnetism is broken. In the previous stud-
ies Ni%* ion has been found to suppress T, (R=0) in all the
families of high temperature superconductors. It was suggested
in these studies that the localized magnetic moment of Ni**
promotes the pair breaking effects which decreases 7¢ (R=0)
[7]. In some other studies, the variation of density of states
near the Fermi level is suggested as one of possible reasons
for the decrease of T. (R=0) in the Ni doped compounds [1].
Contrary to all the previous studies [7—16], we have observed
marginal suppression of 7. (R=0) by doping Ni at the CuO,
planar sites. These studies have suggested that ferromagnetic
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Ni changes the anti-ferromagnetism present in the inner CuO»
plane and makes the distribution of carriers homogeneous in
inner and outer planes; therefore, the critical temperature is
not suppressed very much as observed in the previous studies.
The most possible source of enhanced superconductivity in Ni
doped Cug 5Tlp.sBayCayCuj sNij 5019—s system has also been
discussed in this article.

2. Experimental

The samples were prepared by solid-state reaction method accomplished in
two stages. At the first stage Cug sBayCayCu3z_yNiyO19-5 (y=0, 0.5, 1.0, 1.5)
precursor material was synthesized using Ba(NO3),, Ca(NO3),, Cu(CN) and
Ni(NOs3); as starting compounds. These compounds were mixed in an appropri-
ate ratio in a quartz mortar and pestle. Thoroughly mixed material was fired in
air in a quartz boat at 850 °C for 24 h followed by furnace cooling to room tem-
perature. The precursor material was then ground for about an hour and mixed
with TI,O3 to give Cu045T10'5BaZCaZCU3,),Ni},010,5 (y=0,0.5,1.0,1.5)asa
final reactants composition. Thallium mixed material was then pelletized under
3.2tonnes cm~2 and pellets were wrapped in a gold capsule. Pellet containing
gold capsule was heated at 850 °C for 10 min and quenched to room temper-
ature after the heat treatment. The resistivity of the samples was measured by
four-probe method and the diamagnetism by ac-susceptibility measurements at
lock-in frequency of 270 Hz. The superconductor phase was identified by X-ray
diffraction scans (XRD). The post annealing of the samples was carried out in a
tubular furnace in flowing N> or O, atmosphere.

3. Results and discussion

In Fig. 1 are shown the X-ray diffraction scans of
one of the representative CugsTlysBayCayCuysNijsOiq0—s
sample prepared at 850°C. Most of the diffraction lines
could be indexed according to tetragonal structure fol-
lowing P4/mmm space group; the Ni substituted impu-
rities Cug 5Tl sBayCaCuNiOjg_s and Cug 5Tl sBayCaszCuy
NipOjo_s are also marked in the diffraction scans. The
lengths of a- and c-axes decrease with increased Ni doping in
Cu0_5T10_5Ba2CaZCu3_yNiy010_5 (y=0.5, 1.0, 1.5). The varia-
tion of axes length with Ni concentration is given in the Table 1.

The resistivity measurements of Ni doped Cug 5Tl sBayCa;
Cu3_yNi,O19_5 superconductor sample are shown in Fig. 2.
Metallic variation of resistivity from room temperature down
to onset of superconductivity is a typical feature of these sam-
ples. These samples have shown T;, (R =0) around 95.4, 94.4, 89
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Fig. 1. X-ray diffraction pattern of superconductor sample of CugsTlys
BayCayCuy.5Nij 5010-35.

Table 1
Variation of axes length with Ni content

Ni concentration a-Axis length A c-Axis length A

0.0 3.8294 14.9245
0.5 3.6978 14.7934
1.0 3.4996 14.5929
1.5 3.3632 14.4947
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Fig. 2. Resistivity measurements vs. temperature of CugsTlpsBa;
CayCu3_yNiyO10-s (y=0, 0.5, 1.0, 1.5) superconductor samples.

and 90 K for Ni doping concentration of y=0, 0.5, 1.0 and 1.5,
respectively. The higher doping concentration of Ni in CuO,
planes (y > 2.0) makes Cug 5Tl 5Ba;CayCuz_yNiyO1g_s sam-
ples highly resistive and their resistivity by four-probe method
could not be measured. These observations also lead to a con-
jecture that the superconductivity is destroyed if number of Ni
atoms per CuQO» plane is more than half the number of Cu atoms.
The ac-magnetic susceptibility of these samples is shown in
Fig. 3. The magnitude of the diamagnetism is decreased with the
increased Ni concentration in Cug 5Tlp sBayCayCuz_yNiyO19_s
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Fig. 3. ac-Susceptibility measurements vs. temperature of CugsTlpsBas
CayCu3_yNiyO19-s (y=0, 0.5, 1.0, 1.5) superconductor samples.
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