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The structural deformation of the T' phase has been studied by means of neutron, x-ray and electron
diffraction. A complete data collection of Bragg intensities on a single crystal of Gd2CuO4 (GdCO) allows
to determine the nature of the distorted phase. The oxygen squares surrounding the Cu-sites are rotated
around the c-axis (by 5.2° in GdCO at room temperature). The same structural distortion has also been
observed in Nd0 38Tbi.62Cu04 (NdTbCO) and in (Ndi_rTbt)i.85Ce i5Cu04 for x > 0.5. Therefore,
one may conclude that the distortion results from a reduced average ionic radius of the RE. The phase
diagram of Ndi.85-xTbrCe 15CUO4 concerning superconductivity and the structural distortion has been
examined.

1. Introduction
Among the cuprates the n-type superconduc-

tors of type RE2-*CerCu04 seem to possess the
most simple crystallographic structure. However,
the stability range of the pure T' phase is rather
restricted with respect to the ionic radius of the
RE. On one side there is a phase boundary with
the T phase of La2Cu04 and on the other side
the samples for the smaller RE cannot be pre-
pared by the standard technique. Furthermore,
in GdCO there exists a long range superstructure
which is characterized by a rotation of the CuO-
squares around the c-axis [1]. The distortion of
the T' structure has direct influence on the mag-
netic order in RE2CUO4 [2] and it might be re-
lated to the nonexistence of superconductivity in
Gd2-rCe rCu04 [3].

In this contribution we report the results of a
combined neutron, X-ray and electron diffraction
study on the structural distortion of the T' phase
for smaller RE.
2. Experimental

A single crystal of GdCO was grown by the
flux technique using an —99% pure 158Gd iso-
tope. Polycrystalline samples of NdTbCO and
(Nd1_tTbr)i.85Ce0.i5CuO4 (« = 0.2, 0.3, 0.4,0.5,
0.55, 0.6 and 0.65) were obtained by the standard
method including a reduction step.

The GdCO single crystal was used for a com-
plete structure analysis on the four-circle diffrac-
tometer 5C.2 (A=0.83lA) at the ORPHEE re-
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Figure 1. Part of the room temperature diffrac-
tion pattern of NdTbCO (A=2.42A) presenting
the superstructure reflections (210), (211), (212)
and (213).

actor at room temperature. The polycrystalline
samples were studied by X-ray and electron dif-
fraction at room temperature and by neutron dif-
fraction as a function of temperature. We used
the diffractometers G4.1, G6.1 and 3T.2 at the
ORPHEE reactor.

3. Structural Distortion of Gd2CuO4
and Nd0 aaTbi 62CuO4

The single crystal measurement allows the
most detailed analysis of the structural distor-
tion [1]. As the superstructure reflections show
no peak broadening the deformation is of long
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Figure 2. Dependence of the c axis on the Tb
concentration i in (Ndi_ rTb r)i ssCeo.isCuO.*.
The data for r=0.0 has been taken from [5].

range. The observed reflections can be indexed
in a a\/2 x a>/2 x c cell. After correction for ex-
tinction, absorption and the A/2-contamination
the intensities can be well described by a struc-
tural model where the oxygen squares are rotated
around the c-axis. The space group correspond-
ing to this configuration is Acam (orthorhombic).
A small shift of the out of plane oxygen (0(2))
turned out to be important for the description
of the superstructure intensities. The 0(2) shift
procures the coupling of neighbouring planes.

The existence of a long range structural dis-
tortion has been confirmed on the NdTbCO poly-
crystalline sample. The special composition of
this sample has been chosen in order to obtain
the same average ionic radius as GdCO. Figure 2
presents a part of the room temperature diffrac-
ton pattern. The superstructure reflections (210),
(211) and (212) (with respect to the enlarged
cell) can be easily observed. The structural re-
finements give an almost identical distortion in
NdTbCO and GdCO; the rotation angles of the
oxygen squares amount to 5.2° and 5.1° respec-
tively. On cooling to 15 K the superstructure
intensities in NdTbCO increase only moderately
(less than 10%) indicating that the phase transi-
tion into the undistorted T' phase occurs at quite
high temperatures.

The observations of weak ferromagnetism in
the RE2CUO4 compounds with the smaller RE
[2] can be explained by the obtained structural
distortion. The weak ferromagnetism is even an
indication for the distortion. The observation

of the deformation only for the smaller RE in.
dicates that the phase transition into the dis-
torted phase is directly driven by the ionic ra-
dius. The decrease cf the ionic radius on passing
from Pr2CuO4 to GdCO leads to a thinner RE_
0(2) layer; the z parameter of the RE decreases
from 0.35145(5) for RE = Pr [4] to 0.34926(4) in
GdCO. So, the repulsive interactions between the
RE and 0(2) might be responsible for the defor-
mation.
4. Structural distortion in

(Nd1_rTbr)185CeoiSCu04
In Ndi.85Ceo.isCu04 it is possible to substi-

tute Nd.by Tb up to a concentration of i=0.65.
The quality of all samples has been verified by X-
ray diffraction. The a-parameter decreases per-
fectly linear with x over the whole range. In con-
trast, the c-parameter, shown in figure 2, presents
a kink at ic~0.45. For samples with higher Tb
concentration than 0.5 the superstructure reflec-
tions of the Acam phase were observed by electron
and by neutron diffraction. So, the different dif-
fraction experiments indicate that
(Ndi_xTbr)i.85Ceo.i5Cu04 exhibits a long range
distortion for x > 0.5 at room temperature. The
intensities of the superstructure reflections increa-
se significantly on cooling to 15 K. Superconduc-
tivity disappears rapidly by the Tb substitution;
for x=0.2 the Te amounts to 8.4 K and for r=0.3
no superconductivity was observed down to 4.2 K.
So, there is no coexistence of superconductivity
and the structural distortion in
(Ndi_rTbr)i.8sCeo.i5Cu04. It even seems that
there are samples (x—0.3-0.4) which neither are
superconducting nor present the long range su-
perstructure.
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