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Crystal Structure of Nd;BaCusz07 3 Determined from
X-ray and Neutron Powder Diffraction Data
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In the present paper we report crystal structure of insulating compound Nd; gBa; ;Cu3O7.2s—
the Nd-rich terminating point of Nd;iBa,—xCusO, solid solutions. This phase has an
orthorhombic lattice with a = 3.8565(1) A, b = 7.7724(3) A, ¢ = 22.9862(8) A. The space
group Ammm was determined on the basis of IR and Raman spectroscopic data and electron
diffraction analysis. The crystal structure was solved and refined from the powder XRD
and time-of-flight neutron diffraction data. Neodymium atoms on the barium site compared
to conventional NdBa,Cu3O- crystal are ordered and form a face-centered supercell, while
additional oxygen atoms occupy vacant chain sites in the vicinity of barium atoms.

Introduction

The phase diagram in the system Nd,O3;—BaO—CuO
was studied by several groups'~7 since the discovery of
high-temperature superconductivity in cuprates. The
maximum substitution of Nd for Ba in the solid solu-
tions with general formula of Ndi;«Ba,—xCusO; is re-
ported to be between x = 0.7 and x = 1.0, depending on
Po, — T conditions.3>

The crystal structures of Nd;«xBa,-xCusO; solid solu-
tions with x up to 0.5 were investigated using powder
X-ray diffraction,® neutron diffraction,® 1! and X-ray
data collected on single crystals.’? It was established
that solid solutions have a crystal structure similar to
NdBa,Cu3O7 phase in which Ba atoms can be substi-
tuted by Nd and additional oxygen atoms occupy
normally vacant sites between Cu—O chains. The
disorder introduced by substitution and incorporation
of extra oxygen atoms results in the decrease of ortho-
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rhombicity, and for x > 0.20—0.25 only tetragonal
phases can be obtained.156811 The substitution of Nd
onto the Ba site also leads to a reduction in critical
temperature and for x values higher than 0.5 supercon-
ductivity disappears. This was one of the reasons why
solid solutions with high Nd concentration did not
attract much attention.

Recently it was found® that homogeneous precursors
allowed the synthesis of single-phase samples with x as
high as 0.9, and the compound had a unit cell with a =
2a123, b = bip3 and ¢ = 2c¢123 supercell. The orthorhombic
distortion for x = 0.9 is present on the XRD patterns in
earlier studies.* The latter fact did not attract much
attention, and small amount of Nd,CuQO, detected in the
sample led authors to conclude a smaller solubility limit
for Nd in Nd;4xBaz—xCuz0; solid solution. Recently we
found?® that the crystal structure of the newly reported®
phase, determined from powder XRD, cannot explain
the existence of the significant oxygen nonstoichiometry.
The more reliable result of neutron diffraction studies™
brought an explanation to the variable oxygen content;
however, the choice of B2mm space group® could not
account for the observed Raman spectrum of this
compound.13

There are several extra modes observed in Raman
spectrum of Nd;BaCuz07 3 compared to the spectrum
of NdBa,Cu30; compound. These frequencies are close
to the vibration frequencies of apical oxygen and oxygen
in CuO; planes in simple NdBa,Cuz07!® which does not
have the supercell. However, for noncentrosymmetric
space group B2mm proposed previously,®14 all possible
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vibrations are allowed in both Raman and IR spectra.
One could expect at least 36 Raman active modes in this
material even if one neglects the possibility of the
superstructure.

In the present paper we report the results of our
investigation on the “Nd,BaCu3073” phase by Raman
and IR spectroscopies and electron diffraction analysis
that helped to determine the correct space group and
crystal structure. The structure of new compound was
solved and refined using powder XRD and time-of-
flight (TOF) neutron diffraction data. Understanding
of the Nd—Ba and oxygen atoms arrangement in the
Nd;+xBaz—xCu3z0; solid solution is essential for explana-
tion of hole-doping mechanisms and related suppression
of superconductivity as well as for the superconducting
materials design and fabrication in this system.

Experimental Section

The samples with the nominal composition of Nd; ¢sBaj 1-
Cuz0; and Nd;gsBai10sCusO, were prepared by polymerized
complex method!® using stoichiometric amounts of Nd,O3
(99.99%), BaCOs3 (99.0%), and CuCO3-Cu(OH); (CuO content
is 67.28 wt %); citric acid (CA), ethylene glycol (EG), and HNO3
(0 = 1.38 g cm~3) reagent-grade quality were obtained from
commercial sources. Neodymium oxide was preliminary heated
at 950 °C and then dissolved in 20% excess of HNOs. Citric
acid (CA) and ethylene glycol (EG) were added to this solution
and stirred at 80 °C until complete dissolution. Stoichiometric
amounts of BaCO3; and Cu,(OH),CO; were dissolved in this
solution. The temperature was raised to 140 °C and kept
constant for 4 h until a dark-green gel formed. Finally, the
temperature was increased up to 200 °C for evaporation of
excess of EG. Molar ratio of cation/CA/EG was 1/5/20. The
powder obtained after calcination of brown polymer at 450 °C
for 5 h was annealed in air at 900 °C for 15 h. The powder
was then ground, pressed into pellets, and sintered at 980 °C
in flowing oxygen for 48 h with the subsequent quenching into
liquid nitrogen. Finally, the samples were annealed in oxygen
at 400 °C for 60 h. Oxygen content of the prepared solid
solutions was determined by iodometric titration.

The X-ray diffraction patterns were collected by a Mac-
Science diffractometer equipped with a diffracted beam graph-
ite monochromator using Cu Ka radiation in Bragg—Brentano
configuration. Lattice constants were calculated by the least-
squares method with Si as internal standard using relatively
fast scanning speed (step size, 0.02; acquisition time, 5 s/step).
For structural analysis we used the XRD pattern recorded in
the scanning-step mode with the step size 0.01 deg and 8
s/step. To solve and refine crystal structure GSASY and
SHELXS!® programs were used.

Time-of-flight neutron powder diffraction data were collected
at room temperature using the POLARIS diffractometer at the
ISIS Facility, U.K. The backscattering detector bank which
covers the scattering angles 130 < 26 < 160 was used,
providing data over the d spacing range 0.2 < d (A) < 3.2 with
a resolution of Ad/d = 5 x 1073. The normalized diffraction
data were corrected for absorption and Rietveld analysis was
carried out using values of neutron scattering length from
GSAS library (bng = 7.69 fm, bga = 5.25 fm, bey = 7.72 fm, bo
= 5.81 fm). The other experimental details are presented in
Table 1.

Scanning electron microscopy (SEM) and energy-dispersive
spectroscopy (EDS) investigations were carried out by Hitachi
field emission SEM MODEL S-4500 equipped with an EDS
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Table 1. Unit Cell Parameters of Nd; ¢Ba; 1CuszO7.28 and
Experimental Conditions of XRD and TOF Data

Collection

XRD TOF
space group Ammm (no. 65)
a(A) 3.8565(1)
b (A) 7.7724(3)
¢ (A) 22.9862(8)
V (A3) 689.00(6)
z 4
Dealc (9/cm3) 7.058
pattern range
20 (deg) 20—-120 -
d(A) 4.434—-0.890 3.0-0.324
no. of reflections 347 7942
no. of parameters? 77
Rup? 0.0493 0.0183
Rp° 0.0379 0.0359
Rg® 0.0462 0.0270
Rg€ 0.0403 0.0270
%3P 2.697 11.06

a2 For CuO and Nd,CuO4 only phase fraction coefficients were
refined independently. ° For refinement of crystal structure using
joint XRD and TOF data sets Ryp = 0.0233, R, = 0.0379, and y?
=4.885. °Rg = 3 (IFol® = IFel?)/3(IFol?); Re = S(IFol — IFcl)/Z(IFol).

detector and the QUASAR-Kevex Software for Quantitative
X-ray microanalysis. For calibration of EDS we used dense
samples of Nd,Ba,Cu,019, while the systematic error was
estimated by analysis of BaCuO, and Nd,CuO, samples.

Electron diffraction patterns were obtained by JEOL-200EX
TEM, operated at 200 kV using a double-tilt holder. The
sample was thoroughly ground in absolute methanol. After the
sedimentation of heavy particles, a drop of liquid was placed
onto the Cu grid covered by holey carbon film and left under
ambient conditions until all methanol was evaporated.

Raman scattering data were taken by means of Jobin Yvon/
Atago Bussan T64000 Raman triple spectrometer in macro
configuration with the laser spot ~ 100 um. For excitation, a
wavelength of 514.5 nm of a Ar" laser with laser power = 100
mW was used. Raman spectra were collected in backscattering
geometry by using a liquid nitrogen-cooled CCD detector at
room temperature in the air. IR spectrum was recorded by a
SYSTEM 2000 FT-IR Perkin-Elmer spectrometer using poly-
ethylene as dilutant.

Results

Sample Characterization. According to the XRD
both samples with x = 0.9 and 0.95 contained
Nd;xBaz—xCuz0; as a major phase and a small amount
of impurity—CuO. The intensity of the strongest peak
of copper oxide was less than 2%. Additional examina-
tion of the samples by SEM with EDS revealed a small
amount of another impurity phase—Nd,CuO4, which
was also detected on the TOF pattern. The chemical
composition of Ndi4+«xBa,—xCu30, grains was estimated
to be Nd:Ba:Cu = 1.91(4):1.05(5):3.04(5). The amount
of Cu3* determined by iodometric titration corresponds
to the oxygen content of z = 7.28(2) for both samples.
In the discussion part we will focus on the studies of
Nd; oBaj 1Cu3O728 composition; however, we did not
observe a significant difference between lattice con-
stants, Raman or IR spectra of both solid solutions.

The reflections from superstructure on the XRD
pattern were quite weak and relative intensity did not
exceed 3%. In the case of time-of-flight neutron diffrac-
tion data, the relative reflection intensities from super-
structure reached 10%.

Raman and IR Spectroscopy. Raman and IR
spectra of Nd; gBa; 1Cus07.2g are presented in Figure 1.
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Figure 1. (a) Macro-Raman spectrum of Nd;g¢Ba; 1Cu3O7.2s
and (b) FT-IR spectrum of Ndi¢Bai1CuszO7.2s.

One can see that phonons are only active either in
Raman (Figure 1a) or IR spectrum (Figure 1b). There
is no band that is present in both spectra. Examination
of the character tables'® help conclude that this is
possible only for orthorhombic space groups that possess
an inversion center. It should be mentioned that the IR-
active mode at 602 cm~! which is assigned to vibrations
of oxygen atoms in the Cu—0 chains? is absent or too
weak to be observed in the Raman spectrum of Nd ¢-
Ba; 1Cus07.,5 despite the fact that the oxygen content
is higher than 7. Addition of an extra oxygen atom to
the chain site of ideal NdBa,CusO; structure would
result in the removal of the translation invariance and
appearance of this band as a defect-induced Raman
mode. Absence of this vibration in the Raman spectrum
indicates ordering of the extra chain oxygen in the
supercell of Nd,BaCus0O,. The observation of extra mode
at 575 cm™! in Raman spectra of rapidly quenched
samples,?t which disappeared upon oxygenation, sup-
ports the idea about oxygen ordering in the supercell
and presence of inversion center.

TEM and Electron Diffraction. Electron diffraction
patterns from samples with the chemical composition
of Ndi9Ba;1Cus07.28 With the electron beam incident
along [100], [010], and [001] directions are presented
in Figure 2 a—c. One can see that b and c axis of the
lattice are doubled compared to normal NdBa,Cu3O7
structure and lattice parametersarea=3.8A, b=7.7

(19) Cotton, F. A. Chemical Applications of Group Theory, 3rd ed.;
John Willey & Sons: New York, 1990.
(20) Ivanov, V. G.; lliev, M. N. Physica C 1995, 244, 293.
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Figure 2. SAED patterns of the Nd; ¢Ba; 1Cu3O7.25 taken at
200 kV and 80 cm camera length: (a) electron beam inci-
dent along [100] direction, (b) electron beam incident along
[010] direction, and (c) electron beam incident along [001]
direction.

A, and ¢ = 22.9 A. The striking difference with the
previous investigation® is that there is no special limit-
ing reflection condition and it allows choosing Pmmm
space group for the possible structural model. More
detailed investigation by TEM revealed twinning present
in the particles of Nd,BaCus0O, (Figure 3a), which was
the main difficulty for the preparation of single crystals
for X-ray structure investigation.??2 In the case of
YBa,Cuz0~, the twin structure appears as the result
of P4A/mmm — Pmmm phase transformation, which
takes place during oxidation of this compound.
Nd>,BaCu3z0O, is known to have orthorhombic cell even
at high temperature?? and the observed twins must be
due to another orthorhombic-to-tetragonal phase trans-
formation which probably occurs during the diffusion
of Nd ions into Ndi+xBa,—,Cu30, solid solution with
the tetragonal lattice. In fact, during the intermediate

(21) Goodilin, E.; Limonov, M.; Panfilov, A.; Khasanova, N.; Oka,
A.; Tajima, S.; Shiohara, Y. Physica C 1998, 300, 250.

(22) Goodilin, E.; Oka, A.; Wen, J. G.; Shiohara, Y.; Kambara, M.;
Umeda, T. Physica C 1998, 299, 279.
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Figure 3. (a) particle of Nd;¢Ba;1Cu3O72s, beam incidence along [001] direction, (magnification 60K), (b) electron diffraction
with the beam incidence along [001] (distance between superstructural reflections corresponds to 45—48 A); (c) electron diffraction
pattern with the beam incidence along [100] with the systematic absence of k + | = 2n + 1 reflections.

grindings we observed Nd,CuO4 as a main impurity
on the X-ray diffraction patterns and it means that
intermediate composition was Nd-deficient compared
to the final compound. Another interesting feature, that
is quite rare, is the diffraction from the superlattice
with the large period about 45—48 A shown in Figure
3b. Probably it reflects the more complicated oxy-
gen ordering that is possible in Nd,BaCu3z0; and it was
not taken into account during the structure solution and
refinement. In the few cases we also observed diffrac-
tion pattern for [100] incident beam similar to the
previously reported® with the systematic absence of
k +1=2n + 1 reflections (Figure 3c). However we ini-
tially choose the Pmmm space group for the structure
solution in accordance with frequently observed ED
patterns.

X-ray and Neutron Powder Diffraction Data.
Structure Solution and Refinement. The first approxi-
mation of the lattice parameters was made by the least-
squares method using XRD data collected with the Si
as internal standard. One atom (Cu at (0,0,0)) was
introduced into the structural model. One atom is
required by GSAS!” to extract intensities by Le Bail
method.?® The occupation factor of this atom was set to
zero, two regions with the strongest peaks of CuO were
excluded from histogram, and intensities of 681 reflec-
tions were extracted.

In the instructions file for SHELXS, we indicated
ideal composition NdgBasCu;,029 of the elementary unit
cell. However the program located 12 unique heavy
atoms positions (R = 0.38) corresponding to the unit cell
content NdsBagCuig. While Nd/Ba atoms and the first

(23) Le Bail, A.; Duroi, H.; Fourquet, J. L. Mater. Res. Bull 1988,
23, 447.

four Cu atoms multiplied by symmetry operations
formed slightly distorted skeleton similar to common
NdBa,Cu3O7 structure doubled along b and ¢ axes and
shifted from the origin of the space group along (120),
the other found Cu atoms laid in the positions normally
occupied by chain and in-plane oxygen with the corre-
sponding “Cu—Cu” distance about 1.9 A. The failure to
distinguish Cu and lighter atoms probably occurred
because of the small number of reflections used for
structure solution by direct method or by error of the
intensity estimation of overlapped reflections. It was
decided to use only the first four located copper atoms
for the next step and Nd/Ba positions were kept statisti-
cally occupied by Nd and Ba.

Structure Refinement by Rietveld Method. The experi-
mental details of XRD and TOF data collection as well
as results of structure refinement are summarized in
Table 1. At first, positions of heavy atoms were refined
by the Rietveld method using the X-ray powder diffrac-
tion data. Upon the refinement of the cation framework,
oxygen atoms were located from difference Fourier
synthesis map. After this step, we continued structure
determination using XRD and TOF powder data sets
simultaneously. The advantage of such an approach is
that it allows avoiding false minima, distinguishing Ba
and Nd atoms that have close X-ray scattering factors
and locating oxygen atoms more precisely.

At the final stage of the refinement the thermal
parameters of two Nd/Ba atoms at (0,0,0.0846) and
(0,%,,0.4166) (Table 2) tended to be large—~8.1 A2,
while for the other Nd/Ba sites thermal parameters
were close to zero and even slightly negative at z ~ 0.25.
On the other hand the interatomic distances Nd/Ba—0O
from the atoms with large thermal parameters to the
oxygen atoms in the nearest coordination were 2.72—
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Table 2. Refined Atomic Positions, Thermal Parameters,
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Table 3. Selected Interatomic Distances for

and Occupancies for Nd; gBa; 1Cuz07.28% Nd; 9Bai 1CuzO7 282
atom X y z occupancy no. of no. of
bond bonds  d(A) bond  bonds d(A)
Ba(1) 0 0 0.08446(8) 1
Nd(1) 0 0 0.24712(6) 1 Ba(1)—0O(1) 2 3.080(4) Cu(1)-0(1) 2 1.9382(5)
Nd(2) 0 0 0.40428(6) 0.9 Ba(1)—0(2) 4 2.9991(10) Cu(1)-0(2) 2 1.8490(11)
Ba(2) 0 0 0.40428(6) 0.1 Ba(1)—0O(3) 2 3.0226(21) Cu(1)-O(6) 1 2.1950(12)
Cu(1) 1y 0.28241(15) 0 1 Ba(1)—0(4) 2 2.9549(25)
Cu(2) 1y 0.25024(16) 0.17474(3) 1 Ba(1)—0(6) 2 27363(13) Cu(-0O(2) 1 2.1984(11)
0(1) 0 0.3076(6) 0 0.56(1) Cu(2)-0(3) 2 1.93885(20)
0(2) 1, 0.29528(17) 0.08032(5) 1 Nd(1)—0(3) 2 24760(17) Cu(2)-O(4) 1  1.9519(13)
o) 0 0.2565(2) 0.18328(7) 1 Nd(1)—O(@3) 2 24777(17) Cu(2)-0O(5) 1  1.9572(13)
0(4) 1, 0 0.18187(12) 1 Nd(1)—0(4) 2 2.4430(20)
0(5) 1y 0 0.31439(11) 1 Nd(1)—-0(5) 2 2.4717(20)
0(6) 1, 0 0 1.03(2) Nd(2)/Ba(2)—-O(1) 2  2.6601(29)
Nd(2)/Ba(2)-0(2) 4  2.5249(9)
atom Un Uz Uss Uz Ugs Uzs Nd(2)/Ba(2)-0O(3) 2  2.7624(18)
Nd(2)/Ba(2)-O(5) 2 2.8262(22)
Ba(l) 0.0113(9) 0.0205(9) 0.0095(8) 0 0 O
Nd(1) 0.0024(4) 0.0029(5) 0.00205(32) 0 O O a Calculated valences:?* V(Ba(1l)) = 2.004; V(Nd(1)) = 3.009;
Nd(2) 0.0056(7) 0.0040(6) 0.01808(63) 0 0 O V(Nd(2)) = 2.355; V(Ba(2)) = 3.831; V(Cu(1)) = 2.504; V(Cu(2)) =
Ba(2) 0.0056(7) 0.0040(6) 0.01808(63) 0 0 O 2.186.
Cu(1) 0.02836(82) 0.0096(6) 0.00284(35) 0 0 O
Cu(2) 0.00266(22) 0.00407(25) 0.00746(26) 0 0  0.00161(32) , , . " , . . : | . T
O(1) 0.0123(18) 0.0320(23) 0.0100(15) 0 O O < -
0O(2) 0.0261(8) 0.0181(6) 0.0042(4) 0 0 —0.0002(5) - a
O(3) 0.00200(33) 0.0068(4) 0.0138(9) 0 0 —0.0029(5) u
O(4) 0.01156(89) 0.0045(7) 0.0067(10) 0 0 O 2
O(5) 0.00331(67) 0.0017(6) 0.0133(10) 0O 0 O ar 7
O(6) 0.0081(19) 0.1848(65) 0.00173(24) 0 0 O

aT-thermal correction:'” T = exp[-2a?(U;1h%a*? + ... +
2Ughka*b* + ..)].

3.03 A which is larger than the other Nd/Ba—0O dis-
tances in this compound 2.45—2.70 A and closer to
Ba—O distance in NdBa,Cus0- 2.71 A and 2.92 A rather
than to Nd—O bond length in Nd;+«xBa,—xCus0O, solid
solutions 2.47 A.912 The latter fact probably indicates
the preferential occupation of these particular sites by
Ba atoms (calculated valence?* was 2.16 for Ba and 1.33
for Nd), while the rest of Nd/Ba sites are occupied by
Nd atoms (calculated valence for Nd was 2.6—2.7 and
for Ba, 3.7—4.4). Such a conclusion explains well high
thermal parameters of the atoms resulted from our
initial assumption about the statistical occupation of all
Nd/Ba sites. This was taken into account in the further
refinement.

Upon refinement it was found that all but chain
oxygen atoms form a unit cell of higher symmetry
namely Ammm within 0.1 A. More detailed investiga-
tion of X-ray and TOF diffraction patterns reveled
that only few very weak reflections do not agree with
the k + 1 = 2n + 1 limiting condition. This explains
well appearance of k + | = 2n + 1 reflection condition
on the ED patterns (Figure 3c). Probably frequently
observed ED pattern shown on the Figure 2a corre-
sponds to the conjugated domains with [100] and
[001] orientation toward the incident beam. Although
the reflection 010 present in Figure 2c is not allowed
for Ammm space group, the structure should prob-
ably be considered as a face-centered to explain the
limiting conditions on the Figure 2b and, in addition
this reflection was never observed in the related com-
pounds, e.g. YNdBaCusO,.

At the last step the structure was refined within
Ammm space group, we applied constraints for the total
oxygen content to be equal to the value 7.28(2) deter-
mined by iodometric titration and refined thermal
parameters and occupation of the oxygen sites. The

(24) Brown, I. D.; Altermatt, D. Acta Crystallogr. B 1985, 41, 244.
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Figure 4. (a) Experimantal (hatched line), calculated (solid
line), and difference (bottom) powder X-ray diffraction profiles
for the Rietveld refinement of Nd; ¢Ba; 1Cu307 25 crystal struc-
ture and (b) experimantal (hatched line), calculated (solid line),
and difference (bottom) powder TOF profiles for the Rietveld
refinement of Nd;¢Ba;1Cu3O7 25 crystal structure.

results of the structure refinement are summarized in
Table 2. Table 3 gives selected interatomic distances,
Figure 4 shows XRD and TOF data with the results of
structure refinement by Rietveld method. Detailed
investigation of the difference Fourier maps did not
reveal any extra atoms.

Discussions

Crystal Structure of Ndjg¢Ba; CuszO72s. The de-
termined structure of the elementary unit cell is dis-
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Figure 5. Crystal structure of Nd; ¢Ba; 1CusO7 25 refined from
XRD and TOF powder data.

played in Figure 5. Crystal structure of Nd,BaCu3zO, can
be derived from the structure of NdBa,Cuz07 by doub-
ling the unit cell along b and ¢ axes and by ordering Nd
and Ba atoms in the Ba site. The heavy atoms form a
face-centered lattice. It should be noted that the
way of Nd and Ba arrangement as well as location of
oxygen atoms is significantly different from the ini-
tially proposed structure® determined from X-ray pow-
der diffraction with B2mm symmetry. However one
may expect lower unit cell symmetry for the oxygen
deficient Nd;BaCuzO, due to the disorder in the
Cu(1)—0(1)—0(6) plane similar to YBa,CusO, case.

It is important that excess oxygen atoms occupy
vacant position near Ba atoms while vacant position
near Nd atom between Cu—O chains remains empty
(Figure 5). The most ambiguous result of structure
refinement is high oxygen thermal parameters in the
CuO plane at z = 0. Examination of the 6F map of this
plane shows that additional scattering density is present
at (1,,£y,0). First, it was assumed that Cu atom in this
plane could be partially replaced by carbon, which may
lead to the distortions in the considered site due to the
short C—0 fragment, but we observed internal modes
of CO32~ group neither in Raman nor in IR spectra. In
addition bond distance between Cu(l) and displaced
oxygen O(6) 1.86 A is rather large for C—O bond. This
bond length is close to the Cu(1)—0O(2) distance and
leads to think that Cu(1) could be four coordinated due
to the deviation of crystal structure from ideal one. In
the later case additional oxygen atom enters (}/2,%/,,0)
site, while O(1) is removed. O(6) shifts from the ideal
position and new defect fragment forms as it is shown
in Figure 6. Incorporation of additional oxygen into
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Figure 6. Possible local oxygen arrangement in the vicinity
of Cu(1) atoms.

(1,,1,,0) indicates that Ba(2) is not randomly scattered
in the crystal but forms clusters which allow oxygen to
occupy vacant sites and decrease strain in the adjacent
CuOs pyramids (Figure 6). Probably long-range ordering
of such defects is responsible for the extra reflections
in Figure 3b. One may also assume existence of vacancy
on the Nd(2) site, since the calculated Ba(2) valence is
quite high (Table 3). Such a possibility can be neither
proved nor rejected on the basis of the available data
due to the high correlation between thermal parameter
and occupancy and small possible deviation from the
stoichiometry. However it should be noted that such
defects are not common in the case of high-T. super-
conductors, which possess similar structural blocks.

Usually positions of extra oxygen atoms are not
widely discussed for the case of Nd;.xBa, xCuzO; solid
solutions, and it is implied that extra charge of Nd®* in
the place of Ba?" atom must be compensated due to the
attraction of the additional oxygen ion in the nearest
coordination. Nevertheless, the structure of Nd>BaCu30,
clearly demonstrates that it is not the case. This fact
should be taken into account for the speculations about
mechanisms of superconductivity suppression in the
case of LnjixBa; xCuzO; (Ln—lanthanide) solid solu-
tions. The described type of the Nd—Ba and oxygen
ordering may provide an ideal periodically distributed
pinning centers in the superconducting solid solutions
being responsible for the anomalous j. vs H dependence
in this class of materials.

Symmetry Analysis. Group theoretical analysis for
the determined structure using the nuclear site group
approach?® gives an irreducible representation of the
lattice modes in the form:

I =13A,+ 3A,+ 13B,,+ 11B,, + 8B, +
14B,, + 5B;, + 14B;,

where vibrations of extra oxygen atom O(6) must con-
tribute to Byy, Bay, and Bz, phonons inactive in Raman
spectrum. This is in a good agreement with the experi-
mental Raman and IR data (Figure 1) and explains
absence of disorder-induced peaks for Nd; +xBa,—xCusO,
solid solutions with high x when z becomes larger than
7.00. Nevertheless, it should be mentioned that chain-
site oxygen atom O(1) is not in the origin of the space
group any longer and their vibrations must be observed
in Raman spectrum since the reducible representation
of corresponding phonons contains Ay, Big, and Bag

(25) Rousseau, D. L.; Bauman, R. P.; Porto, S. P. S. J. Raman
Spectrosc. 1981, 10, 253.
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irreducible representations. To understand this phe-
nomenon, quantitative estimation of lattice vibration
frequencies is required.
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