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Members of the system Lar-,A,+,Cu r 0 6*-y, where A = Ca,Sr, were prepared by decomposition of the 
nitrates. The tolerance of these compounds for oxygen uptake, as well as the ease of substitution for 
the A-site ions, is shown to be closely related to the distribution of the alkaline-earth ions on the 8- and 
9-coordinated A-sites. 8 1989 Academic press, I I I C .  

Introduction 

In 1978 Shaplygin et al. reported on the 
synthesis of compounds with the composi- 
tion (La,Sr)$u04 (I). Raveau et al. in a 
series of papers (2-4) has reported on the 
preparation and characterization of the se- 
ries of compounds with the composition 
La2-xA1+xCu*06-x,*+S, where A = Ca,Sr. 
These compounds represent oxygen defect 
intergrowths of compounds crystallizing 
with the Sr3Ti207 structure. The studies 
showed that the oxygen content is different 
for the strontium and corresponding cal- 
cium compounds after postpreparation ox- 
ygen anneals. It was reported that the val- 
ues of 6 are much higher in the strontium 
oxides than in the corresponding caIcium 
oxides. These results are correlated with 
changes in the cell parameters. However, 
there was no report concerning A-site ion 
substitutions for lanthanum, strontium, or 
calcium in these materials. It was the pur- 
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pose of this study to investigate such sub- 
stitutions and to correlate oxygen uptake 
with structural changes. 

Experimental 

Sample Preparation 
The samples were prepared by dissolving 

stoichiometric amounts of the starting ma- 
terials in 30 ml of 1 : 1 nitric acid. The start- 
ing materials were copper metal (5-9’s, 
Aesar Chemical Co.), La203 (4-9’s, Aesar 
Chemical Co.), CaCOJ and SrC03 (reagent 
grade), Y203 (4-9’s Gallard-Schlesinger) 
and Nd203 (Research Chemicals, 99%). 
The solution was evaporated on a hot plate 
to dryness, and then placed in a furnace and 
heated to 500°C for 2 hr in order to decom- 
pose the nitrates. The sample was ground 
and heated to 950°C for 24 hr. Sintered pel- 
lets of both La&al.iCuz06,, and La2SrCu2 
OS*,, were prepared at 1000” and lOSO”C, 
respectively, and air quenched to room 
temperature. Samples were annealed under 
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600 psi 02 at 500°C for 12 hr. A Cahn ther- 
mal balance was used to determine the oxy- 
gen content of the samples by reduction 
with argon : hydrogen (85 : 15) at 1000°C. At 
this temperature constant weight was 
achieved and the reduction products were 
determined by X-ray analysis to be copper 
metal and a mixture of rare-earth and alka- 
line-earth oxides. 

Characterization of Samples 
Powder diffraction patterns were ob- 

tained with a Philips diffractometer using 
monochromatic high intensity Cu& radia- 
tion (A = 1.5405 A). For qualitative phase 
identification, patterns were taken with a 
scan rate of 1” 28/min, while cell parameters 
were determined from scans taken at 0.25“ 
28/min. Diffraction patterns were obtained 
over the range 12” < 28 < 72”, and the lat- 
tice parameters were determined by a least- 
squares refinement of the data using a com- 
puter program which corrected for the 
systematic errors in the measurements. 

Magnetic susceptibility measurements 
were made using a Faraday balance (5) 
from 77 to 300 K with a field strength of 
10.4 kOe. At both 77 and 300 K, the field 
dependence was determined from 6.22 to 
10.4 kOe. The van der Pauw method was 
used to measure the electrical resistivity. 
Contacts were made by ultrasonically sol- 
dering indium directly onto sintered pellets 
and their ohmic behavior was established 
by measuring the current-voltage charac- 
teristics. 

Results and Discussion 

Polycrystalline samples of the compound 
La, .&a,. iCu205.97 were prepared by decom- 
position of the nitrates. This phase crystal- 
lizes with a tetragonal cell (a = 3.825(2) A 
and c = 19.40(l) A). The compound La&a 
Cu206 could not be made as a single phase, 
which is consistent with Raveau’s work (2, 
3). The oxygen content of the phase was 
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FIG. 1. Structure of La2(Sr,Ca)Cu206 showing the 
Q-0 planes surrounding a plane of 8-coordinated 
sites, and the !&coordinated sites. 

determined by thermogravimetric analysis 
to be Lal.&a1.iCu205.97. The oxygen defect 
structure adopted by this compound is 
shown in Fig. 1. There are copper-oxygen 
planes separated by g-coordinated cations 
and the copper atoms occupy square py- 
ramidal sites. The lanthanum and calcium 
can occupy two crystallographically differ- 
ent sites. One site is g-coordinated and lies 
between the copper-oxygen planes, and 
the other is 9-coordinated and lies above or 
below these copper-oxygen planes. In this 
structure there are twice as many 9-coordi- 
nated sites as S-coordinated sites. Accord- 
ing to Raveau (2), the calcium atoms pri- 
marily occupy the 8-coordinated sites and 
the lanthanum atoms primarily occupy the 
9-coordinated sites. 

The compounds La2SrCu~O~+,, and Lar.9 
Srl.iCuZO~+y were prepared by decomposi- 
tion of the nitrates. Both strontium compo- 
sitions adopted a tetragonal unit cell with 
cell parameters of a = 3.867(2) A, c = 
19.91(l) A. Hence, the cell parameters of 
the strontium compounds are significantly 
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TABLE I 
OXYGEN CONTENT OF La2-,AI+,Cu206f, 

Compound Preparation Reference 

As made 
As made 
O2 anneal 
O2 anneal 
As made 
As made 
O2 anneal 

Raveau (2) 
Present work 
Raveau (2) 
Present work 
Raveau (2) 
Present work 
Present work 

larger than those of the corresponding cal- 
cium phase. The oxygen content of samples 
prepared from decomposition of the ni- 
trates was found to be La#rCu206.0s and 
La1.$rl.lCu~06.0s (Table I). Raveau (3) re- 
ports the composition of the same stron- 
tium phases which were prepared by ce- 
ramic techniques, to be La2SrCu206.~ and 
La1.$Srl.lCu205.97. These compositions cor- 
respond to almost all of the copper being in 
a formal oxidation state of (II). Such results 
are consistent with the expectation that 
preparation by decomposition of the ni- 
trates may lead to more oxidized samples 
than preparation by ceramic methods. 

The occupancy of the sites is quite differ- 
ent in the lanthanum strontium system. The 
g-coordinated sites are equally occupied by 
strontium and lanthanum, and the 9-coordi- 
nated sites are 2 lanthanum and 4 strontium 
(2). In this structure, there are vacant anion 
sites located between the copper-oxygen 
planes. If additional oxygen did occupy 
these vacancies, the copper then would oc- 
cupy octahedral sites instead of square-py- 
ramidal sites. Furthermore, the occupancy 
of these anion sites would result in 9-coor- 
dinated A-site strontium or lanthanum at- 
oms. 

The compound Lai.sCal.rCu205.97 was an- 
nealed at 500°C under 600 psi O2 for 24 hr. 
The oxygen content rose slightly to La1.9 
Cal.,CuzOb,~. Therefore, the lanthanum cal- 
cium system was only able to stabilize a 

small amount of copper(II1). In the lan- 
thanum calcium system, the calcium ions 
prefer to be g-coordinated. Occupancy of 
oxygen vacancies would force the calcium 
to be 9-coordinated. Since the calcium pre- 
fers eightfold coordination, it is not surpris- 
ing that the structure does not incorporate 
excess oxygen after annealing. 

The compounds La$SrCu206.os and La1.9 
Srl,lCu206.08 were also annealed at 500°C 
under 600 psi O2 for 12 hr. There was a 
significant increase in the oxygen content 
from y = 0.08 to y = 0.21 for Lai.&i,i 
cu206+y. The compound La#rCu206+y 
showed a similar increase in the oxygen 
content after annealing. Both lanthanum 
and strontium are known to occupy 8- and 
9-coordinated sites (2); hence, it is favor- 
able for this system to incorporate excess 
oxygen. The incorporation of additional an- 
ions results in a corresponding change of 
Cu(I1) to Cu(II1). 

In an attempt to stabilize larger amounts 
of copper(II1) in the lanthanum calcium 
system, strontium was substituted for cal- 
cium up to the composition Lal.&a&Sro.2 
CU~O~.~. The TGA results indicate no de- 
tectable change in the oxygen content be- 
fore and after oxygen anneal. This is not 
surprising since at these compositions, the 
calcium still occupies most of the 8-coordi- 
nated sites and therefore limits the amount 
of excess oxygen that can be introduced 
into the structure. 

Substitutions into La,.9Ca,.lCu205.97 were 
made both for lanthanum and calcium. Yt- 
trium and neodymium could be substituted 
for lanthanum, and barium and strontium 
were substituted for calcium. There were 
small changes observed in the cell parame- 
ters for the above substitutions (Table II). 
Neodymium and yttrium are slightly 
smaller than lanthanum, which is consistent 
with the decrease in the c parameter. Stron- 
tium and barium are larger than calcium, 
and the X-ray data indicate an increase in 
both a and c parameters. The lanthanum 
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FIG. 2. Temperature dependence of the magnetic susceptibilities of LazSrCu206+, as made and as 
annealed in O2 and of Lal,9Ca1.1Cu205.97. 

calcium system is primarily ordered with 
calcium atoms on the g-coordinated sites 
and lanthanum atoms on the 9coordinated 
sites (2). The planes of oxygen and 9-coor- 
dinated cations consist primarily of La-O- 
La bonds which appear to allow substitu- 
tions to be readily made for lanthanum. In 
this system it is also possible to substitute 
strontium and barium for calcium. 

When substitutions for lanthanum or 
strontium are attempted in La2SrCu206+Y, 
the materials are no longer single-phase by 
X-ray analysis. Additional phases such as 
La2CuO4 are observed to be present in the 
products. In the lanthanum strontium sys- 

TABLE II 
CELL CONSTANTS OF Lnz-xA1+,Cuz06ty 

Sample 

h.9Cadu205.97 3.825 ii 19.40 w 
La1.6Nd0.3Cal.lCU206-y 3.826 A 19.36 A 
Lal.7Y0.2Cal.lCu206-, 3.826 w 19.36 A 
Lat.9Ca,.03Ba0.07Cu206-y 3.830 A 19.48 A 
La1.9C~.9SrO.2Cu206-, 3.832 ti 19.52 i% 

Note. Ln indicates La, Nd, Y. A indicates Ca, Ba, 
Sr. 

tern, both lanthanum and strontium occupy 
the 8- and 9-coordinated sites. Since stron- 
tium is more basic than lanthanum, the La- 
0-Sr bonds are relatively strong. The 
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FIG. 3. Temperature dependence of the resistivities 
of La2SrCu206+, as made and as annealed in Oz. 
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strength of this bonding may be an impor- 
tant factor affecting substitutions into this 
system. All the ions that might be substi- 
tuted for lantanum or strontium are less ba- 
sic and can not form bonds as strong as La- 
0-S bonds. On the other hand, in the 
lanthanum calcium system there are pri- 
marily La-O-La bonds because of the or- 
dering of the lanthanum and calcium atoms. 
These La-O-La bonds are believed to be 
weaker than La-O&- bonds. Therefore, 
substitutions can be made more easily in 
the lanthanum calcium system. 

The magnetic susceptibility data are 
shown in Fig. 2. There are relatively small 
differences in the magnetic susceptibility 
among the samples that are shown, with all 
of them indicating Pauli paramagnetic be- 
havior. The resistivity results of two lan- 
thanum strontium system samples are 
shown in Fig. 3. There is a significant de- 
crease in the resistivity after annealing at 
500°C under 600 psi oxygen. This behavior 

is consistent with the formation of addi- 
tional holes in the r* band, i.e., increase in 
concentrations of Cu(II1). 
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