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Solid solutions of Pr2 xBa*NiQi±8  with K2NiF4-type structure were prepared in air and characterized by powder X- 
ray diffraction, Rietveld refinements, iodometry titrations, and conductivity measurements. The range of the solid 
solution was 0:요<05 The crystal structure changes from orthorhombic (Fmmm) for x^O.l to pseudo-tetragonal 
(74/mmm) forx>0.2. The orthorhombic structure ofx=0.1 transforms to tetragonal at low temperature. The bond distan
ces obtained from the Rietveld analyses did not vary significantly with the Ba content except that of Ni-0 (parallel 
to the c-axis) which showed an abrupt increase from x = 0.1 to 0.2. The excess oxygen content (8) decreases from 
0.241 to 0.03 with increasing substituted Ba contents within the solution range. The samples are all semiconductors 
at the temperature range 4<T<300 K.

Introduction

There has been a considerable effort to the study of 
Lik-ANiQ (Ln: rare earths, A: alkaline earths) in both syn
thesis and structural characterizations.1'4 These materials 
have attracted interest because of their close relationship 
to the superconducting Lm-ACiQ phases.5 Furthermore, 
the reported metal-insulator transitions in La2-xSrrNiO42 and 
the anisotropic physical properties of La2NiO434 prompted 
many research groups to investigate related 吳 一ANiQ sy
stems. Besides the interesting metal-insulator transitions as 
a function of the amount of alkaline earths substitution ⑵ 

and/or temperature, there are very intriguing questions to 
the structure and composition. The ideal tetragonal (74/ 
mmm) &NiF4 (or A2BO4) structure (Figure 1) can be slightly 
modified into Fmmm, Pccn, Bmab, P42/ncm phases depen
ding on the nature of the rare earth, the alkaline earth, deg
ree of substitution (r), and the amount of excess interstitial 
oxygen (8). Table 1 summarizes the reported results on the 
solid solutions of Ln2 xAxNiO4±6 phases for their solid solu
tion ranges and structures. It is noticeable that among the 
alkaline earths strontium is the most effective in forming 
solid solutions and is the only one that can stabilize the 
K2NiF4-type structures with Sm,8 Gdf and Y12 which themse
lves alone cannot even form nickelates in this structure type.

Unsubstituted Pr2NiO4±s has variable structures depending 
on the amount of the interstitial oxygen (8). The structure 
is in the space group Fmmm for 8>0.20,13 P42/ncm for 8=
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Figure 1. Ideal tetragonal structure and atom lab이s for Pr2NiO4.

0.060, and Pccn for 8=0.020 at high temperature. When the 
8=0.020 sample was cooled below 118 K, there were both 
the orthorhombic and tetragonal phases.14 Nd2NiO4±8 shows 
a structural transition from Bmab to Fmmm at 8=0.13. The 
structures found for La2NiO4±s were Bmab (8 = 0.0-0.007), 
P42/ncm (8=0.02-0.03), 74/mmm (8 = 0.168-0.18), and Fmmm 
(6=0.25).比 Between the 8-regions listed above are biphasic 
regions. Even though the ionic radii of La (1.36 A), Pr (1.32 
A), and Nd (1.30 A) are very close to one another, their 
nickelate compounds behave much differently but still in 
somehow related manner. These examples demonstrate the 
complex nature of the system that prohibits any simple- 
minded generalizations and conjecture of one system from 
the other.

The solid solutions Nd2-xAxNiO4±6 (A=Ca, Sr, and Ba) show 
structure variations with the alkaline earth substitution.9'11 
Takeda et al. studied these series of compounds synthesized 
with controlled oxygen contents close to ideal 8=0.'° At low 
xr the structure was Bmab, the same as the unsubstituted 
Nd2NiO4. Sr and Ba substitutions turn the structure into Z4 
/mmm from x = 0.2 and 0.1, respectively, while Ca substitu
tion results in Fmmm structure from x = 0.4. Greenblatt and 
her group reported different results on the same system. 
They reported orthorhombic phase for Ca and Ba substituted 
cases all over the solution ranges. The reported a and b 
lattice parameters of the Ba containing phases approach to 
each other and become statistically indistinguishable from 
x=0.2 and thereafter. Yet, they still assigned these seemingly 
tetragonal phases as orthorhombic based on the line splitting 
of their Guinner powder patterns at high angles. In other 
paper, they reported tetragonal structure for Sr substituted

Table 1. Summary of literature results for the composition and 
the structure of solid solution Ln2 ANiQ*  (Ln; La, Pr, Nd, Sm, 
Gd, Y, A; Ca, Sr, Ba)

*1) the solid solution range (r), 2) the crystal structure or the 
space group, 3) some remarks, 4) reference data for solid solu
tion Ln2-xAxNiO4 are summarized. The results for alkaline-earth 
free samples are not included. uabbreviations; O: orthorhombic, 
T: tetragonal.

phase with 0.2<x<0.8. Only obvious difference between 
these contradicting results from the two research groups is 
the oxygen content. Therefore, it seems very important to 
study the structural dependency of the Lm xA*NiO4±8 system 
both on the A substitution and excess oxygen content、、

We have noticed that Pr containing system has been stu거- 

ied only for A=Sr.8 This system showed much similarity 
to that of Nd analogue without oxygen control in both struc
ture and physical properties. In order to get a general view, 
we have started the investigations for the Pr2-xArNiO4±5 sy동- 

terns with A=Ca and Ba. In this paper, we will present our 
results on the solid solution of Pr2-rBaxNiO4±& for the syn
thesis, structural characterizations through Rietveld refine
ments, and transport properties.

1. 03요Ml
2. O x<0.8

A
Ln Ca Sr Ba

1. 0<x<1.6 1. 0<x<l
La 2. 2. T

3. 3.
4. 2, 6 4. 7

1. 0M虹 1 1. 0^x<0.4
2. O x<0.2 2. Fmmm x<0.2

Pr T x^0.2 Z4/mmm x>0.2
3. 3. Rietveld analysis
4. 8 4. this work

1. 0<x<0.6 1. 0<x<1.4 1. 0<x<0.6
2. Bmab x<0.4 2. Bmab x<0.2 2. /4/mmm

Nd Fmmm x>0.4 /4/mmm x^0.2
3. Rietv이d analysis 3. Rietv이d an기ysis 3. Rietv이d analysis
4. 9, 10 4. 9, 11 4. 9, 10

Sm T x^0.8
3.
4. 8

1. x=l
2.

Gd 3. fixed composition
4. 8

1. x= 1.67
2. Z4/mmm

Y 3. fixed composition
of YSr5Ni3On

4. 12



122 Bull. Korean Chem. Soc. 1995】 Vol. 16, No. 2 Young Kee Chung et al.

Table 2. Lattice parameters, space groups, and the oxygen con
tent in Pr2-xBaxNiO4±8

X
Space
Group

Unit cell parameter (A) Unit cell 
v 이 ume 

(A3)

Oxygen
Content

(6)a b c

0.0 Fmmm
5.4612 ⑻ 5.3964(8)

3.8313(8/
12.456(2) 183.55(7)" 0.241(6)

0.1 Fmmm
5.4430(9)5.4037(7)

3.8355(8^
12.513(2) 184.02(7)" 0.18 ⑴

0.2 74/mmm 3.8307(4) 12.563(2) 184.34(3) 0.137(6)
0.3 /4/mmm 3.8281⑵ 12.600(1) 184.65(2) 0.094(8)
0.4 Z4/mmm 3.8263(3) 12.653(1) 185.25(3) 0.03(2)

a a-parameter for the corresponding tetragonal cell obtained with 
the following equation: %=(%+赁)/2*\/2? where a and b stand 
for the lattice parameters t and o for the tetragonal and ortho
rhombic structures, respectively. b Reduced unit cell volume to 
those of the tetragonal cell.
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Experimental

Samples of Pr2“B&NiO4±6 (0&W0.7) compositions were 
prepared by co-decomposition of the metal nitrates. Stoichio
metric quantities of Pr(NO3)3-6H2O (Aldrich, 99.9%), Ba(NO3)2 
(Aldrich, 99+%), Ni(NO3)2 • 6H2O 0ANSSEN, 99%) were de
composed in crucibles by torch flame and the resulting solids 
were calcined in air at 900 t for 15 hr. These powder samp
les were ground in agate mortar and made into pellets, and 
heated in air at 1300 t： for 200 hr in Pt-boats with intermit
tent grindings. In order to see the effect of temperature, 
reactions at 1200 t and 1400 were also performed in 
the similar manner. The samples were slow cooled in the 
furnace to room temperature. Powder X-ray diffraction (XRD) 
data, collected on a Rigaku diffractometer with monochroma- 
tized CuKa radiation were used to monitor the progress of 
the reactions. Least-squares refinement of the observed 29 
values was used in the evaluation of the lattice parameters.

The total oxygen content was determined by iodometric 
titration. For iodometric titration, a sample (about 30-40 mg) 
and KI (2 g) were dissolved in distilled water with 6 N-HC1 
(4 mL), and diluted in 30 mL-distilled water. The solution 
was titrated with a standardized thiosulfate solution under 
N2 atmosphere. A few drops of a 5% starch solution were 
added just before the equivalence point as an indicator. The 
oxygen contents (8) in Table 2 and in the following text 
are averaged values from three or four such titrations for 
each sample.

Rietv이d refinements16 were performed for the samples 
from the 1300 t reactions. MacScience diffractometer run
ning with current 0.3 Amp and 50 kV was utilized. The in
tensity data were obtained with step size 0.02° in 20, and 
the scan time 1 sec over 2G range 20°-120°. DBWS-9006PC17 
program was used for the profile refinement. The systematic 
absence found in the powder pattern suggested space groups 
Z4/mmm or Fmmm. The choice between these was based 
on the splitting of hkO peaks. The %=0.0 and 0.1 data showed 
such splitting and were refined in Fmmm space group. The 
rest of data were refined in both Fmmm and /4/mmm. The
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Figure 2. The variations of a) a- and c-parameters, and b) unit 
cell volume as a function of the Ba content (*)  of Pr2 -‘BaNOs. 
Data points for x<0.5 are for sample obtained from 1300 M 
reaction and the rest are from 1200 °C .

refinement conditions and restrictions are as Allows: a 
pseudo-Voigt function for the peak profile and the mixing 
parameters of Gaussian and Lorentzian contributions were 
refined, each peak profile was refined within the range 10 
times in 20 of the full-width-of-half-maximum, asymmetric 
correction was inchided for the peak shape up to 20 — 90°, 
and the sample displacement parameter was refined while 
the zero-error was fixed at null.18

Conductivity measurements were carried out with a stand
ard four-probe technique with silver wire and silver paste 
contact at temperature range of 10-310 K.

Results and DM디

Synthesis. Single phase products in the Pr2^^BaxNiO4±5 
solid solution were synthesized up to x = 0.4 at between 1200 
t and 1300 °C and to x —0.5 at 1400 t, as evident from 
the powder diffraction patterns (Table 2). As more Ba was 
present in the sample than the limit, there were found Ba- 
PrO3 and NiO as impurities. The extrapolations of the lattice 
parameters from the solid solution and the saturation regions 
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for both a and c parameters meet at around x = 0.45 (see 
Fig. 2). We understand that this is the achievable solubility 
limit which may not be possible due to kinetics of diffusion. 
Therefore, it appears that the larger xmix obtained from the 
1400 °C synthesis is a mere consequence of the higher mobil
ity of atoms and faster equilibration at higher temperature.

This rather limited solid solution range for Ba substitution 
is also found in the Nd-analogues with xmilx = O.5.910 The La- 
analogue is reported to have xmax = 1.07. This contrast옹 very 
sharply with the much larger xmax values for the Sr substitution 
cases in the La, Pr, and Nd-based nickelates up to x — 
16.시。”

When discussing the stability for the K2NiF4-type com
pound, the tolerance factor (h) argument is often employed.20 
The tolerance factor is defined as tb — (rA + r0)/y/2(rw + r()) 
where r's are ionic radii of atoms at the crystallographic 
sites for the general formula A2BO4. Yokokawa, et al. discus
sed 比at the K2NiF4-type structure is found for 0.85<九〈1 
and that for tk close to 1 the ideal tetragonal structure is 
preferred.21 With rare earths alone, the tolerance factors of 
the nickelates are 0.89 for La, 0.87 for Pr, and 0.87 for Nd- 
based compounds. Sr or Ba substitutions for the rare earths 
will give larger tk values of LikNiQj because of the larger 
atomic radii of Sr (1.45 A) and Ba (1.61 A) than those of 
Ln (1.36 A-1.21 A) and 比us higher stability for the K2NiF4- 
str•나cture. Especially, Ba would have the strongest effect to 
stabilize the stnicture with the tolerance factor close to one.

The reported narrower solution range for Ca substitutions 
in Nd-based nickelates with 0.610 than for Sr can be un
derstood with this tolerance factor arguments: Ca is smaller 
than Ln resulting in even smaller tk and thus the K2NiF4 
structure is destabilized rapidly with added Ca. However, 
the foregoing disc반ssion fails to explain why solubility range 
for Ba is much smaller than that of Sr substitution in Ln2NiO4 
(Ln = pr, Nd). The tolerance factor argument is only pheno
menological and does not have a firm theoretical foundation. 
Moreover, it is only applicable to the average of the struc
ture. We would like to argue that the limited solid solubility 
for the Ba substitution was originated from the large size 
difference between Ba and Ln. In metallurgy, a rule of thumb 
for a complete solid solution alloy is that the constituting 
elements should not have a size difference larger than 15%*  
With larger size differences, the alloy lattice is heavily dis
torted which is thermodynamically unfavorable. When Ba is 
introduced to the lattice of Ln2NiO4, the lattice will experie
nce tension because Ba requires larger space than the rest 
of the structure can provide. Such tension is partly reflected 
on the expansion of the lattice (vide infra). However, this 
is an averaged result over the whole sample. The very site 
where Ba and Ln are neighboring to each other will still 
have a high degree of tension. Somehow the lattice absorbs 
this destabilizing effect in such mechanisms as lattice expan
sion and microscopic distortions. Such mechanisms seem to 
more than offset the tension arising from Sr substitutions 
all over the compositions up to x= 1.6.9~11 However, Ba sub
stitution gives rise to larger lattice tension for which the 
compensation can be effective only for limited range. The 
fact that the La?—*B&Ni( )4 system has larger solubility range 
up to x= 1.0 than the Pr- or Nd-analogues partly support 
this argument. Even though the present oxide case has many 
different features from those of alloys, the microscopic dis
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tortion argument due to the size difference between Ln and 
Ba seems valid to explain the small solid solubilities of Ba 
containing systems.

The oxygen content (8) decreases monotonically from 
0.241 (x=0.0) to 0.03 (r = 0.4) with increasing Ba content. 
NcL xB&NiOs synthesized in air shows almost identical 
trend.9 Calculated portions of Ni3+ for these samples are 
nearly constant at 47% regardless the Ba content. This indi
cates that the oxidation state of nickel is determined largely 
by the oxygen potential of the reaction atmosphere rather 
than by the structural requirement. The excess oxygen is 
reported to be interstitial ones at (0.25, 0.25, 0.25) position 
of the orthorhombic lattice.23

Structure. The refined lattice parameters were plotted 
in Figure 2. The orthorhombic a and b parameter values 
for x<0.1 data were transformed into corresponding tetrago
nal one for comparison. The tetragonal(z-parameter monoto
nically decreases and the c-parameter increases with the Ba 
content up to slightly beyond the solution range and then 
are saturated. The unit cell volume monotonically increases 
with increasing Ba content. The same trends are found in 
the analogous La or Nd containing systems. The La2 rBaxNiO4 
system, which has wider x range shows upturn for a parame
ter at x=0.5 and downturn for c at x = 0.6. Because of small 
*꺼心 in our system, such up- and downturns did not appear. 
There are some factors that can contribute to the unit cell 
size change. Firstly, the oxidation of Ni from 2+ to 3+ 
upon Ba substitution and concurrent decrease of atomic size 
from 户卜『+ =0.83 A to 户Ni" =0.70 A (low spin) or 0.74 A (high 
spin) can shrink the cell. Secondly, the reducing amount of 
interstitial oxygen with incresing x value can also compress 
the cell. Thirdly, the larger size of Ba than Ln induces unit 
cell expansion. The characteristic lattice parameter variation 
with the alkaline earth substitution in each system of 奂十 

AxNiO4 must be a result of a subtle balance of factors discus
sed above and from other sources. Apparently, the last effect 
overwhelms the other in the range 0.1<x<0.5 but not in 
x<0.1 region in the present case and other A=Ba case.

The orthorhombic distortion of the K2NiF4-structure mani
fests itself by the splitting of some the A^O-type reflections 
in the powder x-ray diffraction pattern. The degree of diver
gence is the degree of distortion from the ideal tetragonal 
geometry. Splitting of the hkO peaks in the powder x-ray 
diffraction of Pr2 -xBarNiO4+6 was observed for x<0.2. These 
split peaks merge in higher Ba cases and the powder pat
terns appear to be those of tetragonal for x>0.2. Similar 
orthorhombic to tetragonal transition was found in NdiBa*-  
NiO4 system.9 The transition appeared to occur at x = 0.2 
as judged from the reported lattice parameters. La-containing 
system, however, has tetragonal phases only all over the so
lution range. In these cases the tolerance factors seem to 
correlate with structures very well. Unsubstituted Pr and 
Nd compounds have tolerance factors (0.87 for both cases) 
close to the lowest limit, 0.85, for the K2NiF4-type structure 
and, therefore, a distorted lattice is expected which is in 
accordance to the reported orthorhombic Fmmm structure. 
As Sr or Ba substitute the rare earths, the tolerance factor 
grows and the undistorted tetragonal lattice appears. In the 
La2 xAxNiO4 case, La is larger than Pr and Nd and the tole
rance factor is large (0.89) even without A substitution and, 
thus, the undistorted tetragonal structure is stable all over
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Table 3. Crystal data from the Rietveld refinements of P” tBaxNQw

X 0.1 0.1 0.2" 0.3” 04

Space Group Fmmm Fmmm /4/mmm Fmmm 14/mmm Fmmm Z4/mmm Fmmm

unit cell a 5.45670(9) 5.43750(7) 3.82836(3) 5.41575(9) 3.82643(3) 5.4100(1) 3.82413(3) 5.4067(1)
parameter 

(A)
b
c

5.39292(9)
12.4464⑵

5.39994(7)
12.5008(2) 12.5562(1)

5.41240(9)
12.5561(1) 12.5942(1)

5.4128(1)
12.5942(1) 12.6443(2)

5.4098⑴
12.6443(2)

atomic Pr/Ba, z 0.3591(1) 0.36이⑴ 0.3601(1) 0.3601(1) 0.3605(1) 0.3605(1) 0.3614(1) 0.3614 ⑴
position” 0(2). z 0.169(1) 0.1686⑼ 0.1738(9) 0.1738(9) 0172⑴ 0.172(1) 0.173(1) 0.172 ⑴

isotropic Pr/Ba L42⑶ L37⑵ L17⑵ 1.18 ⑵ 1.16 ⑵ 1.17 ⑵ 1.07 ⑵ 1.06 ⑵
thermal Ni L41⑺ 1.43(7) 1.56 ⑺ L56⑺ L41⑺ 1.42(7) 1.26 ⑺ 1.24(7)

parameter 0(1) 3.5(3) 5.1(3) 4.3(3) 4.3(3) 2.9(3) 2.9(3) 2.6(3) 2.6(3)
0(2) 4.3(3) 4.4(3) 3.5(3) 3.5(3) 4.0(3) 4.0(3) 2.4(2) 2.4(2)

Rh 7.22 6.45 7.80 7.81 8.53 8.56 9.48 9.38
Rr 5.82 4.85 5.44 5.36 5.62 5.53 6.35 6.29
Rp 12.22 11.93 12.60 12.42 12.64 12.62 13.89 14.00
Rw 17.02 16.20 17.24 17.08 17.07 17.02 18.70 18.72

refinement results for both orthorhombic and tetragonal structures of x—0.2-0.4 samples are given for comparison (see text). b general 
positions: 0. 0, z (0, 0, z) for Pr/Ba and 0(2), 0, 0, 0 (0, 0, 0) for Ni. and 0, 1/2, 0 (1/4, 1/4, 0) for 0(1) in Z4/mmm (in Fmmm).
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the solubility range.
The Rietveld refinement results are summarized in Table

3. The refinements were conducted with the Fmmm model 
for x = 0.0 and 0.1 and with both the Fmmm and 74/mmm 
models for x>0.2 data. The first two samples showed clear 
peak splittings of hkO, characteristic of orthorhombic distor
tion. For the rest of seemingly tetragonal phases, it was still 
possible to have incomplete peak splittings, that is, line 
broadening of hkO. Rietveld profile fitting appeared to be 
well suited to revive such problems. N아e that the only 
difference between 74/mmm and Fmmm is the additional 
^-parameter for the latter; there is no such distortion as 
tilting or atom displacement in the /4/mmm to Fmmm tran
sition. Theoretically, including this additional parameter in 
the refinement should result in a better fit. Refinements for 
x>0.2 samples in Fmmm model resulted in slightly different 
a and b parameters but practically the same agreement fac
tors (R-indices) indicating that there is no significant peak 
broadening at all (Table 3). Therefore, it is concluded that 
the orthorhombic to tetragonal transformation in Pr2-jBaxNiO4 
occurs at 0.1<x<0.2.

The important bond distances from the refinements are 
listed in Table 4 and are plotted in Figure 3. There is no 
noticeable variations of the bond distances except that of 
Ni-O(2). The axial Ni-0⑵ bond in 아le NiO6 octahedron 
shows a step jump by about 0.07 A between the orthorhombic 
and tetragonal regimes. The origin for the jump is not clear 
as yet but may be related to the presence of interstitial oxy
gens. According to our titration results, larger amount of 
excess oxygens are present in the orthorhombic than in the 
tetragonal samples. The interstitial oxygens are located inbe
tween two parallel to the ab-plane Pr-O(2) layers. These in
terstitial oxygens will repel neighboring negatively charged 
oxygens, 0(2), toward Ni resulting in short Ni・O⑵ distances.

Bond distance

2 00-
Pr-O ⑵ in[11 이

Pr-O(1)

2 40- --- ---- -
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---
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Figure 3. Variations of Ni-0 and Pr(Ba)-0 bond distances in 
the Pr2 xBaxNiO4 system.

Our results contrast those for Nd2-xAxNiO4 (A=Ca, Sr, 
and Ba) with nearly stoichiometric oxygen content in the 
bond distance trends.16 In the system, the bond distances 
and their changes with x did not show any significant depen
dence on the nature of A. The Ni-0 distance옹 and Pr/A-O(l) 
remained unchanged up to x —0.5, but the Nd/A-0(2) parallel 
to the c-axis gradually increases and the Nd/A-O(2) in E110] 
direction decreases with x. One of the reasons for the dif
ferent bond distance trends between our system and Nd2-x- 
AxNiO4 is the different oxygen content. However, it is not 
clear what makes these similar systems show such distinc
tions.

A Rietv이d refinement of the low temperature (10 K) pow-
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low temp.

room temp.

Figure 4. X-ray powder patterns of PwBao.iNiQz at 300 K (lo
wer curve) and 10 K (upper curve).

H一亠y一

20 30 40 50 60 70 SO 90 100 110 120

Two theta

der pattern for the % = 0.1 sample was attempted in order 
to see any struct녀ral changes. However, because of the low 
quality of the data no acceptable refinement result was ob
tained. Nonetheless, the powder pattern (Figure 4) clearly 
shows that the low temperature structure is tetragonal with 
merged hkQ peaks. Clos이y related Pr2Ni04.o2o is reported to 
be orthorhombic (Pccn) at room temperature and undergoes 
a structural transformation to tetragona (P42/ncm) below 118 
K.14

Conductivity. The resistivity measurement conducted 
in the temperature range 10 to 310 K showed a characteristic 
behavior of semiconductor for all the samples. There is not 
much variation from one sample to the other in the conducti
vity vs. temperature curves. Similar Nd2 (A = Ca,
Sr, Ba) and Pr2 ^SrxNiO4±8 systems were reported to be 
semiconducting also. Contrarily, when the oxygen content 
was controlled to nearly stoichiometric, the LmuSLNiCh 
(Ln = La,& Nd10) systems showed a metal to semiconductor 
transitions with the transition temperature decreased mono
tonically with increasing Sr content. Such transition have 
been understood in terms of band gap closing6 or increased 
hole concentration with Sr amount, but still remain controve
rsial. The portion of the Ni3+ seems to be important for 
the electric property. Also the interstitial oxygen and possibly 
the oxygen defect in the Ni-0 network seem to play a detri
mental role by trapping the charge carrier as is seen in our 
and other oxygen excess systems.

In conclusion, we have synthesized solid solution Pr2 xBax- 
NiO4±5 in the K2NiF4-type struct나re. The structure changed 
from orthorhombic to tetragonal with the Ba content inc
rease. These samples showed semiconducting behavior at 
temperature between 10 to 310 K. There are many aspects 
of this system that are not fully understood. We are going 
to study this system further for the low temperature structure 
and conductivity on the oxygen controlled samples as well 
as magnetic properties.
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