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Four new compounds were found in the BaO-TiOZ-Nb205 system, each containing <5 mole% Nbz05. 
B%Ti14Nb2039 is an &layer orthorhombic phase, CWZC~,~, with a = 17.138(.011), b = 9.868(.011), c = 
18.7.59(.010) A. The other three phases have similar u and b parameters (urnan = berth = 9.9 A, b,,, i= 
uotih = 17 A). Ba14Ti4,,Nb,0sg is a 20-layer orthorhombic phase, Cmc*, with c = 46.86 A. Ba10Ti28NbZ072 
is a 7-layer monoclinic phase, C2lm, c = 16.72 A, p = 101.2”. BaleTiuNbZOIxZ is a 13-layer monoclinic 
phase, C2/m, c = 30.65 A, /3 = 96”. The compositions were derived by analogy to the layers in Ba4Ti13 
OjO and B%Ti17040 and are consistent with limited phase equilibria data. Q 1987 Academic PRSS, IX. 

Introduction 

The barium polytitanates are of great in- 
terest and technological importance be- 
cause of their high dielectric constant, low 
temperature coefficient of the dielectric 
constant, and low dielectric loss (I). Pre- 
vious phase equilibria studies (2, 3) have 
established the existence of compounds 
with the BaO: TiOz ratios of 6: 17, 4: 13, 
1: 4, and 2: 9 as stable high-temperature 
phases; the 1: 4 and 2 : 9 phases are cur- 
rently being used in microwave-filter de- 
vices. The structures were refined (4-9) 
mostly by Baur and Tillmanns. Two other 
compounds with ratios of 1: 2 and 1: 5 were 
shown to be stable only at low temperatures 
(IO) and the stability of the 2 : 5 phase re- 
ported by Jonker and Kwestroo (II) has 

1 Preliminary crystal structure analyses by R. J. 
Cava has identified the true space group as uniquely 
noncentrosymtetric Cmc2[. 

been reinvestigated and this study was re- 
ported recently (12). The equilibrium rela- 
tions between all the Ba-polytitanates and 
other oxide compounds are of great techno- 
logical interest in connection with modifica- 
tion of the existing stability and resultant 
properties of these phases. For these rea- 
sons, previous studies were reported earlier 
of equilibria in systems involving BaO and 
TiO:! with CaO and SrO (13), with SnOz and 
Zr02 (2), and with P205 (14). Recent stud- 
ies with BzOj, V205, and Moos (15) and 
new studies with P205 (16) by the authors 
and collaborators are being published. A 
detailed study of a large part of the system 
BaO-Ti02-Nb20s was published as Part I 
of this series (17). In this system eight new 
ternary phases were reported and two pre- 
viously reported (18, 19) ternary phases 
confirmed. In that paper (17) it was pointed 
out that “The addition of a small amount 
of NbzOS to the Ba-polytitanates causes 
abrupt shifts in many of the X-ray diffrac- 
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tion lines associated with these phases.” 
The ternary phase diagram was left blank in 
this portion of the system. Further work 
has now established the existence of at 
least four new phases, with 1 to 5 mole% 
Nb205, occurring in this previously unde- 
fined region. The synthesis and crystal 
chemistry of these phases are reported 
here. 

Experimental Techniques 

Most of the experimental techniques 
were reported in Part I (17) and techniques 
involving alkoxide precursor synthesis was 
previously reported by Ritter et al. (10). 
Due to the difficulty of obtaining equilib- 
rium by solid state techniques with such 
small amounts of a third component (O.l- 
5.0 mole%) it was necessary in many cases 
to prepare some compositions using hydrol- 
ysis of mixed ethoxide solutions in order to 
obtain homogeneity. Single crystals were 
obtained from partially melted specimens 
and used to determine unit cell dimensions 

FIG. 1. Subsolidus section of the phase equilibria 
relations in the high-Ti02 portion of the system BaO- 
Ti02-Nbz05 (temperature -1275-1300°C). 0, solid 
state specimens; 0, ethoxide hydrolyzed specimens. 

TABLE I 

COMPOSITIONS STUDIED AND PHASES PRESENT AT 

JUST BELOW THE SOLIDUS -1260-1300°C 

Composition 
(mole%) 

Phases identified by X-ray 
BaO TiOz NbzOs powder diffraction analyses” 

(a) Specimens prepared by conventional solid state 

48 50 2 
45 53 2 
40 58 2 
33.33 64.67 2 
29.63 66.67 3.70 
29.09 69.09 1.82 
28.83 70.27 0.90 
28.57 66.67 4.76 
28 67 5 
28 70 2 
27.27 70.45 2.27 
26 71 3 
26 72 2 
25.74 73.27 0.99 
25.64 11.19 2.56 
25.45 72.73 1.82 
25 69 6 
24.72 74.16 1.12 
24.44 74.44 1.11 
24 74 2 
23.75 75 1.25 
22 76 2 
21.92 72.60 5.48 
21.20 76.80 2 
19.54 78.45 2 
15.50 82.50 2 

techniques 
BTss + 6: 14: 1 
BTss + 6: 14: I 
BTss + 6: 14: I 
BTss + 10:28: I 
6: 14: 1 + BTss 
14:40: 1 + 10:28: I + BTss 
6: 17 + 14:40: I 
6:14:1 
6:14: I + 3:4:2ss + 10:28: 
14:40: I + BTss 
10:28: I + BTss 
10:28: 1 
14:40: 1 
6: 17 + 18:54: 1 + 14:40: I 
10:28: 1 
14:40: I 
I:4 + 3:4:2ss 
4:13 + I:4 
18:54: I 
I:4 + 10:28: I 
I:4 + 18:54:1 
I:4 f 3:4:2ss 
2~9 + 3:4:2 
I:4 + 3~4~2 
2:9 + 3:4:2 
219 + 3~4~2 + TiOl 

(b) Specimens prepared by hydrolysis of mixed eth- 
oxide solutions 

29.40 69.67 0.93 6:17+BT+6:14:1 
27.37 71.70 0.93 6: 17 + 6: 14: I + 14:40: I 
26.78 69.91 3.31 6:14:1 + 10:28:1 
24.69 73.95 1.36 18:54: 1 
24.48 75.15 0.37 4:13 + 1:4 

* 6: 14: 1 8L-orth, = 10:28: 1 7L-mon, 14:40: = 1 
= ZOL-orth, 18 : 54 : 1 = 13L-mon. 

and symmetry. The compositions studied 
and the results of the synthesis and X-ray 
diffraction analyses are summarized in Fig. 
1 in the high-Ti02 quarter of the ternary 
system and in Tables I and II. The pro- 
posed phase equilibria are shown more 
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TABLE II 

SPECIMENSFROM WHICH SINGLECRYSTALS WEREEXAMINED 

Composition (mole ratio 
BaO : TiOz : NbZOj) Heat treatment Crystals identified 

Probable composition of 
crystal 

28 : 67 : 5 135OWIO min + 132YC164 hr S-layer orthorhombic Baf;ri14Nb3019 
14:35: 1 1320°C + 1314YY24 hr 20-layer orthorhombic Ba14Ti40Nb@9Y 
28 : 67 : 5 135O”CXO min + 1325”C/64 hr 7-layer monoclinic Ba,,,TizxNb20,z 
6:14:1 132STl44 hr 7-layer monoclinic Ba,,,TizxNbzOTz 

27.37: 71.7: 0.93 131O”C/165 hr I3-layer monoclinic BalxTic4Nb?0,?z 

clearly in Fig. 2 in the enlarged low-NbZOS 
portion of the ternary diagram near the Ba- 
polytitanates. 

Results and Discussion 

A series of compositions containing 2 
mole% Nb205 were prepared by conven- 
tional solid state techniques and heat 
treated for long periods at about 13Oo”C, 
very near the solidus temperature. None of 
the specimens between 20 and 50 mole% 
BaO showed, in their X-ray diffraction 
powder patterns, any sign of the peaks be- 

Mel X Nb205 

Frc. 2. Enlarged portion of Fig. 1 illustrating most 
likely phase relations in the low-Nb?05 portion of the 
system BaO-TiOz-Nb205. 

longing to either the 6: 17 or 4: 13 phases. 
Other compositions containing between 
about 3 and 15 mole% NbzOS showed the 
presence of one or more phases which had 
not been identified in other portions of the 
ternary system. 

In order to identify the unknown(s) a 
specimen was chosen (28 : 67: 5) the dif- 
fraction pattern of which contained many 
unidentifiable peaks plus a trace of the hex- 
agonal solid solution Ba3Ti4+5sNb4-4r02, 
(x = 0.3) (see Ref. (18)). A specimen of this 
composition was melted in an unsealed Pt 
tube at 1350°C for a few minutes. The tem- 
perature of the furnace was then lowered to 
1325°C and held for -64 hr. The specimen 
was then removed from the furnace, al- 
lowed to cool in air, gently crushed, and 
examined under a polarizing microscope 
for small single crystals. Most of the crys- 
tals examined by single crystal X-ray pre- 
cession patterns belonged to the same 
phase (Fig. 3, upper level data not shown) 
and looked very much like crystals of the 
4 : 13 phase. However, the unit cell dimen- 
sions and the patterns showed that this 
phase has a structure with an orthorhombic 
close-packed lattice with a and b parame- 
ters essentially the same as those of the 
4: 13 phase but with a c parameter similar 
to that of the monoclinic 6 : 17 phase rather 
than the c of the 4 : 13 phase. (Note that 
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b* 

ama 
17 

II 

FIG. 3. Single crystal X-ray precession patterns (MO radiation) of the E-layer orthorhombic phase 
Ba6Ti14Nb20j9, space group Cmcm. A-(Ok/), B-(hkO), C--(ho/), upper level data not shown. 

,” = b orth = 9.9 A and b,,, = a&h = 
A.) 

phases are known to be very similar (4, 5). 
Indeed, Negas et al. (2) were able to derive 

‘he structures of the 6: 17 and 4 : 13 the existence and structure of the 4 : 13 
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phase from the published (4) single crystal 
structure analyses of the 6 : 17 and only re- 
alized after the fact that such a phase had 
already been described in (5). Both of these 
compounds can be described as containing 
layers of oxygen close-packed ions with 
one Ba+2 cation occasionally substituting 
for two missing oxygens and with Ti+* ions 
occurring in octahedral coordination be- 
tween the layers in patterns obeying the 
space group symmetry. The 6: 17 phase is 
monoclinic, space group C2/c, and the re- 
peat distance perpendicular to the Ba-oxy- 
gen close packing is 18.76 A, = 8 x 2.31 A, 
close to the normal O-O distance for close- 
packed layers. For a description of this X- 
layer monoclinic structure, the reader is re- 
ferred to the paper by Negas et al. (2). The 
4: 13 phase, on the other hand, although 
still made up of close-packed layers, has a 
much more symmetrical distribution of the 
Ti+4 ions. It is orthorhombic, space group 
Cmca, with the repeat distance perpendicu- 
lar to the close-packed layers being 14.06 
A , = 6 X 2.32 A. This 6-layer orthorhombic 
structure is also described in (2). 

It can now be seen from Fig. 3 that the 
new compound is an S-layer phase with an 
orthorhombic distribution of the cations. 
The actual space group is Cmc2t rather 
than Cmca, as reported for the 4 : 13 phase, 
due to the presence of (MO) peaks with h 
odd, for instance (330) (see Fig. 3). The 
composition of the 8 layers can be hypothe- 
sized to be formed by a redistribution of the 
known layers of the 4 : 13 phase. The first 
half of the unit cell of Ba4Ti13030 is made up 
of 3 layers, each with a different composi- 
tion. Layer 1 is [Ba4Tis018Vz]-4 (V = va- 
cancy); layer 2 is [Ti10024]-8; and layer 3 is 
[Ba4TiloOlsV2]+*2. The other half of the unit 
cell is made up of three layers related by 
symmetry, each with the same composition 
as the first half. The formula Ba4Tit3030 can 
thus be arrived at by considering only half 
the unit cell. By adding another layer of 
[Ba4Ti6018V2]-* to each half unit cell the 

composition [Bat2Ti32078]-4 would be real- 
ized: 

i 

[Ba4Ti6018V$4 
4 : 13 [Ti10024]-8 

[Ba4Ti10018V~]+12 
[Ba4Ti6018V2]-4 

[Ba12TW78V.l-* 
In deriving the, formulas it is important to 

always consider the number of vacancies 
as, for this size unit cell, the total number of 
Ba + 0 + V should always equal 24 for 
each layer. By substituting four Nb+5 atoms 
for four of the Tif4 atoms in the above for- 
mula [Bat2Ti32078V&* it can be made elec- 
trically neutral with no change in the cat- 
ion/anion ratio. The new formula is Bat2TiZ8 
Nb4078 or Ba6Ti14Nb20j9 equal to 6BaO . 
14Ti02 * Nbz05 (6 : 14 : 1). This composition 
is so close to the original specimen from 
which the crystals were derived that a great 
deal of confidence can be placed in the 
crystallographic derivation of this formula. 
A new specimen was prepared of the com- 
position 6: 14: 1 and found to be single 
phase after heat treatment at 1230°C for 23 
hr, then 1300°C for 122 hr. The resultant X- 
ray diffraction powder pattern was ana- 
lyzed by a least-squares technique using the 
unit cell derived from the photographs 
shown in Fig. 3. The results of the analysis 
are given in Table III and show that BGTi14 
Nb2039 is orthorhombic, space group 
Cmcm (or its noncentrosymmetric equiv- 
alents Cmc2i, C2cm), with parameters 
a = 17.138(.011), b = 9.868(.011), c = 
18.759(.010) ii. 

After the identification of the S-layer 
orthorhombic phase at a composition of 
6 : 14 : 1 and the clarification of its X-ray dif- 
fraction powder pattern, it was found that 
many of the specimens prepared with 2 
mole% Nb205 still contained an unknown 
phase or phases. The unexplained diffrac- 
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TABLE III 

X-RAY DIFFRACTION POWDERPATTERNTOW~~OF 
THE S-LAYER ORTHORHOMBIC PHASE, BahTi14Nb10iV 

d obs I/& 28 obs 

8.598 5 10.28 
4.329 10 13.98 
4.1193 10 18.55 
4.3115 40 20.27 
4.2855 30 20.71 
4.1681 5 21.30 
3.8804 28 22.90 
3.4399 40 25.88 
3.4024 25 26.17 
3.1817 100 28.02 
3.1293 18 28.50 
3.0569 25 29.19 
2.9889 61 29.87 
2.9397 31 30.38 
2.8752 65 31.08 
2.8555 25 31.30 
2.8186 54 31.72 
2.7323 10 32.75 
2.6651 50 33.60 
2.6436 26 33.88 
2.5940 13 34.55 
2.5253 7 35.52 
2.4695 5 36.35 
2.4500 17 36.65 
2.3571 10 38.15 
2.3511 12 38.25 
2.2980 27 39.17 
2.2631 17 39.80 
2.2212 12 40.58 
2.1853 33 41.28 

2.1187 15 42.64 
2.1154 13 42.71 
2.0594 56 43.93 

2.0250 7 44.72 

20 cab’ hk 1 

10.31 200 
13.99 202 
18.54 311 
20.29 312 
20.72 400 
21.30 221 
22.91 313 
25.91 115 
26.17 314 
28.00 131 
28.53 006 
29.18 422 
29.87 315 
30.41 206 
31.08 513 
31.29 600 
31.72 33 I 
32.75 602 
33.60 514 
33.90 3 16 
34.55 333 
35.52 406 
36.39 040 
36.65 425 
38.14 711 
28.23 241 
39.16 242 
39.82 208 
40.58 713 
41.25 624 
41.31 044 
42.64 318 
42.70 244 
43.88 045 
43.98 408 
44.72 I19 

[’ Calculated on the basis of an orthorhombic unit 
cell, space group CmcZr, with a = 17.138, b = 9.868, c 
= 18.759 A. 

tion peaks occurred most often in the com- 
positions between 25 and 30 mole% BaO. 
Consequently, a specimen of the composi- 
tion 14 : 35 : 1 was heated at 1320°C and al- 
lowed to cool only about 5&C, over 24 hr, 
then removed from the furnace, gently 
crushed, and examined for small single 

crystals. Again most of the crystals exam- 
ined belonged to the same phase with es- 
sentially the same a and b parameters as the 
4: 13, 6: 17, and the 8-layer orthorhombic 
6 : 14 : 1. However, the c parameter was 
very large -46.86 A or 20 X 2.343 A (Fig. 4, 
upper level data not shown). This phase is 
also orthorhombic, but the space group 
could not be determined exactly as the c 
axis is so large that upper level diffraction 
spots could not be screened out in (MO) 
precession patterns. It was therefore not 
possible to decide between Cmcm or Cmca 
and the notation must be left as Cmc* until 
the structure is refined. The most likely 
composition of this phase was arrived at 
partly by examination of the X-ray powder 
diffraction data of the many prepared speci- 
mens and partly by analogy to the 4 : 13 and 
6 : 14 : 1 phases. As this is a 20-layer 
orthorhombic phase, it can be thought of as 
an ordered arrangement containing one S- 
layer 6 : 14 : 1 composition and two 6-layer 
4 : 13 compositions. The following would be 
for one-half a unit cell. 

6 : 14 : 1 = 4 layers-Bar2Ti28Nb4078Vh 
4: 13 = 3 layers-Ba8Tiz6 060V4 
4.13 i = 3 layers-Ba8Ti26 060V4 

10 layers-Ba28Ti8,,Nb40,98V14 
14:40: I Bal4Tidbdb 

There is, as yet, no obvious reason why a 
20-layer orthorhombic 2 : 1 arrangement of 
the 4 : 13 and 6 : 14 : 1 compounds should be 
more stable than a 1Clayer orthorhombic 
I: 1 or 22-layer orthorhombic 1 : 2 arrange- 
ment. This may be related to the symmetry 
requirements of the arrangement of the in- 
dividual layers within the space group ver- 
sus geometric packing and the stability of 
possible face-sharing octahedra. At any 
rate, the composition derived above, 
14 : 40 : 1, is very close to the composition 
needed to best explain the X-ray powder 
diffraction data. The composition 14 : 40 : 1 
is therefore tentatively accepted as the 
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a* 

FIG. 4. Single crystal X-ray precession patterns (MO radiation) of the 20-layer orthorhombic phase, 
space group Cmc*, most likely composition Ba14Tid0Nb 2 0 99. A--(ho/), B-(Ok/), upper level data not 
shown. 

most likely composition of the 20-layer 
orthorhombic phase until the structure is 
refined from the single crystal X-ray dif- 
fraction data. 

Several of the X-ray diffraction powder 
patterns from specimens containing 20-30 
mole% BaO, especially those around 24-26 
mole%, still contained diffraction peaks 
that could not be explained by the calcu- 
lated X-ray diffraction powder patterns for 
the 8- and 20-layer orthorhombic phases. 
However, one of the crystals examined 
from the batch of the 28 : 67 : 5 composition 
turned out to be a different phase than all 
the other 8-layer orthorhombic crystals. In- 
deed, a specimen of the 6: 14: 1 composi- 
tion, which had been single phase 8-layer 
orthorhombic, was held above its incongru- 
ent melting point at 1325°C for 44 hr. After 
removal from the furnace, the specimen 

was gently crushed and single crystals were 
examined. Many more crystals of the new 
phase were now found (Fig. 5, upper level 
data not shown). This phase looked much 
more like the 6 : 17 compound than like the 
4: 13 or 6: 14: 1 phase. It proved to be 
monoclinic, p = 101.2”, with a and b pa- 
rameters similar to the other phases but 
with c = 16.72 A (7 X 2.39 A). This phase, 
therefore, has a 7-layer monoclinic struc- 
ture, space group C2/m (or equivalent), as 
the c-glide present in the 6 : 17 structure ap- 
pears to be absent in this phase. The most 
likely composition for this I-/-layer mono- 
clinic structure is an ordered arrangement 
of layers similar to the 4 : 13 and 6 : 17 
phases with some Nbt5 substituted for TP4. 
Again, as for the 6: 17, 4: 13, 6: 14: 1, and 
14 : 40 : 1 phases a compound with these a 
and b parameters must have a composition 
with the Ba + 0 + V = 24 per layer, The 
most probable compositions can be arrived 
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a* 

FIG. 5. Single crystal X-ray precession patterns 
space group CZim, most likely composition Ba10Tz8P 
shown. 

at by adding the 3 layers of one-half the unit 
cell of the 4 : 13 phase to the 4 layers of one- 
half the unit cell of the 6 : 17 phase and al- 
lowing substitution of Nb+5 for Ti+4: 

(1) BaTiO V 4 6 18 2 
4:13 

I 

(2) T~db 
(3) Ba4TidhV~ 
(4) Ba2Ti12012 

6:17 
(5) Ba4Ti8018VZ 
(6) Ba Ti 0 V 4 6 18 2 
(7) Ba,Ti80zz 

0-NbZOS Ba20’h01~o (1 : 3 does not 
exist) 

I-Nb?OS Ba2,,Ti58Nb20L42 (20:%x: 1) 
or 

2-Nb205 7-layer BaZoTi56Nb40144 
monoclinic Ba10TlZ8Nb2072 (10:28: 1) 

This later composition (10 : 28 : 1) corre- 
sponds most closely with the possible inter- 
pretation of the X-ray diffraction powder 
data of the various specimens and is taken 
as the most likely composition of the 7- 
layer monoclinic phase. 

b* 

(MO radiation) of the 7-layer monoclinic phase, 
gbZ072. A--(ho/), B-(Ok/), upper level data not 

The X-ray powder diffraction data of 
most of the compositions containing 2-15 
mole% Nb205 could be completely ac- 
counted for by known phases plus the 
calculated d-spacings of the S-layer 
orthorhombic (6 : 14 : l), 20-layer orthor- 
hombic (14 : 40 : l), and 7-layer mono- 
clinic (10 : 28 : 1) phases. However, several 
of the specimens containing -1 mole% 
Nb205 still contained unknown diffrac- 
tion peaks. Therefore, one of the specimens 
prepared via the ethoxide precursor route 
with a composition of 27.37BaO : 71.70Ti02 
: 0.93NbzOs was held just above its solidus 
temperature at 13 10°C for - 165 hr. After 
removal from the furnace, the specimen 
was gently crushed and small single crys- 
tals were examined in the precession cam- 
era. Some of the crystals were the S-layer 
monoclinic 6: 17 type structure. However, 
many belonged to a new phase (Fig. 6, up- 



338 ROTH, ETTLINGER, AND PARKER 

per level data not shown), again with a and 
b parameters about the same as the previ- 
ously described compounds but with mono- 
clinic symmetry, /3 - 96” and c = 30.65 A 
(13 x 2.36 A). This phase therefore has a 
13-layer monoclinic structure, space group 
again C2/m (or equivalent), with no c-glide. 
As this phase seems to occur with only 
about 1 .O to 1.5 mole% Nb205, its most 
likely composition is that of a 1 : 1 ordered 
phase of the 7-layer monoclinic and the 6- 
layer 4 : 13 compound: 

7 layers-Ba20Ti56Nb40r44 
6 Iayers-Ba16Ti520r20 

13 layers-BajhTi108Nb40264 

or Ba18Tt54Nb20132, z = 2 (18 : 54 : 1) with 
only 1.37 mole% Nb205. 

Most of the X-ray diffraction powder pat- 
terns of specimens so far prepared in this 
part of the system can be accounted for on 

the basis of these four new phases and the 
previously reported compounds. However, 
there are still some possible discrepancies 
and it is by no means certain that all of the 
complex chemistry has been elucidated. 

Conclusion 

A small amount of Nb205 (l-5 mole%) is 
enough to change the stability for the close- 
packed layers of the Ba-polytitanate phases 
Ba6Tir7040 and Ba4Tit30j0 so that new 
phases form instead. The new phases are 
apparently structurally related to the pre- 
vious two, containing layers of similar Ba- 
Ti-0 configurations except with some Nb+S 
substituting for Ti+4, changing the elec- 
tronic configuration of each layer while 
maintaining the cation/anion ratio. Four 
new phases have been found and their sym- 
metries, unit cell dimensions, number of 
layers per unit cell, and space groups were 

a* 

FIG. 6. Single crystal X-ray precession patterns (MO 
space group CZ/m, most likely composition Ba,,TL4Nb2t 
shown. 

radiation) of the 134ayer monoclinic phase, 
3112. A-(110/), B-(OH), upper level data not 
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determined from single crystal X-ray pre- 
cession patterns. Their compositions were 
derived by analogy to the compositions of 
the layers of the 4 : 13 and 6 : 17 phases. The 
compositions so determined are consistent 
with the data obtained from preparation, 
heat treatment, and X-ray powder diffrac- 
tion patterns of a limited number of speci- 
mens. The four new phases were found 
to have S-layer orthorhombic, 20-layer 
orthorhombic, 7-layer monoclinic, and 13- 
layer monoclinic lattices. Only the first Ba6 
Tir4Nb20j9 was obtained as an entirely sin- 
gle phase specimen. The exact composi- 
tions of the other three phases must await 
refinement of the crystal structure. The 
structure of all four of the new compounds 
will be examined by single crystal X-ray dif- 
fraction and reported in the near future. 
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