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Phase relations in the system BaO-GeO, were investigated in the pressure range 20-70 kbar in the
temperature range 750—-1200°C. Several new phases were identified in this system: an atmospheric
phase of BaGe,O; (monoclinic BaGe,O; I), two high-pressure phases of BaGe,O5 (monoclinic BaGe, O,
II and tetragonal BaGe,O; III), and a high-pressure phase of Ba,Ge;0,,. The phase boundary curve
between BaGe,O; II and BaGe,O; III was preliminarily determined as P(kbar) = 7.7 + 0.047T (°C).
The high-pressure phases of BaGeQ,, which were previously reported by Y. Shimizu, Y. Syono, and S.
Akimoto (High Temp.—-High Pressures 2, 113 (1970)) in the pressure range 15-95 kbar, were inter-
preted to be not single-phase materials but complicated mixtures of more than two phases in the
system BaO-GeO,. X-Ray powder diffraction data for the new compounds synthesized in this study

are given.

Introduction

Comprehensive studies of the phase rela-
tions in the system BaO-GeO, at high tem-
peratures and at atmospheric pressure have
been made mainly by Soviet investigators
(1-4). A phase diagram of this system has
been reported by Grebenshchikover al. (3).
It has recently been pointed out by H. Takei
(private communication), however, that the
phase diagram is incompatible with infor-
mation from the crystal growth of a few
phases in the system. Some uncertainties
have also been revealed in the indexing of
the X-ray powder diffraction data for Ba-
GeO; in this system (ASTM card, 21-69, 21-

t To whom correspondence should be addressed.

70; Takei, private communication). This
system appears to be still not fully under-
stood.

Shimizu et al. (5) studied the stability re-
lations in BaGeO, at high pressures and
high temperatures as a part of a series of
investigations on the high-pressure crystal
chemistry of A?*B**Q,-type compounds.
They reported that the atmospheric-pres-
sure phase of BaGeO, with the pseudowol-
lastonite structure (low-temperature phase)
transformed to a high-pressure phase (‘‘Ba-
GeQ, II'") with pseudoorthorhombic sym-
metry at around 15 kbar and at tempera-
tures ranging from 650 to 1000°C. They also
reported that BaGeOQ; finally transformed
to the perovskite-like structure at around
100 kbar through several other intermediate
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phases with unknown structure in the pres-
sure range 30-95 kbar.

In the present study, we at first intended
to reexamine the high-pressure behavior of
BaGeO, and to obtain single crystals of
high-pressure phases of BaGeQO, with the
unknown structures. In the course of the
reinvestigation, however, we extended our
interest to the wide compositional range in
the system BaO-GeO, for a more complete
understanding of the stability relations of
BaGeO; at high pressures. This paper re-
ports the synthesis of a new atmospheric-
pressure phase and three new high-pressure
phases in the system BaO-GeOQ,. Previous
data on the high-pressure stability of Ba-
GeOQ; are interpreted on the basis of the
present results.

Experimental Procedure

A series of atmospheric-pressure phases
of samples with different molecular ratios of
BaO:GeO, (2:1, 1:1, 1:2,2:5, 1:3, and
1:4) were prepared by mixing intimately
BaCO; and GeO, of guaranteed quality in
the required compositions and firing at
1350-1400°C for several hours in air (ex-
cept for a sample of 2:1). Polycrystalline
Ba,GeO, sample was prepared at 1200°C in
vacuum (10~ Torr). Single crystals of Ba-
GeO; (high-temperature phase), BaGe,Os,
and BaGe,O, were obtained by cooling in
platinum crucibles. These crystals were
powdered and used as starting materials for
the high-pressure experiments. In the case
of samples which do not exist as a single
phase at atmospheric pressure but decom-
pose into a mixture of compounds with dif-
ferent compositions (for example, Ba,
Ge,0,,), powder samples of the sintered
mixture were used as starting materials for
the high-pressure experiments.

High-pressure and high-temperature ex-
periments were chiefly made with the aid of
a tetrahedral anvil apparatus. The two runs
(Nos. 3 and 4 in Table I) at relatively low
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pressures (20-30 kbar) were carried out
with the aid of a cubic anvil apparatus. In
the experiments using the tetrahedral anvil
apparatus, tungsten—carbide anvils with 15-
mm edge and baked pyrophyllite tetrahe-
drons with 20-mm edge were used. For the
cubic anvil apparatus, a combination of 16-
mm-edge anvils with 21-mm-edge cubes
was adopted. In the usual runs, powder
samples of the starting materials were di-
rectly embedded in the tubular graphite fur-
nace which was placed diagonally with the
axis of the cylinder between opposite edges
of the pyrophyllite tetrahedron, or at the
center of the pyrophyllite cube with the axis
of the cylinder perpendicular to the oppo-
site faces of the cube. Pressure values were
calibrated against press load at room tem-
perature based on the well-established pres-
sure-fixed points of low-Bi (25.5 kbar), low-
Ba (55 kbar), and high-Bi (77 kbar).

A conventional quenching technique was
used for investigating the phase relations.
After pressure was applied to the sample,
temperature was brought to the desired
value and held there for 20-80 min. The
sample was then quenched by turning off
the heating power under the working pres-
sure. After releasing the pressure, the
phases present in the quenched samples
were examined by means of an X-ray pow-
der diffractometer and a petrographic mi-
croscope. A considerable amount of loss of
BaO component in the starting materials
was found in almost all the runs. The use of
a platinum heater instead of the graphite
heater was partially effective in reducing
the BaO loss. The pyrophyllite cubes used
for runs 3 and 4 were baked incompletely at
500°C, and this results in production of hy-
drooxide phases in the products.

Structure analysis was carried out with a
precession camera on single crystals ob-
tained in the present study. Single crystals
and sections of the quenched samples were
also examined by means of an electron mi-
croprobe analyzer (XMA). Figure 1 shows
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FiG. 1. Procedure for determining the chemical composition of the high-pressure phases in the
system BaQ-GeO,. Solid curves are the calibration curves obtained on the basis of the three standard
samples (BaGeO,, BaGe,O;, and BaGe,0O;). a: Single crystal of high-pressure phase of Ba,Ge;0,,.
b: Single crystal of BaGe,Oj I1. c: Homogeneous polycrystalline aggregate of BaGe,O; III.

the procedure for determining the chemical
composition of the samples using the micro-
probe analyzer. Single crystals of atmo-
spheric-pressure phase of BaGeQ; (high-
temperature phase), atmospheric-pressure
phase of BaGe,0;, and BaGe,O, were used
as standard materials. In Fig. 1, the ob-
served intensities of both Ba-La and Ge-
La lines are plotted against the chemical
compositions (weight percent of GeO;). On
the basis of the calibration curves shown in
the figure, the chemical composition of the
high-pressure phases in the system BaO-
GeQ, was determined.

Results and Discussion

All the results of the high-pressure and
high-temperature experiments are summa-
rized in Table I.

Ba,GeO,

This phase is known to have the K,SO,-
type structure at atmospheric pressure. No
phase transformation was observed on the
run at 60 kbar and 1100°C (No. 2 in Table I).
The fact that Ba,GeO, with the K,SO,-type
structure appeared as a decomposition

product in the runs of BaGeO, also sup-
ports its stability up to 60 kbar.

BaGeO,

As has already been well established, Ba-
GeO, has two phases at atmospheric pres-
sure; a low-temperature phase (the pseudo-
wollastonite structure) with hexagonal ring
structure (4, 6) and a high-temperature
phase with orthorhombic chain structure
(6, 7). In a previous paper, Shimizu et al.
(5) reported a synthesis of a high-pressure
phase of BaGeO; (‘°‘BaGeQ, II'’) at around
15 kbar using the low-temperature phase of
BaGeO; I (atmospheric phase) as starting
material. Since they were unsuccessful in
preparing single crystals of ‘‘BaGeQO, II,”
its X-ray diffraction pattern was tentatively
indexed using the indices of the SrGeO, II-
type structure with pseudoorthorhombic
symmetry by the analogy of the high-pres-
sure behavior between Sr compounds and
Ba compounds.

In the present study, high-pressure phase
relations of the BaGeO; composition were
reexamined with particular interest in syn-
thesizing single crystals of ‘‘BaGeQO, II”
and other high-pressure phases reported by
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Shimizu et al. (5). Careful analyses of the
quench products, however, revealed that
no single-phase material was quenchable
for the BaGeO,; composition in the pressure
range 20-60 kbar. Our X-ray powder dif-
fraction data for the overall quench product
of BaGeQO, at 20 kbar (No. 3 in Table I)
were found to be just identical with those
reported for ‘“‘BaGeQO; II'” (in a stricter
sense, those for ‘‘BaGeQ, II'” + Ba(OH),),
and further the diffraction data were com-
pletely interpreted as a mixture composed
of BaQ,, a high-pressure phase of BaGe,O,
(BaGe,O; II), and a high-pressure phase of
Ba,Ge,0,,.

As shown in Table I (Nos. 3, 4), in the
runs using a graphite heater at 20-30 kbar
and at 750-930°C, the high-temperature
phase of BaGeO,; completely decomposed
and some GeQO,-rich compounds in the
Ba0-GeO, system were identified as de-
composition products. As will be men-
tioned later, when we use a graphite fur-
nace for the high-pressure experiments of
the present system, the lower the pressure
is, the lower the temperature at which
change in bulk chemical composition to the
GeO,-rich side begins to take place. At 20—
30 kbar, such a change in chemical compo-
sition undoubtedly proceeds extensively in
the temperature range 650—-1000°C. There-
fore, it is very unlikely that the run product
at about 15 kbar in the previous work (5)
preserves the initial composition isochemi-
cal to BaGeO,.

No successful results were obtained in
synthesizing the single-phase materials for
BaGeQ; in the pressure range 30-60 kbar.
It was revealed that BaGeQ; in this pres-
sure range decomposes principally into a
mixture of two phases: a high-pressure
phase of BaGe,O; plus Ba,GeOQ, with the
K,SO,-type structure. The high-pressure
phase of Ba,Ge;0,, is also identified as a
secondary phase in the outer part of the
sample close to the graphite heater. This
may be caused by the shift of the bulk
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chemical composition to the GeO,-rich side
in the present sample assembly. As will be
mentioned later, there are two high-pres-
sure phases in BaGe,O; (designated Ba-
Ge;O; II and BaGe,Oy III) depending on
pressure and temperature. This produced a
complicated result in the run at 60 kbar and
1100°C with a graphite heater (No. 5 in Ta-
ble I). Actually, we could pick out a few
single crystals of both BaGe,O, II and the
high-pressure phase of Ba,Ge;O,, from the
aggregate of BaGe,O; III and Ba,GeO,. As
will be shown later, the pressure—tempera-
ture condition of run 5 was just on the phase
boundary curve between BaGe,O; II and
BaGe,O; III (see Fig. 2). Since Shimizu
et al. (5) used a graphite heater in their
high-pressure and high-temperature ex-
periments, several intermediate-pressure
phases of BaGeO; reported by them may
be a complicated mixture of Ba,GeO,,
BaGe,O; II and III, and/or the high-pres-
sure phase of Ba,GesO,,.

BaGe, O

In the system BaO -GeO,, Ba,GeO;, Ba,
GeO,, BaGeO,, BaGe,O,, and BaGe,,0,,
have been reported to exist at atmospheric
pressure (3). In this work, the synthesis of
Ba,GeO,, BaGeO;, and BaGe,O, as single-
phase samples was confirmed. Prior to
the work by Grebenshchikov er al. (3),
Koelmans and Verhagen (8) reported a syn-
thesis of BaGe,O, (sintered powder) and
gave X-ray powder diffraction data for that
sample. No further detailed crystal data
have been given and there remained some
doubts that the BaGe,O, phase reported by
them might be a metastable phase or not a
single phase. It was found in the present
study that BaGe,O; actually exists as a sin-
gle phase (BaGe,O; I) at atmospheric pres-
sure in the system BaO-GeQ,, and a single
crystal of this phase was used as a standard
sample for XMA analysis. However, the X-
ray powder diffraction patterns of the
present BaGe,O; I are completely different
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TABLE II

X-RAY DIFFRACTION DATA FOR
ATMOSPHERIC-PRESSURE PHASE OF BaGe,;0;
(BaGe,O; I MONOCLINIC)

dobs dca]c
hkli A) A) I
010 5.535 5.538 w
110 4.583 4.584 w
-101 4.513 4.512 w
101 4,233 4.230 w
200 4.085 4.084 w
-111 3.498 3.498 s
111 3.362 3.362 s
210 3.286 3.287 vs
020 2.769 2.769 m
002 2.581 2.582 m
-301 2.481 2.483 m
021 2.441 2.440 w
-121 2.358 2.360 m
301 2.340 2.341 w
121 2.317 2.317 w
-112 2.290 2.289 w
220 2.290 2.292 w
-202 2.257 2.256 w
~212 2.088 2.089 m
400 2.042 2.042 w
212 1.976 1.976 w
410 1.916 1.916 w
022 1.888 1.888 m
-321 1.848 1.848 m
321 1.788 1.788 m
-103 1.709 1.709 w
103 1.660 1.660 w
-113 1.633 1.633 w
-231 1.614 1.613 w
113 1.590 1.590 w
a = 8.1889%(13) A

b = 5.5380(9) A

¢ = 5.1765(5) A

B = 94.089%(14)°

V = 234.16(6) A®
Peare = 5.14gcm™3(Z = 2)

from those given by Koelmans and Verha-
gen (8). Structure analysis on single crys-
tals of BaGe,O; I indicates that these crys-
tals have a monoclinic symmetry with cell
parameters ¢ = 8.1889(13), b = 5.5380(9),
c = 5.1765(5) A, and B = 94.089(14)°. The

OZIMA ET AL.

possible space group is Pn (No. 7) or P2/n
(No. 13). In Table II, both observed and
calculated d-spacings of the atmospheric-
pressure phase of BaGe,O; are given on the
basis of a monoclinic unit cell. Density
measurement was made using a pycnome-
ter. The observed value (5.13 g cm=3) is in
very good agreement with that calculated
on the basis of the unit cell parameters (5.14
g cm™3),

The present BaGe,O; I crystals always
show fine polysynthetic twinning on (100)
besides two other twinnings of which the
axes are b and c, respectively. Therefore, a
single crystal free from twinnings could not
be obtained. Sanborite crystal (BaSi,0;) is
known to undergo a reversible high-low
transformation at about 1350°C (9). It is ex-
pected from the structural analogy between
silicate and germanate that the twinnings in
BaGe,0; could similarly result from trans-
formation of the high-temperature phase, if
we assume an unquenchable high-tempera-
ture phase of BaGe,O;.

Experimental results on the high-pres-
sure transformations of BaGe,O; are given
in Table I. At pressures of 40 to 60 kbar,
two high-pressure phases of BaGe,0;, i.c.,
BaGe,0; II and BaGe,O; III, were identi-
fied. The stability field for these two high-
pressure phases of BaGe,O; is shown in
Fig. 2. The phase boundary curve between
BaGe,O, II and BaGe,O; III was prelimi-
narily determined as P(kbar) = 7.7 +
0.047T (°C) from Fig. 2.

At 60 kbar, when the graphite heater is
used, in the runs at 1100°C, a migration of
Ba0O component through the graphite
heater proceeded and a precipitation of
Ba,Ge;0,, (high-pressure phase) was ob-
served at the outer shell of the sample
(Nos. 8 and 9 in Table I). The run product at
60 kbar and at 750°C using a graphite heater
was confirmed by the XMA to be a com-
pletely homogeneous sample of BaGe,O;
(BaGe,O; IIT) (No. 10 in Table I) and no
migration of the BaO component took
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TABLE 11

X-RAY DIFFRACTION DATA FOR THE
HiGH-PRESSURE PHASE OF BaGe,O;5(BaGe,O; II

MONOCLINIC)
dobs dcalc
hkli (A) A) 1
-222 3.407 3.408 m
400 3.294 3.296 w
222 3.241 3.245 m
-203 2.941 2.939 w
-421 2.860 2.863 s
023 2.855 2.854 w
-241 2.820 2.826 m
~402 2.807 2.803 w
203 2.780 2.783 m
241 2.780 2.7717 m
421 2.765 2.764 s
042 2.690 2.696 w
402 2.626 2.625 w
-253 1.955 1.955 w
—-631 1.945 1.946 w
602 1.945 1.944 w
-262 1.917 1.915 w
523 1.880 1.879 w
404 1.867 1.868 m
025 1.828 1.827 w
353 1.806 1.805 w
205 1.795 1.795 m
163 1.771 1.772 w
344 1.726 1.727 w
552 1.703 1.702 m
—415 1.686 1.686 w
800 1.648 1.648 w
444 1.622 1.622 m
a=13.218(4) A
b= 13.091(5) A
c =9.53803) A

B = 94.008(27)°
V = 1646.3(9) A®
Peare = 5.85gem™3 (Z = 16)

place. At 40 kbar, on the other hand, even
at 750°C, a migration of the BaQ component
proceeded, showing a ring structure in the
transverse section of the sample, that is, the
center is BaGe,O; II and the rim is high-
pressure phase of Ba,Ge;0,, (No. 6 in Table
I). When the platinum heater is used, at 60
kbar and at 900°C no migration of the BaO

BaGe,0. 11

L 1 1 i 1
800 1000 1200
T(°C)

313

FiG. 2. Stability diagram for the high-pressure and

high-temperature transformations of BaGe,05.

TABLE IV

X-RAY DIFFRACTION DATA FOR THE

HIGH-PRESSURE PHASE OF BaGe,O5(BaGe,O; II1

TETRAGONAL)
dobs dcalc

hkl A A) I
102 3.569 3.561 Vs
112 3.424 3.439 w
331 2.873 2.885 m
132 2.770 2.776 m
402 2.471 2.471 w
142 2.428 2.430 w
113 2.381 2.383 m
160 2.187 2.186 m
303 2.153 2.153 m
550 1.880 1.880 m
460 1.843 1.844 w
224 1.716 1.720 w
552 1.677 1.676 w
172 1.677 1.676 w
603 1.647 1.648 w
272 1.637 1.637 w
801 1.618 1.621 w
263 1.599 1.599 w
244 1.571 1.569 w
380 1.558 1.556 w
354 1.436 1.436 w
164 1.412 1.411 w
581 1.384 1.384 w
235 1.373 1.372 w

a = 13.295(4) A

c=17.3913) A

V = 1306(1) A?

Pesic = 7.37 gem™3 (Z = 16)
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TABLE V

X-RAY DIFFRACTION DATA FOR THE
HiGH-PRESSURE PHASE OF Ba,Ge,0,,

(HEXAGONAL)
dobs dcalc
Rkl A) A) 1
111 5.601 5.591 vw
200 5.062 5.060 vw
113 4.322 4.320 vw
20 4 3.484 3.487 vw
30 0 3.372 3.374 m
21 3 3.286 3.286 vw
115 3.215 3.215 vs
10 6 3.059 3.058 W
21 4 2.994 2.994 W
22 0 2.921 2.922 m
22 1 2.886 2.889 vs
11 6 2.811 2.812 vw
30 4 2.761 2.762 vs
215 2.712 2.714 W
13 2 2.692 2.695 vw
223 2.658 2.659 m
11 7 2.490 2.488 w
32 0 2.322 2.322 w
40 4 2.239 2.240 w
41 1 2.194 2.194 w
14 3 2.089 2.088 vw
14 4 2.007 2.007 w
31 7 1.965 1.964 vw
0010 1.925 1.925 w
41 5 1.915 1.916 m
50 4 1.867 1.866 vw
33 4 1.805 1.805 m
22 9 1.726 1.726 m
42 5 1.713 1.713 vw
60 0 1.687 1.687 s
41 8 1.626 1.627 w
250 1.621 1.621 w
60 6 1.494 1.493 w
525 1.494 1.494 w
44 1 1.456 1.457 vw
60 8 1.381 1.381 w
a = 11.6864(9) A
c = 19.2493) A

V = 2276.7(5) A®
Peare = 7.26 gcm™ (Z = 12)

component was observed (No. 12 in Table
I), while at 40 kbar and at 850°C, a migra-
tion of the BaO component was still ob-
served (No. 7 in Table I).
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Single crystals of BaGe,O; II (chemical
compositions were confirmed by XMA, see
Fig. 1) were successfully obtained from the
run at 60 kbar and 1200°C (No. 13 in Table
I) and also from the run for the BaGeO,
composition as a decomposition product at
60 kbar and 1100°C with a graphite heater
(No. 5 in Table I). The crystal symmetry
was studied using these single crystals.
BaGe,O; II has a monoclinic cell with a =
13.218(4), b = 13.091(5), ¢ = 9.538(3) A,
and 8 = 94.008(27)°, and the space group is
P2,/a (No. 14). It is seen that ¢ and b of this
phase are almost the same and 8 is close to
90°. This implies that this crystal has a
slightly distorted tetragonal symmetry. In
Table III, both observed and calculated d4-
spacings of BaGe,O; II are given on the ba-
sis of a monoclinic unit cell.

Table IV shows X-ray powder diffraction
data for BaGe,O; III. A single crystal of
this phase could not be obtained even at 70
kbar and 1200°C (No. 14 in Table I), but the
d-spacings of this phase are well indexed on
the basis of a tetragonal system. The cell

constants refined by the least-squares
method are a = 13.295(4) and ¢ = 7.391(3)
A

One-bar densities for these three phases
of BaGe,O; are calculated on the basis of
the cell dimensions obtained in this study as
follows: for BaGe,O; I, pearc = 5.14 g cm™3
(Z = 2); for BaGe,05 11, peyc = 5.85gcm™
(Z = 16); for BaGe,O; III, peae = 7.37 g
cm™3 (Z = 16). Increase in density from
BaGe,O; I to BaGe, O, 11 is 14% and from
BaGe,O; II to BaGe,O, III is 26%.

Ba,Ge 0,4,

It was confirmed that at atmospheric
pressure, Ba,Ge;0,, cannot exist as a single
phase but decomposes into BaGe,O, plus
BaGeO, or BaO,. Experimental results on
the high-pressure stability relations of the
Ba,Ge;0,, composition are also given in Ta-
ble I. As seen in Fig. 1 and Table I, we
successfully obtained a high-pressure phase
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for this composition in the pressure range
20-60 kbar. As also shown in Table I, all
the runs for this composition showed pre-
cipitation of GeO, (tetragonal) in the outer
part of the sample due to the inevitable ef-
fect of the graphite and platinum heater.
Single crystals of Ba,Ge;0,, were obtained
at the central part of the sample in the run at
60 kbar and 900°C with a graphite heater
(No. 17 in Table I). A single crystal of this
phase was also obtained at the outer portion
in the runs for the BaGe,O; composition at
60 kbar and 1100°C (Nos. 8, 9 in Table I)
and the BaGeO, composition at 30 kbar and
750°C (No. 4 in Table I) with a graphite
heater. Precession photographs indicate
that the crystal of Ba,Ge;O,, has hexagonal
symmetry. Observed and calculated d-
spacings based on hexagonal indexing are
given in Table V. The cell constants refined
by the least-squares method for run 17 in
Table I are a = 11.6864(9) and ¢ = 19.249(3)
A. The possible space group is P6;cm (No.
185) or P6¢2 (No. 188) or P6;/mem (No. 193).

BaGe;0, and BaGe, O,

Experimental results on these two com-
positions in the system BaO—-GeQ, are also
shown in Table 1. BaGe;0, does not exist as
a single phase at atmospheric pressure and
decomposed into a mixed phase of
BaGe, O, and BaGeO, in a proportion of
2:1. BaGe,0O, has a well-established struc-
ture of hexagonal symmetry (/@) at atmo-
spheric pressure. Both BaGe;O, and Ba
Ge, O, decomposed into the high-pressure
phase of Ba,Ge;0,, plus tetragonal GeQ, at
60 kbar and 1100°C.

Summary

In Table VI, all the experimental results
are summarzied together with some pre-
vious data for the system BaO-GeO,. On
the basis of the cell dimensions obtained in
this study and also using those in refer-
ences, 1-bar densities for the atmospheric-
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and high-pressure phases of the system
BaO-GeO, are calculated and listed in Ta-
ble VI. Volume decrease associated with
the decomposition and synthesis reactions
in Table VI for BaGeQO,, Ba,Ge;0,,,
BaGe;0,, and BaGe,O, are calculated, re-
spectively, as follows:

(1) 3BaGeO; — Ba,GeO, + BaGe,0;

(I or I1I), —AV/V = 12 or 20%,

(2) BaGe, Oy + BaGeO, —
Ba,Ge;0,,, 31%,
(3) 2BaGe,O, + BaGeO,; — §Ba,Ge 0,
+ $GeO,, 29%,

(4) 2BaGe,O, —» Ba,Ge;0,,
+ 3GeO,, 26%.

In these calculations, we adopted a value of
6.276 g cm™3 for the density of tetragonal
GeQ, according to the crystal data in NBS
circular (11).

Detailed structure analysis on the four
new phases that have appeared in the
present study (an atmospheric-pressure
phase of BaGe,O; (BaGe,O; I), two high-
pressure phases of BaGe,O; (BaGe,O5 11
and BaGe,O; III), and a high-pressure
phase of Ba,Ge,0,,) are now in progress.
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