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Samples of the infinitely adaptive phase Ba,,.Fe,S, (or Ba,(Fe,S,),; p, q: integer) were carefully
prepared by changing the nominal composition and annealing temperature T,. The single-phase
materials, defined in this paper as a member of the infinitely adaptive series Ba,(Fe,S,),, were
obtained by the addition of excess sulfur in the nominal composition range 0.05 < x =< 0.20 at T,
ranging from 650 to 880°C. X-Ray powder diffraction showed the existence of many members of the
Ba,(Fe,S,), series. The supercell periodicity was markedly dependent on T,. The composition of
reaction products estimated from X-ray diffraction, the method proposed by Grey based on
crystallographic considerations, deviated in practice from the nominal composition. This fact suggests

random distribution of Ba and Fe vacancies.

Introduction

The Ba,, Fe,S, phase in the ternary
Ba-Fe-S system was first reported by
Grey (1), and the homologous series of
compounds Ba,(Fe,S,), (p, gq: integer)
have been known in the composition
range 0.0625 < x < 0.143 (x = p/q — ).
Crystal structure analysis by single-crys-
tal X-ray diffraction was reported in de-
tail for the two members of the series,
BaFe,S,; (2) and Ba,Fe,S., (3).! The
average structure of these phases can be
described as superstructures based on the
NH,CuMoS,-type structure (4). There are
two chains, a Ba chain with ¢, unit length
and a (FeS,). edge shared tetrahedron

1 These structures may be considered as the average
structure withthe average composition of Ba;Fe, S ;and
BayFe,S,,. As will be published in later papers many
membersofthe Ba,(Fe,S,),series exist in amicroscopic
scale.

chain with unit length c,, along the ¢
axis. The ¢ dimension of the unit cell is
equal to the least common multiple of c,
and c,.

c=qgc,=pc,. D

When ¢, is equal to c,, the lattice is iso-
structural with NH,CuMoS,, which corre-
sponds to the compound ‘‘BaFe,S,."’?
As the Ba content x changes, the period-
icity of two chains, ¢, and c,, changes
and the lattice parameter ¢ of the super-
cell changes following relation (1). The
relation between the composition and the
supercell periodicity is expressed by the
formula

1+x=p/qg=c,/c,. 2

2 According to a personal communication, Professor
Steinfink’ s group has succeeded in synthesis and crystal
structure analysis of ‘‘ BaFe,S,,”’ results of which have
been published (5).
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Seven members of the Ba,(Fe,S,), series
have been prepared so far in the composi-
tion range 0.0625 = x = 0.143 (I, 3). Rela-
llDll {L) ifrlplle I.Ild.l mc bllgﬂl onangc Ol Dd.
concentration results in the formation of
new supercell. In this sense, the
Ba,..Fe,S, phase is known as an example
of an *‘infinitely adaptive structure>’ pro-
posed by J. S. Anderson (6).

Grey (1) obtained Ba,, .Fe, S, samples by
heating the stoichiometric starting mixture,
BaS + 2Fe + 3S : BaFe,S,, always accom-
panied by impurity phases such as
BaFe,S;, Fe,_.S and/or FeS,. It was

pointed out that the supercell periodicity

nrincinallyv denends on the annealino tem-
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perature T, (/). In relation to the *‘infinitely
adaptive structure’’ of these phases, careful
sample preparation is needed to character-
ize these complex phases. This paper de-
scribes the yrﬁp?ﬁ'auuu of s aa.luylco \-hausuls
nominal composition and also annealing
temperature in order to investigate the
phase relation and the effect of heat treat-
ment on the superstructure The present
authors propose the pOSSu)uit'y' of noristoi-
chiometric infinitely adaptive phase
Ba, Fe,, S, with random distribution of Fe

and Ba vacancies (g # 1).

Experimental

Samples were prepared by heating the
mixture of BaS, Fe, and S in evacuated
silica tubes. To avoid reaction between BaS
and silica, the charges were enclosed in
graphite crucibles. Here, we define the
nominal composition « as the atomic ratio
in the starting mixture of 2Ba to Fe, both of
which are reasonably assumed to be per-
fectly retained in the reaction products.
The nominal composition was selected var-
iously in the range 1 < 2Ba/Fe = 1.5 and
1/6 = Ba/S =< a/4 (both given in atomic
ratio). The mixtures were heated at 350°C
for 1 day and the temperature was then

raised. Several annealing temperatures 7T,
were selected in the range 500°C < T, <
1000°C. The annealing period was varied
from 2 to 5 weeks and then the samples
were quenched in cold water. Obtained
products were examined by an X-ray dif-
fractometer using CuK« radiation. For the
determination of lattice parameters, the
step scan method was empioyed, and the
silicon powder was used as an internal
standard,

Effect of Sulfur Composition

Reaction products having nominal com-
position Ba,Fe, S, (stoichiometric composi-

tion) were alwavs accomnanied with impu-

tion) were always accompanied with impu
rity phases such as BaFe, S, or Fe,_,S. This
implies that the equilibrium sulfur vapor
pressure is rather high, and the expected
single phase of Ba,, .Fe,S, might not be

~cagq onlf-“- wag
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ubuu IV,
we could obtain impurity-free products. To
make clear the effect of excess sulfur on the
phase of products, six kinds of starting
mixture with the same nominal ratio of Ba
to rc \a = 1. lU) var—ymg the f&tlu Ul Baio o,
1/4, 1/5, 1/6, 1/9, 1/15 and large excess
sulfur (the ratio for the stoichiometry is
1.10/4) were heated at 700°C for 3 weeks.
Within experimental error, the amount of
starting material (500 mg) and the volume of
the closed silica tube (8 ml) were kept
constant in each experiment. In the first
five cases, there remained no liquid sulfur
at 7,. In the last case, however, the sulfur
existed as liquid phase, and therefore the
sulfur vapor pressure is equal to the satu-
rated vapor pressure of liquid sulfur at T,.

The results are summarized in Table 1. In
the sulfur excess region from Ba/S = 1/4to
1/6, pure Ba,, . Fe,S, phase, which has
constant values of the lattice parameters

within Pvppﬂmnr}fs\] error, was obtained. In

aviia 122301

this case the equilibrated vapor pressure of
sulfur must increase with increase of start-
ing sulfur content, although the exact value
of the pressure is unknown. The calculated

addad
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PHASE RELATIONS OF Ba,, .Fe,S, 11

TABLE 1
THE CHANGE OF REACTION PrODUCTS BY THE EXCEss SULFUR CoMposiTtioN (T, = 700°C)

Nominal composition
in atomic ratio

Lattice parameters

Ba/S Reaction of Ba,, Fe,S,
(Atomic ratio) Ba Fe S products (A)
1/4 1.1 2 4.4 Ba,, ,Fe,S, a = 7.762 (x0.002)
¢/p = 5.09 (x0.005)
c/q = 5.49 (=0.005)
p/q = 1.078 (=0.005)
1/5 1.1 2 5.5 Ba,, Fe,S, a =7761,c/p = 5.08
c/q=548,p/qg = 1.078
1/6 1.1 2 6.6 Ba,., Fe,S, a=17758,c/p =510
c/q = 5.48, p/q = 1.075
1/9 1.1 2 9.9 Ba,.,Fe,S, + —
FeS, + BaS,
1/15 1.1 2 16.5 FeS, + BaS, —
+ Ba,, Fe,S,
1/ 1.1 2 30 BaS, + FeS, —

sulfur vapor pressure is at most about 3 atm
even in the case of 1/6. Present experiment
shows that in such a low-pressure region of
sulfur vapor the value of p/q® (=1.078 =
0.005) is almost independent on sulfur va-
por pressure within experimental error. Ac-
cordingly, in this paper the quantity of
sulfur was chosen to be in the range of 1/4
to 1/6 for the ratio of Ba to S, keeping the
weight of charges and the volume of the
closed silica tubes constant within experi-
mental error. It is noted, however, that the
sulfur content of the solid phase in the iso-
ratio of Ba/Fe has to increase with increas-
ing sulfur vapor pressure from consider-
ation of the Gibbs phase rule.

Effect of Annealing Period

In order to discuss the phase diagram, it
is necessary for the reaction products to
attain final chemical equilibrium. To
confirm this, the change of the X-ray pow-
der diffraction pattern with annealing pe-
riod (T, = 700°C) was investigated by use
of step scan method. As an example, the

3 As for the value p /g, see below.

results of the reaction products with nomi-
nal composition « = 1.10 and the ratio
Ba/S equal to 1/4 are shown in Fig. 1. The
fresh mixtures with the same weight were
prepared for each run. The reaction prod-
uct annealed at 350°C for 1 day was the
mixture of BaS,, Fe,_ .S, and FeS,. That
annealed at 700°C for 1 hr was mainly
Ba,, Fe,S, with some impurity phases
such as Fe$S, remaining. The peak position
of the X-ray powder diffractogram slightly
changed as the annealing period increased
up to 1 day. The product annealed at 700°C
for 2 weeks did not show any diffraction
peaks of impurity phases. (As for the dif-
fraction line, marked by arrows in Fig. 1,
see Final Remarks.) Thus, 2 weeks as an
annealing period is enough to get final
chemical equilibrium in the present experi-
ments.

Results and Discussion

Lattice Parameters of Obtained
Ba,, Fe,S,

X-Ray powder diffraction patterns of the
Ba,,  Fe,S, phase obtained agree well with
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Fi1G. 1. X-Ray (CuK a) diffraction profiles vs anneal-
ing period. The nominal composition is Ba, ,Fe,S, ,.
The annealing temperature was first kept at 350°C for 1
day and then raised to 700°C. The diffraction peaks of
impurity phases are indicated in the figure. As for the
diffraction peak marked by an arrow, see the text. The
annealing period is as follows: (a) 350°C, 1 day; (b)
700°C, 10 min; (¢) 700°C, 1 hr; (d) 700°C, 2 br; (e)
700°C, 6 hr; (f) 700°C, 1 day; (g) 700°C, 1 week; (h)
700°C, 2 weeks.

those reported by Grey (/). They could be
indexed as a tetragonal system. Strong
(hk® reflections and relatively weak su-
perlattice reflections (hkl) (I # 0) were
observed. The diffraction lines (especially
those with [ # 0) of some samples were
somewhat broader than usual. This indi-
cates coexistence of different members of
the Ba,(Fe,S,), series. The superlattice
reflections were indexed as (h k np) or
(h' k' nq), where n is 1 or 2, following
Grey'’s report (7). Using these superlattice
reflections and the lattice parameter a cal-
culated from the (hk0) reflections, ¢/p and

c¢/q were determined. It is apparent from
Eq. (1) that ¢/p and c/q correspond to the
unit length of the Ba chain (c,) and the
FeS,), tetrahedron chain (c,), respectively.

Lattice parameters a, c/p (c,), ¢/q (c,)
of Ba, ., Fe,S, samples with different nomi-
nal compositions are shown together in Fig.
2a as a function of annealing temperature
T,. Lattice parameters are likely to depend
on the annealing temperature rather than
the nominal composition. Lattice parame-
tersa and c¢/q (c,) increase as the annealing
temperature is raised, while ¢/p (c,) de-
creases. The ¢ dimension of the lattice can
be determined as the least common multi-
ple of ¢, (c¢/q) and ¢, (c¢/p), following Eq.
(1. It is, however, convenient to describe
the periodicity along the ¢ axis with the
value p/q (=c,/c,), which corresponds to
the ratio of 2Ba to Fe. (Eq. (2)). Strictly
speaking, the value p/q describes *‘the ra-
tio of Ba sites to Fe sites’ in the
Ba,(Fe,S,), cell, and it may be called
“structural’’ composition (see below). Fig-
ure 2b shows the p/q values at several
annealing temperatures. The value of p/g
increases with an increase of the annealing
temperature. The observed values range
from 1.060 to 1.150 in the annealing temper-
ature range 600°C = 7T, = 900°C. The
typical values of (p, g) pairs with small
integers are also indicated at the right of the
figure. The previously reported seven mem-
bers of the Ba,(Fe,S,), series are included
in the present experiment. Furthermore,
new phases with (p, q) = (11, 10), (13, 12),
(15, 14), etc. have been confirmed as mem-
bers of the Ba,(Fe,S,), series. The p/g
values seem to change continuously with
annealing temperature or nominal composi-
tion. This behavior is consistent with the
infinitely adaptive structure (6).

Phase Relation of Ba,  Fe,S,

In Fig. 3, the relation among 7, nominal
composition «, and obtained products is
shown as a phase diagram. In this figure,
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FiG. 2. Lattice parameters a, ¢, (c/q), ¢, (c/p), and the composition p/q, estimated by Eq. (1)
(“‘structural”’ composition), of obtained Ba,, Fe,S, samples. (a) The plot of a, ¢/q, and c¢/p vs
annealing temperature T,. The nominal composition « is shown by different marks. The experimental
errors are +0.001 A for a and +0.005 A for c/q and c/p. (b) The plot of p/q vs T,. The experimental
error for p/q (x0.005 A) is shown in the figure. Note the strong dependence of p/q on T, rather than

nominal composition.

the composition of the obtained Ba,, ,Fe, S,
phase, p/q, estimated from X-ray diffrac-
tion (see Eq. (1), ‘structural’”’ composition)
was indicated as the small figure 1000 x
(p/q — 1). The ratio of Ba to S in the
starting mixture was always 1/4 except for
those marked by asterisks (Ba/S = 1/5).
The addition of excess sulfur up to Ba/S =
1/6 did not much change the phase relation
shown in Fig. 3. The main product in these
nominal-composition (1.10 < a < 1.50) and
annealing-temperature (500°C < 7T, =
1000°C) ranges were members of the
Ba,(Fe,S,), series. Impurity phases de-
tected by X-ray powder diffraction are also
shown in the figure. The impurity phase
was BaFe,S, at high annealing tempera-

tures. At low temperatures, iron sulfides,
Fe,_,S or FeS,, appeared as impurity
phases. When Ba content was increased,
BaS,, BaS,, or BagFe S,; (7) appeared.
Products of Ba,, Fe, S, free from impurity
phase! were obtained in the nominal com-
position range 1.00 < o < 1.20 and in the
annealing temperature range 600°C < T, <
900°C.

Effect of Annealing Temperature

As shown in Figs. 2 and 3, the “‘struc-
tural”’ composition p/q of reaction prod-

41 The samples were examined by a transmission
electron microscope and were confirmed their **single
phase’’ character.
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F1G. 3. The relation of annealing temperature T, , nominal composition « (=2Ba/Fe), and obtained
products. The main product in this composition and annealing temperature range is Ba,, Fe,S,. The
single-phase products of Ba,, . Fe, S, are shown by circles and products containing impurity phases are
shown by other marks. The composition p/g (‘‘structural’’ composition) of Ba,, Fe, S, estimated by
Eq. (1) is indicated by small figures in the form of 1000 x (p/q — 1) for single-phase products (O) and
products with relatively small amount of impurity phases. The impurity phases contained in
Ba,, . Fe, S, are also shown in the figure. Those marked by asterisk are products with the starting Ba/S
atomic ratio of , and others are products with Ba/S = }.

ucts, deduced from Eq. (1), usually devi-
ates from the nominal composition «. The
value of p/q (=1 + x) depends on the
annealing temperature 7 ,, as pointed out by
Grey (I) for the first time. This result was
reconfirmed by the following experiment. A

mixture with & = 1.10 and Ba/S = 1/5 was
heated at 700°C for 2 weeks. The p/q
value of the product was 1.078. Then the
product (starting material) was divided
into three batches, (a), (b), and (c). Sam-
ple (a) was heated again at 700°C for S
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weeks; sample (b), at 800°C; and sample
(c) at 900°C. In this experiment, a small
amount of excess sulfur was added, be-
cause the equilibrium sulfur vapor con-
densed on an inner wall of the silica tube
when the first product with p/g = 1.078
was quenched in cold water. The p/q
value of the former (a) was 1.077, which
was the same as the starting material.
The p/q values of the latter two were
1.108 and 1.132, respectively, which are
different from the starting material. It is,
however, noted that only sample (¢) an-
nealed at 900°C contains a small amount
of BaFe,S,. Sample (b), then, was heated
at 700°C for 5 weeks with a small addi-
tion of sulfur. The value of p/q of this
sample (1.083) returned to that of sample
(a), within experimental error (+0.005 in
p/q). These processes are displayed by
powder diffraction patterns in Fig. 4. This
experiment firmly confirmed that the
value of p/q depends on the annealing
temperature T, and that the change in
p/q is reversible. This experiment also
has made it clear that there is no change
in a during recycled heat treatment. Ac-
cording to the Gibbs phase rule, the num-
ber of degrees of freedom of the system
is 2 in one solid phase + one gas phase
(sulfur) in the ternary Ba-Fe-S system at
a fixed temperature. The sulfur content in
the solid has to change with equilibrium
vapor pressure of sulfur under the condi-
tion of fixed ratio of Ba to Fe and at
finite temperature. In this sense, this ex-
periment is benefitted by the fact that the
p/q value of the phase with the same
value of « hardly depends on the sulfur
vapor pressure in the low pressure re-
gion.

On the Compound ‘‘BaFe,S )’

Figure 5 shows the p/q vs ¢y, ¢;, and a
curves. Each axis is almost linearly propor-
tional to the p/q value, although each of the
samples has different nominal composition

0/q 1.15 2Ba/Fe = BaFe,S3
ce - 1.10 O see text
be 110
E
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F16. 4. X-Ray (CuK a) powder diffraction pattern of
products with the same nominal composition (@ =
1.10) but with different heat treatments. The starting
mixture was heated at 700°C for 2 weeks. The product
was divided into three batches, (a), (b), and (c). They
were annealed for 5 weeks with slight excess sulfur
added at 700°C, 800°C, and 900°C, respectively. Prod-
uct (b) was again annealed at 700°C for 5 weeks (b’). In
the inset, the “structural’’ composition p/q are shown
as a function of T,. Product (¢) contained BaFe,S, as
an impurity phase. As for the diffraction peaks marked
by arrow, see text.

and is also heat treated at different 7,. The
extrapolation of p/q (‘‘structural”’ compo-
sition) to 1.00 gives the unit cell parameters
a=770Aandc = 5.30 A (tetragonal) for
the compound ‘‘BaFe,S,.”” The fact that
the lengths of ¢, and ¢, have the same value
(5.30 A) by extrapolation of p/q to 1.00
again verified the model proposed by Grey
(1.

According to. personal communication
from Professor H. Steinfink, ‘‘BaFe,S,”
was prepared at 800°C under sulfur vapor
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Fi1G. 5. The plots of lattice parameters a, ¢,, ¢, Vs
p/q (“structural” composition). They show nearly
linear relation. Nominal compositions are shown by
marks used in Fig. 2. The extrapolation of the relation
to p/q = 1.00 gives good agreement with the lattice
parameters, a and ¢ (¢, = ¢;) of g-BaFe, S, (5).

pressure of 6.7 atm (5). The lattice parame-
ters @ and c are 7.678 and 5.292 A, respec-
tively, which is in excellent agreement with
values obtained by the extrapolation of p/q
to 1.00 in the present experiment.

Existence of Ba or Fe Vacancies

As repeatedly mentioned above, the
most interesting result obtained in this ex-
periment is that the value of p/q (*‘struc-
tural’’ composition) does not coincide with
the value of a (nominal composition) and,
moreover, depends on 7. If there are no
vacancies in each site for Ba, Fe and S, the
p/q values have to be coincident with «. In
view of these facts, it is obvious that the
system here treated is not the pseudo-
binary system as expresses by Ba,(Fe,S,),

or Ba,,  Fe, S, which indicates that the ratio
of Fe/S is always equal to 1/2 in atomic
ratio. Here, we have to use the general
chemical formula Ba,Fe,S,. From the
basic structure of this system, it is reason-
ably accepted that the framework of the
crystal structure consists of sulfur ions, and
therefore there exist no vacancies in sulfur
ion sites. Then the chemical composition is
correctly expressed as Ba,, Fe,,, S, where
= p'/q’. The values of (p, q) determined by
X-ray diffraction correspond to the number
of available sites for Ba or Fe are occupied
or not. Thus we have the relation

a=p'/qg' = a;p/axq
O=a,a =1),

€)

where «; and «, and the occupation proba-
bilities of Ba and Fe, respectively. As an
example, we analyze the data for an « vs
p/q curve of samples annealed at 700°C for
5 weeks, which is shown in Fig. 6. At the
point where a = p/q, indicated by an arrow
in Fig. 6, the ratio 8 of &, to «, is equal to 1
(a; = o). It is assumed that at this point,
there are no vacancies on either of the sites
(a; = ap = 1). This assumption was made to
minimize the total numbers of vacancies.
There is a possibility of simultaneous exis-
tence of Ba and Fe vacancies, and so the
absolute value of « has to be determined by
experiment. On the left side of this point,
Ba vacancies increase with a decrease
of a, reaching about 6% vacancies
([Ba, o0.cJFe; Ss), while Fe vacancies
keep constant (o, = 1). On the right side of
this point, Fe vacancies increase with in-
crease of a, reaching about 13% vacancies
(Ba, ,; [Fe,0,,]1S,), while Ba vacancies
keep constant (o; = 1). We could not
observe a definite effect of vacancies on
lattice parameters of (p, g) values.

The p/q dependence on annealing tem-
perature with constant value of o (p'/q’
ratio) shown in Fig. 4 can be also explained
by the concept of occupation probability
(random vacancies). Sample (a) annealed at
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FiG. 6. The plots of lattice parameters a, ¢,, ¢,, and
p/q of samples annealed at 700°C vs their nominal
composition. The inconsistency between *‘structural™
composition p/q and nominal composition « can be
explained by the existence of Ba or Fe vacancies as
shown in the text.

700°C has about 2% of Fe vacancies
(Ba, ,[Fe,[J,04S,0) and sample (b) an-
nealed at 800°C has about 19 of Ba vacan-
cies ([Ba, ;00o.01]F€,Sy).

Thus, we could explain the following two
characteristics observed in the Ba,, .Fe,S,
system by the concept of occupation proba-
bilities of «; and o, :

(i) the difference between the value of
nominal composition o and ‘‘structural”
composition p/q.

(ii) the temperature dependence of p/g
value of the samples with constant o.

Final Remarks

Here, we point out some problems to be
solved in the future. So far, the crystal

structures of the members of the
Ba,(Fe,S,), series were determined to be
tetragonal (1-3). Recently, the present au-
thors have examined these samples by elec-
tron microscopy, and have found that the
structure is a superstructure based on the
NH,CuMoS,-type structure and also that
the real supercell is monoclinic or triclinic
(8). From observations of the orientation
and spacing anomalies, we concluded that
this system is an example of a modulated
structure, which may have close correla-
tion to the above-mentioned structure with
vacancies.

Another interesting fact is that the
‘‘BaFe,S,”” phase always coexists in the
Ba,. . Fe,S, phase. The weak diffraction
peak between the (21p) and (21q) peaks,
marked by an arrow in Figs. 1 and 4, can be
indexed as the (211) peak of ‘‘BaFe,S,” (p
= g = 1). Other peaks corresponding to
‘“‘BaFe,S,”” were hardly observed in pow-
der X-ray diffraction patterns. This means
that the unit length a of the ‘‘BaFe,S,”’
mixed in Ba,, .Fe,S, is the same as that of
Ba,..Fe,S,, and only c is different. In order
to confirm whether two coexisting phases
are in chemical equilibrium, the annealing
period was varied from 2 to 12 weeks at
700°C for the sample with @ = 1.10. As a
result, the p/q value of the Ba, ,.Fe,S,
phase and the diffraction angle and inten-
sity of the (211) peak of ‘‘BaFe,S,”’ were
not changed. Thus, two-phase coexistence
seems to be intrinsic in this system. Figure
7 shows a high-resolution electron micro-
graph of a sample of « = 1.10 with p/g =
1.075 annealed at 700°C for 12 weeks. This
shows coherent irregular intergrowth of
‘‘BaFe,S,”” in the Ba,, Fe,S, matrix. In
the Ba,,.Fe,S, matrix, the wide lattice
fringes corresponding to ¢/2 of the super-
cell were observed in addition to the fine
contrast corresponding to the basic struc-
ture. (region A). In region B, wide fringes
were absent and only fine contrast was
observed. This region B can be assigned to
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FiG. 7. A high-resolution electron micrograph showing the coherent intergrowth of BaFe, S, (region
B) in the Ba,, . Fe, S, matrix (region A). (110) incidence. The corresponding diffraction pattern and the
objective-aperture size are also shown in the figure. The micrograph (b) is the enlargement of the
region indicated in (a). In region A, lattice fringes corresponding to the supercell periodicity along ¢
axis of Ba,, Fe,S, were imaged. In region B, such wide lattice fringes were not observed. The fine
contrast corresponding to the basic structure was observed in both region A and region B. Note the
coherency of the contrast, especially lattice fringes with spacing corresponding to 4(110), in regions A
and B.
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‘‘BaFe,S,.”” Moreover, the lattice fringes
corresponding to d(110) show the coher-
ency in both region A and region B. This
coherent intergrowth of ‘‘BaFe,S,”” in
Ba,, .Fe,S, suggests that the two-phase co-
existence is different from the usual one.
Also, this electron microscopic observation
agrees with the results of X-ray diffraction.
It is noted that the vacancy model is right in
principle, even if the ‘‘BaFe,S,”’ phase
always coexists in the Ba,, Fe,S, phase.
At present, we have no explanation from
the viewpoint of thermodynamics or phase
rule for the coexistence of Ba, . Fe,S, and
‘“‘BaFe,S,.”” To make the phase relations
more clear, data on the relation of tempera-
ture, composition, p/q value, and equilib-
rium sulfur vapor pressure are necessary.
Experiments are now under way to obtain
these data.
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