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Abstract  

The equilibrium phase diagram of the binary system BaO-T101.5 under an oxygen pressure 
of 1 atm was studied by means of differential thermal analysis coupled with a thermobalance, 
X-ray diffractometry and plasma emission spectroscopy. Four intermediate phases have 
been identified: T12BaO4, Tl~Ba4013, T12Ba205 and TIBa203.5. The congruent melting of 
T12Bae05 offered a chance to prepare the superconducting cuprate T12Ba2CuO8 avoiding 
the formation of BaCu02, a poisoning phase for reliable normal state studies at low 
temperatures. 

1. Introduct ion  

A m o n g s t  the  high T¢ s u p e r c o n d u c t o r s  the  tha l l ium ser ies  TI~Ba2- 
Ca~_ICu~Ox ( m =  1, 2; n =  1 - 5 )  are  par t icu lar ly  in te res t ing  no t  only  for  the  
cri t ical  t e m p e r a t u r e  r e co rd  T¢= 130 K [1] but  also b e c a u s e  t hey  p r e sen t  a 
double  ser ies  ( m  = 1 and  m = 2) un ique  in these  new ma te r i a l s  and  which  
m a y  be  i n t e r connec t ed  by  p h a s e  equi l ibr ia  which  have  no t  ye t  b e e n  es tabl ished.  
In fact ,  in the  case  of  s u p e r c o n d u c t i n g  ox ides  the  difficulties in obta in ing  
a co r r ec t  descr ip t ion  of  the  p h a s e  d i ag rams  are  re la ted  to the  n u m b e r  of  
c o m p o n e n t s ,  the  oxygen  p r e s s u re  and  the  lack  of  i n fo rma t ion  on the  s imple  
b inary  sys tems .  This is par t icu lar ly  t rue  for  the  tha l l ium cupra tes ,  for  which  
equi l ibr ium in the  BaO-T101.5 s y s t e m  is still unknown.  As m a y  be  seen  in 
Table  1, at  l eas t  six c o m p o u n d s  have  b e e n  identified f r o m  X-ray diffract ion 
inves t iga t ions  [ 2 - 6 ]  bu t  t he re  a re  doub t s  a b o u t  the  s tabi l i ty  of  s o m e  of  them.  

In this  p a p e r  we  de t e rmine  the  p h a s e  re la t ions  in the  BaO-T101.5 sys tem.  
A s imple  ex tens ion  to  the  t e rna ry  s y s t e m  B a O - T I O , . 5 - C u O  al lows us  to  po in t  
out  a m e t h o d  to  p r e p a r e  T12Ba2CuO6 f ree  of  the  usual  impur i ty  BaCuO2. 

2. Exper imenta l  detai ls  

Fif teen s a m p l e s  have  b e e n  p r e p a r e d  s ta r t ing  f r o m  T1208 (99.99/0) and  
BaO2 (999/0) p o w d e r s  p rov ided  by  RhSne-Poulenc .  The  firing and  s in ter ing 
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TABLE 1 

R e p o r t e d  c o m p o u n d s  in the  T1OI.5-BaO s y s t e m  and  s t r uc tu r a l  cha rac t e r i s t i c s  

C o m p o u n d  Cell t ype  P a r a m e t e r s  Re fe rence  
T h B a  ra t io  (/~) 

5:1 O r t h o r h o m b i c  a = 17 .676  [ 6 ] 
b = 2 4 . 1 6 7  
c =  1 0 . 1 1 0  

7:3 O r t h o r h o m b i c  a = 17 .724  [6] 
b =  6.89O 
c =  10 .235  

2:1 O r t h o r h o m b i c  a = 10 .446  [2 ] 
b =  1 2 . 2 0 0  
c =  3 . 4 9 8  

3:2 O r t h o r h o m b i c  a =  5 .748  [5] 
b =  7.221 
c =  9 .361  

4:3 H e x a g o n a l  a =  6 .159  [2] 
c = 2 5 . 3 8 4  

1:1 O r t h o r h o m b i c  a = 6 .264  [3 ] 
b =  17 .258  
c =  6 .05  

treatments were carried out for 10-24 h in oxygen flowing at 750 °C, a 
temperature which is a compromise between dramatic thallium losses from 
T1203 and necessary oxygen departure from BaO2. The samples were cooled 
at a rate of 10 °C min -1 in order to ensure low temperature equilibrium. 
Some specimens were quenched in liquid nitrogen after subsequent heat 
treatments in sealed quartz tubes. The weight losses were carefully controlled 
and have been taken into account in the nominal compositions given sub- 
sequently. 

The analytical determinations were as follows. 
(1) X-ray diffraction (XRD) with a Siemens D520 apparatus using Cu 

Ka radiation. The intensities of the experimental diffraction lines were 
compared with the theoretical values of a LAZY-PULVERIX program adapted 
for personal computers [7]. 

(2) Differential thermal analysis coupled with a thermobalance (DTA-TG) 
operating in a controlled atmosphere. Most of the experiments were performed 
using alumina crucibles protected by a platinum sheet, with heating and 
cooling rates of 10 °C min-1. In addition, isothermal measurements of the 
weight losses allowed a complementary analysis: a discontinuity in the weight 
loss rate (dm/dt) at a given temperature T as a function of time is connected 
with crossing phase fields and thus the presence of a given compound at 
this temperature in the equilibrium phase diagram may be ascertained. The 
process is better visualized by considering the derivative (d2m/dt2)r of the 
weight loss rate. 
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(3) Scanning electron microscopy with an energy-dispersive X-ray system 
attached. Semiquantitative analyses were obtained from the Mc~ and La lines 
of thallium and barium respectively. 

(4) Plasma emission spectroscopy using Merck standard solutions. 

3. R e s u l t s  a n d  d i s c u s s i o n  

The results of the experiments are reported in Table 2 and may be 
summarized in the equilibrium phase diagram shown in Fig. 1. Four inter- 
mediate compounds have been unambiguously identified: T12BaO4, T16Ba4013, 
TleBa2Os and T12Ba4OT. We now examine the phase sequence in detail. 

3.1. The t e r m ina l  f ie lds  
The Tl203 powder used in this study melts at 762 °C, a value slightly 

lower than the 787 °C recently found by Wahlbeck et al. [8] with a high 
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Fig. 1. The BaO-T]OI.5 system in I arm pressure of  oxygen: A,  DTA peak; x ,  isothermal 
thermogravimetry;  O, single phase, ID, two phase, O non-equi l ibr ium three phase, E3--* 
composi t ion shift from plasma spectroscopy. 
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TABLE 2 

Sample characterizations 

Mol% DTA-TG 
BaO 

14.3 

16.6 

20 

25 

30 

33.3 

40 

43 

50 

54 

55.5 

60 

T (°C) BaO (%) 

Analysis 

795 
840 
865 
940 

1040 

790 
845 
865 
940 

1050 
1080 

796 
855 
940 

1040 
1080 

845 

865 
943 

865 
94O 

1020 

875 
94O 

934 
1050 

750 
930 

1034 
1127 

755 
800 
935 

1042 

16 
20 
22 
28 
32 

20 
22 
30 
34 
50 
54 

25 
30 
37 
50 
54 

37 

40 
49 

44 
51 
55 

48 
50 

50 
61 

55 
55 
60.5 
66.5 

62.5 
62.5 
64 
71.5 

XRD: 
PS: 
ITG 

XRD: 

XRD: 

ITG 

XRD: 
ITG 

XRD: 

XRD 

PS: 
Sem- 
EDX: 

XRD 

PS: 

XRD: 

XRD: 

PS: 

XRD: 

XRD: 

XRD: 

T120a (a = 10.558) +TI2Ba04 
ThBa = 4:1 
780 °C: BaO = 33% 

Q(800 °C) T12Oa ( a =  10.531) 
4- TI2BaO 4 

T12Oa + Tl2BaO4 
Q(800 °C) a(Tl2Oa) = 10.532 
Q(700 °C) a(Tl2Oa) = 10.51 
900 °C: BaO = 49.5% and 60% 

T120 a + T12Ba04 
800 °C: BaO = 35.2% and 42% 

Tl2Oa + TI2BaO 4 

Q(800 °C, 900 °C): Tl6Ba401a 
+ TlzBacOs 
TI:Ba = 1.7:1 
TI:Ba=2:I  

Q(850 °C, 900 °C): Tl6Ba4Ola 
+ T12Ba~Os 
ThBa = 3:2 

TloBa4Ola +TI2Ba205 

Q(900 °C) TI2Ba2Os(LT) 
Q(1000 °C, 1100 °C) Tl2BaaO s 
(HT) + Tl2Ba407 
Tl:Ba = 0.98:1 

T12Ba205 + BaOl.a 

T12BaeO5 4- BaOj.a 

Tl2Ba205 + BaOl.a + X* 
Q(1020 °C) 
Tl~Ba~zO54- Tl2Ba407 
Q(1100 °C) Tl2Ba4Oz 4- BaO 

(continued) 
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66.6 750 67 XRD: Q(840 °C) T12Ba407 
+ BaO~.3 + X* 

71.4 750 71.5 XRD: T12Ba205 + BaOI. 3 + X* 
1035 77 Q(775 °C) T12Ba40;+BaO1.3 
1054 77 

80 765 80 XRD: T12Ba205 + BaOl.3 + X* 
Q(775 °C) T12Ba407 ÷X* 
+ T12Ba205 

XRD, X-ray diffraction. When  the temperature  is not  specified, the samples were slowly cooled 
after  a homogenei ty  anneal  and non-equil ibrium may be observed,  mainly for BaO-rich samples, 
(O symbols of Fig. 1). Q( . . .  °C) means  quenched in liquid ni t rogen from ... °C. X* is an 
unidentified phase, probably in the te rnary  T1-Ba--O system. The lattice parameters  are given 
in angstroms.  
PS, plasma spectroscopy; ITG, isothermal  thermogravimetry;  Sem-EDX, semiquantitative analysis 
by energy-dispersive X-rays; LT, low temperature;  HT, high temperature.  

~m 

endo 

/ 

500 700 T[oCl 

Fig. 2. DTA of T1203 showing melt ing at  762 °C preceding severe decomposition. The heat ing 
rate is 10 °C min -1. 

purity (99.999%) oxide. Before melting, the weight loss of less than 2% 
cannot be due to complete decomposit ion of  the sesquioxide in the monoxide 
T120 and oxygen and therefore the DTA peak observed at 762 °C corresponds 
to the melting of T1208. At higher temperature the material readily evaporates 
(Fig. 2), thus prescribing a firing temperature no greater than 760 °C. On 
cooling, solidification occurs without noticeable undercooling or weight 
increase. The crystal structure of T12Oa is cubic, space group Ia3, Mn2Oa 
type. All the diffraction lines could be indexed with a lattice parameter 
a - -10 .557(1 )  /~. Samples containing 12 and 20 mol% BaO and quenched 
from 795 °C in liquid nitrogen showed a contraction of  the T12Oa cell, 
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a = 10.531(9)/~,  which suggests the possibility of barium substitution at the 
thallium sites. The limited solid solution is supported by the following peritectic 
reaction at 795 °C: 

L+<T12BaO4> ~ ~. (T1203) 

The DTA-TG in Fig. 3(a) reveal that the starting temperature for the 
decomposition of BaO2 in oxygen flow is 600 °C. Figure 3(b) represents the 
weight loss rate dm/dT and indicates that at 750 °C the decomposition rate 
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Fig. 3. (a) DTA of BaO2. The peroxide decomposes at 600 °C but the weight change curve 
clearly indicates the formation of a suboxide corresponding to BaO1.a. Co) Decomposition rate 
dm/dt a s  a f u n c t i o n  o f  t e m p e r a t u r e .  
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TABLE 3 

XRD powder pattern of Ba02 quenched from 900 °C. In fact, the oxide corresponds to BaQ.a 

d (/~.) Iobs 

6.325 41 
4.670 94 
3.883 49 
3.48o 57 
3.302 100 
2.998 70 
2.893 59 
2.578 55 
2.404 52 
2.324 81 
1.946 43 
1.826 12 
1.764 5 
1.663 14 
1.590 19 

should allow complete formation of BaO in about 10 min. However, a stable 
state corresponding to BaO1.3 is observed in the temperature range 800-1000 
°C, BaO being obtained at higher temperature. The XRD pattern of BaO1.3 
quenched in liquid nitrogen from 900 °C is given in Table 3 and does not 
correspond to any known barium hydroxide or carbonate nor BaO hydrate. 
Considering the relationship between the BaO (NaCl-type) and BaO2 (CaC2- 
type) structures, an ordered distribution of molecular O2 substituting for 
atomic oxygen in the BaO cell cannot be excluded, forming BaO1.a which 
could be of tetragonal symmetry. Inversely, on cooling as-quenched BaO 
from 1000 °C, oxygen capture starts at 400 °C. Consequently, in the BaO- 
rich field, results for the temperature range 400-1000 °C must be carefully 
analysed owing to the BaO-BaO2 equilibrium and therefore the necessity to 
study the ternary TI-Ba-O system. 

3.2. The  c o m p o u n d s  
Four compounds have been observed in the system. We confirm the 

existence of T12BaO4 [2], Tl~Ba4013 [5] and T12Ba205 [3-5] and we have 
identified a barium-rich compound T12Ba4Ov. T14Ba3Og, mentioned by Lopato 
et al. [2], and the thallium-rich TlloBa2017 and Tl14Ba6027 phases recently 
described by Zhou et  al. [6], could not be reproduced. 

(1) T12BaO4 is formed at 840 °C by the peritectic reaction 

L+<T16Ba4OIa } ~ ... <T12Ba04> 

The compound was first described by Lopato et at. [2l to be of the CaFe204- 
type structure with an orthorhombic cell a = 1 0 . 4 0 4  /~, b=12 .12  /~ and 
c=  3.454/~. Recently Zhou et al. [6], on the basis of selected area electron 
diffraction (SAED) analysis, proposed a solid solution extending from 
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T15Ba209.5 to T12BaO4. We have prepared a single-phase T12BaO4 b y  quenching 
a sample with nominal composit ion (T101.5)4(BaO) from 800 °C after 15 rain 
annealing, while a stoichiometric TleBaO4 annealed for 12 h at 700 °C 
contained traces of  T16Ba4013. A comparison of  the XRD patterns of samples 
surrounding the single-phase TleBa04 quenched from 800 °C is given in 
Table 4 and does not show significant modification of the d spacings, indicating, 
contradictory to Zhou et  a l . ' s  results, a reduced homogeneity range. All the 
diffraction lines may be indexed with an orthorhombic cell a =  10.46(3)/~, 
b = 11.93(3) /~ and c = 3 . 4 7 6 ( 4 )  ~., but  the experimental intensities do not 
match a CaFe204-type structure, space group P n m a .  

(2) Tl~Ba4018, first mentioned by Zhou et  al .  [5], is confirmed here to 
be a stable compound in the T101.rBaO system. It is formed by the peritectic 
reaction 

L+(TleSa205)  ~ ~(TleSa40~a) ( T = 8 6 5  °C) 

The isothermal experiment at 800 °C in Fig. 4 shows the change in weight 
loss rate, - (d2m/d t2) ,  as a function of  time. It clearly reveals two constant 
regimes corresponding to the single-phase fields T12BaO4 and T18Ba4013. The 
latter may be easily distinguished from black T12BaO4 and TleBa205 owing 
to its yellowish-brown colour, but  it is difficult to obtain a pure compound. 
All the XRD lines reported in Table 5 correspond to Tl6Ba4Ola found as the 
main component  in samples containing 37, 40 and 41.5 mol% BaO. The 
data were indexed as proposed  by Zhou et  al.  [6] with an orthorhombic- 

TABLE 4 

XRD powder patterns of samples containing T12BaO 4 

T14BaO7 T12BaO4 T12BaI.104 
Q(700 °C) Q(800 °C) A(500 °C) 

d (/~) Io~ d (/~) lob " d (~) lobs 

5.095 4 5.117 6 
3.207 6 

2.953 81 2.949 100 2.955 100 
2.857 54 2.855 75 2.863 90 

2.479 4 2.484 8 
2.399 14 2.390 2 

2.054 29 2.053 36 2.057 32 
1.999 3 
1.751 4 

1.724 8 1.723 10 1.725 11 
1.708 20 1.705 24 1.708 20 
1.688 25 1.687 3 1.689 25 
1,485 14 1.489 23 1.491 17 
1.479 14 1.478 13 1.481 12 

Q, quenched in liquid nitrogen; A, annealed and radiative cooling. 
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Fig. 4. Derivative of the weight loss rate (d2m/dt 2) of initial (T10~.~)0.7~(BaO)0.25 at T=800 
°C showing two breaks which correspond to T12BaO4 and T16Ba40]3. 

TABLE 5 

XRD of nearly single-phase T16Ba40~3 with proposed orthorhombic structure, a=5.748 /~, 
b=7.164 /~, c=9.572/~ 

d (/~) lobs h k 1 

7.164 59 0 1 0 
4.786 15 0 0 2 
3.731 9 1 0 2 
3.310 15 0 2 1 
3.059 24 1 2 0 
2.874 100 2 0 0 
2.788 11 1 0 3 
2.560 35 1 2 2 
2.396 12 0 0 4 
2.328 9 2 1 2 
1.911 20 3 0 0 
1.718 11 1 4 0 

t y p e  s t r u c t u r e  of  s l igh t ly  d i f fe ren t  cel l  size: a = 5 . 7 4 8  /~, b = 7 . 1 6 4  A a n d  
c = 9 . 5 7 2 / ~ .  

(3)  T12Ba2Os: we  f o u n d  t h a t  t he  c o m p o u n d  m e l t s  c o n g r u e n t l y  a t  1 1 0 0  
°C. F i r s t  iden t i f i ed  b y  Von  S c h e n c k  a n d  M u l l e r - B u s c h b a u m  [3] wi th  a n  

o r t h o r h o m b l c  Ca2Fe2Os- type s t r u c t u r e ,  s p a c e  g r o u p  P c m n ,  the r e c e n t  in-  
v e s t i g a t i o n  of  Z h o u  et al. [5] p r o p o s e d  a m o n o c l i n i c  d i s t o r t i o n  of  t he  
o r t h o r h o m b i c  cell. O u r  d a t a  in  T a b l e  6 s u g g e s t  a c r y s t a l l o g r a p h i c  m o d i f i c a t i o n  
f r o m  low to  h i g h  ( T >  9 5 0  °C) t e m p e r a t u r e .  The  p h a s e  t r a n s i t i o n  c a n n o t  be  
due  to  a c o m p o s i t i o n  shift .  As  a m a t t e r  o f  fact,  w e i g h t  l o s s e s  a t  1 0 0 0  °C 
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TABLE 6 

XRD pattern of T12Ba205 at low (LT) and high (HT) temperature 

dLT (/~) Iobs dHw Io~ 

5.24 22 
4.335 13 

4.306 7 4.308 12 
4.222 12 
3.467 5 

3.111 26 3.123 32 
3.046 100 3.055 100 
3.012 33 3.016 34 
2.164 25 2.170 21 
2.147 16 2.148 17 

2.103 4 
1.785 19 1.790 15 
1.768 10 1.771 10 
1.746 30 1.750 23 
1.639 5 1.643 4 

1.623 4 
1.559 3 1.562 4 
1.526 13 1.527 10 
1.506 7 1.507 6 

a f te r  a 5 min  annea l  in 1 a t m  of  o x y g e n  do no t  e x c e e d  10%, thus  shif t ing 
the  c o m p o s i t i o n  towards  (T101.5)o.455(BaO)o.545 in the  t w o - p h a s e  field 
T12Ba205 +l iquid .  Then  a change  in the  XRD pa t t e rn  of  high t e m p e r a t u r e  
q u e n c h e d  s a m p l e s  s u p p o r t s  a c rys ta l lograph ic  modif ica t ion  in a g r e e m e n t  wi th  
a DTA p e a k  obse rved  at  940  °C. 

(4) T12Ba4OT: in the  BaO-r ich  field o f  the  p h a s e  d i ag ram we obse rved  
the  f o r m a t i o n  of  a new c o m p o u n d .  F r o m  i so the rmal  we igh t  losses  at  
950  °C (Fig. 5) of  an initial T12Ba205 we p r o p o s e  for  this c o m p o u n d  the  
s to i ch iome t ry  T12Ba40~. The  XRD s p e c t r u m  r e p o r t e d  in Tab le  7 and  c o m p a r e d  
with  da ta  in Table  3 shows tha t  t he re  is no  poss ib le  confus ion  with  the  
in te rmedia te  BaOL3 oxide  with  which  T12Ba407 is found  to  be  in equi l ibr ium 
at  h igh  t e m p e r a t u r e  and  espec ia l ly  a t  1050 °C, the  per i tec t ic  t e m p e r a t u r e .  
The  c o m p o u n d  s e e m s  to d e c o m p o s e  per i tec to id ica l ly  at  750 °C, bu t  it was  
a l r eady  m e n t i o n e d  tha t  the  low t e m p e r a t u r e  r ange  of  the  BaO-r ich  s ide of  
the  d i ag ram is suspic ious .  F r o m  a c rys ta l lograph ic  v iewpoint ,  Tl2Ba40~ could  
be  i so typic  wi th  t e t r agona l  Tl2Sr407 desc r ibed  by  Von Schenck  and  Muller- 
B u s c h b a u m  [9] a s s um i ng  the  cell p a r a m e t e r s  a = 5 . 3 3  /~ and  c = 2 3 . 0 4  /~. 
However ,  s o m e  d i sc repanc ies  be t ween  the  e x p e r i m e n t a l  and  c o m p u t e d  in- 
tens i t ies  o f  the  diffract ion l ines a re  obse rved .  T h e y  m a y  be  exp la ined  by  the  
p r e s e n c e  of  an  impur i ty  p h a s e  be long ing  to  the  t e rna ry  T 1 - B a - O  sys tem,  
r e p o r t e d  as X* in Table  2. 

As a conclus ive  r e m a r k  conce rn ing  the  p h a s e  s equence  in the  BaO-T10, .5  
sys tem,  we  no te  tha t  each  in t e rmed ia te  c o m p o u n d  m a y  be  deduced  f r o m  
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Fig. 5. Isothermal weight losses at 950 °C of T12Ba20 ~. The discontinuity in the d2m/dt 2 curve 
is attributed to crossing the T12Ba407 compound. 

TABLE 7 

Identification of T12Ba407 using the T12Sr4OT-type structure described in ref. 9 and the lattice 
parameters a =5.33 /~, c = 23.04 /~ 

do~ (~) ~bs ~h (~) In  h k 1 

5.759 21 5.760 30 0 0 4 
4.994 40 
3.772 24 3.769 1 1 1 0 
3.527 49 3.582 50 1 1 2 
3.159 40 3.154 100 1 1 4 
2.973 17 
2.883 100 2.881 25 0 0 8 
2.678 15 2.665 48 2 0 0 
2.581 25 2.596 12 2 0 2 
2.294 25 2.288 <1 1 1 8 
1.962 2 1.966 30 1 1 10 
1.889 81 1.884 21 2 2 0 
1.743 1 1.744 1 2 1 9 
1.714 5 1.710 10 1 1 12 
1.666 2 1.667 13 3 1 2 
1.611 18 1.618 35 3 1 4 
1.583 22 1.583 18 2 2 8 
1.397 1 1.400 14 2 0 11 
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T12BaO4 by the departure of 1 mole of T1203 following the scheme 

4T12BaO4 ) T16Ba4013 + T120~ 

l 
2T12Ba205 + T1208 

l 
T12Ba40~ + Tl20a 

and therefore we see that the high temperature equilibrium will be strongly 
influenced by the T12Oa partial pressure. 

3.3. Extension to the ternary TlO1.5-BaO-CuO system 
The congruently melting compound T12Ba205 offers a chance to prepare 

the T12Ba2CuO6 cuprate free of BaCuO2 impurity. Indeed, the isoplethic line 
T12Ba2Os-CuO has to be considered as a quasi-binary system and all samples 
on this line are expected to have a composit ion which must be solely a 
combination of T12Ba205 and CuO. Thus BaCuO2, the main impurity produced 
by sintering the elemental oxides, is not  formed. In addition, owing to the 
relative stability of the mixed T12Ba205 oxide comparatively to T1203, thallium 
losses can be significantly reduced. The orthorhombic form of T12_xBa2CuO5 
has been obtained with x < 0.05. The compound is not  superconducting and 
the normal state properties at low temperatures will be detailed elsewhere 
[10]. 

4. C o n c l u s i o n s  

This study ascertains the existence of T12BaO4, T16Ba4018 and T12Ba205 
in the equilibrium phase diagram of the T1015-BaO system. A new compound 
corresponding to T12Ba407 has been identified, but  the structure, assumed 
to be isotypic to T12Sr4OT, has yet to be confirmed. Except  for the congruent 
melting T12Ba205 which may be used as precursor  for the preparation of 
superconducting thallium-based cuprates, all the compounds in the system 
are formed by peritectic reactions. The behaviour of BaO2 in flowing oxygen, 
in particular the formation of an intermediate BaOI.3 oxide, has to be taken 
into account  On the BaO-rich side of  the diagram. 
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