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I t  was shown in Part  V ( T ~ L ~ L Z S  Jow~za l ,  1938, 21A, 159-67) that 
the decomposition of strontium chromate proceeded stepwise at  50, 
66.6 and 75Pb decomposition, due to the formation of the compounds 
8 S r 0  4Cr0,  2Cr20,, 3 S r 0  CrO, Cr,O, and SSrO 2Cr0, 3Cr,0, 
respectively, analogous to the results obtained in the decomposition 
of calcium chromate. The higher stag-es of decomposition, namely, 
at  80% observed in the deconlposition of the latter could not be studied 
owing to experimental dificulties. I t  was, therefore, considered 
interesting to find out if the decon~position of barium chromate also 
occurred in stages. In the present paper we have shown that barium 
chromate shows a step in the decomposition a t  50% forming a com- 
pound 8 B a 0  4Cr0,2Cr20,, which is stable in vacuum at 1400". The 
clecomposition of barium chromate has also been studied in mixtures 
with barium carbonate. 

EXPERIMENTAL. 
The apparatus used and the method followed was the same as 

that described in previous Parts. Barium chromate was prepared 
by precipitation from a solution of barium acetate by ammonium 
chromate. The purity of the sample was over 99.5%.  

DISSOCIATION OF BARIUM CHROMATE. 
The decomposition pressures of barium chromate are as follows: 

Temp. Pressure 
OG. mm. 



The heat of decomposition calculated from the above values is 
19.6 Cals. per mol. of oxygen evolved. 

If barium chromate is heated directly to 1100°, it melts with 
complete decomposition. If ,  however, oxygen is pumped off from 
the system at 1265' to a pressure < 0.2 mm. the amount of 
the gas evolved corresponds to 5076 decomposition of the chro- 
mate. The decomposecl mass does not melt on heating further 
and does not show any measurable decomposition pressure at  1420". 
Unfortunately, the vapour pressures of the 50% compound could not 
be measurecl for want of a suitable material of the tube which could 
stand vacuum at higher temperatures. 

The chemical reactions of the compound formed at  50% stage 
were studied next. Pure barium chromate was decomposed at 126S0, 
the oxygen being pun~ped out of the system till there was a sudden 
fall in pressure to < 0 . 2  mm. The product was treated with dilute 
hydrochloric acid anit the soluble and insoluble portions were analysed. 
The gas collected was also analysed and measured. The results are 
given in the following- table :- 

TABLE I. 

Per  cent. decolnposition from osygrn . . 

,, Chromium as CrO, in solution . . 
,, Barium in solution . . .. 
,, Total cl~romium in solution . . 

,, Barium in the residue.. . . 
,, Chromium in the refiidue . . 

The acid-insoluble portion was pure chromic oxide Cr,O,. The 
analytical data given in the above table are in agreement with the 
following equation : 

24BaCrO4 = 38 BaO 4Cr0, 2Cr,0,) + 90, (1st stage) 
(1) 
i acid 

3 (8Ba0 4Cr0,  Cr,O,,) i 3 (Cr,0,) 
(11) 

Observed 

51.3 

49.9 

100.0 

74.9  

Calculated 

60.0 

50.0 

100.0 

75.0 

nil 

25.13 1 25.0 



The compounds formed are ( I )  barium tetrachromito-quarter- 
chromate,  (11) barium dichromito-quarterchromate. 

Fig. 1 si~ows the various stages found in the dccoinposition of 
pure chromates of calcium, stl-oatium and barium, and the range of 

temperature over which they are stable. The stability of the various 
compounds increases in the order: calcium, strontium and barium. 

The decomposition of calcium chromate occurs in four stages 
as indicated. The decon~position of strontium chronlate could be 
studied only up  to the third stage, and that of barium chromate to 
the first stage. Further work on thc decomposition of strontium and 
barium cliromates is in progress; the decompositions are being 
atuclied at both highcr and lower pressures using a sensitive gauge. 

The products of decomposition formed at  va r iox  stages yielded 
acid-soluble portions in which the amount of chromium as CrO, and 
Cr,O, was in a:-rcclnent with the con~position of the chromium chro- 
mates Cr,02,, Cr,O,; and Cr,O,, corresponding to  25, 33.3 and 40% 
decomposition of [he chromate. As thc vapour pressures of some of 
the compounds, especially those which are formed a t  66.6 and 75% 
decomposition of the pure cht-oniatcs, are similar to those of the corn- 
pounds forn~ed at 33.3 and 40% decornposition of the mixlnres of 
chrnn~ates with the corresponding- oxides, it appears probable that 
the intermediate stages formed in the decotnposition of the chvomatcs 
a t  higher tcmperatnres are mixtures of con~pounds correspontiillg to 
the lower stages, with either chromic oside or chrolnite, which may 
exist as a separate phase, the oside libcrated in the forn~atioc ol the 
lalter con~pouuds supplying the cstra base required for the iormation 
of the former compound. 
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DECOMPOSITI~N og ~MIXTURSS OP B A K I ~ J M  CIIROMATE WITH 

BARIUM CARBONATE. 

The results obtained by decompositlg the mixtures of the chro- 
mates of calcium and strontiunl with the corresponding carbonates 
have already been discussed in Parts IV ancl VT (This .7oz1nzal, 21A, 
179-88). In the decomposition of the mixtures of strontiunl chro- 
mate with sirontium cashonate, it mas observed that the components 
begin to dissociate at  temperatures lower than Lhat required for the 
decomposition of the constituents of the mixlures sepa~-ately, and thai 
the dissociation pressures of the mistlire were definite functions of 
temperature and were indcpcntlent of the concentration of the carbo- 
nate. The gas phase was also found to be a mixture of carbon dioxide 
and osygen in the ratio or nearly 2 :  1, which indicated the formation 
of the compound 1151-0 6Cr0, Cr,O, ctrrres~)onding to 25% clecom- 
position of the chromate. 

The experiments on the decomposition of the mixtures of stron- 
tiurn cllro~nate and stl-ontium carhonate also inclicated additional 
sfages in the decomposition at  33.3 and 40%, analogous to the results 
obtained in the decomposition of the mixtures of calcium chromate and 
calcium carbonate, the formulrr of the compounds formed being 8 S r 0  
(and 9Sr0) 4Cr0, Cr,O, and 17Sr0 6Cr0, 2Cr20,  respectively. 

In the present paper we have shown that misturcs of barium 
chromate with barium carhonate were found to decompose much more 
readily than the corresponding mixtures of strontium compov.ncls. I t  
appears that the intensity of the reaction between the chromates and 
the carbonates of the alkaline earths increases in order: calciun~, 
strontium and barium. The Jccomposition curves o i  the mixtures 
showed 1)reaks at 2.;, 33.3 and 40$7 similar to the hehaviour of 
compounds. 

EXPERIMENTAL. 

The tnixturcs were prepared by grinding together pure bariuix 
chromate and hai-ium carhonate in the required proportions. The 
temperatures at which harium chi-onlate ancl pure barium carbonate 
begin to decompose at  low pressures are 1200" and 1000" respectively. 
It was found, however, that the mixtures beg-an to decompose at  
725" and gave the following values for dissociation pressnres. which 
were indeperrdent of the concentration of the carbonate in the mix- 
tures as in the case of strontium compounds. 

The relation hetwcen logarithms of pressure and thc reciprocal 
of absolute teli~perature was linear and gave 4.5.1 Cals. as the hcat 
of decomposition. 



I 

Fig. 2 shows graphically the dissociaticm pressure curves of pure 
chrornatcs and carbonates of calciuin, str~intium and barium, and of 
the corresponding mixtures of the chrotnates and the carbonates. 



While the disar,ciaticn~ i n s u r e s  of the mixtures of calcium 
chromate and calciunl carbonate are identical with those of the latter, 
the valucs for the mixtures of the correspondillg strontium and 
barium compour?ds are considerably hig-her. 

'.Che decomposition of the mixtures was next studied in detail at 
three temperatures. vi,?., 97j0, 1200' and 127.5". 

Ilecompositioi~ of M i ~ t z t ? ' ~ ~  at 975O.-The mixtures in different 
proportions were heated to 975" and the gas was pumped off until the 
pressures fell to .C 0.2  mm. and collected in different tubes which 
were subsequently ailalysed for carbon dioxide and oxygen. The 
results of these experiments are given in Table I1 and shown in 
Fig. 3. 

TABLE 11. 
Temp. '376' ; Find pressure < 0.2 mm. 

Volume 
C.C. 

uil 

5.1 

10 - 4 

14.8 

13.4 

10.6 

12.8 

11.9 

16.3 

1 2 . 1  

10.5 

-- L -- 

nil . . 
. . . . 
. . . . 

-. - 

v'ol umr 
C.O.  

nil 

. . 

. . 

. . 

. . 

. . 
8 .3  

1 4 - 2  

. . 

15.3 

15.8 

- 

nil 

5 1 

10.0 

15.6 

21.6 

30.0 

33.0 

33.6 

. . 
3.5.5 

34.1 



;IIIIIIF-MoLd. Bafh3 PER MoL. OF eacr&.-----c 

Although the chromate by itself does not at  all decompose at 
975", measurements of the total oxygen evolved a t  this temperature 
show- a stage in the decomposition at about 33%, the amount of 
barium oxide required for its formation being 0.5 mol. per mol. of 
barium chromate, yielding the compound barium dichromito-quarter- 
chromate ,  9Ba0 4Cr0, Cr,O,. Reference to the existence of the 
corresponding compounds for calcium and strontium has been repeat- 
edly made in previous communications on this subject. 

Table I1 shows that the ratio of CO,/O, is maximum (2.71, 
with a mixture having 0 .2  mol. of the carbonate. 

The relationship between the percentage decomposition and the 
proportion of carbonate in the mixture is linear (AE in Fig. 3 )  up to 
0 .3  mol. of carbonate. The reaction between barium chromate and 
barium carbonate which would give out carbon dioxide and oxygen 
in the ratio of 2 . 7  : 1 which is observed at  about 0.3 mol. is 

4BaC0, $. SBaCrO, = 12Ba0 6Cr0,  Cr,O, + 4C0 ,  + 1*02 
(111) 

which, however, requires 0.5 mol. of the carbonate for completion 
of the reaction as shown by the dotted line, to form the 25% stage. 
However, owing to the high temperature employed, the decomposition 



proceeds aiong the contini~ous line on successive atldition o l  the carbo- 
nate, to the more stable cornpouncl which is iormed at  the 337% stage. 
W e  inteuti to rcpcat these experiments at  lower temperatures and 
higher pressures. The decornpositicm o l  the mixture along the linear 
part of the curve appears to be due to the formation (11 the compoiiud 
(111) barium dichromito-sexieschromate corresponding to a s im-  
lar calciuin coinl~c;uncl iound by Narg-unc! and JVaison in their study of 
the decnmpoition of the mixt~il-e of liine wit11 calcium chrotnatc at  
300 nim. pressure. The corresponding coml)rrunds lo~mil by us in the 
case of calcium and strontium compounds al-c LOGO hCrO- C r 2 0 9  
and 1lSrO ~ C I - 0 ,  Cr,O,. We have thus got an cxample of the same 
chromium chromate combining- with 10, 11 and 12 mo1.s. of the base, 
which \ d l  be shown to be structnrally possible in a Iuinre coinmuni- 
cation. 

All the niixtnres which were firs1 decon~posed at  975" to 33% 
stag.e, were fnrther heated from 1200" to 127S0. The inixtui-e which 
contained < 0.5 mol. of base, did not show any measurable dissocia- 
tion pressure up to 123OG, and sho~vecl at 1275" a pressure of 1 .5-  
2.0 mm. which is the same as the dissociation pressure o l  pure 
barium chromate, the gas phase being pure oxygen. The mixture 
containing- higher proportion of barium carbonate showed a tendency 
to deconlpase at 1200" evolving both carbon dioxide and oxygen. 
The carbonate in the mixtures could be completely rlecomposed only 
when the temperature was raised to 1275". I t  was observed that the 
mixtures containino 0.7 mol. and above of the carbonate, were con- 
siderably sintered. h'l'his fact may account for the remarliable resist- 
ancc of the carbonate towards decomposition. 

I)erompnsitio9~ of .llRi.ctzrrcs at 1275".--Experiments were con- 
ducted to study the decomposition of the above mixtures a( 1275". 
The results are given in the fnllowing table (111) and shown in Fig. 3. 

The curve showing the percentage decomposition on the addition 
of different amounts of barium oxide, shows that the decomposition 
first decreases on addition of the base, till n ~ninimum is reached at  
about 32@h, with 0 . 5  mol. of the barium carbonate. 

The products obtained by heating the mixtures A, B and C were 
partly soluble in acid, while the remaining mixtures wcre completely 
soluble in acid. The percentage decomposition in all the experiments 
was calculatcd from the amount of oxygen evolved, and checked by 
the estitnatioil of chromate in solution in the case of mixt?~res. rZ 
and R. The minimnm in the value of the decomposition at  about 
32% on addition of 0 . 5  mol. of oxide indicates the formation o-f the 
same compound which was obtained by heating the n~ixtnves at  975", 
namely, 9Ba0 4Cr0, Cr,O,. The break in the curve at  about 



TABLE 111. 
Temp. 1275' ; final pressilre < 0.2 mm. 

Per  cent. 
Iecompositior 

from 0, 
-- - 

51 3 

49.5 

43.5 

39 -6  

35.8 

32 0 

35.8 

41.8 

42.9 

52.2 

Per cent. 
lecomposit,ion 

from CrO, 
- .- 

. . 
50.0 

43.1 

. . 

. . 

. . 

. . 

. . 

. . 

. . 

Calculated 

0.7 mol. of the carbonate and at  about 40% decomposition indicates 
the formation of a compound barium tetrachromito-sexieschro- 
mate-] 7RaO 6Cr0, 2Cr,0,. 

The decomposition of the mixture of barium chromate and barium 
carbonate containing higher proportion of the carbonate is quite 
different from that observed in the corresponding mixture of calcium 
and strontium. While the latter shows a region of constant decom- 
position with increasing amount of the base, in the case of the barium 
compounds we get increased decomposition showing greater affinity 
between barium chromate and barium carbonate. Further decompo- 
sition is also due to the fact that all the barium carbonate is not 
decomposed owing to the fornlation of a fused mass. The increase 
observed in the decon~position at  1275" with addition of the base is in 
line with the results obtained at  975" with smaller quantities of the 
base. At the latter temperature although pure chromate is quite stable, 
decomposition takes place readily with the addition of carbonate. 

The values of the per cent. decomposition given in the last 
column of Table IT1 for concentrations below 0.5 : 1, are calculated on. 



the basis that the amount of the oxide added, goes to form the com- 
pound 9Ba0  4Cr0, Cr,O,, while the rest of the chromate decomposes 
to the 50% stage according to its own vapour pressure at  this tempe- 
rature. The observed and calculated values show fair agreement. 

Referring to Fig. 3, the decomposition curve a t  975" for differ- 
ent mixtures shows that the amount of the base required for 25% 
decomposition is about 0 . 4 1  mol. instead of 0 . 5  mol. theoretically 
required to form the compound 12Ba0 6Cr0,  Cr,O,. Owing to the 
higher vapour pressure of this compound, the clecomposition goes to 
the higher stage, namely, 33.3%, when actually 0 .5  mol. of the base 
are added. With a lower proportion of the base the decomposition 
goes to 25% stage at  975". On raising the temperature to 1275" 
a portion of the compound decomposes to 33% stage in combination 
with the extra base required for its formation and stability, and the 
rest of the chromate goes to  form the 50% stage. 

The composition of the acid-soluble product formed by the de- 
composition of the pure chromate at  50% stage is SBaO 4 C r 0 ,  Cr,O,. 
From analogy with the results obtained with calcium and strontium 
chromates, a break in the curve ought to have occurred a t  33 .3% 
decomposition with the addition of 0 .33  mol. of barium carbonate 
(curve CD, Fig. 3). The experimental results, however, show a 
break on addition of 0 . 5  mol., indicating the formation of the com- 
pound 9Ba0  4Cr0,  Cr20,,  as observed in the case of strontium 
chromate. 

The dotted lines EF and GH in Fig. 3 are theoretical curves, 
which have been drawn on the assumption that the products formed 
at  66 and 75% stages of the .pure chromate contain the compounds 
which are formed at  33.3 an$ 40% decomposition of the mixtures 
of the chromate with the'corresponding base. 

The curve showing the decomposition at  127S0, (which is inter- 
mediate between the two curves CD and EF in Fig. 3 ) ,  indicates that 
the compounds which are formed with the addition of lower propor- 
tions of the base, are mixtures of 8BaO 4Cr0,  Cr,O,,, 9Ba0  4Cr0,  
-Cr,O, and Cr?O,. This fact and the remarkably low clecomposition 
pressure of the compound 9Ba0  4Cr0, Cr,O, are exactly analogous 
to the results obtained in the case of the corresponding strontium 
compounds. 

The dotted line GH given in Fig. 3 indicates that the compound 
17Ba0 6Cr0,.2Cr20,which is formed a t  the 407, decomposition 
might be the same as the clecompositioil product, less chromite, which 
shoulcl be formed when pure barium chromate decomposes to 75%. 

Further work is in progress. 



SUMMARY. 

The dissociation pressure of pure barium chromate has been mea- 
sured up to 1400' and the heat of decomposition calculated. 

A stage of 50% decomposition was observed as  in the case of 
calcium and strontium chromatzs. The componnd formed at  this 
stage is 8 B a 0  4Cr0,  2Cr20,,  which has practically no dissociation 
pressure at  1420" and which yields an acid-soluble product of the 
composition SBaO 4Cr0 ,  Cr,O,. 

The decomposition of mixtures of barium chromate and barium 
carbonate was more energetic than that observed in the correspond- 
ing experiments with calcium and strontium compounds. Stages 
were found in the decom~osition of the chromate in the mixtures. at  
25%, 33.3% and 40% d i e  to the formation of the compounds 1 2 ~ a 0  
-6Cr0,  Cr,O,, 9Ba0 4Cr0 ,  Cr,O, and 17Ba0 6Cr0,  2Cr,0, 
respectively. 
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