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The so-called ' thermokalite '  and the existence of  sodium 
bicarbonate as a mineral.  

By F. A.  BANNISTER, M.A. 

Assis tant-Keeper  in the Mineral Depar tmen t  of the Bri t ish Museum 
(Natural  History).  

[Read November 6, 1928.] 

I N a brief account  of the Johnston-Lavis  collection of Vesuvian 
minerals,  now preserved in Univers i ty  College, London, Dr. K. W. 

Ear le  mentions ' a large number  of specimens of " Thermokal i te  ", a 
new member  of the  Haloid  group, which has, apparent ly ,  so far 
escaped descr ip t ion. '  1 This previously unpublished name was copied 
from Dr. Johns ton-Lavis ' s  manuscr ipt  labels. The late  Dr. H. J. 
Johnston-Lavis  (1856-1914) possibly considered tha t  this mineral  
was the po tass ium compound corresponding to thermonat r i te  
[Na2CO3.H20 ]. A provisional  name for an undetermined mineral  
having, in this way, unfor tunate ly  been published, i t  seemed desirable 
to clear up the mat ter .  Fo r  this purpose Dr. Earle  very  k ind ly  
supplied two good specimens of the mineral  for investigation. Access 
was also given to the  note-books kept  by  Dr. Johnston-Lavis .  He 
had made a separate  en t ry  for each specimen and the carbon copies 
were placed with the specimens. The ent ry  for ' thermokal i te  ' reads in 
every case : ' Thermokal i te  (n. sp.) by  Tunnel nr. Stufe di Nerone, 
Baja . '  This loca l i ty  is s i tuated about  nine miles west of Naples in 
the Phlegrean Fields (Campi Phlegraei). 

The name ' t h e r m o k a l i t e '  is not  mentioned in the bibl iography of 
Dr. Johnston-Lavis ,  ~ bu t  a reference to the incrustat ions is made in 
a repor t  to the Bri t ish Association for the Advancement  of Science in 
the year  1889. Dr. Johnston-Lavis  acted as secretary to the com- 
mit tee  which presented eleven reports on the invest igat ion of the 
volcanic phenomena of Vesuvius and its neighbourhood to the Bri t ish 

1 K. W. Earle, Proc. Geol. Assoc. London, 1928, vol. 39, p. 96. The name 
' thermokalite ' has been listed in Min. Mag., 1928, voI. 21, p. 578. 

2 H. J. Johnston-Lavis, Bibliography of the volcanoes of southern Italy. 
London, 1918. 
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Association during the years 1885-95. Reference is made in the 
report  for 1886 (p. 228) to plans for the Cumana ra i lway which was 
to connect Naples with Baia and Fusaro.  The new ra i lway would 
necessitate tunnell ing the hil l  which backs Baia. In  the repor t  for 
1888 (p. 322) i t  is noted tha t  the entrance of this tunnel had been 
commenced just  beneath the Baths of Nero (Stufe di Nerone) and 
considerable difficulties were ant ic ipated owing to the high tempera-  
ture of the rock. A full account of the tunnell ing operations is given 
in the 1889 repor t  (pp. 289-91). During excavations many  cuniculi 
cut  out  by  the Romans were found. These cuniculi  are underground 
conduits  jus t  large enough to allow a man to pass, and were appa-  
rent ly  made for the passage of the thermal  spring water  to the baths.  
In  one of the principal  cunieuli Dr. Johnston-Lavis  found abundan t  
saline incrustat ions va ry ing . f rom 1 to 10 cm. in thickness. These 
covered the walls of the tunnel for a considerable distance ; under the 
incrustat ions a light brown friable tuff was found. The conditions of 
t empera ture  and atmosphere had, of course, been affected by  the 
increased vent i la t ion afforded by  excavation. However,  the tempera-  
ture observed in the principal  euniculus was 73 ~ C., and Dr. Johnston-  
Lavis a t t r ibu ted  the distressing physiological  condit ion of his guide 
and himself after visi t ing this tunnel  to the presence of considerable 
carbon dioxide in the atmosphere.  Dr. Johnston-Lavis  concluded 
from qual i ta t ive  tests on these saline incrustat ions tha t  the principal  
component  was potass ium carbonate.  He observes tha t  this sal t  
appeared to be present  in ' two ,  if not  three different variet ies of 
h y d r a t i o n ' .  He also found sodium present and small  quanti t ies  of 
chloride and sulphate.  Although i t  will be shown tha t  these results 
are not  confirmed by  the present paper,  there can be no doubt  tha t  
the  series of specimens label led ' thermokal i te  ' in the Johnston-Lavis  
collection are the incrustat ions tha t  were collected and examined by  
Dr. Johnston-Lavis  prior to this report  of 1889. 

A considerable quan t i ty  of the incrustat ion must  have been col- 
lected, for we find ' t h e r m o k a l i t e '  very well represented in the 
Johnston-Lavis  collection. About  a dozen large specimens are shown 
in the ease-tops. The largest  and most  beautiful  of them measures 
approx imate ly  30 x 24 • 6 inches ; the remainder  average about  one- 
th i rd  of this size. Sti l l  smaller  bu t  quite excellent specimens are 
stored in two cabinet  drawers. 

The two specimens handed over for examinat ion are about  the size 
of one's fist, and consist of a snow-white friable mater ia l  with some 
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pale yellow stains in places. There is no rocky mat r ix  present on 
these specimens, but  on one or two of the incrustations in the Johnston- 
Lavis collection the ' thermokal i te  ' is covered on one side with a l ight 
brown powdery tuff. The surface of the two blocks is cavernous, but  
the interior  is more compact  and shows a fibrous structure. Bundles 
of minute  needles line the cavities, and a pre l iminary  microscopic 
examinat ion of these crystals  revealed the presence of thermonat r i te  
and trona. The mater ia l  dissolves readi ly  and complete ly  in cold 
water. Qual i ta t ive tests showed the presence of sodium sulphate and 
carbonate,  a t race of iron, but  no potassium or ammonium salts. 
No trace of a chloride could be de tec ted ;  the addi t ion of silver 
n i t ra te  to a solution of about  three grams of the mater ia l  in nitr ic 
acid produced only a faint  tu rb id i ty .  I t  was thought  tha t  the crusts 
might  vary  in composit ion.  Dr. K. W. Earle,  therefore, k indly  
allowed me to take small  specimens, each about  five grams, from 
several  other crusts in the Johnston-Lavis  collection, for the detection 
of potassium. The most  careful tests failed to reveal even a trace of 
this element ; i t  was found, however, tha t  the sulphate content varies 
considerably from one crust to another.  

Trona [Na2OOa.NaHCOa.2H20 ] is usual ly  associated with ther- 
monatr i te  and, as noted above, was detected in the pre l iminary  
microscopic examination.  A small  quant i ty  of the mineral  was there- 
fore heated, and the gases evolved bubbled  through clear ba ry t a  
water.  A heavy precipi ta te  thus formed indicated the presence of 
bicarbonate  in the original material .  In order to gain some idea of 
the relat ive proport ions of normal  carbonate and bicarbonate,  advan- 
tage was taken of the proper ty  of the indicator  phenolphthalein to 
lose its colour in the presence of free carbon dioxide. Several samples 
of the mineral  were dissolved in cold water  and t i t r a ted  with hydro-  
chloric acid, using first phenolphthalein to determine the normal  
carbonate  and then methyl-orange to determine the to ta l  carbonate 
content.  For  a mixture of thermonat r i te  and trona, if x be the 
quan t i ty  of acid added, using phenolphthalein as the  indicator,  then 
the quan t i ty  of acid tha t  must  be added  to complete  the t i t ra t ion  
with methyl-orange can never be greater than 2 x and only equals 
2 x when no thernmnatr i te  is present. Wi th  the given samples, the 
quan t i ty  of acid added in the second par t  of the t i t ra t ion  was always 
greater than 2 x and in many  eases approached 3 x. The va l id i ty  of 
this method of es t imat ion was tested by  t i t ra t ing  with the same 
strength of acid, and under the same conditions solutions of (1) pure 



56 F.  A. B A N N I S T E R  ON 

sodium carbonate,  and (2) a mixture  of equal molecular  proport ions 
of sodium carbonate and sodium bicarbonate.  The exper imental  
values agreed closely with theory  ; hence these pre l iminary  t i t ra t ions  
showed tha t  free sodium bicarbonate  must  be present. 

Three average samples were now picked out as representat ive of 
the whole mass and invest igated quant i ta t ive ly .  Each sample,  
weighing one to two grams, was dissolved in cold water  and t i t r a t ed  
with a s tandard  solution of hydrochlor ic  acid using two indicators,  
phenolphthale in  and methyl-orange,  as described above. A few more 
drops of hydrochloric  acid were added  after t i t ra t ion,  and the sulphate  
was prec ip i ta ted  from the hot, weakly  acid solution as ba r ium 
sulphate.  The sodium carbonate,  bicarbonate,  and sulphate contents 
of the minera l  were thus es t imated and the water  content  deduced by  
subtract ing the sum of these const i tuents  from the weight of the 
original sample. Al though no direct  de terminat ion  of the water  
content  was made, support  for the deduced figures was obtained by  
heating five other samples to a dull  red heat. The average loss of 
weight due to evolution of carbon dioxide and water  vapour  was 
21.3 %. This agrees very  well with the mean loss to be expected 
for the three samples analysed,  namely,  21.5 %. The values obtained 
for the water  content  are therefore sufficiently accurate.  The analyses 
of the three samples are given below : 

1. 2. 3. 
Na2CO a . . . . . .  30.42 27.92 27.91 
NaHCO a . . . . . .  32.42 37.65 39-66 
Na~SO a . . . . . .  29.68 25.89 24.57 

92.52 91.46 92.54 
I-I~O (difference)... 7.48 8.54 7.86 

1O0.00 100.00 100.00 

We have no means of finding out  the exact  t empera ture  and state 
of humid i ty  of the a tmosphere  under  which the saline incrustat ions 
were formed, though we know from Dr. Johnston-Lavis ' s  observations 
tha t  the min imum tempera ture  was 73 ~ C., and tha t  the a tmosphere 
was very  moist  and p robab ly  contained appreciable carbon dioxide. 
We have to consider first whether the normal  carbonate  is present  not  
only as thermonat r i te  and trona,  but  also as nat ron [NaeC03.10H20 ]. 
I t  is known tha t  under  ord inary  conditions nat ron is only s table 
below 32.5 ~ C. ; above this tempera ture  thermonatr i te ,  the mono- 
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hydrate ,  is the stable salt .!  The vapour-pressure  for the balanced 
system Na2CO3.10Hz0~-Na2CO3.H20+9H20 has been measured a t  
various temperatures ,  e For  nat ron to exist above 70 ~ C. the vapour-  
pressure must  be above 200 ram. F rom the above analysis i t  can be 
seen tha t  there is not  enough water  to permi t  all  the normal  carbonate  
being present  as trona. As a working hypothesis,  therefore, i t  will be 
assumed tha t  the par t ia l  pressure of the water-vapour  was not  suffi- 
ciently high for nat ron to be present. Similar ly,  hydra ted  sodium 
sulphate  [Na2SO4.10H20 ] under  ord inary  conditions does not  exist  
above 32.6 ~ 1 and al though da ta  do not  exist  as to its vapour-  
pressure at  high t empera tu res  i t  is reasonable to assume also in this  
case tha t  the sodium sulphate  is present  as the component  thenardi te  
[Na2S04]. Final ly ,  the analyses show tha t  even if al l  the sodium 
carbonate  be present  as trona, a possibi l i ty  denied by  the insufficient 
water  content,  there would be a considerable amount  of free sodium 
bicarbonate  present. Hence i t  is probable  tha t  the analyses represent 
a mixture  of thermonatr i te ,  thenardi te ,  trona, and sodium bicarbonate.  
The above considerations show tha t  the possibi l i ty  of the components 
mirabi l i te  [Na2SO4.10H20 ] and nat ron [Na2COs.10H20 ] being present  
is very  small .  In  any case the amounts  of these two minerals  present 
must  be negligible owing to the low water  content.  The figures below 
show the approximate  proport ions of the minerals  assumed to be 
present  in the original mixture.  

Sodium 
Thermonatrite Trona bicarbonate Thenardite 
(Na2CO3.H~O). (Na2CO3.NaHCO3.2H20). (NaHC03). (Na~SO4). 

No. 1 ... 18 32 20 30 
2 ... 7 47 20 26 
3 ... 11 39 25 25 

The above figures, showing the amounts  of thenardi te  and thermo- 
na t r i te  in the rat io  of 2 : 1  to 3 : 1 ,  suggest the possibi l i ty  of the 
presence of a double salt ,  such as 4Na2SO4.Na2CO 3 (hanksite) or 
2Na~SO4.Na~C03.3 This has been considered, bu t  wi thout  definite 
results.  

An optical  invest igat ion of the mixture  was then resumed. The 

1 A. E. Dunstan and H. Langton, Journ. Chem. Soc. London, 1912, vol. 101, 
p. 419. 

A. F. Gerasimov, Journ. Russ. Physico-Chem. Soc., 1912, vol. 44, p. 1666. 
3 W. A. Caspari, Journ. Chem. Soc. London, 1924, vol. 125, p. 2381 ; A. F. 

Rogers, Amer. Journ. Sci., 1926, ser. 5, vol. 11, p, 473. [Min. Abstr., vol. 3, 
p. 162.] 
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majority of the fragments, viewed under the microscope, give straight 
extinction with negative elongation. The maximum refractive index 
for some is 1.524 and for others just greater than 1.540. The latter 
correspond to trona and the former to thermonatrite.  Trona was 
found not only in the compact mass but intergrown or cemented 
together with the thermonatri te crystals lining the cavities. Plentiful 
irregularly-shaped masses determined as thenardite were found, but  
no traces of minerals with all the refractive indices lower than 1.469 
(olive-oil), such as natron or mirabilite. The thenardite in some 
places seems to consist of a transparent core surrounded by material 
which has effloresced. The remaining component  was readily dis- 
tinguished from all those above mentioned. Small crystals giving an 
extinction angle of 20 ~ to an edge, the direction of which is negative, 
are found both in the compact mass and at the surface. They possess 
very high birefringence and the maximum refractive index is only a 
little less than 1.590. Artificially prepared sodium bicarbonate 
crystals were examined side by side and gave exactly the same 
characteristics. The chemical and optical data prove conclusively 
the presence of free sodium bicarbonate. 

The results of analysis show that  the amount  of free sodium bicar- 
bonate present cannot be less than 20 %. An a t tempt  was therefore 
made to concentrate this compound by separating the lighter and 
heavier components with mixtures of methylene iodide and benzene 
of varying specific gravities. Such a mixture was adjusted till a 
crystal of trona from Lake Magadi, Kenya Colony, just floated. Most 
of the ' thermokalite ' introduced into the mixture floated just below 
the trona crystal. The smallest particles at the bot tom of this layer 
were withdrawn and examined optically. They were found to contain 
a larger quant i ty  of sodium bicarbonate than before separation, but 
most of the material seemed to be intergrown with trona or thermo- 
natrite. Some crystals appear to have an interior of thermonatri te 
and an outer zone of sodium bicarbonate. Unfortunately even the 
larger crystals of sodium bicarbonate were easily visible only with 
a ~-inch objective; it therefore appeared unprofitable to a t tempt  the 
more difficult separation of trona from the sodium bicarbonate. How- 
ever, we may conclude that  the specific gravity of the sodium, bicar- 
bonate is just greater than that  of the trona crystals. Walther found 
the specific gravity of Lake Magadi trona to be 2-14.1 The value for 
sodium bicarbonate is probably therefore nearer 2-2. I t  is interesting 

1 p.  Wal ther ,  Amer.  Min., 1922, vol. 7, pp. 86-88. [Min. Abstr . ,  vol. 2, p. 47.] 
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to note tha t  the specific gravi ty  of artificial sodium bicarbonate  
crystals  is 2.22.1 

Physica l ly  and chemically,  then, the so-called ' thermokal i te  ' would 
appea r  to be a mixture  of trona, thermonatr i tc ,  sodium bicarbonate ,  
and thenardi te .  The name ' thermokal i te  ' is therefore unnecessary. 
The crusts va ry  considerably in sulphate content.  In  one case the  
amount  of sodium sulphate falls to 4 To, and the crust seems to be 
composed almost  ent i rely of trona. So far as I am aware this is the 
first reported occurrence of such minerals  from the Phlegrean Fields.  
The existence of sodium bicarbonate  in these saline incrustat ions as a 
mineral  will now be discussed. 

I t  is ment ioned above tha t  t rona  has not  been previously repor ted  
from Campi Phlegraei.  Trona occurs both at  Vesuvius and Etna,  bu t  
complete  analyses have not  been published. V. R. Matteucci  examined 
a white crysta l l ine  substance from Fosse Grande, Vesuvius, and found 
a large quant i ty  of sodium bicarbonate  present. He apparen t ly  did 
not  decide whether the sodium bicarbonate  was combined as t rona 
or whether i t  represented a new species. 2 F. Zambonini  found 
crystals  of t rona in the cavities of a leuci te- tephri te  a t  the base of the 
crater  in the Atr io del Cavallo, Vesuvius, near the lava flow of 1895. 
He obtained sufficient optical  and crystal lographic  da ta  to decide 
definitely tha t  the mineral  was trona, a He also heated about  one- 
tenth  of a gram of the mater ia l  and found the loss in weight to agree 
closely with tha t  to be expected for trona. F . S .  S tar rabba,  in an 
account of sodium carbonate minerals from Etna,  4 makes no mention 
of free sodium bicarbonate.  He also gives no complete analysis for 
t rona and he observes tha t  the loss of weight on heating is higher than 
the theoret ical  value for trona. He a t t r ibutes  this to admix ture  
with natron.  I t  may  be noted here tha t  admixture  with sodium 
bicarbonate  would also increase ttie loss of weight on heating. The 
da ta  on I t a l i an  t rona are therefore very scanty. 

Numerous analyses, however, have been published for t rona from 
other localities. Doelter,  for instance, gives in h i s '  Handbuch  der 
Minera lchemie '  1912, vol. t ,  pa r t  1, pp. 186-187, a l ist  of twenty  
from various places. He points  out  tha t  whereas all the recent 

1 F. Stolba, Journ .  Prak t .  Chem.,  1866, vol. 97, p. 503. 
V. R. Matteucci ,  Sul bicarbonato sodico prodot tos i  sulle lave dell 'eruzione 

vesuv iana  pr incipia ta  il 3 luglio 1895. Rend.  Accad.  Sci. Fis. Mat.  Napoli,  
1897, set. 3, vol. 3 ( =  Ann.  36), p. 223. 

a F. Zambonini ,  At t i  Accad.  Sci. Fis. Mat.  Napoli,  1908, ser. 2, vol. 13, p. 38. 
F. S. Starrabba,  Revis ta  Min. Crist.  I tal . ,  1913, vol. 42, p. 51. 
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analyses and many of the earlier ones support Laurent's formula 
(1852), Na2CO3.NaHCO~.2H~O , a few agree with Klaproth's formula 
(1802), namely Na2COa.2NaHCO a . 3H~O. The analyses of trona from 
Egypt by Popp 1 made in 1870 are the only analyses of recent times 
which support the latter formula. Nevertheless, for some time all 
analyses of trona were reduced to the sesquicarbonate formula. I t  
was Chatard 2 who showed in 1889 that his' own analyses of trona 
from Owen's Lake, California, and most of the earlier analyses, 
except Popp's, when recalculated, supported much more satisfactorily 
the now generally accepted formula, namely, Na2CO3.NaHCO3.2H~O. 
Doelter rightly concludes that all naturally occurring trona whose 
composition cannot be represented by this formula must be mixtures 
of trona with other sodium carbonates. If we recalculate all these 
analyses which do not agree, we find some of them to be mixtures of 
trona with thermonatrite or natron, or both ; but a few remain which 
cannot be explained in this way. Those in fact which support 
Kla])roth's formula must be mixtures of trona, thermonatrite or 
natron, and free sodium bicarbonate. If the analyses of Klaproth 
and Pop]) be recalculated, using the correct formula for trona, the 
amount of free sodium bicarbonate present varies from 15 to 20 %. 
Unless Klaproth and Popp were grossly inaccurate in their methods 
they must have been analysing a mixture containing, in addition to 
trona, free sodium bicarbonate. Recently, P. Walther (loc. eft.), 
whilst examining the sodium carbonate deposits of the Magadi Lakes, 
Kenya Colony, discovered in the salt crusts of Little Magadi, bladed 
crystals, harder than trona, composed of very nearly pure sodium 
bicarbonate. He did not obtain any physical data on these crystals 
and refrained with commendable caution from giving a new name. 
This short review of what is known about the occurrence of sodium 
bicarbonate in nature is, to some extent, confirmatory evidence for 
the existence of sodium bicarbonate as a mineral. In my opinion 
the physical and chemical data obtained in working on the so-called 
' thermokalite ' clearly prove the presence of a considerable quantity, 
at least 20 %, of free sodium bicarbonate and justify the naming of 
a new mineral. 

Dr. L. J. Spencer has very kindly suggested an ingenious name, 
Nahcolite. The significance of the name is appreciated when written 
NaHCO-lite, and it gives a useful' memoria techniea' for distinguishing 

1 0 .  Popp, Ann. Chem. Pharm.,  1870, vol. 155, p. 248. 
2 T. M. Chatard, Amer. Journ.  Sci., 1889, ser. 3, vol. 38, p. 59. 
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still another sodium carbonate mineral. I t  is unfortunate that in these 
crusts the nahcolite occurs in such small crystals and mixed with so 
many other salts. The mineral, though adequate for determinative 
purposes, is obviously unsuitable for crystallographic or accurate 
optical measurements. I t  is also difficult to separate sufficient from 
the original masses for a really reliable analysis. 

In conclusion, some remarks, chiefly speculative, will be made on 
the genesis of nahcolite at Baia. The mode of formation of the saline 
crusts in the cuniculi is not definitely known. The material of 
which the hill is made, viz. a pumiceous tuff, has been acted upon 
considerably by the fumarolic gases of the Phlegrean Fields. The 
tuff at the surface of the tunnel was friable and quite decomposed. 
I t  is a possibility, therefore, that the saline incrustation is an efflores- 
cence on the walls of tuff forming the cuniculus. On the other hand, 
the deposits equally well suggest evaporation products from the 
water of the hot springs. Whilst it is not certain how the ' thermo- 
kali te '  was actually formed, there is more hope of discussing the 
conditions under which the several components of the mixture might 
be expected to appear. We have already dealt with the conditions 
of formation of two components, thenardite and thermonatrite. I t  
was necessary to consider the high temperature and the humidity of 
the air of the cuniculus. In order to explain the formation and 
stability of nahcolite, a further constituent of the air in the cuniculus 
must be considered, viz. carbon dioxide. Brun's analyses of gases 
contained in Vesuvian lavas 1 and similar work of Shepherd and 
Merwin on the Mt. Pel6e lavas 2 show how important a constituent 
is this gas. The Grotto del Cane, near Naples, is a famous instance 
of continuous evolution of carbon dioxide from the surrounding rock. 
The gas has also been observed bubbling up through thermal springs 
of this locality. The high temperature of the volcanic hill backing 
Baia is a favourable condition for evolution of carbon dioxide and, 
prior to the increased ventilation brought about by tunnelling for the 
Cumana railway, the Roman cuniculi must have been excellent 
receptables for the gas. Even after tunnelling, we know from 
Dr. Johnston-Lavis's observations, there was considerable carbon 
dioxide inside the cuniculus. Whether, then, we regard the incrusta- 

1 A. Brun, Reeherches sur l'exhalaison volcanique. Geneva and Paris, 1911, 
pp. 95-97. 

E. S. Shepherd and H. E. Merwin, Journ. Geol. Chicago, 1921, vol. 35, 
pp. 76-116. [Min. Abstr., vol. 3, p. 502.] 
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t ions as formed by  the evaporat ion of the hot  springs containing 
plentiful  carbon dioxide in solution, or whether we consider the 
action of carbon dioxide on an efflorescence coating the walls of the 
cuniculus, in either case the conditions must  have been suitable for 
the formation of trona. In  order to decide whether nahcoli te  could 
have  been formed and mainta ined  in a stable condit ion at  such a 
tempera ture  we ought to know whether  the par t ia l  pressures of the 
water -vapour  and carbon dioxide were sufficiently high. Al though 
this knowledge is lacking, i t  is interest ing to calculate the order of 
magni tude of the necessary pressures. Many experimenters have 
s tudied the decomposit ion of sodium bicarbonate,  bu t  their  da ta  va ry  
considerably.  The most rel iable work of recent date  is tha t  carried 
out  by  Caven and Sand l on the alkal i  bicarbonates.  One system 
studied carefully was : 

2NaHCO 3 ~-- Na.2CO 3 + H~O § CO~ 

The exper imental  values of the vapour-pressure (p) a t  various 
temperatures  over the range 85~ ~ C. agreed with the theoret ical  
formula 

3340 
log p ~- 1 1 . 8 1 8 5 -  - - T - - '  where T is the absolute temperature .  

At  tempera tures  below 85 ~ C. the results were v i t ia ted  by  the forma- 
t ion of crusts on the surface, which great ly  re tard  the veloci ty  of the 
reaction. Days  were taken,  even at  temperatures  of about  90 ~ C., to 
obtain equi l ibr ium on raising the temperature .  The authors  consider 
tha t  this difficulty p robab ly  accounts for the lack of agreement amongst  
previous experimenters.  We can probab ly  obtain a fair ly accurate  
calculated value for p at  70 ~ C., however, by  using their  formula.  
The vapour-pressure of the system at  this tempera ture  is roughly 
one-sixth of an atmosphere.  Hence in order to mainta in  the bicar- 
bonate in a stable condit ion at  such a tempera ture  the amount  of 
carbon dioxide in the air  must  be a t  least 8 % by volume. However,  
there were p robab ly  a t  least  two more components present, viz. 
thermonat r i te  and trona. The authors failed to obtain exper imental  
values for a four-coml;onent system, but  their  calculations show tha t  
the par t ia l  pressure of the carbon dioxide is about  30 ram. a t  70 ~ C. 
I t  is to be noted tha t  the necessary pressure of water-vapour,  120 mm., 
is much less than the vapour-pressure of natron or mirabi l i te  a t  this 

1 R. M. Caven and H. J.  S. Sand, Journ.  Chem. Soc. London, t911, vol. 99, 
pp. 1359-1369. 
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temperature ,  (viz. over  200 mm.). That  is, the water -vapour  
necessary to mainta in  a system containing nahcoli te  and thermona-  
t r i te  in equil ibr ium is not  sufficient to form nat ron or mirabi l i te .  
We have no da ta  for a system containing t rona in addit ion,  but  i t  can 
be shown tha t  the approximate  value of 30 mm. for the par t ia l  
pressure of carbon dioxide obtained above for the four-component  
system would not  be mate r ia l ly  altered.  Thus, as nahcoli te  was 
found at  a t empera tu re  probably  higher than 70 ~ C., the amount  of 
carbon dioxide present  in the cunieulus must  have been about  4 % 
by  volume. At  90 ~ C., however, this figure would have to be about  
16%. 

Caven and Sand's  work therefore enables us to make an approxi-  
mate  guess as to the condit ion of the atmosphere in the euniculus. 
Their work also throws l ight upon a further mat ter .  I t  is a general 
opinion tha t  sodium bicarbonate  can never exist as a mineral  under 
ordinary  conditions. If i t  be formed then i t  is rap id ly  and com- 
plete ly  converted into trona. Only the presence of excess carbon 
dioxide in the atmosphere would render i t  stable. Such an opinion 
is p robab ly  based on experiments  on the decomposit ion of sodium 
bicarbonate.  The work of Caven and Sand indicates the difficulty of 
obtaining reliable da ta  at  low tempera tures  owing to ' re tardat ion  '. 
If we make use of their  formula at  room temperatures  we find tha t  
the par t ia l  pressure of carbon dioxide necessary to mainta in  the 
s tabi l i ty  of nahcoli te  a t  20 ~ C. is of the same order as tha t  exerted 
by  the normal  carbon dioxide content of the atmosphere,  viz. 0.03 % 
to 0.3 % by volume. This, however, is not  an exper imental  result. 
Unti l  the decomposit ion pressure of sodium bicarbonate  has been 
measured at  ordinary  temperatures  no accurate  conclusions are 
possible. The fornlation of crusts referred to by  Caven and Sand is 
very  important .  A t  ordinary  temperatures  this ' r e t a r d i n g '  factor 
would prevent  equil ibriunl  from being reached for a long t ime. Thus 
fluctuations in the carbon dioxide content of the atmosphere would 
have no effect once these crusts were formed. I t  is possible tha t  even 
when the pressure exerted by  the carbon dioxide of the a tmosphere 
is lower than the par t ia l  pressure of the bicarbonate,  decomposit ion 
after a t ime will be arrested and the react ion will not  proceed to 
completion. In  confirmation of this i t  is known tha t  artificial 
sodium bicarbonate  when exposed to the atmosphere gives off carbon 
dioxide t i l l  a certain proport ion of the normal  carbonate is formed, 
when further decomposit ion is only effected by  leaching out the 
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sodium carbonate. This is, at all events, a probable explanation 
of the presence of at least 20 % nahcolite in a saline incrustation 
collected about forty years ago. 

In conclusion, I should like to thank the Keeper of Minerals, Dr. 
L. J. Spencer, for his continual assistance and helpful criticism. With- 
out his aid the work would have been full of omissions. 


