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THE CHEMICAL ACTION OF THE RADIUM EMANATION. 931

LXXXVI.—The Chemical Action of the Radium
Emanation. Part I, Action on Distilled Water.

By Sir WirLiam Ramsay, K.C.B., F.R.S.

TaE emanation from radium is one of the most potent, if not the most
potent chemical agent which exists in nature. Of all known substances
it is endowed with the greatest content of potential energy: for one
cubic centimetre contains, and can evolve, nearly three million times
as much heat as an equal volume of a mixture of two volumes of hydro-
gen with one of oxygen. The spontaneous change which it undergoes,
moreover, is accompanied by the emission of an immense number of
corpuscles, expelled with a velocity approaching that of light in
magnitude, and which have a remarkable influence on matter. For
some years I have been engaged in studying its chemical action, and
in this memoir I shall attempt to describe its action on pure water.

Since the discovery of this gas by Dorn in 1900, it has been the sub-
ject of many researches, physical for the most part. What we know
of its properties can be told in a few words.

It is a gas of unknown, but probably considerable density (Ruther-
ford and Miss Brooks, Zrans. Roy. Soc. Canada, 1901), which
unceasingly escapes from salts of radium, preferably dissolved in
water. Its most remarkable property is its spontaneous change
into helium (Ramsay and Soddy, Proc. Roy. Soc., 1903, 72, 204, and
1904, 73, 346) and other products (radium 4, B, C, &ec.); the
latter also possess a limited life; it is supposed that radium F# is
identical with polonium. The emanation obeys Boyle's law ; its
spectrum was examined by Ramsay and Collie (ibid., 1904, 73,
470). Attempts have been made to determine its density by
measuring its rate of diffusion, and so to gain knowledge of its
molecular weight ; the results of such experiments are somewhat un-
satisfactory, but appear to indicate a density of about 100, and a con-
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sequent molecular weight of about 200. It resists attack by all
chemical agents which have been tried ; like argon and its congeners,
it is unaffected by sparking with oxygen in presence of caustic potash
or by prolonged coutact with a red hot mixture of magnesium dust
and lime ; it would therefore appear to belong to the helium group of
elements. If this be so, its atomic weight and its molecular weight
should be identical, for its molecule is probably monatomic. Perhaps
its atomic weight is approximately 2165, for the mean difference
between five pairs of elements, of which one example is tin and lead,
is 885 ; and this number, added to the atomic weight of xenon, 128,
gives 216-5. The number 2165 would correspond approximately to a
density of 100.

It can be condensed by cooling it to — 185° by means of liquid air
(Rutherford and Soddy, Phil. Mag., 1903, [vi], 5, 561). Rutherford
and Soddy state that it is non-volatile at temperatures a few degrees
below 150°; but it must certainly possess a vapour pressure even at
—185° for when a complete vacuum is made over the frozen emana-
tion, in pumping off other gases, luminous bubbles travel down the
fall-tube of the Topler pump.

It emits only arays; and its rate of half-decay is 371 days
(Rutherford), 3-99 (Curie), and 3'86 (Sackur). The Curies discovered
that radium continually evolves heat ; and Rutherford has shown that
the major part of the heat is due to the disintegration of the emanation ;
the emanation given off by a gram of radium in an hour evolves about
75 calories, This heat owesits origin, not only to the disintegration of
the emanation, but also to the spontaneous change of several of its pro-
ducts. The total heat evolved during the life of a cubic centimetre of
emanation is close on 7 million gram-calories. Now, the heat evolved
on explosion of a cubic centimetre of a mixture of hydrogen and
oxygen in theoretical quantity is about 3 calories; it follows that
during its disintegration the emanation emits nearly 2% million
times as much heat as that of an equal volume of hydrogen and oxygen
combining with explosion to form water.

It was with the design of applying this enormous store of energy
that the experiments about to be chronicled were begun, about two
years ago. The quantity of radium at my disposal has varied from
time to time, for it was in use for other experiments.

1. The Evolution of Heat by the Radium Emanation.—Although
Rutherford has made a quantitative estimation of the amount of heat
evolved from the emanation, a qualitative confirmation will here be
given ; any confirmatory evidence has some value,

Two thermometers were constructed ; one, an ordinary thermometer,
the scale of which registered tenths of degrees ; the bulb of the other
was hollow, so that a quantity of the emanation, mixed with hydrogen,
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could be introduced into a chamber surrounded by the mercury of the
thermometer. The two thermometers were carefully compared. They
were placed, after filling the hollow bulb of the one with the emanation
obtained in five days from 162 milligrams of radium bromide, in two
silvered vacuum vessels, and they rested in cotton-wool, with which the
vacuum vessels were lightly packed. These vessels were placed side
by side in a room of which the temperature remained nearly constant.
The following table gives the differences between the two temper-
atures ; needless to say, that of the thermometer containing the eman-
ation was the higher :

Date—Nov. ... 20. 21. 22, 23. 24. 25 26. 27. 28, 29. 30.
Difference ...... 0°52° 0°73° 0°63° 0°53° 0-48° 0-34° 0-25° 0°23° 0-19° 0°16° 0-13°
Date—Deec.... 1. 2. 3. 4. 5. 6. 7. 8. 9. 10.
Difference ... 0°13° 0:13° 0-12° 0°10° 0'0° —0°01° —0-03° +0'03° —0'01° +002°

These figures show incontestably that the emanation evolves heat
during its change, and that the amount liberated decreases from day to
day.

9. The Relative Amounts of Oxygen and Hydrogen Evolved, along with
Emanation, by the Action of Radium DBromide on Water.—Giesel
(Ber., 1902, 35, 360; also 1903, 36, 347) was the first to
observe this decomposition ; Bodlinder found the gaseous mixture
to contain 12 per cent. of oxygen and 88 per cent. of hydrogen ;
the excess of hydrogen was 64 per cent., Later, Ram:ay and
Soddy (loc. cit.) found 29-8 per cent. of oxygen and 702 per cent.
of hydrogen ; the excess of hydrogen is 10°6 per cent. Whence comes
this excess? They ascribe it to the oxidation of the grease of the stop-
cock ; but that danger was avoided in the work of which an account
will be given. The following experiments were made in the hope of
solving this problem.

The first question to be answered was: Does radium bromide evulve
gas when dissolved? A very pure sample of bromide, bought from
Biichner & Co., of Brunswick, was employed. It is worth noting that
five samples of bromide, bought from that firm at different times,
all had the same relative discharging power on an electroscope, as
measured by the B-rays evolved, and the natural conclusion is that
they all possessed the same degree of purity. The volume of the gas
obtained from the sample used (which weighed 50 milligrams), on
dissolving it in water, was 0'1444 c.c.; after explosion the volume
was 0°0477 c.c. ; the residue consisted solely of hydrogen, mixed with
a trace of helium, the latter detected by its spectrum. Now, crystalline
bromide probably contains two molecules of water, which should be
resolved into oxygen and hydrogen by the action of the radium. The
excess of hydrogen is 33 per cent., and it must be supposed that
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the gases were occluded by the bromide and liberated on its being
dissolved.

The next experiments, made at considerable intervals of time, show
the yield of ““electrolytic gas,” with the excess of hydrogen, obtained
from varying amounts of radium bromide :

Weight of Time of Volume per Excess of

RdBr,,2H,0 collection  Volume of  gram per 100 hydrogen

gram, in hours. gas in c.c. hours in c.c. per cent.

1. 00600 963 1-67 280 1450 *
2. 0-0600 168 2-88 286 4-44
3. 0:1090 240 891 340 365

4, 0°1090 196% 636 321 13-90 *
5. 0-1090 336 16-43 449 613

6. 0-0700 192 2-57 191 1600 *
7. 0°1000 168 5-09 30°3 376
8. 0°1000 168 493 293 723
9. 0°1620 48 3418 418 7-83

Mean 32°0 Mean 5°51

* The quantities marked with an asterisk had remained in contact with mercury
for a night, before being measured. They have been omitted in taking the mean.

The inequality in these results may be accounted for by several
considerations. First, the emanation is soluble in water, and it
decomposes water; hence, if the gases remain in contact with the
solution, more water is decomposed than if they are removed by the
pump shortly after their liberation. Second, the emanation causes
recombination of hydrogen and oxygen at a rate which depends on
the amount present, and probably on the temperature, Third, the
emanation causes oxygen to attack mercury when they are left in con-
tact. The following special experiment illustrates this fact.

The initial volume of a mixture of emanation with pure oxygen was
2-13 c.c. ; after being kept for five days over mercury it had decreased
to 197 c.c., and the surface of the mercury had become coated with a
white deposit, which gradually changed to red, and appeared to consist
of mercuric oxide. A similar experiment with hydrogen left the sur-
face of the mercury undimmed.

For these experiments on the volume of *electrolytic” gas pro-
duced by the emanation, the radium bromide was dissolved in water
in little bulbs, sealed to a common tube connected with a Topler
pump. To prevent possible leakage, after each removal of gas the
reservoir of the pump was raised so as to cause the mercury to leak
past the valve and to pass a stop-cock closing the tube connected with
the bulbs ; the gases were thus confined by mercury and did not come
into contact with the grease of the stop-cock. The entrance tube to
the pump was capillary, and so the surface of contact of gas and
mercury was very small ; the excess of hydrogen cannot be ascribed to
the attack of the mercury. Even in experiments 1, 4, and 6, when the
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gases remained for a night in contact with a large surface of mercury
in the collecting tube, of 1'5 cm. diameter, the mercury was not much
attacked. The arrangement prevented the attack of the grease by the
oxygen in presence of emanation; before it was adopted, carbon
dioxide was always detected spectroscopically, but after its adoption
none was present.

To account for the excess of hydrogen, several hypotheses may be
suggested. It is conceivable that hydrogen may be one of the
products of disintegration of radium ; but it is very improbable that
it should be formed in such large amount. An experiment may be
cited here which bears on the subject. A bulb containing 17 milli-
grams of radium bromide was sealed to the pump. The colour of
the bromide was chocolate-brown, but some hours after a vacuum had
been made its colour changed to white, and it appeared to have dried.
After standing for a day, a little gas was pumped off ; it did not
explode on passing a spark, but after it had been mixed with half its
volume of oxygen, a spark caused explosion, and there was no visible
residue. Some days later, a second bubble was extracted: when
introduced into a vacuum-tube, it showed the spectrum of hydrogen ;
a week later no gas could be pumped off.

It is well known that minerals containing thorium and uranium
always contain helium (Ramsay and Travers, Proc. Roy. Soc., 1897,
62, 328) ; and some months after the discovery of helium an attempt
was made to ascertain whether the helium existed in a state of
combination with one of the constituents of the mineral. Several
experiments were made in which the mineral was heated with hydro-
chloric or sulphuric acid, and the ratio of the hydrogen to the helium
in the liberated gas was determined. The problem, however, was
complicated by the fact that ores of uranium always contain that
element as UQ,, which is reducible by hydrogen to UO,; it
would otherwise be possible to deduce the valency of helium. An
imaginary example will make this conception clear. Suppose that
ammonia were so unstable that immediately on its liberation it were
to decompose into hydrogen and nitrogen. If it were required to
determine the valency of nitrogen in magnesium nitride, the action
of water, which actually liberates ammonia, would, under the sup-
posed conditions, yield a mixture of one volume of nitrogen with three
of hydrogen. The absorption of the hydrogen by a reducible agent
would prevent the accuracy of such an experiment,

Our knowledge of the transformation of radium emanation into
helium alters the problem. It is no longer likely that helium is
contained in the mineral in a state of combination ; it is almost certain
that the gas is distributed through the mineral in a molecular con-
dition, having been formed in sitw owing to the disintegration of the
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radium in the uraninite; or possibly owing to the disintegration
of the uranium itself, though we do not know whether helium is one
of the products of the disintegration of uranium. Still, it must be
noted that if a-rays consist of helium, they are emitted during the
change of uranium into uranium X.

Returning to the question—Is hydrogen one of the products of the
disintegration of the emanations of radium and thorium? some help
may be gained by considering thorianite, the cubical mineral from
Ceylon. It contains little reducible oxide, and when heated or
dissolved it yields a relatively large amount of helium. It has been
found, and will be described in a subsequent paper, that thorium
nitrate from thorianite probably yields helium on standing, and
Debierne has shown that helium is also one of the products of
disintegration of actinium. Now thorianite, heated in a vacuum
with sulphuric acid diluted with its own volume of water, gives very
little, if any, hydrogen. From 1:3779 grams of the mineral, I
obtained 8:37 c.c. of gas, after removal of carbon dioxide; oxygen
was added, and sparks were passed for half an hour; after removal
of the oxygen with phosphorus, the residue, measuring 805 c.c,
consisted of pure helium ; the volume of the hydrogen was therefore
0:32 c.c., or 0'23 c.c. per gram ; the atomic proportion would be one
atom of hydrogen to thirteen of helium.

In a second experiment, where the thorianite was fused with sodium
hydrogen sulphate, a mixture of sulphur dioxide, oxygen, and helium
was obtained. Part of the sulphur dioxide owes its origin to the
decomposition of sulphuric anhydride; by estimating the oxygen,
calculating it to sulphur dioxide, and subtracting that quantity from
the total sulphur dioxide, the remainder, 1634 c.c., was evidently
produced by the oxidising action of sulphuric acid on the U0, which
was transformed into 3UQ;, and on the 2Fe0, converted into Fe,O, ;
this would have required 16-30 c.c. of sulphur dioxide. It may be
stated, therefore, that hydrogen is probably not one of the products of
the disintegration of thorium, and, from analogy, a similar conclusion
may be drawn as regards radium bromide.

The hydrogen pumped off from the solid radium bromide is in all
probability derived from the water of crystallisation of the salt. But
the question still remains unanswered—whence arises the excess of
hydrogen? What becomes of the oxygen ?

A second possibility is that the radium bromide is decomposed into
metallic radium (which would attack the water and yield hydrogen)
and into bromine (this suggestion has been made, indeed, by Giesel) ;
and bromine is easy to identify. Or, again, it may be suggested that
ozone is a product of the action of radium on water, and consequently
the initial volume would be too small. But ozone, like oxygen, explodes
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quantitatively with hydrogen, so that its presence would not accouut
for the excess of hydrogen.

To test these suppositions, the following experiment was made. A
bulb containing 70 milligrams of radium bromide, dissolved in water,
was sealed toasmalll-tubecontaining a faintly acid solution of potassium
iodide and starch. During seven days, bubbles of gas passed through
this solution, but no blue colour was seen, even on heating the bulb,
50 as to expel any trace of bromine which might have been liberated.
This would also exclude ozone. It has been remarked that the odour
of ozone may be perceived on opening a capsule containing radium
bromide ; I have opened many capsules, and 1 have never noticed this.
Moreover, an experiment which has been in progress for more than
two years negatives the supposition. The gases from 212 milligrams
of radium bromide have been removed every two or three days by
means of a Topler pump. The mercury shows no trace of ozonide ; it
is absolutely untarnished, and has shown no tendency to wet the walls
of the pump. A single bubble of ozonised oxygen would, as is well
known, cause the mercury to adhere to the glass, and render the pump
useless until cleaned. It may therefore be taken as certain that ozone
is not produced by the action of radium bromide on water, in absence
of organic matter. Ihave no experiments to show whether the presence
of organic matter might not lead to its formation.

Yet another two suggestions may be made. They are that the
radium bromide may be oxidised to bromate, or that hydrogen dioxide
may be formed. To test this, I added a drop of a mixture of iodide of
potassium and starch, slightly acidified, to an old solution of radium
bromide ; no coloration was visible. These hypotheses must also be
rejected.

3. The Action of Radium Emanation on Water.— As already men-
tioned, the amount of energy evolved during the spontaneous trans-
formation of radium emanation is enormous. Supposing the density
of the emanation to be 108, 1 milligram liberates no less than 720,000
gram-calories in thirty days. Supposing, too, that all this energy
were expended in decomposing water, it should be sufficient to resolve
nearly 200 grams of water into oxygen and hydrogen.

Looking at the question somewhat differently, one cubic millimetre
of emanation should liberate about 23 litres of explosive gas, if all
energy were to be expended in that manner. But although the
emanation does decompose water, the amount of water decomposed is
far from the quantity mentioned.

The experiments were carried out in the following manner. The
bulb 4 (Fig. 1) contained three or four cubic centimetres of pure
distilled water. The inverted siphon, B, dipping under mercury in the
reservoir, was sealed at € in such a way that the least pressure broke


http://dx.doi.org/10.1039/ct9079100931

Published on 01 January 1907. Downloaded by University of California- Santa Cruz on 27/10/2014 08:27:57.

View Article Online

938 RAMSAY: THE CHEMICAL ACTION OF

off its capillary point. The water was then frozen with liquid air, and
a vacuum was made through D, which was sealed to a Tdpler pump.
The stop-cocks were then closed, and the emanation drawn from the
dissolved radium bromide, and mixed with oxygen and hydrogen,
contained in the small gas-tube, Z, was introduced after explosion into
the bulb by pressing the tube down on the point . The gas entered
the capillary tube up to the closed stop-cock, #. This stop-cock was
then cautiously opened, and all gas entered the cooled bulb, care being
taken not to introduce any mercury. After some minutes, all
emanation had condensed, and the stop-cock, g, was opened, and the
excess gas, consisting chiefly of hydrogen, was pumped off. Operating

Fie. 1.

in this manner, the bulb contained only water and emanation. The
gas removed before sealing the capillaries at /7 was analysed.

To ensure complete contact between water and emanation, the bulb
was attached to the crank of a small hot-air engine, and shaken
continuously for a month.

The results of three experiments are given in the following table :

Volume of
Initial gas produced
volume of gas  Excess of by the action
from radium hydrogen of the emana- Excess of
bromide in c.c. in c.c. Per cent.  tion of water. hydrogen. Per cent.
1. 9086 * 0-339 376 1810 0°053 293
2. 4765 0-138 2:90 3561 0-137 385
3. 15590 0316 2:02 4023 0582 1450

* The volume of the emanation added was of the order of 003 cubic millimetres.
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T cannot explain the third result ; there was no oxidisable matter in
the bulb, and the experiment was well carried out.

It is evident that the emanation alone can decompose water, and
that it yields excess of hydrogen. The cause of this excess cannot be
any one of the possible ones already considered, except the formation
of hydrogen peroxide, but even that is excluded by this experiment :
the bulb containing the water, after gas had been pumped off, was left
in connexion with a tube filled with phosphoric anhydride until all the
water had evaporated and had been absorbed by the anhydride. A
minute bubble of gas was collected ; on explosion, it gave absolutely
no residue. Had the water contained peroxide, this bubble should
have consisted of oxygen. In the other two experiments the water
was tested by means of iodide of potassium and starch ; there was no
liberation of iodine.*

4. The Action of the Radium Emanation on a Mixture of Oxygen and
Hydrogen.—An experiment was next made to ascertain whether the
presence of the emanation would cause combination of oxygen and
hydrogen ; the gas extracted from the radium bromide was suitable for
this purpose. Some of this mixture was divided into two. The first
portion, 3:174 c.c., was exploded ; it gave 0:179 c.c. of hydrogen in
excess, or 564 per cent. The second portion was sealed into a bulb
on January 29th, 1905 ; it was opened on February 20th. It con-
sisted originally of 2:120 c.c., and its final volume was 1483 c.c.,

* The method of measuring accurately such minute quantities of gas has been
shortly described in the Proccedings of the Royal Society for 1905 (76, 4), p. 113.
As it may prove useful to chemists, how-
ever, a short description, with a drawing,
is here appended. A gas-burette, as in
the figure, is used. The volumes to the
points 4, B, and C are accurately known ;
the gas is introduced through the inverted
siphon, D ; the pressure is measured after
the volume has been carefully adjusted
to one of the black points; sparks from
the terminals at £ are passed to explode
the gas, and it is again measured ; pure
oxygen, made from permanganate, is then
introduced, and it is again messured, ex-
ploded, and measured again. The gas
is then expelled into the small tube, F,
into which a little globule of phosphorus
has been previously introduced and melted ;
the top of the tube is gently heated;
the phosphorus burns and absorbs oxygen,
and the residual gas, if any, is withdrawn
and measured ; there is usually no residue. If there is, it may be introduced into a
spectrum tube and its nature determined ; or if it be nitrogen, it may be removed
by sparking with oxygen.

. PUM P
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equivalent to a recombinaticn of 30 per cent. of the original gas. On
explosion, a residue of hydrogen was obtained, equal to 5 per cent.
of the original volume, 2:120 c.c.

A second experiment, in which 2:035 c.c. of mixed gases were sealed
up with the emanation on November 20th, 1906, the bulb was opened
on December 27th, and its volume was then 1480 c.c., equivalent to a
recombination of 272 per cent. of the original gas; it contained
561 per cent. of excess hydrogen, reckoned on the volume 2:035.

It appears, then, that oxygen and hydrogen recombine in presence
of the emanation. The gases were dry when introduced into the bulb,
and they were at a reduced pressure, probably about a quarter of an
atmosphere, while exposed to the emanation. It may here be mentioned
that Messrs. Berger Davis and C. W. Edwards (J. Soc. Chem. Ind.,
1905, 24, 266) noticed that solid radium bromide, left in contact with
a mixture of oxygen and hydrogen, induces slow combination.

These experiments prove that the action of the emanation on a
mixture of oxygen and hydrogen is a reversible reaction, and that
the velocity of decomposition of water is greater than that of
recombination of the resulting gases, for water is decomposed by
emanation.

5. The Rate at which Water is Decomposed by Emanation.—It is
difficult to solve this problem, on account of disturbing factors.
These are : (1) At the beginning of the experiments the emanation is
wholly dissolved in the water. After some hours, gas is evolved, and
the emanation divides itself between the water and the gaseous
mixture, in such a manner that that part of the emanation which
remains in solution decomposes the water, and it is to be presumed
that the portion mixed with the gases causes them to recombine. An
experiment has not been made (and it would be very difficult to carry
out) to test whether steam is decomposed by the emanation. (2) Lt
was impossible to prevent the gaseous mixture touching the stop-
cock, and consequently coming into contact with grease; when this
occurs, carbon monoxide and dioxide are produced. (3) It was im-
practicable to avoid the use of mercury, and it has been mentioned
that mercury is oxidised. But below the fairly deep layer of water
the mercury, it should be noted, remained untarnished. Hence the
results do not show correspondence between the amount of emanation
present and its quantitative action on water. Moreover, it is not
improbable that some of the products of the change of the emanation
have also an action in decomposing water, although nothing is known
as regards this. In spite of these objections, the results are perhaps
worth recording.

The initial gas was obtained from 212 milligrams of radium bromide
in three days; its volume at normal temperature and pressure was
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3:935 c.c. After explosion, the excess of hydrogen was removed by
addition of a sufficient quantity of oxygen ; the final residue, amounting
to 0:093 c.c., was introduced over several cubic centimetres of water,
standing over mercury in a measuring-tube provided with a black
point, to which the level of the water could be adjusted. The minute
bubble was well shaken with the water, and allowed to stand from
November 25th, 1905, until January 8th, 1906 ; and daily readings
were taken, temperature and pressure being noted, and the pressure of
water-vapour allowed for. The readings are as follows :

0. 1. 2. 3. 4, 5.
November ...... 25. 26. 27. 28. 29. 30.
Cee cvviviininn 0098 0611 0-9€0 1-23 1-42 157

6. 7. 8. 9. 10. 11. 12.
December......... 1. 2. 3. 4, 5. 6. 8.
Ce voivevveennn. 1766 174 179 1-84 188 1-94 1-98

13. 14, 15. 16. 17. 18.
December......... 9. 10. 11. 12. 13. Jan. 8.
[ P 207 2:00 2:00 201 204 214

This final gas was then analysed.
Assuming that the initial gas present was oxygen, its composition
was :
Oxygen originally present... 0093 c.c.

Carbon dioxide ............... 0-850 ,,

Hydrogen and oxygen ...... 0726 ,,

Excess hydrogen ............ 0-471 ,, equivalent to
—— 23°0 per cent.
2-140 c.c.

It would be natural to suppose that if all emanation remained
dissolved, not escaping into the gases produced, the rate of decom-
position of the water would be proportional to the rate of decay of the
emanation, supposing the decomposition of the emanation to be due
solely to the latter ; if, however, the decay of other products, radium
4, radium 5, and radium C, is also accompanied by the decomposition
of water, the problem becomes a very complicated one.

The curve obtained by plotting the rate of increase of the gases
formed against time shows a much more rapid increase than the rate
of decay of the emanation would warrant. The period of half-value
of the emanation is 3'8 days, that of the increase of gases is 253
days. The curves, however, resemble each other in character. The
lives of radium 4, radium B, and radium C are very short, their
combined half-period of decay being less than an hour; but as they
are being continuously produced, owing to the decay of the emanation,
a constant maximum is quickly produced, which falls off as the emana-
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tion decays. Attempts to allow for this disturbing influence have
been made, but without success, and it appears probable that the par-
tition of the emanation between gas and water, and the recombination
of the hydrogen and oxygen in the gaseous system, render any such
attempts futile in the present state of our knowledge.

I wish to take this opportunity of thanking Mr. Alfred Porter and
Mr. Cameron for their help in attempting the mathematical analysis
of these phenomena.
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