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the theory whichhehas suggested in explanation of the phe-
nomenaobserved in the radiometers of Mr. Crookes, which has
Dbeen published in the Philosophical Magazine for the current
month. The theory rests on the supposition that there is an
excessively small trace of residual gasin the sphere in which
the moving discs are enclosed. When the apparatus is ex-
posed to heat the blackened side of the disc is slightly
warmed, and this warms a layer of air in contact with it. At
the ordinary atmospheric pressure, Prof. Stoney assumes the
layer so warmed to have the thickness of a sheet of paper,
when the temperature of the disc is 20° C. above that of the
surrounding air, and on such a supposition we may calculate
it for any other pressure and temperature. If we diminish
the pressure the thickness varies inversely as the pressure
raised to the power 4. Thus if the disc be raised };, C.
above the surrounding air, and the exhaustion carried te the
Tsbosthof an atmosphere, the layer will have a thickness of
more than a decimetre, and the effect of the air will then be
peculiar. If the gas is of such a density that the glass en-
velopeis beyond the range of this action, the gas beyond the
limiting distance will be cold, but if the effect reach the
glass, conduction will take place to it. There will then be a
procession of warm molecules towards the glass, where they
will be cooled down, and form a number of cold, slow-movin
molecules, which will go back to the disc and beyond it. An
these processions will be intermixed with molecules taking
no part in the action. In consequence of this, very few
members will travel far in their paths; 'a portion of the
motion of each, however, will be carried forward in the right
direction. Solong as these processions go on, the slow-moving
amolecules which reach the front of the disc are thrown off
more vigorously than from the back. Prof. Stoney considers
the pressure thus produced to be that measured by Mr.
Crookes. With a pressure of the gas of ygigsth of an
:atmosphere, an elevation of temperature of ¢, C. will produce
the force actually observed, while if the exhaustion be
«carried to ygyoppth the elevation of temperaturenecessary
will be £° C. Thus with the greater pressure a lower tem-
erature will suffice, but other influences will then be
ibrought into play tending in an opposite direction. It was
pointed out that on this theory the action may be considered
:a8 closely resembling electricity, and Mr. Crookes has shown
that the glass envelopeis often itself slightly electrified.

LIQUID CARBONIC ACID IN MINERALS.
By ‘'WALTER NoEL HARTLEY, F.C.8. (King’s College, London).
Read before the Royal Microscopical Society, March 1, 1876.

Ix 1822 Sir Humphrey Davy investigated the contents of fluid
cavities inrock-crystals from different localities. His research-
e shewed that in almost every case the liquid
was nearly pure water.

Abont four years ago I bought from Mr. Nor-
man, of the City Road, a microscopic slide of
quartz with fluid cavities. One good sized cavity
was readily seen with a 2-inch objective ; it exhi-
bited when under the microscope the shape and
appearance of Fig. 1. Its entire length was 'y
of an inch, and its average breadth g inch.
The liguid at once recognized is indicated by b.

eing acquainted with the experiments of
Cagniard de la Tour, I resolved to repeat them
with this specimen, and therefore, proceeding
cautiously, warmed the slide over a lamp, until it
was just too hotto be touched with comfort. On
examination, the liquid, to my surprise, was not
to be seen, and the cavity under these circum-
stances appeared like Fig. 2. Asthe temperature
to which the fluid had been subjected was but
little above that of boiling water, I concluded
that it had escaped from some minute and invisi-
ble opening ; continuing. however, to observe the
object until it became cold, I was gratified to see
a sort of flickering movement within the appa-
rently empty space of the cavity, followed by the
replacement of the liquid, as at first, The ex-
tremely low temperature at which only the sub-
stance assumes the liquid state, made me at once
desirous of ascertaining the exact conditions un-
der which the liquid is di sipated and reproduced ;
for the researches of Professor Andrews, * On the
Continuity of the Gaseous and Liquid States of
Matter,” have told us that at a temperature of
88° F., or 30°.92 C., liquid carbonic acid be-
comes a gas, and a pressure of even 300 or 400 at-
mospheres will fail to condense it to liquidity.
This temperature is called the critical point. To
determine the critical point of the new fluid, im-
mersing the slide in water of known temperature,
removing, wiping it hastily, placing it on the microscope
stage, and instantly examining it, scemed preferable to any
other mode of operating, and although other more promising
methods have been tried, the results obtained have been less
accurate.

. 1st Experiment.—The liquid in the two cavities had disap-
peared completely at 36° C.; the cavities appeared empty, but
the liquid returned after a shost interval. 2d. The liquid
had totally disappeared at 31°.5, and returned on cooling. 3d.
The liquid was invisible at 31°, but returned almnost imme-
diately after contact with the microscope stage. 4th. At 31°
there was noliquid to be seen, but it was observed to be filling
in immediately afterwards. ~5th. Again at 31° did the liquid

vanish. 6th. At 30°.75 the margin of the liquid was visible, | B

but was not so sharply defined or so high up in the cavityas it
afterwards became. 7th and 8th. On being warmed almost
to 31°, the liquid was still visible, but the margin became
more distinct immediately afterwards. 9th. At 31°.5, liquid
invisible. 10th. At 31°, upper portion of the liquid invisible;
lower one not. 11th. The liquid invisible at 31°, in the upper
cavity, but not in the lower. 12th. At 30°.75 the liquid was
seen in the larger cavity; the quantity, however, increased to
treble immediately afterwards. 13th. At 31° the upper cavity
appeared empty; the lower one full. It is evident, then, that
the critical point lies between 30°.75 and 31° C. The critical
point of pure carbonic acid, as determined very precisely by
Andrews, lies at 30°.92 C., or very nearly 87°.7 F. Hence I
conclude that the identity of this liquid with carbonic acid is
«established in a most convincing manner. It was noticeable
that in whatever position the slide was placed, the liquid
generally condensed on the same spot. Varying the method
of heating the liquid by applying a hot wire to the surface of
the quartz, I discovered what was at first by no means appar-
ent, namely, that the upper and lower cavities were connected
by a small fissure, and that water occupied the intervening
space; the upper cavity was then seen to have the shape
drawn in Fig. 3, and marked a. T'his presence of water, no
doubt, determined the place of condensation, so that no matter
what the position of the specimen, the carbon dioxide always

condensed on the surface of the water, because of its adhesion
to this fluid being greater than to the quartz. The concavely
curved surface of the carbon dioxide is due to adhesion to the
moist sides of the cell ; the convex curvature indicating where
the two liquids are in contact iscaused by the greater adhesion
of the water to the same surface. Before the specimen had
been heated in such a way as to drive the liquid from the
smaller into the larger cavity, it contained more of the car-
bonic acid than has collected in it since, and it was noticed on
two or three occasions, that the action of heat was to diminish
the gas-bubble very rapidly, by expansion of the liquid, uutil
it had the appearance shown in Fig. 4; the bubble then as
quickly increased in size, by contraction of the liguid to its
original dimensions, when the source of heat was removed;
likewise, when the heat was continued, the gas-bubble
increased by vaporization of the liguid, as in Fig. 2. The ap-
pearance caused by the expansion and contraction resembled
the dilatation and contraction of the pupil of the eye. Since
the connection between the cavities has been made by exces-
sive heating, the expansion and contraction cannot be shown;
the liquid at once begins to vaporize, when warmed, and even
boils, as is shown in Fig. 4 The following observation of
Thilorier explains this. VWhen a tube containing liquid car-
bonicacid is one-third full, at 0° C., it constitutes a retrograde
thermometer, in which increase of temperature is shown by
diminished volume, consequent on the vaporization ot the
liquid, and wvice vers@,; while if the tube be two-thirds full, a
normal thermometer of great seunsitiveness is the result, the
liquid expanding by heat in this case.

Very careful observation several times repeated has shown
that on the approach of a warm substance, causing the liquid
in the larger cavity to be vaporizea gradually, the curvature
of the surface in contact with the gas becomes reduced very
much, and at the same time rendered less plainly visible, as
shown by b, Fig. 3.

There was also noticed a faint flickering shadow in the point
of the cavity, when the liquid was about to condense. Profes-
sor Andrews has noticed such effects during the vaporization
and condensation of liquid carbonic acid. In the same section
of quartz there were observed upwards of fourteen smaller
cavities, containing liquid carbonic acid, together with water
in different proportions. There are two such cavities shown
in Fig. 1; in each case the space marked a contains carbonic
acid as gas; b, the same substance liquefied and floating on
the water, which, being indicated by ¢, is seen to be occupying
the remaining space,

According to Thilorier, the specific gravity of liquid carbonic
acid is 0.83 at 0° C., and 0.6 at 30° C., water being taken as
unity. The constant position of this liquid in the cells being
uppermost is in accordance with this.

Volatile fluids have been noticed in mineral cavities by Sir

’ NN
Fig.6.  Figs.

Fig. 7.
LIQUID CARBONIC ACID IN MINERALS,

David Brewster, by the late Mr. Alexander Bryson, and by
Messrs. Sorby and Butler, who came to the conclusion that
the liquid in a particular cavity in a sapphire was really
liquid carbonic acid, because it possessed a remarkable rate of
expansion between 0° and 30° C. Thilorier has shown that
the expansion of liauid carbon dioxide between 0° and 30° C.
is such, that 100 volumes become 145. Sorby found that 100
volumes of the liquid he examined became 150 at 30° C., 174
at 31° C,, and 217 at 32° C.

Through the kindness of Mr. Butler,I have had the advantage
of examining some of the best specimens from his unique collec-
tion of stones with fluid cavities, and I have no doubt that the
conclusion which he and Mr. Sorby arrived at was a just one.
y a very simple contrivance I have been enabled to detect
the presence of liquid carbonic acid in many very small cavi-
ties containing water. This consists of a glass tube about
three eighths of an inch in diameter and twelve inches long ;
it is drawn out to a jet at one end of about one sixteenth of
an inch aperture, the jet being bent at an obtuse angle. To
prevent the glass being softened and bending when heated,
it is covered for four inches in its central part by a piece of
brass tube, which slides on not too easily. The straight end
of the tube is somewhat pointed, and passes through an india-
rubber cork fitting into a universal joint upon a stand having
a sliding motion in the upright so that it may be raised or
lowered at will. This end of the glass tube which has passed
through the cork las a piece of india-rubber tube slipped
over it fifteen inches long, and to this is attached a ball
syringe whereby air may be drawn in and discharged again.
By heating the metal tube with a spirit lamp or Bunsen
burner, the air discharged will be heated and may be directed
on to the object while undergoing examination beneath the
microscope without any displacement whatever, by which
means a high power may be used for the examination of small
cavities. By noticing the number of ballfulls of air neces-
sari to vaporize a known specimen of carbonic acid, one may,
if these be sufficient to vaporize the liquid in small cavities,
be certain that the temperature is not greatly different. Itis
easy to demonstrate the presence of small quantities of car-
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bonic acid mixed with water in cavities no larger than
of an inch in their greatest diameter.

After carbonic acid has passed it# critical temperature, if it
be cooled suddenly it condenses with a motion resembling
ebullition. This is best seen in deep cavities. Messrs. Sorby
and Butler have observed this phenomenon. Having atten-
tively studied it in different cavities, I have come te conclu-
sions a8 to the mearfing of it. When the gas is chilled, a
sort of mist forms throughout the space; the individual
spherules of this mist grow so large that they begin to touch
each other, to coalesce, and to gravitate. They of course at
the same time entangle gas, and as they descend to the lower
part of the cavity the spherules of gas (bubbles) take an oppo-
site direction ; consequently when a portion of the liquid has
collected at the lower end and gas at the upper, there are
showers of liquid descending into and streams of bubbles ris-
ing out of the liquid. In two or three secondsthe movements
have ceased. In Figs. 5 and 6 are given representations of a
fluid cavity in topaz belonging to Mr. James Bryson, of Edin-
bargh, to whom I am much indebted for allowing me to
examine some of his valuable specimens. When at a tem-
perature two or three degrees below the critical point, the
liquid has the appearance seen in Fig. 5, but the boiling is
shown in Fig. 6 —the spherules called gas and Yguid are pass-
ing in the direction of the arrows nearest them. The draw-
ing, Fig. 7, represents a cavity seen in one of my specimens
of quartz ; the contents are undergoing the apparent boiling.
The conditions favoring this singular mode of condensation
seem to be, first, that the greater part of the carbonic acid
shall be in the liquefied state, at ordinary temperatures, so
that the liquid expands greatly on approaching the critical
point ; second, that the cooling shall be sudden.

Cavities containing liquefied carbonic acid may be divided
into two classes, wet and dry cavities, according to the ab-
sence or presence of water. The appearance of the liquid in
a dry cavity differs much from that in a wet one. Thusin a
dry cavity the liquid presents a convexly curved surfacs to
the gas, in a moist one a concave surface. While the car-
bonic acid in sapphires and rubies seems generally to be dry,
that met with in quartz and other minerals is more frequently
wet.

Another means of ascertaining the critical temperature of the
liquid in fluid cavities was resorted to. It consisted in mak-
ing a water-tight cell with glass sides, which would contain,
besides the mineral under examination, the bulb of a small
thermometer three inches in length and graduated into one
tenths of a degree Centigrade,between?29° and 35° C. Anin-
let and outlet tube of india-rubber conveyed a stream of
warm water, forced through the cell from a small flask by
means of the pressure of a large india.rubber finger-pump
or syringe. The entrance and exit for air to and from
the syringe was by valves.in different branches
of a T tube.

The walls of the cell were made by boring a
hole an inch in diameter through an india-rubber
cork of the diameter of 1} inch. Two perforations
one eighth of an inch in diameter were made in
the side of this to admit the water tubes, and a
third for fixing the thermometer in. The glass
glides placed top and bottom of the ring were
firmly fixed by passing stout india-rubber bands
over them. When the cell was placed on the
microscope stage, a powerful Coddington lens
was 8o arranged in position near the thermometer
that without the slightest movement the cavities
could be watched through the microscope with
the left eye, and simultaneously the mercury in
the thermometer with the right. The cavity
under examination was so arranged that it ap-
peared just upon the edge of the lens. Admira-
ble though this arrangement seems, it does not
answer quite so well as one might expect. The
volume of water in the cell is so small that it
changes temperature more readily than the slowly
conducting mineral.

My original plan of immersing the mineral in
a considerable volume of water at temperatures
just above and below the critical point, may be
improved upon by placing the specimen in a
glass cell with parallel sides and immersing this
in water of known temperature; on removing
this for examination, the sides of the cell may be
wiped dry without fear of the mineral losing an
appreciable amount of heat. Being now engaged
in the study of other rocks and minerals, details
regarding these had better be left for another
communication. I have elsewhere shown the
nature of the chemical reaction” which mould
most probably yield quartz crystals with carbonic-
acid cavities, but this explanation could not be
applied to the formation of topaz and sapphire,

MANUFACTURE OF SULPHURIC ANHYDRIDE.
By Dr. R. MEsSsEL and Dr. W. SQUIRE.

A PAPER on this subject was lately read before the Chemical
Society, Professor Andrews, F.R.S., in the chair, April 20th,
1876. The speaker, after giving a sketch of the history of
the manufacture of sulphuric acid, described their process for
preparing the anhydride, The vapor of ordinary sulphuriec
acid is passed through a white-hot platinum tube, whereby it
is almost completely decomposed into water, oxygen and sul-
phurous anhydride ; the mixed gases, after passing through
a leaden worm to condense the greater portion of the water,
are completely dehydrated in a leaden tower filled with coke,
over which a stream of concentrated sulphuric acid is allowed
to trickle. The dry mixture of oxygen and sulphurous anhy-
dride is now passed through a platinum tube heated to low
redness, and containing fragments of platinized pumice, when
the gases recombine to form sulphuric anhydride, which is
condensed in a series of Woulffe’s bottles.

The chairman thanked the authors, and in allusion to a
remark of theirs on the difficulty of condensing sulphuric an-
hydride when mixed with air, said that in the case of a mix-
ture of equal volumes of air and carbonic anhydride, the
latter did not condense even at a most enormous pressure, but
on lowering the temperature to 0 deg. C. the carbonic anhy-
dride was condensed.

Dr. Armstrong remarked that the authors had spoken of the
Nordhausen acid as a solution of sulphuric anhydride in sul.
phuric acid ; but it was in reality a definite compound which
yielded definite salts, and also a corresponding chloride. It
might, perhaps, be called pyrosulphuric acid.

n reply to an observation by Mr. Spiller, Dr. Squire said
the Nordhausen acid made in Bohemia was of two strengths,
but all the samples he had examined had a sp. gr. consider-
ably below 1.900
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