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111 INTRODUCTIONX.

On these grounds, therefore, I hope to be excused for infring-
ing the general plan of lectures on chemistry, and devoting to
other purposes the time, that would have been aliotted to the his-
tory of the science. [For this, will be substituted a brief view of
the nature and objects of chemistry ; of its connexion with the
arts and with other sciences; and an outline of the plan on which
the following lectures will be conducted.

Natural philosophy, in its most extensive sense, is a term
comprehending every science, that has for its objects the pro-
perties and affections of matter. But it has attained, by the sanc-
tion of common language, a more limited signification ; and che-
mistry, though strictly a branch of natural philosophy, is gene-
rally regarded as a distinct science. Between the two it may,
perhaps, be difficult to mark out precisely the line of separation :
but, an obvious character of the facts of natural philosophy is,
that they are always attended with sensible motion ; and the de-
termination of the laws of motion is peculiarly the office of its
cultivators. Chemical changes, on the other hand, of the most
important kind, often take place without any apparent motion,
either of the muss, or of its minute parts ; and where the eye is
unable to perceive that any change has occurred. The laws of
eravitation, of central forces, and all the other powers that fall
under the cognizance of the natural philospher, produce, at most,
only a change of place in the bodies that obey their influence.
But, in chemical changes, we may always observe an important
difference in the properties of things: Their appearances and
qualities are completely altered, and their individuality destroyed.
Thus, two highly corrosive substances, by uniting chemically
together, may become mild and harmless; the combination of
two colourless substances may present us with a compound of
brilliant complexion ; and the union of two fluids, with a com-
pact and solid mass.

Chemistry, therefore, may be defined, that science, the object
of which is to discover and explain the changes of composition
that occur among the integrant and constituent parts of different
bodies*.

From this definition, it may readily be conceived, how wide is
the range of -:-._hemiu:al inquiry ; and, by applying it to the various
events that daily occur in the order of nature, we shall be ena-

* The reader, who wishes to examine other definitions of chemistry, will

find a variety of them, collected by Dr. Black, in the first volume of his
¢ Lectures.”




INTRODUCTION. iv

bled to separate them with accuracy, and to allot to the sciences
of natural philosophy and chemistry, the proper objects of the
cultivation of each, Whenever a change of place is a necessary
part of any event, we shall call in the aid of the former. When
this condition may be dispensed with, we shall resort to chemis-
try for the light of its principles. But it will be often found, that
the concurrence of the two sciences is essential to the full expla-
nation of phenomena. The water of the ocean, for example, is
raised into the atmosphere by its chemical combination with the
matter of heat; but the clouds, that are thus formed, maintain
their elevated situation by virtue of a specific gravity inferior to
that of the lower regions of the air,—a law, the discovery and ap-
plication of which are due to the natural philosopher, strictly so
called.

It has not been unusual to consider chemistry, under the two-
fold view of a science and of an art. This arrangement, however,
appears to have had its origin in an imperfect discrimination be-
tween two objects, that are essentially distinct. Science consists
of assemblages of facts, associated together in classes, according
to circumstances of resemblance or analogy. The business of its
cultivators is, first, to investigate and establish individual truths,
either by the careful observation of natural appearances, or of
new and artificial combinations of phenomena produced by the
instruments of experiment. The next step is the induction, from
well ascertained facts, of general principles or laws, more or less
comprehensive in their extent, and serving, like the classes and
orders of natural history, the purposes of an artificial arrange-
ment. Of such a body of facts and doctrines, the science of che-
mistry is composed. But the employment of the artist consists
merely in producing a given effect, for the most part by the sole
guidance of practice or experience. In the repetition of pro-
cesses, he has only to follow an established rule ; and, in the im-
provement of his art, he is benefitted generally by fortuitous
combinations, to which he has not been directed by any general
axiom. An artist, indeed, of enlarged and enlightened mind,
may avail himself of general principles; and may employ them
as an useful instrument in perfecting established operations : but
the art and the science are still marked by a distinct boundary.
In such hands, they are auxiliaries to each other; the one con-
tributing a valuable accession of facts ; and the other, in return,
imparting fixed and comprehensive principles, which simplify
the processes of arty and direct to new and important practices.
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The skill of an artist is compounded of knowledge and of
manual dexterity. The latter, it is abvious, no science can teach.
But the acquirement of experience, in other words, a talent f::ll'
accurate observation of facts, and the habit of arranging facts 1n
the best manner, may be greatly facilitated by the possession of
scientific principles. Indeed, it is hardly possible for any one to
frame rules for the practice of a chemical art, or to profit by the
rules of others, who is unacquainted with the general doctrines
of the science. For, in all rules, it is implied, that the promised
effect will only take place, when circumstances are precisely
the same as in the case under which the rule was formed. To
ensure an unerring uniformity of result, the substances, employ-
ed in chemical processes, must be of uniform composition and
excellence ; ory when it is not possible to obtain them thus un-
varied, the artist should be able to judge precisely of the defect,
that he may proportion his agents according to their qualities.
Were chemical knowledge more generally possessed, we should
hear less of failures and disappointments in chemical operations ;
and the artist would commence his proceedings, not, as at pre-
sent, with distrust and uncertainty, but with a well-grounded ex-
pectation of success.

It will scarcely be contended, that any one of the arts has
hitherto attained the extent of its possible perfection. In all,
there is yet a wide scope for improvement, and an extensive
range for ingenuity and invention. But from what class of men
are we to expect useful discoveries? Are we to trust, as hither-
to, to the favour of chance and accident ; to the fortuitous suc-
cess of men not guided in their experiments by any general
principles ! Or shall we not rather endeavour to inform the
artist and to induce him to substitute, for vague and random
conjecture, the torch of induction and of rational analogy ? In
the present imperfect state of his knowledge, the artist is even
unable fully to avail himself of those f{ortunate accidents, by
which improvements sometimes occur in his processes ; because,
to the eye of common observation, he may have acted agrecably
to established rules, and have varied in circumstances which he
can neither perceive nor appreciate. The man of science, in
these instances, sces more deeply, and, by availing himself of a
min:.;t-: and _ar:cidental difference, contributes at once to the pro-
motion of his own interest, and to the advancement of his art.

But it is the union of theory with practice that is now recom-
mended. And, % when theoretical knowledge and practical





















INTRODUCTION. X1V

making bricks and tiles has received, from the chemical know-
ledge of Bergman, the addition of several interesting facts,

4th. The preparation of various kinds of fermented liquors, of
wine, and ardent spirits, is intimately connected with chemical
principles. Malting, the first step in the production of some of
these liquors, consists in the conversion of part of the grain into
saccharine matter, essential in most instances to the success of
the fermentative change. To acquire a precise acquaintance
with the circumstances, that favour or retard the process of
fermentation, no small share of chemical knowledge is requir-
ed. The brewer should be able to ascertain, and to regulate
exactly, the strength of his infusions, which will vary greatly
when he has seemingly followed the same routine. He should
be aware of the influence of minute changes of temperature in
retarding or advancing fermentation ; of the means of promot-
ing it by proper ferments ; and of the influence of the presence
or exclusion of atmospherical air. A complete acquaintance
with the chemical principles of his art, can hardly fail to afford
him essential aid in its practice.

The production of ardent spirits is only a sequel of the vi-
nous fermentation, and is, therefore, alike dependent on the
doctrines of chemistry.

5th. The arts of bleaching, dyeing, and firinting, are, through-
out, a tissue of chemical operations. It is not unusual to hear
the new mode of bleaching distinguished by the appellation of
the chemical method ; but it is, in truth, not more depen-
dent on the principles of this science, than the one which it
has superseded, nor than the kindred arts of dyeing and print-
ing. In the instance of bleaching, the obligation due to the
speculative chemist is universally felt and acknowledged. But
the dyer and the printer have yet to receive from the philoso-
pher, some splendid invention, which shall command their re-
spect, and excite their attention to chemical science. From
purely speculative men, however, much less is to be expected,
than from men of enlightened experience, who endeavour to
discover the design and reason of each step in the processes of
their arts, and fit themselves for more effectual observation of
particular facts, by diligently possessing themselves of general
truths.

The objects of inquiry, that present themselves to the dyer
and printer, are of considerable number and importance. The
preparation of goods for the reception of colouring matter; the
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To construct a classification of chemical facts, at once adapt-
ed to lead the student, by easy and certain steps, to a knowledge
of the science, and at the same time conformable to the strict
rules of philosophical arrangement, is attended with considera-
ble difficulty. For since the phenomena of chemistry consist in
the mutual action of a great variety of bodies on each other, it
is impossible to enumerate the properties of any one substance,
which may be selected as the first object of description, with-
out tracing the agency of many other bodies upon it, which
must necessarily, at the out-set, be unknown to the student.
The action of certain bodies, however, is much more general
and extensive than that of others. There are few chemical
changes, for example, in which a combination or transfer of
oxygen does not take place ; and the phenomenon is even so
general, as to constitute the basis of a very comprehensive divi-
sion into combustible and incombustible bodies. Still more ex-
tensive is the influence of affinity, and of caloric, over chemical
changes ; and it is scarcely possible to describe any one of these
changes, without using language connected with the peculiar
doctrines respecting affinity.

Attraction, or affinity, therefore, as the great cause of all che-
mical phenomena, has the first claim to attentive consideration.
Next to that of attraction, the influence of heat over the forms
and qualities of bodics is the most generally observed fact ; and,
as this is a power which often counteracts chemical affinity,
there is the more propricty in contrasting the operations of the
two. The phenomena and laws of heat will conduct, naturally,
to the great source or reservoir of it, which will be traced to a
class of bodies, agreeing, in mechanical properties, with the air
of our atmosphere, and called airs or gases. These gases, we
shall find, consist partly of solid gravitating matter, and partly
of an extremely subtile fluid, which impresses on our organs
the sensation of heat, and is termed caloric. When the solid
ingredients of these gases, usually called their bases com-
bine together, or with other bodies, caloric is given out, and
new compounds are formed. And as the gascous bases are,
zenerally speaking, simple or elementary substances, the con-
sideration of the gases, at an early period, will be strictly con-
formable to the plan of beginning with simple substances, and
proceeding gradually to the more complex. In treating of
compound substances, those will first come under review, that
are formed by the action of the gascous bases on each other,










































SECT. II. CHEMICAL APPARATUS. 113

tom, may be used; or a common Florence oil flask serves the
same purpose extremely well, and bears, without cracking, sud-
den changes of temperature. For pirecifiitations, and separating
liquids from precipitates, the decanting-jar (fig. 16.) will be
found useful ; ory if preferred, it may be shaped as in fig. 26. /-
Liquids, of different specific gravities, are separated by the ves-
sel fig. 3.; the heavier fluid being drawn off' through the cock
by and air being admitted by the removal of the stopper g, to
supply its place. Glass rods, of various length, and spoons of
the same muaterial, or of porcelain, are useful for stirring acid
and corrosive liquids ; and a stock of cylindrical tubes, of various
sizes, is required for occasional purposes. It is necessary also
to be provided with a series of glass measures, graduated into
drachms, ounces, and pints.

. Accurate beams and scales, of various sizes, with correspond-
ine weights, some of which are capable of weighing several
pounds, while the smaller size ascertains a minute fraction of a
grain, are essential instruments in the chemical laboratory. Se
also are mortars of different materials, such as of glass, porce-
lain, agate, and metal. Wooden stands, of various kinds, for
supporting receivers, should be provided. (See Aikin’s Chem.
Dict. pl. iv. fig. 59. e.) For purposes of this sort, and for occa-
sionally raising to a proper height any article of apparatus, a se-
ries of blocks, made of well seasoned wood, eight inches (orany
other number) square, and respectively eight, four, two, one, and
half an inch in thickness, will be found extremely useful ; since,
by combining them in different ways, thmjr one different heights
may be obtained.

The blow-pipe [Sf,e Note 5.] is an instrument of much utility
in chemical researches. A small one, invented by Mr. Pepys,
with a flat cylindrical box for condensing the vapour of the
breath, and for containing caps, to be occasionally applied with
apertures of various sizes, is perhaps the most commodious
form. (See Aikin’s' Chem. Dict. pl. vii. fig. 71, 72,73.) A
blow-pipe, which is supplied with air from a pair of double bel-
lows worked by the foot, may be applied to purposes that re-
quire both hands to be left at liberty, and will be found useful in
blowing glass, and in bending tubes. [See Note 6.] The latter
purpose, however, may be accomplished by holding them over
an Argand’s lamp with double wicks.

In the course of this work, various other articles of apparatus
will be enumerated, in detailing the purposes to which they are




































SECT. I. FRINCIPLE OF THERMOMETERS. 23

Thermometers, filled with spirit of wine, are best adapted to
the measurement of very low temperatures, at which mercury
would freeze. The amount of the expansion of alcohol, also,
which exceeds that of mercury above eight times, fits it for as-
certaining very slight variations of temperature., But it cannot
be applied to measure high degrees of heat; because the con-
version of the spirit into vapour would burst the instrument.

The fluid, best adapted for filling thermometers, is mercury,
which, though it expands less in amount than air, or alcohol,
still undergoes this change to a sufficient degree ; and, in conse-
quence of its difficult conversion into vapour, may be applied to
the admeasurement of more elevated temperatures. As a cons
siderable saving of expense will accrue to the experimentalist,
who is able to construct mercurial thermometers, 1 shall offer
some rules for this purpose. In general, however, I should deem
it preferable merely to superintend their construction, and to be
satisfied, by actual inspection, that the necessary accuracy is ob-
served ; because much time must be unavoidably lost, in acquir-
ing the manual skill which is essential to construct them neatly.

Thermometer tubes may be had at the glass-house, and of va-
rious philosophical-instrument makers. In purchasing them,
those should be rejected that are not hermetically sealed at both
ends ; because the smallest condensation of moisture, which
must take place when air is freely admitted within the tube, is
injurious to the accuracy of the instrument. A small bottle of
elastic gum [See Note 9.] should be provided, in the side of
which a brass valve is fixed, or a piece of brass perforated by a
small hole, to be occasionally stopped by the hand. A blow-pipe
is also an essential part of the apparatus ; and, in addition to one
of the ordinary kind, it will be fourd useful to have one which is
supplied with air by a pair of double bellows, worked by the foot.

Before proceeding to the construction of the thermometer, it
is necessary to ascertain, that the tube is of equal diameter in
different parts. This is done, by breaking off both of the sealed
ends, immersing one of them an inch or two deep in clean and
dry mercury, and then closing the other end with the finger. On
withdrawing the tube from the mercury, a small column of that
fluid remains in it, the length of which is to be examined, by
laying the tube horizontally on a graduated ruler.* By inclin-

* If the tube be of an extremely small bore, the mercury will not enter,
and must be drawn in by the action of the ¢lastic bottle, and not by the
mouth.






















































SECT. III. CALORIC OF VAPOUR. 41

minutes, therefore, the water received 162° of temperature, or
401 in each minute. If we suppose, therefore, that the heat
continues to enter the water at the same rate, during the whole
ebullition, we must conclude that 401° X 20°=810° have enter-
ed the water, and are contained in the vapour.

VII. On the contrary, vafiours, during their conversion into
a liguid form, evolve, or give out, much caloric.—The heat given
out, by the condensation of steam, is rendered apparent by the fol-
lowing experiment : Mix 100 gallons of water at 509, with'1
gallon of water at 212°. The temperature of the water will be
raised about 14°. Condense by a common still-tub, 1 gallon of
water, from the state of steam, by 100 gallons of water, at the
temperature of 50°. The water will be raised 11°. Hence, 1
gallon of water, condensed from steam, raises the temperature of
100 gallons of cold water 94° more than 1 gallon of boiling wa-
ter ; and, by an easy calculation, it appears, that the caloric im-
parted to the 100 gallons of cold water by 8 pounds of steam, if
it could be condensed in 1 gallon of water, would raise it to
950°. (Black’s Lectures, i. 169.)

For exhibiting the same fact, by means of a small apparatus,
which may be placed on a table, and with the assistance only of a
lamp, the boiler already described (fig. 46.) will be found ex-
tremely well adapted. The right-angled pipe ¢ must be screw-
ed, however, into its place, and must be made to terminate at the
bottom of a jar, containing a known quantity of water of a given
temperature. The conducting-pipe and the jar should be wrapped
round with a few folds of flannel. The apparatus being thus dis-
posed, let the water in the boiler be heated by an Argand’s lamp,
with double concentric wicks, till steam issues in considerable
quantity through the cock ¢, which is then to be closed. The
steam will now pass through the right-angled pipe into the wa-
ter contained in the jar, which will condense the steam, and will
have its temperature very considerably raised. Ascertain the
augmentation of temperature and weight ; and the result will
show, how much a given weight of water has had its tempera-
ture raised by a certain weight of condensed steam. To another
quantity of water, equal, in weight and temperature to that con-
tained in the jar at the outset of the experiment, add a quantity
of water at 212°, equal in weight to the condensed steam ; it will
be found, on comparison of the two resulting temperatures, that
a given weight of steam has produced, by its condensation, a

much greater elevation of temperature, than the same quantity
6



12 CALORIC. CHAP. 111-

of boiling water. This will be better understood by the follow-
ing example, taken from actual experiment &

Into eight ounces of water, at 50° Fahrenheit, contained in the
glass jar, f; fig. 46, steam was passed from the boiler, till the
temperature of the water in the jar rose to 173°.  On weighing
the water, it was found to have gained 8% drachms ; that is, pre-
cisely 8% drachms of steam had been condensed, and had im-
parted its heat to the water.—To facilitate the explanation of this
experiment, it is necessary to premise the following remarks.

To measure the whole quantities of caloric contained in dif-
ferent bodies, is a problem in chemistry which has not yet been
solved. But the quantities of caloric, added to, or subtracted
from, different bodies (setting out from a given temperature)
may, in many cases, be measured and compared with considera-
ble accuracy. Thus, if, as has been already stated, two pounds
of water at 120° be mixed with two pounds at 60°, half the ex-
cess of caloric in the hot water will pass to the colder portion ;
that is, the hot water will be cooled 30°, and the cold will re-
ceive 30° of temperature ; and if the experiment be conducted
with proper precautions, 90°, the arithmetical mean of the tem-
perature of the separate parts, will be the temperature of the mix-
ture. If 3 pounds of water at 100° be mixed with 1 pound at
60, we shall have the same quantity of heat as before, viz. 4 pounds
at 90°. Hence, if the quantity of water be multiplied by the
temperature, the product will be a comparative measure of the
quantity of caloric which the water contains, exceeding the zero
of the thermometer employed.

Thus, in the last Example,
3 % 100 = 300 = the caloric above zero in the first portion.
1 ¥ 60= 60 =the caloric above zero in the second do.

The sum, 360, = the caloric above zero in the mixture.

Dividing 360 by 4, the whole quantity of water, we obtain 90°,
the temperature of the mixture.

This method of computation may be conveniently applied to a
variety of cases. Thus, in the foregoing experiment, 81 drachms
of steam at 212°, added to 64 drachms of water at 50°, produced
721 drachms of water at 173%. Now,

724 X 173=12542L=whole heat of the mixture.
heat of 64 drachms, one of the com-

e ponent parts.
93424i= {hﬂat of 8% drachms, the other compo.
nent part.

64 ¥ 50=3200= g
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Therefore 93424 divided by 83=1099, should have been the
temperature of the latter portion (viz. 8% drachms), had none of
its heat been latent : and 1099—212=887 gives the latent heat
of the steam. This result does not differ more than might be ex-
pected, owing tothe unavoidable inaccuracies of the experiment,
from Mr. Watt’s determination, which states the latent heat of
steam at 900, or from that to 950°. (Black’s Lect. 1. 174.)

The large quantity of caloric, latent in steam, renders its appli-
cation extremely useful for practical purposes. Thus, water
may be heated, as in the foregoing experiment, at a considerable
distance from the source of heat, by lengthening the conducting-
pipe e. This furnishes us with a commodious method of warm.-
ing the water of baths, which, in certain cases of disease, it is -
of importance to have near the patient’s bed-room ; for the
boiler, in which the water is heated, may thus be placed on the
ground-floor,or in the cellar of a house ; and the steam conveyed
by pipes into an upper apartment. ~ Steam may also be applied
to the purpose of heating or evaporating water, by a modification
of the apparatus. Fig. 46. g, represents the apparatus for boil-
ing water by the condensation of steam, without adding to its
quantity ; a circumstance occasionally of considerable importance.
The steam is received between the vessel, which contains the
water to be heated, and an exterior case ; it imparts its caloric
to the water, through the substance of the vessel ; is thus con-
densed, and returns to the boiler by the perpendicular pipe. An
alteration of the form of the vessel adapts it to evaportion, (fig.
46. #). This method of evaporation is admirably suited to the
concentration of liquids, that are decomposed, or injured, by a
higher temperature than that of boiling water, such as medicinal
extracts ; to the drying of precipitates, &c. Inthe employment
of either of these vessels, it is expedient to surround it with some
slow conductor of heat. On a small scale, a few folds of woolen
cloth are sufficient ; and, when the vessel is constructed of a large
size for practical use, this purpose is served by the brick-work

in which it is placed.
SECTION 1IV.
Specific Caloric.

Equal weights of the same body, at the same temperature, con-
tain similar quantities of caloric. But equal weights of different
bodies, at the same temperature, contain unequal quantities of
























EECT. L. APPARATUS FOR GASES. 51

any direction, and to any moderate distance. (See Murray’s
Chemistry, vol. i. pl. vi. fig. 50.)

2. For receiving the gases, glass jars, of various sizes (figs.
21, 22, 23.), are required, some of which should be furnished
with necks at the top, fitted with ground stoppers. Others
should be provided with brass caps, and screws, for the recep-
tion of air-cocks (fig. 22.). Of these last (the air-cocks), several
will be found necessary; and, to some of them, bladders, or
elastic bottles, should be firmly tied, for the purpose of trans-
ferring gases. These jars will also be found extremely useful
in experiments on the properties and effects of the gases. Some
of them should be graduated into cubical inches.

To contain these jars, when in use, a vessel will be necessary,
capable of holding a few gallons of water. This may either be
of wood, if of considerable size ; or, if small, of tin, japanned or
painted. Plate iv. fig. 41. ff exhibits a section of this apparatus,
which has been termed the pneumato-chemical trough, or pneu-
matic cistern. Its size may vary with that of the jars employed;
and, about two or three inches from the top, it should have a
shelf, on which the jars may be placed, when filled with air,
without the risk of being overset. In this shelf should be a few
small holes, to which inverted funnels may be soldered.

A glass tube, about eighteen inches long, and three quarters
of an inch diameter (fig. 24.), closed at one end, and divided into
cubic inches, and tenths of inches, will be required for ascer-
taining the purity of air by nitrous gas. It should be accom-
panied also with a small measure, containing about two cubic
inches, and similarly graduated. For employing the solution
of nitrous gas in liquid sulphate of iron (a happy invention of
Mr. Davy, which leaves nothing to be desired in eudiometry),
olass tubes, about five inches long, and half an inch wide, divid-
ed decimally, are also necessary. Besides these, the experi-
mentalist should be furnished with air funnels (ﬁg. 19.), for
transferring gases from wide to narrow vessels.

An apparatus, almost indispensable in experiments on this class
of bodies, is a GAZOMETER, [See Note 13.] which enables the
chemist to collect and to preserve large quantities of gas, with
the aid of only a few pounds of water. In the form of this ap-
paratus there is considerable variety ; but, at present, I have no
other view than that of explaining its general construction and
use. It consists of an outer fixed vessel d (plate iv. fig. 35.),
and an inner moveable one ¢, both of japanned iron. The latter
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have an air-cock, with a very wide bore, fixed to the funnel at 5.
When gas is to be transferred into this vessel from the gazo-
meter, the vessel is first completely filled with water through
the funnel, the cock @ being left open, and ¢ shut. By means of
a horizontal pipe, the aperture @ is connected with @ of the guzo-
meter. The cock & being shut, @ and ¢ are opened, and the ves-
sel ¢ of the gazometer, fig. 35. gently pressed downwards with
the hand. The gas then descends from the gazometer till the
air-holder is full, which may be known by the water ceasing to
escape through the cock ¢.  All the cocks are then to be shut,
and the vessels disunited. To apply this gas to any purpose, an
empty bladder may be screwed on @ ; and water being poured
through the funnel &, a corresponding quantity of gas is forced
into the bladder. By lengthening the pipe 4, the pressure of a
column of water may be added ; and the gas being forced through
@ with considerable velocity, may be applied to the purpose of a
blow-pipe, &c. &c.*

The gazometer, already described, is fitted only for the recep-
tion of gases that are confinable by water ; because quicksilver
would act on the tinning and solder of the vessel, and would not
only be spoiled itself, but would destroy the apparatus. Yet an
instrument of this kind, in which mercury can be employed, is
peculiarly desirable, on account of the great weight of that fluid ;
and two varieties of the mercurial gazometer have therefore been
invented. The one, of glass, is the contrivance of Mr. Clayfield,
and may be seen represented in the plate prefixed to Mr. Davy’s
Researches. In the other, invented by Mr. Pepys, the cistern
for the mercury is of cast-iron. A drawing and representation
of it may be found in the 5th vol. of the Philosophical Magazine ;
but as neither of these instruments are essential to the chemical
student, and as they are required only in experiments of rescurch,
I deem it sufficient to refer to the minute descriptions of their
respective inventors. .

For those gases that are absorbed by water, a mercurial trough .
is necessary. For the mere exhibition of a few experiments on
these condensible gases, a small wooden trough, 11 inches long,
2 wide, and 2 deep, cut out of a solid block of mahogany, is suffi-
cient; but for experiments of research, one of considerable size
is required. See plate iii. fig. 31. /.

* Descriptéons and figures of improved gas-holders may be secn in the
13th vol. of the Philosophical Magazine.



54 GASES. CHAP. V.

Previously to undertaking experiments on other gases, it may
be well for an unpractised experimentalist to accustom himself
to the dexterous management of gases, by transferring common
gir from one vessel to another of different sizes.

1. When a glass jar, closed at one end, is filled with water,
and held with its mouth downwards, in however small a quantity
of water, the fluid is retained in its place by the pressure of the
atmosphere on the surface of the exterior water. Fill in this
manner, and invert, on the shelf of the pneumatic trough, one of
the jars, which is [urnished with a stopper (fig. 23). The water
will remain in the jar so long as the stopper is closed ; but im-
mediately on removing it, the water will descend to the same
level within as without; for it is now pressed, equally upwards
and downwards, by the atmosphere, and falls therefore in conse-
quence of its own gravity.

2. Place the jar, filled with water and inverted, over one of
the funnels of the shelf of the pneumatic trough. Then take
another jar, filled (as it will be of course) with atmospherical air.
Place the latter with its mouth on the surface of the water ; and
on pressing it in the same position below the surface, the includ-
ed air will remain in its situation. Bring the mouth of the jar
beneath the funnel in the shelf, and incline it gradually. The air
will now rise in bubbles, through the funnel, into the upper jary
and will expel the water from it into the trough.

3. Let one of the jars, provided with a stop-cock at the top,
be placed full of air on the shelf of the trough. Screw upon it
an empty bladder ; open the communication between the jar and
the bladder, and press the former into the water. The air will
then pass into the bladder, till it is filled; and when the bladder
is removed from the jar, and a pipe screwed upon it, the air may
be again transferred into a jar inverted in water.

4. For the purpose of transferring gases from a wide vessel
standing over water, into a small tube filled with and inverted in
mercury, I have long used the following contrivance of Mr. Ca-
vendish. A tube, eight or ten inches long, and of very small
diameter, is drawn out to a fine bore, and bent at one end, so as
to resemble the Italic letter /. The point is then immersed in
quicksilver, which is drawn into the tube till it is filled, by the
action of the mouth. Placing the finger over the aperture at
the straight end, the tube is next conveyed through the water,
with the bent end uppermost, into an inverted jar of gas. When
the finger is removed, the quicksilver falls from the tube into the
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trough, or into a cup placed to receive it, and the tube is filled
with the gas. The whole of the quicksilver, however, must not
be allowed to escape ; but a column must be left, three or four
inches long, and must be kept in its place by the finger. Re-
move the tube from the water ; let an assistant dry it with blot-
ting paper ; and introduce the point of the bent end into the
aperture of the tube standing over quicksilver. On withdrawing
the finger from that aperture which is now uppermost, the pres-
sure of the column of quicksilver, added to the weight of tie at-
mosphere, will force the gas from the bent tube into th: one
standing in the mercurial trough.

On every occasion, when it is necessary to observe the srecise
quantity of gas, at the commencement and close of an experi-
ment, it is essential that the barometer and thermometer should
exactly correspond at both periods. An increased temperature,
or a fall of the barometer, augments the apparent quantity of
gas; and a reduced temperature or a higher barometer dimis
nishes its bulk. Another circumstance, an attention to which is
indispensable in all accurate experiments, is that the surface of
the fluid, by which the gas is confined, sheuld be precisely at the
same level within and without the jar. If the fluid be higher
within the jar, the contained gas will be under a less pressure
than that of the atmosphere, the weight of which is counterpois-
ed by that of the column of fluid within. In mercury, this source
of error is of very considerable amount; as any person may be
satisfied by pressing down, into quicksilver, a tube partly filled
with that fluid, and partly with air, for the volume of the air will
gradually decrease, the deeper the tube is immersed.

In experiments on gases, it is not always possible, however, to
begin and conclude an experiment at precisely the same tempe-
rature, or with the same height of the barometer; or even to
bring the mercury within and without the receiver to the same
level. In these cases, therefore, calculation becomes necessary ;
and, with the view of comparing results more readily and accu-
rately, it is usual to reduce quantities of gas to the bulk they
would occupy under one given pressure, and at a given tempe-
rature. In this country, it is now customary to assume as ¢
standard 30 inches of the barometer, and 60° of Fahrenheits
thermometer; and to bring, to these standards, observations male
under other degrees of atmospheric pressure and temperature.
The rules, for these corrections, which are sufficiently simple, [
shall give in the Appendix.
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(6.) A red-hot bit of charcoal, fastened to a copper wire, and
immersed in the gas, throws out beautiful sparks.

(¢.) The light of phosphorus, burnt in this gas, is the brightest
that can be in any mode produced. Let the phosphorus be plac-
ed in a small hemispherical tin cup, which may be raised by
means of the wire-stand, plate ii. fig. 25., two or three inches
above the surface of water contained in a broad shallow dish.
Iill a bell-shaped receiver, havicg an open neck at the top, to
which a compressed bladder is firmly tied, with oxygen gas ; and,
as it stands inverted in water, press a circular piece of pasteboard,
rather exceeding the jar in diameter, over its mouth. When an
assistant has set fire to the phosphorus, cover it instantly with
the jar of oxygen gas, retaining the pasteboard in its place, till
the jar is immediately over the cup. When this has been skil-
fully managed, a very small portion only of the gas will escape ;
and the inflammation of the phosphorus will be extremely bril-
liant. The expanded gas rises into the flaccid bladder, and is
thus prevented from escaping into the room, and proving disa-
greeable by its suffocating smell.

(d.) Substitute, for the phosphorus in Experiment ¢, a small
ball formed of turnings of zinc, and in which about a grain
of phosphorus is enclosed. Set fire to the phosphorus, and
cover it expeditiously with a jar of oxygen. The zinc will
be inflamed, and will burn with a beautiful white light. A simi-
lar experiment may be made with metallic arsenic, which may
be moistened with spirit of turpentine. The filings of various
metals may also be inflamed, by placing them in a small cavity,
formed in a piece of charceal, igniting the charcoal, and blowing
en the part containing the metal a stream of oxygen gas.

(e.) Procure some thin harpsichord wire, and twist it round a
slender rod of iron or glass, so as to coil it up in a spiral form.
Then withdraw the rod, and tie a little thread or flax round one
end of the wire, for about one-twentieth of an inch ; which end
is 1o be dipped inio melted sulphur, The other end of the wire
is to be fixed into a cork ; so that the spiral may hang vertically
(fig. 39.). Fill, also, with oxygen gas, a bottle capable of holding
about a quart, and set it with its mouth upwards. Then light the
sulphur, and introduce the wire into the bottle of gas, suspending
it by the cork. Theiron will burn with a most brilliant light,
throwing out a number of sparks, which fall to the bottom of the
bottle, and generally break it. This accident, however, may fre-
quently be prevented by pouring sand into the bettle, so as to lie
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about half an inch deep on the bottom (see plate iv. fig. 39.).
According to Mr. Accum (Nicholson’s Journal, 8vo. i. 320.), a
thick piece of iron or steel, such as a file, if made sharp painted,
may be burntin oxygen gas. A small bitof wood is to be stuck upon
its extremity, and set on fire, previously to immersion in the gas.

(/) A little of Homberg’s pyrophorus, a substance to be here-
alter described, when poured into a bottle full of this gas, imme-
diately flashes like inflamed gunpowder.

I1I. During every combustion in oxygen gas, the gas suffersa
material diminution —To exhibit this, experimentally, in a man-
ner perfectly free from all sources of error, would require such
an apparatus as few persons are likely to possess. The appara-
tus required may be seen described in the 6th chapter of Lavoi-
sier’s Elements. The fact may, however, be shown, less accu-
rately, in the following manner : Fill, with oxygen gas, a jar of
moderate size, which has a neck and ground-glass stopper at the
top. Then, with the assistance of a stand, formed of bent iron
wire (plate ii. fig. 25.), place a shallow tin vessel, containing a bit
of phosphorus or sulphur, three or four inches above the level
of the water of a pneumatic trough. Invert the jar of oxygen
@as, cautiously and expediuously, over this cup, so as to confine
ity with its contents, in the gas, and, pressing down the jar to the
bottom of the trough, open the stopper. A quantity of gas will
immediately rush out, and the water will rise to the same level
within the jar as without. When this has taken place, set fire to
the sulphur or phosphorus by a heated iron wire, and instantly
putin the stopper. The first effect of the combustion will be a
depression of the water within the jar ; but when the combustion
has closed, and the vessel has cooled, a considerable absorption
will be found to have ensued.

Those persons who are possessed of a mercurial apparatus
may repeat this experiment in aless exceptionable manner. On
the surface of the quicksilver let a small hemispherical cup float,
made of untinned sheet-iron ; and, in order to keep it from the
sides of the jar, it may rest on a wire-stand, shaped like the figure
43, plateiv. Leta jar, the height and diameter ol which must be
regulated by the size of the mercurial trough, be filled with oxy-
gen gas over water, and be removed, by means of a piece of
pasteboard, as before described, to the mercurial bath, inverting
it dexterously over the tin cup. If the phosphorus had been
previously set on fire, a large quantity of the gas, expanded by
the heat, would have escaped, and would have prevented the ac-
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pipe with iron wire coiled spirally, and of known weight : let
the end of the pipe be slipped into a brass tube, which is screw-
ed to a bladder filled with oxygen gas: heat the bowl of the
pipe, and its contents, to redness in the fire, and then force
through it a stream of oxygen gas from the bladder.—The iron
wire will burn; will be rapidly oxydized ; and will be found,
when weighed, to be considerably heavier than before. When
completely oxydized in this mode, 100 parts of iron wire gain
an addition of about 30. The qualities of the iron, also, are en-
tirely changed ; and it is converted, from a tough metal, into a
brittle substance, which may be reduced to powder, is destitute
of acid properties, and which is termed an oXIDE.

V. Every substance, capable of union with oxygen, aﬂ'urds,
by combustion, either an oxide or an acid; and this difference
of the product is the foundation of an arrangement of combus-
tible bodies into the two comprehensive orders of oxydizable
and acidifiable bases. Several bodies, however, are susceptible
of both these changes; and yield, by combustion, compounds
possessing the properties of oxides or of acids, according to the
quantity of oxygen combined with them ; the highest state of
oxygenation imparting the characters of an acid, and an inferior
degree converting them into oxides.

V1. Oxygen gas suphorts, eminently, animal life~It will be
found that a mouse, bird, or other small animal, will live six
times longer in a vessel of oxygen gas, than in one of atmos-
pherical air of the same dimensions.

VII. This effect seems connected with the absorfition of oxygen by
the blood.—Pass up a little dark-coloured bleod into a jar partly
filled with oxygen gas, and standing over mercury. The gas
will be in part absorbed, and the colour of the blood will be
changed to a bright and florid red. This change to red may
be shown, by putting a little blood into a common vial filled
with oxygen gas, and shaking it up.

SECTION IIL

Azotic or Nitrogen Gas.

I, Azotic gas may be procured, though not absolutely pure,
yet sufficiently so for the purpose of exhibiting its general pro-
perties, in any of the following manners: 1. Mix equal weights
of iron filings and sulphur into a paste with water, and place
the mixture, in a proper vessel, over water, supported on a






SECT. IV. ATMOSPHERIC AIR. 63

SECTION 1V.
Atmospheric Air.

The air of our atmosphere, it appears, therefore, from the
foregoing facts, is a mixture, or possibly a combination, of two
different gases, viz. oxygen gas and azotic gas. The former of
these two seems to be the ouly ingredient on which the effects
of the air, as a chemical agent, depend. Hence combustible
bodies burn in atmospheric air, only in consequence of the
oxygen gas which it contains ; and, when this is exhausted, air
is no longer capable of suppurting combustion*. The abstraction
of its oxygen gas from the air will be rendered apparent bjf
the following experiments :

I. Burn a little sulphur or phosphorus, in the manner de-
scribed, Sect. IL., substituting, for oxygen gas, common atmos-
pherical air. The combustion will,in this instance, be less vivid ;
will cease sooner; and the absorption, when the vessels have
cooled, will be much less considerable than in the former case.

The phosphorus, however, will have absorbed the whole of
the oxygen gas contained in the air submitted to experiment ;
and hence it may be employed for measuring the quantity of
oxygen gas in a given bulk of atmospherical air. This may be
accomplished, either by its slow or rapid combustion. Berthollet
proposes (34. An. Ch. 78.) to expose a cylinder of phesphorus,
fastened to a glass rod, in a narrow glass vessel, graduated into
equal parts, and standing full of air over water. The phospho-
rus immediately begins to act on the included air; and in six
or eight hours its effect is completed. The residuary azotic
gas has its bulk enlarged about one-forticth, by absorbing a little
phosphorus ; and, for this, allowance must be made in measur-
ing the diminution. In the eudiometer of Seguin, the rapid
combustion of phosphorus is employed with the same view. A
glass tube, open at one end only, about an inch in diameter, and
eight or ten high, is filled with, and inverted in, mercury. A
small bit of phosphorus, dried with blotting paper, is then intro-
duced, and, by its inferior specific gravity, rises to the top of
the tube, where it is melted, by bringing a red hot poker near
to the outer surface of the glass. When the phosphorus is
liquefied, a measured: portion of the air to be examined is ad-

* Certain combustible bodies even cease to burn in atmospheric air, long
before its oxygenous portion is consumed, for reasons that will hereafter be
given.
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been a diminution of 195 measures, of which pretty exactly one-
third may be estimated to be pure oxygen. In this instance,
therefore, 65 of oxygen have been lost by 300 of air, or 21 and
a fraction per cent.

The general rule for ascertaining the purity of air by hydro-
gen gas, may be stated as follows: Add to three measures of
the air under examination, two measures of pure hydrogen gas;
inflame the mixture by electricity; observe the diminution when
the vessel has cooled ; and, dividing its amount by three, we
obtain pretty nearly the quantity of oxygen gas which has been
condensed.

(/) The diminution of hydrogen and oxygen gases, by the
union of their bases, may be shown also by their slow combus-
tion. Fill a tall jar with oxygen gas, and fill also, with hydrogen
gas, a bladder furnished with a stop-cock, and with a long brass
pipe, bent like the letter S, and drawn out to a fine point, (plate
iv. fig. 41.) On pressing the bladder, a stream of gas will issue
from the pipe, which may be set fire to, and brought cautiously
under the tall inverted jar of oxygen gas. By this contrivance,
the stream of hydrogen gas will be burnt in a confined portion
of oxygen gas; and, on continuing the combustion a sufficient
length of time, the water will be seen to rise gradually within
the jar. On the first impression of the heat, indeed, a quantity
of gas will escape from the jar, which will render it difficult to
ascertain what degree of absorption has actually taken place.
But this loss may be prevented, by using a jar with a neck at
the top, to which a compressed bladder is firmly tied. The ex-
panded air, instead of escaping through the water, will now fill
the bladder at the top; and, when the experiment has closed,
and the vessels have cooled, it may be ascertained, by pressing
out the gas from the bladder, what quantity of oxygen gas has
been consumed.

The same experiment may be more accurately and elegantly
made, by substituting for the bladder, a small gazometer, con-
taining a measured quantity of hydrogen gas. Let the bent pipe
be screwed on the cock of the gazometer; and over its open
end, placed perpendicularly, invert a jar of oxygen gas. This
jar must be provided at the top with a metallic conductor,
screwed into a brass cap, as represented in fig. 41.; which
shows also the level of the water within the jar, attained by
means of a syphon. After noting the height of the water within,
let a rapid succession of electric sparks be passed between the
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I. When perfectly pure, it is entirely destitute of taste or
smell.

II. No heat is excited by the affusion of water, and only a
very small proportion, not exceeding 1-2000 its weight, of the
carth is dissolved. Magnesia appears, however, to have some
affinity for water ; for when moistened, and afterwards dried, its
weight is found increased in the proportion of 118 to 100.

I1I. Magresia changes to green the blue colour of the violet;
but the watery sclution of magnesia, when filtered, does not
produce a similar effect. In this respect, it differs from lime.

IV. It is not dissolved by liquid alkalis, nor by alkaline earths ;
and in the dry way, it has no affinity for barytes or strontites.

SECTION V.

Silex.

1. Siliceous earth, or silex, may be obtained tolerably pure from
flints by the following process :—Procure some common gun-
flints, and calcine them in a crucible in ared-heat. By this treat-
ment they will become brittle, and easily reducible to powder.
Mix them, when pulverized, with three or four times their weight
of carbonate of potash, and let the mixture be fused in a strong
red-heat, in a crucible. The materials must bear only a small
proportion to the capacity of the crucible ; and the heat must at
first be very moderate, and slowly increased. Even with this
precaution, the mass, on entering intg fusion, will be apt to over-
flow ; and must be pressed down as it rises, by an iron rod. When
this effervescence has ceased, let the heat be considerably raised,
so that the materials may be in perfect fusion during half an hour,
and pour the melted mass on a copper or iron dish. We shall
thus obtain a compound of alkali and siliceous earth. Dissolve
this in water, filter the solution, and add to it diluted sulphuric
or muriatic acid.  An immediate precipitation will ensue, and,
as long as this continues, add {resh portions of acid. Let the pre-
cipitate subside, pour off the liquor that floats above it, and wash
the sediment with hot water, till it comes off tasteless. Then
dry it.

Silex, obtained by this process, though pure enough for the
[ollowing experiments, may still contain a portion of alumine.
To separate the latter earth, boil the precipitate with diluted sul-
phuric acid, to which a little sulphate of potash may be added.
The alumine will thus be dissolved ; and the silex may be freed

from the solution by repeated washings with water.
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From 100 parts of each of the following woods, Messrs. Allen
and Pepys obtained the annexed quantities of charcoul; viz.
from fir, 18.17 ; lignum vite, 17.25 ; box, 20.25 ; beech, 15
oak, 17.40 ; mahogany, 15.75.

I1. Charcoal has the following properties :

1. In its aggregated state it is black, perfectly insipid, and
free from smell ; brittle, and easily pulverized.

2. Charcoal has the singular property of absorbing gases, with-
out alteration. Fill a jar with common air, or any other gas,
and place it over dry mercury : take a piece of charceal,
red-hot from the fire, and plunge it in the mercury of the bath :
when cold, let it be passed into the vessel of gas, without bring-
ing it into contact with the atmosphere. A considerable dimi-
nution of the gas will be speedily effected.

Count Morozzo has given the following Table of the quantities
of different gases absorbed, in the foregoing manner, by char-
coal. In each experiment, he employed a piece of that sub-
stance 1 inch long and 3 of an inch diameter. The receiver
containing gas was 12 inches long and 1 inch diameter.

Gas absorbed. Inches. | Gas absorbed. Inches.
AtmosPheric wuiumesisions 34 | NILPOUS siiicssmrercssisssinssnssnsons 6%
Carbonic acid ....ceciissnna k1 | HYdrogen .ossbisimnin 33
AMMONIA smsimamsnsis 11 | OXYEEN sivicismissnisnnmmriniens 23
Muriatic acid ....ccosscessvsee. 11 | Sulphurous acid ....... duarsiiibe 5%
Sulphuretted hydrog. ....... 11

3. FFrom the experiments of Rouppe (Annales de Chimie,
xxxii. 1.), it appears, that if charcoal, which has imbibed oxygen
gas, be brought into contact with hydrogen gas, water is genes
rated.

4. Charcoal, by long exposure to the atmosphere, absorbs one-
twentieth of its weight, three-fourths of which are water. (Cle-
ment and Desonnes.)

The charcoal of different woods, Messrs. Allen and Pepys
found to increase very differently in weight; that from fir guin-
ing, by a week’s exposure, 13 per cent. ; that from lighum vitz,
in the same time, 9.6 ; from box, 14 ; beech, 16.5; oak, 16.5;
mahogany, 18. The absorption goes on most rapidly during the
first 24 hours ; and by much the largest part of what is absorbed
consists of water merely.

5.Charcoal resists the putrefaction of animal substances. A piece

of flesh-meat, which has begun to be tainted, may have its sweet=
13






SECT. III. CARBONIC ACID. 59

tirely unaltered ; but it had received an addition to its weight,
precisely equal to what the charcoal or diamond, on weighing,
was ascertained to have lost; and it was partly converted into a

gas, totally different in its properties from oxygen gas, and called
carbonic acid.

SECTION IIL
Carbonic Acid.

I. From the quantity of charcoal or diamond consumed, and
the guantity of exygen converted into carbonic acid, it was easy
to infer the proportion of carbon and oxygen in the new com-
pound. Reducing these to centesimal proportion, for every 28
or 29 grains of the combustible base which had disappeared, 100
grains of carbonic acid (=about 201 cubic inches) were gene-
rated ; and it is remarkable that these proportions agree exactly
with those originally stated by Lavaisier. The same quantity of car-
bonic acid resulted, also, from the combustion of between 28 and
29 grains of diamond. Hence it may be inferred, that the actual
quantity of carbon in equal weights of diamond and charcoal is
precisely the same ; and that charcoal is not, as has hitherto
been supposed, an oxide of carbon. If this inference required
confirmation, it is furnished by its agreement with Mr. Tennant’s
experiments on the combustion of the diamond, published in
1797. The mean of a number of experiments gave the follow-
ing statement of the composition of carbonie acid :

100 parts by weight ) 28.60 carbon
consiat ek ..« . E 71.40 oxygen.

100

II. To procure carbonic acid, sufficiently pure for the exhibi-
tion of its properties, the combustion of charcoal is far from being
the best process. The student may, therefore, have recourse to
another, the rationale of which he will not, at present, under-
stand ; but which will be explained afterwards. Into a com-
mon gas-bottle, put a little powdered marble or chalk, and pour
on this sulphuric acid, diluted with five or six times its weight
of water. A gaswill be produced, which those, who have an op-
portunity, may receive over mercury ; but a mercurial apparatus
is not absolutely essential, since the gas may be collected over
water, if used immediately when procured. Its properties are
the following : '
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(@) It extinguishes flame.—Set a vessel, filled with the gas,
with its mouth upwards, and let down a lighted candle. The
candle will instantly be extinguished.

A person, says Dr, Priestley, who is quite a stranger to the pros
perties of this kind of gas, will be agreeably amused with extine
guishing lighted candles, or blazing chips of wood, on its surface.
For the smoke readily unites with this kind of air ; so that little
or none of it escapes into the atmosphere. Itis remarkable, that
the upper surfice of this smoke, floating in the fixed air, is
smooth and well defined ; whereas the lower surface is exceed-
ingly ragged, several parts hanging down to a considerable dis-
tance within the body of the carbonic acid, and sometimes in the
form of balls, connected to the upper stratum by slender threads,
as if they were suspended. The smoke is also apt to form itself
into broad flakes, exactly like clouds. Making an agitation in
this air. the surface of it (which still continues exactly defined)
is thrown into the form of waves ; and if; by this agitation, any
of the cuarbonic acid be thrown over the sides of the vessel, the
smoke, which is mixed with it, will fall to the ground, as if it was
so0 much water.

(6.) It is futal to animals.—Put a mouse, or other small ani-
mal, into a vessel of the gas, and cover the vessel, to prevent the
contact of common air, The animal will die in the course of a
minute or two.

By means of this gas, butterflies, and other insects, the colours
of which it is desirable to preserve, for the purpose of cabinet
specimens, may be suffocated better than by the common mode
of killing them with the fumes of sulphur.

(¢.) This gas is heavier than common eir.—According to Mr.
Duvy, 100 cubic inches, at 55° Fah'and 30 inches of the barome-
ter, weigh 47.5 grains ; and at 60° with the same pressure,
would weigh 47.11. Messrs Allen and Pepys have lately deter-
mined that 100 cubic inches, at 60° Fah' and 50 inches barome-
ter, weigh 47.26 grains.

To show the superior specific gravity of /this gas in a general
way, the following experiment, will be sufficient, Let a long
glass-tube, proceeding from a gas-bottle containing the materials
(No. 1.), be twice bent at right angles : let the open end of the
longer leg reach the bottom of a glass-jar, perfectly dry within,
and standing with its mouth uppermost. The carbonic acid will
expel the common air from the jar, because it is heavier.—This
superior gravity may be further shown as follows : When the
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jar is perfectly filled with the gas (which may be known by a
lighted candle being instantly extinguished when let down into
it), take another jar, of rather smaller size, and place at the bot-
tom of it a lighted taper, supported by a stand : then pour the
contents of the first-mentioned jar into the second, as if you were
pouring in water. The candle will be instantly extinguished, as
effectually as if it had been immersed in water.

Itis owing to its superior gravity, thatcarbonic acid gas is often
found at the bottom of deep wells and of mines, the upper part of
which is entirely free from it. Hence the precaution, used by
the sinkers of wells, of letting down a candle before they venture
to descend in person,

(d.) Carbonic acid gas is absorbed by water ~-Fill partly a jar with
this gas, and letit stand a few hours over water. An absorption
will gradually go on, till at last none will remain. This absorp-
tion is infinitely quicker when agitation is used. Repeat the
above experiment, with this difference, that the jar must be sha-
ken strongly. A very rapid diminution will now take place. In
this manner water may be charged with rather more than its own
bulk of carbonic acid gas ; and it acquires, when thus saturated,
a very brisk and pleasant taste. This impregnation is most com-
modiously effected by an apparatus, sold in the glass-shops, under .
the name of Nooth’s machine.

(e.) From water, thus impiregnated, carbonic acid is again set at
liberty, on boiling the water, or by exfosing it under the receiver of
an air-pumfr.—~During exhaustion, the gas will escape so rapidly,
as to present the appearance of ebullition ; and will be much
more remarkable than the discharge of air from a jar full of com-
mon spring water, confined, at the same time, under the re-
ceiver, as a standard of comparison.

(f.) Carbonic acid is expielled from water by freezing.—If the
impregnated water be rapidly congealed, by surrounding it with
a mixture of snow and salt, the frozen water has more the ap-
pearance of snow than ofice, its bulk being prodigiously increased
by the immense number of air bubbles. When water, thus con-
gealed, is liquefied again, it is found, by its taste, and other pros
perties, to have lost nearly the whole of its carbonic acid.

(g.) Carbonicacid gas, when combined with water, reddens ve-
getable blue colours.—This may be shown by dipping into water,
thus separated, abit of litmus paper, or by mixing with a portion
of it about an equal bulk of the infusion of litmus. This fact es-
tablishes the title of the gas to be ranked among acids.






SECT. I11. CARBONIC ACID. 108

effect is also produced more remarkably in oxygen gas. The
production of carbonic acid, by respiration, may be proved, also,
by blowing the air from the Iungs, with the aid of aquill, through
lime-water, which will immediately grow milky. The carbonic
acid, thus added to the air, unfits it for supporting life, not merely
by diminishing the proportion of oxygen gas, but apparently by
exerting a positively noxious effect. Hence a given quantity of
air will support an animal much longer, when the carbonic acid
is removed as fast as it is formed, than when suffered to remain
in a state of mixture. It has been found, that an atmosphere,
consisting of oxygen gas and carbonic acid, is fatal to animals,
though it contains a larger proportion of oxygen than the air we
commonly breathe.

(I.) Carbonic acid retards the fiutrefaction of animal substane
ces.—This may be proved, by suspending two equal pieces of
flesh-meat, the one in commmon air, the other in carbonic acid
gas, or in a vessel through which a stream of carbonic acid is con-
stantly passing. The latter will be preserved untainted some
time after the other has begun to putrely.

(m.) Carbonic acid gas exerts powerful effects on living vege-
tables.—These effects, however, vary according to the mode of
its application. :

Water, saturated with this gas, proves highly nutritive, when,
applied to the roots of plants. The carbonic acid is decomposed,
its carbon forming a component part of the vegetable, and its
oxygen being liberated in a gaseous form.

On the contrary, carbonic acid, applied as an atmosphere, by
confining a living vegetable in the undiluted gas over water, is
injurious to the health of the plant, especially in the shade. M.
Saussure, jun. found, that a proportion of carbonic acid in com-
mon air, greater than one-eighth, is always injurious to vegeta-
tion ; but that in this proportion it promotes the growth of plants,
and is manifestly decomposed.

III. Carbonic acid is susceptible of combination with alkalis,
earths, and metals, and forms an order of compounds, termed car-
bonates. At present, however, we shall only attend to the re-
sults of its union with alkalis.












SECT. IV. CARBONATE OF SODA. 10%

5. By calcination in a low red-heat, the portion of carbonic
acid, which imparts to this salt its characteristic properties, is
expelled, and the salt returns to the state of a sub-carbonate.

(k.) Carbonate of potash, in all its forms, is decomposed by
the stronger acids ; as the sulphuric, nitric, and muriatic, which
unite with the alkali, and set the gas at liberty.

This may be shown by pouring, on the carbonate contained
in a gas bottle, any of the acids, and collecting the gas by a pro-
per apparatus.

The carbonate of soda is known in commerce by the names
of barilla, kelp, fossil or mineral alkali, &c.; but as applied to
the uses of the arts, it is never met with pure.

ArT. 11.—Carbonate of Scda. [See Note 16.]

The combination of carbonic acid with soda, like that of the
same acid with potash, exists in two very different states, viz.
in those of a sub-carbonate, and of perfectly saturated carbonate.
1. The substance, generally met with in the shops, under the
name of soda, affords an example of the sub-carbonare. This
salt continues dry when exposed to the atmosphere, and even
gives up a part of its water of crystallization, the crystals losing
their transparency and something of their weight. They have
the form of decahedrons, which are composed of two four-sided
pyramids, applied base to base, and have their apices truncated.
They frequently, also, present large transparent flat rhomboidal
prisms. Water, of the temperature of 60%, takes up half its
weight ; and boiling water rather more than its own weight. In
100 parts, this salt contains, according to Bergman, 16 carbonic
acid, 20 soda, and 64 water.

The cardonate of soda may be found either by the process
described in the foregoing article 4, or by that which will be
given in the following article, g. It is with considerable difficulty
brought to crystallize, and affords generally a shapeless mass.
Its taste is considerably milder than that of the sub-carbonate of
soda, and even than that of neutral carbonate of potash. In 100
parts, it contains,according to Klaproth, 39 acid, 38 soda, 235 water.

ARrr. 1m.—Carbonate of Ammonia.

(a.} Ammonia, in its pure state, exists in the form of a gas,
permanent over mercury only : and carbonic acid has, also, the
form of an aerial fluid. But, when these two gases are mixed

together over mercury in proper proportions (viz. one measuse
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(g.) It is decomposed by pure potash and pure soda ; and by
the sub-carbonates of those alkalis, which attract its carbonic acid,
and expel the alkali. Hence it has been recommended, by Ber-
thollet, to employ this salt for the full saturation of potash with
carbonic acid, which may be accomplished by the following
process.

To a filtered solution of four pounds of pearlash in four quarts
of water, add two pounds of carbonate of ammonia, reduced to
powder; and stir the mixture at intervals, till the carbonute of
ammonia is entirely dissolved. Filter the liquor, and put it into
a retort, which may be set in a sand-bath, and be connected with
a receiver. A very gentle heat is to be applied; so as to distil
off about half a pint of the liquor, which will consist of a solution
of carbonate of ammonia in water. The liquor in the retort may
either be allowed to cool in it, or be transferred into a flut eva-
porating dish of Wedgewood's ware. When cold, crystals of
the carbonate of potash will probably be formed ; otherwise ano-
ther portion must be distilled off, and this must be repeated till the
crystals appear ; separate the first crystals that are formed ; and,
on repeating the distillation and cooling, fresh sets will appear in
succession. A considerable portion of the solution, however,
will refuse to crystallize. This may be boiled to dryness, and
applied to the purposes of sub-carbonate of potash. The crystals
of carbonate of potash may be washed with a small quantity of
cold water, and dried on blotting paper; or, if they are requir-
ed of great purity, they may be dissolved in cold water, and re-
crystallized, using the gentlest heat possible in evaporating the
solution.

Art. 1v.—Carbonate of Barytcs.

I. Pure barytes has a very powerful affinity for carbonic acid.

1. Let a solution of pure barytes be exposed to the atmos-
phere. It will soon be covered with a thin white pellicle ; which,
when broken, will fall to the bottom of the vessel, and be suc-
ceeded by another. This may be continued, till the whole of the
barytes is separated. The effect arises from the absorption of
carbonic acid, which is always diffused through the atmosphere,
and which forms with barytes a substance, viz. carbonate of ba-
rytes, much less soluble than the pure eurth.

2. Blow the air from the lungs, by means of a quill, a tobac-
co pipe, or glass tube, through a solution of barytes. The so-
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SECT. YII. SULPHUROUS ACID. 125

2. Into aglass retort put such a quantity of sulphuric acid as
will fill about one-fourth part of it, and add a smull portien of
powdered charcoal. On applying the heat of a lump, gas wilkbe
produced very abundantly. Let this gas be conveyed by a tube
fixed to the mouth of a retort, and bent in the proper manner,
into an inverted jar of water ; or, ifit can be had, into an inverted
jar of quicksilver in @ mercurial apparatus. During this opera-
tion, the carbon attracts part of the oxygen of the sulphuric acid,
and forms carbonic acid gas. But the sulphur is not entirely
disoxygenated ; and a compound is therefore formed of sulphur
and oxygen, containing less oxygen than the sulphuric acid,
This compound exists in the state of a gas, and its properties
may next be examined. To avoid, however, the complication
which the admixture of carbonic acid with this new proeduct in-
troduces into the experiment, it may be proper to prepare it in a
maode less objectionuble, but the rationale of which cannot at
present be explained. This consists in dissolving one part, by
weight, of quicksilver in two of sulphuric acid, and boiling the
mass to dryness, in the bottom of a broken Florence flask. The
dried mass, still remaining in the retort, is next to be distilled in
a strong sand-heat ; a glass globe being interposed between the
retort and the receivine mercurial trough, to condense any sul-
phuric acid that may escape decomposition. (See pl. iii. fig. 31.)
The gas thus obtained is termed, conformably to the principles
of the new nomenclature, sulfihurous acid.

SECTIQN I1I1.
Sulphurous Acid Gas.

Its properties are the following :

(a.) It has a pungent and suffocating smell, exactly resembling
that which arises from burning sulphur.

(4.) It is above twice heavier than atmospherical air.

(¢.) It extinguishes burning bodies, and kills animals.

(d.) Tt has the property of whitening or bleaching silk, and
of giving it lustre.

(e.) Of sulphurous acid, water absorbs 33 times its bulk, or
1-11th of its weight, caloric is evolved, and the solution has the
specific gravity 1.0513. From this fluid it is again separated,
like carbonic acid, by the application of heat.

() This watery solution does not redden infusion of litmus,
as acids in general do, but totally destroys its colour. It restores
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ART. viL.—Sulfikate of Magnesia,

I. When highly concentrated sulphuric acid is suddenly add-
ed to fresh-prepared and pure magnesia, prodigious heat and va-
pour are excited, and are accompanied frequently with an extri-
cation of light. This appearance was first observed by Wes-
trumb.

II. If the carbonate of magnesia be added to diluted sulphuric
acid, the carbonic acid is expelled, and a solution of sulphate of
magnesia is formed, which crystallizes on cooling. Crystals of
sulphate of magnesia may also be procured in the shops, under
the name of Epsom salt,

III. These crystals have the following properties :

1. They have the form of small quadrangular prisms, sur-
mounted by quadrangular pyramids with dihedral summits.

2. At the temperature of 60°, this salt is soluble in an equal
weight of cold water, and in three-fourths its weight of boiling
water, which thus receives an addition of one-fourth to its bulk.

3. It effloresces in the air, and is slowly reduced to powder.
When exposed to strong heat, it undergoes the watery [usion,
but is not volatilized.

4. Its solution is precipitated by carbonates of potash and of
soda ; but not by carbonate of ammonia, unless heat is applied.
The carbonate of magnesia of the shops is prepared, by mixing
together concentrated and hot solutions of carbonate of potash
and sulphate of magnesia. The sulphate of potash, thus form-
ed, is removed by copious washing with water, and the carbo-
nate of magnesia is then dried. The proportions employed are
filtered solutions of equal weights of the two salts, each in its
own weight of boiling water.

5. When a dilute solution of carbonate of soda is mixed with
a dilute solution of sulphate of magnesia, and the sub-carbonate
which is formed, if any, is separated by filtration, crystals of car-
bonate of magnesia, aiter some time, shoot in the liquid, con-
taining a larger proportion of carbonic acid, and already describ-
ed, chap. x. sect. 4.

Anr. viin—Sulfihate of Alumine. [See Note 20.]

The properties of this salt may be exhibited by those of the
common alum of commerce ; though, as will afterwards appear,
alum is not merely a combination of this carth with sulphuri¢
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SECT. VL HYDRO-SULPHURETS. 135

(k.) When sulphuretted hydrogen gas and sulphurous acid gas
are mingled together, the hydrogen of the former unites with
oxygen of the latter, and the sulphur of both is precipitated.

() It is decomposed when passed over ignited charcoal, and
is converted into carburetted hydrogen gas.

(m.) Sulphuretted hydrogen, according to Thenard, is com-
posed, in 100 parts, of 29 hydrogen, and 71 sulphur. One hun-
dred cubic inches weigh 38.17. Mr. Kirwan states the weight
of the same quantity, at the temperature of 60, and under 30
inches pressure, at only 34.286 grains.

(n.) Tt precipitates, both in the state of a gas and of watery
impregnation, all metallic solutions, excepting those of iron,
nickel, cobalt, manganese, titanium, and molybdena.

(e.) It is copiously absorbed by alkalis, and by all the earths,
excepting alumine and zircon. These alkaline and earthy com-
binations are termed hydro-sulphurets.

Arr. 1mr.—Hydro-Sulfihurets.

In its union with alkaline and earthy bases, sulphuretted hy-
drogen seems to perform, in a great measure, the functions of
an acid ; and presents, therefore, an important exception to the
doctrine of acidification; for, in this instance, a body, entirely
destitute of oxygzen, possesses some of the most important cha-
racters of an acid, viz. the property of changing vegetable blues
to red, and of uniting with alkalis.

1. The hydro-sulphurets may be formed, by transmitting sul-
phuretted hydrogen gas, as it issues from the materials that
afford it, through a solution of the alkaline or earthy base. Or
the base, when insoluble, must be kept suspended in water by
mechanical agitation.

II. The hydro-sulphurets have several qualities common to
the whole genus.

1. They are all soluble in water, and the recent solution is
colourless. By exposure to the air, however, it first becomes
green, or greenish yellow, and deposits sulphur en the sides of
the vessel. The glass bottle, containing the solution, becomes
black on its inner surface, in consequence of the combination of
sulphur with the oxide of lead contained in the glass.

2. After long exposure to the atmosphere, the solution entire-
ly loses its colour, and again begomes perfectly limpid. When
examined, it is found to cnnsij?}f a combination of sulphuric
acid with the peculiar base of the hydro-sulphuret. This is
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which it has been formed, the solid containing the largest quan-
tity of sulphur, and the gaseous least. (See his memoir in Nich.
Journ. xviii. 43.) Its properties are the following :

1. If gently heated, sulphuretted hydrogen gas exhales from
it ; the super-sulphuret loses its fluidity ; and a residue is lelt,
consisting merely of sulphur.

2. It combines with alkalis and earths; and forms with them
a class of substances called hydroguretted sulphurets.

There are, therefore, three distinct combinations of sulphur
and its compounds with alkalis and earths. The first consist,
simply, of sulphur, united with an alkaline or earthy base, and
ave called strictly sulphurets. The second are composed of sul-
phuretted hydrogen, united with a base, and are called Aydro-
sulfihurets. The third contains super-sulphuretted hydrogen,
attached to a base, and constitute hydroguretted sulfihurets,

The sulphurets can exist, as such, only in a dry state ; for the
moment they begin to dissolve in water, a decomposition of that
fluid commences ; sulphuretted hydrogen is formed; and this,
uniting with an additional dose of sulphur, composes super-sul-
phuretted hydrogen. This last, uniting with the base, forms an
hydroguretted sulphuret. Hence the sulphurets are changed,
by selution, into hydroguretted sulphurets.

II. The hydroguretted sulphurets are also formed by boiling,
along with a sufficient quantity of water, the alkaline, or earthy
base, with flowers of sulphur. Thus a solution of pure potash,
pure soda, or of barytes or strontites, may be changed into hy-
droguretted sulphurets. To prepare this compound, with base
of lime, the powdered earth, mixed with sulphur, may be boiled
with a proper quantity of water, and the solution filtered. The
hydroguretted sulphuret of ammonia (which base cannot, in
strictness, owing to its liquid form, compose a true sulphuret)
may be prepared as follows: Mix together, in a mortar, three
parts of lime, fallen to powder in the air, and sifted, one part of
muriate of ammonia, and one of flowers of sulphur. Introduce
the mixture into a retort, and apply a receiver. Begin the dis-
tillation with a gentle heat. The first liquor, that comes over,
has a light yellow tinge, and emits fumes; the second has a
deeper colour, and is not fuming. When the latter begins to
appear, the fire may be raised.

Another method of forming, by a very simple process, the
hydroguretted sulphurets, consists in digesting, in a gentle heat,
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SECT. 11, NITROUS GAS. 14]

(1) If the action of metals on nitric acid be more moderately
conducted, a new product is obtained in a gaseous state. Dilute
some nitric acid with an equal weight of water, and dissolve, in
this, some turnings of copper, or a portion of quicksilver, apply-
ing heat, if necessary— This must be done in a gas-bottle, and
the product received, over water, is nitrous gas, or nitric oxide.

SECTION 1L
Nitrous Gas, or Nitric Oxide. [See Note 21.]

The properties of this gas are the following

(a.) It is permanent over water ; but it is absorbed in small
quantity, when agitated with water which has been recently baoil-
ed, and has become cold. (See the Table in the Appendix.)
This solution, according to La Grange (vol. i. p. 131), is convert-
ed, by long keeping, into nitrate of ammonia, in consequence of
the decomposition of the water.

Nitrous gas is rather heavier than common air, 100 cubic
inches at 55°, barometer 30, weigh 34.26, or at 60° Fah' 33.80
grains. (Davy.)

(6.) When well washed with water, it is not acid. It will be
found not to redden the colour of litmus. This may be shown
by introducing a piece of paper, tinged with that substance, into
a jar of nitrous gas, standing inverted over water. To accom-
plish this, the paper should be fastened to the end of a glass rod
or a piece of stick. The colour will remain unchanged.

(c.) It extinguishes flame, and is fatal to animals. Homberg’s
pyrophorus, however, is inflamed by it; and charcoal and phos-
phorus, introduced into it when in a state of actual combustion,
continue to burn vehemently. j

(d.) Mingled with hydrogen gas, it imparts a green colour to
its Hame.

(2.) When mixed with oxygen gas, red fumes arise ; heat is
evolved ; a diminution takes place ; and if the two gases be in
proper proportion, and perfectly pure, they disappear entirely.
Nitrous acid, at the same time, is regenerated.

(/) The same appearances ensue, less remarkably, with at-
mospheric air; and the diminution is proportionate to the quan-
tity of oxygen gas which it contains. On this principle, of its
condensing oxygen, but no other gas, is founded the application
of nitrous gas to the purpose of eudiometry, or of ascertaining
the purity of air. The sources of error, in its employment in




























































SECT. II. MURIATES. 161

2. Liquid muriatic acid is not decomposed by the contact
of charcoal, essential oils, or other combustible bodies,

4. When diluted with water, no remarkable elevation of tem-
perature is produced.

5. In a perfectly pure state it is quite colourless; but it has
frequently a yellowish hue. This may proceed, either from a
portion of oxygenized muriatic acid, or of muriate of iron, but, I
believe, most commonly of the latter. This colour is instantly
destroyed by a few drops of muriate of tin.

6. Muriatic acid combines readily with alkalies, and with most
of the earths, both in their pure and carbonated states.

SECTION II.
Muriates.
ART. 1.—Muriate of Potash.

Muriate of potash may be obtained by saturating muriatic acid,
with carbonate of potash, and evaporating the solution till the salt.
crystallizes. These crystals have a cubical shape, and a bitter,
disagreeable taste ; they dissolve in three times their weight of
water, at 607, and in a rather less proportion of boiling water.
They undergo little change when exposed to the air; they de-
crepitate when thrown on the fire, but abandon only a small por-
tion of their acid.

ART. 1n.—Muriate of Soda.

Muriate of soda is that well known substance, common sals,
which is become a necessary ingredient in the food of man, and
is of essential utility in several of the arts.

I. Its composition may be proved, by the direct union of soda
with muriatic acid.

But for purposes of experiment, the common salt may be em-
ployed, which is to be found in the shops. This may be purifi-
ed, by adding to a solution of it in water a solution of carbonate
of soda, as long as any milkiness ensues ; filtering the solution,
and evaporating it till it crystallizes.

II. Its qualities are as follow :

1. It crystallizes in regular cubes, which, when the salt is pure,
are but little changed by exposure to the air. The common salt
of the shops, however, acquires an increase of weight, in conse-
quence of the absorption of moisture. The various forms under
which it appears, of stoved salt, fishery salt, bay salt, &c. arise
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SECT. II. MURIATES. 165

fihorus. When mingled with snow, they produce intense cold,
as has already been described.

Art. vi.—Muriate of Magnesia.

This is also a deliquescent and difficultly erystallized salt, It
has an intensely bitter taste ; is soluble in its own weight of water,
or in five parts of alcohol. Unlike the preceding minerals, it is
decomposed by ignition in a high temperature.

The muriates of magnesia and lime are generally contained
in muriate of soda, and impart to that salt much of its deliques-
cent property. They impair, too, its power of preserving food.
They are also ingredients of sea-water.

ARrT. vitr.—Muriate of Alumine

May be formed by dissolving fresh precipitated alumine in
muriatic acid ; but the acid is always in excess. It is scarcely
possible to obtain this salt in crystals; for, by evaporation, it
assumes the state of a thick jelly. It is extremely soluble in
water, and deliquescent when dry. In a high temperature it
abandons its acid entirely.

ArT. 1x.—Muriate of Glucine.

This salt is little known. Like all the salts of glucine, it has
a sweet taste, and crystallizes more readily than the nitrate.

ART. x.—Muriate of Zircon.

Fresh precipitated zircon is readily dissolved by muriatic
acid. The compound is colourless; has an astringent taste ; and
furnishes, by evaporation, small needle-shaped crystals, which
lose their transparency in the air. It is very soluble in water
and in alcohol. It is decomposed by heat, and by the saliva of
the mouth. The gallic acid, poured into the solution, precipi-
tates, if it be free from iron, a white powder. Carbonate of am-
monia gives a precipitate, which is re-dissolved by an excess of
the carbonate.

ArT. Xr.~Muriate of Yiria.

This compound has a striking resemblance to nitrate of yttria.
Like that salt it dries with difficulty, and attracts moisture from

the air. It does not crystallize, when evaporated, but forms a
jelly.
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adapted for its reception, because on this metal the gas exerts a
considerable action.

I1. Oxygenized muriatic acid gas has the following properties:

(a.) It has a deep yellow colour.

(6.) It has a pungent and suffocating smell. In experiments
on this gas, great care should be taken that it does not escape,
in any considerable quantity, into the apartment, as'its action on
the lungs is extremely injurious and oppressive.

(c.) By a temperatore of 40°, it is reduced into a liquid form,
and is condensed on the sides of the vessel. Hence some che-
mists have contended, that it should be classed among vapours,
and not among gases.

When a receiver, filled with this gas, is surrounded by snow,
or pounded ice, the gas forms on its surface a solid concretion,
of a yellowish colour; resembling, in its ramifications, the ice
which is deposited on the surface of windows during a frosty
night. By a moderate increase of heat, such as to 50° Fahren-
heit, this crust melts into a yellowish oily liquid, which, on a
farther elevation of temperature, passes to the state of a gas.

(d.) The oxygenized muriatic acid exerts powerful effects on
various combustible bodies, both aeriform, liquid, and solid.

1. Let a vial, provided with a well ground stopper, be filled
with a mixture of hydrogen, and oxy-muriatic gas, procured by
process 3, in the proportion of three of the former to four of the
latter. Put the stopper into its place, and keep the bottle, 24
hours, inverted with its mouth under water. On withdrawing
the stopper, nearly the whole of the gas will have disappeared :
and the remainder will be absorbed by the contact of water. In
this experiment, the oxygen of the acid gas combines with the
hydrogen, and forms water ; and the acid returns to the state of
common muriatic acid.

2. Mingle, in the detonating tube (fiz. 28 or 29.), three mea-
sures of hydrogen gas with four of oxygenized muriatic gas.
When an electric spark is passed through the mixture, a deto-
nation will ensue, and nearly the whole will be absorbed. The
proportion of hydrogen and pure oxy-muriatic gases, required
for mutual saturation, according to Mr. Cruickshank,is 3 of the
former to 3% of the latter. |

3. Both the foregoing experiments may be repeated, with the
substitution of carburetted hydrogen gas from moistened char-
coal, from distilled coal, or from stagnant water. A larger pro-
portion of the oxygenized acid, however, must be used, viz. three






















































































































































SECT. XII. LEAD. 217

and charcoal is made red-hot in a crucible, a Lutton of metallic
lead will be found at the bottom of the vessel.

1I. Pure water has no action on lead; but it takes up a small
proportion of the oxide of that metal. When left in contact
with water, and with the access of atmospherical air, lead soon
becomes oxydized and dissolved, especially if agitation be used.
Hence the danger of leaden pipes and vessels for containing
water, which is intended to be drank. Water appears also to
act more readily on lead, when impregnated with the neutral
salts that are occasionally present in spring-water.*

III. Of all the acids the nitric acts most strongly on lead,
nitrous gas being disengaged during the solution.—A portion
of the lead, however, forms an inscluble grey powder, which i3
probably lead oxydized in too great a degree to be soluble in the
acid. From this solution, sulphuric and muriatic acids throw
down an insoluble precipitate. The muriate of lead, after being
washed with distilled water and dried, and then fused in a cru-
cible, forms a substance, which has the semi-transparency and
tenacity of horn, and is called flumbum eorneum.

IV. The oxides of lead decompose muriate of soda.—Mix
two parts of finely powdered red-lead with one of commeon salt,
and form the whole into a paste with water, adding mare, occa-
sionally, as the mixture becomes dry. The alkali will be dis-
engaged, and the muriatic acid will unite with the oxide of lead.
Wash off the alkali, dry the white mass, and fuse it in a cruci-
ble. It will form the pigment called mineral, or patent yellow.

V. Lead, when exposed to the vapour of vinegar, is slowly
corroded inte a sub-acetate. This, when dissolved in distilled
vinegar and crystallized, forms acetate of lead, or sugar of lead.
This acetate of lead, and indeed all the soluble salts of lead, are
decomposed by sulphuretted hydrogen gas. Hence characters,
written with a solution of acetate of lead, become legible on
exposure to sulphuretted hydrogen gas.

VI. The oxides of lead have the property of uniting with sil-
ver by fusion ; and, when added to the ingredients of glass, they
increase its transparency, and render it less brittle, so as to
admit of being ground aud polished. Hence an oxide of lead is
an essential constituent of flint-glass.

* On the presence of lead in water, consult Dr. Lambe’s ¢ Researches
respecting Spring Water.” 8vo, London. Johnson.
28
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deposits an hdyre-sulphuretted oxide, in which the oxide pre-
vails, called Kermes mineral. The addition of a dilute acid te
the cold solution, precipitates a compound, having the same in-
gredients, but a larger proportion of sulphur, and called golden
sulfhur of antimony.

5. When the sulphuret of antimony is detonated with pow-
dered nitre, the sulphur is oxygenated by the oxygen of the
nitric acid ; sulphate of potash is formed, and an oxide of anti-
mony is obtained, varying in its degree of oxygenizement, with
the proportion of nitre employed. The oxide remains, after
washing away the sulphate with boiling water. If four times
its weight of nitre be employed, the metal gains 32 per cent. of
~ oxygen, and acquires somewhat of the character of an acid;
since it forms, with potash, a crystallizable compound.

V1. Antimony is dissolved by most of the acids. Sulphuric
acid is decomposed ; sulphurous acid being disengaged, and an
oxide formed, of which a small proportion only is dissolved by
the remaining acid. Nitric acid dissolves this metal with great
vehemence ; muriatic acid acts on it by long digestion ; but the
most convenient solvent is the nitro-muriatic acid, which, with
the aid of heat, dissolves it from the native sulphuret. With
oxygenized muriatic acid, it forms a compound of a thick con-
sistence, formerly called butter of antimony. This may be form-
ed, by exposing black sulphuret of antimony to the fumes of
oxygenized muriatic acid, and subsequent distillation ; or by dis-
tilling the powdered regulus with twice its weight of corrosive
muriate of mercury. The metal becomes highly oxydized, and
unites with muriatic acid in its simple state. On pouring this
compound into water, a white oxide falls down, called powder of
algaroth.

VII. Antimony is susceptible of various states of oxydize-
ment. The first oxide may be obtained by washing algaroth
powder with a little caustic potash. It is composed of 184 oxy-
gen, and 814 metal. That formed by the action of nitric acid
on antimony contains 77 metal, and 23 oxygen.

SECTION XVL

: Tellurium.

I. Tellurium was discovered, by Klaproth (Contributions, ii.
1.) in an ore of gold. His process, for extracting it, consists in
the solution of the ore by nitro-muriatic acid, dilution with water,
and the addition of pure potash, which throws down all the me-
















































SECT. 1II. VEGETARLE JELLY. 237

of re-agents on a solution of gum have been lately investigated,
also, by Dr. Bostock ; see Nich. Journ. xviii. 28,

5. It is soluble in pure alkalies, and is precipitated by acids.
Of the earths, silex seems to have the strongest affinity forit; a
solution of silicated alkali precipitating a very dilute solution
of gum. (Thomson.) Dr. Duncan jun. however, informs me,
that this precipitate is produced only by solutions of the lighter
coloured specimens of gum, which have different properties from
those of darker colour.

6. Diluted acids dissolve gum unchanged, and the concen-
trated ones decompose it. Strong sulphuric acid converts it into
water, acetous acid, and charcoal ; nitric acid changes gum into
oxalic acid ; and oxygenized muriatic acid into citric acid.

7. Gum and sugar readily combine ; and by gentle evaporation
of their mixed solutions, a transparent substance is obtained.
From this, alcohol separates a part of the sugar, but the remain-
der continues in combination, and forms a substance, resembling
that of which the nests of wasps are composed.

8. Gum, when submitted to destructive distillation in a retort,
yields an acid, formerly called the pyro-mucous, but now ascer-
tained to be merelv the acetic, holding in solution a portion of
essential oil. Carburetted hydrogen and carbonic acid gases are
also disengaged ; and in the retort there remains charcoal, mixed
with lime and phosphate of lime.

Respecting the varicties of vegetable mucilage, which appear
to be pretty numerous and well marked, much valuable informa-
tion may be obtained from the paper of Dr. Bostock already
quoted.

SECTION 1IL
Vegetable Jelly.

Vegetable jelly may be obtained from the recently expressed
juices of certain fruits, such as the currant and gooseberry. When
the expressed juice of these fruits is allowed to remain, for some
time, 1n a state of rest, it partly coagulates into a tremulous soft
substance, well known by the name of jelly. The coagulum,
washed with a very small quantity of water is jelly nearly in a
state of purity.

Vegetable jelly, unless when tinged by the colour of the fruit,
is nearly colourless; has a pleasant taste, and a tremulous con-
sistency. It is scarcely soluble in cold water; but very readily
in hot, and the solution again gelatinates on cooling. By long
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enough has been employed, the next addition will fall to the
bottom in a perfectly dry state. The dry muriate of lime may
be advantageuusly used as a substitute for alkali. The clear
liquid is next to be distilled by the heat of a water-bath ; and the
result is pure alcohol.

II. 1. Alcohol is considerably lighter than water, viz. in the
proportion of 800 or 820 to 1000. The spirit of wine of the
shops, however, containing much water, has the specific gravity
of 835 or 840. The quantity of alcohol in mixtures of that fluid
with water, of almost every degree of specific gravity, may be
learned from Mr. Gilpin’s copious Tables*.

9. Alcohol unites chemically with water ; and caloric is evolv-
ed during this union. Equal measures of alcohol and water,
each at 50° Faht, give by admixture an elevation of nearly 20°
of temperature ; and equal measures of proof-spirit and water
an increase of 94°. The bulk of the resulting liquid is less
also than that of the two before admixture.—Thus a pint of al-
cohol and a pint of water, when the mixture has cooled to the
temperature of the atmosphere, falls considerably short of two
pints.

3. Alcobol is highly inflammable. During its combustion,
carbonic acid is generated ; and a quantity of water is produced
which exceeds in weight the alcohol employed  An ingenious
apparatus, for the purpose of ascertaining this fact, is described
in the third part of Lavoisier’s Elements, and is represented in
the 9th plate to that work, fig. 5. The flame of alcohol acquires
a red colour from muriate of lime, and a deep blood-red from
the muriate of strontites.

4. Alcohol boils at 176°, and is converted into a gas, which
may be exploded by passing an electric spark through a mixture
of it with oxygen gas.

5. It has never yet been congealed by any degree of artificial
cold.

6. By transmission through an ignited porcelain tube, alcoholk
yields olefiant and hydro-carburet gases, with a small proportion
of carbonic acid gas. A portion of fine light sooty charcoal re-
mains in the tube.

7. Alcohol is a powerful solvent. It dissolves soap; vegeta-
ble extract; sugar; acidulous tartrite of potash; oxalic, cam-

 Phil. Trans. 1794 ; or an abstract in Nich. Journ. 4to. vol. i. See also
the Appendix.
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22 to 30 and upwards per cent. When the test is employed for
discovering iron, let a known weight of the salt be dissolved in
a given quantity of water; add the solution gradually; and ob-
serve how much is expended in effecting the precipitation. Be-
fore collecting the precipitate, warm the liquid, which generally
throws down a further portion of prussian blue. Let the whole
be washed and dried, and then calcined with wax. From the
weight of the oxide obtained, deduct that quantity which, by the
former experiment, is known to be present in the prussiate that
has been added ; and the remainder will denote the quantity of
oxide of iron, present in the liquid which is under examination.

3. Besides iron, the prussiated alkalies also precipitate mu-
riate of alumine. No conclusion, therefore, can be deduced,
respecting the non-existence of muriate of alumine from any
process, in which the prussic test has previously been used. It
will, therefore, be proper, if a salt of alumine be indicated by
other tests, to examine the precipitate effected by prussiate of
potash. This may be done by repeatedly boiling it to dryness
with muriatic acid, which takes up the alumine, and leaves the
prussiate of iron. From the muriatic solution, the alumine may
be precipitated by a solution of carbonate of potash.

4. According to Klaproth (ii. 55.), solutions of yttria, (which
earth, however, is not likely to be present in any mineral water)
afford with the prussian test, a white precipitate, passing to pearl-
arey, which consists of prussiate of yttria. This precipitate dis-
appears on adding an acid, and hence may be separated from
prussiated iton. The same accurate chemist states, that the
prussian test has no action on salts with base of glucine (ib.);
but that it precipitates zircon from its solutions. (ii. 214.)

The prussiated alkalies decompose, also, all metallic solu-
tions, excepting those of gold, platina, iridium, rhodium, os-
mium, and antimony.

XVII. Succinate of Soda and of Ammonia.

1. The succinate of soda was first recommended by Gehlen,
and afterwards employed by Klaproth (Contributions, ii. 48.) for
the discovery and separation of iron. The salt with base of am-
monia has also been used for a similar purpose by Dr. Marcet,
physician to Guy’s Hospital, in a skilful analysis of the Brighton
chalybeate, which is published in the new edition of Dr. Saun-
ders’s Treatise on Mineral Waters.

The succinic test is prepared by saturating carbonate of soda
or ammonia with this acid, alveady described, ch. xix. sect. 8.
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contained in the solution. In the first case, add the alkaline so-
lution, and, when it has ceased to produce any effect, let the se-
diment subside, decant the supernatant liquor, and wash and dry
the precipitate. The earths may be examined, according to the
rules that will be given in the following article. In the second
case, prussiate of potash must be added, as long as it precipitates
any thing, and the liquor must be decanted from the sediment,
which is to be washed with distilled water, adding the washings
to what has been poured off. The decanted solution must next
be mixed with the alkaline one, and the precipitated earths re-
served for experiment. By this last process, earths and metals
may be separated from each other.

(e.) Neutral salts with alkaline bases. These salts are not
precipitated either by prussiate or carbonate of potash. It may
happen, however, that salts of this class may be contained in a
solution, along with metallic or earthy ones. In this case the
analysis becomes difficult ; because the alkali, that is added to
precipitate the two last, renders it difficult to ascertain whether
the neutral salts are owing to this addition, or were originally
present. I am not aware of any method of obviating this diffi-
culty, except the following : Let the metals be precipitated by
prussiate of ammonia, and the earths by carbonate of ammonia,
in a temperature of 180° or upwards, in order to ensure the de-
compositicn of magnesian salts, which this carbonate does not
effect in the cold. Separate the liquor by filtration, and boil it
to dryness. Then expose the dry mass to such a heat as is suffi-
cient to expel the ammoniacal salts®*. Those with bases of fix-
ed alkali will remain unvolatilized. By this process, indeed, it
will be impossible to ascertain whether ammoniacal salts were
originally present ; but this may be learned by adding to the salt
under examination, before its solution in water, some pure pot-
ash, which, if ammonia be contained in the salt, will produce the
peculiar smell of that alkali. The vegetable and mineral alka-
lies may be distinguished by adding to the solution a little tarta-
rous acid, which precipitates the former but not the latter ; or by
muriate of platina, which acts only on the vegetable alkali.

Having ascertained the basis of the salt, the acid will easily be
discriminated. Muriated barytes will indicate sulphuric acid ;

* This application of heat will drive off, also, any excess of the ammo-
niacal carbonate, which might have retained in solution either yttria, glu-
cine, or zircon. The alkaline salts may be separated from these earths, by
builing the mixture in water, filtering, and evaporating.

39
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nitrate of silver the muriatic; and salts, containing nitric acid,
may be known by a detonation ensuing on projecting them, mix-
ed with powdered charcoal, into a red-hot crucible.

SECTIUN 1V.
Examination of Earths and Stones.

‘When a mineral, the composition of which we are desirous to
discover, resists the action of water, and possesses characters
that rank it among earthy bodies, the next object of inquiry is the'
nature of the earths that enter into its composition ; in other
words, how many of the simple earths, and which of them, it may
contain.—Of these earths (viz. silex, alumine, magnesia, lime,
strontites, barytes, zircon, glucine, and yttria), one or more may
be expected in the composition of a mineral, beside a small pro-
portion of metals, to which the colour of the stone is owing. In
general, however, it is not usual to find more than four of the
simple earths in one mineral. The newly discovered earths, zir-
con, glucine, and yttria, occur very rarely.

A stone, which is intended for chemical examination, should
be finely powdered, and care should be taken that the mortar is
of harder materials than the stone, otherwise it will be liable to
abrasion, and uncertainty will be occasioned in the result of the
process. A longer or shorter time is required, according to the
texture of the stone. Of the harder gems, 100 grains require
two or three hours trituration. For soft stones, a mortar of
‘Wedgewood’s ware is sufficient ; but, for very hard minerals, one
of agate, or hard steel, is required; and the stone should be
weighed both before and after pulverization, that the addition, if
any, may be ascertained and allowed for. Gems, and stones of
equal hardness, gain generally from 10 to 13 per cent. 'When a
stone is extremely difficult to be reduced to powder, it may some-
times be necessary to make it red-hot, and while in this state, to
plunge it into cold water. By this process it becomes brittle,
and is afterwards easily pulverized. But this treatment is not
always effectual ; For Klaproth found the hardness of corundum
not at all diminished by igniting it, and quenching in cold water.

The chemical agents, employed in the analysis of stones, should
be of the greatest possible purity. To obtain them in this state,
directions have been given in the former part of this work.

In treating of the analysis of stones, it may be proper to divide
them, 1st, into such as are soluble, either wholly or in part, and
with effervescence, in nitric or muriatic acids, diluted with five



CHAP, 1I. ANALYSIS OF MINERALS. 307

or six parts of water; and, 2dly, into such as do not dissolve in
these acids.

1. Earths or stones, soluble with effervescence, in diluted ni-
Iric or sulfifuric acids®.

(A.) If it be found, on trial, that the mineral under examina-
tion effervesces with either of these acids, let a given weight,
finely powdered, be digested with one of them diluted in the
above proportion, in a gentle heat, for two or three hours. As-
certain the loss of weight, in the manner pointed out, page 290,
and filter the solution, reserving the insoluble portion.

(B.) The solution, when effected, may contain lime, magne-
sia, alumine, barytes, or strontites. To ascertain the presence
of the two last, dilute an aliquot part of the solution with 20 times
its bulk of water, and add a little sulphuric acid, or, in prefe-
rence, solution of sulphate of soda. Should a white precipitate
fall down, we may infer the presence of barytes, of strontites, or
of both.

(C.) To ascertain which of these earths (viz. barytes or stron-
tites) is present, or, if both are contained in the solution, to sepa-
rate them from each other, add sulphate of soda till the precipi-
tate ceases; decant the supernatant liquid; wash the sediment
on a filter, and dry it.—Then digest it, with four times its weight
of pure carbonate of potash, and a sufficient quantity of water, ir.
a gentle heat, during two or three hours. A double exchange of
principles will ensue, and we shall obtain a carbonate of barytes
or strontites, or a mixture of both. Pour on these, after being
well washed, nitric acid, of the specific gravity 1.4, diluted with
an equal weight of distilled water. This will dissolve the stron-
tites, but not the barytes. To determine whether any strontites
has been taken up by the acid, evaporate the solution to dryness,
and dissolve the dry mass in aleohol. This alcoholic solution, if
it contain nitrate of strontites, will burn with a deep blood-red
flame.

Barytes and strontites may also be separated from each other
in the following manner: To a saturated solution of the twe
earths in an acid, add prussiate of potash, which, if pure, will oc-
casion no immediate precipitation ; but, after some time, small
and insoluble crystals will form on the surface of the jar. These
are the prussiated barytes, which may be changed into the car-
bonate by a red-heat, continued, with the access of air, till the

* The sulphuric acid is chiefly eligible for stones of the magnesian genus.
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a little more water, and dried in a low red-heat. To estimate
the quantity of lime, deduct, from the weight of the sulphate, 59
per cent.  According to Klaproth (vol. i. p. 76, n.), crystallized
sulphate of lime contains one-third of earth.

If the lime be only in very small proportion to the magnesia,
the two sulphates may be separated by evaporation, that of lime
erystallizing first.

From Klaproth’s experiments, 100 parts of sulphuric acid,
spec. gr. 1850, when saturated with lime, give 160 of sulphate.
To saturate 100 parts of this acid, 55 parts of pure lime are re-
quired, or 100 of carbonate of lime.

The magnesia is next to be precipitated from the sulphate by
the carbonate of potash, in a heat approaching 212°; and the
precipitate, after being well washed, must be dried, and calcin-
ed for an hour. Its weight, after calcination, will give the quan-
tity of magnesia contained in the stone.

(G.) If magnesia and alumine only be contained in a solution
(the absence of lime being indicated by the non-appearance of
a precipitate, on adding oxalate of ammonia), the two earths
may be separated by adding, to the cold solution, the carbonate
of ammonia. This will sepurate the alumine, which may be
collected, washed, and dried. To ascertain that a complete se-
paration of the two earths has been accomplished, the process
may be followed, recommended by Klaproth, vol. i. p. 418. The
magnesia, remaining in solution, may be precipitated by car-
benate of potash ; heat being applied, to expel the excess of car-
bonic acid.

Magnesia and alumine may, also, be separated by succinate
of soda, which precipitates the latter earth only. (Sce Sect. 1.
xvii. of the Chapter on Mineral Waters.)

When the solution of magnesia, of alumine, or of both, con-
tains a small proportion of iron, this may be separated from
either or both of the earths by evaporating to dryness, calcining
the residue, during one hour, in a low read-heat, and dissolving
again in dilute nitric acid, which does not take up iron when
thus oxydized.

(H.) The insoluble residue (A.) may contain alumine, silex,
and oxides, of metals, so highly charged with oxygen as to resist
the action of nitric and muriatic acids.

(a.) Add concentrated sulphuric acid, with a small quantity
of potash, and evaporate the mixture to dryness, in the vessel
described in the note, p. 508, On the dry mass pour a fresh
portion of the acid ; boil again to dryness, and let this be done,
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repeatedly, three or four times. By this operation, the alumine
will be converted into a sulphate of alumine and potash, which
will be easily soluble in warm water; and, from the solution,
crystals of alum will shoot on evaporation®. Let the sulphate
of alumine be washed off;, and the insoluble part be collected
and dried. The alumine may be precipitated by carbonate of
potash ; washed, dried, and ignited ; and its weight ascertained.

During the evaporation of a solution of alumine, which has
been separated from silex, portions of the latter earth continue
to fall, even to the last. (See Klaproth, i. p. 66. and 75.) These
must be collected, and washed with warm water; the collected
earth added to the portion (4), and the washings to the solu-
tion (a).

Alumine may be separated from oxide of iron by a solution
of pure potash. :

From whatever acid alumine is precipitated by fixed alkali, it
is apt to retain a small portion of the precipitant. To ascertain
the true quantity of this earth, it must, therefore, be re-dissolved
in acetous acid, again precipitated by solution of pure ammonia,
dried, and ignited.

(6.) The oxides (generally of iron only) may be separated
from the silex in the following manner :—Let the insoluble part
(a) be heated in a crucible with a little wax., This will render
the oxides soluble in diluted sulphuric acid, and the silex will
be left pure and white. Let it be washed, ignited, and its weight
ascertained.

2. Stones insoluble in diluted nitric and muriatic acids.

These stones must be reduced to powder, observing the cau-
tions given in page 307,

(I.) Let 100 grains, or any other determinate quantity, be mix-
ed with three times their weight of pure and dry potash. Put
the whole into a crucible of pure silver, set in one of earthen-
ware of a larger size, the interstice being filled with sand; and
add a little waterf. The crucible, covered with a lid, must then

# Mr. Klaproth procured erystals of alum from one fourth of a grain of
alumine. The quantity of alumine he estimates at one tenth the weight of
the crystallized alum which is obtained.

1 Klaproth effected the disintegration of eorundum (which resisted eleven
successive fusions with alkali) by adding to the powdered stone, in a eruci-
ble, a solution of pure potash, boiling to dryness, and pushing the mixture
to fusion. The alkali must be perfectly caustic, and must have been purified
by alcohol, as recommended page 82. A platina crucible is unfit for this
purpose, as it is corroded by pure alkalies.
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be gradually heated; and, as the materials swell and would boil
over, they are to be stirred constantly with a rod or spatula of
silver. When the moisture is dissipated, and the mass has be-
come quite dry, raise the heat, as far as can be done without
melting the crucible, if of silver, and continue the heat during
half an hour, or an hour.

The phenomena that occur during this operation indicate, in
some degree, the nature of the mineral under examination. If
the mixture undergo a perfectly liquid fusion, we may presume
that the stone contains much siliceous earth ; if it remain pasty
and opaque, the other earths are to be suspected; and, lastly, if
it have the form of a dry powder, the bulk of which has consi-
derably increased, it is a sign of the predominance of alumine.

If the fused mass have a dark green or brownish colour, the
presence of oxide of iron is announced ; a bright gheen indicates
manganese, especially if the colour be imparted to water; and a
yellowish green the oxide of chrome.

(a.) The disintegration of stones, consisting chiefly of alumine,
is not casily effected, however, by means of potash, Mr. Chenevix
found (Phil. Trans. 1802) that minerals of this class are much
more completely decomposed by fusion with caleined borax.
One part of the mineral to be examined, reduced to very fine
powder, and mingled with 2% or 3 times its weight of glass of
borax (see ch. xvi.), is to be exposed to a strong heat for two
hours in a crucible of plating, set in a larger earthen one, and
surrounded by sand. The crucible, and its contents, which ad-
here very strongly to it, are then to be digested, for some hours,
with muriatic acid, by which a perfect solution will be accom-
plished. The whole of the earthy part is then to be precipitated
by sub-carbonate of ammonia ; and the precipitate, after being
well washed, is to be re-dissolved in muriatic acid. By this
means, the borax is separated. The analysis is afterwards to be
conducted nearly in the manner which will presently be de-
scribed.

(K.) The crucible, being removed from the fire, is to be well
cleaned on the outside, and set, with its contents, in a porcelain
or glass vessel, filled with hot water, which is to be stirred and
rencwed, occasionally, till the whole mass is detached. The
water dissolves a considerable part of the compound of alumine
and silex with potash, and even the whole, if added in sufficient
quantity. During cooling, a sediment occasionally forms, in the
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(R.) It may be proper to examine the solution (P) alter the
addition of carbonate of potash, in order to discover whether any
and what acid was contained in the stone.

(a.) For this purpose, let the excess of alkali be neutralized
by muriatic acid, and the liquor filtered,

(5.) Add, to a little of this liquor, a solution of muriated
barytes. Should a copious precipitate ensue, which is insolu-
ble in dilute muriatic acid, the presence of sulphuric acid is de-
tected. And if much barytes, strontites, or lime, has been found
in the precipitate (Q), we may infer the presence of a sulphate
of one of these three earths.

(e.) Ify on mixing the liquid (a) with the solution of muriated
barytes, a precipitate ensues which is soluble, without efferves-
cence, in muriatic acid, the phosphoric acid may be known to
be present ; and, if lime be also found, the phospate of lime is
indicated.

(d.) To a portion of the liquor (&) add a solution of muriate
of lime till the precipitate, if any, ceases. Collect this preci-
pitate, wash it, dry it, and pour on it a little sulphuric acid.
Should acid fumes arise, the fluoric acid may be suspected. To
ascertain its presence decisively, distil a portion of the precipi-
tate with half its weight of sulphuric acid. The fluoric acid
will be known by its effects on the retort, and by the properties
described, chap. xvii.

(S.) The method of separating, from cach other, the metallic
oxides, usually found as the colouring ingredients of stones, re-
mains to be accomplished.

(a.) Let the precipitate, by the prussiate of potash (D), be
exposed to a red-heat, by which the prussic acid will be decom-
posed. The oxides thus obtained, if insoluble in dilute nitric or
muriatic acid, will be rendered soluble, by again calcining them
with the addition of a little wax or oil.

(6.) Or the process may be varied by omitting the precipita-
tion by prussiate of potash, and proceeding as directed (E) page
3J08.

The oxides will remain mixed with the magnesia and lime,
and, after the addition of sulphuric acid, will be held in solution,
by that acid, along with magnesia only.

In both cases the same method of proceeding may he adopted ;
such variation only being necessary as is occasioned by the pre-
sence of magnesia in the latter.

40
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ponent parts with that of the stone originally submitted to ex-
periment.

It may be proper to observe, that certain stones, which are

not soluble in diluted nitric and muriatic acids, may be decom-
posed by an easier process than that described (A). Among
these are the compounds of barytes, strontites, and lime, with
acids, chiefly with the sulphuric, fluoric, and phosphoric. The
sulphates of barytes, strontites, and lime ; the fluate of lime ; and
the phosphate of lime; are all found native in the earth, and,
except the last, are all insoluble in the above-mentioned acids.
They may be known generally by their external characters. The
compounds of barytes and strontites have a specific gravity
greater than that of other earths, but inferior to that of metallic
ores. They have, frequently, a regular or crystallized form, are
more or less transparent, have some lustre, and their hardness
is such as does not prevent their yielding to the knife. The
combinations of lime, with the above-mentioned acids, are dis-
tinguished by similar characters, except that they are much less
heavy. To the mineralogist the outward form and characters of
these stones are sufficient indications of their composition.

Instead of the fusion with alkali, an easier process may be re-
commended. Let the mineral under examination be reduced to
powder, and be digested, in nearly a boiling heat, during one or
two hours, with three or four times its weight of carbonate of
potash, and a sufficient quantity of distilled water. The acid,
united with the earth, will quit it and pass to the potash, while
the carbonic acid will leave the alkali and combine with the
earth. We shall obtain, therefore, a’ compound of the acid of
the stone with potash, which will remain in solution, while the
carbonated earths will form an insoluble precipitate. The solu-
tion may be assayed to discover the nature of the acid, accord-
ing to the formula (I); and the earths may be separated from
each other by the processes (B), &c.

(T.) In the foregoing rules for analysis I have omitted the
mode of detecting and separating glucine, because this earth is
of very rare occurrence. When alumine and glucine are pre-
sent in a mineral, they may be separated from the precipitate
(E. a.) by pure potash, which dissolves both these earths. A
sufficient quantity of acid is then to be added to saturate the al-
kali; and carbonate of ammonia is to be poured in till a consi-
derable excess of this carbonate is manifested by the smell.
The alumine is thus separated, but the glucine, being soluble
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in the carbonate of ammonia, remains dissolved, and may be
precipitated by boiling the solution.

(U.) Zircon may be separated from alumine, by boiling the
mixed earths with pure soda, which acts only on the latter. (Kla-
proth, vol. ii. p. 213.) From an acid solution containing both
carths, the alumine is thrown down by a saturated carbonate of
potash, which, when added in cxcess, re-dissolves the zircon.
Glucine and zircon, or glucine and yttria, may be separated,
when mixed together in solution, by prussiate of potash, which
has no action on glucine, but precipitates the two other earths.

(V.) To separate yttria from alumine, precipitate them from
a solution containing both earths, by pure ammonia; beil the
precipitate in a solution of pure soda, which chiefly takes up alu-
mine ; neutralize the solution with sulphuric acid, and add car-
bonate of soda to the solution, brought to the boiling tempera-
ture. A precipitate will ensue, consisting of alumine, with some
yttria. To separate the latter earth, dissolve in muriatic acid, and
add an excess of carbonate of ammonia, which takes up only the
yitria. To ensure, still farther, the purity of the alumine, dis-
solve the residue in an excess of sulphuric acid: add a small
portion of sulphate of potash, and crystallize the solution. The
crystals of alum, that are produced, contain 1-10th of alumine.

(W.) The presence of potash (which has lately been discover-
ed in some stones) may be detected by boiling the powdered
mineral, repeatedly, to dryness, with strong sulphuric acid. Wash
the dry mass with water, add a little excess of acid, and evapo-
rate the solution to a smaller bulk. If crystals of alum should
appear, it is a decisive proof of potash, because this salt can never
be obtained, in a crystallized form, without the addition of the
vegetable alkali. .

But, since a mineral may contain potash, and little or no alu-
mine, in which case no crystals of alum will appear, it may be
necessary, in the latter case, to add a little alumine along with the
sulphuric acid. Or the stone may be so hard as to resist the ac-
tion of sulphuric acid; and it will then be necessary to fuse it
(in the manner directed (I) with soda, which has also a solvent
power over alumine and silex. The fused mass is to be dissolv-
ed in water, and supersaturated with sulphuric acid. Evaporate
to dryness, re-dissolve in water; and filter, to separate the silex.
Evaporate the solution, which will first afford crystals of sulphate
of soda, and afterwards of sulphate of potash, should the latter
alkali be contained in the mineral.
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Klaproth first discovered potash in leucite, on summing up the
results of its analysis, which gave a considerable loss of weight.
By boiling the stone with diluted muriatic acid, and evaporation,
he obtained crystals of muriate of potash. Another proof of the
presence of potash was, that, when sulphuric acid was boiled with
it, the solution gave crystals of alum, to which potash is essen-
tial. He also boiled the stone with muriatic acid, and, after dis-
solving the muriate of alumine by alcohol, muriate of potash re-
mained. The volcanic leucite contained less potash than other
kinds. The same alkali he also detected, afterwards, in lepidolite.

The potash, contained in sulphate of alumine, may be separat-
ed from the earth by adding a solution of pure barytes as long
as any precipitation is produced. The alumine and sulphate of
barytes will fall down together, and the potash will remain in so-
lution. Its presence may be known by the tests, enumerated in
the first chapter of Part IL (Sec. 2.)

X. Soda may be detected in a mineral by the following expe-
riments :—Let the powdered stone be treated with sulphuric
acid, as in (U); wash off the solution, and add pure ammonia till
the precipitation ceases : then filter, evaporate the solution to dry-
ness, and raise the heat so as to expel the sulphate of ammonia.
The sulphate of soda will remain, and may be known by the cha-
racters, page 125.

Soda was first found, by Klaproth, in chryolite, in the large
proportion of 36 per cent. This analysis was confirmed by Vau-
quelin, whose mode of separating it happens to be the one I now
recommend. Both the fixed alkalies have since been frequently
discovered in native minerals; viz. soda in basalt (Klaproth, ii.
195); in pitch-stone (207); and in kling-stone, amounting to §
per cent. (182). The same skilful analyst bas found potash in
Hungarian pearl-stone (263); and, accompanicd by soda, in
pumice (20).

A new method has lately been proposed by Mr. Davy (Phil
Trans. 1803, or Nich. Journ. xiii. 86.), for analyzing stones, con-
taining either of the fixed alkalies ; viz. by means of the boracic
acid. The process is sufficiently simple. One hundred grains
of the stone to be examined must be fused, during half an hour,
at a strong red-heat, with 200 grains of boracic acid. An ounce
and half of nitric acid, diluted with 7 or 8 parts of water, must be
digested on the mass, till the whole has been decomposed. The
fluid must be evaporated, till its quantity is reduced to an ounce
aned half, or two ounces.
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by roasting the ore on a mufile, or by projecting it, mixed with
twice or thrice its weight of nitre into a red-hot crucible, wash-
ing off the alkali afterwards by hot water.

It is hardly possible to employ a solvent, capable of taking up
all the metals. Thus, the nitric acid does not act on gold or pla-
tina ; and the nitro-muriatic, which dissoives these metals, has
no solvent action on silver. It will be necessary, therefore, to
vary the solvent according to the naturc of the ore under exa-
mination.

1. For ores of gold and filatina, the nitro-muriatic acid is the
most proper solvent. A given weight of the ore may be digest-
ed with this acid, as long as it extracts any thing. The solution
may be evaporated to dryness, in order to expel the excess of
acid, and dissolved in water. The addition of a solution of mu-
riate of tin will show the presence of gold by a purple precipi-
tate ; and platina will be indicated by a precipitate, on adding a
solution of muriate of ammonia. When gold and platina are
both contained in the same solution, they may be separated from
each other by the last-mentioned solution, which throws down
the platina but not the gold. In this way platina may be detach-
ed, also, from other metals. .

When gold is contained in a solution, along with several other
metals, it may be separated from most of them by adding a di-
lute solution of sulphate of iron. The only metals, which this
salt precipitates, are gold, palladium, silver, and mercury.

2. For extracting silver from its ores, the nitric acid is the
most proper solvent. Nitric acid, however, does not act on horn-
silver ore, which must be decomposed by carbonate of soda. The
silver may be precipitated from nitvic acid by muriate of soda
(common salt). Every hundred parts of the precipitate contains
75 of silver. But, as lead may be present in the solution, and
this metal is also precipitated by muriate of soda, it may be pro-
per to immerse in the solution (which should not have any ex-
cess of acid) a polished plate of copper. This will precipitate
the silver, if present, in a metallic form. The muriate of silver
is also soluble in liquid ammonia, which that of lead is not. For
examples of the analysis of silver ores, the reader may consult
Klaproth, i. p. 554, &c.

3. Copifier ores may be analyzed by boiling them with five
times their weight of concentrated sulphuric acid, till a dry mass
is obtained, from which water will extract the sulphate of cop-
per. This salt i to be decomposed by a polished plate of iron,
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will collect. Scrape off the deposit, wash, dry, and fuse it under
a cover of tallow in a capsule placed on charcoal. A button of
pure metallic tin will remain at the bottom, the weight of which,
deducted from that of the ore, indicates the proportion of oxygen.

The presence of tin in an ore is indicated by a purple preci-
pitate, on mixing its solution in muriatic acid with one of gold
in nitro-muriatic acid.

6. Lead ores may be analyzed by solution in nitric acid, dilut-
ed with un equal weight of water. The sulphur, if any, will re-
main undissolved. Let the solution be precipitated by carbonate
of soda. 1If any silver be present, it will be taken up by pure
liquid ammonia. Wash off the excess of ammonia by distilied
water; and add concentrated sulphuric acid, applying heat, so
that the muriatic acid may be wholly expelled. Weigh the sul-
phate of lead, and, after deducting 70 per cent. the remainder
shows the quantity of lead.

Muriate of lead may also be separated from muriate of silver
by its greater solubility in warm water. From the solution, iron
may be separated by prussiate of potash, and the solution de-
composed by sulphuric acid.

7. Mercury may be detected in ores that are supposed to con-
tain it, by distillation in an earthen retort with half their wmght
of iron filings or lime. The mercury, if any be present, will
rise and be condensed in the receiver.

8. Ores of zinc may be digested with the nitric acid, and the
part that is dissolved boiled to dryness, again dissolved in the
acid, and again evaporated, By this means the iron, if any be
present, will be rendered insoluble in dilute nitric acid, which
will take up the oxide of zine. To this solution add pure liquid
ammonia, in excess, which will separate the lead and iron, if
any should have been dissolved ; and the excess of alkali will re-
tain the oxide of zinc. This may be separated by the addition
of an acid, or by the evaporation of the solvent.

9. Antimonial ores. Dissolve a given weight, in three or four
parts of muriatic and one of nitric acid. This will take up the
antimony, and leave the sulphur, if any. On dilution with water,
the oxide of antimony is precipitated, and the iron and mercury
remain dissolved. Lead may be detected by sulphuric acid. See
Klaproth on the Analysis of Antimoniated Silver Ore, i. p. 560.

10. Ores of arsenic may be digested with nitro-muriatic acid,
composed of one part nitric, and one and a half or two of mu-
riatic acids. Evaporate the solution to one fourth, and add water,
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which will precipitate the arsenic. The iron may afterwards
be separated by ammonia. See Chenevix, Phil. Trans. 1801,
p- 215.

11. Ores of bismuth are also assayed by digestion in nitric acid
moderately diluted. The addition of water precipitates the oxide,
and, if not wholly separated at first, evaporate the solution ; after
which, a farther addition of water will precipitate the remainder.
See Analysis of an Ore of Bismuth and Silver, in Klaproth, i. p.
554 ; Mode of detecting a small Quantity of Silver in Bismuth,
ditto, p. 220. c.

12. Ores of cobalt may be dissolved in nitro-muriatic acid.
Then add carbonate of potash, which, at first, separates iron and
arsenic. Filter, and add a farther quantity of the carbonate,
when a greyish-red precipitate will fall down, which is oxide of
cobalt. The iron and arsenic may be separated by heat, which
volatilizes the arsenic. Cobalt is also ascertained, if the solution
of an ore in muriatic acid give a sympathetic ink. See chap.
xix. sect. 18. An example of the analysis of an ore of cobalt
may be seen in Klaproth, i. p. 564; and of sulphate of cobalt, p.
579.

13. Ores of nickel. Dissolve them in nitric acid, and add to
the solution pure ammonia, in such proportion that the alkali
may be considerably in excess. This will precipitate other
metals, and will retain the oxide of nickel in solution, which
may be obtained by evaporation to dryness, and heating the dry
mass till the nitrate of ammonia has sublimed,

14. Ores of manganese. T he earths, and several of the metals,
¢ontained in these ores, may first be separated by diluted nitric
acid, which does not act on highly oxydized manganese. The
ore may afterward be digested with strong muriatic acid, which
will take up the oxide of manganese. Oxygenized muriatic
acid will arise, if a gentle heat be applied, and may be known by
its peculiar smell, and by its discharging the colour of wet lit-
mus paper exposed to the fumes. From muriatic acid the man-
canese is precipitated by carbonate of soda, in the form of a
white oxide, which becomes black when heated in a crucible.
Ores, suspected to contain manganese, may also be distilled fier
se, or with sulphuric acid, when oxygen gas will be obtained.
Osxide of manganese may be separated from oxide of iron by so-
fution of pure potash, which takes up the former but not the
Jatter. See the analysis of an ore of manganese, via Aumida, in
Klaproth 1. p. 510; and of a cobaltic ore of manganese, p. 569.
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Ores of manganese may also be distinguished by the colour
they impart to borax, when exposed together to the blow-pipe.
See chap. xviil. sect. 19,

15. Ores af uranium. These may be dissolved in dilute nitric
acid, which takes up the uranitic oxide, and leaves that of iron;
or in dilute sulphuric acid, which makes the same election ; or,
if any iron has got into the solution, it may be precipitated by
zinc. Then add caustic potash, which throws down the oxide of
zinc and uranium. The former may be separated by digestion
in pure ammonia, which leaves, undissolved, the oxide of ura-
nium. This, when dissolved by dilute sulphuric acid, affords,
on evaporation, crystals of a lemon-yellow colour.

If copper be present, it will be dissolved, along with the zinc,
by the ammonia. If lead, it will form, with sulphuric acid, a
salt much less soluble than the sulphate of uranium, and which,
on evaporation, will therefore separate first.

16. Ores of tungsten. For these the most proper treatment
seems to be digestion in nitro-muriatic acid, which takes up the
earths and other metals. The tungsten remains in the form of
a yellow oxide, distinguishable, by its becoming white on the
addition of liquid ammonia, from the oxide of uranium. To re-
duce this oxide to tungsten, mix it with an equal weight of dried
blood, heat the mixture to redness, press it into another cruci-
ble, which should be nearly full, and apply a violent heat for an
hour at least.

17. Ores of molybdena. Repeated distillation to dryness, with
nitric acid, converts the oxide into an acid, which is insoluble in
nitric acid, and may be thus separated from other metals, ex-
cept iron, from which it may be dissolved by sulphuric or mu-
riatic acids. The solution in sulphuric acid is blue, when cold,
but colourless, when heated. That in muriatic acid is only blue,
when the acid is heated and concentrated. (See Hatchett's
Analysis of the Carinthian Molybdate of Lead, Phil. Trans. 1796;
and Klaproth, vol. i. p. 534, 538.)

Respecting the ores of the remaining metals, sufficient in-
formation has been already given for the purposes of the general
student, in part i. chap. xviii. of this work ; and they are of such
rare occurrence, that it is unnecessary to describe them more
in detail. It may be proper, however, to state where the best
examples of the analysis of each may be found.

18. Ores of titanium. Consult Gregor in Journ. de Physigue,
xxxix. 72. 152; Klaproth, 1. 496; and Chenevix, Nich. Journ.

v. 132.
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entirely from the body, and its whole contents washed out into
an earthen or glass vessel. The arsenic, on account of its grea-
ter specific gravity, will settle to the bottom, and may be obtain-
ed separate by washing off the other substances, by repeated af-
fusions of cold water. These washings should not be thrown
away till the presence of arsenic has been clearly ascertained. It
may be expected at the bottom: of the vessel in the form of a
white powder, which must be carefully collected, dried on a fil-
ter, and submitted to experiment.

(A.) Boil a small portion of the powder with a few ounces of
distilled water, in a clean Florence flask, and filter the solution.

(B.) To this solution add a portion of water, saturated with
sulphuretted hydrogen gas. If arsenic be present, a golden-yel-
low sediment will fall down, which will appear sooner, if a few
drops of acetic acid be added.

(C.) A similar effect is produced by the addition of sulphuret
of ammonia.

(D.) To alittle of the solution (A.), add a single drop of a
weak solution of carbonate of potash, and afterward a few drops
of a sulotion of sulphate of copper. The presence of arsenic will
be manifested by a yellowish-green precipitate ; or boil a portion
of the suspected powder with a dilute solution of pure potash,
and with this precipitate the sulphate of copper, when a similar
appearance will ensue still more remarkably, if’ arsenic be pre-
sent. The colour of this precipitate is perfectly characteristic.
It is that of the pigment called Scheele’s green. (See chap. xviii.
sect. 17.) To identify the arsenic with still greater certainty, it
may be proper, at the time of making the experiments on a sus-
pected substance, to perform similar ones, as a standard of com-
parison, on what is actually known to be arsenic. Let the colour,
therefore, produced by adding an alkaline solution of the sub-
stance under examination, to a solution of sulphate of copper, be
compared with that obtained by a similar admixture of a solution
of copper with one of real arsenic in alkali.

(E.) The sediments, produced by any of the foregoing expe-
riments, may be collected, dried, and laid on red-hot charcoal.
A smell of sulphur will first arise, and will be followed by that
of garlic.

(F.) But the most decisive mode of determining the presence
of arsenic, is by reducing it to a metallic state, in which its cha-
racters are clear and unequivocal. For this purpose, let a por-
tion of the white sediment, collected from the contents of the sto-
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mach, be mixed with three times its weight of black flux (see
page 222); or if this cannot be procured, with two parts of very
dry carbonate of potash (the salt of tartar of the shops ), and one
of powdered charcoal. Procure a tube eight or nine inches long,
and one-sixth of an inch in diameter, of thin glass, scaled her-
metically at one end. Coat the closed end with clay, for about
an inch, and let the coating dry. Then put into the tube the mix-
ture of the powder and its flux, and if any should adhere to the
inner surface, let it be wiped off by a feather, so that the inner
surface of the upper part of the tube may be quite clean and dry.
Stop the end of the tube loosely, with a little paper, and heat the
coated end only, on a chafing-dish of red-hot coals, taking care
to avoid breathing the fumes. The arsenic, if present, will rise
to the upper part of the tube, on the inner surface of which it
will form a thin brilliant coating. Break the tube, and scrape off
the reduced metal. Lay a little on a heated iron, when, if it be
arsenic, a dense smoke will arise, and a strong smell of garlic
will be perceived. The arsenic may be farther identified, by
putting a small quantity between two polished plates of copper,
surrounding it by powdered charcoal, to prevent its escape, bind-
ing these tightly together by iron wire, and exposing them to a
low red-heat. If the included substance be arsenic, a white stain
will be left on the copper.

(G.) It may be proper to observe, that neither the stain on
copper, nor the odour of garlic, is produced by the white oxide
of arsenic, when heated without the addition of some inflamma-
ble ingredient. The absence of arsenic must not therefore be in-
ferred, if no smell is occasioned by laying the white powder ona
heated iron.

The late celebrated Dr. Black ascertained, that all the neces-
sary experiments, for the detection of arsenic, may be made on a
single grain of the white oxide ; this small quantity having pro-
duced, when heated in a tube with its proper flux, as much of the
metal as clearly established its presence.

If the quantity of arsenic in the stomaeh should be so small,
which is not very probable, as to occasion death, and yet to re-
:mmn suspended in the washings, the whole contents, and the
water employed to wash them, must be filtered, and the clear li-
quor assayed for arsenic by the tests (B.), (C.), (D.), and (E.).
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SECTION L
Discovery of Corrosive Sublimate,

Corrosive sublimate (the muriate of mercury), next to arse-
nic, is the most virulent of the metallic poisons. It may be col-
lected by treating the contents of the stomach in the manner al-
ready described ; but as it is more soluble than arsenic, viz. in
about 19 times its weight of water, no more water must be em-
ployed than is barely sufficient, and the washings must be care-
fully preserved for examination.

If a powder should be collected, by this operation, which
proves, on examination, not to be arsenic, it may be known to be
corrosive sublimate by the following characters.

(A.) Expose a small quantity of it, without any admixture, to
heat, in a coated glass tube, as directed in the treatment of arse-
nic. Corrosive sublimate will be ascertained by its rising to the
top of the tube, lining the inner surface in the form of a shining
white crust.

(B.) Dissolve another portion in distilled water; and it may be
proper to observe how much of the salt the water is capable of
taking up.

(C.) To the watery solution add a little lime-water. A preci-
pitate of an orange-yellow colour will instantly appear-.

(D.) To another portion of the solution add a single drop of a
dilute solution of carbonate of potash (salt of tartar). A white
precipitate will appear; but, on a still farther addition of alkali,
an orange-coloured sediment will be formed.

(E.) The carbonate of soda has similar effects.

(F.) Sulphuretted water throws down a dark-coloured sedi-
ment, which, when dried and strengly heated, is wholly volatiliz-
ed, without any odour of garlic.

The enly mineral poison of great virulence that has not been
mentioned, and which, from its being little known to act as such,
it is very improbable we should meet with, is the carbonate of
barytes. This, in the country where it is found, is employed as
a poison for rats, and there can be no doubt would be equally de-
structive to human life. It may be discovered by dissolving it in
muriatic acid, and by the insolubility of the precipitate which
this solution yields on adding sulphuric acid, or sulphate of soda.
Barytic salts, if these have been the means of poison, will be
contained in the water employed to wash the contents of the sto«
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mach, and will be detected, on adding sulphuric acid, by a co-
pious precipitate.

SECTION IIL

' Method of detecting Copper or Lead.

Copper and lead sometimes gain admission into articles of food,
in consequence of the employment of kitchen utensils of these
materials.

I. If corpER be suspected in any liquor, its presence will be
ascertained by adding a solution of pure ammonia, which will
strike a beautiful blue colour. If the solution be very dilute, it
may be concentrated by evaporation ; and if the liquor contain a
considerable excess of acid, like that used to preserve pickles, as
much of the alkali must be added as is more than sufficient to sa-
turate the acid.

II. LeAD is occasionally found, in sufficient quantity to be in-
jurious to hcalth, in water that has been kept in leaden vessels,
and sometimes even in pump-water, in consequence of this me-
tal being used in the construction of the pump. Acetate of lead
has also been known to be fraudulently added to bad wines, with
the view of concealing their defects.

Lead may be discovered by adding, to a portion of the sus-
pected water; about half its bulk of water impregnated with sul-
phuretted hydrogen gas. If lead be present, it will be manifest-
ed by a dark-brown, or blackish tinge. This test is so delicate,
that water, condensed by the leaden worm of a still-tub, is sen-
sibly affected by it. It is also detected by a similar effect ensu-
ing on the addition of sulphuret of ammonia, or potash.

The competency of this methed, however, to the discovery of
very minute quantities of lead, has been lately set aside by the
experiments of Dr. Lambe*, the author of a skilful analysis of
the springs of Lemington Priors, near Warwick. By new me-
thods of examination, he has detected the presence of lead in se-
veral spring-waters, that manifest no change on the addition of
the sulphuretted test; and has found that metal in the precipi-
tate, separated from such waters by the carbonate of potash or
soda. In operating on these waters, Dr. Lambe noticed the fol-
lowing appearances. ;

* See his  Researches into the Properties of Sprmg Water.” 8vo. Lon-
don. Johnson. 1303,
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(a.) The test forms sometimes a dark cloud, with the pre-
cipitate effected by alkalies, which has been re-dissolved in ni-
tric acid.

(5.) Though it forms, in other cases, no cloud, the precipitate
itself becomes darkened by the sulphuretted test.

(e.) The test forms a white cloud, treated with the precipitate
as in (¢). These two appearances may be united.

(d.) The test neither forms a cloud, nor darkens the preci-

pitate. '
(e.) In the cases (8), (¢); (@), heat the precipitate, in contact
with an alkaline carbonate, to redness; dissolve out the carbonate
by water ; and treat the precipitate as in (a). The sulphuretted
test then forms a dark cloud with the solution of the precipitate.
In these experiments, it is essential that the acid, used to re-dis-
solve the precipitate, shall not be in excess ; and if it should so
happen, that excess must be saturated before the test is applied.
1t is better to use so little acid, that some of the precipitate may
femain undissolved.

() Instead of the process (¢) the precipitate may be exposed
without addition, to a red-heat, and then treated as in (a). In this
case, the test will detect the metallic matter ; but with less cer-
tainty than the foregoing one.

The nitric acid, used in these experiments, should be per-
fectly pure; and the test should be recently prepared, by satu-
rating water with sulphuretted hydrogen gas.

Another mode of analysis, employed by Dr. Lambe, consists in
precipitating the lead by muriate of soda; but as muriate of lead
is partly soluble in water, this test cannot be applied to small
portions of suspected water. The precipitate must be, therefore,
collected from two or three gallons, and heated to redness with
twice its weight of carbonate of soda. Dissolve out the soda; add
nitric acid, saturating any superfluity; and then apply the sul-
phuretted test.

The third process, which is the most satisfactory of all, and is
very easy, except for the trouble of collecting a large quantity of
precipitate, is the actual reduction of the metal, and its exhibi-
tion in a separate form. The precipitate may be mixed with its
own weight of alkaline carbonate, and exposed cither with or
without the addition of a small proportion of charcoal, to heat
sufficient to melt the alkali. On breaking the crucible, a small
globule of lead will be found reduged at the bottom. The preci-
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pitate from about fifty gallons of water yiclded Dr. L. about two
grains of lead.

For discovering the presence of lead in wines, a test, invented
by Dr. Hahnemann, and known by the title of Hahnemann’s
wine-test, may be employed. This test is prepared by putting
together, into a small vial, sixteen grains of sulphuret of lime,
prepared in the dry way (by exposing to a red-heat, in a covered
crucible, equal weights of powdered lime and sulphur, accu-
rately mixed), and 20 grains of acidulous tartrite of potash (cream
of tartar). The vial is to be filled with water, well corked, and
occasionally shaken for the space of ten minutes. When the
powder has subsided, decant the clear liquor, and preserve it, in
a well-stopped bottle, for use. The liquor, when fresh prepared,
discovers lcad by a dark-coloured precipitate. A further proof
of the presence of lead in wines is the occurrence of a precipitate
on adding a solution of the sulphate of soda.

The quantity of lead, which has been detected in sophisticated
wine, may be estimated at forty grains of the metal in every fifty
gallons. (Lambe, p. 175.)

When a considerable quantity of acetate of lead has been taken
into the stomach (as sometimes, owing to its sweet taste, hap-
pens to children), after the exhibition of an active emetic, the
hydro-sulphuret of potash or of ammonia may be given ; or a so-
lution of the common sulphuret.

In cases of the accidental swallowing of sulphuric acid, which
also sometimes happens to children, M. Fourcroy recommends
the speedy administration of a solution of soap, or a mixture of
carbonate of magnesia or carbonate of lime (common chalk} with
water. (Systéme, vol. i. p. 240.)

. e

CHAPTER IL

HULES FOR ASCERTAINING THE PURITY OF CHEMICAL PREPA-
RATIONS, EMPLOYED FOR THE FPURPOSES OF MEDICINE, AND
FOR OTHER USES.

1. Sulphuric acidy—JAcidam Vitriolicum of the London Pharma-
cofiwia,—0il of Vitriol,

Tue specific gravity of sulphuric acid should be 1850. It
should remain perfectly transparent when diluted with distilled
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water. If a sediment occur, on dilution, it is a proof of the pre-
sence of sulphate of lead or of lime.

Iron may be detected in sulphuric acid, by saturating a diluted
portion of it with pure carbonate of soda, and adding prussiate of
potash, which will manifest the presence of iron by a prussian
blue precipitate ; or it will be discovered by a purplish or black-
ish tinge, on the addition of tincture of galls to a similarly satu-
rated portion. Copper may be discovered, by pummg, into a
similarly saturated solution, pure solution of ammonia; and lead
may be detected by the sulphuret of ammonia. The latter metal,
however, is generally precipitated, on dilution, in combination
with sulphuric acid.

Sulphate of potash or of soda may be found by saturating the
diluted acid with ammonia, evaporating to dryness, and applying
a pretty strong heat. The sulphate of ammonia will escape, and
that of potash or of soda will remain, and may be distinguished
by its solubility and other characters. See chap. xi. sec. 4,

2. Nitric and Nitrous Acids —Acidum Nitrosum, Pharm. Lond.
—Agua Fortis.

The nitric acid should be perfectly colourless, and as limpid
as water. It should be preserved in a dark place, to prevent its
conversion into the nitrous kind.

These acids are most likely to be adulterated with sulphuric
and muriatic acids. The sulphuric acid may be discovered by
adding to a portion of the acid, largely diluted, nitrated or mu-
riated barytes, which will occasion, with sulphuric acid, a white
and insoluble precipitate. The muriatic acid may be ascertain-
ed by nitrate of silver, which affords a sediment, at first white,
but which becomes coloured by exposure to the direct light of
the sun. Both these acids, however, may be present at once;
and, in this case, it will be necessary to add a solution of nitrate
of barytes, as long as any precipitate falls, which will separate
the sulphuric acid. Let the sediment subside, decant the clear
liquor, and add the nitrate of silver. If a precipitate appear,
muriatic acid may be inferred to be present also. Muriatic acid
may, also, be detected by adding a solution of sulphate of silver.

These acids should have the specific gravity of 1550.

3. Muriatic Acidy—Acidum Muriaticum, P. L—Spiri¢t of Salt.

This acid generally contains iron, which may be known by its
yellow colour; the pure acid being perfectly colourless, It may
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also be detected by the same mode as was recommended in exa-
mining sulphuric acid.

Sulphuric acid is discoverable by a precipitation, on adding,
to a portion of the acid, diluted with five or six parts of pure
water, a solution of the muriate of barytes.

The specific gravity of this acid should be at least 1170.

4, Acetic Acidy—Acidum Acetosum, P. L.— Radical or concen-
trated Vinegar.

This acid is often contaminated by sulphurous and sulphuric
acid. The first may be known by drawing a little of the vapour
into the lungs, when, if the acid be pure, no unpleasant sensa-
tion will be felt; but, if sulphurous acid be contained in the
acetic, it will not fail to be discovered in this mode. The sul-
phuric acid is detected by muriated barytes ; copper, by super-
saturation with pure ammonia; and lead, by sulphuret of am-
monia.

The specific gravity of this acid should be 1060 at least.

5, Acetous Acid—Acetum Distillatum, P. L —Distilled Vinegar.

If vinegar be distilled in copper vessels, it can hardly fail be-
ing contaminated by that metal ; and, if a leaden worm be used
for its condensation, some portion of lead will certainly be dis-
solved. The former metal will appear on adding an excess of
solution of pure ammonia ; and lead will be detected by the sul-
phuretted ammonia, or by water saturated with sulphuretted hy-
drogen. (See the preceding chapter.}

1t is not unusual, in order to increase the acid taste of vine-
gar, to add sulphuric acid. This acid may be immediately dis-
covered by solutions of barytes, which, when vinegar has been
thus adultered, throw down a white precipitate.

6. Boracic Acidy—Sedative Salt of Homberg.

Genuine boracic acid should totally dissolve in five times its
weight of boiling alcohol; and the solution, when set on fire,
should emit a green flame. The best boracic acid forms small
hexangular scaly crystals of a shining silvery white colour. Its
specific gravity is 1480,

7. Tartarous Acid.

This acid often contains sulphuric acid; to discover which,
let a portion be dissolved in water, and a solution of acetite of
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lead be added. A precipitate will appear, which, if the acid be
pure, is entirely re-dissolved by a few drops of pure nitric acid,
or by a little pure acetic acid. If any portion remain undissolv-
ed, sulphuric acid is the cause. Muriate of barytes, also, when
the acid is adulterated with sulphuric acid, but not otherwise,
zives a precipitate insoluble by an excess of muriatic acid.

8. Jcid of Amber.

Acid of amber i1s adulterated, sometimes with sulphuric acid
and its combinations ; sometimes with tartarous acid ; and at
others with muriate of ammonia.

Sulphuric acid is detected by solutions of barytes; tartarous
acid by carbonate of potash, which forms a difficultly soluble tar-
trite ; and muriate of ammonia by nitrate of silver, which disco-
vers the acid, and by a solution of pure potash, which excites a
strong smell of ammonia.

Pure acid of amber is a crystalline white salt of an acid taste,
soluble in twenty-four parts of cold, or eight of hot water, and is
volatilized, when laid on red-hot iron, without leaving any ashes
or other residue.

9, Acid of Benzoin—Flores Benzoes, P, L,

This acid is not very liable to adulteration. The best has a
brilliant white colour and a peculiarly grateful smell. It is solu-
ble in a large quantity of boiling water or alcohol, and leaves no
residue when placed on a heated iron.

10. Sub-carbonate of Potash—Kali Prcharatum, P. L.

The salt of tartar of the shops generally contains sulphate and
muriate of potash, and siliceous and calcareous earths. It should
dissolve entirely, if pure, in twice its weight of cold water ; and
any thing that remains undissolved may be regarded as an impu-
rity. Sometimes one fourth of foreign mixtures may thus be
detected, the greater part of which is sulphate of potash. To
ascertain the nature of the adulteration, dissolve a portion in
pure and diluted nitric acid : the siliceous earth only will re-
main undissolved. Add, to one portion of the solution, nitrate
of barytes ; this will detect sulphate of potash by a copious pre-
cipitate. To another portion add nitrate of silver, which will dis-
cover muriatic salts ; and, to a third, oxalate or fluate of ammo-
nia, which will detect calcareous earth.

43
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discovered by adding to the alkali, saturated with nitric acid, the
appropriate tests already often mentioned.

15. Solution of pure Ammoniain Water —.Adqua Ammonie ure,
P. L—S8trong Spirit of Sal Ammoniac.

T'he volatile alkali, in its purest state, exists as a gas conden-
sible by water, and its solution in water is the only form under
which it is applicable to useful purposes. This solution should
contain nothing besides the volatile alkali ; the alkali should be
perfectly free from carbonic acid, and should be combined with
water in the greatest possible proportion. The presence of other
salts may be discovered by saturating a portion of the solution
with pure nitric acid, and adding the tests for sulphuric and mu-
riatic acids. Carbonic acid is shown by a precipitation on mix-
ing the solution with one of muriate of lime ; for this earthy
salt is not precipitated by pure ammonia. The only mode of de-
termining the strength of the solution is by taking its specific
gravity, which, at 602 of Fahrenheit, should be as 905, or there-

abouts, to 1000,

16. Spirit of Hartshorny—Liquor Volatilis Cornu Cervi, P. L.

This may be counterfeited by mixing the aqua ammoniz
purz with the distilled spirit of hartshorn, in order to increase
the pungencyof its smell; and to enable it to bear an addition of
water. The fraud is detected by adding alcohel to the sophis-
ticated spirit; for, if no considerable coagulation ensues, the
adulteration is proved. It may also be discovered by the usual
effervescence not ensuing with acids. The solution should have
the specific gravity of 1500.

17. Sulphate of Soday—Natron Vitriolatum, P. L.—Glauber’s
Salt.

This salt ought not to contain an excess of either acid or al-
kali, both of which may be detected by the vegetable infusions,
page 281. Nor should it be mixed with earthy or metallic salts;
the former of which are detected by carbonate, and the latter
by prussiate of potash. Muriate of soda is discovered by adding
nitrate of barytes till the precipitate ceases,and afterwards nitrate
of silver, or more simply by a solution of sulphate of silver. Sul-
phate of potash is discovered by its more sparing solubility. The
sulphate of soda, however, being itself one of the cheapest salts,
there is a little risk of its being intentionally sophisticated.
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if the suspected salt be present, will occasion a copious preci-
pitate. The tartrite is also detected by its forming a precipitate
with acetate of lead or muriate of barytes, soluble in acetic or
muriatic acid; and sulphates by a precipitate with the same
agents, insoluble in acids.

23, Neutral Tartrite of Potash—Kali Tartarizatum, P, I.—
Soluble Tartar.

This salt should afford a very copious precipitate on adding
tartarous acid. The only salt likely to be mixed with it is sul-
phate of soda, which may be detected by a precipitate with mu-
riated barytes, insoluble in diluted muriatic acid.

24. Acidulous Tartrite of Potash—Tartarum Purificatum, P,
L.—Cream of Tartar.

The only substance with which this salt is likely to be adul-
terated is sulphate of potash. To determine whether this be
present, pour, on about half an ounce of the powdered crystals,
two or three ounce-measures of distilled water ; shake the mix-
ture frequently, and let it stand one or two hours. The sulphate
of potash, being more soluble than the tartrite, will be taken up;
and may be known by the bitter taste of the solution, and by a
precipitate, on adding muriate of barytes, which will be insolu-
ble in muriatic acid.

25. Compiound Tartrite of Soda and Potash,~=Natron Tartariza-
tumy P, L.—Rochelle or Seignette’s Salt.

Sulphate of soda, the only salt with which this may be ex-
pected to be adulterated, is discovered by adding to a solution of
Rochelle salt the acetite of lead or muriate of barytes.—The
former, if the sulphate be present, affords a precipitate insoluble
in acetous acid, and the latter one insoluble in muriatic acid.

26. Sulphate of Magnesia,—Magnesia Vitriolata, P. L —Efisom
Salt.

This salt is very likely to be adulterated with sulphate of soda,
or Glauber’s salt, which may be made to resemble the magne-
sian salt in appearance, by stirring it briskly at the moment
when it is about to crystallize. The fraud may be discovered
very readily if the salt consists entirely of the sulphate of soda,
because no precipitation will ensue on adding carbonate of pot-
ash. If only a part of the salt be sulphate of soda, detection is
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of the sulphuret of ammonia, also, should immediately precipi-
tate a gold-coloured sulphuret of antimony.

31. Muriate of Mercury,—Hydrargyrus Muriatus, P. L.—Cor-
sostve Sublimate.

If there be any reason to suspect arsenic in this salt, the fraud
may be discovered as follows :—Dissolve a small quantity of the
sublimate in distilled water; add a solution of carbonate of am-
monia till the precipitate ceases, and filter the solution. If; on
the addition of a few drops of ammoniated copper® to this solu-
tion, a precipitate of 2 yellowish green colour is produced, the
sublimate contains arsenic.

52. Sub-Muriate of Mereury,—Calomel, P. L.

Calomel should be cempletely saturated with mercury. This
may be ascertained by boiling, for a few minutes, one part of
calomel with 1-32d part of muriate of ammonia (sal ammoniac)
in 10 parts of distilled water. When carbonate of potash is ad-
ded to the filtered solution, no precipitation will ensue if the
calomel be pure. This preparation, when rubbed in an earthén
mortar with pure ammonia, should become intensely black, and
should exhibit nothing of an orange hue.

33. Mercury, or Quicksilvery—Hydrargyrus, P. L.

Scarcely any substance is so liable to adulteration as mercury,
owing to the property which it possesses of dissolving complete-
ly some of the baser metals. This union is so strong, that they
even rise along with the quicksilver when distilled. The im-
purity of mercury is generally indicated by its dull aspect; by
its tarnishing and becoming covered with a coat of oxide, on
long exposure to the air; by its adhesion to the surface of glass;
and, when shaken with water in a bottle, by the speedy formation
of a black powder. Lead and tin are frequent impurities, and
the mercury becomes capable of taking up more of these if zinc
or bismuth be previously added. In order to discover lead, the
mercury may be agitated with a little water, in order to oxydize
that metal. Pour off the water, and digest the mercury with a
little acetous acid. This will dissolve the oxide of lead, which
will be indicated by a blackish precipitate with sulphuretted
water. Or, to this acetous solution, add a little sulphate of soda,

* Prepared by digesting a little verdegris in the solution of pure ammonia.
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which will precipitate a sulphate of lead, containing, when dry,
72 per cent. of metal. If only a very minute quantity of lead be
present, in a large quantity of mercury, it may be detected by
solution in nitric acid and the addition of sulphuretted water. A
dark brown precipitate will ensue, and will subside if allowed to
stand a few days. One part of lead may thus be scparated from
15263 parts of mercury®. Bismuth is detected by pouring a ni-
tric solution, prepared without heat into distilled water; a white
precipitate will appear if' this metal be present. Tin is mani-
fested, in like manner, by a weak solution of nitro-muriate of
gold, which throws down a purple sediment; and zinc, by ex-
posing the metal to heat.

34. Red Oxide of Mercuryy—Hydrargyrus Calcinatus, P. L,

This substance is rarely found adulterated, as it would be diffi-
cult to find a substance well suited to this purpose. If well pre-
pared, it may be totally volatilized by heat.

35. Red Oxide of Mercury by Nitric Acidy— Hydrargyrus Ni-
tratus Ruber, P. L.—Red Precifiitate.

This is very liable to adulteration with minium, or red-lead.
The fraud may be discovered by digesting it in acetic acid, and
adding to the solution sulphuretted water, or sulphuret of am-
monia, which produce, with the compounds of lead, a dirty dark
coloured precipitate. It should also be totally volatilized by heat.

36. White Oxide of Mercury—Calx Hydrargyri Alba, P. L—
White Precifiitate.

White lead is the most probable adulteration of this substance,
and chalk may also be occasionally mixed with it. The oxide of
lead may be discovered as in the last article ; and chalk, by ad-
ding to the dilute solution a little oxalic acid.

37. Red Sulphuretted Oxide of Mercury—Hydrargyrus Sul-
frhuratus Rubery P. L.—Factitious Cinnabar.

This substance is frequently adulterated with red-lead, which
may be detected by the foregoing rules. Chalk and dragon’s
blood are also sometimes mixed with it. The chalk is discovered
by an effervescence on adding acetic acid, and by pouring oxalic

* See Mr. Accum’s valuable papers on the detection of adulterations, in
Nicholson’s Journal, 4to.
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acid into the acetous solution. Dragon’s blood will be left un-
volatilized when the sulphuret is exposed to heat, and may ke
detected by its giving a colour to alcohol, when the cinnabar is
digested with it.

38. Black Sulfihurctted Oxide of Mercury,—Hydrargyrus cum
Sulfihure, P. L.— Ethiofis Mineral.

The mercury and sulphur, in this preparation, should be so in-
timately combined, that no globules of the metals can be disco-
vered by a magnifier; and that, when rubbed on gold, no white
stain may be communicated. The admixture of ivory black may
be detected by its not being wholly volatilized by heat; or, by
boiling with alkali to extract the sulphur, and afterwards expos-
ing the residuum to heat, which ought entirely to evaporate.

29, Yellow Oxide or Sub-Sulfihate of Mercury,—Hydrargyrus
Fitriolatus, P, L —Turbith Mineral. -

This preparation should be wholly evaporable ; and, when di-
gested with distilled water, the water ought not to take up any
sulphuric acid, which will be discovered by muriate of barytes.

40. Fused Nitrate of Silver—drgentum Nitratum, P, L. —Lu-
nar Caustic.

The most probable admixture with this substance is nitrate of
copper, derived from the employment of an impure silver. In
moderate proportion this is of little importance. It may be as-
certained by solution in water, and adding an excess of pure am-
monia, which will detect copper by a deep blue colour.

The watery solution of lunar caustic, when mingled with one
of common salt, should give a copious curdy precipitate.

41. White Oxide of Zincy—Zincum Calcinatum, P. L —Flowcrs
of Zinc.

Oxide of zinc may be adulterated with chalk, which is disco-
verable by an effervescence with acetous acid, and by the preci-
pitation of this solution with oxalic acid. Lead is detected by
adding, to the acetous solution, sulphuretted water, or sulphuret
of ammonia. Arsenic, to which the activity of this medicine has
been sometimes ascribed, is detected, also, by sulphuretted water,
added to the acetous solution : but in this case the precipitate has
a yellow colour, and, when laid on red-hot charcoal, gives first a

smell of sulphur, and afterwards of arsenic.
44
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42. White Oxide of Lead,—Cerussa, P. L.—White Lead.

This is frequently sophisticated with chalk; the presence of
which may be detected by cold acetous acid, and by adding, to
this solution, oxalic acid. Carbonate of barytes is detected by
sulphate of soda added to the same solution, very largely diluted
with distilled water ; and sulphate of barytes, or sulphate of lead,
by the insolubility of the cerusse in boiling distilled vinegar.

43. Acetate of Lead,~Cerussa Acetata, P. I.—~Sugar of Lead.

If the acetate of lead should be adulterated with acetate of lime
or of barytes, the former may be detected by adding, to a dilute
solution, the oxalic acid ; and the latter by sulphuric acid, or so-
lution of sulphate of soda, added to a solution very largely diluted
with water. Acetate of lead ought to dissclve entirely in water,
and any thing that resists solution may be regarded as an im-
purity.

44, Green Oxide, or Sub-acetate of Copfiery—Verdegris.

This substance is scarcely ever found pure, being mixed with
pieces of copper, grape-stalks, and other impurities. The amount
of this admixture of insoluble substances may be ascertained by
boiling a portion of verdegris with 12 or 14 times its weight of
distilled vinegar, allowing the undissolved part to settle, and as-
certaining its amount. Sulphate of copper may be detected by
boiling the verdegris with water, and evaporating the solution.
Crystals of acetite of copper will first separate, and, when the
solution has been farther concentrated, the sulphate of copper
will crystallize. Or, it may be discovered by adding to the watery
solution muriate of barytes, which will throw down a very abun-
dant precipitate. Tartrite of copper, another adulteration some-
times met with, is discovered by dissolving a little of the verde-
gris in acctous acid, and adding acetite or muriate of barytes,
which will afford, with the tartarous acid, a precipitate soluble in
muriatic acid.

45. Crystallized Acetate of Copfier—Distilled or Crystallized
Verdegris.

. Fhis is prepared by dissolving the common verdegris in dis-
tilled vinegar, and crystallizing the solution. These caystals
should dissolve entirely in six times their weight of boiling wa-
ter, and the solution should give no precipitation with solutions
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of barytes ; for, if these solutions throw down a precipitate, sul-
phate of copper is indicated. This impurity, which I have fre-
quently met with, may be discovered by evaporating the solution
very low, and separating the crystals of acetate of copper. Far-
ther evaporation and cooling will crystallize the sulphate, if any
be present.

46. Carbonate of Magnesia,—Magnesia Alba, P. 1.

Carbonate of magnesia is most liable to adulteration with
chalk ; and, as lime forms with sulphuric acid a very insoluble
salt, and magnesia one very readily dissolved, this acid may be
employed in detecting the fraud. To a suspected portion of
magnesia add a little sulphuric acid, diluted with 8 or 10 times
its weight of water. If the magnesia should entirely be taken
up, and the solution should remain transparent, it may be pro-
nounced pure, but not otherwise. Another mode of discovering
tive deception is as follows :—Saturate a portion of the suspected
magnesia with muriatic acid, and add a solution of carbonate of
ammonia. 1f any lime be present, it will form an insoluble pre-
cipitate, but the magnesia will remain in solution.

A7. Pure Magnesiay—DMagnesic Usta, P. L.—Calcined Mag-
nesia.

Calcined magnesia may be assayed by the same tests as the
carbonate. It ought not to effervesce at all with dilute sulphu-
ric acid; and, if the earth and acid be put together into one
scale of a balance, no diminution of weight should ensue on mix-
ing them together. It should be perfectly free from taste, and,
when digested with distilled water, the filtered liquor should ma-
nifest no property of lime-water. Calcined magnesia, however,
is very seldom so pure as to be totally dissolved by diluted sul-
phuric acid; for a small insoluble residue generally remains,
consisting chiefly of siliceous earth, derived from the alkali. The
solution in sulphuric acid, when largely diluted, ought not to af-
ford any precipitation with oxalate of ammonia.

48. Spiric of Wine, Alcohol, and thers.

"The only decisive mode of ascertaining the purity of spirit of
wine and of ®thers, is by determining their specific gravity.
Highly-rectified alcohol should have the specific gravity of 800
to 1000. Common spirit of wine 837. Sulphuric wether 739.
The spiritus ®theris vitriolicus, P. L. or sweet spirit of vitriol,
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part of the work (see p. 104) I have already given rules for dis-
covering such adulterations; and to what has been said, I ap-
prehend it is only necessary to add the directions- of Mr. Kir-
wan, intended to effect the same end, but differing in the mode.
They are transcribed from his paper, entitled, “ Experiments
on the Alkaline Substances used in Bleaching ;”’—see Transac-
tions of the Irish Academy for 1789.

“ To discover whether any quantity of fixed alkali worthy of
attention exists in any saline compound, dissolve one ounce of
it in boiling water, and into this solution let fall a drop of a so-
lution of sublimate corrosive ; this will be converted into a brick-
colour, if an alkali be present, or into a brick-colour mixed
with yellow, if the substance tried contains lime.

“ But the substances used by bleachers heing always impreg-
nated with an alkali, the above trial is in general superfluous,
except for the purpose of detecting lime. The quantity of alkali
is therefore what they should chiefly be solicitous to determine,
and for this purpose : :

“ 1st, Procure a quantity of alum, suppese one pound, reduce
it to powder, wash it with cold water, and then put it into a
tea-pot, pouring on it three or four times its weight of boiling
water.

% 2dly, Weigh an ounce of the ash or alkaline substance to
Le tried, powder it, and put it into a Florence flask with one
pound of pure water (common water, boiled for a quarter of an
hour, and afterwards filtered through paper, will answer); if the
substance to be examined be of the nature of barilla or potash,
or half a pound of water if it contain but little earthy matter, as
pearl-ash. Let them boil for a quarter of an hour ; when cool,
let the solution be filtered into another Florence flask.

“ 3dly, This being done, gradually pour the solution of alum
hot into the alkaline solution also heated; a precipitation will
immediately appear ; shake them well together, and let the ef-
fervescence, if any, cease before more of the aluminous solution
be added; continue the addition of the alum until the mixed
liquor, when clear, turns syrup of violets, or paper tinged blue
by radishes, or by litmus, red ; then pour the liquor and perci-
pitate on a paper-filter, placed in a glass funnel. The percipi-
tated earth will remain on the filter; pour on this a pound or
more of hot water, gradually, until it passes tasteless; take up
the filter, and let the earth dry on it until they separate casily.
Then put the earth into a cup of Staffordshire ware, place it on
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often sophisticated ; as the bleachers experience, to their no
small disappointment and loss.

The principal defect of manganese arises from the admixture
of chalk, which is not always an intentional adulteration, but is
sometimes found united with it, as it occurs in the earth. When
to this impure manganese mixed with muriate of soda, the sul-
phuric acid is added, the materials effervesce and swell consi-
derably, and a large proportion passes into the receiver; in con-
sequence of which the bleaching liquor is totally spoiled. This
misfortune has, to my knowledge, frequently happened, and can
only be prevented by so slow and cautious an addition of the
acid, as is nearly inconsistent with the business of an extensive
bleaching work. The presence of carbonate of lime may be dis-
covered in manganese, by pouring, on a portion of this substance,
nitric acid diluted with 8 or 10 parts of water. If the manganese
be good, no effervescence will ensue, nor will the acid dissolve
any thing ; but, if carbonate of lime be present, it will be taken
up by the acid. To the solution add a sufficient quantity of car-
bonate of potash to precipitate the lime, wash the sediment with
water, and dry it. Its weight will show how much chalk the
manganese under examination contained.

Another adulteration of manganese, that may, perhaps, be
sometimes practised, is the addition of some ores of iron.
"This impurity is less easily discovered. But if the iron be in
such a state of oxydation as to be soluble in muriatic acid, the
following process may discover it. Dissolve a portion, with the
assistance of heat, in concentrated muriatic acid, dilute the solu-
tion largely with distilled water, and add a solution of crystal-

* lized carbonate of potash. The manganese will remain suspend-
ed, by the excess of carbonic acid, on mixing the two solutions,
but the iron will be precipitated in the state of a coloured oxide.

From an observation of Klaproth (Essays, i. p. 572), it appears
that oxides of iron and manganese are separable by nitrous acid
with the addition of sugar, which takes up the manganese only.

———a

CHAPTER 1V.

APPLICATION OF CHEMICAL TEST5 TO THE USES OF THE FAR-
MEIR AND COUNTRY GENTLEMAN.

Tue benefits that might be derived from the union of chemi-
cal skill, with the extensive observation of agricultural facts, are,
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ed the fertility of the soil; and that, whenever a heap of it was
left in one spot, all fertility was prevented for many years. Fifty
or sixty bushels on an acre were considered to be as much as
could be used with advantage. The other sort of lime, which
was obtained from a village near Ferrybridge, though considera-
bly dearer, from the distant carriage, was more {requently em-
ployed, on account of its superior utility. A large quantity was
never found to be injurious; and the spots, which were covered
with it, instead of being rendered barren, became remarkably
fertile. On examining the composition of these two species of
lime, the fertilizing one proved to consist entirely of calcareous
earth, and the noxious one of three parts lime and two magnesia.

The presence of magnesia in lime proved, on farther inves-
tigation, to be a very common occurrence. The magnesian lime-
stone appears to extend for 30 or 40 miles from a little south-
west of Worksop, in Nottinghamshire, to near Ferrybridge, in
Yorkshire, and it has also been found at Breedon and Matlock,
in Derbyshire.

The magnesian lime-stone, according to Mr. Tennant, may
easily be distinguished from that which is purely calcareous, by
the slowness of its solution in acids, which is so considerable,
that even the softest kind of the former is much longer in dis-
solving than marble. It has also frequently a crystallized strue-
ture, and sometimes, thongh not always, small black dots may
be seen dispersed through it. In the countries where this lime-
stone is found, the lime is generally distinguished, from its ef-
fects in agriculture by the farmers, as Aot lime, in opposition to
the purely calcareous, which they term mild.

To ascertain, by chemical means, the composition of a lime
or lime-stone suspected to contain magnesia, the following is
the easiest, though not the most accurate, process. Procure a
Florence flask, clean it well from oil by a little soap-lees or salt
of tartar and quick-lime mixed, and break it off, about the mid-
dle of the body, by setting fire to a string tied round it and mois-
tened with oil of turpentine. Into the bottom part of this flask
put 100 graiss of the lime or lime-stone, and pour on it, by de-
grees, half an ounce of strong sulphuric acid. On each affusion
of acid a violent effervescence will ensue ; when this ceases, stir
the acid and lime together with a small glass tube, or rod, and
place the flask in an iron pan, filled with sand. Set it over the
fire, and continue the heat till the mass is quite dry. Scrape
off the dry mass, weigh it, and put it into a wine-glass, which

45
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between the quantity projected and that requisite to restore the
balance, will show the weight of air lost during effervescence.
If the loss amount to 13 per cent. of the guantity of marl pro-
jected, or from 13 to 32 per cent. the marl assayed is calcareous
marl, or marl rich in calcareous earth.

Clayey marls, or those in which the argillaceous ingredient
prevails, lose only 8 or 10 per cent. of their weight by this treat-
ment, and sandy marls about the same proportion. The pre-
sence of much argillaceous earth may be judged by drying the
marl, after being washed with spirit of salt, when it will barden
and form a brick. '

To determine, with still greater precision, the quantity of cal-
careous earth in a marl, let the solution in muriatic acid be fil-
tered, and mixed with a solution of carbonate of potash, till no
farther precipitation appears. Let the sediment subside, wash
it well with water, lay it on a filter, previously weighed, and dry
it. The weight of the dry mass will show, how much carbonate
of lime the quantity of marl submitted to experiment contained.

SECTION lIL
Analysis of Soils.

The following rules, for determining the composition of a soil,
are copied from a Memoir, presented by Mr. Davy to the Board
of Agriculture.

1. Utility of Investigations relating to the Analysis of Soils.

The methods of improving lands are immediately connected
with the knowledge of the chemical nature of soils, and expe-
riments on their composition appear capable of many useful ap-
plications.

The importance of this subject has been already felt by some
very able cultivators of science ; many useful facts and observa-
tions, with regard to it, have been furnished by Mr. Young; it
has been examined by Lord Dundonald, in his treatise on the
Connexion of Chemistry with Agriculture, and by Mr. Kirwan
in his excellent essay on Manures ; but the inquiry is still far
from being exhausted, and new methods of elucidating it are
almost continually offered, in consequence of the rapid progress
of chemical discovery.

In the following pages I shall have the honour of laying be-
fore the Board, an account of those methods of analysing soils
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exist, it is either in combination with carbonic acid, or with
silex and alumine.

Animal decompiosing matter exists in very different states, ac-
cording as the substances from which it is produced are dif-
ferent ; it contains much carbonaceous substance ; and may be
principally resolved by heat into this substance, volatile alkali,
inflammable aeriform products, and carbonic acid ; it is princi-
pally found in lands that have been lately manured.

Vegetable decomfiosing matter is likewise very various in kind,
it contains usually more carbonaceous substance than animal
matter, and differs from it in the results of its decomposition,
principally in not producing volatile alkali; it forms a great pro-
portion of all peats; it abounds in rich mould, and is found in
larger or smaller quantities in all lands.

The saline comfiounds found in soils are very few, and in quan-
tities so small, that they are rarely to be discovered. They are
principally muriate of soda (common salt), sulphate of magnesia
(Epsom salt), and muriate and sulphate of potash, nitrate of
lime, and the mild alkales.

The oxide of iron is the same with the rust produced by ex-
posing iron to the air and water; it is found in all soils, but is
most abundant in yellow and red clays, and in yellow and red
siliceous sands.

A more minute account of these different substances would
be incompatible with the object of this paper. A full descrip-
tion of their properties and agencies may be found in the ele-
mentary books on chemistry, and particularly in the System of
Chemistry by Dr. Thomson (2d edit.); and in Henry’s Epitome
of Chemistry.

II1. Instruments required jfor the JAnalysis of Soils.

The really important instruments required for the analysis of
soils are few, and but little expensive. They are a balance ca-
pable of containing a quarter of a pound of common soil, and
capable of turning when loaded, with a grain ; a series of weights
from a quarter of a pound Troy to a grain; a wire sieve, suf-
ficiently coarse to admit a pepper corn through its apertures ;
an Argand lamp and stand ; some glass bottles ; Hessian cruci-
bles ; porcelain, or queen’s ware evaporating basons ; a Wedge-
wood pestle and mortar ; some filters made of half a sheet of
blotting-paper, folded so as to contain a pint of liquid, and greas-
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ed one hundred and sixty-five grains, its specific gravity would
be 1825, water being 1000,

It is of importance, that the specific gravity of a soil should be
known, as it affords an indication of the quantity of animal and
vegetable matter it contains; these substances being always most
abundant in the lighter soils.

The other physical properties of soils should likewise be exa-
mined before the analysis is made, as they denote; to a certain
extent, their compositicn, and serve as guides in directing the
experiments. Thus siliceous soils are generally rough to the
touch, and scratch glass when rubbed upon it; aluminous soils
adhere strongly to the tongue, and emit a strong earthy smell
when breathed on ; and calcareous soils are soft, and much less
adhesive than aluminous soils.

V. Moude of ascertaining the Quantity of Water of Absorfition
in Suils.

Soils, though as dry as they can be made by continued expo-
sure to air, in all cases still contain a considerable quantity of wa-
ter, which adheres with great obstinacy to the earths and animal
and vegetable matter, and can only be driven off from them by a
considerable degree of heat. The first process of analysis is, to
free the given weight of soil from as much of this water as pos-
sible, without in other respects affecting its composition ; and this
may be done by heating it for ten or twelve minutes over an Ar-
gand’s lamp, in a bason of porcelain, to a temperature equal to
300 * Fahrenheit ; and in case a thermometer is not used, the
proper degree may be easily ascertained, by keeping a piece of
wood in contact with the bottom of the dish ; as long as the co-
lour of the wood remains unaltered, the heat is not too high ; but
when the wood begins to be charred, the process must be stop-
ped. A small quantity of water will perhaps remain in the soil
even after this operation, but it always affords useful comparative
results ; and if a higher temperature were employed, the vege-
table or animal matter would undergo decomposition, and in con-
sequence the experiment be wholly unsatisfactory.

The loss of weight in the process should be carefully noted ;
and when in four hundred grains of soil it reaches as high as 50,
the soil may be considered as in the greatest degree absorbent,

* In several experiments, in which this process has been earried on by
distillation, T have found the water that came over pure, and no sensible
quantity of other volatile matter was produced.
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VIII. Examination of the Sand.

By the process of washing and filtration, the soil is separated
into two portions, the most important of which is generally the
finely divided matter. A minute analysis of the sand is seldom
or never necessary, and its nature may be detected in the same
manner as that of the stones or gravel. Itis always either siii-
ceous sand, or calcareous sand, or a mixture of both. If it con-
sist wholly of carbonate of lime, it will be rapidly soluble in mu-
riatic acid, with effervescence ; but if it consist partly of this sub-
stance, and partly of siliceous matter, the respective quantities
may be ascertained by weighing the residuum after the action of
the acid, which must be applied till the mixture has acquired a
sour taste, and has ceased to effervesce. This residuum is the
siliceous part : it must be washed, dried, and heated strongly in
a crucible ; the difference Letween the weight of it and the
weight of the whole, indicates the proportion of calcareous sand.

IX. Examination of the finely divided Matter of Svils and Mode
of detecting mild Lime and Magnesia.

The finely divided matter of the soil is usually very compound
in its nature ; it sometimes contains all the four primitive earths
of soils, as well as animal and vegetable matter ; and to ascer-
tain the proportions of these with tolerable accuracy, is the most
difficult part of the subject.

The first process to be performed, in this part of the analysis,
is the exposure of the fine matter of the soil to the action of the
muriatic acid. This substance should be poured upon the earthy
matter in an evaporating bason, in a quantity equal to twice the
weight of the earthy matter, but diluted with double its volume
of water. The mixture should be often stirred, and suflered to
remain for an hour, or an hour and a half, before it is examined.

If any carbonate of lime, or of magnesia, exist in the soil, they
will have been dissolved in this time by the acid, which some-
times takes up likewisé a little oxide of iron, but very seldom
any alumine.

The fluid should be passed through a filter; the solid matter
collected, washed with rain water, dried at a moderate heat, and
weighed. Its loss will denote the quantity of solid matter taken
up. The washings must be added to the solution, which, if not
sour to the taste, must be made so by the addition of fresh acid,

when a little solution of common prussiate of potash must be
46
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mixed with the whole. If a blue precipitate occurs, it denotes
the presence of oxide of iron, and the solution of the prussiate
must be dropped in till no farther effect is produced. To ascer-
tain its quantity, it must be collected in the same manner as
other solid precipitates, and heated red ; the result is oxide of
ivon.

Into the fluid, freed from oxide of iron, a solution of neutra-
lized carbonate of potash must be poured till all effervescence
ceases in it, and till its taste and smell indicate a considerable
excess of alkaline salt.

The precipitate that falls down is carbonate of lime ; it must
be collected on the filter, and dried at a heat below that of redness.

The remaining fluid must be boiled for a quarter of an hour,
when the magnesia, if any exist, will be precipitated from it,
combined with carbonic acid, and its quantity is to be ascertained
in the same manner as that of the carbonate of lime.

If any minute proportion of alumine should, from peculiar
circumstances, be dissolved by the acid, it will be found in the
precipitate with the carbonate of lime, and it may be separated
from it by boiling for a few minutes with soap-lye, sufficient to
cover the solid matter—This substance dissolves alumine, with-
out acting upen carbonate of lime.

Should the finely divided soil be sufficiently calcareous to effer-
vesce very strongly with acids, a very simple method may be
adopted for ascertaining the quantity of carbonate of lime, and
one sufficiently accurate in all common cases. i

Carbonate of lime, in all its states, contains a-determinate pro-
portion of carbonic acid, 7. e. about 45 per cent.; so that when
the quantity of this elastic fluid, given out by any soil during the
solution of its calcareous matter in an acid, is known, either in
weight or measure, the quantity of carbonate of lime may be
easily discovered.

When the process by diminution of weight is employed, two
parts of the acid, and one part of the matter of the soil, must be
weighed in two separate bottles, and very slowly mixed together
till the effervescence ceases ; the difference between their weight
before and after the experiment, denotes the quantity of carbonic
acid lost ; for every four grains and a half of which, ten grains of
carbonate of lime must be estimated.

The best method of collecting the carbonic acid, so as to dis-
cover its volume, is by the pneumatic apparatus, the construc-
tion and application of which is described at the end of this
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paper. The estimation is, for every ounce-measure of carbonic
acid, two grains of carbonate of lime.

X. Mode of ascertaining the Quantity of insoluble finely divided
Animal and Vegetable Matter.

After the fine matter of the soil has been acted upon by mu-
riatic acid, the next process is to ascertain the quantity of finely
divided insoluble animal and vegetable matter that it contains.

This may be done with sufficient precision, by heating it to
strong ignition in a crucible over a common fire till no black-
ness remains in the mass. It should be often stirred with a me-
tallic wire, so as to expose new surfaces continually to the air;
the loss of weight that it undergoes denotes the quantity of the
substance that it contains destructible by fire and air.

It is not possible to ascertain whether this substance is wholly
animal or vegetable matter, or a mixture of both. When the
smell emitted during the incineration is similar to that of burnt
feathers, it is a certain indication of some animal matter; and a
copious blue flame at the time of ignition, almost always denotes
a considerable proportion of vegetable matter. In cases when
the experiment is needed to be very quickly performed, the de-
struction of the decomposible substances may be assisted by the
agency of nitrate of ammoniac, which, at the time of ignition,
may be thrown gradually upon the heated mass, in the quantity
of twenty grains for every hundred of residual soil. It affords
the principle necessary to the combustion of the animal and
vegetable matter, which it causes to be converted into elastic
fluids ; and is itself at the same time decomposed and lost.

XI. Mode of separating Aluminous and Siliceous Matter, and
Oxide of Iron.

The substances remaining after the decomposition of the ve-
getable and animal matter, are generally minute particles of
earthy matter, containing usually alumine and silex with com-
bined oxide of iron.

To separate these from each other, the solid matter should
be boiled for two or three hours with sulphuric acid, diluted
with four times its weight of water; the quantity of the acid
should be regulated by the quantity of solid residuum to be
acted on, allowing for every hundred grains two drachms, or one
hundred and twenty grains of acid.
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saline matter, by its scintillating with a burning coal. Sulphate
of magnesia may be detected by its bitter taste ; and sulphate of
potash produces no alteration in solution of carbonate of ammo-
niac, but precipitates solution of muriate of barytes.

XIII. Mode of detecting Sulphate of Lime ( Gyfisum ) and Phos-
frhate of Lime in Soils.

Should sulphate or phosphate of lime be suspected in the en-
tire soil, the detection of them requires a particular process
upon it. A given weight of it, for instance four hundred grains,
must be heated red for half an hour in a crucible mixed with
one-third of powdered charcoal. The mixture must be boiled
for a quarter of an hour, in a half pint of water, and the fluid
collected through the filter, and exposed for some days to the
atmosphere in an open vessel. If any soluble quantity of sul-
phate of lime (gypsum) existed in the soil, a white precipitate
will gradually form in the ﬂuid, and the weight of it will indi-
cate the proportion.

Phosphate of lime, if any exist, may be 5eparated from the
soil after the process for gypsum. Muriatic acid must be di-
gested upon the soil, in quantity more than sufficient to saturate
the soluble earths ; the solution must be evaporated, and water
poured upon the solid matter. This fluid will dissolve the com-
pounds of earths, with the muriatic acid, and leave the phos-
phate of lime untouched.

It would not fall within the limits assigned to this paper, to
detail any processes for the detection of substances which may
be accidentally mixed with the matters of soils. Manganese is
now and then found in them, and compounds of the barytic earth;
but these bodics appear to bear little relation to fertility or bar-
renness, and the search for them would make the analysis much
more complicated without rendering it more useful.

X1V. Statement of Results and Products.

‘When the examination of a soil is completed, the products
should be classed, and their quantities added together, and if they
nearly equal the original quantity of soil, the analysis may be
considered as accurate. It must, however, be noticed, that when
phosphate or sulphate of lime are discovered by the independent
process XIIL, a correction must be made for the general pro-
cess, by subtracting a sum equal to their weight from the quan-
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the action of the muriatic acid IX. may be omitted. In examin-
ing peat soils, he will principally have to attend to the operation
by fire and air X.; and in the analysis of chalks and loams, he
will often be able to omit the experiment by sulphuric acid XI.

In the first trials that are made by persons unacquainted with
chemistry, they must not expect much precision of result. Many
difficulties will be met with : but, in overcoming them, the most
useful kind of practical knowledge will be obtained ; and nothing
is so instructive in experimental science, as the detection of
mistakes. The correct analyst ought to be well grounded in
general chemical information ; but perhaps there is no better
mode of gaining it, than that of attempting original investigations.
In pursuing his experiments, he will be continually obliged to
learn from books, the history of the substances he is employing
or acting upon ; and his theoretical ideas will be more valuable
in being connected with practical operation, and acquired for
the purpose of discovery.

XVI. On the Impirovement of Soils, as connected with the Princifile
of their Comfrosiizon.

In cases when a barren soil is examined with a view to its
improvement, it ought, in all cases, if possible, to be compared
with an extremely fertile soil in the same neighbourhood, and
in a similar sitvation: the difference given by their analysis
would indicate the methods of cultivation ; and thus the plan of
improvement would be founded upon accurate scientific prin-
ciples.

If the fertile soil contained a large quantity of sand, in pro-
portion to the barren soil, the process of amelioration’ would
depend simply upon a supply of this substance ; and the method
would be equally simple with regard to soils deficient in clay
or calcareous matter.

In the application of clay, sand, loam, marl, or chalk, to lands,
there are no particular chemical principles to be ohserved ; but
when quick lime is used, great care must be taken that it is not
obtained from the magnesian lime-stone ; for in this case, as has
been shown by Mr. Tennant, it is exceedingly injurious to land*.
The magnesian lime-stone may be distinguished from the com-
mon lime-stone by its greater hardness, and by the length of

* Phil. Trans. for 1799, p. 305, This lime-stone is found abundantly in
Yorkshire, Derbyshire, and Somersetshire.

























































386 CALC. OF WEIGHT FROM SPEC. GRAVITY-

Table of Shecific Gravities of Solid and Liquid Subs tancesy—

Continued.
Specific Specific]
Grav. Grav.
GUM=RESINS. WOODS. -
Asafeetida, . : . 11,5275||Box-wood, Dutch, . |1,3280
Scammonium, from French box-wood . [0,9120]
Smyrna, . 4 1,2743||Ebony, . : . |1,2090
Galbanum, : . |1,2120{|Heart of old oak, . 1,1700
Mahogany, | . 1,063

RESINS. Olive-tree, . : 0,9270
Gualacum, : . [1,2289||Mulberry-tree, Spanish, |0,8970
Jalan, . ¢ ; 1,2185||Beech-tree, - . |0,8520
Ammoniacam, . . 11,207 1{|Yew-tree, Spanish, . 0,8070
Benzoe, : " 1,0924|| Apple-tree, 3 . l0,7930
Sandarac, . . . |1,0920{|Plum-tree, . ! 0,7850
White resin, . . 1,0819||Maple-tree, : . |0,7550
Colophony, . . |1,0441||Cherry-tree, . ; 0,7150
Mastich, : : 1,07 42|{Quince-tree, . . |0, 7650
Copal, transparent, . [1,0452{|Orange-tree, . d 0,7050
Elastic resin, . : |0,9335||Walnut-tree, . . |0,6710
Pear-tree, . . 0,6610
INSPISSATED JUICES. |Cypress, Spanish, . |0.6440
Aloe succotrina, . . |1,3795]|Pine-tree, . : 0,5500]

Opium, - : 1,3366||White Spanish poplar-
treey, . . . o504l
WODDS. Cork, . v - 0,2400

Lignum guaiacum, . [1,3330

1 3.—Rules for Calculating the Absolute from the Spiecific Gravi-
ties of Bodies.

Ix 1696, Mr. Everard, balance-maker to the Exchequer,
weighed before the Commissioners of the House of Commons
2145.6 cubical inches, by the Exchequer standard foot, of dis-
tilled water, at the temperature of 55° of Fahrenheit, and found
it to weigh 1131 oz. 14 dts. troy, of the exchequer standard.
The beam turned with 6 grs. when loaded with 30 pounds in
each scale. Hence, supposing the pound avoirdupois to weigh
7000 grs. troy, a cubic foot of water weighs 624 pounds avoir-
dupoeis or 1000 ounces avoirdupois, wanting 106 grains troy.
And hence, if the specific gravity of water be called 1000, the
proportional specific gravities of all other bodies will nearly ex-
press the number of avoirdupois ounces in a cubic foot. Or,
more accurately, supposing the specific gravity of water ex-
pressed by 1, and of all other bodies in proportional numbers, as
the cubic foot of water weighs, at the above temperature, ex-
actly 437489.4 grains troy, and the cubic inch of water 253,175
grains, the absolute weight of a cubical foot or inch of any body
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Iic. 42. A very simple and cheap contrivance for ficezing
ruicksilver by muriate of lime and snow. The outer vessel of
wood may be twelve and a half inches square, and seven inches
deep. It should have a wooden vover, rabbeted in, and furnished
with a handle. Within this is placed a tin vessel & 4, standing
on feet which are one and a half inch high, and having a projec-
tion at the top, half an inch broad, and an inch deep, on which
rests a shallow tin-pan ¢ ¢. Within the second vessel is a third d,
made of untinned iron, and supported by feet two inches high.
This vessel is four inches square, and is intended to contain the
mercury. When the apparatus is used, a mixture of muriate
of lime and snow 1s put into the outer vessel @ a, so as completely
to surround the middle vessel # 4. Into the latter, the vessel d,
containing the quicksilver to be frozen, previously cooled down
by a freezing mixture, is put; and this is immediately surround-
ed by a mixture of snow and muriate of lime, previously cooled
to 0° Fahrenheit, by an artificial mixture of snow and common
salt. The pan ¢ ¢ is also filled with these materials, and the
wooden cover is then put into its place. The vessels are now
left, till the quicksilver is frozen. A more elegant, but more
expensive, apparatus, by Mr. Pepys, intended for the same pur-
pose, is figured in an early volume of the Philosophical Maga-
ZIne.

Fic. 43. A wire stand, consisting of an interior circle, and
three straight pieces of wire proceeding from it in the same
plane. Its useis noticed, chap. v. sect. ii.

Fic. 44. Mr. Davy’s apparatus for the analysis of soils, de-
scribed in his paper, which is copied’ into the third part of this
work.

PLATE V.

. F1c. 45, Pictet’s arrangement of an apparatus for showing the
radiation of caloric, unaccompanied by light ; see chap. iii. sect. 1.

Fic. 46. An oval copper boiler, for exhibiting the most im-
portant facts respecting latent caloric. The size of its different
parts (except the width, which is 4 inches) may be learned from
the scale affixed to the plate, which is abundantly sufficient to
enable any intelligent workman to construct the apparatus. The
collar-joint and stuffing box, however, it is indispensably neces-
sary to describe, especially as the former article of apparatus is
generally constructed on a bad plan.

I'16, 47. is a section, upon a larger scale, of the collar-joint at &
(fig. 46.), made for the convenience of screwing together long or
crooked metal tubes,without turning them round. e is a section
of the end of one of the tubes, and 4 that of the other which is to
be attached to it; ¢is a collar which turnsloose upon the shoulder
of a, and screws upon 4. By screwing this collar upon &, the end
e of the tube a is brought to press upon the part ¢ of the tube &,
without turning round either of those tubes. 1f upon d be laid a
ving of linen cloth soaked in boiled linseed-oil, the joint, when

54



416 BESCRIPTION OF THE PLATES.

screwed up (if tolerably well made), will be impervious to steam,
as well as to water or air. The projection at d is for preserving
the ring of cloth from being displaced, and for guiding the ends
of both tubes, so as to meet properly.

F1c. 48, is a section of a socket, for fixing the stem of a ther-
mometerinto a boiler or a digester, where there is much heat and
pressure ; b is a socket fixed on the outside of the boiler or di-
gestery having a hole through it large enough to admit the bulk
of the thermometer ; @ is a plug which screws into b, havine a
hole through its centre large enough to admit only the stem of
the thermometer; ¢ ¢ is a loose round nlate, concave on the up-
per side, having a hole through its centre, just sufficient also to
admit the stem of the thermometer. When the instrument is to
be inserted, the plug a, and the plate ¢, must both be taken out
of the socket. The bulb is then passed through it. The plate
¢ is next slipped over the stem,and dropped into its place. Some
flax, soaked in linseed-oil, must next be wrapped round the stem,
so as nearly to fill the socket. The plug « must then be screwed
in, till the flax be compressed so as to make the whole suffi-
ciently tight. The opposite surfaces of the plate ¢, and the plug
a, are made concave, for the purpose of compressing the fax
round the stem of the thermometer.

PLATE VI.

Fie. 49, 50, 51. Sections of crucibles.
- Fi1e. 52. A muflle ; see chap. i. sect. ii.

Fie. 53. Stands for raising the crucible above the bars of the
grate ; a one adapted to Mr. Aikin’s blast furnace ; 4 one of the
common form.

Fic. 54. A skittle-shaped crucible.

Fic. 55. Mr. Aikin’s portable blast furnace. Itis compos-
ed of three parts, all made out of the common thin black-lead
melting pots, sold in London for the use of the goldsmiths. The
lower piece ¢ is the bottom of one of these pots, cut off so low
as only to leave a cavity of about an inch, and ground smooth
above and below. The outside diameter over the top is five and
a half inches. The middle piece, or fire-place a, is a larger por-
tion of a similar pot, with a cavity about six inches deep, and
measuring seven and a half inches over the top, outside diame-
ter, and perforated with six blast holes at the bottom. These
two pots are all that are essentially necessary to the furnace for
most operations ; but when it is wished to heap up fuel above
the top of a crucible contained within, and especially to protect
the eyes from the intolerable glare of the fire when in full heat,
an upper pot & is added, of the same dimensions as the middle
one, and with a large opening in the side, cut to allow the exit of
the smoke and flame. It has also an iron stem, with a wooden
handle (an old chisel answers the purpose very well) for remov-
ing it occasionally.
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The bellows, which are double (), ave firmly fixed, by a little
contrivance which will take off and on, to a heavy stool, as repre-
sented in the plate ; and their bandle should be lengthened soas
to make them work easier to the hand. To increase their force
on particular occasions, a plate of lead may be firmly tied on the
wood of the upper flap. The nozzle is received into a hole in
the pot ¢, which conducts the blast into its cavity. From hence
the air passes into the fire-place a, through six holes of the size
of a large gimlet, drilled at equal distances through the bottom
of the pot; and all converging in an inward direction, so that, if
prolonged, they would meet about the centre of the upper part of
the fire. Fig. 56. shows the distribution of these holes in the
bottom. The large central hole is intended to receive the stand
a, fig. 53, which serves for supporting the crucible.

No luting is necessary in using this furnace, so that it may be
set up and taken down immediately. Coak, or common cinders,
taken from the fire when the coal just ceases o blaze, sifted from
the dust, and broken into very small pieces, forms the best fuel
for higher heats. The fire may be kindled at first by a few light-
ed cinders, and a small quantity of wooed-charcoal.

The heat which this little furnace will afford is so intense, that
its power was, at first, discovered accidentally by the fusion of a
thick piece of castiron. The utmost heat procured by it was 1672
of Wedgewood’s pyrometer piece, which was withdrawn from a
Hessian crucible, when actually sinking down in a state of porcel-
laneous fusion. A steady heat of 155° or 160° may be depended
on if the fire be properly managed, and the bellows worked with
vigour. (See Philosophical Magazine, vol. xvii. p. 166.)

By a letter from Mr. Aikin, I have learned, also, a convenient,
way of exhibiting, in a lecture, and performing at other times, the
process of cupellation, by means of this furnace. It consists in
causing a portion of the blast to be diverted from the fuel, and to
pass through a crucible in which the cupel is placed. This ar-
rangement supplies air ; and the whole may be seen by a sloping
tube, run through the cover of the crucible. Fig. 57.shows the
furnace when used for this purpose; @ a the furnace; 4 the per-
forated stopper for the central blast; ¢ ¢ a portion of earthen tube,
through which the air passes, and is heated during this transit ; ¢
a piece of soft brick, perforated to admit the earthen tube f,
which may be kept open for inspecting the process. No luting
1s required, except to join ftoe.

Fic. 58. Knight's portable furnace, composed of strong iron
plate, lined with fire-lute, the inside diameter six inches. « shows
the grate ; & the ash-pit door; & the door of the fire placed when
used as a sand heat; ee two holes opposite to each other for
transmitting a tube ; g an opening for a retort neck, when used
for distilling with the naked fire.

Fic. 59. A different view of the same furnace ; a the grate ; ¢
the register to the ash-pit ; fa small door, with a contrivance for
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a hot chamber ¢; an appendage particularly useful for drying
luted crucibles, or bringing them to a proper temperature for
the furnace ; for roasting ores, and various other purposes. d the
flue connecting it with the vertical chimney e ; which, to pro-
duce a strong heat, should never be less than thirty or forty feet
high. ff covers, consisting of twelve inch Welsh tiles, with
handles. g the stoke hole, through which no more of the fire
is seen than appears between the grate and the bearing bar A.
This space is left for the double purpose of raking the fire, and
occasionally taking out the bars. & the ash-pit, which is sunk
below the level of the ground, and is covered, where it projects
at /, by an iron grating.

The best sitvation for this furnace, is an angle of the labo-
ratory, the chimney being in the corner, as represented in tie
sketch. By this arrangement, the operator is spared the disa-
greeable necessity of scorching his legs, by standing opposite the
stoke hole, while the backs of his legs are exposed to a current
of cold air rushing to the furnace.

Fms 62. and 63. are different views of a furnace invented by

. Knight, and convertible to various purposes.

ic inside of this furnace is nine inches square, and sixteen
inches deep from the top to the grate. The face of the opening
at & rises at an angle, which makes the back part five inches
higher than the front. This contrivance enables us completely
to cover a large retort with fuel, without obstructing the passage
of the air, and alsorelieves partly the weight of the cover, when
it requires to be moved. The walls of the furnace are at least
a brick and a half in thickness, and as much more as local conve-
nience will allow. By sinking the ash-pit below the levei of the
eround, at #, the heightof the furnace needs not exceed eighteen
inches, which renders the management of the fuel much more
easy, and subjects the face and hands less to the action of the
heat. The ash-pit a, must be at least eighteen inches deep, be-
low the surface of the ground, and more if convenient. It must
have an opening, projecting from it three or four feet, to be co-
vered with boards, and with an iron grating next the furnace.
This preserves the legs of the operator from the action of the
fire.

The grate & is formed of separate bars, each of a triangular
shape, three-fourths of an inch apart, and resting on two bear-
ers. In the front of the furnace, an iron bar is to be placed to
support the brick-work, and to leave an opening, through which
the bars may occasionally be drawn out, and the fire be raked
and cleared of the slag. The chimney ¢ is two and a half inches
from the top, and four and a half wide, by two and a half high.

To fit this furnace for occasional distillation with the naked
fire, an opening, d, fig. 62, is left on one side, which is filled up,
when not wanted, by five pieces of soft fire-brick, cut to a proper
shape, and secured by a clay lute. It is proper, also, to be pro-
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purpose of inspecting the process; e the floor of the furnace
which descends, and is gradually contracted towards the back
part ; fanother door for introducing and stirrving the materials ;
& the back part of the furnace, immediately under the chimney ;
& the tap-hole ;  the chimney.

Fics. 69 and 70, exhibit a cupelling or enamelling furnace.
The form of this should be an cblong square ; its dimensions
being regulated by that of the muflle, which should go home to
the back, its front edge lodging on the mouth of the furnace. On
each side of the mufile; two inches and a half must be left, to let
the fuel pass readily underneath, where there should also be a
similar space. A stoke-hole must be left on the other side, but
the situation of the view will not admit its being shown.  Before
the muffle, is a projecting ledge or shelf, shown at e, which is in-
tended to support any thing that is to be put into the mufle.
Two twelve-inch tiles, worked in along with the bricks, will an-
swer this purpose. In both figures, a shows the ash-pit; c the
grate ; d the muffle ; e the opening for introducing the muflle;
fthe chimney, and g the cover.

Fic. 71, sand pots with rims of different sizes.

Figs. 72, 73. Doctor Black’s portable furnace, made of sheet-
iron lined with fire-clay. Its dimensions, as they vary in almost
every part, will best be learned from the scale ; a the fire-place ;
b the chimney ; e the ash-pit ; d the door of the ash-pit ; care-
gister for regulating the quantity of air admitted to pass through
the fuel.

Fig. T4, Mr. Chenevix’s wind furnace. This is rudely sketch-
ed in Nicholson’s Journal, from which the more accurate figure
in plate viii. is taken. This furnace Mr. Chenevix describes as
ollows : I have constructed a wind furnace, which, in some

espects, is preferable to the usual form. The sides, instead of

heing perpendicular, are inverted ; so that the hollow space is
pyramidal. At the bottom the space is twelve inches square,
and at the top only eight. The perpendicular height is seventeen
inches, from the top to the grate. This form unites the following
advantages. 1. A large surface is exposed to the airy which,
having an easy entrance, rushes through the fuel with great ra-
pidity. 2. The inclined sides act as reverberators. 3. The fuel
falls of itself, and is always close to the grate.”

In the figure, @ represents the grate; cc are two bricks
which can be let in at pleasure, to diminish the capacity : & is
another grate which can be placed on the bricks ¢ c, for occa-
sional purposes; d d are bricks, which can be placed on the
grate &, to diminish the capacity of this part of the furnace;e
the cover. Both sets of bricks should be ground to the slope of
the furnace.

In the construction of every furnace, which is intended to
produce a strong heat, lime or mortar should be avoided, and the
bricks should be set in loam, or Stourbridge clay, worked up with
water and sand, inserting occasionally picces of sheet-iron, bent






































































































NOTES. %®vil

portant to the imitative arts, which have, without doubt, an intimate con-
nexion with a highly improved state of society.

Note 20, Page 129. Alum.

Any salt containing potash or ammonia will effect the crystallization of
alum. For this purpese it is well known that the manufacturers of alum add
muriate or sulphate of potash, or putrid urine ; this last contains ammonia.
Alum has always an excess of acid. It may therefore be :

1. A supersulphate of alumine and potash.

2. A supersulphate of alumine and ammonia.

3. A supersulphate of alumine potash and ammeonia.

It is usually a triple salt, and sometimes even quadruple. All these va-
rieties are actually found in the alum of commerce, according to the various
processes used for its crystallization.

Note 21. Page 141. * Nitrous Gas and Oxygen Gas produce Nitrous Acid.

The generation of an acid is much more strikingly shewn by filling a wide
tube, or narrow jar, with almost any blue vegetable infusion. Turn up a
portion of oxygen gas, and no change will ensue. Add the proper propor-
tion of nitrous gas; immediately deep red fumes of nitrous acid will ap-
pear, and the liquor will become red.

The nitrous acid appears to be a gas, when confined in a glass vessel,
without the contact of any other body. This may be demonstrated in the
following manner :

Let a glass bottle be ground with emery, into the mouth of another of
twice the capacity. Fill the upper bottle with oxygen gas, in the usual
manner, and the lower one with nitrous gas. FPlace the two bottles, as
quickly as possible, in connection. The gases will combine, caloric will be
extricated, and the vessels will be filled with the red gas of nitrous acid,
which may in this manner be kept for any length of time unchanged. On
separating the bottles, and immersing their ovifices in water, there will be
an immediate absorption, and if a blue infusion have been employed, it will
become red.

Note 22, Page 146. Nitrous Oxide.

If the gas be skilfully prepared, the precaution of letting it stand several
hours over water seems to be unnecessary, and, it is very desirabile to avoid
ity because a pretty rapid absorption takes place, and much gas is thus lost,
The writer has not hesitated to administer it for respiration within half an
hour from its production, and sometimes immediately, and no unpleasant
consequence has ever resulted. So far as nitrous gas is concerned, no ad-
vantage is gained by letting it stand, for if this be present, its proportion
will rather increase from the more rapid absorption of the nitrous oxide.
And indeed a very coarse trial is sufficient to decide whether nitrous gas be
present, which will be detected by the smell and colour of nitrous acid
which it will produce on mixing it with common air by turning up a jar. As
to any vapour of nitrous acid which may have been extricated, this will, no
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Note 26, Page 170.  Super-Oxymuriate of Potash.

As caustic potash is expensive when purchased, and troublesome to pre.
Ppare, it may be well for the student to know that the carbonate of potash,
as commonly found in the shops, will do for the formation of the super-
oxymuriate. In this case there is a continual effervescence, at least during
the earlier stages of the process, owing to the disengagement of carbonic
acid gas. Some silex is also deposited, derived from the potash which, as
it is found in commerce, usually contains a portion of silex. One who had
never observed the fact before, might mistake this for a deposition of the
salt in question.

Note 27. Page 195. Silver.

The remark in the text, that silver, when dissolved in nitric acid, exhi-
bits a green colour if impure, is strictly applicable to the alloy of silver with
copper, such as exists in coin and in trinkets, which, when dissolved in ni-
tric acid, tinge the solution green, but silver might be impure from a com-
bination with various other substances, without giving, on that account, a
green solution,

Note 28. Page 197. Fulminating Silver.

Pulverize 100 grains of the common lunar caustic of the shops (nitrate
of silver ;) add to it one ounce of alcohol and one ounce of nitric acid. If
these agents are good, there will be a violent action. But, this will not hap-
pen with these fluids as they are commonly found, and generally it will be
necessary to apply a very moderate heat, which must be removed as soon
as the action comes”on. Very soon a thick white precipitate will ap-
pear ; distilled ‘water may then be thrown on to check the action, if be-
coming too violent ; the precipitate must be washed in distilled water, after
baving been separated by the filter, or, by decantation, and will Tulminate
powerfully by heat or friction. A convenieat way of exploding it is to
place a grain or two of it on the blade of a knife, and to hold it over 3
candle.

Note 29. Page 198.  Boiling point of Mercury.
This, according to the laiest experiments of Irvine and others, is placed
at 6729 Fahrenheit. See Murray’s System of Chemistry, vol. i. page 153.

Note 30. Page 198. Nitrate of Mercury.

The fact that thu: pitrate of mercury differs very much in its properties,
qccording as it is prepared with or without heat, is extremely important.
In the latter case, it will bear any degree of dilution with pure water, with-
out decomposition, or affording any precipitate. In the former, a large por-
tion of the oxide, still retaining a little acid, will be thrown down merely
by the affinity existing between water and the nitric acid. Fou this rea
the nitrate of mercury, made with heat, cannot be employed injthe.$
of mineral waters, and in many other analytical operations, because w:
alone will produce a precipitate, and this will give a false indication of tl!u:

presence of some foreign body.
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Page 185. Physical Properties of the Metals.*

e physical properties of several of the metals are not inferior, in im-
portance, to those depending on their chemical relations, and those of the
ereater number are interesting and instructive.

I. Tueir welGHT aND pENsSITY. The heaviest earthy body (sulphat
of barytes) does not weigh 4, 5—water being 1.

Platinum, the heaviest of the metals weighs 23.—Gold 19, 25.—Mercury
13, 56.—Lead 11, 35.—Silver 10, 47.—Iron 7, 60. A tabular view of this
subject is exhibited by the author inan appendix. The principal uses of
the great weight of the metals are : 1. in war, where their projectile force,
in the form of balls, far exceeds that of any other bodies. In ancient war,
stones were used for the same purpose, but, their force was vastly inferior,
especially as they were thrown by machines and not by gun powder. 2. as
a moving power, especially in balances and scales and in all other instances
where a great power, in a small bulk, is wanted : 3. in the reduction of the
metals themselves from their ores ; after fusion they subside to the bottom,
and leave the earthy impurities on the top.

II. Oracrty. The metals are commonly said to be perfectly opake ;
without doubt they are by far the most opake of all bodies, but, as gold
leaf transmits a beautiful green colour, and silver leaf appears white, when
held up to a window, is it not probable that if the other metals could be re-
duced to the same thinness they also would transmit light ! Tinfoil how-
ever, completely intercepts the light, although much thinner than common
writing paper which is partially transparent. :

1IL. Lustre. This property appears to depend on the two preceding,
and, although it is not peculiar to the metals, it is possessed by them in a
most eminent degree, as is beautifully exhibited, in gold, silver, mercury
and polished steel. 1t is true that mica or isinglass, several of the feldt

# In the remarks which are here made upon the physical properties of the metals no notice
is taken of the newly discovered bases of the alkalies of several of the earths and of two of the
aieils, because, these bodies, glthough some of them bear a sirong analogy to metals, have not
been long ensugh knowi 1o make it proper to admit them, as yet, into a systematical clossifi-
catjon.
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ey take the impressions of the mould with great accuracy.—Arsenic is

» Volatilized at a low temperature, and is therefore more prone to fly away
in vapour than to melt,

Most of the metals can be volatilized by heat, and several of them are
dissipated with great rapidity, by the solar focus and by electric and gal-
vanic discharges.

VL TexaciTy. The tenacity of the metals is the source of some of their
most important uses in the arts, but this property they possess in very dif-
ferent degrees. According to the experiments of Sickingen (Aikins’ Dic.
ii. 97.)

An iron wire one-tenth inch in diameter sustains 703 lbs. avoir.

Copper, : : o - : - 387
Platinum ‘ ¥ . i 4 .11
Silver , . i - L v 250
Gold

. ; . . 191

“ The tenacity of tin is greatly inferior to that of gold, and the tenacity
of lead is least of all.”

A lead wire one-tenth inch in diameter will not sustain 30 Ib.

The tenacity of metals gives origin to two other properties considerably
similar, yet really distinet, ductility and malleability.

1. Duetility is the power of being drawn into wire 5 this is done by caus-
ing cylindrical pieces of the metals sharpened at one end to pass through a
series of conical holes, made in a plate of ivon, beginning with the larger
and going on to those which are successively smaller and smaller, till the
wire is sufficiently fine.

2. Malleability is the property of suffering extension under the hammer
or between the rolling cylinders. It might be imagined that the properties
of malleability and ductility are exactly correspondent, but this is by no
means true, Tin and lead are eonsiderably malleable, but very imperfectly
ductile ; iron, in the cold, is scarcely malleable at all, but it is astonishingly
ductile ; it can be drawn into wires as fine as human hair, and perukes
have actually been made of it; gold, silver and platinum paossess both pro-

' perties in an eminent degree. Gold is the most malleable of all the metals ;
notwithstanding its great specific gravity, it can be beaten into leaves so
thin that the wind will blow them away, and silver is, in this particular, very
little inferior. Gold, of the degree of thinness which it has in common gold
leaf, requires but one grain in weight to cover 56 square inches, and it may
be made much thinner still.

During the compression of metals either under the hammer, or between
the rolling cylinders, caloric is evolved ; iron, by rapid hammering, can be
made red hot ; it becomes brittle however as the other metals do, by simi-
lar treatment, and, to restore their flexibility they require to be slowly
heated, or annealed ; thus, iron wire is always brittle till it has been warm-
ed, after which it may be bended without danger of breaking. It is obvious
that the property of laminability, or, of being formed into plates or .le:wes,
depends on malleability, while that of ductility és in the compound ratio of the
malleability and tenacity. 3

To the tenacity of metals we are indebted for the utility of c'l‘mus, an-
chors, wire and other similar mechanical contrivances, and to their mallea-
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CHEMICAL METHODS OF DECOMPOSING POTASH.

: Soon after the happy discovery of the galvanic decomposition of the alka-
lies by Mr. Davy, Gay Lussac and Thenard effected the same object in an-
other way.

¢ Clean iron filings or iron shavings are placed in a gun-barrel, bent so
that the iron shall be in the curvature, and the barrel is placed across a fur-
nace. With one extremity of it a tube with a stopperis connected, con-
taining solid potash. When the iron filings in the barrel are brought to a
white heat, the alkali in the tube which has been previously kept celd by a
freezing mixture, is melted by applying heat to it by a portable furnace,
and it is allowed to run through a small aperture upon the iron filings. It
suffers decomposition, the iron attracts its oxygen, and the inRammable
base is sublimed to the other extremity of the tube, which is kept cold, so
as to condense it; a tube of safety, containing a little mercury, being con-
nected with the extremity, to allow of the disengagement of any aerial mat-
ter, and at the same time exclude the air. Hydrogen gas is disengaged
during the process, which appears to be derived from the decomposition of
water, contained in the alkali, and the result is most successful, when the
alkali isin its dryest state. The base of the alkali is obtained in the form
of brilliant laminz, adhering to the sides of the gun-barrel; there is also
found in the eurvature, where the filings were contained, an alloy of it with
iron.” (Murray 2d Edition, vol. 1L p. 183.)

Mr. Davy performed the experiment in the following manner. < An
ounce of potash was kept in ignition for some time in an iron tube, ground
into a gun-barrel in which one ounce and a half of iron turnings were ignited
to whiteness : a communication was opened by withdrawing a wire which
closed the tube containing the potash, between that alkali and the metal.”

Half a cubic foot of hydrogen gas was disengaged, and *in the tube was
found two products, one in the quantity of a few grains containing potassium
combined with a small quantity of iron, which had sublimed in the opera-
tion, and the other a fixed white metallic substance, which consisted of an
alloy of iron and potassium.”

The potassium obtained in this manner, is found to be nearly pure and
sufficiently so for every useful purpose, and the expense and trouble bear
no comparison to what is incurred in the other process. Mr. Davy informs
us also, that, @ potash or pearlash is easily decomposed by the combined
attractions of charcoal and iron; but, it is not decomposable by charcoal,
or, when perfectly dry, by iron alone. Two combustible bodies seem to be
required by their combined affinities for the effect; thusin the experiment
with the gun-barrel, iron and hydrogen are coneerned.”

Mr. Davy considers Homberg’s pyorphorus as a triple compound of potas-
sium, sulphur and eharcoal, for, he supposes the potash to be decomposed
by two affinities.  He says, the substance is perfectly imitated by heating
together 10 parts of charcoal, 2 of potassium and 1 of sulphur.

Curaudau, a French chemist has given a new process, by which potash
may be decomposed in an iron tube, or earthen retort.
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der; but, without the appearance of lightning, and, directly after, a remark-
able whizzing noise in the air. A number of travellers looking up, saw an
opake body descend in a curve line, and fall at a little distance from them.
They all ran to the place, and found a kind of stone half buried in the ground,
and too hot to be touched” (Professor Day’s Discourse.)

In the same year a stone fell at Aire, in Artois, and another at Le Co-
tentin.

A shower of stones fell at Barboutan, near Roquefort, in July 1789,

July 24, 1790, there was an extensive shower of stones in the environs of
Agen®,

June 16, 1794, about 7 o’clock, P. M. at Sienna, in Italy, a tremendous
cloud came from the north, sending forth sparks like a rocket, burning,
and smoking like a furnace, producing violent explosions, and casting down
stones to the ground. The cloud was very high. ‘The stones, which were
about twelve in number, fell at the feet of several persons.

December 13, 1795, near the Wold Cottage, in Yorkshire, England,
unusual noises, like distant reports of pistols or guns, and, also a whizzing
were heard in the air; there was no thunder or lightning. A labourer saw
a body descend and strike the ground ; several persons went immediately
to the spot, and found an extraordinary stone, weighing 56 pounds, buried
<1 inches in the earth. It was warm, smoked, and smelt strongly of sulphur.

February 19, 1796, a stone of 10 pounds fell in Portugal.

March 12, 1798, one of 20 pounds fell at Sales, near Ville Franche, and,
_ on the 17th of the same month and year, another, of the same weight, at
Salé, Department of the Rhone,

December 19, (same year,) about 8 o'clock, in a clear serene evening, a
large fire ball was seen at Benares, in Bengal ; it was attended by a loud
noise like thunder, or a discharge of musquetry, and a shower of stones fell
in a neighbouring field, and buried themselves about 6 inclies deep.

April 26, 1802, about 1 o’clock, P. M. near L’Aigle, in Normandy, a
very brilliant fiery globe was seen to move very rapidly thmuglf the atmos-
phere. Immediately after, a violent explosion, which lasted five or six mi-
nutes, was heard at the distance of 30 leagues, in every direction from
L*Aigle. The sky was serene and calm, and there were only a few light
clouds. A shower of stones fell in various parts of a district 7 miles in
length, and 2or 3 in breadth ; the largest stone weighed 17 pounds, and
the whole number was thought to be two or three thousand. One of them
(presented by Col. Gibbs,) is preserved in the cabinet of Yale College.

One of the most remarkable occurrences of the kind on record happened at
Weston, in Connecticut, on the 14th'of December, 1807. Just after the dawn,
a luminous meteor, or fire ball, apparently one half or two thirds as large as
the moaon, rose from the horizon in the north, and, proceeded with great ve-
locity, and a waving mation nearly to the zenith ; it was distinctly visible,
through the clouds which partly covered the sky, appearing like the sun in
amistyand, when it passed the spots of clear sky, it flashed, with a vivid lizht,
on the beholders, sparkled like a fire brand carried rapidly against the wind,

* A stone is preserved in the museum of Bordeaus, which, in 1789 or 1750, fell through the
rool of a cottage, and killed a herdsman and some cattle.


































































