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THE LABORATORY.

CHAPTER I.

Tue Laboratory is emphatically the work-shop of the che-
mical operative; and chemical manipulation may be termed
the practice of the science. A convenient arrangement of
the first is no less desirable, for the success of operations, than
a proficiency and skill in the latter is indispensable. New
facts in science are mainly developed by experiment; and as
chemistry is a purely experimental science, in every course of
research, as well in the most ordinary experiments as in the
more delicate manipulations of analyses, the surest basis of
accurate conclusions is an exact and skilful manipulation
coupled with ecorrect reasoning. This exemplification, by
the hands, of the conceptions of the mind, is, therefore, an
art of the highest importance in the pursuit of chemistry.

The laboratory should be appropriately fitted, and arranged
with a view to the easy prosecution of chemical investiga-
tion in all its several branches; and beinF the place where
most of the operator’s time is so profitably and pleasantly
employed, no little regard, in its appointments, should also
be given to personal comfort and convenience. We do not
recommend extravagance in its furniture and paraphernalia,
or yet a too rigid economy, for though a stinted apparatus
may, by ingenuity and skill, be rendered subservient to the
requirements of the science, a liberal endowment is far pre-
ferable, and more conducive to rapidity of progress and accu-
racy of results. Inthe present advanced state of the mechanic
arts, it is doubtful economy to consume time In constructing
contrivances, when the most convenient apparatus may be
readily procured at the lowest rates. Moreover, a familiarity
with the use of good tools originates habits of correct and
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delicate manipulation, and will afford, to the experimenter,
a proficiency enabling him, in any emergency, to substitute
available material for deficient apparatus; whilst in working
upon rare substances, the minutest quantity will be no bar to
his skill and accuracy in bringing out nice results.

We do not, in the following suggestions, provide for such a
laboratory as is suitable for a public institution, because the
adaptation of one of that extent would be attended with an
expense inconsistent with individual means, as there are many
auxiliaries required in class experiments which may readily be
dispensed with in an ordinary laboratory; but, we present an
apartment economically and conveniently arranged for private
research, with space and furniture enough, with some slight
multiplication of the apparatus, for two, four, or more ex-
perimenters.

In the construction of a laboratory, particular attention
should be paid to the lighting and ventilation of the apartments,
both in regard to the health and comfort of its occupants.
The preferable mode of lighting is by side windows, and for
many reasons; it is more advantageous in examining the
behavior of re-agents to solution, especially in those instances
of delicate testing, where the result is determinable by the form-
ation of floccule, faint cloudiness, or by slight transmutation
of color. By elongating the windows to nearly the whole height
of the apartment, we obtain the magic influence of the solar
rays, now known to be so effective in inducing chemical
changes unattainable by other means. The skylight arrange-
ment has the double disadvantage of presenting nuclei for the
accumulation of dust, and being subject to frequent breaches
by accident or storm. Ventilation may be accomplished
ihm;{:-ughly by means of counterpoised windows and stationary

ooas.

The laboratory apartment should be sufficiently spacious
to afford a separate position for each of the requisite utensils.
Too much crowding of apparatus engenders liability of damage,
and is, besides, inconvenient, for nowhere than in a laborator
is there more necessity of a strict observance of the rule, “a
place for everything, and everything in its place.” Hunting
up mislaid apparatus consumes time, and the delay thus oc-
casioned, in many instances, may be the means of serious
detriment to important operations.

A roomy apartment on the first floor of a building is best
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suited for laboratory purposes. The first floor is recommended,
because of its greater convenience for the admission of water,
fuel, &ec., and for the removal of the slops, sweepings, &e. It
ah_ould be partitioned off into four several apartments, the
middle or larger of which should be the main operating
room, whilst the smaller at either of its sides are used, the one
as an office, the other as the furnace room, and the third for
the balances. This arrangement protects the middle room
from the dirt and dust of the coarser furnace operations, and
the balances from the influence of corrosive vapors; and what
18 equally indispensable, by means of the office as a reception
room, presents a bar to all unwelcome intrusion from with-
out.

As, in some instances, it may be convenient to construct a
building especially for a laboratory, we present the plan of a
properly furnished one, such as might be completed for a very
moderate outlay. It is of cuaraegbrick, and rough cast with
Hamelin’s mastich,* which, becoming indurated in a short
time, serves as a perfect protection to the walls against all
dampness, and improves the external appearance of 5:3 build-
ing. Fig. 1 gives the front view of the building. Though
regard is had, more particularly to economy and convenience
in its construction and arrangement, yet there is sufficient
reservation of architectural symmetry to impart a neat and
becoming appearance. In the arrangement of the ground
plan, we observe the same positions as are recommended in
the adaptation of a room to laboratory purposes, so that our
suggestions are equally applicable to either case. The whole
front of the building is forty feet. Its depth is twenty-four
feet. The ceilings should be high, say from eighteen to
twenty feet. The roof is square, slightly inclined, and of

* To any given weight of the earth or earths, commonly called pit-sand,
river-sand, rock-sand, or any other sand of the same or the like nature, or pul-
verized earthenware or porcelain, add two thirds of such given weight of the
earth or earths, commonly called Portland stone, Bath stone, or any other stone
of the same or like nature, pulverized. To every 560 Ibs. of these earths, so

repared, add 40 lbs. of litharge, and with the last-mentioned given weights
combine 2 lbs. of pulverized glass or flint stone. Then join to this mixture 1 lb.
of minium and 2 1bs. of gray oxide of lead.

When this composition is intended to be made into cement, to every 605 lbs,
of the composition are added 5 gallons of vegetable oil, as linseed oil, walnut
oil, or pink oil. The composition is then mixed in a similar way to mortar.

When this cement is applied to the purpose of covering buildings intended
to resemble stone, the surface of the building is washed with oil.
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Fig. 1.

metal or metalized wood.* There are two entrances only,
one in the left wing or furnace room, for the ingress and
egress of material and refuse, the other in the office or ante-
room. The centre or operating apartments are thus preserved
from all inconvenience of dirt, dust or intrusion. There are
two chimneys, that in the office being for the stovepipe, and
the other in the left wing for the flues of the furnaces, still,
&e. The tubes protruding from the roofs of the three main
apartments, are permanent vents for the escape of noxious
and corrosive vapors. In a first story room these hoods have
necessarily to be omitted, and must be substituted by coun-
terpoised window sash so as to afford a ready mode of venti-
lation. The windows should, as to height, extend nearly to
the top of the ceiling. In the preceding figure, they are
twelve feet by two feet eight inches, in the centre apart-
ment, and twelve feet by two feet in the wings. The glass

* Covered with Plumbago paint.
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panes of the former number eighteen, those of the latter,
twelve. The doors have a width of two feet nine inches, and
height of seven feet; and each should be furnished with one
of Goodyear’s elastic India rubber springs. Oiled linen, hung
on rollers, makes an excellent curtain for protection against
the summer sun, without too much obstruction of the light.
The top moulding of the building is of wood, plain and paint-
ed, and the pillars, represented in the cut, are only projections
of the brick-work to ornament the front of the building. It is
seen by Fig. 2, which represents a back view of the labora-
tory, that the rear windows differ in form and position from

Fig. 2.
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those in the front. The reasons will be obvious on explanation.
For the convenient arrangement of apparatus, it is necessary
to have as much wall room, interiorly, as possible; and as the
ample windows in the front will furnish most of the requsite
light, the rear windows, which are of sufficient extent to sup-
ply the remainder, are elevated so as not to interfere with the
tables, shelving and fixtures, resting against the wall beneath.
These windows should be hung upon pivots, so that they may
be readily opened or shut at will. The front window sash,
for reasons before given, should be counterpoised by balance
weights. Thus, in the case of offensive fumes or smoke, you
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have an easy mode of dissipating them by merely lowering
the upper sash as much as is necessary. The better plan
would be to keep them at all times a little open; such a prae-
tice would be conducive to both the comfort and health of the
inmates. The dimensions of the rear windows in the wings
are six by three feet, and the number of glass panes in each
window are eight. The side light is also admitted through
three elevated windows in each end of the building. Their
gize is six by three feet, with eight panes of glass each.
The centre apartment has also two elevated windows in the
rear, but their width is one foot greater than those in the
wings. All of these elevated windows should be hung upon
pivots. This elevation of windows in these apartments is
also with a view to the economy of wall space within. The
basement, which by a little expense may be appropriately
fitted for the purpose, serves as a receptacle for fuel, bricks,
charcoal, tile, rough materials, and cumbersome apparatus .
not in constant use. The best color for the wood work 1s
white—preferably, of pure white lead; and the walls and
partitions of lath and plaster should be smooth, so that the
laboratory may be as free as possible from loopholes for
the accumulation of dust. A stiff brush mat and secraper
should always be furnished for each entrance. If the means
of the owner will permit the expense, it would add much to
the appearance of his place to surround it with a garden plat.
Thus, in improving the beauty of the spot, he would be pro-
viding the means of pursuing investigation practically, to a
limited extent, in agricultural chemistry.

Plate 2 represents a ground plan of an experimental and ana-
lytic laboratory, either as especially constructed for the pur-
pose, or from any room of adequate dimensions. The main
divisions of the apartment, as before said, are three, the fourth
in the plan being only a subdivision. The two wings A and
B, of equal size, are 10.3 by 22.6 feet in the clear. That on the
right should be used as the office and balance room, the left
wing being occupied exclusively for furnace and grosser opera-
tions, leaving the centre or operating room C, occupying the
whole residual space of the floor, for the nicer manipulations.

The Office.—This being the studio of the operative, should
contain both the library and the mineralogical, geological, and
technical cabinets. These latter, not, however, necessarily ex-
tensive, are very convenient for reference, as instances frequent-
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ly occur, in the course of practice, requiring a comparison of
specimens. The two front windows, together with the two ele-
vated windows at the outer side, serve for the free admission of
light. This being also used as the reception room, there is an
entrance door, between the two windows, of dimensions equal
to those of the door in the furnace room. The floor should
be carpeted, or, preferably, covered with oil-cloth, which is
more durable, and readily cleansed. The bare spots on the
walls, as well as the upper parts of the blank spaces between
the doors and windows, may be furnished with brackets for the
busts of distinguished chemists, or hooks upon which to hang
their framed portraits; the lower part beneath the windows
may be reserved for chairs k. The blank space j over the door
leading into the operating room can be occupied with a cheap
Yankee clock, a very requisite and convenient piece of furni-
ture in a laboratory.

It is necessary to be minute in deseribing the arrangement,
for, unless there is some system, there can be no economy of
space, and hence much confusion. In the centre of the wing
is the chimney @, and immediately opposite, in near juxtapo-
sition, the stove & which warms the apartment. Against the
off wall, and to the left of the stove, is the mineral case.
There should be at least two of these—the second may oceupy
the vacancy in the wall immediately opposite. The positions
of these cases are represented in Plate 2 by the letters ¢
and d. Fig. 3 below gives an idea of their form and construc-
tion. They are, in fact, nothing
more than mere wardrobes, with Fig. 3.
the shelves and drawers substituted
by sliding trays. They can be of
some cheap wood, and painted.
The sliding trays are much more
convenient than drawers, and pre-
sent less liability of damage to their
contents, as they admit of easier
handling, it being frequently ne-
cessary to draw them out to exa-
mine their contents. The speci-
mens which they are to preserve
secure from dust and unwarranta-
ble handling. should be separately |
encased in shallow paste-board
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boxes, each bearing the name and locality of the mineral.
The minerals should be so classified that only one species be
assigned to a tray, which should be labelled on its face ac-
cordingly. The trays may be of 8 to 4 inches depth, with
intervening spaces of an inch or less, and the number of
them in proportion to the dimensions of the case, which, in
height, should not exceed eight feet. !

There ought to be, properly, another case of smaller dimen-
sions, for the reception of such minerals and specimens as
may have been subjected to analysis. They should be labelled
to correspond with the memoranda of them noted in the re-
cord book of the laboratory, as instances frequently arise of
a necessity of future reference, and hence the policy of this
arrangement.

The writing desk, which is the main piece of furniture of
this room, should stand against the back wall of the office, as
shown in plate 2 by letter e. Its form and construction are
represented by Fig. 4. It is made to occupy as little room
as possible, and yet at the same time to possess all the requi-
site conveniences of an escritoir. The small drawers and
cuddies are concealed by a cover or writing flap, which is
supported by metal quadrants, and goes up perpendicularly,

forming, when closed, a part of

Fig. 4. the front. The drawers are well

adapted for stationery, and the
cells for the manuscript papers,
notes, letters, &c. The doors in
the lower part cover a series of
shelves, which may be used as re-
ceptacles for accumulating pa-
pers, which should be filed away
in bundles, and endorsed with
memoranda of their contents.
i The sliding flap, as well as the

doors beneath, are fitted with locks; and the desk, when
closed, has the appearance of a handsome secretary—and
thus we have the means of preserving its privacy during our
temporary absence from the office. To the right and left of
the desk, the blank spaces of the side and end walls must be
appropriated to shelving for the library. It is better to have
them elevated, rather than resting immediately upon the floor.
The pedestals may be two feet, and the shelving above, say six
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feet high. The pedestals, or base, should be broader than the
shelving above, and may be fitted with deep slats for the
reception of charts, diagrams, pamphlets, &c. The upper
shelves are to be reserved exclusively for books: and to pro-
tect them from the dust, must be enclosed with curtains, hung
by rings upon iron rods. The position of this shelving is
shown in Plate 2 by the letters £ f.

The vacant spaces upon the wall above the shelving and
cases may be very appropriately used for hanging maps,
mounted charts, diagrams, &e., selecting such as are of fre-
quent use for reference.

The table g, standing midway between the centre and front
of the room, is one of the greatest conveniences of the apart-
ment. It combines in its construction the requisites of a
drawing table and chest, a centre table, and map stand. Wal-
nut is the most preferable material for this piece of furniture,
which should be strongly made, and firmly fastened to the
floor by iron clamps and screws. Its superficial dimensions
are 4 X 2 feet, and its height 38 inches. The top, of an inch
thickness, is a rising flap, and covers a shallow tray, or re-
ceptacle for paper, drawing materials, and unfinished drafts.
The prop-stick catches in a graduated ratchet, indented in the
flap, and permits the raising of the top to any desired inclina-
tion, and renders it available as a writing or drawing desk. By
lowering the top, so as to
make a level table, you
form a flat bed for the ex-
amination of folios, large |
drafts, and charts, which
require a broad spread and
careful usage. The shelv-
ing beneath is very conve-
nient for the preservation
of this portion of the libra-
ry, for being of adequate
dimensions, the drawings
need not, necessarily, be
crumpled, in beng placed
away.

A small step-ladder, for ;
convenience in reaching the top shelves of the mineral and
book-cases, is very necessary in the office, as well also in the
other apartments of the laboratory.

Fig. 5.
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ratus, to keep the side door 7 (7 feet high, and 2.10 wide) lead-
ing into the main apartment constantly closed. The front of
this wing is, as to windows, identical with that of the office.
The free admission of light, which is effected by means of the
two long front and three elevated side windows, is as requisite
in this as in the operating room. The chimney of this apart-
ment occupies the centre of the outer wall, and receives the
main flue, furnishing draft to the main furnace and two late-
ral branches. Of these two branch flues, both of which have
circular openings with movable tin stopples, one is for the
reception of the smoke-pipe of the still furnace E, and the other
for that of the steam generator F' ; or, when not in use other-
wise, for the portable, blast, and other furnaces. These flues
are fitted with dampers to regulate the draught; and the cir-
cular opening, when not occupied with apparatus, or as vent
holes for the dispersion of noxious vapors, should be kept co-
vered so as to preserve unimpaired the draught of the main
furnace. In the arrangement of a room, for laboratory pur-
poses, wherein the flues are not convenient, they must be sub-
stituted by stove-pipes.

The Furnace.—The furnace G, which is in constant use for
the ordinary operations of the laboratory, occupies the centre
of the outer wall. That of most convenient construction is
described by Faraday, to whom we are indebted for both our
description and figures. _

“Being in constant requisition as a table, it should be about
34 or 35 inches in height. The brick work should measure
86 by 20 inches, and the iron plate, including sand-baths, 40
by 28 inches. A warm air chamber may be built in the walls
beneath the flue. Projecting spikes should be fastened into
one or two sides of this chamber, to hold a temporary shelf
when required. . 4

“Precipitates, filters, and other moist substances put into
such a chamber, are readily and safely dried. The hot air
causes evaporation of the water, whilst the current removes
the rising vapor. The chamber is very useful in effecting the
slow evaporation of liquids, and also for hot filtrations, when
the entering current of air is of a temperature sufficient for
the purpose. 1 ) . .

«The principal part of this furnace is necessarily of brick-
work, only the top plate with the baths and the front, being
of iron. The front is a curved iron plate, having two aper-
tures closed by iron doors, one belonging to the fire-place, and
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the other to the ash-pit. It is 34 inches high, and 14 inches
wide. The ash-hole door moves over the flooring beneath ;
the bottom of the fire-place
door is 22 inches from the
ground, and the door itself
18 8} inches by 7. This front
is guarded within at the part
which encloses the fire by a
strong cast-iron plate, having
an opening through it corre-
sponding to the door of the
fire-place. It has clamps
attached to it, which, when
the furnace is built up, are
enclosed in the brick-work.
In the setting or building of the furnace, two lateral brick
walls are raised on each side the front plate, and a back wall
at such a distance from it as to leave space for the ash-hole
and fire-place; these walls are lined with Welch lumps, where
they form the fire-chamber; two iron bars are inserted in the
course of the work to support the loose grate bars in the usual
manner, the grate being raised 19 inches from the ground.
The side walls are continued until of the height of the front,
and are carried backward from the front in two parallel lines,
so as to afford support for the iron plate which is to cover the
whole. The back wall of the fire-place is not raised so high
as the side walls by six inches and a half| the interval which
is left between it and the bottom of the sand-bath, being the
commencement of the flue or throat of the furnace. In this
wa,(‘ly the fire-place, which is fourteen inches from back to front,
and nine inches wide, is formed, and also the two sides of the
portion of horizontal flue which belongs to the furnace, and
18 intended to heat the larger sand-bath. The bottom of this
part of the flue may be made of brick-work, resting upon bear-
ers laid on the two side walls, or it may be a plate of cast-iron
resting upon a ledge of the brick-work on each side, and on
the top of the wall, which forms the back of the fire-place.
When such an arrangement is adopted, the plate must not be
built into the brick-word, but suffered to lie on the ledges,
which are to be made flat and true for the purpose; for, if
attached to the walls, it will, by alternate expansion and con-
traction, disturb and throw them down. The ends of the side
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walls, forming as it were the back of the furnace, may be
finished either by being carried to the wall against which the
furnace is built, or enclosed by a piece of connecting brick-
work, to make the whole square and complete, or a warm air
cupboard may be built in the cavity beneath the flue, and the
door made to occupy the opening between the walls. Ocea-
gionally the flue may be required to descend there, and pass
some distance under ground. These points should be arranged
and prepared before the plate constituting the top of the fur-
nace is put on to the brick-work, so that when the plate with
its sand-baths are in their places, they may complete the por-
tion of horizontal flue by forming its upper side.

The size of this plate is the first thing to be considered, and
having been determined upon, from a consideration of the
situation to be occupied by the furnace, and the places of the
sand-baths also having been arranged; the brick-work must
then be carried up, so as to correspond with these determina-
tions, and with the plate itself, which in the mean time is to
be cast. The sand-baths and the plate are to be formed in
separate pieces. The bath over the fire is best of a circular
form, and of such diameter that, when lifted out of its place,
it may leave an aperture in the plate equal in width to the
upper part of the fire-place beneath; so that a still, or
cast-iron pot, or a set of rings may be put into its place over
the fire. The other sand-bath must be of such a form as to
correspond with the shape and size of the flue beneath. These
vessels are to be of cast-iron, about three-tenths of an inch
thick; their depth is to be
two inches and a half or
three inches, and they are
to be cast with flanches, so
as to rest in the correspond-
ing depressions of the plate
that the level of the junc-
tions may be uniform. This
will be understood from the
accompanying section of the
furnace, given through the =
line AB of the view. It is essential that these sand-baths
be of such dimensions as to fit very loosely into the apertures
in the plate, when cold, a space of the eighth of an inch or

more being left all round them, as shown in the section, other-

Fig. 7.
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wise, when heated, they will expand so much as entirely to
fill the apertures, and even break the plate. The plate itself
should be half an inch thick.

When the plate and its sand-baths are prepared, and the
brick-work is ready, the furnace is finished by laying the plate
on the brick-work, with a bed of mortar intervening. If the
walls are thin, or any peculiarity in their arrangement occa-
sions weakness, they should be bound together, within by
cranks built into the work, and without by iron bands. The
alternate changes of temperature from high to low, and low
to high, to which the furnace is constantly subject, renders it
liable to mechanical injury, in a degree much surpassing that
which would occur to a similar piece of brick-work, always
retained nearly at one temperature.” The square space en-
closed by the fire-place and flues may be converted into an
excellent drying or warm air chamber if desired.

Cast-iron is the best material for these baths, for, though
liable to be cracked when first heated, by their unequal ex-
pansion in different parts, they do not warp and assume the
irregular and inconvenient shapes that wrought iron acquires
under similar circumstances.

““These baths should have washed sea-sand put into them; it
is heavy, and occasions no dust when moved, whilst, on the
contrary, unwashed and bad sand contains much dirt, and
occasions great injury in experimenting. A piece of straight-
ened iron hoop, about twelve inches in length, should lie on
the furnace, as an accompaniment to the baths, being a sort of
coarse spatula with which to move away the sand.

The circular sand-bath is frequently replaced by a set of
concentric iron rings, or a cast-iron
pot. The rings are convenient for
leaving an aperture over the fire of
larger or smaller dimension, according
as a smaller or larger number are used
at once; and being bevelled at the
edges, fit accurately into each other,
without any risk of becoming fixed by
expansion. The external one, like the
sand-baths, should be made smaller
than the depression in the furnace
plate in which it rests. The iron pots
are of various sizes, and are adapted

Fig. 8.
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to the furnace by means of the rings; a red heat is easily
obtained in them for sublimation.”

In many instances, where economy is of prime importance,
the foregoing sand-bath can in a measure be substituted by
an ordinary cylinder stove, the pipe of which leading into
a four sided sheet iron box, divided into flues by par-
titions, imparts its heat which eventually passes into the
chimney. The top of this box when covered with sand, forms
the sand-bath. That portion of its surface immediately over
the first flue, is the hottest. The remote or cooler end, is best
adapted for gradual digestions, evaporations, &c.; and so by
these flues there is a means of graduating the temperature of
the bath. The top of the stove itself being directly over the
fire, makes an excellent bath for those operations requiring a
higher temperature.

This arrangement, or the still more economical gas bath
Fig. 29) described at p.-48, renders necessary the use of
uhmé’s or Kent’s portable furnace for fusions, crucible or

other operations requiring a very high heat, but this involves
no additional expense, for such an implement is indispensable
for other laboratory purposes.

The steam generator (Fig. 10) when used as a stove for
heating the apartment, answers equally well to heat the bath,
it being only necessary to conduct its smoke-pipe into the
iron box instead of leading it directly into the chimney.

To prevent contamination of the atmosphere of the apart-
ment, by admixture with the deleterious fumes evolved dur-
ing the various operations of digestion, fusing, melting, heat-
ing, and evaporating in progress upon the sand-bath and in
the furnaces, there should be firmly fastened to the ceiling
and immediately over its surface, extending beyond its
superficies some four inches all around, a sheet-iron hood, of
form at the base corresponding with that of the top of the
furnace. The barrel of this hood may pass either directly
through the ceiling and roof into the atmosphere,* or else be

* When the external atmosphere is colder than that within, an air-ventover-
head does not thoroughly relieve the room of its noxious vapors, for the cold air
rushing in depresses them,—even within the sphere of respiration, and II.'II::S
prevents their ascent and consequent escape through the hoads. Dr. Murray’s
very simple and effectual plan of ventilation, 1s to conduct a funnel-mouthed
pipe through the ceiling into a chimney where a constant fire is maintained.
To provide against the entrance of smoke by reason of imperfection of draught,
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formed into an elbow, leading into the main flue of the chim-
ney. Ineither case the draft must be thorough, so as to afford
a free egress of the fumes into the atmosphere without. It
should also be immovably

Fig. 9. fixed by rod iron stretch-

ers, and well payed over
with plumbago paint, which
is a resistant of the corro-
sive effect of the laboratory
fumes, and thus prevents
the destruction of the me-
tal. The fixture is repre-
sented by Fig. 9. It should
descend as near to the sur-
face of the bath as conve-
nience of manipulation will
allow; and to prevent any
accumulation of dirt in the
interior, it should be fre-
quently brushed out with a
soft brush ; and for protection to the vessels on the sand-bath,
against falling particles, the top of the furnace should, during
the operation, be covered with paper. It is advisable at all
times, independently of the foregoing suggestion, to keep each
vessel covered with plates or clean white paper, which, while
protecting against dirt, offers no impediment to the processes
of evaporation, digestion, &c. If the hood, instead of being
fixed is counterpoised, so as to admit of ready depression or
elevation at will, it is a little more convenient; but that arrange-
ment has the disadvantage of liability to accident, for a care-
lessness in fastening the suspension cords may create a very
annoying damage. Of course, this mode of hanging the hood
can only be adopted where the barrel or pipe is straight, and
leads directly through the roof; then to protect the exit hole
from the wear and tear consequent upon the abrasion of its cir-
cumference, it should be fitted with an earthen ware cylinder’;
and furthermore, to prevent the entrance of rain through the

the pipe should be carried to the top of the chimney. The uniformly high
temperature of the chimney keeps the pipe constantly hot, and thus the
mephitic vapors within the room will be disengaged. By arranging the barrel

of the hood as thus directed, an equally effectual disengagement of vapors may
be obiained.
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slight openings, there should be a spreading flange around
thﬂfprotruding portions of the barrel of the hood, near the
roof.

The Steam Generator.—To the right of the furnace, at a
convenient distance, is the portable steam generator F, with its
smoke pipe leading into the circular opening of the lateral
flue opposite. This is a patent invention by C. W. Bently,
of Baltimore, Md. It has a stove-like form, is compact, re-
quires no brick work and but very little fuel, and can be
set up and removed at will, when it is desired to occupy
the flue with other apparatus. The
only fixtures requisite, in addition to Fig. 10.
the machine, are feed pipes to con- =
vey the water, and conduits for the
passage of the steam. It is a most
convenient apparatus for the labora-
tory, being alike handy for econo-
mically supplying hot water to all
parts of the building, and for boiling
substances, where the direct admis-
sion of steam is preferable; and
also for heating the steam baths in
the range a little to its left. This
mode of applying heat, having the
great advantages of safety, conve-
nience and regularity, is absolutely
requisite in many cases where the
naked fire does not offer that uniform-
ity of temperature necessary to the
inalterability of certain substances
under process. Fig. 10 represents
the apparatus. By means of cou-
pling screws and flexible lead pipe,
(Tatham’s most preferable, being
smooth within,) the steam may be ] e
carried to any reasonable distance in any direction, thus
affording great facility in many operations; as the loss by
condensation in thus conveying it is inconsiderable. In very
cold apartments, however, when the conduit pipe is of any
great length, it may very properly be enveloped with woolen
listing or other bad conducting materials. Unless this ma-
chine is kept in constant use as a heater for the building and
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by Savery, the former by Hammet and Hiles, of Philadelphia.
The outer jackets & b & are invariably of copper.

Immediately over the frame work, which is stationary,
resting and fastened against the back wall, is a welded wrought
iron steam conduit B, forming the main feeder for the baths
aaa. Thesupply of steam, which is conveyed to each through
a pipe d, connected with the main feeder and fastened to the
back of the outer jacket b, is regulated by the cocks f and e.
The safety valves are supported by uprights e e e, firmly fixed
to the floor beneath. The stop cocks ¢ ¢ e render each kettle
independent of the others, so that the use of one does not ne-
cessarily compel all to be in operation.

his apparatus is very convenient for exhausting vegetable
matters, such as dye woods, plants, &c:, of their matter solu-
ble in water, and whose active principles are liable to be
damaged by fire. The saving in fuel and time, the perfect
freedom from waste steam, the power of regulating the heat,
are only a few of the advantages of this mode of boiling over
the old plan of heating in open kettles over the naked fire.

Moreover, when the exhaustion is complete, the heat may
be discontinued by merely stopping off the steam with the
cock e. By another connection with the hydrant, enabling a
current of fresh water as soon as the steam is turned off, the
apparatus is converted into a refrigerant, and its contents may
be cooled as suddenly as desired.

Near to the steam series, are two steaming cisterns of
an half-barrel capacity each. One may be of deal or oak
wood and iron bound, the other of blue stone-ware, from the
Baltimore pottery. These tanks are mounted upon pedes-
tals, and being readily handled for filling, emptying, and
cleansing, are very convenient for those operations where the
direct application of steam is necessary. A flexible leaden
pipe from the main conduit, leads the steam directly into the
vessels, and produces a uniform ebullition. The form of these
tanks is similar to that of butter or meat tubs. To prevent
the diffusion of the steam through the apartment, the vessels
must be kept covered during the operations of boiling.

The Still.—On the left of the furnace, as at E H, PL 2, and
occupying the same relative position there as the generator on
its right, are the still and refrigerant, which are indispensable
utensils, both for a supply of pure water for analyses, &c., and
for the many distillatory operations connected with chemical
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the angular. For the distillation of substances indestructible
at high temperatures, this still is applicable over the naked
fire, but for more alterable bodies, the intervention of water is
necessary, and so, accordingly, an inner tinned copper or ena-
meled iron jacket is provided. The form and position of this
Jacket are shown at B, by the dotted lines in Fig. 13. Itisa
straight cylinder with convex bottom, and a broad rim, serving
also as a flange or rim for its support in the still. Its dimen-
sions are four inches in diameter and eight inches in depth less
than those of the still. The head or capital, which should be of
tinned copper, or, preferably, of pewter, is shown at A. The
rim is made to fit the mouth of either the still or water bath,
and hence the same head answers in both naked and bath dis-
tillations. The beak conveys the vapors accumulating in the
capital, into the refrigerant or condenser, which consists of a
pewter worm Fig. 14, encased in a wooden tub kept con-
stantly supplied with cool water through the pipe e. The
water pipe which carries off the heated water displaced by the
cold water, runs from the top of the tub, and has its exit
into the sink, or through the wall, into the gutter. These
two pipes are better of lead. The vapors in passing through
the worm are condensed and drop as a liquid into a receiver,
which is placed beneath the outlet pipe near the bottom of the
tub.

To convert the apparatus into a water bath, (for in many
distillations the temperature must not exceed the boiling point
of water or a saline solution,) it is only necessary to charge
the outer jacket, or still, with the proper quantity of liquid,
and then to insert the inner casing B, which slides into the
mouth and fits tightly.

In the distillation of flowers, roots, and other substances,
in the naked still, a too close contact with its heated sides
and bottom renders them liable to injury by scorching, and
therefore it is necessary to have a strong wire
stand with one or two cullendered shelves upon
which to place the material. The lower shelf
% being an inch or two from the bottom of
still, prevents all liability of contact between
it and the material. This apparatus is shown
by Fig. 15. When the still is not in use for
its legitimate purpose, by removal of the wire

Fig. 15.
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the laboratory, it is necessary to have a series of circular tins,
corresponding with the size of the funnels most in use, by
which to shape them.

Another drawer may be reserved for small tubes, rods,
pipettes, and glass or porcelain connections. Another for
platinum erucibles, spatulas and fine metallic vessels.

The small retorts, bulbs and the like should also have an
appropriate drawer. The larger retorts and glass apparatus
find appropriate places in the cupboards.

The top drawer to the extreme right should be fitted up in
desk-form, and furnished with pen, ink and paper, for the con-
venience of making rough notes during operations, which are
afterwards to be neatly transcribed in a note-book, or ¢ Record
of Laboratory Operations,” kept especially for the purpose in
an appropriate place in the office desk. The valuable infor-
mation which can in this way be stored up, in a short time
amounts to a vast fund, which may, to the great convenience
and advantage of the writer, serve as a remembrancer of facts
acquired and of errors avoided. A coarse towel should always
be an accompaniment to this table, and have a hanging posi-
tion at its side.

The two lower drawers beneath the closets may be reserved
for the more weighty implements. _ LI

A leaden funnel, supported by a wooden casing, with its
barrel united to a leaden pipe leading through the floor into
the street gutter, and placed immediately to the right of the
table, would be very convenient for receiving and conveying
off the slops from the test tubes. When this arrangement 1s
not practicable, a bucket must be substituted, and emptied
daily, for the practice of emptying test tubes upon the floor is
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h, with the permanent hanger o, terminates in an argand
burner d. To prevent a scorching of the table, the burner
and cylinder both rest upon a fluted plaster tile. The air
enters through the openings in the lower circumference, being
drawn up by the upward current of gas, which is let on and
regulated by the stop-cock r; and the mixture thus formed
passing through the upper fine wire gauze, above which it is
ignited, should burn with a bluish flame.

“Where the quantity of gas is too great for the amount of
air admitted, the flame will be white and smoky, but by regu-
lating the supply of gas, the due proportion for a blue flame
may be easily attained. Now, to obtain a blue flame from a
cylinder of large diameter, a considerable quantity of gas will -
be requisite, and hence an economical advantage is gained by
employing cylinders of different diameters. In the same
cylinder, also, where different quantities of heat are desired,
the lower series of holes may be made large, and a ring of
sheet-iron slid over them, by which the quantity of air ad-
mitted may be regulated according to the quantity of gas
consumed. The cylinders may be 21 to 5 inches diameter by
6—38 inches in height; but by introducing several pieces of
coarse gauze, ¢, at short distances apart, the height may be
diminished. The highest amount of heat produced by this
apparatus is a cherry-red by daylight. For burning off filters
in a platinum crucible, a cylinder of 2} inches diameter is
amply sufficient ; but for heating larger vessels, such as cap-
sules, those of 4—>5 inches diameter are desirable. This mode
of burning the gas presents the advantages of producing any
degree of heat as high as a red, of not blackening vessels im-
mersed in the flame, and of avoiding, with more certainty, the
fracture of porcelain or glass vessels, from the diffusive cha-
racter of the flame.”

The ring », sliding upon the rod of the upright stand A,
serves as a support for a retort, capsule or crucible. A second
chimney ¢ placed over the crucible creates a uniform and
constant draught.

The whole of this apparatus is movable, and when the space
which it occupies upon the table is required for other purposes,
it is only necessary to disconnect it from the hanger, and
place the whole aside, to be as readily replaced again when
wanted. ]

The introduction of gas into the room also allows the substi-
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shown at p Pl. 2, is an indispensable piece of apparatus
which will be more fully spoken of under blow-pipe operations.
The blast or pneumatic table (shown in position at ¢ Pl
2), which is sometimes also called the table blow-pipe, may be
considered as an implement indispensable to the chemist, it
being alike useful for bending glass tube, blowing bulbs and
other small apparatus, and for rapidly effecting the decompo-
sition and ignition of substances, which, for their fusion, would
require an ordinary wind furnace. The most convenient form
of this apparatus is shown by Fig. 30. The drawing is taken
from one, in Professor Booth’s laboratory, made by J. Bishop,
machinist of this city. It consists of a brass cylinder piston
2, worked by a treadle which drives the air into a large tin
box enclosed in a frame-work 1 immediately under the top
of the table. From the front end of the {ux a tube rises
through the table top, and terminating with its small jet
within the interior of an Argand burner, urges the air di-
rectly upwards, producing a full flame. The Argand burner
may be connected with a lamp or reservoir, containing a solu-
tion of oil of turpentine, or alcohol, or with a
gas pipe. In the former case, the burner has Fig. 31.
a circular wick with a contrivance for adjust-
ing its height. The latter, being neater, and ;
always ready, is almost exclusively used in the —Z_ |
laboratory, as giving a powerful flame which may v
be elevated or depressed at pleasure. With one of
the new fashioned Argand gas burners as shown by Fig. 31,
this table forms an excellent substitute for ordinary furnace
operations.—( Encyclopedia of Chemistry.)
Air-Pump.—The small table, at » Pl. 2, is used for the
air-pump which, when not in use, should be kept in an appro-
priate place in one of the cases in the balance room. Being
a costly apparatus, it is now almost exclusively replaced
by syringes, which are more economical and not much less
convenient, as made for the purpose at the present time.
For the sake of a convenient uniformity, the attachment
screws should have a thread similar to that of the stop-
cock, so as to admit of a ready adaptation to each other
when an attachment is to be effected. Of the many opera-
tions in which the syringe is made to assist, may be men-
tioned the displacement of air in retorts, globes, and other
vessels, &c., previous to the introduction of gases, and also in
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works upwards through a slot cut in the board, and of course
between the rack guides. The upper extremities of the guides
are perforated to receive rollers, against which the back of
the rack may work when necessary. None have yet been
required. To the axis of the semi-pinion the handle is attached
in the usual manner. The piston may be either solid or
valved, and the cylinders may communicate with the plates
R and B, in the waljl' most approved by the maker. In the
pump from which the sketch is taken, the pistons are solid.
The farther extremities of the cylinders bear female serews,
which connect with corresponding male serews on the block.
On the posterior portion of each block is cut a female screw;
the male of which bears the valve, of course opening inwards,
V, V. On those portions of the blocks which project into the
board are cut male screws bearing valves opening outwards.
Perforated nuts over these secure the blocks to the board, and
the valves against injury. At v, v is attached the tube lead-
ing from the plates. b is the screw for restoring atmospherie
pressure. The general stop-cock s, connects this with the
parallel tube which, bearing the gauge cock &/, forms at plea-
sure a communication between the plates.

The original of the figure both exhausts and condenses.
The remaining letters refer to the parts used in condensing.
This is effected by simply connecting, by means of tubes under
the board, the valves ¥/, ¥ with a third tube passing upward
to the stop-cock K. Then the air drawn in at g, will be con-
densed in a receiver screwed on c¢. Those familiar with
Pneumatic chemistry need not be told of the facilities thus
afforded for the transfer of gases. The condensing gauge is
borne by the screw G. To the practical chemist, it is un-
necessary to dilate upon the advantages that result from lower-
ing the centre of motion to a level with the points of support,
bringing both plates directly under the operator’s eye, and
presenting, at about the cost of an ordinary exhausting pump,
an instrument furnished with all the facilities for exhaustion,
transfer and condensation, without any shifting of parts.”

The table s PL. 2, to the right of the air-pump, is a stand
for the common scales of the laboratory, which are useful for
testing the weights of materials purchased and for weighing
coarser articles in large quantities. A cheap platform balance
with a movable tin dish answers conveniently for this purpose.
The accompanying (Avoirdupois) set of weights should range
from % oz. to 8 Ibs.
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harder, lighter, and while possessing many better qualities
for chemical ware is, when well made, scarcely less remarkable
for beauty than crystal lead glass.

Care must be taken in the selection of glass apparatus,
especially those which are to serve as implements for reactions,
to choose such as are free as possible from strie, knots, or
bubbles, defects owing to the imperfect mixture of the mate-
rials of the glass. The more transparent the glass, the more
readily can the interior cleanliness of the vessel be ascertained.
The common green glass bottle from the factories of New
Jersey, in the absence of better, answers every purpose for
the common acids, coarser dry substances, and the solutions
of such as are soluble; and are, moreover, economical. For
the reagents and finer chemicals, there is a cheap white glass,
free from lead, manufactured at Storms and Fox's Fac-
tory in Kensington, Philadelphia, which is well adapted to
the purposes, and replaces sufficiently the elegant, but at
the same time much more costly Bohemian glass which is
only to be obtained by importation. The laboratory series
should vary in size from one ounce to one gallon, ranging as
follows, 1, 2, 4, 8, 16, 32, 64, 128 ounces. The most approved
shapes are shown by the cuts below. Fig. 33 represents a

wide mouth bhottle for pow-

Fig. 33, Fig. 34. Fig. 35. ders and erystals. It is
short and wide, with round
shoulders toadmit of ready
emptying and ecleansing,
and has a strong tall neck
for tightly corking. The
corks should be perfectly
smooth and of the velvet
kind. This shape is equal-
ly applicable to the hottles
of white glass, asisalsothat
of the narrow mouth, glass
stoppered, as shown by Fig.
35. The narrow necks and their stopples, must be accurately
ground so as to insure perfect tightness. As the cost of this
white glass above mentioned is so very little greater than the
Jersey green, it would probably be more advisable to purchase
the whole suite of bottles of such material. The stopples of
the narrow-necked bottles are made nearly spherical, hut
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of these two agents, and also of hot water, resort must be had
to the use of shot, which, when agitated with a little water
In the interior of the bottle, gradually removes the adherent
dirt, which can then be rinsed out with clean water. Care-
lessness in leaving behind one or more shot, which frequently
secrete themselves in the crease at the bottom, may result in
mjury to the next contents of the bottle, if it be solvent of
metal. Coarse sand and angular pebbles, which are some-
times substituted for shot, are apt to scratch the glass, a dis-
advantage which does not apply to small round pebbles. The
daily ablution of apparatus had better be performed at the
close, and after the labors of the day, so that the advantage
of the night may be obtained for draining and drying. Re-
torts and beaked vessels should be ranged on shelves with
circular holes for the reception of their beaks. In this case as
well also in that of open vessels, the mouths should always be
placed downwards. When it is necessary to dry the cleansed
vessel for immediate use, it may be well wiped with a towel
exteriorly and then placed upon a moderately heated sand bath,
which will soon expel all internal moisture. Wide mouthed
vessels can be dried with a cloth. For cleansing test tubes, a
goose-feather or stick with a small sponge fastened to its lower
end is very convenient.

The removal of corks from the interior of bottles is effected
by an instrument consisting of four strands of iron wire, of
about one foot length each, united together at one end, and at
the other four extremities bent into an angular shape. Being
elastic, there is no impediment to its passage through the mouth
of the bottle, in the interior of which it is made, by a dexterous
management, to catch and secure the cork, which can then be
drawn out with the wire. This simple little instrument is to
be purchased at any house-furnishing bazaar. A very con-
venient substitute is a doubled string; the loop thus formed,
when introduced into the bottle, secures the cork and allows
its easy extraction.

It not unfrequently happens with ground-stoppered bottles,
in cases where certain substances form their contents, that the
stopple adheres so firmly as to resist all efforts to remove it
with the fingers. It is then necessarg to tap it gently and
alternately on each side with the handle of a spatula,—the
spatula being held by the blade, and the bottle, by the top
of its stopple—the body resting on the table, in the other
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mechanical principles, of which we proceed to give a brief
explanation.
A balance consists of an upright shaft, supporting, by its
mmmediate centre, an inflexible lever or beam, with arms of
equal length and symmetry, to each of which is suspended a
dish for the reception of the weights (the power), and the body
to be weighed (the resistance). Of the three axes of the beam,
that in the middle is the fulerum or centre of motion, upon
which it turns in a vertical plane. The other two axes are at
the extremities of the arms. All three axes should be at right
angles to the plane of motion, and parallel to each other.

he requisite conditions of a good balance.—One of the
chief conditions of an accurate balance is a free suspension of
the beam, in order that it may vibrate with the least possible
friction. The two arms must also be precisely equal, so that
when empty, or the weight in each dish is uniform, there will
be a perfect equilibrium. The sensibility of a balance is pro-
portional to the angle formed by the beam with the horizon,
when a slightly greater weight is placed in one dish than in
the other. This sensibility depends on the position of the
centre of gravity of the beam with reference to the line of
suspension; this centre must be below that line, but as near
as possible to it, so that the slightest weight will cause the
beam to oscillate freely.

As the inertia and friction are proportional to the weight of
the beam, it must be made of material entirely free from im-
perfections, and so as to combine strength and inflexibility
with lightness. It may be of solid steel, rolled brass, German
silver, or of a malleable alloy of copper and tin, but not of cast
metal of any kind. The upright support can be of brass, and
the dishes and suspension frames of platinum.

The sensibility of the balance increases with the length of
the arms, which should, however, have a certain limit, and be
as nearly uniform as possible in every respect. When, through
unskillful construction, the length of one arm is slightly
greater than that of the other, in order to avoid the error in
weighing which this defect would occasion, the body to be
weighed is placed in one pan, and counter-balanced by weights
in the other. The amount of weight required to restore the
equilibrium after the withdrawal of the substance 1s 1ts cor-
rect weight.

In order to avoid friction, the parts of contact should be
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and at the temperature of 60° F.; from which observation it
18 easy to calculate the absolute weight of any bulk of a gas
from its specific gravity. Thus the specific gravity of chlo-
rine 18 found to be 2.47; to find how much 100 cubie inches

of that gas weigh at mean temperature and pressure, we
make use of the proportion,

as 1. : 2.47 :: 81.01 : 76.59
therefore 100 cubic inches of chlorine weigh 76.59 grains.

“The simplest method of obtaining the specific gravity of
a gas is the following:—The object is to ascertain the weight
of a bulk of gas equal to the bulk of a known weight of air.
For this purpose, a light glass globe, furnished with a stop-
cock, is very accurately weighed, when full of air; then ex-
hausted of its air, by connecting it with an air-pump, and
weighed in the vacuous state. The weight of the air with-
drawn by the exhaustion is thus ascertained. The globe, still
vacuous, is connected with a jar containing the gas which is
to be weighed, at the water or mercurial trough ; the jar hav-
ing a stop-cock at its top, into which the stop-cock of the
globe can be screwed air-tight. On gently opening both
stop-cocks, a quantity of gas rushes from the jar into the ex-
hausted globe, equal in bulk to the air withdrawn by the
exhaustion, if the surface of the liquid within the jar be
brought to the level of that without in the trough, and the
temperature of the air and the barometric pressure have not
varied during the experiment. The stop-cock being closed,
the globe is detached from the jar, and weighed. The dif-
ference between its weight when containing the gas, and when
vacuous, is the weight of a bulk of the gas equal to the bulk
of air whose place it occupies, the weight of which has already
been determined. . :

“ Suppose the globe to lose 10.33 grains by exhaustion of
air, and, when exhausted, to gain 15.78 grains by admitting
carbonic acid gas; then, assuming 1. as the density of air,
we have the proportion,

as 10.33 : 15.78 : : 1. : 1.527;
the specific gravity of carbonic acid gas is, therefore, 1.527.
¢ Although thus simple in principle, the operation in 1ts
details is one of extreme delicacy. From the facility with
which gases undergo a change in their bulk through variations
of temperature H,Il(% pressure, it is obyious that if the tempera-
ture and barometric pressure vary during the course of the
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thick, and strong enough to support the weight of their full
contents of mercury. For the convenience of closing their
mouths with glass disks, their ends may be ground flat and
even.

In all operations of graduation, the waste of mercury is
avoided by working over a porcelain plate, or, what is better,
the mercury trough, Fig. 79. The metal may be conveyed
to the vessels in the pipette, Fig. 59, which enables the addi-
tion or removal of minute portions, as the case may require.

The requirements of the laboratory call for an assorted
stock of graduated tubes and proof glasses, varying in diameter
from a quarter to two inches.

Below is a useful table, showing the value of the measures
of capacity in cubic inches, grains, and as compared with
apothecaries’ measure.

Grains of dis-  Apothecaries’
Cubic inches. tilled water. measure,

Imperial gallon . 2771274 70000 9.966-4
Imperial pint . 34.65925 8750
Imperial fluidounce 1.7329625 4375
The old wine pint . 288827 7201.666 16 fl. oz.
Old fluidounce . 1.805169 455.73 8 drachms.
Cubic inch . : 15 252,458
Litre - : . 6102525 15406.312 2.1135 pints.
Decilitre . - . 6.10252 1540.631 3.3816 fl. oz.
Centilitre . ‘ ; 0.61025 154.063 2.7053 fl. drachms.
Millilitre . ; : 0.06102 15.406 16.2318 minims,

Measurement of Gfases.—In measuring, a required volume of
any gas, a graduated tube, like the one shown in Fig. 78, is first
filled with mercury or water as the case may be, in the pneu-
matic trough, and placed upon the shelf. When the tube is too
slender to sustain itself in an upright ﬁnsition, it 1s then con-
venient touse the elamp and support, A Fig. 79. If the mouth of
the receptacle of the gas is wide, it is necessary, before trans-
ferring to the graduating tube, to place a small funnel in its
submerged end, so that the ascending bubbles may be received
upon a larger surface. By giving the reservoir, generally a
bell glass, a slightly inclined position, so that the edge of its
mouth may reach under the funnel, the transfer is made easily
and without loss. As soon as the requisite quantity has been
transferred, the connection must be broken, and both the bell
and tube made to resume their former positions on the shelf.
(See T'ransfer of Gases.) The tube is then to be depressed
in the trough until the metal, inside and outside, is at the
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A cylindrical piece of poreelain e, called the index, is then
placed upon the top of the bar, and confined in its place by a
ring or strap of platinum d, passing round the top of the

Fig. 81,

register, which is partly cut away at the top, and tightened
by a wedge of porcelain e. When such an arrangement is
exposed to a high temperature, it is obvious that the expan-
sion of the metallic bar will force the index forward to the
amount of the excess of its expansion over that of the black-
lead, and that when again cooled it will be left at the point
of greatest elongation. What is now required, is the mea-
surement of the distance which the index has been thrust
forward from its first position, and this, though in any case
but small, may be effected with great precision by means of
the scale.”

“This is independent of the register, and consists of two rules
of brass, f f and g, accurately joined together ata right angle
by their edges, and fitting square upon two sides of the black-
lead bar. At one end of this double rule, a small plate of
brass h, projects at a riﬁht angle, which may be brought down
upon the shoulder of the register formed by the notch cut
away for the reception of the index. A movable arm b, is
attached to this frame, turning at its fixed extremity on a
centre 7, and at its other carrying the arc of a circle, whose
radius is exactly five inches, accurately divided into degrees,
and thirds of a degree. Upon this arm, at the centre of the
circle k, another lighter arm c is made to turn, one end of
which carries a nonius H with it, which moves upon the face

10
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When the vessel, to be heated over the naked fire, is of less
diameter than the mouth of the furnace, this latter may be
proportionally lessened by means of a suitably adapted flat
iron ring. These rings Figs. 109, 110, are also useful when it 1s

Fig. 109 Fig. 110,

required to concentrate the heat of the furnace in the centre
of the vessel, and therefore it is advisable to have a series
of them, the centre openings of which should decrease gradu-
ally so as to render them convenient for all sized vessels.

Before commencing operations the furnace must be entirely
freed from ashes and

clinker, and the coal Fig. 111.
placed around the
vessel in layers.—
When a fresh supply
of fuel is requisite,
it may be added
through the doorway
made for the purpose.
The auxiliary appa-
ratus of a furnace,
other than that al-
ready mentioned, are
an ordinary iron po-
ker for clearing the
grate; a pair of tongs bent at right angles, Fig. 111, for plac-
ing the crucibles in the fire, and another pair curved at their
ends for grasping the crucibles around the body and remov-
ing them from the furnace, if necessary, whilst still hot.
Another pair of common fire tongs, Fig. 113, is convenient
for adding the lumps of coal.

Fig. 113.
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_Berzelius' Lamp. Fig. 26 at page 54 represents this lamp
with the improvements recommended by Mitscherlich and Lie-

Fig. 119,

big. Itshould be madeof thick sheetcopper or brass, and brazed
instead of being soldered together. Its form is that of an Ar-
gand lamp, with a eircular body or reservoir g, which receives
its fuel through the stoppered opening r. The mechanism
contained in the frame work s, and communicating with the
cylinder ¢ allows the elevation or depression of the wick at
will. The only communication between this portion of the
lamp and the reservoir is by a small tube through which the
alcohol is supplied to the wick. The chimney w may be
movable and adapted to a flattened socket soldered to the side
of the inner circumference of the reservoir, or else be hinged
in the same position so that it may be thrown back when the
Jamp is to be lichted or trimmed. Surmounting the chimney
is a crucible jacket & with a handle ¢ adapted to the socket or
thumbserew. The crucible with itsmovable cover d, Fig.120, is
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brass or iron is from twenty to twenty-four inches in length.
The fork g for the lamp, and the rings, are all adapted to the
thumb screws which hold them steadil

until they are to be replaced by others Fig. 121.

of different form or size for different and B f

larger vessels. e(( _ﬁ“? e
A very convenient modification of Ber- =7 :

three feet of solid brass. Adjusted to its
wooden handle is a brass crook for support-
ing the necks of beaked vessels, retorts, and

zelius' lamp for boiling in large vessels is T |
shown by Fig. 122. It is supported by i[>— ::t‘d]c
L~

-~ |
ff | |

the like. This crook can be lowered or \j =il

’ i — |
elevated at will by means of the thumb —
secrew by which it is fastened. Two rings _?Hjﬂ'
accompany it, one of open work for the |
support of capsules, broad and round hot- |
tomed vessels; and the other cullendered
with fine holes for the distribution of the
heat to flat bottomed glass vessels.

This is a powerful lamp, and is more convenient for large
vessels than the lamp mounted as before described. Luhme,

S

;P__- o

i

I i\
b

Fig. 122

who first recommended this form, also advises that there be
no direct communication between the reservoir and the circu-
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one a jet, with platina sponge and fixtures, for producing an
instantaneous light, and the other for bending glass tubes, &c.
They are both readily attached to the stop-cock by their serews.
In the first case, the gas is projected against the platina
sponge, and becoming immediately ignited, affords a ready
means of lighting a taper. The sponge, when not in use,
should be kept covered and dry. :

The oxyhydrogen blow-pipe is put into operation by first
charging the bags with gases, placing on their weights, letting
on the hydrogen, igniting it, and passing a jet of oxygen
through the flame directed upon the substance under process.
This substance should rest upon charcoal or fire-brick, and
in a cavity drilled for the purpose so as to prevent its being
blown away by the force of the blast. For the same reason,
when the substance is in powder, it is necessary to moisten it
with water, and compress it in the cavity. The charcoal rest
is very conveniently supported upon one of the sliding rings
(Fig. 131), which allows the facility of bringing it near to the
orifice of the pipe where the combustion takes place.

When this apparatus is used for the purposes of illumina-
tion, as in the production of the Drummond light, which is
produced by the action of its flame upon a cylinder of lime,
the nozzle of the blow-pipe must be pointed upwards, so that
the flame may have full play upon the incandescent earth.

Fig. 131. Fig. 132.
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_ Supports.—In lamp, table furnace, and blow-pipe opera-
tions, v_easels are maintained over the fire by supports, dif-
fering in material and construction with the uses for which
thtX are destined.
very simple and economical support is shown in Figs. 131
and 132, the only difference between the two being in the shape
of the foot, one being rectangular and the other round. It
consists of an upright iron rod, from 20 to 24 inches long, and
about § of an inch or more in diameter, screwed into a cast
1ron !‘mt, and fastened beneath by anut. The three project-
ing rings, of iron wire, 2, 3, and 4 inches in diameter, are held
h:{ﬁ;humb screws, which permit their elevation or depression at
will.
For the larger stands the thumb screw is of iron, and of
the form exhibited in Fig. 127 and Figs. 133,135, . Itis made

Fig. 133.

with two holes, at right angles to each other, and screws, one
for the reception of the iron upright, and the other for the
handle of the ring, which can readily be detached and replaced
by another of different size. This form of serew and socket

revents the necesgity and expense of having the rings at-
tached to the screws. One of these screws will answer for a
series of rings, and the latter being of iron wire, the operator
can readily form them himself of any required shape. With
this arrangement, and a series of dif-
ferent sized rings, the support 18 con-
venient for all its purposes without
the expense of a socket for each ring.
When the rings are too large for the
vessels to be heated, their diameters
may be diminished by means of stiff
wire triangles, Fig. 134. They are
particularly useful for the support of
small crucibles, as is shown in Fig.

Fig. 134.
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is safer to steady it upon a braided
straw ring, Fig. 143, interposed between
its bottom and the disc.

For supporting tubes and other ves-
sels horizontally, the disc may be re-

laced by the brass crook as shown in
figure 144; and for globular vessels and
flasks by the wooden tripod, Fig. 145.
Each of these pieces is adapted to the
stand D, and one may replace the other
when necessary, the serew allowing them
to be raised and steadily maintained at
the required height. The height of this
instrument when drawn out to its full
length is twenty inches.

As a support for large evaporating
vessels over furnaces, an iron tripod, Fig.
146, is very convenient,

The test tube stand or rack, which is
the only support that remains to be men-
tioned, has been alluded to before, p. 54,

Fig. 144. Fig. 145, Fig. 146.

)

Fig. 25. A smaller one for table use is shown in Fig. 147.
It consists of two narrow uprights, say ten inches high, of
thin poplar wood, which are braced together by three shelves.
These shelves are perforated throughout their length with
auger holes for the reception of the test tubes. The smaller
and shorter tubes occupy the upper range, the interval be-



























THE PORTABLE LABORATORY.

Fig. 153.
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tion, and ebullition. A sand-bath for heating glass and por-

celain vessels also forms part of the apparatus.
Weiss and Schively, No. 43 north

ront st. Philadelphia,

have lately imported an apparatus somewhat after the p]an
of our drawing, the first one we believe that has appeared or
been offered for sale in this country. We cannot too highly
commend these implements to the attention of the druggist.





















194 BLACK LEAD CRUCIBLES.—BLUE POTS.

useful for the reduction of oxides and fusion of metals.
Borax, glass and similar substances remain perfectly colorless
when melted in these crucibles. .

The mixture of graphite or coke with the clay, which is
found in those of Austin’s make, renders them'capahla of
better supporting the softening influence of the wind furnace
and withstanding the most sudden changes of temperature,
but the proportion of the latter must not exceed 33 per cent.,
otherwise its combustion by the fire will leave the crucible
porous and fragile. :

As metallic oxides are reducible when hot, by contact with
carbonaceous matter, these crucibles, when used for heating
those substances, should be lined with a thick coat of clay
paste and dried. :

Charcoal is the only proper fuel for earthen crucibles, as
coke is apt to form scoriee which attach to the crucible and
impede the draught.

Bilack Lead Crucibles. Blue Pots.—Black lead or plum-
bago when mixed with one-fourth of its weight of refractory
clay becomes capable of supporting intense heat and sudden
changes of temperature. The chief use of crucibles made of
this substance is in metallurgy, for the purposes of which their
smooth surface admirably adapts them. They are not suffi-
ciently compact for the fusion of salts.

Porcelain Crueibles.—Crucibles of this material are very
neat implements, but by reason of their incapability of resist-
ing even slight changes of temperature, are only used for
purposes to which those of more refractory material are for
other reasons not adapted. For heating over the lamp they
must be small and thin. In analytic a,ng nice operations they
replace platinum in many processes in which the contents act
upon that metal, for example, in igniting plumbic precipi-
tates, melting metallic oxides with sulphobases, preparing
enamels, and heating metallic oxides which are reduced easily
in contact with platinum.

The crucibles, Figs. 156, 157, used directly over the lamp,
should never exceed an ounce in capa-
city, for even with the most careful
management it will be difficult to cool

one of larger size gradually enough to
prevent its breaking. Berzelius recom-
mends their insertion in platinum cru-
cibles as a means of diminishing their

Fig. 156. Fig. 137.
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phurets or sulphates with charcoal are still more injurious.
Metals when heated to their melting points alloy with it, and
hence lead, tin, antimony, &e., should never be even mode-
rately heated in it. Even their oxides, cspecm}ly those of
copper, lead, bismuth and nickel, reduce at a ‘high heat by
contact with platinum, particularly if charcoal is present, the
two former at a lower temperature than the latter. Gold,
silver, copper and others can be reddened, but not melted in
latinum. Phosphorus or phosphoric acid and carbon readily
attack it. Sulphate of lead may be burned off in 1t with care,
but for the chloride, porcelain should be used. : :

Silica may be ignited in platinum, buf it combines with
silicium at a heat beyond redness, and therefore they Eh'ﬂu:.ld
always be encased when heated in the fire, otherwise if in
contact, it will abstract it from the cluals. .

Nearly all liquids may be heated in platinum, except they
contain chlorine, bromine, iodine or nitro-muriatic acid.

For the fixed alkalies, gold is preferable to either silver or
platinum, upon which they have a more or less corrosive
action.

Directions for Heating Crueibles,.—All the larger and
coarser crucibles are heated in FURNACES. Their proper
position, a vertical one, is in the centre of the fﬁra,te upon a
slight elevation. Ignited coals are placed at the bottom of
the grate and covered with alternate layers of unlit coke and
charcoal, of nut size, until the crucibie is surrounded up to
the level of its top with fuel. When the crucible is to be
strongly heated, it should be covered and the fuel heaped
over its top. ~In all cases the fire must be gradually raised
and steadily kept up, and the furnace only opened when fresh
additions of coal are necessary, as it is important that there
shall be no variation of the temperature in its interior.

After the completion of the operation, the crucible should
be allowed to cool with the furnace, or if taken out imme-
diately, placed upon a brick or bed of warm sand, otherwise
a too sudden change of temperature will cause its fracture.
The furnace tongs, Fig. 112, are conveniently shaped for this
purpose. ;

As it is occasionally necessary to poke the fire in order
that the fuel may settle previous to fresh additions, it will be
well to give the crucible a firm position upon a stand for the
purpose—the half of a fire briclf for instance, so that in the
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L

Boraz, Biborate of Soda, is an excellent and nearly uni-
versal flux, because it has the property of forming, like boracic
acid, fusible compounds with silica and nearly all the bases,
and is preferable to that acid because it is much less volatile.

It may be used at a high or low temperature. In the
first case, it is employed in the assay of gold and silver be-
cause it fuses and combines with most metallic oxides, or in
obtaining a regulus, that is to say, to separate the metals,
their arseniurets and sulphurets, from any stony matter with
which they may be mixed, because this salt is neither oxidat-
ing nor desulphurating. In the second case, it is employed
in the assay of iron and tin ores, as in the presence of char-
coal it retains but traces of their oxides, and, indeed, much
less than generally remains with the silicates.

When borax is heated it fuses in its water of crystalliza-
tion, and undergoes an enormous increase of volume; at a
higher temperature, it fuses and forms a transparent glass,
which becomes dull on the surface by exposure to air. Only
the fused vitrified borax ought to be used in assays. It must
be reduced to powder, and kept in well-closed vessels.

Fluor Spar, Fluoride of Caleium, is rarely employed in
assays, but in certain cases is an excellent flux, especially
where sulphates are present, with many of which it forms
very fusible compounds. The best proportions are about
equal equivalents of the spar and the anhydrous sulphates of
alkali, lime, and oxide of lead: but for the sulphate of baryta,
two eqs. of the spar for one eq. of the sulphate.

It likewise assists in fluxing silicates, partly by direct
union with them, and partly by yielding fluosilicic gas, and
leaving lime to unite with silica. :

Carbonate of Potash and Carbonate of Soda.—It has
been already proved that they possess oxidating and desul-
phurating power ; they will now be considered as fluxes.

They are decomposed in the dry way by silica and the
silicates, with the separation of carbonic acid. The presence
of charcoal much facilitates this decomposition.

The silicates of potassa and soda fuse readily and flow
freely.

They form fusible compounds with the greater part of the
metallic oxides; in these combinations the oxide replaces a
certain quantity of carbonic acid; but these compounds are
not stable, they are decomposed by earbon, which reduces the
oxide, or by water, which dissolves the alkali.
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combustible gases, and leaves a residue composed of car-
bonate of soda with about 5 per cent. of charcoal. Of all
reducing agents soap absorbs the greatest quantity of oxygen,
and as the residue of its decomposition by heat affords but
little charcoal, it has the property of forming very fluid slags.
Nevertheless, it is rarely employed because certain inconve-
niences outweigh its advantages. These inconveniences are,
its bubbling up and its extreme lightness. It also requires to
be rasped, in order to mix it perfectly with the substances it
is to decompose, and it then occupies a very large volume,
and requires correspondingly large crucibles. There are
nevertheless cases where it may be used with advantage by
mixing it with other fluxes.

All those fluxes containing alkaline and earbonaceous sub-
stances are reducing and desulphurizing, besides acting as
fluxes, properly so called; they also produce another effect
which it is useful to know, viz : they have the property of in-
troducing a certain quantity of potassium or sodium into the
reduced metal. This was first pointed out by M. Vauquelin.*®
He found that when oxide of antimony, bismuth, or lead was
fused with an excess of tartar, the metals obtained possessed
some peculiar characters, which they owed to the presence of
several per cent. of potassium.

MeraLric FLuxes—Litharge and Ceruse.—These bodies
always act as fluxes, but at the same time often produce an
alloy with the metal contained in the ore to be assayed.
Ceruse produces the same fluxing effect as litharge. The
litharge is the better flux, and is very useful in a great number
of assays.

It fuses readily with the oxides of irom, copper, bismuth,
antimony and arsenic, sulphate of lead and the silicates, in
the proportion of 2 to 5 parts of litharge to 1 part of the
substance to be fluxed; other oxides require a larger amount
of litharge. Its action is that of promoting fusion, reducing
an oxide and desulphurizing a sulphuret.

Glass of Lead, Silicate of Lead.—The silicates of lead are

referable to litharge in the treatment of substances contain-
ing no silica, or which contain earths or oxides not capable of
forming a compound with oxide of lead, excepting by the aid
of silica. It may be made by fusing 1 part of sand with 4

* Annales des Mines.




















































































DISTILLATION IN RETORTS. 237

face, and is, therefore, better adapted to those liquids which
boil quietly and distil more slowly.

A great improvement to the plain retort, is the addition of
a glass stoppered tubulure to the neck, as at Fig. 191, The
tubulure should have its position exactly as shown in the cut,
so that the vapors condensing about it may flow back. Tubu-
lated retorts are preferable, because they are more readily
cleansed and charged than those of plain shape; moreover,
they admit of fresh additions to their contents without the
necessity of disturbing the arrangement.

If the distillation is to be urged over an Argand lamp, the
neck of the receiver to be attached to the retort may be long,
and the connection may be made by inserting the beak of the
latter in its mouth, Figs. 192, 193, 194, and by rendering the

Fig. 192. Fig. 193.
____"‘——-..,_ Fi
e 1 B

joint air-tight with a wrapper of India rubber cloth, as shown
at R in the figure. The funnel D is charged with water which
flows in a thin stream, regulated by the cock in the barrel,
upon the receiver covered with sponge or bibulous rags and
resting in a capsule C.
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CATION tube, as at Fig. 148, the bent tube can be removed.
In this instance, and, indeed, with better results in all cases,

Fig. 218, Fig. 219, Figz. 220.

|

the angular tube should be blown with a bulb in its centre for
the reception of a plug of raw cotton, which intercepts the
passage of liquid.

The perforations in the cork must be only large enough
for the transit of the tubes, and the joints must be perfectly
tight. To render the cork itself impermeable, sealing-wax
should cover both of its surfaces. This arrangement of the
tubes obviates all liability of explosion. If condensation takes
place in the interior of the generating vessel, the resistance
from the funnel tube being more feeble than that opposed by
the water of the trough or receiving vessel, the air enters.
So also, if from any cause the passage of the gas through the
exit tube should be obstructed, its pressure upon the liquid in
the generator forces it upwards through the funnel tube, so
that it may escape instead of being allowed to accumulate
until explosion takes place.

When it is desirable to have the gas free from impurity, an
indispensable consideration when it is to be used in analyses,
it should, previous to its entrance, be passed through a small
quantity of water, or other fluid, which will dissolve out or
chemically attract such foreign matter as might have an in-
jurious effect upon the liquid to be acted upon, A suitable





























































TRANSFER OF GASES. 271

pletely supplied by the gas simultaneously entering, and its
mouth be closed with a plate of ground glass, cork, piece of
caoutchoue, or other suitable means.

: en the gas is heavier than air, as is the case with chlo-
rine, the disengagement tube should enter to the bottom of
the receiver, the mouth of which should be closely covered
with a pasteboard disk. When the gas begins to escape at
the mouth, the jar is full, and, after being closed with a
ground glass plate or other stopper, carefully removed aside.

Transfer of Gases.—It is frequently necessary to transfer
portions of gas from a large vessel to a smaller one for the
purposes of experiment or MEASUREMENT.* Having already
given the mode of transferring from a gasometer we will now
speak of transvasement over troughs.

If the jar or reservoir of gas is still upon the shelf of the
pneumatic trough, the smaller vessel which is to receive a por-
tion of its contents is to be entirely immersed in the fluid of
the trough, and whilst full, conveyed bottom downwards to the
shelf and there placed, so that it will project over the edge
about a third of its diameter. The reservoir is then brought
forward and the mouths of the two put in connection as shown
in Fig. 250 by inclining the reservoir so that their edges may
be in contact;—the gas then passes up in bubbles and by a
little dexterity the rapidity of its flow can be easily regulated.

At pages 109, 133 and 134, we have already given direc-
tions for the transfer of gases into tubes and globular vessels.

Bladders are filled from the cocked receivers, Fig. 241, as
directed at p. 267. Bladders are cleansed by ablution in
weak potash lye, subsequent washings in fresh water and
drying. The caoutchouc bags, mentioned at p. 216, are
however preferable.

* As the volume of a gas confined in tubes, or ather vessels, over mercury or
water varies according to the pressure of the surrounding atmosphere, it becomes
necessary in experiments on gases to observe the barometric pressure, or the
height of the mercurial column in the barometer, at the time the volume of the
gas is observed, Every laboratory onght, therefore, to be provided with a baro-
meter, which should either be a good syphen-barometer or a cistern-barometer,
in which the mercury of the cistern may be brought to the same level before
observing the height of the column. The latter is generally read off in a scale
divided into inches, tenths, and hundredths of inches. As the height of the
mercurial column varies according to the temperature, a correction must be
made for the temperature of the mercury in the barometer, which, for this pur-

pose, is furnished with a thermometer to be observed at the same time.
¥
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indeed in all experiments with gases and liquids, wherever
1t 1s desired to confine the volatilized particles within the
vessels and prevent their escape into the atmosphere and con-
sequent loss.

To accomplish these ends we make use of lutes, which must
vary in composition and mode of application with the material
and construction of the apparatus, the temperature at which
1t is to be heated, and the nature of the generated products.

Caoutehoue.—This substance, in sheets, is particularly use-
ful for forming flexible tubes by which joints may not only be
rendered hermetical but also flexible. For delicate apparatus
it is particularly applicable even at high temperatures. The
tubes are made as directed at p. 216, and tied above and
below the joint as at 2, Fig. 166. Sometimes India rubber is
replaced by muslin, payed over after its adjustment around
the joints, with a paste made by the mixture of caoutchouc
and spirits of turpentine.

Bladder.—Bladder well cleansed and divided into strips
answers very well to a limited extent. For example, when
moistened and coated with white of egg or solution of bone
glue or of isinglass, it forms an excellent covering for the
joints of retorts, tubes and the like, to the surfaces of which
it adheres tenaciously. When, however, the contained in-
gredients generate corrosive vapors, and so rapidly as to strain
the apparatus, the bladder is unserviceable.

Flaxseed Lute.—Flaxseed meal mixed to the consistence
of a paste with water, milk, lime-water, or starch paste. This
lute is very manageable and impermeable, but does not with-
stand a heat greater than about 500°.

If just the sufficient quantity of water be added to quick-
lime to reduce it to a dry powder, and that is mixed well and
rapidly with white of egg diluted with its own ‘vnlume of
water, and the mixture spread immediately upon strips of lipen
and applied to the part, which is then apz:lnkled w1tl_1 quick-
lime, a good cement is made. Instead of white of egg, lime and
cheese may be used, or lime with weak glue water or blood.
This lute dries very rapidly, becoming very hard, and adher-
ing strongly to the glass; but its great imconvenience 1s the
want of flexibility. i i

In spirituous distillations, the joints of thfz apparatus may
be closed very readily and effectually by a stiff paste of equal
weights of whiting and flaxseed meal, mixed with water, We
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requires to be fastened down with strips of bladder. Its
greatest disadvantage is the difficulty of stopping holes which
may be blown through it by escaping vapor. ; :

Lead and 0il Lute.—Red lead mixed with boiled linseed
oil is excellent for sealing the joints of steam-vessels. It
hardens readily and bears a high heat. ‘

Lute for coating Fire Vessels.—Faraday gives the follow-
g directions for luting iron, glass, or earthenware retorts,
tubes, &c., for furnace operations. When the lute has to
withstand a very high temperature, it should be made of the
best Stourbridge clay which is to be made into a paste, vary-
ing in thickness according to the opinion of the operator. The
paste should be beaten until it is perfectly ductile and uniform,
and a portion should then be flattened out into a cake of the
required thickness, and of such a size as shall be most man-
ageable with the vessel to be coated. If the vessel be a retort
or flask, it should be placed in the middle of the cake, and
the edges of the latter raised on all sides, and gradually
moulded and applied to the glass; if it be a tube, it should
be laid on one edge of the plate, and then applied by rolling
the tube forward. In all cases, the surface to be coated should
be rubbed over with a piece of the lute dipped in water, for
the purpose of slightly moistening and leaving a little of the
earth upon it ; if any part of the surface becomes dry before
the lute is applied, it should be re-moistened. The lute should
be pressed and rubbed down upon the glass, successively from
the part where the contact was first made to the edges, until
all air bubbles are excluded, and an intimate adhesion effected.
When one cake of lute has been applied, and is not large enough
to cover the whole required surface, another must be adapted
in a similar manner. Great care must be taken in joining the
edges, for which purpose it is better to make them thin b
pressure, and also somewhat irregular in form, and if at aﬁ
dry they should be moistened with a little soft lute. The
geqera],ll thickness may be about one-quarter to one-third of
an inch.

Being thus luted, the vessels are afterwards to be placed
in a warm situation, over the sand-bath or near the ash-pit,
or in the sun’s rays. They should not be allowed to dry
rapidly or irregularly, and should be moved now and then to
change their positions.

To prevent cracking during desiccation, and the consequent








































































302 SOLUTION BY DIGESTION.

In analytic operations, digestion is performed in beaker
glasses. These are bell-shaped vessels,

Fig. 254. Fig. 254, of Bohemian glass, and uniformly
thin throughout, so as to support a con-
siderable elevation of temperature. The
glass must be well annealed, hard and free
from lead, so as to resist the action pf
acids. These vessels come in nests of dif-
ferent numbers. Their size varies gra-
dually upwards from an ounce in capacity
to a gallon. :

The substance to be acted upon, In a
state of fine powder, is tmnsferr'ed to f:he
glass, which must be perfectly clean, and is then mixed with
the proper quantity of acid or other liquid by shaking the
glass after the addition, or by the use of a glass stirrer,
taking care, however, in this last instance, if for analysis, to
wash off adhering particles previous to its withdrawal, with a
little fresh solvent. The glass is then to be covered with a
square of window glass (free from lead), a porcelain capsule
or watch glass, whichever is most convenient, so that the
volatilized vapors condensing upon their bottoms may fall
back again into the vessel.

If the glass is small, it may be directly heated over the
lowered flame of a gas or spirit lamp, Figs. 27, 119, cautiously

and gradually heightened as the glass be-
Fig. 255. comes heated. To modify the action of the
flame and diminish the danger of fracture
of the glass, a fine wire gauze b, for the diffu-
sion of the heat, may be interposed between
its bottom and the flame. Fig. 255 repre-
sents a digestion in a beaker-glass a, over a gas
lamp ¢. For larger vessels a SAND BATH must
be used.

Thin flat bottomed flasks with narrow
necks and smooth tops, Fig. 256, made of
hard glass, free from lead, are sold specially
for this purpose; but the common sweet oil
or Florence flasks are much more economi-
cal and equally convenient for operations
adapted to their capacity. When it is im-
portant that not even a drop of substance
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18 conducted; @ the main steam-pipe; b a vertical pipe con-
veying the steam into the eylinder A; ¢ ¢ branch-pipes leading
the steam to the bottom of the cylinder; d a stopcock upon
the pipe &, for regulating the entrance of the steam into the
interior of the njﬁinder. (The tubes and the cylinder should
be wrapped around with woolens, so as to retain their heat
and prevent their cooling.) e is the stopcock for the discharge
of the gelatinous solution; f the cover of the cylinder, which
is fastened to the cylinder, so as to prevent the escape of any
of its contents; g a tubulure in the cover for the reception of
a thermometer; 4 a tub to receive the solution as it is formed;
¢ a gutter for conveying into another vessel the grease which
is run off in the commencement of the operation; K another
gutter, moving on a pivot, which receives the liquid as it runs
from the cock e, and empties it into the tub /%, or into the
trench ¢; I a tube for feeding the interior of the cylinder with
fresh water; m a movable adjustment attached to the pipe /
for regulating the quantity of water and preventing a too
great elevation of temperature in the interior of the appa-
ratus.

Fig. 260, elevation of the interior basket, made of wire-
cloth. This basket, or cage, receives the cleansed and crushed
bones, and is enclosed in the cylinder A; ais the handle with
which, by means of a pulley, it is lifted or lowered, to be
emptied or charged. Four or more of these machines make
a series, and the boiler which feeds them with steam should
carry a pressure of 4 lbs. to the inch. (Eneye. of Chem.)

When volatile or costly liquids are used as solvents, it is
necessary both on the score of economy and of the efficacy of
the process to use certain precautions. In making pharma-
ceutical preparations, of which alcohol or ether is the men-
struum, they have an important bearing. For example, either
of these liquids volatilizes by a high heat, and unless the
vaporized particles are by a suitable arrangement condensed
and returned to renew action upon the substance, the latter
will be evaporated to dryness long before sufficient time has
elapsed for the completion of its solution. For this purpose
an ordinary cooling worm may be attached, as shown in Fig.
261. The vapors escaping from the digesting vessel a, are
condensed partly in the inclined tube 4, and partly in the
worm ¢, and fall back again into the flask as soon as they
become liquefied by the water surrounding the worm. This
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consisting of a wooden handle affixed to two flat pieces of thin
steel indented at their ends so as to form a round catch, and
tightened or loosened by a slide, is much more convenient but
not always at hand.

The mouth of the tube during heating, or whilst its contents
are being shaken, should always be held away from the ope-
rator, else ejected matter may endanger his person or dress.

Faraday gives the following valuable advice as to the use
of test tubes for making solutions with volatile liquids, and
under pressure.

“In consequence of the small diameter, and therefore
small sectional area of tubes, they are much stronger rela-
tively to internal pressure than larger vessels, such as flasks
of the same thickness. An advantage is thus gained in some
cases of solution or digestion in certain fluids, as aleohol,
ether, and even water, because it enables the experimenter to
subject the substances to temperatures as high as the boiling
points without loss of the fluid, or occasionally to tempera-
tures still higher, the ebullition going on as it were under
pressure. This is easily performed with aleohol, ether, and
similarly volatile fluids, in tubes of four, five, or six inches
in length, and of such diameter as to be readily and per-
fectly closed by the finger. Suppose a tube of this kind, one-
third filled with alcohol and held tightly between the thumb
and second finger of the right hand, its orifice being closed by
the fore-finger of the same hand. Fig. 251. The fore-finger
is to be relaxed, and the heat of a spirit-lamp applied until
the aleohol begins to boil ; the fore-finger is then to be reap-
plied closely, and it will be found that the flame of the lamp,
applied at intervals, is quite sufficient to keep the temperature
up to the boiling point. No aleohol can evaporate, for the
finger has power sufficient to retain the vapor even were its
force equal to two atmospheres, and the tube itself is also
strong enough to resist the same force.

“This operation is very advantageous when valuable and
volatile solvents are in use; it is therefore worth while to refer
to those points which indicate the state and temperature of
the fluid, and which make the practice easy. If the fluid be
one which, like alcohol, when at or above its boiling point is
at a temperature inconvenient to the hand, then, if all the
common air were allowed to pass out of the tube before clos-
ing it, the whole tube would become heated by the vapor
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rising from the hot liquid beneath, and the fingers would be
injured ; but by not allowing all the air to escape, that por-
tion which is retained in the tube, is always forced to the top
by the successive formation and condensation of the vapor
below, and interfering with the passage of the hot vapor to
the part which it occupies, it preserves that portion of the
tube at comparatively low and very bearable temperatures.
The part thus retained at a low temperature, s proportionate
to the quantity of air confined in the tube; this quantity 1s
usually a proper one if the tube be closed just after the alco-
hol has begun to boil, and before the upper part of the tube
has been heated. If too much air has been expelled, and
the tube is found to become hot above, the application of the
flame must be suspended a moment or two, the whole suffered
to cool below the boiling point, the tube opened, the upper
part cooled slightly by a piece of moist paper or a cold
finger, and then the fore-finger is to be reapplied to close 1t
as before.

“The state of the fluid within is in part indicated by the
pressure of the air or vapor on the finger, the latter being
urged away from the tube by a force proportionate to the
degree of heat above the boiling point, and being drawn in-
wards when the heat is below that point. Generally, there-
fore, the finger alone will serve to ascertain whether the
temperature 1s above or below the point of ebullition; but
as the force required is, after operating for some time at high
pressures, such as to diminish the sensibility of the finger to
smaller pressures, it sometimes happens that on lowering the
temperature, the period at which it attains that of ebullition
in the atmosphere cannot be distinguished. This point is,
however, easily recognized by relieving the pressure of the
finger slightly ; should the quiescent fluid below then burst
into ebullition, 1t 18 a proof that its temperature is higher
than the boiling point at atmospheric pressure, but should it
remain quiescent until the finger is entirely removed, its tem-
perature will be known to be below that point.”

Boiling in Beaker (flasses and Flasks.—These vessels are
used when large quantities of liquid are to be operated upon.
When the direct heat of the lamp is applied, it should be
diffased by the intervention of a wire gauze. The preferable
mode of heating is by a highly heated sand-bath. The same
remarks as to their material and construction, as given before
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at p. 303, are applicable in this instance. They should be
loosely covered during the operation, the beaker glasses with
squares of window glass and the mouths of the flasks with
watch glasses. The position of the beaker glass over the lamp
1s shown at Fig. 255, that of flasks at Fig. 119. Round bot-
tomed flasks, Figs. 266, 267, are made of different sizes, espe-

Fig. 266. Fig. 267, Fig. 268.

cially for solutions, but Florence flasks, which have been
rounded on the edges of the mouth over the blow-pipe flame,
so as to allow of the easy entrance of a loose cork, are equally
convenient and less costly. They are thin and uniform
throughout, and bear very high temperatures without frac-
ture. Fig. 268 represents a flask being heated in a dish
sand-bath over a small furnace, for solutions requiring a higher
temperature than can be furnished by the gas or spirit lamp.
They must be well imbedded in the sand in order to produce
ebullition.

Boiling in Capsules.—Solution is made in open vessels
when the solvent liquid is not easily vaporizable or alterable
by exposure, or when its loss is of little consequence. The

most convenient implements for the purpose are porcelain
capsules. Figs. 269, 270. Those from the Royal, Dresden

Fig. 260, Fig. 270,

s i
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Fig. 186, half filled with water and heated over the gas lamp,
readily furnishes sufficient steam.

As boiling by steam is practiced in numerous chemical ope-
rations, it is proper to introduce some directions pertinent to
the subject.

It is very seldom that the heat required for ordinary labo-
ratory purposes exceeds that given by five pounds above
atmospheric pressure—never more than fifteen pounds—and
the fire under the generator and weights upon the safety
valve should be regulated accordingly.

If the mixture to be boiled is unalterable by the action of
condensed steam, the conduit pipe may lead directly into it,
and to the bottom.

As the liquid appears to boil before it actually does, the
only sure indication of temperature is to be obtained by a
thermometer, Fig. 84,

This method, however, causes a great loss of heat and in-
commodes the operator, by filling the apartment with clouds
of vapor. A loose cover will partially remove these objections.
In boiling in this way, care must be taken that the fire does
not get low, lest a condensation of the vapor occupying the
upper part of the boiler causes a partial vacuum, and the con-
sequent withdrawal of part of the liquid from the vat into the
boiler. The conduit connected with the feeder should always
have a stop-cock near the coupling, which is to be shut off
upon the completion of the operation. If the boiler should
then happen to be surcharged with steam, it must be blown
off through the valve, this being readily accomplished by
gradually unloading the lever.

A far better plan of boiling by steam is to conduct it
through a coil of pipe placed at the bottom of the vat, and
having an exhausting pipe leading into the neighboring flue.
This mode allows a uniform temperature at any degree from
that of the atmosphere to 212° F.,—suitable stop-cocks being
attached for that purpose to regulate the supply of steam ac-
cordingly.

In cold weather and especially when the feeder or conduit
are of any length, it will be economical to wrap them with
woolen listings or straw, as means of preventing conden-
sation.

SonurioN BY DISPLACEMENT.—Displacement, termed also

lixiviation, when applied to the solution of saline substances,
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tion of a few drops of aleohol added through the lateral stop-
pered tubulure e, the liquid percolates through the solid mass
by the force of atmospheric pressure, and ultimately reaches
1:1_1«3}L receiver saturated with the soluble matter of the mate-
rial e.

In order to express clearly the rationale of this process, we
will suppose that vegetable matter, a dye-wood for example,
in coarse powder, is to undergo exhaustion by this method.
It occupies the part e, as before said, and to facilitate the per-
colation, has been previously moistened with a portion of the
solvent. Liquid is added, as shown at d, and soon soaks into
the mass beneath ; another portion of solvent is then poured
in as before, and takes the same course, displacing the portion
before used without mixing with it. These strata of solvent
are pressed downwards by successive additions of liquid, and
become more and more charged with soluble matter, as they
approach the bottom of the mass, until at last they run out
into the recipient highly charged and in the present instance,
highly colored—the first runnings being more nearly saturated
than those which follow. When by consecutive additions of
solvent the material has been exhausted, the liquid in its
transit through the mass is unacted upon, and reaches the
receiver as tasteless and uncolored as when first poured in.
This indicates the completion of the process.

The neck of a retort with its smaller end adjusted to a wide
mouth bottle by means of a perforated cork, makes an excel-
lent displacing apparatus.

When the solvent is volatile, in order to prevent loss by
evaporation, the apparatus is modified, as shown in Fig. 273.
The displacer is adapted to the centre tubulure
of a two necked Wolffe bottle. Now as atmo-
spheric pressure is an important element of this
process, it will not do to shut it off by closing
the top of the displacer without making some
other arrangement, and, therefore, a communi-
cation between the upper and lower vessel is
established by means of a bent tube adjusted
in the lateral tubulure of each. In this man-
ner the vessel is completely closed, and vapor-
ization prevented while the pressure produced
is distributed throughout the vessel, and thus
rendered uniform. In using the glass displacement appa-
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ratus first described, this principle must be recollected ;
where a vacuum is not artificially created in the receiver, the
ground glass edges of it and the displacer should either be
permanently aeiarated or occasionally disjointed.

The stop-cock near the bottom of the receiver 3110“:3 the
withdrawal of the solution as fast as it accumulates, ‘F'{'lthﬂ“t
the necessity of disarranging the apparatus. In experiments
upon large quantities of material, and in pharmaceutma! ope-
rations generally, the displacers employed are made of ﬁmned
copper or tin plate. Those of porcelain which are now in the
market, are much more serviceable, because they are readily
cleansed and resist the action of corrosive liquids. Of what-
ever material they are made, they should be cylindrical and
funnel-shaped at the base, and the height should be at least
four times the diameter, as is shown in Fig. 274. At a
there is a flange in the interior as a support for the cul-
lendered diaphragm a 6. These diaphragms are removable,
and for convenience in handling have a knob in the centre.
The lower diaphragm is always to be covered with a circle
of coarse muslin for the reception of the material and to pre-
vent the passage of particles as well as obstruction of the
holes. The other diaphragm, fitting loosely to the cylinder,
rests upon the top of the powder and serves for the better
distribution of the solvent and for the prevention of the escape
of dusty particles which sometimes occurs if the powder is put
in dry. The stop-cock ¢ in the barrel or exit pipe is useful
for regulating the discharge of the liquid.

The tripod D is the support, and allows the withdrawal of
the receiver P, when it is full and when it is to be replaced
by another, without the necessity of disturbing the displacer.

Another very convenient form of displacer is that in which
ether, alcohol and any other volatile solvent may be kept in
constant action without exposure to air or loss by evaporation.
By its use a great saving of time and labor and solvent is
gained. The arrangement is exhibited at Fig. 275. It con-
sists of a glass cylinder B, the funnel of which should reach
to the centre of a glass balloon A, beneath the two vessels,
being attached by means of a perforated cork. The lateral
tube ¢, d opens communication between the lower and upper
apartments. As the whole forms a perfectly tight connection
the safety tube E becomes necessary for the regulation of the
dilatation and contraction of the vapors.
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required by the small spirit lamp 1. The ether or alcohol
which has infiltrated into the balloon thus carried to, and
maintained at ebullition, passes off as vapor 1nto the la:ter_a,l
tube, there partially condenses and falls upon the material in
the cylinder to infiltrate through again. The excess of vapor
and of expanded air escapes through the safety tube; but a
part of the vapor is arrested and condenses in the three bulbs,
the first of which immediately empties its liquefied contents
into the cylinder to renew its action upon the powder.

The concentration of the filtered solution is thus continually
going on in the balloon, the concurrent distillation returning
the evaporated particles to the substances to be exhausted,
through the lateral tube e, d.

When water is the liquid to be employed, the water bath
must be replaced by a saline or sand bath, and the spirit lamp
by a furnace. d

For the solution of difficultly soluble substances, this mode
presents many advantages not possessed by other processes,
and amongst others it yields a clear solution and supersedes
the necessity of FILTRATION, which is required for most solu-
tions made by infusion, decoction and boiling. It is par-
ticularly applicable to the purpose of procuring concentrated
solutions for EVAPORATION to extracts, as well as for making
tinctures, &e.

The solvent may be acid, alkaline, spirituous, ethereal or
aqueous in its nature, the principle of its action being the
same in all cases. When the liquid is corrosive, however, the
vessel should not be metallie, but of glass or porcelain, and
should be plugged with asbestos instead of cotton. It is im-
material whether the solvent be applied cold or warm, save
when the process is resorted to for the separation of sub-
stances soluble in cold from those which are only soluble in
hot liquids. Except in such cases heat may be applied, as it
increases the power of the solvent, and a convenient means
of doing so is to encompass the apparatus with a metallic
Jacket, to be supplied with steam from the generator, Fig. 10.

There are certain conditions necessary to the success of
this operation. The material must be in powder of medium
DIVISION; neither too fine nor too coarse, for in the first
case 1t clogs the cloth and holes of the diaphragm, and if
heavy and compact, retards the percolation of the liquids:—
on the other hand, when too gross, the transit of the solvent is
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so rapid that the material is but partially acted upon. When
aleohol or ether is used, the powder may be a little finer than
for less volatile solvents; and all powders liable to set, or to
become so compact as to prevent the passage of liquid, must
previously be mixed with well washed coarse white sand. This
addition remedies the defect and ensures the easy passage of
the solvent.

The material, as before recommended, should be moistened
with half its weight of the solvent, and left to soak for an
hour or more before being placed in the percolator. After
having been transferred, it is covered with the diaphragm,
and sufficient liquid is poured upon it to cover entirely its
surface. As soon as this first portion infiltrates through the
mass, another portion is added, for it is only by keeping the
surface covered with solvent that a uniform penetration of all
portions of the mass can be effected. If the liquid passes
through very rapidly the mass is too loose, and must therefore
be compressed by pressing upon the diaphragm cover. Or in
order to prolong their contact, the stop-cock ¢ may be nearly
closed, so as to allow the exit of only a thin stream.

When aleohol or other valuable volatile liquid is used, the
residual portions may be either extracted by pressure of the
mass P, or by displacement with water; and subsequently, by
distillation of the resulting mixture. The general practice,
however, in the Laboratory is to reserve the last running for
the first application to fresh material.

Caper’s MoDE oF SonutrioN—This plan is well adapted to
those powders which do not admit of being easily infiltrated.
It consists in macerating or infusing the pulverized material
with double its weight n% cold or hot solvent, and after some
time subjecting it to strong pressure. This treatment is to
be repeated until the substance ceases to yield soluble matter,
and the resulting liquids are then mixed together and filtered.
Cadet’s mode is used largely for dissolving the tannin from
galls with ether.

A convenient press for this purpose is shown at Figs. 276
and 277. All powders which have undergone the process of
solution in large quantity should be subjected to its action, as
a good deal of retained solution may thus be obtained, and
consequently saved.

It i1s formed of two strong upright stanchions, and two
proportionably strong cross pieces, firmly jointed in the side
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4. That a diminution of the atmospheric pressure also
facilitates evaporation, for the more perfect the vacuum the
lower the boiling point of a liquid.

Evaporating Vessels.—For analytic purposes, capsules of
Berlin porcelain are by far the best implements. The cap-
sules should be very thin, with steep sides, spout for pour-
ing, nearly flat bottomed, and glazed throughout. Watch
glasses answer for small experiments, but require to be very
cautiously heated, as they are readily fractured.

Beaker glasses are also used for evaporating solutions which
would lose by being transferred. Broad mouthed glass flasks
are of but limited application for evaporating, and are only
employed for slow processes with valuable liquids, which are
liable to alteration by too much exposure when ebullition 18
necessary.

For the larger operations of the Fig. 280.
Chemist or Pharmaceutist, vessels
(Fig. 280) of copper, tin, enamelled
iron, tinned copper, and for some
purposes very large porcelain cap-
sules are more suitable.

Retorts are used when the vapor-
1zed particles are of sufficient value
to be condensed, as in the process of distillation.

Spontaneous Evaporation.—Those liquids which are very
volatile, or which become altered by heat, are evaporated by
mere exposure to the atmosphere at its ordinary temperature.
To this end they are poured into broad shallow vessels, and
placed aside until the dissipation of all vaporizable matters,
or until erystallization; this mode of evaporation being also
employed for procuring large erystals, which are better de-
fined than those obtained by rapid evaporation.

The more dry and hot the atmosphere the more rapid is
the evaporation. In order to maintain a continued contact
of the surface of the liquid with strata of fresh air, the vessel
containing it should be placed in a draught, so that those
portions of air which become saturated with vapor may be
displaced.

When the air might act injuriously, and a vacuum is un-
necessary, a substance may be evaporated in another atmo-
sphere, l;%r instance, of hydrogen or carbonic acid. For this
purpose it is only necessary to adjust the disengagement leg
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two and a half inches pressure, and to resume the process of
exhausting again at intervals of fifteen or thirty minutes.

Other modes of evaporating in vacuo, as practiced in the
arts, are fully described in Ure’s Dictionary of Arts, and
under Sugar, in the “ Encyclopedia of Chemistry.” Howard’s
and Barry’s vacuum pans are the most effective implements.
The latter is applicable in Pharmacy for making extracts upon
an extensive scale. It consists of a hemispherical pan with
a tifhtly fitting cover, in the centre of which is a bent tube
leading into a copper spheroid of four times the capacity of
the pan. This tube is fitted with a stop-cock, which allows a
communication, at will, between the spheroid and pan. An-
other cock at the opposite end is made so as to couple with
the conduit of the steam generator.

The liquid to be evaporated is introduced into the basin,
which is then to be hermetically closed and placed in a water
bath. The cock connecting with the spheroid being closed,
a current of steam is let on, and continued until the entire
expulsion of air from the pan; access of steam is then stopped
by closing the cocks, and a sheet of cold water applied to the
exterior. A condensation of vapor ensues, and a partial
vacuum is produced. Communication being then opened with
the caldron, uniform expansion of the air ensues; and as the
capacity of the spheroid is four times greater than that of the
pan, the latter contains only one-fifth of its original amount
of air. Several repetitions of this manipulation produce a
sufficient vacuum. The water bath is then heated until the
liquid within the pan commences to boil, as may be seen
through the small window left for the purpose, and the cool-
ing of the spheroid continued. When the liquid has reached
the required thickness, the operation may be discontinued.
In this way ebullition proceeds at 100° F. under a pressure
sixteen times less than that of air. With an air syringe
attached for removing the vapor as fast as formed, the power
of the apparatus would be greatly increased.

Evaporation by Heat in Open Air.—Having already noted
the effects of heat in facilitating evaporation, we proceed to
make known its modes of application. As the boiling points
of solutions differ, so accordingly their evaporations are
effected at varying temperatures. For example, aqueous or
other solutions of unalterable matter may be evaporated over
the fire; others which are destructible by heat require the
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intervention of BaTHS, In whatever mode the operation 13
performed the general principles are the same, and whether
the vessel be a porcelain capsule or metallic pan, the greater
its width in proportion to its depth the more rapid is the
evaporation. Constant agitation with a stirrer is also pro-
motive of the process. :

Evaporation over Water and Saline Baths.—When solu-
tions are alterable at a temperature above 212° K., the cap-
sule or containing vessel is heated over the WATER-BATH, Fig.
To0a
If it requires a higher heat, but one not exceeding 300° F.,
then the water must be replaced by a SALINE-BATH, p. 184.

Evaporation by Steam.—This mode has many advantages
over all others, not among the least of which is that with the
aid of the generator, Fig. 10, any number of vessels may be
heated simultaneously, and in any part of the laboratory, it
being only necessary to have conduits of sufficient length to
convey the steam to them. Moreover, convenient stop-cocks
allow a regulation of the heat, and consequently all danger
of injury to the evaporating solution is avoided. By increas-
ing the pressure of the steam the temperature of the solution
is also elevated.

Steam is applied through metallie coils placed at the bot-
tom of the containing vessels, and having an exit pipe leading
into the neighboring flue, or else by means of metallic casings.
This latter mode, by far the best, 13 given in detail at pp. 42
and 181,

Evaporation over Sand-baths,.—This mode is much used in
analyses and for careful evaporations, requiring temperatures
greater than 212°, and yet not so high as those given by the
naked fire. The position and arrangement of the vessels are
as directed under the head of SAND-BATHS.

Evaporation by Heated Air.—This mode is admirably
adapted for the inspissation of the natural juices of plants or
for preparing dry extracts. It is also applicable to the com-
pletion of evaporations which have been carried as far as is
safe over the naked fire. Porcelain plates or panes of win-
dow glass are the vessels used, and a stove or apartment for
their reception heated from 95 to 110°, with a free draught
passing through are the means of obtaining the required tem-
perature. The juice evaporates either to thin scales or else
to a spongy mass, as in the case of tannin extracted by ether,
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and as soon as it reaches dryness, the plates or panes are to
be withdrawn, and their contents removed with a spatula.

Evaporation over the Naked Fire.—The tendency of many
substances to decomposition over fire, especially organic, even
when in solution, renders this mode inapplicable save when
the solvent and substance dissolved are both inalterable below
the boiling point of the former. It is resorted to for expe-
diting evaporations, but otherwise is far more inconvenient
- than steam, because of its affording less facility for the regu-
lation of the heat and requiring greater attention. The con-
taining vessel should be placed over a furnace of small dimen-
sions, and its contents continually stirred with a poreelain
spatula—this precaution preventing decomposition or carboni-
zation, provided the temperature is not allowed to exceed the
boiling point of the solvent.

In analysis and other processes, the heating implement is
generally the gas or spirit lamp, Figs. 26, 27. The cap-
sule filled to about two-thirds its depth with liquid, being
placed in position, the flame is applied gradually and main-
tained just low enough to prevent ebullition ; ang in order to
facilitate the process, and at the same time to allay turbulence,
it should be frequently stirred with a glass rod. The same
directions apply when the operation is performed in a beaker
glass, as is done in some analytic experiments ; and Fig. 255
shows its position over the lamp.

A cover of white paper prevents access of dust without
retarding the process, but care must be taken that the con-
tents of the vessel be not ejected against it, thus causing a
loss.

In evaporating to dryness, towards the end of the process
the flame must be so managed as to impart a uniform heat
to all parts of the thickened solution. The interposition of
a very thin plate of sheet iron between the flame of the lamp
and the bottom of the heating vessel is an additional means
of preventing spirting. These precautions and constant stir-
ring will prevent the loss of particles which is liable to occur
upon the disengagement of the last portions of liquid. If the
liquid drops a powder during the operation, the vessel must be
inclined, and in order to prevent spirting, heated above the
deposit.

A platinum spatula is a very useful implement for detach-
ing any efflorescent matter which may “ travel up” the sides
of the vessel.
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tain a substance in erystals, it must first be liquefied or made
into a SOLUTION with an appropriate liquid. If, after mak-
ing the solution, there be any insoluble residue it must be
separated by FILTRATION ; and subsequently, if the solution
1s capable of decolorization by such means, it should be boiled
with a small portion of clean bone or ivory black, and again
filtered. As it is the almost universal law that heat increases
the solvent power of bodies, the solution should generally be
made and clarified at the boiling point, so that the excess
of matter taken up at the high temperature may separate on
cooling in the form of erystals.

So long as a solution is dilute it yields no crystals ;—these
latter are only formed when the containing liquid is super-
saturated, or, in other words, holds more than it can retain;
and consequently in diminishing the quantity of the liquid by
EVAPORATION, we increase the density of that which re-
mains, and hence, upon cooling, it deposits that excess of
the dissolved substance which it only held by virtue of its
high temperature.

Some substances are so easily soluble, and to such an un-
limited extent, that their solutions form crystals immediately
upon cooling ; others again are taken up with such difficulty,
even at high heats, unless in large bulks of liquid, that although
exposed to prolonged ebullition they require to be evaporated
in order to separate what has been dissolved. As the mode
of evapnr&tin% has an important influence upon the form and
size of crystals, we give some hints as to the proper manner
of performing it.

If large and well defined crystals are required, the solu-
tion should be subjected to spontaneous evaporation, for the
more slow and uniform the concentration, the more regular
and gradual will be the superposition of material required to
make distinet and large crystals. A slight addition of solu-
tion of gelatin will, in some instances, it is said, give the
crystals the form of plates, as in the case of boracic acid.

The solution should be removed from the fire as soon as
drops, withdrawn by a glass rod and deposited upon a watch

lass or clean spatula, give small erystals upon cooling. If|
owever, a very dense erystallization is required, the concen-
tration may be continued until a pellicle forms upon the top,
but then the solidified masses are confused and less brilliant.
These essays indicate that the liquid 1s evaporated to a point

22
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at which it cannot retain all of its soluble matter. The ves-
sels are then placed aside to cool gradually and uniformly,
that the excess may erystallize out of the liquid. The tem-
perature should be regular, for slight variations may alter the
form of the crystals. :

Bodies equally soluble in cold and hot water, as well as
those which are deliquescent, require a prolonged evaporation
as they only erystallize from very dense solutions.

When the liquid is to be converted wholly into solid, then
the process is termed granulation, and is practiced by con-
centrating it to a syrupy consistence, removing the vessel
from the fire and stirring it comstantly until the mass has
cooled into granules. This mode is adapted for purifying
pearl-ash and converting it into sal tartar, and also for grain-
ing brown sugars.

lif the liquid, evaporated as above directed, becomes colored
or murky during the process from partial decomposition, it
may be treated with bone black, and again filtered into a
capsule, or other vessel, previously warmed by a rinsing with
hot water, so as to prevent confused erystallization from sud-
den contact with its cold surfaces. The blue stone-ware cap-
sules, which are made of suitable forms by Mr. Perrine, of
Baltimore, are far better than porcelain capsules or glass
beakers, as they are not only more durable, but by the rough-
ness of their interior surfaces far more promotive of crystal-
lization. Stone basins for this purpose, called crystallizers,
are made of all sizes, in depth greater than in breadth, and
with a lip to facilitate the separation of the residual ligquid
from the crystals. This residual liquid, called the mother
water, is usually returned to the evaporating vessel to be
further concentrated for the production of a new crop of
crystals, particularly if the liquid has been homogeneous.

The first crop of crystals is generally purer than subse-
quent ones, but may still not be sufficiently free from foreign
salts and other matters, and, therefore, require to be dis-
solved anew and reerystallized as at first. The pure erystals
are drained of their mother water by inclining the crystal-
lizer over the evaporating vessel long enough to allow all of
the fluid to run off at the spout. The crystals are then re-
moved with a spatula and transferred to a drying frame. In
the first crystallization the mass of impure erystals are drained
upon a filter, and if necessary to free them from syrupy or
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dirty liquid, enclosed in a cloth and pressed (Fig. 276).
Sometimes, especially when the crystals are not very soluble,
they may be drenched while upon the filter with cold water,
which carries away much soluble impurity. This solution, if
valuable, may be mixed with the mother waters, and the whole
after being transferred to the evaporating vessel be concen-
trated and again crystallized. The crop thus obtained is
very impure, and requires to be drained on a cloth and
pressed, and subjected to as many treatments with bone black,
and renewed crystallizations, as are required to remove all
color. It must be remembered, however, that bone black is
only used when the coloring substance is organic, and when
the characteristic color of the crystals is light, for it has no
blanching action upon either organic or unorganized bodies
which are naturally tinted.

In recrystallizations only as much water as is necessary to
effect solution should be used, so that the mother waters may
be as small in quantity as possible. The last mother waters
being incapable of yielding any more crystals, may, in some
processes, be reserved for other purposes; as, for instance,
making new compounds, Thus, for example, the mother
waters of iodide of potassium may be used to precipitate
iodide of mercury from the bichloride of that metal, or of

-lead from the nitrate of lead, and those of chloride of barium,
to obtain carbonate of baryta upon the addition of carbonate
of soda.

Sometimes, however, crystallization is resorted to for the
separation of one substance mixed with others which are
variably soluble in the same liquid, and which do not erystal-
lize together, but separate from the solvent when at different
densities ;—in this case the mother waters may contain one
or more of the other components of the original substance,
and hence are not useful for forming new compounds by
PrecreiraTioN. After the separation of each to the fullest
extent by crystallization, at different temperature, the residue
of liquor, unless it be of great value, may be thrown away.

As before said, gradual evaporation at a uniform tempera-
ture, and a perfect repose of the concentrated solution, give
the most perfect erystals. Some solutions, however, erystal-
lize less readily than others, and remain even days and weeks
without exhibiting any sign of such tendency. In such cases,
it is advisable to agitate the mass slightly or to stir it gently
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with a glass rod. This manipulation arouses, as 1t were, the
molecules from their inertia, and frequently determines speedy
crystallization. The resulting crystals are generally, how-
ever, confused and diminutive. , ik :

To obtain large crystals from a solution which is slow in
depositing them, it is sometimes proper to add nuclei to the
cold solution, these consisting of well formed large crystals
of the same substance. As the solution increases its density
by spontaneous evaporation, the nuclei assume a large size;
but in order that their enlargement may be uniform through-
out, they must be turned daily, so that the accumulation of
matter may take place on all their surfaces. ;

This mode, as practiced in the arts, is somewhat modified.
The deposition surfaces are increased by inserting in the solu-
tion strings as nuclei. When one solution is thus exhausted
of its soluble matter, the strings with their surrounding erys-
tals are transferred to as many fresh vats consecutively as
are required to give the crystals the proper size. In this
manner, blue vitriol, prussiate of potash, tartar emetic, and
rock candy are crystallized.

When the twine loops are replaced by slender twigs or
branches of wood, and the erystals are deposited in fine
flakes from bulky solutions, the process is termed arborization.

Examples of arborization, where, however, crystallization is,
accompanied by chemical or voltaic action, are furnished by
the various metallic trees, which are clusters of metallic flakes
or crystals precipitated upon the surface of a dissimilar metal
suspended in their solution.

Crystallization by Chemical Reaction.—The newly formed
compounds, resulting from the chemical reaction, frequently
assume the crystalline shape. Thus, for example, antimony
roasted in contact with air forms crystals of antimonious acid;
chlorine acting upon phosphorus produces erystals of perchlo-
ride of phosphorus. So, likewise, crystals of bicarbonate of
potassa are produced when carbonic acid is passed through a
concentrated solution of carbonate of potassa.

Silver displaced from its solutions by zine forms a erystal-
line deposit. Sulphate of lime precipitated by alcohol from
its aqueous solution also falls in erystals. Morphia, also, and
other erystalline alkaloids, may in like manner be precipitated
by decomposing their solutions with ammonia.
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the reception of a thermometer, which is adjusted by means
of a perforated cork, for facilitating the regulation of the
temperatures.

he watch glasses, plates, or capsules in which the sub-
stances to be dried are placed, rest upon the perforated
shelves in the interior.

The thermometer will indicate with precision the tempe-
rature of the bath, and care must be taken that the latter be
not allowed to exceed the degree above which the body to be
dried decomposes.

When for any reason it is deemed inadvisable to remove
the filter from the funnel, they may both be dried tu%ether
in a hot air oven, Fig. 282. The apparatus shown in the cut
is a copper double or single cased cylinder, with a
movable cover, to facilitate the introduction of the Fig. 282.
substances to be dried. In its centre is a circular
aperture for the reception of the thermometer by
which the heat is regulated. A perforated dia-
phragm serves as a support for the funnels, watch-
glasses, capsules or other vessels, and in order to
promote the evaporation, a current of air through
the interior is excited by means of the circular aper-
tures in its upper and lower circumference.

These baths are all heated over small furnaces
or preferably over the gas lamp, a uniform heat
Eeing maintained by careful management of the cooe

ame.

¢ Fig. 283 represents an arrangement for drying substances

Fig. 283.

in a current of dry air produced by the efflux of water. For
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corks with the chloride of calcium tube d, and thence also
with the exhausting syringe 5. Ieat being applied to the
bath* by means of a small furnace or gas lamp a partial vacuum
18 then produced by several strokes of the syringe piston. In
a few moments air is to be admitted through the cocks ¢ and a,
and this exhaustion and airing is to be repeated at occasional
intervals, the air in its transit being deprived of all moisture
by the chloride of calcium. When it is desired to replace
atmospheric air by carbonic acid, hydrogen, or other gas, it
may be introduced by connecting the gasometer containing
the required gas by suitable couplings with the same appa-
ratus.

Dgesicearion oF Liquins.—Desiccation properly means the
freeing of a body, capable of existing in a dry state, from
accidental moisture. But for the sake of uniformity of de-
sceription we have applied the term also to the separation, from
fluids, of water, which is the ordinary source of moisture. This
1s usually done by the agitation with the liquid of some ab-
sorbent material, which either unites with the water, forming
a stratum of different density capable of being separated by
filtration or decantation; or else combines with it so firmly
that the fluid which is usually more volatile can be separated
by distillation.

Thus aleohol and other spirits are rectified by distillation
over carbonate of potassa, chloride of calcium, or free lime, it
being only necessary to stop the process as soon as the liquid
comes over slowly, which indicates that all the pure spirit has
passed. Agitation of ether with any of the same absorbents
produces similar results.

For analytic purposes, and in minute experiments, liquids
which are less volatile than water may be freed from it by
exposure in open vessels under the receiver of an air-pump as
deseribed for solids in the preceding paragraphs.

DEstccaToN oF GasEs.—Nearly all gases in the course of
elimination become involved with more or less moisture, from
which it is frequently desirable to separate them previous to
their application to chemical reaction. For this purpose they
are passed over some highly absorbent material, such as dried
chloride of caleium, quicklime, or sulphuric acid.

* This bath is that known as Rammelsberg's Air Dath, which is used alone for
drying substances inalterable at tolerably high temperatures.
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The consistence of the precipitate and its form and color
vary with the nature of the solutions, and the rapidity with
which it is produced. These distinctive features serve as
characteristics by which, in analysis, the presence of certain
bodies is determined.

The precipitate is differently termed according to its ap-
pearance. It is flocculent, when it falls in small flakes or
flocculee, like those produced by ammonia in solutions of per-
oxide of iron; pulverulent when in fine powder and compact
like the sulphates of lead or of baryta; granular if deposited
in minute irregular molecules; erystalline, when it subsides
in minute crystals, as the bitartrate of potassa, sulphates of
silver and of lime; curdy when cheesy, like that thrown down
by chloride of sodium from nitrate of silver, and gelatinous
when of the consistence of jelly, as alumina freshly separated
from alum by carbonate of potassa.

Precipitating Vessels.—The most convenient vessels, used
in analysis, are the beaker glasses, Fig. 2564, or _
wide mouth flasks, Fig. 266, the latter being used  ¥ig 291.
only when the process is to be practiced upon the
boiling liquid. When solutions are precipitated,
especially for the purpose of collecting the pre-
cipitates, the form of the vessel may be that of
the one in the drawing, Fig. 291, which ensures
the subsidence of all the deposit and prevents
particles from adhering to the sides. They may
be of glass or blue stoneware according to the
amount of liquid under process.

In chemical investigations, the test tubes, Fig. 263, are the
most convenient implements. They permit the operator to
use minute quantities, and they are readily heated and
shaken. As a precipitate is in some instances not percep-
tible for some hours, especially in dilute solutions, sufficient
time should be allowed to elapse before deciding upon the
reaction of a preciptant upon a solution.

Directions for Precipitating.—Both the material and re-
agent must be in solution and separately clarified by filtra-
tion before being commingled, otherwise the suspended mat-
ters will subside with the precipitate. As heat generally
promotes the reaction and the subsidence of the precipitate, the
solution should, in such cases, be warmed, or even made hot,
and the reagent cautiously added during continual stirring

T —
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used, particularly in delicate experiments, than any other
medium. It is advisable always to use that which is white,
for it contains no coloring matter to deteriorate the liquid
which traverses it. Moreover, it should be free from saline
impurities which are soluble in acid or alkaline liquids, other-
wise the accuracy of analytic results may be materially inter-
fered with.

The laboratory should be provided with two qualities of
paper, one of fine quality for nice investigations and another
somewhat inferior for the less important processes. There
are certain conditions requisite in both kinds. They should be
unsized, yet strong, and while sufficiently porous to allow the
ready passage of the liquid, compact enough in texture to
retain all the solid portions.

“ Grerman filtering paper” answers very well for all gene-
ral purposes, but for analytic investigations that known as
¢ Swedish” filtering paper is the best. Being made expressly
for the purpose and of purified rags, it is free from lime, copper
and salts, which have to be removed from other paper by
treatment with pure hydrochloric acid and repeated rinsings
in distilled water before it becomes fit for such uses.

The Swedish paper is whiter and thinner than the German,
and is made with great care; and leaves by incineration only
ziyth of its weight of ashes, an important point in analyses
where the amount and nature of the ashes left by the paper
require to be considered.

The paper drawer should be kept always supplied with a
stock of filters of all the required sizes. The use of the
Swedish paper should be limited to the filtration of finely
divided precipitates. The greater porosity of the German
renders it more applicable for rapid filtration, and as it is
much less expensive, all large filters should be formed of it.

The filters must be ecircular, and cut by tin patterns,
which should consist of different sizes of 2}, 3, 8%, 4}, 6, T},
9, and 12 inches in diameter. This mode of cutting different
gized filters from one sheet of paper, is economical and saves
the waste which would be occasioned by indiscriminate use of
the paper, while many serious delays may be prevented by
having a supply always at hand.

The ashes of the piece of Swedish filter of each size, must
be determined by incinerating one and accurately weighing
the residue, and engraving its weight upon the tin pattern by
which it is formed. Thus, in analyses, we can know by refer-
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ence to the figures the amount of fixed matter (ash) in each
particular size. Kent, of New Ym'k,lk:EEpﬁ the different
sizes for sale, put up in neat boxes contamning one hundrele.
The supports for these circular filters, folded into conical
form as hereafter directed, are funnels which vary in mate-
rial and form according to the nature of the operation. They
may be of glass, porcelain, or stone-ware. The first, free
from lead, are of almost general application for analytic pur-
poses, and the latter two for pharmaceutical. Funnels of
metal are seldom required in the laboratory, a very few n-
stances only demanding the use of lead or platinum. \
The glass funnels should be made with straight sides, in-
clining to an angle of about 60°. This
Fig. 207. shape, Fig. 297, is indispensable for the
smaller funnels used in analyses, as it
forms in its interior a true cone, which
allows the admission of a larger amount
of liquid in a small space. The pint fun-
nels, and those of still larger size, may
have an inclination of ten degrees less,
but if their section has not nearly the
form of an equilateral triangle, the filters
fit badly and work imperfectly. A slight
rounding off of the angle at @, where the
apex of the conical filter rests, greatly
promotes the filtration.
The laboratory must be supplied with a series of funnels,*

* In addition to the above there are two other kinds of funmels used
for separating liguids, which have no chemical affinity and difer in density.

Fig. 298, Fig. 299,

by













SUPPORTS FOR FUNNELS.

ood FILTRATION :

To form the plaited filter, take a square of paper and fold
it diagonally, as in Fig. 814 ; turn A upon B to obtain the
crease E and open it; then double A upon E in the same
direction, to make the plait ¥, and double the plait A back
upon F, so as to form the crease @, and holding this plait be-
tween the fingers make the fold between F and . Divide
the spaces between E B and B D in the same manner.

The filters, as above made, after having their folds opened,
as at Figs. 307 and 308, are placed in the funnels and so
adjusted as to fit nicely to the sides. In order to secure an
uninterrupted flow of the liquid, and to prevent the breaking
of the filter, the apex must not extend too far into the barrel
of the funnel. Moreover, the filter should be a little smaller
than the funnel, for if it reaches to the rim, evaporation of
the liquid ensues from the edges, and thus, in analysis, may
be a source of error.

The proper position of the plain filter in the funnel is shown
at Fig. 316, and that of a plaited one at Fig. 315.

In using large funnels the filter may be supported by a
plug of raw cotton placed in the barrel at its junction with
the body.

Fig. 315. Fig. 316.

The usual support for funnels is the convenient portable
stand, Fig. 316. It consists of a wooden upright b, screwed
into a wooden bed plate. The arm a, which it carries, has a
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has passed through, leaves no stain upon a silver or platinum
spatula heated over the spirit lamp.

Fig. 331.

" T o T PR TG

There are many precipitates which require protracted wash-
ing, or eduleoration, as it is sometimes termed, in order to
cleanse them thoroughly, and the bottle for the purpose is so

Fig. 332, Fig. 333.
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ginner finds great difficulty in properly regulating this part
of the process,and some never acquire t{e necessary tact. It
is an accomplishment which experience and praetical instruc-
tion alone can give, and which no deseription can impart.
The blast is first forced through the tube by filling the mouth
with air, expanding the cheeks, and then keeping up a con-
stant and forcible pressure with the muscles forming their
parietes, at the same time that respiration through the nose
- is allowed to go on calmly and uniformly as usual. But as
the current constituting the jet is required to be uniform, it
must be prevented from sharing in the alternating impulse
communicated from the lungs, by a valve-like closure of the
opening of the mouth into the throat; which closure becomes,
with a little practice, an instinctive act. When the mouth is
nearly emptied of its air, this communication is temporarily
reopened without any intermission of the blast, the cavity 1s
refilled, and the communication again closed until the next
occasion for its opening.

Supports.—The substance under examination, must be al-
lowed to rest firmly upon a support, which should be such as
will not fuse under a high heat, combine chemically with the
fused body, or prevent its complete heating by rapid conduc-
tion. The supports in most common use are charcoal, and
platinum either in the state of wire or foil.

Charcoal makes, for many operations, an excellent support,
especially that kind of it which is made from well-grown pine
wood or the branches of the willow. It should be well charred,
and that which snaps or smokes in the fire should be rejected.
It is desirable that it should be as free as possible from ashes,
which nearly always contain a trace of iron and manganese;
therefore dense and compact woods should not be used, as they
give mueh ashes, and often contain a considerable amount of
those oxides, which by uniting with the fluxes employed, would

ive incorrect results. Straight pieces, free from knots, should
%:a sawn in the direction of the fibres, into oblong supports of
the proper size. The assay is placed in a shallow concavity
made near one end of such a support by the borer or point of a
knife; and upon this substance, so prepared, oxidation, reduc-
tion and fusion are chiefly performed.

Sometimes the reducing property of charcoal, and the
rapidity with which it is dissipated into carbonic acid, inter-

25
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certain its fusibility or other properties when exposed to an
elevated temperature. The two upper figures of the cut re-
present different views of an excellent forceps, capable of very
general application. Two strips of steel, with narrow pla-
tinum points b, b, are fastened in the middle by a piece of
metal seen at e, e. These strips separated, as seen in the

Fig. 252,

figure, constitute a double pair, one being at a, a, and the
other at ¢. The platinum points by the elasticity of the
metal of which the forceps are made, are always closed. To
open them it is only necessary to compress with the thumb
and finger, the small projections with the button heads d, d,
which are connected with the strips opposite to them. Upon
relaxing the pressure, the assay is forcibly held between the
points. The points @ a are tempered, and are used for de-
taching exceedingly small fragments of the mineral.
Another form of this instrument is employed, but its use is
not quite as convenient as that of the one just mentioned. Its
points b ¢ are also of platinum, but curved a little, as repre-
sented in the figure. The legs are made of brass. The for-
ceps is kept open by the elasticity of the metal, and closed
by a double button d, which slides up and down in a slit cut
in the legs. As brass is a good conductor of heat, two pieces
of wood e ¢ are fixed to the legs, by which the instrument is
held, to prevent any inconvenience to the hand. Under this
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last forceps, is still another made, of iron, which ean be
used for a variety of operations, and which is not solely con-
fined to this application. Substances to be held very firmly
are placed between the points. It has a button d d, with a
steel spring d e, to prevent the forceps from opening by the
sliding back of the button.

A Microscope.—A plano-convex microscope, with two lenses
of different magnifying powers, is often useful in minute ana-

Fig. 353.

lysis, and one is represented in Fig. 353, which is made to
fit in a small receptacle. By its aid, the minute structure of
bodies, and fine colors imparted to the fluxes or to charcoal,
which often deceive the naked eye, are examined.

Charcoal Borer.—A conical tube of tinned iron with the
margin filed to a sharp edge, for making cavities in the char-
coal support, is often made to occupy a place in blowpipe
apparatus. It answers very well as a case to contain a phial
as shown in the figure above.

A pair of cutting pliers is used to clip off small particles

Fig. 354.

of minerals, and pieces of a metal or alloy for examination,
and for many other purposes which will suggest themselves
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to the experimenter. A clasp is attached to the handles for

ose of keeping them forcibly closed.
thETpI:l;rJ}}]'Iummer anpd the Anvil.—A polished hammer of hard-
ened steel, Fig. 855, with a square, even surface at one end,

Fig. 359.

e

and the other terminating in an edge with sharp corners, is a
very necessary implement. The flat surface is very appli-
cable for flattening globules of reduced metals, and the edge
for breaking off small pieces of minerals. Very small frag-
ments can be broken off without doing any injury to the re-
maining portion, which is often kept as a specimen.

A necessary accompaniment to the hammer is the anvil,
which is represented in Fig. 356,
In a most convenient and com-
pact form. It is made of steel,
and is usually about three inches
long, one inch in thickness and
five-eighths of an inch in breadth,
and any one of its surfaces can
be used. The substance to be
broken up, or the metallic globule to be flattened out, is enclosed
in thin paper, and having been placed upon the anvil, is struck
with the hammer until the proper effect is produced. If the
substance is reduced to powder, the paper prevents any of it
from being scattered or lost.

The Mortar and Pestle—These implements, made of agate,
are of small size, and have been described at page 79. They
should be hard and perfectly free from holes and cracks, or
they will be liable to fracture and to the filling up of their
crevices with the powdered materials—much to the detriment
of future operations.

An  Electroscope and Magnetic Needle Case.—A cylin-
drical wooden box is used to contain Haiiy’s electroscope and

a magnetic needle.
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The former consists of the hair of a cat, Fig. 357.
insulated by being inserted in sealing wax E
poured into the bore of a small glass tube.

This tube is fastened in a wmtglen SCrew,

which closes one end of the case. It is so =
delicate that a very small guantity of elec- Lﬁ_}
tricity is discovered by its aid. On bring-

ing it near to an excited body, it is attracted by it; but if ne-
gative electricity is developed in it, by rubbing or drawing it
rapidly through the fingers, and it is then brought in prnximﬂ&y
to the excited body, it will be attracted or repelled in accord-
ance with the existence in that body of positive or negative
electricity. In the serew at the other end (each one serving
as a stand), 1s fixed a similar tube and sealing wax to insu-
late a small steel pin, which supports a magnetic needle con-
tained in the box. The needle 18 mounted with an agate cup
to prevent friction as much as possible, when suspended on
the point of the pin. In this condition, it is used to indicate
the presence of iron when it exists in a mineral in an appre-
ciable quantity, and also the magnetic condition of iron ores.
Minerals, before and after being submitted to the action of
the blowpipe, should be examined in regard to these pro-
perties.

A Steel Magnet.—This is employed in the mode recom-
mended by Haiiy to ascertain whether the slightest trace of
magnetic force exists in minerals, and consequently whether
the metals in which that force exists are present. The expe-
riment is thus performed. The magnet is placed at a small
distance from a suspended magnetic needle, its north pole
being directed towards that of the needle; it is then gently
moved around the needle until the latter takes a position at
right angles to its former place, owing to the repulsion of the
same kind of magnetism. This repulsion, and the force of ter-
restrial attraction which tends to make the needle return to its
former direction, now hold the needle exactly balanced between
them, so that the smallest disturbing magnetic force moves it
out of its place. In this way an amount of magnetic influence
may be detected, which would not be sufficient to affect the
needle in its ordinary state. In performing this experiment,
care must be taken not to excite electricity in the mineral by
friction, as that force might affect the result more or less.

A Eknife of good hardened steel is used for trying the com-
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parative hardness of metallic bodies and minerals generally,
It may be used as a charcoal borer, and if well magnetized
can be substituted for the magnet. The point is used to take
up the fluxes before mixing them in the palm of the hand with
the mineral which has been pulverized for examination.

Files are convenient for detaching small particles of a metal
which is to be investigated, cutting glass tubes, and for trying
the hardness of bodies. They may be of different shapes,
and should be kept clean and out of the reach of corrosive
vapors.

An Eduleorator or spritz, Fig. 319. This is used to
wash the charcoal from the reduced metal. It is necessary
to be very cautious in doing this when the metal is small
in quantity, as the force of the jet may carry the latter away
with the charcoal. A pipette or dropping tube, made by
drawing out in the flame of a candle or spirit lamp one end
of a glass tube to a small opening, can be used with more
impunity. The separation will be facilitated by reducing to
powder, in the agate mortar, the charcoal adhering to the plece
of metal, as the globule, if malleable, will be thus slightly flat-
tened and made more distinetly visible.

Small capsules of porcelain or watch glasses, are useful for
receiving temporarily the results of the experiments; such as
specimens of reduced metal, the colored beads, &c., and for
keeping separately, different fragments of the minerals to be
investigated.

A small pair of scissors, a thin saw with fine teeth for
sawing pieces of charcoal, a pair of small tongs for holding
crucibles, &c., over the spirit lamp, a small capsule of plati-
num, a touchstone with needles of gold and alloys of different
standards for trying the fineness {5’ gold, will all be found of
occasional use.

Fig. 358.

The Boz containing the Reagents.—As it is n&ms;l to
have the fluxes always ready for use, Gahn contrived :rgun-
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venient and portable box for the purpose, which is’ seen
in Fig. 358. It is 8} inches long, 1% broad, 1 inch in
height, and is divided into nine compartments to receive the
different reagents. Each division has a lid nicely closing its
particular box so as to prevent any one substance from becom-
ing mixed with the others. A common lid closes over these
smaller ones and is fastened to the box by two hooks. The
cross pieces, which are permanently fixed to the large lid, fit
into spaces between the 2d and 8d lids from each end, and
serve to make them more secure. If more reagents are re-
quired than can be contained in these boxes, those which are
but seldom used may be wrapped in paper and placed in one
of them.

The Reagents.—The reagents, which must all be chemically
pure, are the following : —

Carbonate of Soda, commonly called soda, which is much
used to detect the presence of silica, to assist the reduction of
metallic oxides, and generally, to determine whether a body
unites with it to the production of a fusible compound.

Cyanide of Potassium.—This substance being very deli-
quescent, should be kept as free as possible from contact with
humid air, and had better be placed in a small, tightly corked
test tube, which may have its place in one of the small com-
partments of the box.

As a blowpipe reagent, cyanide of potassium is highly use-
ful; its action is indeed extraordinary. Substances like per-
oxide of tin, sulphuret of tin, &e. &ec., which for their redue-
tion with earbonate of soda, require rather a strong flame, are
reduced with the greatest facility when cyanide of potassium
is used. In blowpipe experiments we always use a mixture of
equal parts of carbonate of soda and of cyanide of potassium,
since the latter alone fuses too easily. This mixture, besides
its more powerful action, has another advantage over carbonate
of soda: it is with extreme facility imbibed by the porous char-
coals, so that the purest metallic globules are obtained.

Biborate of Soda.—This salt, which is commonly called
borax, is used to facilitate the fusion of very many substances.
When melted with the metallic oxides, its bead assumes a
great variety of colors, which furnish excellent indications of
the presence of the metals.

Phosphate of Soda and Ammonia.—This substance, called
also microcosmic salt, phosphorus salt, and fusible flux, is of
very general application, and as it dissolves most of the me-
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by moistening a small quantity of the ashes, mixed with a
little soda salt to make it coherent, and by kneading the mass
in the palm of the left hand to the consistence of a stiff paste.
A cylindrical hole made in a piece of charcoal is then filled
with the paste, and after the surface is smoothed with the
small agate pestle, a slight depression is made in the centre,
sufficiently large to hold the metal or mineral to be cupelled,
together with a small quantity of the proof lead. The cupel
1s slowly dried by heating it carefully in a stove or over the
flame of a spirit lamp. The assay with the lead is then placed
on the cupel and submitted to the action of the exterior or
oxidating blowpipe flame. By the influence of this, the lead
is oxidized, and the fused litharge so formed, is absorbed by
the bone ashes, while the silver or gold is left behind in the
form of a brilliant globule; which, before its complete purifi-
cation, exhibits the iridescence formerly described under
CupeLraTION. DPlattner describes a convenient instrument
for making the cupels.

Ozide of Copper is used for the purpose of detecting chlo-
rine.

Silicie Aeid, when melted into a fusible glass with soda, is
a test for sulphur or sulphuric acid. The assay must, how-
ever, not contain it.

Silver, in the form of wire or foil, is made use of for ascer-
taining the presence of sulphuret of potassium, or any other
soluble sulphuret.

Tin Foil sometimes assists in the reduction of metallic
oxides, which are dissolved in a bead of one of the fluxes, and
by its use we sometimes get a more satisfactory result than is
obtained without it. For instance, when a small quantity of
copper is dissolved in a bead of borax, or of microcosmic salt,
and the glass is treated in the reducing flame, it sometimes be-
comes ruby red and opaque. But if the amount of copper is
so small that the reducing flame cannot produce this result, a
little tin added to the bead, and heated with it, makes the
proper appearance evident immediately upon its cooling.

Iron wire, which is generally that metal in its purest state,
precipitates some other metals from the different fluxes, or
separates therefrom, sulphur and the fixed acids. It is also
used to reduce phosphorie acid to phosphorus, which com-
bining with iron, forms a white brittle metallic globule, the
phosphuret of iron. :

Besides the above mentioned tests, it is proper to have
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Formate of Soda, which, when anhydrous, is used to detect
arsenic in oxide of antimony. Test papers colored with lit-
mus, Brazil wood, and turmerie, are also convenient.

The substances mentioned in the foregoing list as reagents
are all of those which are essential to the completeness of the
blowpipe apparatus. While, however, occasions may arise
for the use of any or all of them, the great majority of exa-
minations with the blowpipe can be made with the aid of but
a few, and the possession of the first four or five upon our
list, with the fluid nitrate of cobalt and the metals referred
to, may be considered as quite enough to make the manipu-
lator competent to pursue ordinary investigations.

Blowpipe Table.—In the Laboratory all the instruments
essential to the expedition of blowpipe analysis are placed
within convenient reach of the operator. For this purpose
Gahn’s table, which has drawers both in the side and front,
will be found very useful. The side drawers are divided into
many compartments, and are shown in Fig. 360, drawn out
from their usual position. The right hand drawer contains

Fig. 360.

e

the apparatus most frequently used, and the left that which is
less often required. The lamp, blowpipe, fuel, wick and other
necessaries of a rougher kind occupy those in front.

This table, although quite small, may be found to take up
too much room. Berzelius’ case, which is much more porta-
ble, may then be substituted for it. It consists of a neat
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mahogany case, exhibited in Fig. 361, which has a cover, and is
14 inches long and 9} inches wide. Each article is made to fit
closely in a corresponding cavity, so that it is kept firmly in

its place. It contains all the necessary apparatus for these
experiments, and scarcely occupies more space than an ordi-
nary portfolio. It is neatly put up by Kent, in New York,
with the apparatus and tests, after directions given by Ber-
zelius.,

Traveling Case.—Although Berzelius' case occupies little
space, and can readily be introduced into a common trunk,
many mineralogists prefer having their blowpipe apparatus
enclosed in a still more compact form. The traveling case
is arranged very much in the same way as the large size of
surgical instrument cases, and consists of a piece of leather
forty inches or more in length, with sides capable of being
folded down upon the body, and long strips of the same
material tacked along its centre, so as to leave open spaces for
the insertion of the various pieces of apparatus. After these
latter have been deposited in place, the lateral folds are closed
upon them, and the whole is rolled up and tied with tape, or
brought together with a common strap and buckle.

It iz advisable to place the largest instruments near that
end of the case which is first rolled up. When blowpipe
operations are in progress, the case can be unrolled and sus-
pended from a nail in a wall, so that free access can be had
to all its contents.

Besides the various parts of apparatus which we have been
describing, it is well that the operator should be glrnvided with
a piece of sheet iron twelve inches or more in diameter, and
with a rim turned up around the margin. This may be placed
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will again disappear and the other reappear. And so on
these changes alternate through every 90°, until finally we
come again to our original position, with the principal section
at right angles to the plane of polarization.

Now it is evident that if we should stop one of the two rays
into which the second crystal refracts the polarized ray, then
in certain positions we should have no light transmitted, and in
positions at right angles to these, we should have the greatest
intensity.

The first of these crystals of Iceland spar is called the
polarizing crystal, or polarizer, and the second the analyzer.
When we make use of two Nichol's prisms, (which are rhombs
of Iceland spar so contrived as to transmit only one of the
doubly refracted rays,) one as the polarizer, and the other as
the analyzer, and the analyzer is turned until its prineipal
section is at right angles to the plane of polarization of the
polarized ray, no light passes. This position is called the
azimuth zero. When the analyzer is turned through 90°
from this position the polarized ray attains its greatest bright-
ness. Turning again 90°, the light disappears, and reappears
on turning through another 90°, and finally again disappears
in returning to the azimuth zero.

If when the polarizer and analyzer are in this position, a
piece of quartz which has been cut from a crystal at right

angles to its axis A X, or a solution of cane sugar

Fig. 363.  be placed intervening, so that the polarized light
a  has to pass through them, the light immediately
reappears, with a tone of color depending upon the
thickness of the section of quartz, or solution of

cane sugar. If we turn the analyzer in a direc-

tion from left to right, then if the original color

b was orange, for example, we shall find the pris-
matic colors succeeding each other in the order of
orange, yellow, green, blue, indigo, violet, red. When the
colors succeed each other in this order, the quartz and the
sugar are said to deviate or rotate the plane of polarization
to the right. When by turning the analyzer in the same
direction the colors succeed each other in inverse order, or
when by turning the analyzer from right to left the colors
succeed each other in the same order, the quartz and the
sugar are said to deviate the plane of polarization to the left.
In the former case the quartz and sugar are said to be right-
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Multiply @ by n», with the product thus obtained, as a
divisor, divide a”": add 1 to the quotient, and multiply by the
product of @ and n ; divide the product thus obtained by 1.38:
divide the quotient by 153.76 multiplied by n, by ¢ and by z;
the quotient will give the value of =, or the per cent. of pure
erystallizable cane sugar, contained in the original sugar.

In analyzing molasses the same process is followed. The
only difficulty which occurs is the decolorization of the solu-
tion; which may be done by repeatedly filtering through tubes
filled with coarse bone black. A glass tube of £ or § inch
interior diameter, and about 2 or 3 feet long, is taken, which
18 narrowed at one end by the lamp and blowpipe; a loose
plug of paper is then put in the tube near this end, and the
tube is filled with coarse bone black. It is recommended by
M. Clerget not to collect the first part of the filtrate, as the
bone black absorbs some sugar as well as coloring matter, and
thus alters the per cent. of the solution. He recommends
that a volume of the solution about equal to that of the bone
black should be lost. The liquor, if not sufficiently decolor-
ized by the first filtration, may be passed through the same
black again,

Other processes may be employed which are known to
chemists, such as precipitating the extractive and coloring
matters by the subacetate of lead. In this case the solution
of the subacetate should be used as pure water, in making the
original solution. In defecating cane juice M. Clerget pro-
ceeds as follows: He prepares a solution of isinglass (fish-
glue) by macerating 5 or 6 grammes of it in 250 grammes of
cold water during 3 hours. He thus obtains a paste, which
is sifted or strained through a piece of coarse linen, and mixed
with 100 grammes of white wine or alcohol diluted with water.
Thus is obtained a gelatinous mass which may be diluted
with water until its volume is 1 litre (61 cubic inches). This
will keep in a corked bottle from 15 to 20 days, according to
the temperature. It should not be used when it becomes very
sour. If a small quantity of this be added to cane juice, or
any solution of sugar and mixed with it and then the same
volume of aleohol be added, the whole is coagulated, and the
golution is left perfectly clarified. The dilution of the solu-
tion which thus takes place must be taken into account in the
calculation of the per cent. of sugar dissolved. It may be
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when these two pieces @ and b are in the position shown in the
ﬁgure, they have together the same thickness as R, and being
of an opposite kind to R, of course they neutralize its effect.
But when they are in the position shown at ¢ d (Fig. 373), then
their thickness in the direction of the ray [ 1, is less than the
thickness of R, and, therefore, the effect of r will predominate,
and it will compensate for a left-handed (unerystallizable)
sugar. When, however, the pieces are in the position shown
at ¢ and f, then the thickness through 7 [ is greater than that
of R, and their deviation will predominate, and will compensate
for a right-handed (crystallizable) sugar.

These two pieces are mounted upon a small rack work into
which gears a pinion, which moves them in opposite direc-
tions. The pinion is turned by a milled head at 5. These
two pieces have likewise attached to them two scales, which
are represented at ¢ ¢/. The smaller scale serves as a vernier,
10 of whose divisions correspond to 9 on the larger scale.
They are each graduated in opposite directions from a com-
mon zero point, and the extremities of both seale and vernier
are marked D, droit, right, and G, gauche, left. When the
zero points coincide, the two pieces are in the position shown
at @ and b, and have the same thickness taken together, as R.

Each division of the large scale counts 10, and each of the
small scale 1. Thus if the zero point of the vernier was be-
tween 4 and 5 on the large scale, very near 5, we glance
along the vernier, until we find a division which coincides
with a division on the large scale. If this division is 9, then
the instrument gives the reading 40 on this large scale, and
9 on the vernier, or 49.

A lens is placed at ¢, which is to be so adjusted as to see
clearly the vertical division line of the two quartz placed at e.
This adjustment should be made while the tube u is full of
water. A spiral spring is placed at ¢ to press against the
tube u, and keep it in its place. The whole instrument is
mounted on a pillar and foot.

Now supposing the lens at g adjusted so as clearly to see
the line of separation of the two pieces of quartz at e, and the
geale and vernier adjusted to their common zero point, the
only remaining adjustment is that of the analyzer to the
azimuth zero, which may be done by rotating it in its socket
until one of the images of the aperture at ¢ has a uniform
violet color. When this is done, the analyzer is fixed firmly
in its place by means of the binding screw p.
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CHAPTER XXX,
ELECTRICITY.

SincE the introduction and improvement of the many forms
of apparatus now in use for the production of electricity and
its kindred imponderables, it has become necessary for the
chemist to be well acquainted with their mode of manufacture
and employment. Many of the processes of the laboratory
are now performed or assisted by means of them, and a know-
ledge of their construction is important not only as being the
first step to an acquaintance with the prineiples concerned in
their action, but also as affording the power of excelling in
practical skill, and of preparing, extemporaneously, instru-
ments to take the place of the more expensive ones made in
the shops.

We propose accordingly to give an account of the mode of
operation of the various instruments used for the production
and detection of electricity, with directions for their proper
employment, and some of their most common applications to
the purposes of the experimenter and practical chemist, be-
ginning with the one which is in most common use.

Cylinder Electrical Machine.—The various parts of this
instrument are shown in Fig. 875. A, is a glass cylinder
which is made to revolve by the turning of a winch con-
nected by a crossed belt with the wheel and axle attached to
the two axes of the cylinder. These turn in the supports
seen at its sides. K, is the negative conductor supported by
a glass pillar, and having on the side, nearest to the cylinder,
the rubber or leather cushion which presses against its sides.
The cushion has attached to it the silk flap G, which extends
nearly over the upper part of the cylinder’s circumference.
Below, a screw passing through two nuts, is so placed as to
increase or diminish the friction of the rubber upon the glass,
by making the distance of the movable pedestal upon which
the former stands, greater or less from the main support of
the machine. Upon the opposite side of the cylinder, is the

27



410 THE CYLINDER ELECTRICAL MACHINE.

positive or prime conductor C, being, like the other conductor,
a hollow cylinder of brass or 'other metal, also insulated and

Fig. 375.
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Ernwded with balls for the transference of the influence, but
aving instead of a rubber, a collector E, provided with sharp
points or prongs which are almost in contact with the surface
of the cylinder.

The machine is often simplified by having the handle at-
tached directly to the axis of the eylinder, and by dlspensmg
with the screws and other parts of the arrangement in a way
to be hereafter described. As arranged in the figure, it is
made to develop electricity by turning the winch, which
causes the smaller wheel and the attached eylinder to re'm]?e
with accelerated rapidity. By the friction of the glass upon
the rubber—covered with a metallic amalgam—the elee.tnm
naturally present in the latter is supposed to be demmpﬂseg
its positive element becoming attached to the glass and its
negative one to the cushion. The former, prevented from
escaping by the non-conducting silk, is carried around with the
glass, and—after a series of alterations by induction, of the
equilibrium of that portion of the fluid naturally present in
the conductor—finally by passing into it thruugh the highly
conducting collector, fills it with positive or vitreous electri-
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city, which can be drawn off from it into other conducting
bodies, either insensibly or in sparks. The negative conductor
while insulated, becomes in the same way negatively electrified,
and is capable of giving sparks to, or rather receiving them
from, other bodies oppositely influenced: but while uncon-
nected with the earth, it gives off to the cylinder but a small
amount of its positive component, and it soon returns to its
former state of equilibrium, from its negative electricity being
neutralized by the positive kind of the prime conduetor, which
passes back over the surface of the cylinder, and which also
reaches it by other sources of imperfect conduction.

If much positive excitement is desired, the conductor to
which the rubber is attached, must be kept in connection with
the earth, or a conducting surface in contact with it, by a
metallic chain or wire. When, on the contrary, the intention
is to obtain negative electricity from its proper collector,
the prime conductor must be made to communicate with the
earth by the same means.

Not a little care is necessary in the construction and ar-
rangement of all the parts of the electrical machine. The
cﬂiinder should be strong and well annealed, particularly at
the projections which are to be received into the caps forming
the centres of motion. Its sides should be as straight as pos-
sible, so as to be adapted uniformly to the rubber, and to
allow it to run truly upon its axis. {Iﬂisture should be care-
fully expelled from its interior, by a long-continued exposure
to a current of dry and warm air, and the lateral orifices
should be hermetically closed by cementation to the caps
which form the axes. Cylinders of the proper size and form
are sold in our glass-wor{zs and shops, but when one cannot
be obtained, a properly made glass jar or bottle, may be so
attached to a wooden or metallic axis—passing through its
mouth and through a hole in its concave bottom—as to make
a very good substitute.

The cushion, or rubber, consists of a pad made of buck-
skin or soft leather, stuffed with horse-hair or similar material,
and mounted upon a support which is in connection with the
negative conductor. In the greater number of cases, there
is no occasion for the presence of this latter part of the ma-
chine. When positive electricity alone is to be collected, the
rubber may be with propriety attached to a wooden support,
which is by any means made capable of being drawn towards,
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or separated from, the cylinder. The flap attached to the
rubber is generallﬂ made of unoiled black silk, and it should
reach nearly to the extremities of the pointed collector, so
that its full effect may be produced, namely, the pyeventmg
of the transmission of electricity into the air before it reaches
the prime conductor. .

The exciting power of the rubber is much increased by
spreading upon its surface an amalgam, mixed with unctuous
matter, to make it adherent. A mixture of the amalgam of
tin—scraped from the back of a mirror—with a little lard,
answers the purpose very well; but the best kind, and that
in most common use, is made by adding to six parts of mer-
cury, previously heated in a crucible, a melted alloy of two
parts of zinc and one part of tin, and by rapidly stirring the
mixture until it is cold, when it can be readily reduced to
powder. Before applying it, the cushion is cleaned and
roughened by scraping, and is greased with a little lard or
tallow. Some of the amalgam is then intimately mixed in a
mortar with a quantity of unctuous matter sufficient to make
it of a pasty consistence, and enough of this is smeared upon
the surface of the rubber to give it a metallic appearance.
The cylinder is then to be turned rapidly while the cushion is
forcibly pressed upon it, and after the amalgamated surface
has been compressed and equalized by the friction, the 3:?&1'—
abundance of grease and metal is wiped off from the surface
of the cylinder and flap. The impregnation of the latter
with a small portion of the amalgam, and the presence upon
the surface of the former, of minute spots of it, are rather ad-
vantageous than otherwise. The mndlé in which the amalgam
assists in the production of electricity is not precisely known,
but it is supposed that its oxidation by friction and exposure
to air has something to do with it. The facts that amal-
gams of gold and other difficultly oxidable metals do not in-
crease the development of the power, and that an atmosphere
of carbonic acid surrounding the machine prevents it entirely,
seem to favor this belief.

The conductors of the two kinds of electrical influence are
generally of the form shown in the figure, and usually con-
sist of hollow cylinders of brass or tinned iron. They may
be turned out of wood and covered smoothly with tin foil,
which answers the same purpose, as it has been found that
the electricity, even when in a state of great tension, is con-
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centrated chiefly in the surface. Small brass knobs or balls
are attached by thick wires to the sides and tops of the con-
ductors, for the purpose of drawing off sparks from the ma-
chine. In the absence of these, leaden bullets with wires
inserted, may very well be used. The conductors are sup-
ported upon glass pillars or tubes, which are coated with a
varnish of shell-lac. These, as well as the caps of the cylin-
der, are firmly inserted into their connections by means of
the cement described upon page 276.

The Plate Electrical Machine.—The power of this de-
seription of machine is believed to be much greater than that
of the kind in which the cylinder is used. The objection to
its employment has been the difficulty of insulating the cush-
ions, and consequently of obtaining negative electricity. It
has, therefore, been chiefly employed for class demonstrations.
Dr. Hare, in his Compendium, describes one which he has
successfully used, a long time, for the purpose of producing
both kinds of influence. The machine is represented in Figs.
376 and 377, and the following is the description:—

“The plate B (thirty-five inches in diameter) is supported,
as represented in the ﬁygure, upon an upright iron bar, about
an inch in diameter, covered by a very stout glass cylinder
A, four inches and a half in diameter, and sixteen inches in
height, open only at the base, through which the bar is intro-
duced, so as to form its axis. The summit of the bar is fur-
nished with a block of wood, turned to fit the cavity, formed
at the apex of the cylinder, and cemented therein. The ex-
ternal apex of the cylinder is cemented into a brass cap,
which carries the plate. The glass cylinder is liable to no
strain. It is only pressed where it is interposed between the
block of wood within, and the brass cap without. The remain-
ing portion of the eylinder bears only its own weight, while 1t
effectually insulates the plate from the iron axis. The brass
cap is surmounted by a screw and flange, by means of which,
a corresponding nut, and disks of mahogany, the plate is fast-
ened. A square table serves as a basis for the whole. The
iron axis, descending through the top of the table, is furnished
with a wooden wheel of about twenty inches in diameter D,
(Fig. 377,) and terminates below this wheel in a brass step S,
supported on the cross of wood, which ties _the legs of the
table diagonally together. The wheel D, is grooved and
made to revolve by a band, which proceeds from around a
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vertical wheel W, outside of the table. This external wheel
hias two handles, by means either of one or both of which it

may be turned. It is supported on two strips of wood G G,
which, by appropriate screws (represented at S S, Fig. 377),

Fig. 3717.
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may be protruded, lengthwise, from cases, which confine them
from moving in any other direction. Consequently, the dis-
tance between the wheels may be varied at pleasure, and the
tension of the band adjusted.

“Nearly the same mode of insulation and support, which is
used for the plate, is used in the case of the conductors.
These consist, severally, of arched tubes of brass, of about an
inch and a quarter in diameter, which pass over the plate
from one side of it to the other, so as to be at right angles to,
and at a due distance from, each other. They are terminated
by brass balls and caps, which last are cemented on glass
cylinders C C C C, of the same dimensions, nearly, as that
which supports the plate. The glass cylinders are suspended
upon wooden axes, surmounted by plugs of cork, turned ac-
curately to fit the space which they occupy. The cylinders
are surrounded and secured below, by wooden rings screwed
to the table. In this way the conductors are effectnally in-
sulated, while the principal strain is borne by the wooden
axes.

¢ Collectors consist of hollow hemispheres of sheet brass,
within which several points proceed towards the plate from
their centres respectively, where they are attached to the
knobs K K K K. The hemispheres are intended to diminish
the injurious circulation of air.

“The cushions are included between springs, by which they
are made to press with an elastic force upon the surfaces of
the glass, the degree of the pressure being regulated by a
serew.”’

Electrical machines of whatever kind, act to the greatest
advantage in clear, cold and dry weather. A moist and warm
condition of the atmosphere is generally unfavorable to their
use, but various circumstances,—of which unknown meteoro-
logical influences are probably the chief—oppose the electric
excitement even in an apparently propitious state of the
weather. Care should be taken in such cases, whatever the
condition of the air, that the communication of certain parts
of the apparatus with the earth be as perfect as possible.
With this view, when either kind of excitement is required,
the conductor of the other kind may be connected by means
of a chain or wire with the water or gas pipes of a house, or
any other good conducting substances which penetrate the
moist earth. The eylinder, or plate, and the insulating parts
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of the apparatus should be free from moisture or dust, which
might both conduct away electricity, and to ensure perfect
dryness of all parts of the machine, it should be placed before
a fire or upon a stove or sand bath, and be thoroughly rubbed
and dried with a piece of warm flannel, taking care that the
amount of heat applied be not great enough to melt the ce-
ment, which is employed to connect the various parts.

It is an indication that the machine works properly, if after
several revolutions of the cylinder or plate, the approach of a
metallic ball or of the knuckle to a part of the insulated con-
ductor, causes a vivid spark to dart with a crackling noise
from the latter to the former. The size of the spark and
loudness of the report are of course dependent in a measure
upon the magnitude and power of the machine.

The Leyden Jar.—This instrument, shown in Fig. 378, is
the one employed for the purpose of accumulat-
ing electricity by induction, and is the agent
chiefly made use of for laboratory purposes. It
usunally consists of a wide-mouthed jar of thin
glass, coated with tin foil both upon the inner
and the outer side of the bottom and the lower
two-thirds of the circumference. The stopper
is made of cork or dry wood, well varnished
and cemented tightly in its place. Through its
centre, a wire or rod passes, which, either with
or without a chain attached, is in close contact
below with the inner lining of the jar, and
which terminates above in a smooth metallic
ball. That part of the glass which is not covered with tin
foil is usually painted over with a coating of shell-lac or com-
mon spirit varnish. The jar made use of in the laboratory,
need not ordinarily exceed a quart in capacity. The ball
upon the top of the rod should be at least an inch in dia-
meter, and the latter should be so firmly fixed in its place as
not to be dislodged from its connection with the stopper or
the bottom of the jar, by any change of position.

A common phial containing iron filings—into which is
plunged a wire which passes through the cork, and is inserted
into a bullet above—and coated outside with tin foil up to the
level of the metal within, makes a very efficient apparatus.

The Leyden Phial is charged by placing its ball in contact
with that conductor of the machine which contains the kind
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of electricity which it is intended to accumulate in its inner
coating, while the outer metallic surface is in connection with
the earth. This is most conveniently performed by grasping
the jar in the hand, and presenting the knob to the conductor
during the continued turning of the winch.

The electricity often accumulates in the inner coating until
its tension becomes so great that the equilibrium of both coat-
ings is restored by a discharge taking place from one surface to
the other ; that amount which is in excess leaping over, as it
were, the intervening non-conducting surface of glass. When
one kind of electricity is collected in the interior, the opposite
sort is produced in the exterior coating, or—in accordance with
the theory which admits the existence of only one kind—
when it is in excess in the inside, it is deficient in the same
ratio upon the outside. The tendency is then always to re-
store that neutrality, or natural order of things in which the
influence is not made evident to the senses; but in a good
Leyden jar, the parts should be so arranged as to permit the
collection of a large amount of electricity before a sponta-
neous discharge takes place. If the jar, before becoming
highly charged, permits such an escape, it is usually an evi-
dence that there is a hole or crack in the glass, that the un-
covered surface has become a partly conducting one from the
presence upon it of moisture or dust, or finally that the outer
metallic coating extends up so far as to allow of the easy
passage of a spark to it from the rod or ball. The last con-
dition can be altered by lessening the height of the outer
covering of foil, taking care to reduce that which is within,
also to the same level. To expel moisture and dust, the vessel
ghould be warmed and wiped, as before directed for other parts
of the apparatus,

The retention for some time, of the charge, by the Leyden
jar is often a matter of great importance in the chemical
applications of electricity. A jar, of the eapacity above men-
tioned, when dry, warm, and fully charged, should after a
lapse of ten minutes, give a spark at least half an inch in
length, to the ball of a discharging rod, the ball being one-
third of an inch in diameter.

The power of the jar is dependent on the amount of the
coated surface, and the thinness of the glass. :

The Electrical Battery.—This is an arrangement by which
the metallic surfaces of the Leyden jar are greatly in-
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creased in size, and by which the intensity of the shock and
discharge is multiplied to almost any extent desired. A
number of Leyden jars prepared in the usual manner, are
placed in a box which is lined with tin foil or other metallic
coating. The vessels are placed in close contact, or are made
to connect with each other externally, by the interposition of
metallic or coated partitions, and the inner coatings are made
to communicate by means of metallic rods or chains, connected
with the wires going from their interior. The whole 1s equi-
valent to a single large jar, and may be charged and dis-
charged with equal facility. Fig. 379.

Fig. 379.

The hook, seen in the front of the box which contains
the series, is attached to the metallic outer lining.

When the battery is to be used, it should be ascertained
that all the outside coatings are in proper connection with
each other, and that the inner surfaces communicate through
their appropriate mountings and wires, and that no wires,
threads, water, or other conducting substances extend in any
way from the inner to the outer parts of the apparatus. No
filamentous or pointed body, or projecting piece of metal,
should be allowed to remain very near the battery whileit is in
operation. The battery is charged by connecting one of the
wires or knobs which are in contact with the inner coating of
the jars, by means of a chain or wire, with the prime or ne-
gative conductor of the electrical machine while it is in ope-
ration. It is both filled and discharged in the same way as
the Leyden jar, and all its operations are those of that vessel
upon a greater scale.

During the charging of a battery, a diffusion of electricity
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contact with the surfaces, or to be removed from them by
means of the insulating glass handles, which are attached to
the legs. This arrangement gives the power of discharging a
jar of almost any size, by removing or approximating the
‘Laudles. A very effectual and cheap discharger is made of a
piece of thick wire, about twelve inches long, curved and ter-

minated by a bullet at each end.

OTHER MEANS OF PRODUCING ELECTRICITY.

The Electrophorus.—This important instrument, Figure
881, may in many cases be made to take the place of the
common electrical machine. A
Fig, 381. mixture of equal parts of common
resin, shellac and Venice turpen-
tine, is melted and kept in a state
of fusion at a temperature between
230° and 240° of Fahrenheit, until
nearly all evolution of vapor has
ceased and the flmd is quiet. It
is allowed to cool to the point of
thickening, and is then poured care-
fully, so as to avoid the formation of air bubbles, into a circular
metallic tray or dish, of about nine or twelve inches in diameter,
and half an inch in depth. The resinous surface should be as
even and smooth as possible. A wooden box, or a receptacle
made by placing upon a smooth board a wooden hoop, are
less costly and do not expose the resin to the risk of cracking
from the sudden contraction of the metal, which is apt to
occur after its expansion by heat. Upon the smooth surface
formed by the cooled mixture, is placed a metallic disk, or one
of wood smoothly covered with tin foil, either of which is
provided with an insulating handle of glass or sealing wax,
which is inserted in its centre, above. This disk should be
somewhat less in diameter than the surface of resin. The top
has usually attached near its edge, a wire terminating in a
metallic ball, from which the spark is taken.

When this electrophorus is used, the cover is removed, and
the surface of the resin having been dried and slightly
warmed, is rubbed or whipped briskly with a piece of dry
flannel, a silk handkerchief, or the fur of a cat or hare’s foot.
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After excitation by this means, the cover is lifted by its
handle—also dry—and is replaced upon the surface of the
resin. A spark will now pass from the knob of the cover to
the knuckle, or a metallic body held near it. Upon raising
the cover again, another spark of greater intensity than the
first will be received. A spark like the first, will be given by
the knob after the replacing of the cover, and again upon its
withdrawal, one similar in character to the second will be
given off, and in this way the experiment may be repeated
almost indefinitely if the weather is favorable.

The action of the machine is explained in this manner.
The negatively excited cake of resin acts inductively upon
the electricity inherent in the cover, attracting and combining
with its positive element, and repelling its negative one, which
accumulates in the upper part of the cover. When the top
of the cover is touched, the negative electricity escapes, and
the positive remains in combination with the negative kind of
the resin, as long as the latter is covered by the metallic
plate. But upon lifting this by the insulating handle, the
positive excitement is in its turn set free, and given off in
sparks from the knob. A similar succession of actions goes
on for some time, and the instrument has been known to give
sparks for weeks without being freshly excited.

To obtain strong positive sparks, it is necessary to touch
the cover when on the resin, with a finger or other conducting
body, and to remove it before raising the cover. To obtain
the strongest negative sparks, the cover when raised, should
be discharged of all its electricity against the hand or other

‘body before it is again placed upon the surface of the resin.

INSTRUMENTE FOR DETECTING AND MEASURING ELECTRICITY.

Henley's Quadrant Electrometer.—This instrument, chiefly
used to determine the amount of electricity present in the
conductor and in the Leyden jar, consists of a semicircle of
ivory or of wood covered with white paper, which 1s graduated
into 180 degrees, and fixed at its base to a wooden column.
In the centre of the semicirele there is a pin upon the column,
from which a movable radius terminated by a pith ball is sus-

ended. The column may be fixed in a hole in the conductor.
%prm working the machine, the column and the ball being
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alike affected, the latter with its radius is repelled from the
former, and by the amount of the divergence the force is
exhibited in degrees. By means of this instrument, we are
enabled to ascertain when a jar, or battery in contact with
the conductor, is sufficiently electrified. During the accumu-
lation in the inner coating, the electricity is retained foreibly
by the attraction of the contiguous and oppositely electrified
surface, and will not be given off to an insulated body, or one
which is not in connection with the outer coating. But in
proportion as it ceases to be retained by this inductive action,
and accumulates in the conductor, it raises the index of the
electrometer, often to a considerable height. When a battery
has received its greatest amount of charge, the ball seldom
rises above 40° or 50°, as the tension of the electricity never
equals that of a single jar, probably on account of the larger
surface exposed to induction.

Haiiy's Electroscope has already been deseribed under the
head of the Blowpipe at page 383.

Bennet's Electrometer.—This instrument, more properly
called an electroscope, as it detects, rather than measures
electricity, is exceedingly delicate in its indications. It con-
sists in part of a glass cylinder, which may be similar in form
to the one shown in the drawing. A circular brass cap C,

covers tightly the vessel, and to its
Fig. 382. centre 18 attached a metallic rod,
enclosed in a glass tube which is
well varnished with shell-lac, and
having attached to its ends two
slender strips of gold leaf, hanging
parallel to each other. Two strips
of tin foil T T, are pasted upon the
imside of the glass, with their upper
ends a little above the level of the
depending extremities of gold leaf,
and their lower ends connected with
the metallic bottom of the glass
cylinder. When an electrified body
1s made to approach the cap of the
electrometer, the gold leaves will
_ diverge, and if the excitement be
sufficiently powerful, will touch the tin foil and then return to
their former state of rest.
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The delicacy of Bennet’s electrometer is much increased by
the addition of two metallic disks, one having its centre sol-
dered to the side of the cap of the instrument, being in a
perpendicular position, and the other being attached to a rod
which is connected with the metallic foot of the instrument
by a hinge, so that it may be placed parallel to the other
disk, and so near as almost to touch it without actually doing
go. The presence of electricity in the metallic cap, and its
disk, ¢nduces the opposite kind in the contiguous metal, which
is then to be removed a few inches from its former position.
As this disk is connected with the base of the instrument,
and of course with the tin foil upon the inside of the glass,
that becomes also oppositely electrified from the cap, the con-
nected gold leaves of which diverge to a much greater degree
than in the simple instrument. This is called the condensing
electrometer,

Bennet’s electrometer is the one in most common use, and
many circumstances of interest in reference to its employment
are worthy of note, particularly those connected with the
means of ascertaining the kind of electricity which causes its
gold leaves to diverge.

If an insulated conducting body containing electricity, such
as the prime conductor of the electrical machine, is made to
approach or to touch the cap of the electrometer, the leaves
diverge to a greater or less degree, in proportion to the ten-
sion of the electricity in the body, and remain separated,
gradually returning to their former position as the influence
passes off. In examining the condition of a body supposed
to be highly electrified, care must be taken not to make it
approach the cap too rapidly, as the result of a sudden and
powerful communication of the agent is very often the im-
mediate separation and tearing of the gold leaves. When a
non-conducting body, electrically excited,—a piece of sealing
wax, for instance,—is brought near to, or in contact with the
top of the instrument, the same divergence takes place; but
it is temporary, as upon the withdrawal of the body the
leaves come together again. To make their separation as last-
ing as in the former case, it is necessary either to allow the
body to remain for a time upon the cap, or to rub it over its sur-
face, so that it may communicate its electricity from a number
of points. So far, the electricity of either kind, imparted to
the cap, has been that of conduction. Butif the electrified
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body be held so near to the cap, as just to cause the diverg-
ence of the leaves, that divergence will diminish gradually
until the leaves finally collapse. If now the body be removed
to such a distance that it can scarcely affect the leaves, they,
after coming together, will often gradually diverge as before.
This second separation is caused by induction, and when it
oceurs, the opposite kind of electricity to that existing in the
body will be found to be present in the cap and leaves. The
same effect is produced by touching the cap with the hand,
while the leaves are diverging from the electricity of the
excited body, by removing the hand after the collapse occa-
sioned by its first contact, and by then withdrawing the elec-
trified body, as before, to a greater distance from the cap.

It is well known that a piece of sealing wax, rubbed with
warm flannel, becomes negatively electrified and that a glass
tube rubbed with a silk handkerchief, becomes positively af-
fected. These facts present us with the means of determining
the kind of electricity which is transferred to the cap and leaves
of Bennet’s electroscope. If—after the leaves have been made
to diverge by the approximation to the cap of an excited
body—the presence upon the top, of a piece of rubbed sealing
wax makes the divergence greater, the electricity in the body
is negative. If however, the leaves approach each other
slowly, or collapse at once, the electricity is more or less posi-
tive. In the same way, a warm tube of glass, rubbed with a
silk handkerchief, will inerease the separation of the positively
electrified leaves, and diminish or annul it when they are ne-
gatively excited.

Coulomb’s Electrometer.—All the instruments, above de-
scribed, indicate the presence of electricity, but give little idea
of its quantity. Coulomb’s torsion balance gives us an ap-
proximation at least to a means of accurately measuring it, or
rather of comparing the amount of it found in one body with
that existing in others, or in the same body, at different
times. This instrument, as represented in Fig. 888, from
Golding Bird’s Natural Philosophy, consists of a slender
beam, or thread of shell-lac B, having a gilt pith-ball attached
to one end, and a little vane of paper to the other, and sus-
pended at its centre by a fine metallic wire, or what is better,
a delicate filament of spun glass. This ascends in a cylin-
drical or square frame of glass, and its upper end terminates
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in a key D, furnished with an index, the whole being capable
of moving easily in the centre of the circle

G, which is graduated into 360°, A rod of Fig. 383.
shell-lac F, is inserted in the hole E, and -
is prevented from falling down into the 6‘@5

glass cylinder which surrounds the whole
arrangement, by a stop at . This rod
terminates in a gilded ball, which is called
the carrier ball, as it is used to convey to
the electrometer proper, the electricity of
the excited body. When this instrument
is to be used, the rod ¥ is brought into
contact with the excited body; its ball ac-
quires some of the electricity, and upon
being placed in the cage, it gives a part
of it to the ball of the lac beam. This
having now the same kind of electricity, is
repelled from the ball of the rod and de-
scribes a certain angle to its former posi-
tion, which 1t retains until it loses its electricity. To mea-
sure the amount of fluid thus acquired, the key 7, to which
the glass thread is fastened, must be turned around, until by
the torsion or twisting of the latter, the ball of B is made to
come in contact with that of #. The number of degrees de-
scribed by the index, which is attached to the revolving key
D, gives an approximation to the proportion of electricity
derived from the contact of the ball of F with the electrified
body.

g more simple form of this electronometer, and the one
ordinarily described, consists of a lac needle with a gilt ball
at each end, suspended by means of a fine untwisted thread
of raw silk, which is fixed at top to a micrometer, by means
of which it can be turned around any number of degrees re-
quired. The whole is encased in a glass vase or cylinder,
with a tightly fitting top of glass, through a hole in the centre
of which the silk passes, the micrometer being above. Upon
the level of the suspended needle, a hole, drilled through the
sides of the glass, encloses a wire having a metallic ball at
either end, the inner one being nearly in contact with one of
the pith balls. The excited body is made to approach the
outer ball, and as in the instrument before described, the
movable knob separates from the other, and the quantity
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the thumb or a finger of the unoccupied hand. This permits
the descent of the fluid, which is driven out by the force of
the explosion, while it does not allow its too sudden return
upon the subsequent contraction of the gaseous contents of
the tube, or the escape of any of the latter.

In using the eudiometer, we must take into account the
relative degree of explosibility of different mixtures. Thus a
mixture of oxygen and carbonic oxide expands when inflamed,
much less than one of oxygen and hydrogen or olefiant
gas. A large quantity of any mixture will of course increase
in bulk much more than a small one. The whole quantity of

as contained at first in the tube, should be at least so small,
f}mt after expansion it shall not occupy quite the whole of the
endiometer. No more gas should be introduced for detona-
tion than will oceupy a sixth of its capacity at common tem-
peratures, and generally it will be advisable to employ much
less.

The spark which is intended to effect the detonation or
slow union of the gases contained in the tube, may be derived
from the electrophorus, the prime conductor of the electrieal
machine, or the Leyden jar, the power of the last two being
of course greater, in the order in which we have spoken of
them, than that of the first. When the electrophorus is em-
ployed, one of the wires upon the side of the eudiometer is
placed in connection with a finger of an assistant, or with a
metallic chain, the other end of which hangs in the trough or
vessel over which the tube is supported. The ball of an ex-
cited electrophorus is then brought near to the other wire, and
the spark obtained from it, passing from wire to wire through
the interior of the tube, inflames the mixture, if it be of suffi-
cient intensity, and if all the other circumstances are favora-
ble. The ball upon the conductor of the electrical machine may
in the same way be made to approach one of the wires, with
usually a more powerful effect. The employment of the elec-
trical machine is particularly advantageous when it is desired
to pass a succession of sparks for a considerable time through
the mixture, for the purpose of effecting a gradual combustion
or combination of the gases contained in the tube. The use of
the Leyden jar is equally convenient for a single contact and
much more apt to be attended with success on account of the
greater size and force of the spark. One of the wires may be
connected with the external coating of the jar, by means of a:
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chain or hooked wire, and a discharger or other conductor,
applied at one end to the ball of the phial, may be brought
near the other wire. When other means of connection are
not at hand, the operator, at the risk of receiving an unpleasant
shock, may grasp the jar in his hand and apply its ball to one
wire of the eudiometer, while he touches a finger of the other
hand to the opposite wire. To ensure the explosion of the
mixture, a spark of the largest size that can be obtained from
the electrical instrument, should be passed through it. Very
often, although a sufficient amount of electricity is given off
from the conductor of the electrophorus or electrical machine,
its effect is lessened by its communication from wire to wire,
as an electrical brush, or in a succession of small sparks. To
remedy this evil, a ball, half an inch or more in diameter,
should be placed upon the outer extremity of that wire which
is to receive the spark, and the latter should always be given
off from the surface of a ball of considerable size.

The wires of the eudiometer must be firmly fitted in their
places, and the openings in the glass through which they
enter should be hermetically closed around them. Before
filling the tube with gas, it must also be ascertained that they
are perfectly insulated. When the detonation is effected over
water, a film of it is apt to adhere to the glass and wires, both
internally and externally, which by its conducting power,
sometimes diminishes the force of the spark, or intercepts it
entirely. To prevent this, the outside of the tube and wires
must be wiped as dry as possible before applying the conduc-
tor. The top of the tube should be gently tapped so as to
shake off any particles of moisture adhering to it within. The
perfect transmission of a large spark is only secured by the
presence of the balls upon the ends of the wire and discharger
as before described.

Ure's Eudiometer.—Analysis of gases by explosion is much
more conveniently performed by means of Dr. Ure's syphon
eudiometer, shown in Fig. 885. It differs from the other
eudiometer in being curved like the letter U, but like it, it
has the part intended to contain the gaseous mixture, gra-
duated and pierced by two platinum wires. It is usually about
twenty inches in length, and the third of an inch in internal
diameter. This instrument, like the other, may be used for
the analysis of various gases over either water or mercury,
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only 87 measures after explosion, the diminution has been that
of 63 measures. One-third of this loss is equal to 21 mea-
sures, which represents the amount of oxygen in the 100
measures of the air first introduced.

The precautions spoken of in reference to the common eu-
diometer may with equal propriety be applied to this.

GALVANISM.

All the forms of apparatus which are employed for the
purpose of producing a continuous electrical current, are called
galvanic ecircuits, and those in common use consist of two
metals, one more oxidable than the other, and of a liquid which
by its action upon the readily oxidized or active metal, causes
the development of the influence. The old voltaic pile and
the ecrown of cups are the most simple examples of galvanic
apparatus. The former consists of a series of disks of zine,
and copper, platinum or silver, arranged in a column, each
piece of different metal having placed between it and its
neighbor, a disk of cloth or paper steeped in some liquid,
which acts chemically upon the zine. The crown of cups is
differently arranged, but upon the same principle. A number
of cups are placed in a row or circle, each one containing an
exciting liquid, such as dilute sulphuric acid, and a plate of
zine, and one of the inactive metal. The zinc of one cup is
connected by a wire with the copper or other metal of the
next cup, and the zinc of that is also connected with the cop-
per of the one beyond it. The two external plates of both
kinds of series have wires soldered to them, which are called
the poles. In this way a communication exists between all
the parts of the series, directly between the alternate plates
of the different cups, and indirectly through the liquid be-
tween those in the same cup. A simple circuit, as exhibited
by the most elementary form of either of these arrangements,
represents in miniature all the other kinds of voltaic apparatus
employed. Thus, if a single cup be used, containing a plate
of zine and one of copper, immersed in dilute acid, and having
wires attached to them, the voltaic eurrent is supposed to
be developed upon the surface of the zinc, along with its par-
tial solution and the evolution of hydrogen, to pass through
the liquid to the copper, and to be conducted through that
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The addition of a few drops of nitric acid makes it act with
greater intensity, but it is not advisable to use it unless the
silver is thoroughly covered with platinum.

Another form of this battery consists of a glass vessel like
a tumbler, on which rests the frame which supports the me-
tallic plates. As in the other, two screw caps on the top of
the frame allow the attachment of wires for the conveyance
of the current. One of these is connected with a central slip
of platinum foil, on each side of which descend amalgamated
zine plates, connected above with the other screw. Like
Daniell’s batteries, a series of these may be connected toge-
ther, by making communication between the alternate zinc and
platinum plates.

G'roves’ Battery.—This is the most energetic battery known.
Its activity is very great, and though this prevents it from
being so well adapted for galvanoplastic operations, it is the
one generally employed for the development of magnetism,
and is in common use in the magnetic telegraph.

Various forms of this arrangement are met with, but in the
most common one, a strip of platinum foil, furnished above
with a screw cap, is immersed in a cylinder of porous earthen-
ware, filled with strong and pure nitric acid. This cylinder
is surrounded by another one of amalgamated zinc, also pro-
vided with a screw cap, standing on short legs, and divided
by a longitudinal opening in one side, in order to permit the
acid to circulate freely around it. It is placed in a glass jar
or tumbler, containing one part by measure of sulphuric acid,
and eight of water. When the circuit is completed by bring-
ing together the wires placed in the screws, the hydrogen from
the decomposed water in the outer vessel is not given off in
the gaseous state, but passing through the diaphragm, com-
bines with some of the oxygen of the nitric acid, reducing it
to nitric oxide. Some of this dissolves in the acid, and the
rest escapes in the form of dense red fumes of nitrous acid,
formed by its combination with the oxygen of the air.

This battery owes its intensity and rapidity of action to the
absorption of the hydrogen, the good cﬂnd.uﬂting nature of the
materials, and the consequent concentration of the fluid. It
has been said to be, when properly prepared, about seventeen
times more powerful than that of Daniell. The great objec-
tion to its use arises from the escape of the irritating and poi-
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ferent plates of batteries is very conveniently made by means
of the binding screw, Fig. 391. The wire by which the com-
munication is established, is passed through the hole in the
side, and kept in its place by the movable serew in the top.
The screw below, serves to fasten the arrangement firmly into
a hole of the proper size, in the top of either plate. The
operator should be supplied with a number of these, as they
permit him to unite and disconnect the different parts of an
apparatus with the greatest ease and rapidity. They are
shown in the figure, attached to the copper and zinc plates of
a simple cireuit, with the wires, of which the ends form the
poles, passing through them.

Wire for Battery Purposes.—Copper wire is more often
employed for connecting the different parts of a voltaic eir-
cuit than any other, on account of its high conducting power,
its flexibility, and its not being susceptible of magnetization
by the passage through or around it, of a galvanic current.
Its thickness should be proportioned to the energy of the bat-
tery, and it should be as short as possible, because a great
length of wire causes resistance to, and loss of the fluid pro-
ceeding from a battery of moderate power. Its connecting
parts, as well as those of the plates or screws to which it
1s attached, must be bright and clean. In order to ensure
perfect contact, it is advisable to amalgamate the extremities
of the wire. This is readily done by washing them with a
solution of nitrate of mercury, and dipping them afterwards
in metallic mercury.

This coating is apt to oxidize, and thus to cause an inter-
ference with the complete connection. When this oceurs, the
film of oxide is to be rubbed off, and the amalgamated surface
renewed as before. This may be done with perhaps greater
ease than in the former method, by placing a few globules of
mercury and a little tallow upon a piece of chamois leather,
and then rubbin%vthe wire with it until the mercury adheres
to its surface. When the second coating is applied in this
way, it is less apt to become tarnished than if made to adhere
by the aid of the solution of the nitrate. When it is desired
to break and renew the connections often or very rapidly, the
common mode of attaching the wires is found to be inconve-
nient. Inthat case, a little cup made of copper, or other metal
which does not too readily amalgamate with mercury, is partly
filled with that metal, and the wires are received in the cup, a
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depression in the bottom of the latter being often made so as
to hold them more firmly in their place. By keeping one of
the wires immersed in this cup, the connection may be made
complete or broken at will, and without disarranging any part
of the apparatus, by simply placing the extremity of the other
wire in its appropriate cup, or taking it out.

The wires are, in one point of view, the most interesting
parts of the battery, as it is at their extremities or the elee-
trodes, that the most important phenomena of galvanism are
exhibited.

Electrolysis.—Any one of the batteries already mentioned
may be employed for the purpose of producing chemical de-
compositions, by passing the eurrent from them through the
substance, from pole to pole of the terminal wires of the series.
As electro-chemical changes are usually effected most per-
fectly by a current of intensity, as distinguished from one of
quantity, which is more active in producing light, heat, and
electro-magnetism, a number of pairs of plates or cylinders,
varying with the difficulty of the decomposition, are employed.
The other results spoken of are generally obtained by using
a small number of plates with large surfaces. A combination
of small batteries, made upon the plan of Daniell’s is, per-
haps, the most active of all in pmducing chemical change.

hatever form of apparatus is used for such decomposi-
tions, particular attention must be paid to the proper connec-
tion of the alternate metals, and to the close contact of the
wires, as well as the other circumstances before spoken of in
reference to their relative size. The points of the wires should
in most cases be made of platinum, as that metal is the best
conductor of the fluid, and is not liable to be chemically acted
on by any of the substances evolved from the electrolyte.

Any one of the class of bodies called electrolytes, which in-
cludes all those known to be capable of decomposition by elec-
tricity, may be exposed to the voltaic influence by being placed
between the electrodes or extremities of the wires, so as to be
the medium of communication between them. This is effected
in various ways, as the substances differ in being solid or
fluid, and good or bad conductors of the influence. :

Many afﬁutiuua, like that of iodide of potassium, admit very
readily of decomposition. A solution of this salt may be
easily decomposed by a battery consisting only of a mre‘uf
zine and one of copper. Water alone, however, may require

29
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in the funnel. The ascending gases displace the water, oc-
cupy the tube, and may if necessary, be accurately measured.

As the quantity of electricity set in motion by the battery
18 in direct proportion to the amount of zinc dissolved in it,
so are the effects of chemical decomposition always proportion-
ate to the former; this being thus always in a certain rela-
tion with the equivalents both of the produects of electrolysis,
and of the portion of zine acted upon. Thus, one grain of
hydrogen, given off at the negative pole, indicates that thirty-
three grains of zine have been dissolved during the time of
the action. Upon this principle Faraday constructed his vol-
tameter, which affords the only means known of accurately
measuring the galvanic influence. That form of this which
is most employed, is one in which strips of platinum foil at-
tached to the wires of a battery, are placed opposite and near
to each other in a jar or bottle, from which a tube issuing,
enters under a graduated jar inverted over the pneumatic
trough, all of these vessels being full of water. By the mea-
sure of the gases collected, the quantity of electric force can be
estimated. By placing slips of platinum upon the ends of the
wires in Fig. 392, and substituting a single graduated tube
with a wide or funnel-shaped mouth, for the two which are
seen in the cut, the same result may be attained.

Faraday describes a convenient form of tube for the collec-
tion and examination of gases evolved from either electrode,
in experiments conducted upon a small scale. This tube, re-
presented in Fig. 393, is filled with the solution
to be acted upon, and held in the position re- Fig. 393.
presented. The nature of the gas to be col- :
lected, depends on the end of the battery which
is fastened to the curved wire at @. The other
electrode is to be loosely inserted at b, so as to
allow the gas given off from it, to escape through
the open orifice. It should not be placed so
far within the extremity of the tube as to per-
‘mit any bubbles of the gas to pass around the
bend, and to mix with that in the upright limb.
The wire b is to be removed when a sufficient
amount of gas has been collected, and the latter can then be
transferred to a suitable vessel and examined.

The methods of subjecting substances to the action of the
battery are very numerous. When the electrolyte is a fluid,
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it may be placed in any one of a great variety of suitable re-
ceptacles. In all cases it must be recollected that the elec-
trodes should be brought as near together as possible, so that
the small amount of the substance which is directly between
them, shall have the full effect of the current concentrated
upon it. Decompositions of a drop of fluid may be made by
placing it upon a glass plate, and bringing the poles in con-
tact with its sides. Larger quantities may be received in a
watch-glass or other concave piece of glass, or in a cup of the
proper size. A very convenient mode of subjecting liquids to
the current, so that the results of the decomposition can be
easily inspected by the observer, is that of closing one end of
a piece of glass tube tightly with a cork, and supporting it in
an upr':fht position by passing one of the wires of the battery
perpen icularlf' through the cork. The tube may then be
filled with the liquid, and the other wire, bent downwards, may
be immersed in it, and placed along side of its fellow. In
nearly all such decompositions, the ends of the poles should
be armed with strips of platinum foil, on account of the greater
surfaces of contact presented by them.

When it is desired to direct the electrolytic influence upon
a large surface of a liquid, a piece of platinum foil attanged
to one pole may be hollowed out into a cup-like form, and the
substance may be placed in it; or the terminal wire may be
made to support, and communicate with a platinum crucible,
by being wound around it. The other wire can then be im-
mersed 1n the liquid, and prevented from touching the vessel
by the intervention of a piece of glass tube.

Production of Heat and Light by G alvanism.—The phy-
sical effects of galvanism, among which are the production of
heat and light, result generally from the passage of a current
of great quantity and of feeble intensity, through an insuffi-
cient or imperfect conductor, the resistance of the latter im-
peding the current, and increasing its calorific power. The
batteries employed for fusion and deflagration generally con-
sist of a very small number of pairs with extensive surfaces,
which will develope a great quantity of electricity. Usually
these are the best batteries for physical experiments, but oc-
casionally those consisting of a large number of plates are
found useful for such purposes. A single pair of very mode-
rate size will effect these results in a small way. Thus, Dr.
Wollaston fused a very fine wire of platinum by means of a
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small battery, made of a lady’s thimble and a rod of zine.
We have before stated that the intensity or decomposing power
of the galvanic fluid is increased by placing batteries in con-
nection so as to multiply the number of plates. Batteries
ma,[f also be associated together so as to increase their calorifie
and light producing power. Any number of troughs like
Wollaston’s may for this purpose be placed—not as before,
end to end—but sidewise, and the cells at either end of each
may be connected with the same cells of the others by two
wires, going across the series, and so bent as to be in perfect
contact with the last plates. The projecting ends of these
wires on one side are to be used as the poles of the battery.

Daniell’s, or any other of the cell batteries, can be made
capable of producing the physical phenomena of electricity,
by paying attention to the size and conducting power of the
wires or other bodies to be heated; but the quantity of the
fluid is much increased by connecting a number of them so as
to make them equivalent to a single pair. This can be done
by connecting together all the copper or platinum plates by
means of wires, either soldered to them or inserted into the
binding screws already spoken of. The zine bars or cylinders
are to be brought into contact in like manner, and the poles
may be made %y attaching wires to any two of the opposite
pieces of metal. '

The wires of such batteries should all be made of larger
size than those which are employed in the ordinary arrange-
ments.

When the electricity developed in a powerful battery is
passed through conical pieces of charcoal placed upon its
poles, and these are brought into contact, and then withdrawn
to a short distance from each other, the interval becomes oc-
cupied with a brilliant spark or arch of flame, the light of
which is often too vivid to be borne by the eyes. The heat
given out is also very intense, and gases and other bodies are
sometimes subjected to its influence for the purpose of being
decomposed. ~ Carburetted and sulphuretted hydrogen are
both thus affected by it. The wires may be twisted around
two pieces of fine, well-burnt charcoal, which are tl}en brought
together. The brilliancy of the spark or arch passing between
the points of charcoal, serves often to indicate the power and
good condition of the battery. When a very powerful cur-
rent is set in motion, it is advisable not to make the contact
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below, and terminate in legs, which are made capable of con-
nection with the cups upon the poles of a battery. The instru-
ment having been filled with water, the gaseous mixture is
drawn into it in the proper quantities by pulling out the pis-
ton to regulated distances, and is then exploded by the igni-
tion of the wire, after the capillary orifice has been closed.
This last is now again opened, but under water, enough of
which enters to supply the vacuum produced by the condensa-
tion. The amount of undecomposed air which remains, is
indicated by the distance through which the rod has to be
passed for the purpose of expelling it all from the glass
vessel.

Dr. Hare uses for the ignition of the wire in this experiment,
his calorimotor of two pairs of plates. He has constructed a
variety of arrangements for procuring the heating effects of
the battery. In one of these, twenty sheets of copper, and
the same number of zinc plates, united separately to two bars -
of metal, were secured in a wooden frame, so as to leave a
space between them of a quarter of an inch. A rope passing
over a pulley, was attache?i at one end to the frame, and at the
other to,a counterpoising weight. The frame could be lowered
by means of the rope into a cubical box containing the aeid
liquor. Another form of Hare's battery is so constructed
that the vessel containing the acid is raised up to and lowered
from the plates, when necessary, by means of a leyer connected
with pulleys. By this most convenient and powerful battery,
constructed with a new arrangement of the plates, the most
intense galvano-ignition and deflagration may be accom-
plished. '

This apparatus, the description of which might, perhaps,
have been more properly introduced along with the account
of other batteries, is shown in Figs. 394 and 395. We ex-
tract the description of it from Hare’s Compendium.

¢ The two forms of calorimotor represented by Figs. 394
and 395, have been much used by me for what is deseribed
in my Compendium as “galvano-ignition.” (C, 335.) Within
any cavity, ignition of any intensity short of fusing platina
may be produced, by making a platina wire the subject of a

alvanic discharge from an instrument of this kind. I first
resorted to this process in the year 1820, for the purpose of
igniting gaseous mixtures in eudiometers of various forms.
In June, 1831, I applied it to ignite gunpowder in rock blast-
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ing; and to this object it was subsequently applied, agreea-
bly to my recommendation, by Colonel Pasley, Professor

O’Shognessy, and others.

Fig. 394.

.||t|

i 'H|H| Sk,

““This machine consists of sixteen plates of zinc, and twenty
plates of copper, each twelve inches by seven, arranged in
four galvanic pairs. The plates are E-‘-llp]:lﬂl'ted within a box
with a central partition of wood, A B, dividing it into two
compartments. Each of these may be considered as separated
into two subdivisions, by four plates of copper between the
letters C C. Of course the box may be considered as com-
prising four distinct spaces, No. 1, No. 2, No. 3, and No. 4.
The circuit is established in the following manner. Between
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the zine plates of compartment No. 1, and the copper plates
of compartment No. 2, a metallic communication is produced,
by soldering their neighbouring corners to a common mass of
solder, with which a groove in the wooden partition between
them is filled. With similar masses of solder, two grooves
severally made in the upper edges of each end of the box are
supplied. To one of them, the corners of all the copper plates
of space No. 1, and the zinec of space No. 4, are soldered. To
the other, the zinc plates of space No. 2, and the copper plates
of space No. 3, are soldered in like manner. Lastly, the zinc
plates of No. 3 are connected by solder in a groove, and the
copper plates of No. 4 are in like manner connected by solder
in another groove. Upon the ends, SS, of the solder just
mentioned, the gallows screws are severally soldered, and to
these the rods, P P, called poles, are fastened. The means by
which the acid is made to act upon the plates must be suffi-
ciently evident from inspection. Depressing the handle causes
the wheels to revolve, and thus, by means of the cord which
works in their grooved circumferences, to lift the receptacle
which holds the acid, until this occupies the interstices between
the plates.”

Means of Detecting the Galvanie Fluid—The Galvano-
meter.—If a common magnetic needle, supported upon its
pivot, be placed directly under and parallel to a wire which
is connected with the poles of a galvanic circuit, so that the
positive fluid will pass through the wire from the north to the
south, it will, during the passage of the current, leave its po-
sition in the magnetic meridian, and, after a few oscillations,
assume one nearly or quite at right angles to it, its northern end
or austral pole pointing to the east, or to some point between it
and the north. Precisely the same effect will be produced if
the needle is placed over the wire, and if the direction of the
current is reversed. But the northern end will be turned to-
wards the west, if the current is passed from the north to the
south while the wire is under it, and also in the same direction
if the wire again placed over it, transmits the fluid from the
south to the north. The needle always returns to its former
position immediately after dismnnecting the wire. The power
possessed by a galvanic current of mﬂuenmng_ thf: magnet,
may be increased to almost any extent, by passing it throuih
a number of wires, or a coil made of a single one, so as to make
the action of the whole equivalent to the sum of the actions
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There are many advantages attending the employment of
formulze, and nothing has tended to advance the science of
chemistry further and more rapidly than their use. They
convey to the eye, like pictures, a far clearer view of the
nature of a compound than the most labored deseription could
effect. While they are established by analysis, their reaction
tends to confirm or disprove its results. As they are pic-
torial representations, the memory may retain the composition
of thousands of compounds, and yet not be overburdened.
Isomorphous bases may be thrown together under a short and
general expression, and thus substances, often differing widely
in external properties, are brought into natural groups, a re-
sult to which the analysis of a body would never lead without
the formula.

When a definite compound has been separated by analysis
into its constituent parts, their relative proportion is generally
expressed in per centages, but such a mode of expression does
not convey a clear idea of the chemical nature of the body, as
compared with other compounds, containing the same or
allied constituents. The per centage composition is usually
given as simply expressing the results of analysis. To ascer-
tain the nature of the union among the constituents, agree-
ably to the received laws of affinity, they must be reduced
from their per centage proportion to the proportions of their
equivalents. If any one of the constituents happens to
express in the per centage results, the combining weight of
that body, the others will also express their combining weights
or multiples of them. Or if any one can be multiplied or
divided by any number, which will give the combining weight
of that body, the others multiplied or divided by the same
number, (in order to keep up the same proportion as in the
per centage results,) will express their combining weight or
multiples of them. : .

Thus the analysis of carbonate of hm_e, according to
Dumas (1), and Erdman and Marchand(2), gives—

2

1 =2

Lime 56.06 56 28
Carbonic acid 43.94 44 22
100.00 100 50

If the 44 carbonic acid be divided by 2, it gives the com-
bining weight of one equiv. of the acid; and the lime if divided
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If the experimenter cannot have access to a properly made
blowpipe table, he may, in a very short time, construct a sub-
stitute himself, which, however rough, will enable him to carry
on nearly all the operations of glass-blowing. A hollow reed
or piece of cane angle, about a foot in length, may be firmly
fixed in a circular hole, drilled near the edge of a common
table, and which is just large enough to admit and hold it
firmly in its place. This may have adapted, by means of
cement, plaster or putty, to its upper end, a nozzle of metal, or
of glass drawn out to the proper sized orifice, or one made of
a piece of tobacco pipe of the requisite calibre. A bladder
of the largest size, or bag of caoutchouc, furnished with two
openings upon the same part of its circumference, is now
firmly attached to the bottom of this tube, by one of these a
similar piece of reed, long enough, however, to reach from the
operator’'s knees—while sitting—to his mouth, having been
inserted and tied into the other opening. That end, of this
last-mentioned tube, which is within the bladder, should be
provided with a valve, like that of a cupping glass, made by
placing, loosely over it, a long strip of oiled silk of the dia-
meter of the tube, folding the ends upon the body of the reed
and tying them firmly to it by waxed thread. This valve
admits of the passage of air into the receptacle, but will not
allow its return through the same orifice, so that pressure
upon the bladder will compel its exit through the nozzle of
the tube which is fixed in the table. If now the operator,
sitting near the table with the bladder hanging between his
knees and the loose tube fixed in his mouth, inflates the
former, and then presses upon it uniformly with his knees, a
continuous current is expelled from the nozzle upon the flame
of the wick placed directly above it. A repetition of the
inflation only becomes necessary when the bladder is nearly
emptied of its contained air. The inflation of this home-
made apparatus is scarcely, if at all, fatiguing, and it per-
mits to the glass-blower the unincumbered use of both his
hands.

The position of the jet upon the top of the table, and
that of the operator before it, are shown in the annexed
drawing. i

When it is desired to use the gas flame, which is, however,
not so good as that of oil, the straight jet and Argand burner,
as 18 sﬁuwn in the above drawing, are employed. It is still
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DEALERS IN AND MANUFACTURERS OF APPARATUS. 469

B. B. Gumpert, 120 North Second Street; manufacturer
of electro-magnetic machines.

Hammet and Hiles, 128 Vine Street, Philadelphia ; manu-
facturers of copper hollow ware.

Haig & Co., 545 North Second Street, Philadelphia ; manu-
facturers of blue stoneware.

Stephen Heintz, Queen above Warren, Kensington, Phila-
delphia ; glass blower and manufacturer of all kinds of tube
apparatus.

Hartell and Lancaster, Union Glass Works, Kensington,
Philadelphia; manufacturers of tube apparatus, and of all
other kinds of chemical glassware.

Hansell, Pine, above Tenth Street, Philadelphia; turner in
wood, and manufacturer of supports, clamps, and filter stands.

Edward N. Kent*, 116 John Street, New York; general
depot for the sale of ALL kinds of chemical and philosophical
apparatus, and of pure chemicals.

Lindsay & Blakiston®, North-west corner of Fourth and
Chestnut Streets, Philadelphia; publishers and importers of
scientific books.

Abraham Miller, Zane Street, Philadelphia ; manufacturer
of assay furnaces and of all kinds of pottery.

Alva Mason, South Fifth Street, Philadelphia; manufac-
turer of chemical and philesophical apparatus.

Powers & Weightman, corner of Ninth and Parrish Streets,
Philadelphia; manufacturers of acids and pure chemicals, and
of chemical glassware.

Z. Pike, New York; manufacturer of chemical and electrical
apparatus.

Mauldin Perrine, Baltimore; manufacturer of blue stone-
ware retorts, adapters, crystallizers, digesters and other ap-
paratus, of the same material, for chemical uses.

Bullock & Crenshaw*, North-east corner of Sixth and Arch
Streets, Philadelphia; manufacturers of and dealers in pure
chemicals, glass and porcelain apparatus. :

Savery & Co., corner of Reed and Front Streets, Philadel-
phia ; manufacturers of plain and enamelled hollow-ware of

n.
n'ﬂTa,thm & Brothers, Philadelphia ; manufacturers of smooth
lead-pipe. _ > : .

L. Voigt, North Third, above Vine Street, Philadelphia;
Agents for Storms and Fox’s glassware.
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