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D ——

TaE only work in our language specially devoted to Chemical
Manipulation has long been out of print, while probably at
no time has a guide to the Student in his experiments been
more needed.

Within the last few years modes of manipulating have
undergone many changes, and a vast number of processes,
involving the use of complex apparatus, have been invented.
Chemistry is doubtless in a transition state; eventually, and,
as it approaches perfection, processes will be simplified, and
we shall obtain reactions by more simple and direct methods.
Possibly, although we dare scarcely hope it, we may eventually
rival the fabled simplicity of the Rosierucian, and, by the aid
of a few simple vessels, obtain far more beautiful compounds
than we now procure with all our elaborate appliances.

Manipulation is to chemistry what Bacon conceived mathe-
matics to be to science, and as such ““ should know her place ;”
nevertheless the importance of manipulation cannot be over-
rated. The good, and therefore successful manipulator, will
do far more work than he who is deficient in that respect,
and his researches will be of a higher order. The time ex-
pended by an awkward or clumsy operator in merely attain-
ing accuracy, will be devoted by the skilful chemist to the °
exploration of new fields.

It often happens that the Student, earnestly desirous of
pursuing chemical researches, is prevented from attending
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a laboratory or school of chemistry; the following pages are
especially intended for persons so situated. To those who
are so fortunate as to have the advantage of regular instruc-
tion, the work will still be found a useful companion in the
laboratory. o

On several occasions descriptions have been quoted at
length (vide pp. 60, 324, 332 and 448). The author of a
process is generally best able to describe it accurately and
clearly.

Considerable space is devoted to certain reactions em-
ployed in researches; a careful perusal of that portion of
the work will be to the Student’s advantage, more especially
to those undertaking investigations.

The illustrations have been engraved by Mr. George Pear-
son from original drawings, made in most cases from the
instruments themselves. For a few of them the Author is
indebted to his friend, Mr. Galletly, and one or two were
copied from photographs.

It has been the Author's earnest desire to give every
chemist his due; if, therefore, the names of inventors of ap-
paratus or processes have anywhere been omitted, such
omission has been accidental.

The numerous Tables which have been added will, it is
hoped, be found to increase the usefulness of the work.

Laboratory, Normal College, Swansea,
September 22, 1857.
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CHEMICAL MANIPULATION.

SECTION I
THE EXPERIMENTAL LABORATORY.

1. IT is not often that a building is to be specially erected for
the purposes of chemical research: it will be necessary, there-
fore, in most instances, to alter one already existing; but it is
essential for the completeness of the plan about to be detailed,
to presuppose the laboratory built purposely. The matter con-
tained in this section must be understood as applying solely to a
laboratory of research, unconnected with any School of Medicine,
University, or other place where the science is taught. In order
that the following descriptions may be more easily apprehended,
a plan of a laboratory, and an elevation of a student’s working-
bench, will be inserted at the end of the volume.

2, It is more convenient for the laboratories to be on a ground
floor than on several storeys, as will be readily seen when we
consider the facility with which furnaces can be built without the
necessity of springing arches for their support, the much greater
safety in the event of fire or other accident, and the ease with which
heavy or large articles can be brought in or removed. Never-
theless it is the opinion of many that the dryness of an upper
floor more than compensates for any slight trouble of access. Ba-
lances, air-pumps, and other apparatus of metal soon become in-
jured by the damp frequently found in rooms level with the ground.

8. Unless it is intended for several persons to work together, it
is better not to have an experimental laboratory too large, for it

B



2 CHEMICAL MANIPULATION.

will generally be found that one of moderate size is kept in
better order than a very large one ; the fact of there being plenty
of room frequently inducing carelessness in putting things away,
- & procedure which cannot be too strongly reprobated, whereas, on
the other hand, if there be not too much space, it becomes abso-
lutely necessary to the operator’s comfort and progress that every-
thing which may be no longer in use should be restored to its
proper place. '

4. Those who have not been accustomed to experimental pur-
suits, can scarcely conceive how frequently an operation is de-
pendent for success upon the readiness with which the hand can
be placed upon an instrument, while a careless person is con-
stantly exposed to the mortification of finding an experiment
which has perhaps cost much labour, entirely spoiled from the
impossibility of adding an ingredient, or performing some appa-
rently trifling operation, at the exact instant required.

5. The apparatus required in an experimental laboratory of
the present day is very different, and in general far less bulky
than in those of even a few years ago. The furnaces especially
have been modified, while the greatly increased facilities for
the use of gas have to a certain extent rendered chemists inde-
pendent of them. Every laboratory ought to have three or four
gas-farnaces of different sizes and patterns, as will be described
in the section on Lamps. BSeveral yards of vulcanized india-
rubber tubing will also be required, to enable them to be arranged
upon any part of the tables or floor. They can be attached to
any of the gas-pipes, and when not in use may be kept in a
special place out of the way of injury.

6. The laboratory, as will be seen by a glance at the Plan
and explanation, is lighted by windows all down one side; and
at one end there is another large window, in front of which is
placed a glass case fitting very tight and containing three ba-
lances, each being also in its own lantern, so that they are doubly
protected from the corrosive vapours which float about the labo-
ratory. No chemical laboratory can, however, be considered as at
all approaching completeness, unless another room is especially
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appropriated to the balances, air-pumps, and other delicate in-
struments.

7. All down one side is placed the chief working bench, at one
end of which is a desk in which will be contained paper, the
note book, and various et ceteras which are necessarily kept free
from dirt; it is advisable to allot one of the drawers of the desk
to the various test papers, cut into slips, and kept in well-
corked tubes ready for use. Above the desk will be two or three
shelves, for those works of reference which are constantly in use
in the laboratory; and above these may be placed & shelf for con-
taining some of the less bulky and more valuable reagents. The
books for reference may perhaps with greater propriety be kept in
a cupboard in the balance room.

8. At the extremity of the long bench, next the desk, should
be fixed a small vice, which will be in everyday use during the
construction or repair of apparatus. A few pairs of scissors or
shears should be suspended against the wall near this spot, which
should also be close to the drawers containing the tools. At the
other extremity of the bench to the vice, is placed a four- or six-
gallon stone barrel with a tap of the same material, containing
distilled water, and beneath it a pan to contain the droppings.
This will, from its proximity to the operator during his work, be
found far more convenient than having it over the sink, which
would involve passing to the extremity of the laboratory fre-
quently. The presence of the barrel will not prevent the neces-
sity of having one or two Gmelin’s washing-bottles, of about a
pint capacity, within easy reach, they being constantly in use
for washing precipitates and applying small quantities of water.

9. At intervals of every few feet down the working benches,
are gas-pipes projecting a few inches above the surface; they
afford great facilities for the performance of several operations
simultaneously, and as each is terminated by a screw or “thread,”
they may have attached any of the gas-jets mentioned in the sec-
tion on Lamps.

10. The two tables in the centre are very strong and heavy, so
as not to be easily vibrated; they are, however, capable of being

B2
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removed when required to make room for any particular opera-
tion. The larger of the two has an apparatus affixed, which
enables it to sustain a filter-stand to hold the calico and other
bags, so often required for filtering large quantities of liquid.
This is accomplished by having two slips of wood sliding in mortises
immediately under the top of the table, supporting a board pierced
with holes to receive the bags. In addition to this contrivance,
several small filter-stands should be provided, in order to prevent
the unnecessary use of retort stands, which are more advanta-
geously appropriated to operations with retorts and flasks, and
to experiments requiring heat. The shape and modes of con-
struction of the most convenient apparatus of this kind will be
mentioned in its proper place. Near that portion of the labora-
tory where the filtrations are carried on, will be placed the re-
ceptacle for filtering-paper, which is so arranged as to show all
the different sizes of ready-cut filters at a glance.

It is recommended, if possible, to appropriate some special part
of the laboratory to filtrations when they are on a larger scale
than usual, because being generally a long and in many cases a
tedious operation, it is desirable not to occupy the space allotted
to general work.

11. On the other side of the laboratory, opposite to the general
working-bench, is placed a large arch or hood of masonry, under
which, on a slight rise, are placed the furnaces; but where a
manufactory which contains powerful furnaces is connected with
the establishment, it is recommended to dispense with them alto-
gether in the experimental room, and, instead, to have one on
Luhme’s or some analogous principle, and to replace the hot-air
cupboard of the table-furnace by one heated with gas. Never-
theless, as this is not always a convenient arrangement, a fur-
nace of the kind last named is represented in the Plan of the
laboratory. A few chauffers will be found necessary, from the
facility with which they can be moved to any part of the labo-
ratory. The hood must have its flue quite independent of those
belonging to the furnaces, which may be placed under it, or their
draught would be entirely spoiled; and it is desirable to have an
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arrangement in the form of a damper placed in it, so as to enable
the operator to regulate the current of air, and at times to close
it altogether, especially if the flue be straight, in which case
incenvenience would be occasioned in wet weather by the descent
of blacks and rain.
12, Where organic analyses are frequently being made, it is
advisable to have the means of using two combustion-furnaces
side by side, for the convenience of performing two analyses simul-
taneously, unless Hofmann’s gas-furnace is used, when, from the
rapidity with which combustions can be made, it becomes unneces-
sary. The large quantity of white ash and charcoal dust which
attends the use of the ordinary combustion-furnace, makes it
important to perform the operation under the hood or chimney
shown in the Plan, unless another room can be used for the pur-
pose, which is very desirable.

As, in many laboratories, these analyses are of everyday occur-
rence, it is important to afford every facility to the operator, by
placing all the materials and utensils required, within reach, and
always keeping a supply of combustion-tubing clean and dry.

In a convenient place at one end of the room, the square water-
bath for drying precipitates, &c. must be placed; and as, in an
active laboratory, this instrument is every day in use, and is often
required to contain a considerable number of preparations, it can
scarcely be too large. '

13. At the end of the laboratory opposite the balances will
be seen a vapour chamber or cupboard, having free access to the
atmosphere. Beneath may be & furnace, serving to heat a small
sand-bath ; the chief use of this apparatus is to receive vessels
emitting vapours, which, from being corrosive or unpleasant, it is
desired to prevent floating about the laboratory. The sand-bath
enables us to apply heat when required, as in dissolving gold or
platinum, preparing chlorine, &e.

14. At the end nearest the balance-case is a moveable sky-
light, which will often be in use to remove the vapours with
which the laboratory is unavoidably filled in the progress of some
experiments, and which renders the power of rapidly removing
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the air an object of great importance. It will be seen that no
special arrangement is made for carrying away the hot and
vitiated air produced by combustion of the gas, for its influence
is 8o small in comparison with the odours and other exhalations
constantly emitted during the progress of experiments, that it
may be altogether disregarded.

15. The laboratory should be well provided with cupboards
and shelves, of which it would be difficult to have too many.
In all laboratories of research there is a constant accumulation of
specimens of valuable or rare products; these should be neatly
arranged and labelled ; one of the large cupboards will probably
be the most convenient place for their retention, in the event of
there being no museum attached to the establishment.

16. In most establishments there is some operation which is
more frequently in requisition than any other; for instance, in
one, alkalimetrical analysis will probably be of almost everyday
occurrence ; in some laboratories metals are constantly being ex-
amined for their purity, or ores for the per-centage of their con-
stituents; in others, on the contrary, the analyses of manures,
or operations connected with organic research, are the staple
occupations; whatever, therefore, the most frequently recurring
source of employment may be, everything else ought to be made
subservient to it, and every facility afforded for its ready and per-
fect performance.

17. A good store of test-solutions should always be kept ready,
and the various burettes, beakers, basins, &c. should, immediately
after use, be cleaned and put in convenient situations, that they
may be at hand for the next series of experiments.

18. The barometer, with a good thermometer of small range
but very open degrees, should be kept near the place where the
gaseous nitrogen determinations are made, so as to indicate the
temperature and pressure on the spot. It is advisable to mote
these data every day, at stated times, and to become as familiar
as possible with all the peculiarities and best methods of ob-
serving the indications of the two instruments,

19. One particular part of the laboratory, preferably under one
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of the benches, should be appropriated to dirty apparatus in-
tended to be cleaned; and it must be distinetly understood that
no vessels or utensils should be taken away to be washed, no
matter what their appeuanee, unless placed here. The best ar-
rangement, perhaps, for this purpose, is to have three trays with
rather deep rims sliding upon beadings, so as to be easily capable
of removal when full.

20. The blowpipe table, so useful for the construction and repair
of glass apparatus, especially the preparation of combustion-tubes,
finds a place near the chief working-bench, as indicated in the
Elevation. A convenient contrivance for glass-working will be
found in its proper section.

21. A considerable number of retort-stands are indispensable
in an active laboratory; they should vary in height from 14
inches to 4 feet; the latter are intended to stand upon the floor,
and should have large and heavy bases to them. The rings
should be numerous, and a few sizes will be found sufficient,
varying from 2 to 9 or 10 inches diameter. It is important
that only two sizes of rods should be in use, one for the large
and the other for the table stands, so that the rings may be
used indifferently for any one of the set of stands to which they
belong. In the same manner, the threads of all the screws
should, in every possible case, correspond ; this will greatly faci-
litate the arrangement of the complicated systems of apparatus
which are sometimes necessary.

22, Beveral small wooden hoops should be provided, some of
which fit moderately tight into one another; they answer a twofold
purpose, namely, as supports for hot flasks or dishes and other
apparatus, which would be endangered by being put down on a
rapid conductor of heat; and also as sieves, by taking two, one of
which fits inside the other, stretching muslin over the smaller,
and then pressing the larger one over it so as to keep the muslin
tight; these sieves are the more convenient, as it is easy to wash
the material, and also to have it of different degrees of fineness,
without occupying so large a space as would be required by several
of the ordinary kind.



8 CHEMICAL MANTPULATION.

23. At the end of the laboratory, over the barrel of distilled
water, is placed the rack for glass tubes. Probably the most
convenient form is that made on the principle of the racks used
by decorators for keeping their stock of paper-hangings. It is
also desirable to have a long box fastened against the wall, pre-
ferably under one of the shelves, to contain combustion-tubing.
The box should be about 6 feet 6 inches long, and the cover may be
attached by a leathern hinge, somewhat in the manner of a candle-
box. It is made so long because the combustion-tubes are usually
sold in six-foot lengths, and it is not advisable to cut them until
the tubes are being made. The method of making them will be
found further on. The tubes, when finished, are, from the pecu-
liarity of their shape, extremely fragile; the smallest careless-
ness in moving them is almost sure to break off the long thin
point. It is advisable, therefore, to keep them on two iron
brackets fixed into the wall about 16 inches apart, all the tails
being at the same end, and turned downwards; they should
each have a cork placed in the aperture to prevent ingress of
dust. As they are very quickly mads, it is better to do so when
required than to keep a large stock, and so run the risk of

24, Places should be provided in the drawers under the
benches for the hammers, files, anvils, and other tools constantly
required. One drawer should be assigned to the blowpipe appa-
ratus, with its agate mortar, lamps, &c. The various Wedgwood
mortars should have a place assigned them on a shelf near the
sink., The iron mortar on & block will generally be kept in the
store-room, if there be one attached, its size and weight ren-
dering its presence inconvenient in the laboratory. The stock of
porcelain crucibles will also find a place in the same cupboard with
the beakers, retorts, flasks and dishes.

25. It has probably been observed, that throughout the pre-
vious descriptions it has in most cases been taken for granted
that the laboratory has to be confined to one room; if, however,
the operator has the use of a second or even a third, much ad-
vantage will be found to accrue from such an arrangement. The
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balances, air-pumps, and other delicate instruments, will then be
kept out of the danger, which they otherwise incur, of being in-
jured by the corrosive vapours of the laboratory, which in time
will find their way through even the double cases which protect
them. It is therefore most desirable that whenever such fames
are flying about, every means of ventilation at hand should with-
out delay be put in action. The close chamber previously alluded
to (§ 13), will afford the means of preventing the contamination
of the air of the room during the performance of experiments
which will go on by themselves; but there are some operations
which from their nature are necessarily carried on on the tables
or benches. There are, however, few cases in which the fumes
cannot be conveyed into the open air by the use of a little con-
trivance; when it is impossible, the only remedy is either to
make the experiment under the hood (§ 11), or to open the sky-
- light and windows, and by this means establish a current of air
through the chamber.

26. In some laboratories the pneumatic trough is in very fre-
quent request ; where this is so, it is best to have it on a table
near the sink, and at some distance from the fire.

The mercurial trough is best kept covered over, on a table pro-
vided with a groove and raised edge, so that any mercury spilled
may be swept with a card into a receptacle for the purpose.

If it is possible for each working-bench to have a sunk basin
and plug, with a tap to supply water, which can, when required,
be attached to a flexible pipe so as to cool the Liebig’s con-
densers, such an opportunity must not be neglected ; if, however,
the pressure is insufficient to enable it to enter the lower part of
the last-mentioned instrument and escape by the upper end, it
will be useless for this purpose.

‘Where the laboratory is attached to a public institution, the
working-places for the students may be arranged in the manner
shown in the Elevations. The rest of the laboratory arrange-
ments will be best seen by reference to the engravings and
accompanying descriptions.

B3
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SECTION II.

FURNACES.

27. It is not intended to notice more than a very small portion
of the furnaces that have been invented by chemists at different
times. Their number is immense; even the first chemists, the
adepts, had furnaces of almost every pattern that fancy could
suggest, or complicated, yet mostly useless, processes require.

The Athanor was perhaps their masterpiece; it was intended
to afford a steady heat, adapted for digestion or distillation, for a
very long period, sometimes for many months, This was effected
by a contrivance at once simple and ingenious: it consisted in
having an air-tight tower, with a close-fitting lid at the back of
the furnace, immediately connected with the fireplace; this held
the charcoal in such & manner, that, as it burnt in the grate, it
descended in the tower and replenished the fire,

28. The operations of modern chemistry do not generally re-
quire a long-continued heat to be applied to retorts or vessels for
digestion ; and where it occurs, gas is-by far the most economical
and convenient fuel. Lately, however, it has become necessary
in some researches to expose substances in sealed tubes to 212°
or higher for many hours, sometimes even for a week or more;
and it is advisable in such cases, especially where regard is had
to economy of time, to keep up the heat to the highest point,
whatever that may be, during the whole period, instead of letting
the temperature fall during the night. Gas, as being so easily
regulated, will prove the most convenient source of heat in these
experiments ; where it is not to be had, considerable difficulty is
generally found in constructing an arrangement which shall dis-
pense with the operator’s attention during the night. The
manipulations connected with this subject will be found in the
section on Pressure tube operations.

29, The first furnace which presents itself is that which is
ordinarily in use in the laboratory, and which may be either on

»



TABLE FURNACE. 11

Brande’s or Luhme’s principle. The former is generally used,
and as it frequently happens that it has to be placed in a room

Fig. 1.
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where there is a fireplace, and economy of space being usually
of importance, a modification will be described which has been
found extremely convenient in practice. The figures indicate the
dimensions at the parts where they are attached: A is the arch of
the fireplace; » the sand-bath under the arch; c the flue, indi-
cated by the dotted lines; » the damper; E the rings by which
the aperture over the fireplace is enlarged or contracted; » the
ashpit, which may very conveniently have a door to regulate the
draught ; @ the fire-door ; m the hot closet, the roof consisting of
an iron plate, between which and the top plate the flue runs be-
tween two courses of bricks. The upper plate, both outside and
inside 'the arch; is in one piece. The Fig. 2.

rings fit easily into each other, in the
manner indicated by the sections (figs. _
2and 3); if they fitted exactly, the ex-

pansion on heating would cause them
to adhere. The space between each ring is somewhat exag-
gerated, for the sake of distinctness. They may be procured in
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setsof the chemical instrument makers, Fig. 8. .
or it is easy to have a wooden pattern

made, and get them cast, in places —

where they are not procurable ready

made. The price is very trifling. This furnace will give heat
enough to melt several ounces of copper with ease, and by nearly
closing the damper and opening the fire-door, a gentle heat fit
for distillation or evaporation may be obtained. The fire-bars are
loose, and fit into notches in iron bearings (fig. 4) built into the
wall of the furnace at each end. By

this means it is easy to replace a bar Fig. 4.

when destroyed. Several contrivances

for distilling in different ways with

this furnace will be described in the

section on Distillation. The hot chamber is convenient for drying
preparations, precipitates, &. The temperature of course varies
with the fire in the furnace, but from 100° to 150° may be taken
as an average. It has an iron grating about half-way between
the floor and the top, which is useful to support capsules, bottles,
funnels, with their filters, &e. put in to dry.

It is advisable, in constructing this furnace, to have a slip
of iron 1} inch high, placed in such a manner as to con-
fine the sand to that portion of the iron plate which is beneath
the arch. In order to obtain a sufficient draught, and yet not
to prevent the possibility of using a hood, several contrivances
are applicable,

In that given, the chimney to the fireplace is closed by slates
about 30 inches from the top of the plate, and the furnace-flue is
carried into another chimney running parallel with the first; by
this means the pipe of the hood is enabled to play into the fire-
place chimney without injuring the draught of the farnace.

The hood is not represented in the engraving; it projects com-
pletely over the furnace, its lower edge being about 3 feet 6 inches
from the iron plate.

It will be seen that an arrangement of this kind has many ad-
vantages: it occupies little room, from the sand-bath being under
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the arch, while the light which comes laterally is quite sufficient
for every purpose. Crucible operations are conveniently exe-
cuted, from the great facility which the rings offer to the in-
gress and egress of the vessels; moreover, by placing a sheet
of tale over the centre hole, after removal of the small stopper,
the whole operation can be watched without distress to the face
and eyes.

Evaporation is readily performed in Berlin or other porcelain
dishes over the naked fire, on a ring of the proper size; or even,
when it is wished to proceed more slowly, by placing the basin
on the top of the rings, the stopper being in its place. In some
sublimations, when considerable heat is required to be applied
to flasks, two or three rings may be removed, and a sand-pot
introduced of one of the shapes shown in figs. 5 and 6. They
Fig. 6.

Fig. 6. —

are made of cast iron, and may be obtained of the instrument
makers at & very low price. In the section on Distillation, a
method will be given for converting pots of this kind into retorts
for destructive distillation, and for preparing sulphurous acid on a
large scale. )

Several evaporations may be conducted simultaneously at dif-
ferent parts of the plate and sand-bath, so that any temperature
may with facility be commanded, from the melting point of copper
or gold, and even, with care, cast iron, to the evaporation of an
alcoholic solution, or, in the closet, the drying of the most delicate
organic preparations.

There is one disadvantage which this furnace possesses, namely,
that it offers no means for performing the numerous tube opera-
tions which it is so frequently necessary to resort to even in
some of the least complex researches. In these cases, great use
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may generally be made of the sheet-iron combustion-furnace
represented below.
Fig. 7.

30. The cut represents the method of reducing copper turn-
ings used in the ultimate analysis of organic substances contain-
ing nitrogen ; a is the combustion-furnace, of sheet iron, seen in
section. In figure 8, a is the front end, b a sectional view of
the anterior extremity, showing the position of the supports, and
c a screen to confine the fire to the parts required. The details
of the method of using this instrument will be found in its
proper place.

The length of this furnace, to be practically useful, should not
be less than 30 inches by 4 inches high, and 3} broad at the
bottom, increasing to 5 inches at top. Where considerable heat
is required, as in the reduction of somewhat refractory sub-
stances, it is merely requisite to fan the ignited charcoal with a
piece of cardboard; or a long parallelogram of sheet iron, end-
ing in a chimney, as in fig. 9, may be employed. Instead of

Fig. 8. Fig. 9.

the latter, a couple of the chimneys belonging to chauffers may
be used, as they will raise the heat sufficiently for all the pur-
poses to which the furnace is likely to be applied.

31. Where a very intense heat is required to be given to the
tubes, one of Luhme’s furnaces may be employed, which, from
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its extreme adaptability to most chemical operations, will be de-
scribed. It in many cases renders the brick furnace, shown in
fig. 1, unnecessary. The first section, fig. 10, represents the
body of the furnace, which is lined with fire-clay, and has aper-
tures on each side for the passage of a tube. These holes are
capable of being closed by the small de open. Fig. 11
shows the body of the furnace with its fire- and ashpit-doors
closed. The three projections seen at thé top, are to allow of
a large pan being placed over the fire without destroying the
dranght.

Fig. 10. Fig. 11. Fig. 12.

Fig. 18. Fig. 14. Fig. 16.

The chimney, fig. 12, which fits on over the body, has a door
to allow of the introduction of fuel. Fig. 13 is a sand-bath
adapted to distillations with retorts; it rests when in use on
fig. 15; the broad depression in fig. 13, intended to allow of the
passage of the neck of the retort, fitting into the corresponding
notch in fig. 15. Four apertures on the top of fig. 13 allow of
the escape of the hot air, so that the combustion is only slightly
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impeded by its use. Fig. 14 is a section of a broad shallow sand-
bath, adapted to digestions and many other operations. When in
use it rests on the top of fig. 11. The products of combustion
pass between the double pieces of which it is composed, and
escape by four apertures in the rim, two of which are seen in
the engraving; they are capable of being closed by small move-
able pieces of metal, so as to form, in connexion with the fire- and
ashpit-doors, a perfect control over the temperature. The fur-
nace just described, and which I have had in use for a long
time, I have always been accustomed to feed with the London
gas-coke. That kind which is obtained in Scotland, and some-
times elsewhere, which leaves an ash almost equal in bulk to
the coke itself, is of course useless, and in such a difficulty, char-
coal, although a very expensive fuel, must be used.

In most laboratories of research, such furnaces as the two
just described will be sufficient for the performance of all the
operations likely to be undertaken; but it mevertheless some-

Fig. 16.

times happens that experiments requiring a very intense heat
are necessary ; when such is the case, recourse must be had to a
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blast-furnace. The most convenient and powerful of these is that of
Sefstrom. It consists of a thick sheet-iron cylinder, a a(fig. 16);
on the top of this is a strong iron ring, ff, which is intended
to support a second cylinder, b b, which drops into it; this has
six tubes, §ths of an inch in diameter, fastened into it, which are
intended to conduct the air from the vacant space. They are
2} inches long, and are, as is likewise the rest of the cylinder,
covered with fire-clay. The tube ¢, which projects at the bot-
tom of the outer case, is intended to admit the nozzle of & pair of
powerful bellows. The proper composition for lining the surface
is prepared by patiently mixing fresh Stourbridge clay with a
little horse-dung, and adding about a sixth of a powder made by
pulverizing old erucibles. The composition must not be applied
too moist, and is to be allowed to dry spontaneously.

It is generally found on drying that cracks have been formed,
which must be filled up with a little more of the composition.
‘When quite dry, a gentle fire is made in the furnace, and gra-
dually increased to the highest pitch by a vigorous application of
the bellows ; it is then allowed to cool, and the surface of the clay
is usually found to be vitrified from the intense heat. The cru-
cible is always supported in the furnace about 3 inches from
the bottom. A piece of brick or an old crucible, as at d, fig. 16,
resting on a thin stratum of sand, to prevent it from adhering to
the lining, forms perhaps the best support.

Staffordshire coke should be used, from its small tendency to
produce a fluid slag, which would fill up the tubes, and so pre-
vent the ingress of the air. By means of this furnace may be
obtained the most powerful heat which can be applied to cru-
cibles in laboratories®. In fact, its power is greater than the
resistance offered by the best vessels: it not unfrequently hap-
pens that a good Hessian crucible is completely fused; this is
more likely to happen with common gas-coke than with the
Staffordshire, as the slag produced from the furnace acts as an

* The improved apparatus of M. H. Sainte-Claire Deville, by means of
xhioheymphﬁnmmayhomdtedmdvohtﬂind,wﬂlbeducﬁbedinm
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energetio flux. This description of farnace was especially valu-
able at a time when, in mineral analyses, fusions with carbonate
of baryta were often necessary.

The platinum crucibles are to be imbedded in magnesia con-
tained in a good Hessian or London crucible, as, if exposed to the
naked fire, they would be readily destroyed by the slag; even if
they escaped this, they would soon be rendered rotten and useless
by the sulphurous and other vapours which are invariably present
in an active state in the atmosphere of a blast-furnace.

It is scarcely necessary to caution the chemist against the
danger arising from the performance of an operation evolving
such an intense heat and abundance of sparks, in an unprotected
or unsafe place. It is advisable, where the full power of the
farnace is required, to have a good fire at hand, in order to re-
plenish with bright red-hot fuel, as great reduction of tempera-
ture would arise from feeding it with cold coke. In ordinary
experiments this will not be necessary, as, from the intensity of
the heat, operations performed with it are usually soon finished,
and frequently without the necessity of adding any fresh fuel.
The furnace will be found of service in the reduction of iron ores
on the small scale; also in the formation of alloys of the more
refractory metals,

32. It was intended to give an illustration of Aikin’s blast-
farnace, formed from large black-lead crucibles, but the supe-
riority both in point of economy and durability of the one just
mentioned will render such a description unnecessary, and enable
us to devote the space to the consideration of some other con-
venient and more frequently used furnaces.

33. In establishments where fused potash, nitrate of silver,
chloride of zine, and similar preparations are made, the little
furnace about to be described is, from its simplicity and cheap-
ness, very useful ; it may be used also for distillations, and small
crucible experiments. It is, however, less applicable for di-
stillations than other operations, because there is no fire-door;
the fuel being introduced at the aperture in the plate, which is
closed by rings, ¢, fig. 17, like the furnace first described. The
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heat is regulated by a damper, d, in the usual manner. The
chief peculiarities are in the arrangement of the grates and the
shape of the fireplace; for it will be seen there are notches at
different heights supporting square rods on which fire-bars may
be placed, as at bbb, to adapt the furnace either for crucible
operations, distillations or fusions,

in pans on the rings. Those bars Fig. 17.

not in use, are to be removed and ‘

the holes to be closed by brick or

iron stoppers; and, if avery intense

heat be required, the interstices, if

any, may be made good with a little

Stourbridge clay. As the ends of

the bars project from the furnace,

they may be removed with a pair

- of tongs, and the fireis thus imme-

diately extinguished. The bars

are of the usual shape and lie side

by side, the square piece at the

ends preventing them from lying

80 close as to injure the draught.

Fig. 18 gives a view of the bars

as seen when looking down into the furnace, and also a side
section. This arrangement, when playing into a tall chimney,
forms an intensely powerful wind-

furnace, and that at a very small Fig. 18.

cost, a8 it can be erected by any T
workman. It should be lined with

fire-bricks. It will be seen that

the fireplace is made slightly co-

nical, 80 as to allow the easy de-

scent of the fuel. The addition of

a fire-door of course makes the fur-

nace fit for distillation with retorts, &. The top is formed by
a plate of wrought iron pierced for the rings; or if cast, it should
be made with a flange to fit them accurately. This furnace may
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also be used for cupellations by placing the cupel on the exit of
the hot air, as at a; and the progress of the experiment may be
watched from the ring-hole by removing the stopper ¢. In this
operation a piece of red-hot coke may be placed on the cupel, in
such a manner as to concentrate the heat on the assay without
preventing the access of the air.

It is necessary to observe, that the furnace, if intended for ope-
rations requiring a very powerful heat, should be constructed of a
different size to what it would be if only used to evaporate and
fuse the chemicals alluded to, or similar preparations. Even then,
however, the same relative proportions may be preserved.

Considerable care and attention is requisite in using powerfal
furnaces, to obtain a temperature adapted to the operation. It
may be taken as a rule, generally, that there is more danger of
heating a erucible too highly than toolittle. Carelessness in this
respect is often the cause of much disappointment and annoyance
to persons unaccustomed to the necessary manipulations.

84. Where many consecutive crucible operations of the same
kind are to be performed, as, for instance, in the preparation of &
considerable quantity of a fused chemical product, much advantage
is often gained by not permitting the crucible to cool. If, in
making crude nitrite of potash by fusing nitre, we first melt the
salt in an iron basin to expel the water, and then put it into &
previously warmed common English erucible, and gradually raise
the temperature to bright redness, we shall often find, on pouring
out its contents, that the crucible is uninjured, and if immediately
returned to the fire may be refilled with the dried salt, and the
operation continued in the same manner until many pounds of
the nitrite have been made. If, on the contrary, the damp nitre ®
be placed in & cold crucible, and the latter be at once introduced
into the fire, it is sure to be destroyed, and, in all probability, the
contents lost. Itis therefore advisable to put the crucibles intended
to be used, on the top of the furnace for an hour or so before they

* Commercial saltpetre, although apparently dry and containing no water
«:L cryahtldh':ﬁon, always retains a considerable amount between the layers of

orystals.
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are wanted, to ensure their complete dryness and to prevent too
rapid change of temperature, on being put into the fire. When
crucibles or stoneware retorts are required to be luted, as is the
case when they are to be exposed to a long-continued or violent
heat, a very convenient mixture for the purpose is composed of
sifted Stourbridge clay well mixed with a little damp horse-
dung to which a small quantity of a strong solution of borax has
been added. It is to be evenly applied over the outer surface
with a knife. The vessel should then be placed on a moderately
warm part of the furnace until perfectly dry, and the cracks
which will probably have formed must then be filled up and the
drying be repeated. Further directions for the application of
luting will be found in the section on Distillation at a high
temperature.

35. One of the most con- Fig. 19.
venient and often used sub-
stitutes for the furnace is the I
sheet-iron chauffer, fig. 19.
It is intended to burn char-
coal, and, when used with the
additional chimney, it gives a
very good heat, quite sufficient
for the decomposition of sili-
ceous minerals by the improved
processes of Lawrence Smith,
and others. To adapt it for
tube operations it is provided with holes opposite cach other,
which are capable of being closed by means of small pieces of
sheet iron moving on a rivet. The grate is supported by
three projecting pieces of sheet iron riveted on. The small
door at the top is for the purpose of enabling fuel to be added
without removing the chimney. By means of an iron triangle
placed over the chauffer, after the chimney is removed, we at
once adapt it to distillations and evaporations. The smallest
dimensions practically convenient are 6 inches in diameter and
the same in depth, the grate being placed immediately above the
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door, which is 2} inches high by about 3} long. One of the
advantages connected with it, is the facility it affords to operations
requiring its presence on the tables or other parts of the labora-
tory. When placed upon any wooden substance it is supported
by a tile, which prevents any danger from the heat.

Its use, to contain a supply of red-hot charcoal during the pro-

cess of organic analysis in laboratories not possessing a complete
arrangement for the purpose, will be alluded to in the section
devoted to that subject. A furnace of this description is far more
convenient than any substitute made from ¢ blue pots,” which are
recommended in many chemical works. The latter invariably
crack after one or two operations, are more troublesome to con-
struct, much heavier, and, in fact, less eligible in every respect.
Sometimes, however, the French clay-chauffers may, from their
convenience of form and cheapness, be used with advantage;
and the better class of them may Fig. 20.
be used a considerable time be- T
fore any serious injury occurs.
They should be bound with strips
of iron, or wire, in several places,
in order to keep them together
when fissures make their ap-
pearance.

36. It has been said that the
furnace represented in fig. 17
may be used for cupellations, but
when an apparatus especially
adapted to this process is de-
sired, that depicted in fig. 20 is
perhaps as convenient as any.

It is made, preferably, of sheet
iron lined with fire-clay. Those
constructed entirelyof an earthen
material, are liable to the disad-
vantage alluded to in the case of
the crucible-furnaces made from blue pots. It consists, essentially,
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of a chamber either square or cylindrical, provided with three
apertures: one, a, to admit the muffle, fig. 21 ; another, b, to in-
troduce the fuel; and a third, ¢, to regulate
the draught. The muffle, d, is seen to be
supported at one end by the edge of the
aperture in the furnace, and at the other by
a projection opposite to it. The small gal-
lery, ¢, placed round the chimney, is intended
to support the newly-made cupels during the process of drying,
sufficient heat for which is obtained partly by radiation and partly
by conduction. The muffles are small earthen ovens pierced on
the sides to enable a current of air to play on the assay, by which
means the more oxidizable metals are converted into a state which
enables them to be absorbed by the cupel.

The best fuel for a small assay-furnace is charcoal in moderate-
sized pieces mixed with somewhat smaller fragments of coke or
well-sifted cinders. The cupels are formed by mixing finely
sifted bone-ashes with just sufficient water to enable the powder
to adhere ; it is then pressed into
~ a cupel-mould, fig. 22, the super-
fluous mass being removed by a
knife; and the stamper, 4, being
introduced, a smart blow is given
by a mallet, and, on reversing the
mould, a little pressure enables
us to remove the cupel, which
must be thoroughly dried before use. In fig. 22, in addition to
the stamper, e, and the mould, b, a ring, o, is introduced ; thisis,
however, only used where the unnecessary complication of having
b made in two pieces, to facilitate the removal of the cupel, is
adopted ; the ordinary arrangement, which requires only the two
parts a and b, is by far the best. The division of ¢ into two pieces,
and keeping them together by a ring during the time the cupel is
being formed, appears to be an imitation of Plattner’s mould for
crucibles. The details of the process of cupellation are of course
foreign to & book on manipulation, as they would afford sufficient

Fig. 22.
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material for a treatise on that subject exclusively*; but we may
mention, that it is founded on the non-oxidizability of gold and
gilver; if, therefore, we expose a mixture of these metals on a
cupel, with the addition of a certain quantity of lead, to a cur-
rent of eir at a high temperature, the less valuable metals pre-
sent are converted into oxides, which, being fluxed by the excess
of fusible oxide of lead, become fluid, and are absorbed by the
cupel. At the end of the operation, therefore, we have the pure
metal (or a mixture, if both gold and silver be present) in the
state of a globule on the cupel ; it is then removed and weighed.
If silver be present, the resulting button is again subjected to
the operations of quartation and parting, the details of which are
to be found in the work mentioned in the note, and also in most
manuals of chemistry.

87. It must be remembered, that, in furnaces of the ordinary
kind, the maximum heat is about 1} or 2 inches above the bars;
the crucible should therefore be supported on a piece of brick, or
another crucible inverted, by which means it will acquire much
more heat than it would if put directly on the bars.

38. It is sometimes required to construct a furnace that shall
heat an exceedingly large sand-bath; and as it is, of course, an
object to accomplish this end with as small an expenditure of fuel
a8 possible, the flue is made to wind backwards and forwards, so
as to deprive the current of air and smoke of as much heat as
possible ; the bricks at the end of each turn are capable of being
removed, 80 as to enable the flue to be cleaned without taking the
plate off. A sand-bath of this description is extremely valuable
in numerous operations, especially for sublimations which are to
be performed at a gentle heat; such, for instance, as the manu-
facture of pyrogallic acid, much used of late years in photography.
By the arrangement alluded to, all gradations of temperature,
from a dull red to a gentle digesting heat, may be obtained; more-
over, the flue is provided with a damper, which enables us to
increase or lessen the fire at will.

* For information on these points, the reader is referred to Mitchell's
¢ Manual of Practical Aseaying.’
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SECTION III.

LAMPS.

39. The extreme cleanliness, and great facility with which the
heat of lamps can be regulated, render their possession, under one
or other of the numerous forms which fancy or necessity has created,
quite indispensable to the experimental chemist. It is to be ob-
served that much difficulty is often found by the inexperienced ope-
rator in selecting the most really useful form of lamp for general
use, and, as is so frequently the case, under very different circum-
stances, the most simple is likewise the most generally efficacious.

As in all towns of any importance gas is to be had at a moderate
cost, it becomes for ‘many reasons by far the best and most cco-
nomical fuel. In the first place, with moderate care, there is no
waste, there is also no spilling of oil, no evaporation of spirit, no
trimming of wicks, no tendency to derangement in the mechanism,
and therefore no trouble in obtaining precisely the most eligible
amount of flame. Gas as a fuel is therefore most strongly recom-
mended for general use instead of either oil or spirit.

40. Beveral kinds of gas-lamps are in use in laboratories,
and all of them have excellencies in one way or another. The
first and most simple is the common Argand burner, a vulcan-
ized india-rubber pipe connecting it * Fig. 23.
with a supply-pipe. The burner is -
generally supported upon a heavy foot,
as in fig. 23. It has two taps, one at
the supply-pipe and one at the burner.
The effect of the second is to enable us
to use the gas at some distance from the
supply-pipe, without the necessity of
going from the lamp to regulate the
flame, an important thing where, from
the opacity of the chimney, which must

be of copper or brass, it becomes impossible to adjust the flame
c
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without being sufficiently close to look down into it. It is also
necessary to have a tap at the supply-pipe as well as the burner,
in order to facilitate the removal of the latter for the purpose of
cleaning, &c. without causing escape of gas, The great command
which the operator has over this arrangement makes it the most
generally useful of any. From the smallest blue flame to a heat suf-
ficient to raise to dull redness a moderately large platinum crucible
may be obtained. The next method, where the gas mixed with
air is burnt on the top of wire-gauze, is far less easily regulated,
but is, nevertheless, extremely valuable in cases where a powerful
temperature is desired, a8 in the fusions which occur in the analysis
of siliceous minerals, the ignition of precipitates, the combustion
of the platinum and gold double salts formed by the different bases,
with a view of ascertaining their atomic weights; also in the deter-
mining the quantities of baryta, lead, and silver in the salts formed
by the union of those substances with the organic acids* &c. The
gimplest way to construct a lamp of this kind, is to take a piece of
wire-gauze of moderate fineness and press it over the chimney, 5,
fig. 24, until it is folded down sufficiently, Fig. 24.

and then to pinch the creases with a pair
of pliers until they take the shape seen from
the top at ¢: this will have theeffectof draw-
ing the gauze tight over the chimney; the
points are then to be folded against it as at
d, and the ring, a, is then to be put over the
whole to keep it in its place. The gas is
turned on for a few seconds before a light is
applied, otherwise the mixture is 80 explo-
sive that the flame passes through the gauze.
‘When alight, and the proportion of air and gas properly regulated,
it is observed that a pale blue flame is obtained, showing the
absence of solid carbon. Moreover, if we place a basin or other
vessel over it, no soot is deposited. In the Argand lamp, where

® In these latter experiments, it is better to commence by heating gently
over the Argand lamp, fig. 23, until all volatile matters are expelled, and
to finish by ignition over the Bunsen's burner, fig. 80.
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the combustion is, chemically speaking, less perfect, the flame, if
allowed to play on the bottom of a vessel, immediately deposits
carbon, causing inconvenience, not only by the soiling of the
vessel, but also by preventing the due access of heat.

41. Another, and, in some cases, more convenient method of
burning coal-gas with air is represented in fig. Fig. 5.

25, where a gas-pipe, fixed to a table, as alluded

to in the description of the laboratory (§ 9), is

seen to open beneath a funnel-shaped tube; by

this means a blue flame of great intensity may be

obtained, in which, equally with the last arrange-

ment, all the carbon is oxidized ; moreover, the

flame is more compact, and, by a little manage-

ment, may be obtained in a form admirably

adapted for the ignition of platinum ecrucibles,

and many other purposes. Theneck of a broken

glass retort supported by a clip, or even by a wire, answers every
purpose. This instrument is, it is believed, the contrivance of
Mr. Remington.

42, A neat gas-burner, on the same principle, is shown in
fig. 26 ; the description of the first renders a second unnecessary.
Dr. Lionel Beale has deseribed a gas-furnace (fig. 27) for heating
common earthen crucibles: he states that it is capable of raising
10 or 12 ounces of oxide of copper to redness, and of fusing sili-
cates with carbonate of soda. He also states that the tube in
which the coal-gas mixes with the air should not be less than
9 inches in height and 3 in diameter, The gas comes from a
small tube in the lower part, and burns with the air on the sur-
face of wire-gauze. Just above the gauze there are several small
holes. The crucible is supported by pieces of iron, projecting
from a wide iron ring made to fit the furnace, and which can be
replaced by others adapted to crucibles of various sizes. The
upper part of the body of this furnace can be removed when
required, and there is a small door in it to enable the operator to
watch the process going on within. The next method of applying
gas to chemical operations which claims our attention, is the gas-

c2
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furnace represented below. It is made of sheet iron, and has two
rows of holes, about 4 an inch in diameter, pierced in it, one at

i 35

Fig.26. Fig. o7.

the top and the other at the bottom ; the former is necessary fo
sllow the exit of the heated air, in case the whole of the superior
aperture becomes closed by a retort or basin, &. It is advisable
sometimes to have a plate of tale adapted to the door, in order to
facilitate the regulation of the flame by enabling the operator to
see it without opening the apparatus. The burner consists of a
large ring pierced with holes, and may be made either to rest on
three projecting slips of iron, or on a foot, in the manner shown
in fig. 28. The top is adapted to a series of sheet-iron rings of
various sizes, which serve to support the vessels over the flame.
This instrument is of great use in the laboratory of research, from
the ease with which varieties of temperature can be obtained, and
still more especially from the fact that a uniform heat may be
maintained for any length of time with very little superintendence.
A furnace for heating a small sand-bath is shown in fig. 29. It
is particularly adapted to analytical operations, from the case with
which the heat is capable of being regulated.
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A burner of a very convenient kind for mixed gas and air* has
lately been introduced ; it consists (fig. 30) of a brass tube, a b, of

Fig. 29. Fig. 80.

about §ths of an inch in diameter, sliding at a on a fish-tail burner ;
the air enters by holes at ¢, the amount being regulated by means
of a small slide, which closes them wholly or partially as may be
required. The nature of the aperture by which the gas enters is
well adapted for causing it to mix with the air, notwithstanding
the small size of the tube a b.

43. The admirable contrivance of Dr. Hofmann for obviating
the necessity for the use of charcoal in organic analysis, an in-
strament which must greatly influence the progress of organic
chemistry, from the rapidity with which it enables us to make
extremely accurate analyses, will be described in the section on
Manipulation in Organic Analysis,

44. Chemists who have the misfortune to be unable to procure
gas for the laboratory will necessarily be obliged to use oil or
spirit, and, where economy of fuel is of secondary importance,
methods may be adopted which will prevent the- operator from
feeling any great inconvenience from the substitution ; neverthe-
less, 5o considerable are the advantages of gas over any other

® Zaid to be invented by Bunsen.
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source of heat on the small scale, that an effort should be made
to procure it.

45. The number of lamps which have been invented at different
times is almost as great as that of furnaces; it would, therefore,
be hopeless to attempt describing them all, and, in fact, very
few are really serviceable in practice. Oil-lamps are now but
little in request, the heat they give being less powerful, and
the combustion, unless great care is used, less perfect than with
alcohol or wood-spirit. We are therefore obliged frequently to
trim the wicks and clean the instruments, if we would avoid
the annoyance of having vessels exposed to the flame blackened
by smoke. Sometimes, however, there are occasions when (gas
being absent) they are necessary; but this only happens when
an extremely gentle heat is required for a considerable time,
as, for instance, in the solution of refractory substances, di-
stillation of volatile liquids, drying precipitates, &c. In all
these instances the most simple form of lamp is quite sufficient,
and it is doubtful if anything would answer the purpose better
than that kept for use with the blowpipe. It is quite unneces-
sary to describe the oil Argand lamp, its oconstruction being
80 nearly similar to that of the spirit-lamp with circular wick
(fig. 31); of course the water-chamber may be omitted; in
every other respect the same model may be taken, A few cotton
threads gathered together at the lips of a small evaporating basin
filled with olive oil may often be used, and, under some circum-
stances, is an extremely useful substitute for a proper lamp. The
operator will find no difficulty in forming an impromptu oil-lamp,
if required, from the various pieces of metal, &c. which are gene-
rally at hand in all laboratories. When required for giving light
to the apartment, the construction so much used now, called the
Moderateur, will be found economical and convenient. Colza, or
refined rape oil, is the best fuel for it.

46. Spirit-Lamps. The ordinary glass spirit-lamp is so com-
mon that a description of it is unnecessary; it may be men-
tioned, however, that, as ordinarily sold, they elmost invariably have
the cap made too short, so that when placed on the lamp the wick is
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compressed. This ought to be provided against by selecting one
with a cover sufficiently high. The use of brass wick-holders is
liable to many objections, In the first place, they become greatly
heated and endanger the splitting of the glass. But the chief
objection is the corrosive action which the fuel generally used as a
substitute for spirits of wine in this country, exerts on the alloy of
which the wick-holder is made; we frequently therefore find a
cupreous deposit on platinum vessels when exposed for any length
of time to the flame, & circumstance of great importance in many
cases, and one which ought to be carefully guarded against. The
stoneware wick-holders to be procured at the chemical instrument
makers, and first introduced, it is believed, by Mr. J. J. Griffin, are
admirable substitutes for the ordinary metal ones; in default of this,
a piece of glass tube may be advantageously used. An effective
spirit-lamp may at any time be constructed out of a vial having a
tube passing through the cork,a cover being formed from a test-tube
inverted over the wick, and fitting with moderate tightness on the
superior extremity of the cork.

47, The spirit-lamp with the circular wick figured in section
in the margin (fig. 31), is & necessary piece of apparatus in all
laboratories where gas is not to be ob- Fig. 1.
tained. The construction is obvious; —
it has, however, a peculiarity which
deserves attention, namely, the water-
chamber a, which is seen to surround
the wick-holder, thereby preventing
the spirit from becoming heated during
long operations. It is, however, re-
commended to have the wick elevated |
by a circular screw, as in the ordinary
Argand table-lamps, instead of the rack-work placed on one side
(fig. 31), a mode of elevating and depressing the wick which has
many disadvantages. The lamp invented by Berzelius (fig. 32)
is much used, and has the spirit-chamber placed at some distance
from the wick-holder, by which means the heating of the spirit is
prevented ; but, from occupying so much space, this arrangement
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is perhaps searcely so convenient as the water-chamber. A cir-
cular spirit-lamp, to be generally useful, ought to be able to heat
a platinum crucible of one ounce capacity and contents to full
redness, so as to enable the operator to fuse the more easily de-
composable silicates with carbonate of soda or the other fluxes
recommended in works on the analysis of minerals; these opera-
tions may, however, be performed with a charcoal furnace similar
to fig. 19. The modes of rendering even the more refractory
minerals soluble have been so far improved by J. Lawrence Smith *

Fig. 83.

Fig. 32.

and others, that it is seldom necessary to use Sefstrém’s blast-
furnace. Where the full powers of a lamp are required to be
exerted, the crucible jacket, fig. 33, is necessary; it will be seen
that the crucible is supported on three knife-edges; the arrange-
ment is such that the flame is made to act on the crucible in a
manner well adapted to economize the heat and avoid loss by
radiation.
* Chemical Guzette, vol. xi. p. 262.




" BLOWPIPE APPARATTS. 33

SECTION IV.
BLOWPIPE APPARATUS.

48. This little instrument has become absolutely indispensable
to the chemist; perhaps there is no single appliance made use of
in the science which has so wide a field of usefulness ; its value is
not only found in mineral, but also in organic research; in fact
80 extended has the subject of blowpipe manipulation become, that
& separate treatise would be necessary were we to enter upon it
at anything like the length it undoubtedly deserves. Of all
the manuals extant which treat of the blowpipe, that of Professor
Plattner is the most elaborate and useful, so much so that a chemist
eould scarcely be said to be a good blowpipe analyst unless tolerably
familiar with its contents ; the treatises of Berzelius and Children
may also be consulted. Under these circumstances it will not be
necessary to enter at any great length upon the subject, but the
following paragraphs may at least serve as an introduction to the
more extended works alluded to. The Fig. 84
philosophy of a candle-flame is familiar to ="
all who have studied elementary chemistry,
and is undoubtedly foreign to a work on §
manipulation ; we shall therefore proceed to }
describe the blowpipe itself. The different
fancies of chemists have produced a consi-
derable number of them, each, possibly, ha-
ving some particular merit adapted to the cir-
cumstances under which it was invented;
however, out of all these there are but two
or three in general use.

It will be found, that for all purposes for
which a mouth blowpipe is applicable, that
of Black is the best and cheapest. It con-
sists of a tube of tin plate (fig. 34) about
7 inches long, 4 inch broad, tapering to a quarter, where & small
mouthpiece is soldered, to increase the operator’s command over

c5
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the instrument. At the wider end is inserted a small cylindrical
tube of brass, about 2 inches long, supporting the nozzle, which
may be of brass or platinum. The tube is slightly conical
at the end where the jet is fixed, and the latter is thus made to
fit on without a screw, which would soon be injured by the high
temperature to which it is exposed, and render it difficult to be
removed for the purpose of cleaning. It is absolutely necessary toa
good blowpipe that the nozzle should be drilled from a solid piece of
metal, in the form represented on a larger scale in the section fig. 34,
One of the chief merits of Black’s instrument, is the eficient manner
in which it condenses and retains the water derived from the
breath, and renders its ejection upon the heated assay impossible.

The moveable trumpet-shaped mouthpiece may sometimes be
used with advantage in long and fatiguing operations ; it is, how-
ever, seldom necessary.

Wollaston’s blowpipe consists of three tubes, capable of being
connected or of being taken asunder and then packed one inside
the other.

Cronstedt, who was perhaps the first who endeavoured to pre~
vent the moisture of the breath from reaching the assay, contrived
an instrument having a bulb in the middle capable of being opened
in order to remove the condensed moisture. It is an expensive,
although far from convenient form, and if, by any chance, held
vertically, the moisture escapes.

The lamp generally used with the blowpipe is of very simple
construction. The wick, which is about an inch long by one-
eighth wide, stands } inch above the holder, fig. 85. A cover
is made to screw over it, to prevent dust from accumulating on
the wick. The construction of the wick-holder will be seen by
reference to the engraving, and the cotton is to be cut parallel
to it, the lower end being away from the operator while blowing.
The air is propelled along the wick in the direction of its greater
axis. To a person of moderate dexterity, the manipulations con-
nected with ordinary blowpipe analysis, will prove very easy, but
oconsiderable experience will be necessary to enable the student to
detect in complex mixtures, substances whose reactions are not
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very decided. Nevertheloss, the value of the instrument is so

great, and so many otherwise troublesome problems in qualitative

analyses may ,be rapidly and decisively solved by it, that no
Fig. 85.

labour should be spared to acquire facility in its management. It
may be mentioned, that the blowpipe is not intended entirely to
supersede the humid method of analysis; it is rather to be con-
sidered a8 an adjunct; for instance, we will suppose a piece of
type-metal to be under examination : its brittleness will at once
lead to a suspicion of the presence of antimony or bismuth, but
it is wished to ascertain which of these, and what other metal may
be present. It is heated with nitric acid until converted into a
white powder, evaporated to a small bulk, water added, and the
liquid filtered ; the precipitate on the filter is washed and heated
with carbonate of soda on charcoal in what is termed the reducing
flame ; a brittle button of metal is obtained, which may be further
examined on & fresh piece of charcoal : its colour is almost a pure
white; we therefore are led to believe in the absence of bismuth,
which has a pinkish tinge; but, to be certain, we heat it in the oxida-
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ting flame ; white fumes are given off, which, when condensed, have
no tint of red or orange; we therefore conclude the absence of
bismuth. The solution may now be examined: sulphuric acid
is found to produce a precipitate; it is therefore added in excess,
and the precipitate filtered off, washed and reduced in the same
manner as the last; a malleable globule is obtained, conclusive of
the presence of lead. In fact, the precipitation by sulphuric acid
is sufficient, but it is always satisfactory to obtain the pure metals
where it can be done so easity. The first globule of antimony
may, moreover, be examined for tin or arsenic if necessary.

49. The above sketch is not given as the best mode of analysing
the alloy alluded to, but merely as the first case that suggested
itself, of a real experiment, where the agency of the blowpipe was
made use of to obtain a rapid result. There are many metals
whose reactions before the blowpipe are so marked that their
presence may be ascertained almost instantly, while by the ordi-
nary ocourse of analysis, a long and troublesome series of operations
are necessary before a decided answer can be given ; among these
may be mentioned manganese, arsenic, iron, chromium, cobalt,
tin, titanium, and several others.

50. The first thing to be acquired in blowpipe practice, is the
power of keeping up a continuous blast or current of air for some
time ; to effect this, the enlarged orifice of the instrument is to
be placed between the lips, and the mouth filled with air until
the cheeks become distended like a trumpeter’s; it will soon be
found, that, by making a motion with the tongue, somewhat like
that which is done in uttering the syllable ¢ tut,” a fresh supply
can be given as often as may be required; during this time the
breathing is carried on by the nostrils.

51. The next step is to produce either the oxidizing or redu-
cing flame at will ; and by attending to the following instructions,
the operator cannot fail to succeed after a little experience. The
oxidation flame is generally considered easier to obtain than the
reducing ; we will therefore commence with a description of the
method of producing it. The lamp being trimmed, so that the
wick is parallel with the holder, and quite free from any strag-
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gling fibres, is to be lit, and the wick so adjusted that the flame
may be clear and brilliant; if we now take a blowpipe with a
moderate-sized orifice, and hold it in such a position that the jet
shall be just inside the flame, and about the tenth of an inch
above the wick, the flame will not only be deflected, but consider-
ably altered in its characters; two parts being more especially
conspicuous, viz, an internal blue cone, and a yellow halo-like
flame at the end. It is in this exterior yellow part that the
power of oxidization resides; and, if a globule of tin about the
size of & mustard seed, be placed in it for a short time, it will
swell, and finally become converted into a white earthy-looking
matter, the peroxide of tin. If, on the contrary, we use an instru-
ment with the aperture rather less than in the last experiment,
and withdraw the jet a little, so that it may be on the outside
of the flame, and then blow rather powerfully, we shell find
that, although deflected, the flame is less altered in its general
characters than in the previous case, the chief part of it consist-
ing of a large and highly luminous cone, containing a consider-
able portion of strongly ignited carbon, precisely in the condition
most adapted for assimilating oxygen, and becoming converted
into carbonic acid; and if we expose to it, upon charcoal, the
cauliflower-looking mass of peroxide of tin which we obtained in
the first experiment, we shall find that the highly ignited carbon
will combine with its oxygen, and it will be reduced to the me-
tallic state. To reduce peroxide of tin on charcoal without the
assistance of a flux, is a test of moderate proficiency in the use of
the instrument.

52. Supports for Substances before the Blowpipe.—Having ac-
quired facility in the two operations which are in request every
time the blowpipe i8 used, we turn our attention to the supports
necessary when an assay is to be exposed to the flame. The three
substances most used for this purpose are charcoal, platinum,
and clay.

The first is generally resorted to when a deoxidizing power is re-
quired, although, in certain cases, it is admissible where oxidation
is to be effected ; the two latter are employed if a substance is to



a8 CHEMICAL MANTPULATION.

be brought to a higher state of oxidation, or is merely to be fused.
Good pine charcoal is, perhaps, the best that can be used, but the
laboratory charcoal-box generally contains pieces which by a little
use of the saw may be made fit for blowpipe experiments. It must
be remembered that the sides only should be used, and that pieces
which have bark on them should be carefully avoided, as they emit
showers of sparks which scintillate and fly about in a very annoying
and even dangerous manner.

63. Platinum is used as a support in three different states,
namely, as wire, foil, or small spoons. The first of these is re-
presented in figs. 40 and 41, bent into the shapes in which it is

Fig. 36. || Fig. 87.
Fig. 88. || Fig. 39.
Fig. 0. ]

l Fig. 41.

generally used to support a bead of borax or microcosmic salt to
which & small portion of the assay is to be added. The whole is
then to be exposed, first to the reducing and then to the oxidating
flame; the changes of colour produced in this manner, generally
afford a clue to the class of substances to which the assay belongs,
and frequently enable us to pronounce with certainty as to the
presence of one and sometimes several of its ingredients.

54. Platinum spoons are employed in blowpipe experiments,
to contain mixtures of siliceous minerals and fluxes, where it is
intended to bring a substance insoluble per s¢ into a condition to
be acted on by solvents in cases where the dry method alone is
insufficient to enable us to ascertain with certainty the composi-
tion of the assay. They may be made of the sizes and shapes of
those represented in figs. 36, 37, 38, and 39; the handle may
either be held with a pair of pincers, during exposure to the
flame, or be fixed in & support of wood with a hollow brass fe-
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rule, through which a screw is passed to fix the platinum handle,
asin fig. 42. It is likewise well adapted to hold the platinum

g 5

wires, and is made hollow in order to contain them when not in
use. A very convenient support for platinum wires is the small
ivory instrument used by ladies for containing and fixing crochet-
hooks. It is much like the holder in the engraving, but differs
in the arrangement by which the hooks are grasped.

There are a few precautions necessary to be observed in using
platinum vessels, which may with propriety be introduced in this
place. For instance, if a reducible metallic oxide be heated with
any substance capable of removing its oxygen (as oxide of lead
with charcoal powder, or other organic matter), or, if a reducible
oxide be exposed on the platinum wire to the reducing flame, the
support is almost certain to be destroyed ; such substances must,
therefore, be heated on charcoal or clay supports. When a bead
has been fused in the loop of a platinum wire, it should not be
removed by mechanical means, but the wire should be thrown
into & small vessel of water until the bead is dissolved. An
exception to this rule occurs when & bead fused in the loop of
a platinum wire is observed to be coloured before addition of
the assay; in such case the bead must be sharply heated ; and
then, if the wire be dexterously jerked against the anvil, or
any other hard or steady substance, the melted mass will fly
off, and must be replaced by a fresh portion until a colourless
bead is obtained. Where a silicate has been fased in a platinum
spoon, and it is wished to remove the mass, it is generally ad-
misgible to boil it with hydrochloric or nitric acid, but we must
carefully avoid the presence of both together, or, in fact, of any
substances capable of generating chlorine ; as the vessel would be
more or less attacked, and thus cause a twofold injury, namely,



40 CHEMICAL MANIPULATION.

damage to the vessel and, what is sometimes more serious, intro-
duce platinum into the analysis. Where a silicate has been fluxed
in a platinum spoon with any of the mixtures to be found in
analytical manuals, and difficulty is found in extracting the fused
mass, the spoon should be suspended by & platinum wire near
the top of a glass of water, and left for a few hours; it may then,
in most cases, be removed without difficulty, If this procedure
is insufficient, acids must be resorted to.

55. Platinum foil —Platinum, in the state of thin sheets, is
much less useful in blowpipe experiments than either spoons or
wire; nevertheless, it may sometimes be employed with advantage,
as in testing for manganese by fusion of the assay with soda,
with or without the addition of nitre, according as the metal is
more or less plentiful in the specimen.

In organic chemistry, platinum foil has many uses, especially
for supporting salts, &c. in the flame of & lamp during combus-
tion, in order to ascertain the presence of inorganic substances.
It is also used to form the platinum trays used in organic analysis
in the process by oxygen gas, to be alluded to further on. In
cases whefe a platinum crucible is not at hand, an extempore one
may be constructed, by folding & piece of the foil in the same
manner as for & filter. The electro-negative element of Grove’s
battery is constructed of this metal in foil, and it usually forms
the electrodes of batteries used in the decomposition of liquids, &e.

56. Clay Supports.—An excellent method of forming small
basins and crucibles will be found in Plattner’s treatise; it will
be unnecessary, therefore, to describe it here; moreover, basins
of extreme thinness, and in every way adapted for blowpipe
experiments, are now imported from the Continent, and may be
procured of the instrament-makers.

67. Forceps.—A pair of platinum-pointed forceps is indispen-

Fig. 48.
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Fig. 48.

sable to the blowpipist; they are made of the various
kinds represented in the woodcuts. The first, fig. 43, is
merely steel wire bent in the form depicted, and having
small beaks of platinum riveted on. The second form is
more expensive, but far more convenient and strong;
they are those usually used, and are made to open by
pressing the knobs. Another pair, the invention of
Mr. 8. Highley, Jun., seen in section and plane, fig.
45, resembles the first, save that it only possesses one
knob,

58. There are many other instruments used in blow-
pipe analysis, some of which will be found in their
places among the apparatus used in the humid method ;
the greater part are chiefly intended for quantitative
blowpipe operations, a method of research very little
practised in this country, and not having sufficient ad-
vantages over the usual methods to be likely to supersede
them.

59. Self-acting Blowpipes. —The principle upon ‘

which most of these instruments are constructed, is that
of directing a jet of vapour of alcohol or wood-spirit
through a flame, which latter is generally that which
heats the spirit. In order to fulfil these conditions the
vessels figured on the next page are employed ; the first
(fig. 46), generally known as the Russian blast-lamp,
consists of a double case, @ a, to hold spirit; on one
side of the interior is fastened a tube reaching nearly to
the top, and bent at the bottom, where it passes out of
the double case and rises about half an inch above the
bottom of the inmer chamber; its end should have a

bt
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blowpipe-nozzle attached to it ; d is an aperture to introduce spirit
into the double case, which .

should not be filled to more Fig. 46.

than two-thirds of its capa-

city, otherwise a portion is

liable to find its way into the

exit-pipe during the time the

lamp is being used, by which

means & jet of ignited spirit

is ejected, which may cause

much inconvenience. It has

a handle to facilitate its re-

moval from place to place. During use, d is closed moderately
tight with a cork, which acts as a safety-valve; if, therefore, the
jet becomes choked, the cork is blown out and prevents the de-
struction of the lamp, which might be attended with serious con-
sequences. When required to be used, spirit is, as we have said,
introduced into a a, and a certain portion is placed in the inner
chamber, b, so as to cover the bottom to the depth of half an inch.
If the last-mentioned spirit is now ignited, that in the chamber
a a, will soon enter into ebullition, and a stream of vapour will
make its exit from ¢, and, immediately igniting, forms a powerful
jet of flame capable of heating large platinum vessels to a brilliant
red heat; the flame is, moreover, adapted for heating the German
glass in making combustion-tubes, when no
other form of blowpipe is at hand. The mode |
of using the second contrivance (fig. 47) is
almost obvious from the figure: a hollow
globe, a, half-filled with spirit, having &
blowpipe, b, attached, is fixed above a lamp,
¢, opposite the wick of which the exit of the
pipe is placed. On lighting the lamp, almost
the same phenomena occur as in the Russian
instrument. A cork safety-valve is inserted
at d, the screw-cap being previously removed. When placed in
circumstances in which a blast-lamp was not at hand, I found the
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following & useful and powerful substitute. The body of the
lamp is formed out of a tin bottle, and a hole pierced in the side has
a small tube soldered in, to act, when fitted with a cork, as a
safety-valve and a place to insert the spirit. A jeweller’s
blowpipe is cut in half, and the bent portion inserted vertically
in the neck of the bottle, the nozzle of a Black’s blowpipe being
fixed at the aperture. It may be supported above a gas-burner
oroil-lamp. A portion of lamp-cotton is placed in an evaporating
basin, and held in its position by a bent wire, and the basin being
filled with olive-oil, and the wick adjusted to the aperture, we
have an apparatus simple in the extreme, and not easily sarpassed
in power: combustion-tubes may be easily prepared at such a
lamp in a very short time, even when of large calibre and made
of the most refractory glass,

60. Table Blowpipes.—Any laboratory where experiments are
carried on with even moderate activity, must possess one of these
pieces of apparatus. 8o many instruments of different kinds are
constantly being made from glass, that no one who has ever had
one at his command will willingly dispense with its services.
One of the most convenient of these is the blowpipe contrived
by Herapath ; it is represented in fig. 48, where a is a flexible
tube attached to a stopeock, b, which communicates with a tube,
¢ d, bent at right angles at d, where a T-shaped tube, ¢ f g, slips
on by means of the piece f. The blowpipe jet, A ¢, passes into the
longer arm of the T-piece, and fits somewhat tightly ; %7 is a se-
oond piece of flexible piping terminating in a mouthpiece. On
turning on the gas, it passes in the direction marked by the ar-
rows, and is to be inflamed at ¢. On blowing with the mouth, or
by means of a pair of bellows, into the flexible tube, % I, the
ignited gas takes the form of a blowpipe flame of great power, the
natare of which is entirely under control by means of the stop-
ecock, b, and also by regulating the quantity of air thrown in from
the lungs or bellows. As the T-shaped piece is freely moveable
at £, the jet may be directed to any position, and the apparatus
becomes well adapted for the ignition of platinum crucibles, &c.*

# T have had one of these (made by Mr, E. G. Wood, of Cheapside, Lon-
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It is mounted on a heavy foot, and being connectod with the gas
Fig. 48.

= |
-

supply by means of the flexible tube, a, it may be readily adjusted
upon the laboratory table.

Blowpipes of other kinds are also procurable at the instrument
makers, worked by bellows set in motion by the foot; the aper-
ture for the exit of the air should end in a tube of about a quarter
of an inch in diameter, to allow of jets formed from glass tube being
adapted to it. They are accompanied by & gas-jet of rather
peculiar form, intended to supersede the necessity of an oil-lamp.
The water-pressure blowpipes of Tilley or Toft are also very
effectual ; they may be procured, with directions for use, from the
makers of chemical instruments,

don) in use for some time, and have found it to answer so well, that I prefer
it to any other I have yet used, excepting the bellows blowpipe, with the
water-pressure arrangement.
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SECTION V.

BATHS.

61. There are numerous instances, in almost every department
of chemistry, where it is necessary to apply heat, but in a gradual
and gentle manner; in all these cases it is advantageous to be
aware of the actual temperature of the exsiccating medium. In
fact, by the skilful use of a few very simple instruments, we have
it in our power to apply any heat, from that which is scarcely per-
ceptible to the hand, to a bright red. There are many substances
which it is necessary to obtain in a dry state, but which are de-
composed by the slightest elevation of temperature: instances of
this kind will be noticed in the section on Operations preparatory
to Weighing. 'Where the application of a very gentle and uniform
heat is necessary, as sometimes happens in certain researches, we
use ether or alcohol, or their vapour at the boiling-point, under
ordinary pressure, as the medium of communication. Under such
circumstances, an apparatus like that in the margin may be used,
the shape, size, and arrangement, varying according to the nature
of the operation.

Fig. 49 represents a glass or metal vessel

to contain the spirit, provided with a tube- Fig. 40.
funnel, by which to add more if required.
The exit-pipe for the vapour of the spirit
leads to a vessel of cold water containing ice,
where, being condensed, it returns to the cham-
ber to be cohobated again and again. A small
test-tube is represented as converted into a
retort, and containing the substances to be
distilled. Heat may be applied by means of
a lamp,

Water-baths are made in several different
ways, some of porcelain, others of metal. Fig, 50 is simply a
hemispherical cup of porcelain or earthenware, with another

PSSPV
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having flanged edges hang- Fig. 50. Fig. 61.
ing within it. Fig.5lis a —
filter-drier, of porcelain,
made in one piece; it has
an aperture which serves
the threefold purpose of a
handle, a place to insert the
water, and an exit for the steam. Fig. 50 may be made of
metal, preferably copper, having a number of concentric rings of
different diameters, to adapt it to various-sized dishes, The rings
are socketed in the same manner as the furnace-rings represented
in section in fig. 2, only, of course, very much thinner. Fig. 52
is & bath, or rather hot-air chamber, of very different construction;
it consists of & double box of Pig. 62.
copper, the water being con-
tained between the two, The
latter is inserted through
an aperture provided for the
purpose. The other hole is
intended to enable the ope-
rator to keep a thermometer
inside the bath, to indicate
the temperature. The chim-
ney on the right serves to
create a draught. The sub-
stances to be dried are placed
in capsules, supported on =
shelves placed within the chamber. By keepmg a small piece of
tube in the aperture by which the water is introduced, and reach-
ing to the bottom of the double chamber, we may always ascertain
the depth of water, by closing it with the finger after it has been
plunged in, and then withdrawing it, somewhat in the manner of
& wine-taster ; the height of the water in the tube of course ocor-
responds to that in the chamber.,

All these water-baths may be heated by placing them upon a
tripod or retort-stand over a lamp. Those of porcelain require
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more care than the others, and are preferably heated on the sand-
bath. When it is required to expose substances to & temperature
above 212°, but still below a red heat, the bath may be filled
with linseed oil, or & solution of the chlorides of calcium or zine:
the retort or flask to be heated, should be immersed in the fluid
to about two-thirds its depth. For temperatures above that
at which oil or the saline bath alluded to can be conveniently
used, fusible metal is sometimes, though rarely, employed; in
general, it is much more convenient to employ a hot-air bath, such
as will be found in the section on Distillation. Moreover, the
heat of the latter can, by management of the fire, be rapidly raised
or lowered ; but the fusible metal requires a considerable time to
fall even a few degrees; and is inconvenient, from the rapidity
with which oxide is formed at high temperatures; and if it be
attempted to prevent this by a layer of grease, the odour becomes
8o disgusting when it approaches the decomposing point, that it
forms a serious objection to its use. The same inconvenience is
found in oil-baths, unless care be taken to prevent the heat rising
too high. It is sometimes advisable, where a water-bath is to
be raised to 212° rapidly, to have a thin layer of oil upon the
water, to retard evaporation ; and, Fig. 63.

of course, the heat rises more ra- -
pidly than it would without this
precaution. Where a given fixed
temperature is required, the heat
must be regulated by keeping a
thermometer immersed either in
the bath, or perhaps preferably in
the retort, or other vessel in which |
the liquid under examination is
contained. When it is intended
to use steam as the heating agent,
the apparatus figured in the mar-
gin (fig. 63), contrived by Dr. Ure, may be conveniently em-
ployed. TIts construction is obvious: the apertures are intended
to hold fiasks, capsules, or other vessels to be exposed to the heat,
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1t will be secn that, from the steam-chamber Fig. 64.
being placed above the boiler, the condensed
water is raised over and over again.
A water- or steam-bath may at any time
be constructed in the laboratory, by placing
one capsule over another, the lower one being
partly filled with water, fig. 54. Fig. 55
represents & very convenient water-bath for
many purposes. It consists of a rectangular tin-plate or copper
box, somewhat hollowed up in the spot where the lamp a is sta-
tioned. It is provided with six apertures, which may be covered,
Fig. 66.

if necessary, by pieces of metal plate, or watch-glasses; or eva-
porating basins may be placed over them. These apertures are
represented in the section at ¢ ¢ ¢; metal plates, d, provided with
apertures of different sizes, may be used to contract the holes if
required. One of the openings communicates with the box, 3,
intended to contain preparations for desiccation. The apparatus
is neat, but less convenient for laboratory use than the square
chamber-bath, fig. 52. In all these arrangements, of course care
must be taken that the bath does not boil dry.
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In using baths for various operations, it is often advantageous
to be enabled to employ a fluid of known boiling-point, and, for
this purpose, the following Table will be found useful :—

TABLE OF BOILING-POINTS OF SATURATED SOLUTIONS OF VARIOUS SALTS.

Boiling-point.
Chloride of caleium . . . . . . 355° Fahr.
Acetateofsoda . . . . . . . . 2566
Nitrateofsoda . . . . . . . . 246
Sal-ammoniac . . . . . . . . 236
Commonsalt . . . . . . . . 224
Cream of tartar . . . . . .. 214,

62. It will be seen that, in the above Table, solutions have
been selected which, with the exception of the first, give boiling-
points, as nearly as could be obtained, 10° above each other; and,
a8 a certain amount of heat is always lost before it reaches the
contents of the vessel immersed in the bath, it is an advantage to
select fluids, the boiling-points of which increase in a ratio a little
more than the 10°, as more than the difference Fig. 66.
will be lost from the reason stated. The above 7
solutions have been chosen, because,in fraction-
ating volatile substances, it is usual to separate e 2
the products by differences of temperature equal -
to 10° Fahr. -

It will be proper in this place to describe the
ingenious device of Mr. Kemp for enabling the
flame of a gas-burner to be so regulated as to
allow of a constant temperature being main-
tained for any length of time. A glass tube,
a b ¢, fig. 56, formed into a reservoir at ¢, is
partly filled with mercury, the rest being occu-
pied by air. A brass piece, d ¢f, is cemented
at the top. This latter consists of a stuffing-
box, d, through which the tube, f, descends,
and is capable of motion up and down. The
gas enters by ¢, and to reach the burner has to
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pass down the glass tube, up the brass pipe, and out of the flexible
pipe which connects the apparatus with the gas-lamp. The bulb,
¢, is to be immersed in the fluid of the bath to be heated, and the
tube, £, is to be so adjusted in the mercury, that a slit which is
made in it at g just allows sufficient gas to pass to keep the bath at
the required temperature. If now the gas should, from the other
lights in its vicinity being extinguished, or other causes, flow faster
than before, and cause a larger flame, the air in the reservoir, ¢,
expands, and elevating the mercury in the tube, decreases the
aperture by which the gas reaches the burner. The instrument
is therefore on the principle of the air-thermometer. To allow of
complete contact between the end, g, and the mercury, the brass
at the extremity is platinized.

This apparatus has been used for some time in the laboratory
of the University of Glasgow, in various researches, particularly
in investigating the action of nitric acid on narcotine®, and it has
been found to answer perfectly.

* Transactions of the Royal Society of Edinburgh, vol. xx. part 8. p. 359.
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SECTION VI.

HEAT MEASURERS.

THERMOMEBTERS. PYROMETERS.

63. In chemical research there are few things of more import-
ance than the accurate measurement of temperatures; in fact,
when we consider that the theories of chemistry, as now received,
more especially the organic part, are, to a great extent, founded on
the relations of substances to heat, we shall see that one of the
most important things to a chemist is the unimpeachable accuracy
of his thermometers. The laws of expansion of gases, by which
we calculate the results of experiments on the specific gravity of
vapours, the theory of the rise of boiling-point in liquids as the
carbon atoms increase, and lowering of the same by the addition
of hydrogen, facts which promise to have the most important
bearings upon all the ramifications of chemical philosophy, are
entirely dependent for their experimental verification on the cor-
rectness of our means of measuring minute variations of tempe-
rature. Moreover, the actual practice of ordinary chemistry shows
frequent instances of the importance of an intimate acquaintance
with the manipulations connected with heat-measurers. Fractional
distillation is sometimes the only means we have of separating
substances from each other; and it is also possible, in some in-
stances, to effect a more or less perfect disjunction of bodies having
different points of volatility, by keeping the mixture at a steady
temperature, by which means we may expel the more volatile, and
thus obtain both in a state of comparative purity. In the section
on Distillation, we shall notice some points of this kind.

64. To construct a thermometer of even moderate approxima-
tion to accuracy, is a matter of far more difficulty than would be
supposed from the directions to be found in some works on this
subject. The difficulties alluded to are almost entirely of a prac-
tical description, and relate to peculiarities in the det;.ils of the

D
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process which would not suggest themselves to many persons. It
is therefore strongly advised that the student should not attempt
the construction of these instruments, even if he has obtained
considerable proficiency in glass-blowing, it being quite unneces-
sary in an economical point of view, as it is possible to obtain
excellent instruments at comparatively moderate prices. Never-
theless, as in a work on Manipulation it would be improper to
omit a short description of the method adopted in the construc-
tion of these useful adjuncts to the student’s labours, the following
brief outline will be found to give an idea of the natare of the
process.

65. In the first place, we must decide whether to select a tube
of perfect equality, or to content ourselves with an imperfect tube,
making allowance for the variations in the calibre in a subsequent
stage of the proceedings. It has been said by an eminent philo-
sophical instrument maker, that a perfect tube is never to be
found ; such, however, is not the case, and those whose chief
occupation is the construction of thermometers, and who, con-
sequently, have always at hand a very large stock of tubes to
select from, are frequently able to cut from a long tube, a portion
sufficient for the construction of an instrument so nearly perfect,
that no error can be made evident even by the most carefully
applied tests.

66. The best method of ascertaining the fitness of & tube for
the construction of a thermometer according to the first method,
is to draw a small quantity of mercury, say 1 inch, into it
and measure it at different intervals; this is easily effected by
moving the tube in such & manner as to cause the mercury to pass
slowly down ; if it measures exactly the same at several points,
both at the ends and middle, it is, of course, evident that the
bore is equal. The operation of calibrating the tube may be fa-
cilitated by the use of the thermometer-gauge; it consists of a
syringe, the piston-rod of which is formed from a fine screw, so
that by turning the milled head at the top, it may be made to
descend, or ascend, in the cylinder, which is filled with mercury.
On connecting the instrument by a caoutchouc joint with the



CONSTRUCTION OF A THERMOMETER. 53

thermometer-tube, 8o as to be quite air-tight, we have it in our
power to inject a small or large portion of mercury at will; and,
by a very little management, it may be separated into a column
of any length, and be moved with facility to every part of the
tabe. It is scarcely necessary to caution the operator against
handling the tube during this operation in such & manner as to
cause the mercury to expand from the warmth communicated by
the contact of the fingers.

67. In the next place, we must consider that if it is intended
to construct an instrument with & very open scale, or, in other
words, one which is to be greatly affected by comparatively small
variations of temperature, & different proportion between the
dimensions of the tube and the bulb will be necessary, than if
the reverse is required. In the first case, we have a very large
bulb and an exceedingly small bore, and, in the other, the bulb
is made smaller, and a tube is selected of larger calibre. It is
advisable to form the bulb into a cylinder instead of a globe, if it
be intended to introduce it into retorts. To insert the mercury,
the bulb is to be moderately heated to expand the air, and the
open end of the tube is plunged under the surface of the metal ;
as the air cools and contracts, & portion enters the tube and bulb,
and is then to be boiled rapidly, the tube being kept hot, and this
is continued until the bulb and tube are filled with vapour; upon
again plunging the open end into the metal and letting the whole
cool, the vapour is condensed, and the instrument becomes filled
with the fluid. It must now be considered upon which portion of
the tube it is wished that any given point of the scale should fall:
supposing, for instance, that it is desired the freezing-point should
be about 1 inch from the bulb, and the boiling-point about the
same distance from the other end, the instrument is plunged first
into melting ice, and if, after it has attained the temperature of
the medium, the mercury is found to occupy too high a point
upon the scale, a portion is expelled by warming, but if it falls
too low, some more is introduced by the same process as before ;
the operation is then repeated, substituting boiling water for the
ice, and the point where the mercury rises to is observed ; when
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thisis done, the flame of the lamp is directed about aminch above
the spot to which the mercury rose at 212°; the glass is then
drawn out until capillary, and the next point is to expel the air
in the tube, that in the bulb having been already got rid of in
the first part of the operation. The bulb is to be warmed until
the mercurial column ascends, passing through the capillary into
the piece of thermometer drawn out ; by this procedure the mer-
cury is made to fill the place previously occupied by the air ; at
this step of the proceedings the flame is directed upon the capillary
tube, which is closed and removed.

Before fashioning the end into the knob or ring which is always
seen upon the instruments (according as it is to be fixed in a
wooden scale, or be graduated upon the stem), it is necessary to
examine it carefully to ascertain the entire absence of air from
the bulb and tube, which may be done as follows :—invert the
instrument so that the bulb is uppermost ; if the mercury descends
with ease quite to the end we may be sure that air is absent, but
it may nevertheless be in the bulb; to ascertain this, we must
observe whether the vacuum bubble, which enters the bulb when
the instrument is inverted, entirely vanishes from it upon resto-
ring the tube to its proper position ; if it does so, we may conclude
that, in that respect, the instrument is perfect; if not, the fine
point left upon drawing off the capillary-tube must be broken,
and the operations previously described repeated, until the result
required be obtained. :

68. Sometimes a thermometer, when inverted, does not allow the
mercury to descend, and inexperienced persons are liable to ima-
gine that air must necessarily be present; but the effect alluded
to is frequently caused by the adhesion between the mercury and
the glass; if, however, we warm the bulb 8o as to cause the mer-
cury to ascend in the tube and then invert the instrument, the
metal should descend ; and if no moderate tapping or swinging will
make it do so, we may safely conclude that air forms the impedi-
ment. Supposing, however, all these trials to have yielded satis-
factory results, we may proceed to lay off the scale, which is
usually effected by plunging the instrument first into melting ice,
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and then, after the temperature of the bath is attained, marking
the position of the mercury upon the tube; we now place it an
inch from the bottom of a deep metallic vessel nearly filled with
water, and heat until rapid ebullition ensues, care being taken
that the barometer is at, or very near, the standard height, other-
wise a correction must be made; in this manner another point
upon the stem is formed, and from these two points all the others
areobtained. Fahrenheit’s scale being, if not the most philosophi-
cal, at all events the standard generally adopted in England, it is
usual to divide the space between the two points mentioned into
180 equal parts or degrees, and, if the calibre of the tube be per-
fect, the gradations may be continued upwards and downwards as
far as may be desired. For all purposes of ordinary research, it
may be assumed that the expansion of mercury is equal for equal
increments of temperature; we need not therefore make the degrees
above 212° of a different value to the others®.

69. The directions given for the construction of a thermometer
will also enable the student to examine the aocuracy of any that
he may purchase; it must be remembered, therefore, that the
examination resolves itself into the following operations, viz.
measuring .a column of mercury at different intervals along the
tube to ascertain the equality of the bore, ascertaining that the
degrees on the scale are equal in value by measurement of the
number of degrees included between any given distance with a
pair of compasses, and taking the freezing- and boiling-points,—
not forgetting that a difference of 1 inch of mercury in the height
of the barometer raises or lowers the ebullition point by almost
exactly two degrees Fahr.t,—and, finally, testing the instrument
a8 to the presence of air by the methods already given.,

70. In chemical investigations, the most generally useful ther-
mometer is one capable of being introduced into the tubulature of
a retort, the bulb being, with this intent, made narrow and

® The increasing dilatation of the mercury, as the heat becomes greater,
is nearly compensated for by the expansion of the bulb.

+ For Table of boiling-points of water at different pressures, ses end of
the volume.
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cylindrical, and the graduations directly engraved on the stem, as
in fig. 57. The first thermometers made on this plan Fig. 67.

hed, however, the disadvantage of preventing the posi-
tion of the metal being observed by reflected light
without considerable difficulty. It was usual, there-
fore, to keep a piece of paper behind it to facilitate the
reading. Mr. Negretti has, however, entirely obviated
the necessity for this, by having his tube made with a
portion of white enamel down the back, so that the
mercury is always distinctly seen. Those instraments
which consist of two parts, being & thermometer with
a paper scale placed inside a tube, are worse than use-
less; in the first place, although so bulky as to be
impossible to be introduced into the tubulature of a
small retort, they are infinitely more fragile than the
far more slender ones engraved on the tube ; in the next
place, the paper scales contract by exposure of the in-
strument to even moderately high temperatures, caus-
ing, of course, considerable error from this alone; and
when, as in some instruments I have seen, the scale is
fixed in its place by sealing-wax, it is of course impos-
sible to use it with any degree of safety.
Thermometers attached to wooden or ivory scales are
equally inconvenient with those last described ; in most
chemical experiments, especially where accuracy is in-
dispensable, even if the wood is jointed near the bottom,
and has a hinge so placed as to permit it to be folded

N

back to enable the bulb and part of the stem to be immersed in
fluids, still the wood is liable to contract and warp, owing to
its being exposed to considerable changes of temperature and

variations in moisture.

71. No mercurial thermometer should be used for temperatures
higher than 580° Fahr., above that point there being danger of
the mercury boiling in the tube, as, from being in vacuo, the point

of ebullition is lowered considerably.

Care must be taken, where the temperature of a fluid is to
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be observed, that sufficient time is allowed for the bulb and
the mercury contained in it to acquire the same degree of heat as
the medium. And this is especially necessary with gases, where,
from their small conducting power, the time required is much
greater.

72. In all experiments upon the volume of gases the accurate
determination of temperature is of the last importance, from the
great degree in which their bulk is influenced by the expansion,
the coeficient of expansion of air for each degree Centigrade being
0-00367+.

73. All laboratories where chemical researches are undertaken,
should be provided with several thermometers ; one or two should
have a range from zero to about 580° Fahr, ; a very small one should
also be at hand, capable of being introduced into a specific gravity
bottle, to indicate the temperature of the fluid under examination.
The same thermometer, if very accurate, may be used for gas
experiments; but it is better to have one with a very large bulb
and an exceedingly fine tube, so as to show readily minute dif-
ferences.

74. It will be quite unnecessary to describe all the varieties of
thermometers in use in the various departments of science, the
more especially as the investigations in which they are used are
more of a physical than chemical nature; there are, however,
some, which, from the fact that the chemical characters of sub-
stances are sometimes dependent upon their indications, fall to a
certain extent within the plan of this work; in the list are found
the Differential Thermometer, the Thermo-electric Multiplier,
the Self-registering Thermometer, the Air-thermometer, and the
Pyrometer.

76. 1t sometimes happens in physical investigations that it is
wished to ascertain whether a given phenomenon is capable of
producing heat or cold under circumstanoes in which the ordinary
thermometer is inadmissible ; when it is merely desired to know
whether a differonce of temperature exists or is occasioned by the

* For Table of expansion of gases by heat, see end of volume.
5 °
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phenomenon under examination, the instrument figured in the
margin, and first used by Leslie in his experiments on heat, may
be used. It consists of two balls (fig. 68) contain- Fig. 68.

ing air and sufficient coloured oil of vitriol to fill

two of the three limbs of the tube; when in the

normal state, the liquid stands at the same height

in both of the upright limbs, but when one of

the bulbs is placed in & position where it is ex-

pected to find a disturbance of the thermal equi-

librium, any change is instantly indicated by the

motion of the fluid; if the temperature falls, the

air in the bulb contracts its volume and the liquid :
rises in the tube; but if, on the other hand, heat is developed, an
expansion takes place and the fluid recedes. An arbitrary secale is
usually attached to the limb, but the amount of disturbance
generally gives a sufficient idea of the degree of heat or cold de-
veloped ; when, however, a scale is used, it may, if necessary, be
converted into one of known value by comparison with & mercurial
thermometer.

76. The Thermo-electric Multiplier of Melloni is an instrument
intended to measure excessively small thermal differences by the
amount of electricity developed in a number of bars of antimony
and bismuth arranged in a series ; the degree of excitement being
indicated by the degree of angular motion of the astatic needle of
a galvanometer.

77. The Self-registering Thermometer of Negretti and Zambra
is an ingenious contrivance intended to facilitate the working out
of meteorological observations, and is also used in techno-chemical
processes for ascertaining the maximum temperature to which
drying closets, &c. have arrived during the night, or any time when
actual inspection of an ordinary thermometer placed inside is im-
possible. It is well known that the old instruments for this pur-
pose contained in the tube, which was bent at right angles at a
short distance from the bulb, small rods of steel or enamel, which
being propelled forwards, as the mercury or spirit advanced, were
left behind as it receded, and consequently indicated the maximum

-
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temperature; but in the instrument now under consideration, the
tube, which is bent as in the old ones, has a small piece of glass
inserted a short distance from the bulb, which allows the mercury
to pass it while expanding ; but when contraction takes place, the
metal is prevented by the impediment from returning to its normal
position. When it is required to return the mercury to the bulb
for the purpose of making a fresh observation, the end furthest from
the bend is to be elevated, and the instrument is slightly agitated ;
by this means the metal repasses the obstruction and indicates
the temperature at that time.

78. The Pyrometer of Daniell is an ingenious but comparatively
seldom-used instrument, intended to effect the measurement of
high temperatures, such as that of farnaces, by the expansion of a
bar of platinum ; the old plan of Wedgwood, which endeavoured
to effect the same object hy measuring the contraction that wedge-
shaped pieces of clay underwent by exposure to heat, was lable
to so many objections, that it became absolutely necessary to devise
some plan by which high temperatures could be ascertained with
precision ; but, while the instrament of Paniell effects the object
with greater accuracy than perhaps any other, its use is very
limited, it being seldom necessary, in the present state of chemical
investigation, to require for guidance anything more than is con-
tained in the expressions dull red, bright red, yellow and white
heats. It is undoubtedly true, that, as the science advances, more
attention to the regulation of temperature will be required, as
even now there are many instances known to chemists, where the
same substances acting on each other at different temperatures
produce very different compounds by their mutual reaction; and
it is more than probable, that by greater attention to the modula-
tion of temperature, the intensely interesting but highly complex
groups of substances produced during the destructive distillation
of animal and vegetable matters might be much better understood. .
As a general rule, it may be asserted that the higher the tempe-
rature the simpler the constitution of the substances formed, the
more complex groups breaking up under the influence of strong
heat into substances whose formulas contain a less number of
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atoms, and those arranged in a manner which enables their rela-
tion to each other to be more clearly seen.

79. It fortunately happens that those methods of investigation
in which the exact measure of temperature is necessary, seldom
require a heat sufficiently intense to soften glass; when, therefore,
the limits of the mercurial thermometer are passed, it is possible
to have recourse to the air-thermometer, in which the values
sought are obtained by the expansion of 8 known volume of air:
this method is used chiefly in agoertaining the specific gravities of
the vapours of the less volatile substances, and from the nature
of the operation and the corrections required (the result of the air-
thermometer being influenced not only by temperatare, but also
by the variations in the atmospheric pressure), the process is one
requiring a little care in manipulation.

80. For the more modern and accurate data and researches
upon this subject, chemists are chiefly indebted to the labours of
M. Regnault; and as the process is every day becoming more in~

- dispensable, we shall quote the following description of the appa-
ratus and method of procedure®.

81. *The air-thermometer used in these experiments consists
of a simple cylindrical glass reservoir of about 2 centimetres in
diameter and 12 or 15 centimetres in length, and terminating by
a capillary tube, of which the calibre is 1 or 2 millimetres, and
which is bent to a right angle and drawn out at its end. The
reservoir, a b, is kept in the bath alongside of the balloon in which
the vapour is to be generated. The first step is to perfectly dry
the reservoir, a b, by creating a vacuum in it several times, and
allowing air to enter which has been dried by passing through a
tube filled with pumice-stone soaked in conocentrated sulphurie
acid ; after which the bath is heated, and when the temperature

# Regnault, Cours Elémentaire de Chimie, tome quatridme, p.63, Ihave,
however, taken the engraving from the plates in the Mémoires de I’ Acadé-
mie Royale dee Sciences de I'Institut de France, tome xxi., merely alter-
ing the lettering to suit the text. I have also, in a note, given the co-effi-
cients of expansion of glass from a different part of the same work, and
inserted the meaning of the letters used in the formulm, in order to make
the quotation intelligible. The degrees apply to the centigrade thermometer.

e e .__.__*.___.._ - .




BREGNAULT'S AIR-THERMONETER. 61

becomes stationary at the point at which the experiment is to be
terminated, the point of the balloon and that of the air-thermo-
meter are closed simultaneously by means of a lamp.

82. “The air-reservoir is then placed on the metallic support
represented in fig. 69, the stem passing through a cork which

Fig. 69.

closes a tubulure made in the centre of the disk g A, while the
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curved point, ¢ d, enters a small mercurial bath, The extremity
of the point being broken by pincers, the mercury rises in the
tube and partly fills the resexvoir @ b, which is surrounded with
pounded ice, in order to reduce the temperature of the air it
contains to 0°, when the open point is closed with a ball of soft
wax. In order to perform this operation easily, without chang-
ing the level of the mercury in the vessel A, & small iron spoon,
u, is used, soldered to an iron rod, w v, which slides along a
horizontal bar v s, itself moveable along the vertical foot 8 ¢; the
moveable rod, v 8, being fixed at such a height that the bowl of the
spoon, filled with soft wax, is exactly at the height and in the
direction of the point d. It is therefore sufficient, in order to
close the point, to slide the end, uv, along the horizontal rod, vs.
The mercury in the vessel, A, is then exactly levelled to the point, 3,
of a double-pointed screw, %ki; the ice which surrounded the
reservoir, a b, is removed, and, when the mercurial column attains
the temperature of the surrounding air, the difference of height
between the mercuryin the reservoir, a b, and the upper point, %,
is exactly measured by means of a cathetometer; and by adding
to this difference the length of the screw, k 1, the height, A, of the
column of mercury elevated in the air-thermometer is obtained.
Let A, be this height at 0°, H, the height of the barometer also
at 0° when the point, d, is closed with wax; then will (H,—4,)
represent the elastic force of the air in the reservoir, a b, at the
temperature of 0°. The support is then inverted, the air-ther-
mometer removed, after having detached the spoon, u, and it is
weighed with the mercury contained: let this weight be repre-
sented by Q. The thermometer is then filled with mercury, which
is boiled to drive off the last bubbles of air, the point, ¢d, being
kept during this time in a small capsule filled with mercury.
“When the apparatus is cooled, it is surrounded with melting
ice, and completely filled with mercury at 0°; when it is again
weighed, giving now the weight Q'. The weight, ¢, of the enve-
lope of glass alone being ascertained, after having emptied it of
mercury, (Q'—q) is therefore the weight of the mereury at 0°,
and (Q—gq) is the weight of the mercury in the thermometer when
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it was on the support; Q'—Q therefore represents the weight of
the' mercury at 0° which occupies the same volume as the air
remaining in the thermometer when it is at 0° and under the
pressure (Ho—ho) If we designate by & the density of the mer-

cury at 0°, Q
the thermometer, and —— e -5 =9 the volume which the air occupies

in this apparatus at the moment of closing the point, d, with wax.
Now the capacity of the thermometer, at the temperature T,

’ -
bemgQ g (14kT)*, the volume of sir Qaq at 0°, and
under the pressure (H_,—%,), therefore occupies, when it is raised
to the temperature T and under the pressure H',, a volume

9’—%1 (1+K%T). The volume assumed by a volume of air
Q;Q at 0° and under the pressure (H —A,), when raised to
the temperature T and under the pressure H',+, may be calcu-
lated, by the known laws of the expansion of air, under changes
of temperature and pressure; and is thus found to be

mpresents the capacity in cubic centimetres of

29 (1+000367.1) By,
which leads to the equatton
Q' 9—Q 1 +000367.T —H,—ﬂ————i (A+£T),
whence 14+%T Q’—Q H,—h,

TF000367. 1= Q—g W, -

® k=coeflicient of expansion of glass. The following are the values of .

Between 0° and 100°..........cocevvurerennnernnnnes k=00000276
" 150 .o rea e 00000284

» 200 i eenee 0°0000291

” 250 ...iiniiiiiiiiierecnriieienene 00000298

» 800 ..covieriniirirniereenieaee 0°0000306

850 .ooiiiiiiiiiiiinii e ienenes 00000813

The above valnes are for the ordinary glass of which the balloons used
in Parisian laboratories are made.

+ H’, = height of barometer at timo of sealing.

St oot A Ahe .~ s
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T may be deduced from this equation, but there is no neoessity
of knowing its value in order to calculate the density of the vapour,
which is in fact represented by the expression®.

P—P+p
. 14+%T H,;
00012932.V.1+0‘00367. * 780

kT
Substituting for ; T ;.3636 - the value first found, there re-

sults for the expression of the density of the vapour,
P'_P"‘P »
, v. 9—Q H,—hS
00012032,V =G0
Q ¢ 760
® P = Weight of balloon and air.
P’ = Weight of balloon and vapour.
p == Weight of V centimetres of air at ¢.
V = Capacity of balloon in centimetres cub.

T = Temperature of vapour.
¢t = Temperature of air.—C. G. W.
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SECTION VII.

OPERATIONS PREPARATORY TO WEIGHING.

83. The estimations in chemical research are performed either
by weight or measure; and as measures by bulk are founded
upon, and referred for verification to standard weights, weighing
becomes the chief means of quantitative determination; and as
analysis depends for its successful performance upon the accu-
racy with which we estimate the weights of the substances
eliminated by the various chemical methods used, it is essen-
‘tial to the student’s progress that he should become perfectly
familiar with all the manipulations connected with the use of the
balance.

84. The most usual way of preparing substances for the balance-
pan, is to convert them into the form of precipitates of kmown
value, 4, ¢. when dry, contain, or are equivalent to, a known
amount of the substance to be estimated. But although this last-
named method is the most common, it is by no means the only
way in which we separate substances from the compounds which
contain them ; erystallization is not unfrequently as successful a
means of separating bodies. In other cases compounds are exposed
to temperatures capable of expelling one or more constituents, and
leaving a residue of known composition in a state fit for estima-~
tion, It is also a frequent occurrence to expose mixtures to an
elevated temperature, in a current of some gas which forms a
volatile compound with one of its ingredients, which is accordingly
expelled, leaving a residue capable of being weighed, as in the
separation of antimony from lead. In these cases, and also in
all the others which are met with in analytical research, it is of
course absolutely essential that the substance to be weighed should
exist in a state in which its condition is perfectly known, and
" more especially its relation to water. Chemists who are inat-
tentive to this are constantly liable to the most serious errors.
Even where precipitates will endure heating to redness, they
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not unfrequently absorb moisture during cooling ; in such instances
they should be placed, if in & platinum, silver, or gold crucible,
upon a large clean block of iron, which will remove the heat so
rapidly by conduction, that if the lid is tolerably tight no ap-
preciable moisture will be absorbed during the refrigeration. It
is imperatively necessary to let the capsule or other vessel in
which the ignition was made become quite cold before being
placed in the balance-pan, as otherwise errors are occasioned
by currents of air, which make the vessel and contents appear
lighter than they really are. Another reason why it is essential
to allow vessels to become of the temperature of the atmosphere
before weighing is, that they may attain a state of hygrometric
repose, otherwise they would keep for several minutes acquiring
weight, as a film of moisture gradually deposited on the metal or
glass,

85. Wet precipitates, or crystals, require very different treat-
ment, according to their various natures : sometimes it is necessary
to weigh substances which are either destroyed or have their
constitution altered, by the slightest elevation of temperature; it
is then usual to expose the matter in watch-glasses or capsules to
a surface capable of rapidly absorbing moisture, such as oil of
vitriol, quicklime, or chloride of calcium. If placed, under these
_circumstances, beneath the receiver of an air-pump, the operation
is much hastened, but frequently an exposure Fig. 60.
to & desiceating surface in the manner figured
in the margin (fig. 60) for twelve to twenty-
four hours is quite sufficient. The chemist is
scarcely ever at a loss for a substance capable
of rapidlyabsorbing moisture; if neither of the
substances mentioned aboveareat hand,which
is seldom the case, chloride of zine, acetate,
carbonate or caustic potash may be used. It
must of course be ascertained with certainty
that the precipitate or other substance to be weighed is not only in
appearance, but in reality, dry ; this may be known by weighing at
intervals, until after some hours’ exposure it does not decrease in
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weight. It is extremely convenient in this operation to have two
watch-glasses of the same size ground together and provided with
a brass clip, asin fig.61. Fig. 61.

During the drying the
substanceis contained in
one of the glasses as in
fig. 60, and when it is
wished to weigh, the
other is placed on a8 a cover and kept in its place with the clip; it
is then balanced in this manner. The weight of the glasses is of
course ascertained previously, and may be scratched with a diamond
on each of them. BSome precautions in regard to the drying
of organic preparations will be treated of in the section on the
Manipulations in Organic Analysis. The copper hot-air chamber
(fig. 52) is very convenient for drying at known temperatures, as
the heat is indicated by the thermometer and may be easily
regulated.

86. Ignition of Precipitates—In most of the operations in
mineral analysis, the precipitates, after being filtered off and
washed, are dried, heated to redness, and, when cold, weighed ;
the operation requires, however, many modifications, according to
circumstances. Where the precipitate is not affected by the ashes
of the filter, as alumina, silica, carbonate of lime, &c., as soon as
it is washed it is to be dried, which may be performed in many
ways according to the means at hand; for instance, the aperture
in the funnel may be stopped with a cork, and it may be placed
in one of the apertures of the steam-bath (figs. 63 or 65), or the
funnel may be placed in the hot-air chamber of the furnace, or on
the ring of the retort-stand, and the latter may be placed on the
plate of the furnace, fig. 1; or, if the paper-filter is sufficiently
strong to bear removing from the fannel, it may be placed upon
a porous tile, and, when the moisture is sufficiently absorbed, it
is to be opened out, and will soon become sufficiently free from
moisture to have the exsiccation completed in any of the other
methods either already described, or to be pointed out further on.
The hot tile is also extremely useful in drying preparations; of
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course care must be taken to prevent absorption of any saline
matters from the tile itself. Sometimes the filter dried at 212°
may be weighed, and the substance collected on it ; after washing
and subsequent drying, it is to be weighed again, when the increase
will indicate the quantity of the precipitate. Before adopting
this method, it must be ascertained that the filter contains no
soluble matters capable of being removed during the washing, or,
if such be the case, the paper should be previously prepared.
‘When the substance is to be heated to redness, it must first be
considered whether it is capable of injuring the platinum crucible,
and, if 8o, one of porcelain must be substituted ; also, whether the
ashes of the. filter can do any injury through the carbon they
contain, If not, the crucible is to be placed upon & sheet of
highly glazed paper, the edges of which are quite smooth, so as
to be incapable of retaining any of the powder. The filter is then
to have its contents removed, either by shaking or with the aid
of a spatule; if any of the substance remains on the latter, it
should be wiped with a piece of the filter-paper, which is to be
added to the rest; the crucible is now to be placed in a slanting
position over the lamp, and, when red-hot, the filter, cut to small
pieces with scissors, is to be placed in it, waiting until the flame
has disappeared each time before adding more; when the whole
of the filter has been added, the lid of the capsule is to be laid in
the manner indicated in the engraving, fig. 63. By this means a
gentle current of air will be induced in the crucible, too gentle to
remove any of the ashes, but suflicient to entirely consume the filter
to a white ash in a short time, unless the substance is somewhat
soluble in the water used to wash the precipitate, as sometimes
happens; when this is so, a little nitric acid may, in many cases,
be put into the crucible, when cold, upon the substance, and the
heat being again raised to redness, the filter will soon disappear.
‘Where this is not admissible, from any action taking place be-
twoen the acid and the assay, the filtcr may be washed at the last
with & rather dilute solution of nitrate of ammonia, which will, to
a oonsiderable degree, effect the same thing. It is often more
convenient to take the dry filter and its contents, and, after fold-
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ing it together, to insert it at once in the crucible, and place the
latter vertically over the flame with the lid on loosely, until no

Fig. 62. Fig. 63.

more combustible gases are evolved, when the crucible may be
arranged in the position seen in figs. 62 or 63, preferably the
latter.

87. Where, from the easy alterability of the substances at a
high temperature in presence of carbon, it is impossible to consume
the filter in contact with it, the assay must be carefully removed
from the latter, and be burnt alone, the paper being consumed
upon the lid ; and when the black colour has entirely disappeared,
it may be added to the contents of the crucible, except where the
ignited substance is wanted for ulterior examination. It is sup-
posed that the weight of the crucible has been taken previous to
the ignition, which is by far the best plan; in this case the
weight 80 obtained has merely to be added to the weight of the
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filter-ash, and the sum being deducted from that of the crucible
and the ignited matter, we obtain the weight of the latter.

88. It is advisable to use the circular cut filters alluded to at
p. 4. By taking a few of these, and burning them in a platinum
crucible until all the carbon is oxidized, and dividing the weight
of ash by the number of filters used, we obtain a number to be
always deducted from the weight of the substance ignited with the
filter. It is essential to perform these operations in a place quite
protected from air-currents, which would endanger the loss of a
portion of the assay ; if this should happen, even to the slightest
extent, it is imperative to reject the estimation, as it is impossible
to know how much has been removed by the accident.

89. It is advisable to make precipitates tolerably dry before
igniting them, or a chance is incurred of the substance being
partially ejected during the operation, especially if it has a ten-
dency to fly about when heated in a damp state. Where there is
any danger of loss from decrepitation the lid may be kept on until
it is over.

90. The manner of procedure is liable to so many variations ac-
cording to circumstances, that it would be impossible to mention
all ; the operator will, therefore, do well to reflect before he ignites
a substance with the habitude of which he is not perfectly familiar,
Platinum salts of the volatile organic bases require precautions
which may be mentioned, from the frequency with which they
occur in some trains of investigation. In the first place, the oily
bases form salts with platinum which are liable during ignition to
rise like a horn out of the crucible, sometimes to an inch or more
in height; care must therefore be taken to heat gently, or a loss
of the metal will be incurred. In the next place, the crystals
have a peculiar tendency to retain an oily or resinous impurity,
which renders it inadmissible to burn them without previously
pulverizing, and washing them with alcohol or ether, or a mixture
of both, according to their solubility. Previous to washing, the
powder generally hangs together as if moist, but afterwards it is
as mobile as dry sand. It is necessary also to turn the mass of
spongy metal after the ignition, so as to expose the under surface
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to the air, when it will be found to glow again from the combustion
of the previously unconsumed carbon.

The tendency of silver to form explosive salts with many organic
acids, especially those containing nitrogen, must not be lost sight
of. The necessity of thoroughly washing precipitates previous to
weighing them, and the method of ascertaining the complete
removal of the precipitant, will be found in their proper places.

91. Apparatus to contain substances while being weighed.—
Non-hygroscopic substances may be weighed in small capsules.
‘Where the assay is liable to absorb moisture, a platinum crucible,
with a well-fitting cover, is frequently the best instrument. If
the substance is excessively deliquescent, it is advisable to add
it to a counterpoised vessel of water, and ascertain the increase
of weight; the same method, or a modification of it, is sometimes
required in weighing substances which emit vapours at ordinary
temperatures. Organic substances are generally weighed in small,
wide-mouthed, stoppered bottles, or test-tubes with good corks.
If in the former, the weight may be scratched on with a diamond ;
if in the latter, it should be written on the cork.

92. When liquids, such as acid or alkaline solutions, are to be
added in known quantities to an- Fig. 64.
other until neutrality or some other
point is reached, Schuster’s alkali-
meter (fig. 64) is much used, and
is extremely convenient from the
facility with which the drops may
be regulated by the pressure of
the finger upon the tubulure, and
thus admitting more or less air.
If filters with precipitates upon
them have to be weighed after
drying at 212°, it is necessary to
effcct the operation in a closed _
vessel, in consequence of the rapidity with which dry paper
absorbs moisture: in this case the ground watch-glasses pre-
viously mentioned are convenient; or a very Wide test-tube,
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fitted with a good cork, may be used. The weight should be
ascertained when empty, or, what is perhaps better, counter-
poises for all the platinum crucibles, porcelain capsules, and other
vessels in which weighings are to be effected, may be constructed
from pieces of lead or brass; these being placed in the other pan
of the balance, considerably facilitate the estimations,
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SECTION VIII.

THE BALANCE.

93. Of all the instruments the chemist possesses, the balance
is perhaps the most important, and requires the greatest amount
of care in its use. Its very nature renders it fragile and liable to
injury from the slightest carelessness or rough usage. Affected
easily by acid or corrosive vapours of all kinds, it ought to be
kept in a room adjoining the laboratory, and should never be left
with the sash open, or without a vessel of some absorbent sub-
stance inside the case.

94. It is quite foreign to the purpose of this work to enter
upon the mechanical theory of action of the balance; such a
knowledge, although extremely useful, is by no means necessary
to enable the operator to use the instrument with perfect ease
and success; there are, however, a few things connected with the
working of the instrument which are absolutely necessary to be
known by the student. In the first place, it ought to be constant
in its indications, ¢. ¢. with the full weight it is intended to carry,
it should give the same result in several successive weighings ;
this, which is too often neglected, is, in fact, the best characteristic
of a good balance.

It must also be delicate, that is, readily turned by very small
weights, and that, equally with empty pans and with the maxi-
mum load.

It is also of great importance that it should be rapid in its
action, for there are few things more fatiguing than to work at a
slow instrument, and, moreover, it causes & very serious loss of
time where many estimations have to be effected.

With regard to the adjustments upon which the above qualities
depend, the following points are more especially to be observed.

First, the arms must be of equal length, for, if otherwise, equal
weights acting upon levers of unequal length will give unequal
indications ; that which is at the extremity of the longer arm will

z
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appear heavier than the other, and although by the method of
double weighing (§ 105) this difficulty is overcome, it is essential
to avoid the necessity of an operation requiring so much time.

Secondly, the centre of gravity must be below the fulcrum,
otherwise, if equal weights be placed in the pans, and the centre
of gravity and the fulerum coincide, the beam will take any posi-
tion that may be given it, without any tendency in the index to
take a central position on the scale. If, however, the fulerum be
below the centre of gravity, the beam will ¢ overset” with any
weight, however small. But although it has been said that the
centre of gravity should be below the fulerum, it is essential that
it should not be too much so, for the lower the centre of gravity
the greater the stability of the balanco, or, in other words, the
greater the force required to move the beam, and the less de-
licate the instrument. Most balances have a contrivance for
raising or lowering the centre of gravity, according to the cir-
cumstances under which they are to be used, as will be deseribed
further on.

In the next place, the centre knife-edge on which the beam
rests, and the two knife-edges by which the pans are supported,
must be parallel to one another, as otherwise considerable irregu-
larities in the working of the instrument become apparent.

The points of suspension and the working edge of the falerum
must be all in the same plane, for if the fulerum is situated below
the points of suspension, every addition of weight in the pans
will have the effect of raising the centre of gravity, until at last
the two points becoming coincident, the beam oversets with a
small increment of weight. If, conversely, the points of suspen-
sion are situated below the fulerum, all weights added have the
property of depressing the centre of gravity, and therefore of in-
creasing its stability, and also the weight required to move the
instrument.

95. It will be seen that several of the properties required in a
good balance are somewhat incompatible, and the greatest in-
genuity and skill is required in so making the final adjustments,
that these points to a certain extent neutralize each other.
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96. The first persons in England who made any really import-

ant improvements in the balance, so as to render it fit for refined
chemieal and physical research, were Robinson and Kater; the
latter gentleman having undertaken the somewhat difficult matter
of adjusting the national standard weights; he engaged Robinson
(whose accurate workmanship was well known) to assist him in
constructing the necessary instruments, and their united labours
succeeded in producing a balance undoubtedly infinitely superior
to any that had been made up to that time; in fact, those who
possess one of Robinson’s instruments may be able to dispense
with any other for small weights; but few chemists who have
become accustomed to work with the long-armed balances in
use in modern laboratories, would willingly use one of Robinson’s,
espeeially in organic research, where so much of the glass appa-
ratus is of considerable size, the shortness of the arms of the
latter instrument rendering it extremely inconvenient in such
cases. ,
The grand featare in Robinson’s balance is the long bearing on
which the pans are suspended, instead of the ¢ hook-and-eye”
arrangement adopted in most of the instruments brought over to
this country from the Continent. A little reflection will show any
person, that it is impossible for a hook to take invariably the same
position upon & ring with reference to the centre of motion, so
that the beam is, for all practical purposes, sometimes longer and
sometimes shorter, thereby causing considerable differences in the
indications,—differences which sometimes amount to -01 of a grain,
and are quite sufficient to render an instrument unfit for delicate
experiments.

97. As an example, we will quote an instance frequently oc-
curring in organic chemistry : where mixtures of organic acids or
alkaloids are under examination, it is usual to convert the former
into silver, and the latter into platinum salts, and by crystalliza-
tion to separate them from impurities; it often happens that
the crops obtained do not exceed 1 or 2 grains in weight, and yet
that the quantity of silver or platinum in the salt has to be esti-
mated with precision: if, now, the balance is liable to a variation

E2
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of ‘01 grain, we see that *5, or 1 per cent. error, is immediately
incurred by this means alone; in circumstances like this it is
necessary to work upon much larger quantities than if a more
perfect instrument were at hand.

The error caused by the hook-ends renders it imperative there-
fore in refined investigations to use an instrument having long
bearings at the extremities of the beam ; as by this method of
construction & uniform result is invariably obtained.

98. In an active laboratory of research there should be at least
three balances: one to carry from 1} to 2 pounds, and with that
load to turn with ‘02 of a grain; another for organic and other
delicate estimations to carry 1000 grains, and with that load to
indicate 002 of a grain; and a third, for assaying, to work with
very small weights, say 30 to 40 grains at the outside, and to
turn rapidly and distinetly with 001 of a grain,

99. The first of these is, perhaps, the most valuable and gene-
rally useful instrument. The beam is very long (18 inches), and
is divided into ten parts, in order to dispense with the hundredths
of a grain weight by using a ¢ rider,” which consists of a small
weight of the form and size represented in fig. 85; it is con-
structed of gold- or silver-gilt wire, and weighs
01 grain in the pan; and when placed on the
beam at the different numbers, it indicates any
weight from ‘01 to ‘09 grain, and renders un-
necessary the use of such small and fragile weights
as those of that value.

A balance of this kind enables us to use weighed
instead of measured quantities in the examination
of mineral waters, a method decidedly to be pre-
ferred where practicable ; it, moreover, renders the operator to a
great degree independent of the necessity of using vessels of ex-
treme thinness in analytical operations, a moderate weight not
aftecting the sensibility of the instrument: this property is of
great assistance in physico-chemical investigations, where the in-
crease of weight of potash, chloride-of-calcium, and sulphurie-
acid tubes, has to be determined with precision.

Fig. 65.
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100. When at rest, the knife-edges are not in contact with the
working planes, but by turning the handle in front of the case, from
right to left, the supports for the arms descend and leave the points
of support on their planes, and in a state of freedom for oscillation.

101. The second balance may have several forms given to it,
or rather to its working parts, according as the purchaser is
guided by inclination or economy. ’

The more perfect instruments are made in such a menner that
the pans are prevented from oscillating when the beam is at rest;
but by turning the milled head, the pans are first released and
then the beam. The contrivance, by means of which the eccen-
trics (which move the supports for the beam and pans) perform
their office®, is extremely ingenious and simple; the description
of it is, however, foreign to this work, and must be ascertained
by inspection. Some balances, on the other hand, are so arranged
that the beam itself is raised from the supports, and the pans are
not provided with any steadying appliances.

An apparatus for moving the rider without the necessity of
opening the case, is also a great assistance in delicate weighings.

102. It will be observed that in chemical balances the index
points downwards instead of upwards; and while to the unprac-
tised person this may seem a matter of little importance, it is in fact
of the greatest assistance imaginable to the operator, where many
and accurate weighings are to be performed. It can scarcely be
believed until experienced, how much fatigue is occasioned by the
necessity for raising the eyes from the pans to the index, even if
we disregard the inconvenience of having the lantern so tall, as
must necessarily be the case when so constructed.

103. The next balance which claims our attention is that for
assaying purposes. Mr, Oertling has improved it in such a man-
ner a8 to give increased rapidity of action and constancy of in-
dication ; the details of its construction, and the reasons which

® Invented by L. Oertling of Store Street, Bedford Square, London, to
whom the author is indebted for the opportunities of minutely inspecting
the details of his beautiful instruments, and also for a balance of great pre-
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led to the peculiarities of the contrivances, will not be dwelt
upon; but it is necessary to inform the student of the main
features, in order that the great advantages which it possesses
may be appreciated.

The old assay balances were constructed with hook-and-eye
ends; this arrangement, as we have before said, entirely pre-
cluded any constancy in its results; and yet the long bearings or
knife-edges at the ends make the beam so heavy as to materially
interfere with the delicacy of the instrument. To obviate this,
Mr. Oertling has constructed the ends of the best assay balance
in such a manner that the support for the pans rests upon two
points which work, one in a small cup and the other in a groove;
and as the two points lie nearly half an inch from each other, a
constancy as great as in instruments with the long bearing, is
obtained ; by this means the beam may be made of such extreme
lightness that great rapidity of action is ensured.

This balance can be made so small as to be carried about in the
pocket, and that without loging any of its valuable qualities ; and-
the artist above alluded to has constructed them so small as to go
into a case 8 inches long by 2} high, and 2 inches wide.

104. It is necessary, in weighing, to attend to one or two points
which materially assist in ensuring rapidity and accuracy. In the
first place, the beams of delicate balances oscillate for a very long
time, 8o that if it were necessary to wait until the index was at
rest, weighing accurately would be an exceedingly tedious opera-
tion; but a very little consideration will show us that if we simply
adjust the weights until the movements of the index on each side
the zero of the scale are equal, we shall obtain a result even more
accurate than by waiting until it is stationary, because, while
oscillating, we are sure that no resistance is offered through the
beam ¢sticking.” In the next place, it is essential to try the
weights in a regular order; thus it will be seen that in instru-
ments intended for chemical use, they are numbered 1000, 600,300,
200, 100, 60, 30, 20, 10, 6, 3, 2, 1, -6, ‘3, -2, -1, -06, +03, -02, -01.
Suppose, therefore, the substance or instrument being weighed
roquires 1740 grains to counterpoise it, 1000 is tried,—too light ;
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1600, still too light; 1900, too heavy; 1800, still too heavy;
1700, too light; 1760, too heavy; 1730, too light; 1750, too
heavy; 1740, right. Now, although this takes some time to de-
scribe, it will be found in practice, that, by adopting this method, a
result is obtained in less than half the time that would be required
by using the weights at random.

105. Weights should never be added or removed while the
beam is oscillating ; it should be invariably brought to a state of
rest before making any alteration.

If the beam be a little longer on one side than the other, the
substance on the longer end of the lever appears heavier than the
true weight; but if one pan is invariably used for the weights
and the other for the “substance,” the errors, being all of the same
value, do not affect the results of analyses made with it, as the
quantities obtained are not necessarily of one particular standard
so that they are truly proportional,

But if an error of this kind be suspected, it is easy to deter-
mine the fact thus :—place a substance in one pan and accurately
counterpoise it; now change its position from one pan to the
other; if the equilibrium is undisturbed, the arms are of equal
length ; but if the reverse happens, and the absolute weight is
required, we must adopt the method of double weighing, said
to be invented by Borda, which is thus performed: place any-
thing the weight of which is to be obtained, in one pan,
and counterpoise it; then remove the substance and replace
it by weights; now as things equal fo the same are equal
to each other, the weights express the ‘true value of the sub-
stance, for they exercised the same amount of force upon the
beam.

106. For the reasons stated, we should therefore always use the
same pan for the weights; and it will be found by far the more
convenient method to keep the right-hand one for this purpose, as
otherwise the hand has to be used across in adjusting the weights,
and has further to move, a matter of more importance than would
appear to any one inexperienced in these matters. Each of the
different forms of balance should be provided with levelling screws



80 . CHEMICAL MANTPULATION,

and a spirit-level, with which the instrument should be carefully
adjusted before use. It not unfrequently happens that what
would otherwise be the most convenient position in a laboratory
for the balance, is rendered apparently unsuitable, from the fact
that, the source of light being behind it, the motions of the index
are rendered comparatively indistinet. This may readily be ob-
viated by adjusting & small mirror to such an angle as to throw
the light upon the graduated ivory scale.

107. In organic researches, it is necessary to ascertain the in-
crease of weight of tubes which are of a more bulky kind than
those in general use in the other branches of the science; the
ordinary chloride-of-calcium tubes, and Liebig’s potash bulbs will
serve as an illustration. As the point sought to be ascertained is

Fig. 67.
Fig. 66.

merely the increase of weight before and after certain operations,
and as the absolute weight is of no consequence, one of the pans
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may be removed, and the chloride-of-calcium or potash tube may
be attached by a steel hook immediately to the ring of the wire
which is used to support the pans; by this arrangement the tubes
appear lighter than they really are, to an extent equal to the
weight of the pan, as in fig. 66. Another method, fig. 67, is still
more generally adopted, and is convenient, as it prevents the
necessity for removing the pan. The planes which rest on the
knife-edges in balances of the kind represented in the figure,
have square apertures or notches which enable them to take the
position shown.

It is scarcely necessary to mention, that in performing the
weighing it is only requisite to counterpoise the chloride-of-cal-
cium and potash tubes, and the hooks which suspend them ; and,
after the operation, to weigh again, taking care that the ecir-
cumstances are exactly similar, that is to say, that the hooks
are not changed. In order to perform this with facility, each
chloride-of-calcium tube is provided with a little brass belt and
long link, to which the hook may be easily atfached. The pot-
ash tube (fig. 67) has an arrangement which is easily seen by
reference to the engraving. It is quite unnecessary to have a pan
with a notch cut in it, such as is frequently supplied with the
balance for this purpose.

108. Care must of course be taken in using apparatus which
occupies so much space, that no part of it touches the beam or
lantern of the balance. There are a few special cases in which
precautions are required in weighing; in the first place, it is
inadmissible to put any substance or vessel into the balance-pan
unless quite cold, as considerable errors become manifest by such
a procedure (§ 84). It has also been said that deliquescent sub-
stances are in many cases advantageously weighed by first coun-
terpoising the liquid, or & portion of it, in which they are to be
dissolved, and then ascertaining the increase of weight. If this
be impracticable, it is necessary to perform the operation in a
well-closed vessel ; and if the substance has been recently ignited
to expel water or other volatile matters, the platinum crucible in

which the ignition was effected should be cooled under circum-
ES




82 CHEMICAL MANTPULATION.

stances which prevent the possibility of any moisture being ab-
sorbed during that process. The lid of the crucible must fit
accurately, and if it be inconvenient to place it under a bell-glass,
over sulphuric acid, during the refrigeration, it should be cooled
as directed in § 84. If the crucible is of porcelain, it would of
course be fractured by too sudden cooling ; the vessel should there-
fore be placed under a dry bell-glass, upon a triangle of thin wire,
so that it is only touched by the metal at very small points; by
this means the danger of fracture is greatly lessened.

109. There are many substances which give off corrosive va-
pours, and if weighed in the balance-case would cause any instru-
ment of ordinary construction great injury; to do away with this
inconvenience, many balances have all the working parts of agate.
This is an excellent contrivance, and perfectly effects the purpose
intended ; but it is advisable in such cases to have a good pair of
ordinary scales, and where minute accuracy is not desired, to sub-
stitute them for the delicate balance.

110. In weighing gases, in the operation of taking their den-
sity, it is necessary, from their small weight, to use vessels of
considerable size, which therefore lose in weight an amount equal
to that of their bulk of air. But this loss, being the same in all
the weighings, has no influence upon the result, provided the
temperature and pressure of the atmosphere has not altered during
the experiment. If it has, an error is introduced, the amount of
which it is difficult to calculate; but if we balance the globe in
which the gas is to be weighed by another exactly resembling it,
an accurate result may be obtained, because any change of density
in the air affects the globe containing the gas and its counterpoise
equally. 'We shall allude to this again further on.

If two vessels of the same capacity cannot be procured, the
smaller must have a closed tube attached to it, the bulk of which,
plus that of the globe to which it is attached, must equal that of
the larger one.
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SECTION IX.

SPECIFIC GRAVITY.

111. Specific Gravity in general.—The term specific gravity is
understood to mean the relative weights of equal masses of mat-
ter. It will easily be seen that almost all the various natural
and artificial objects which come under our cognizance, have den-
sities peculiar to themselves, i. e. equal bulks of them have very
different weights ; it becomes necessary, therefore, to have some
standard which may be taken as unity, and to which the densi-
tics of all other bodies may be referred. But it is imperatively
necessary that the one adopted should be obtainable with facility
in any part of the world; and it must also be capable of easy
purification ; philosophers have therefore agreed upon water as
the body to which all solids and liquids are to be compared, and
atmospheric air as the standard for gases. It will be proper to
consider these under different heads.

112. Perhaps the first idea which would strike any one who,
without previous instruction, commenced an inquiry into the re-
lative weights of equal bulks of various bodies, would be to reduce
them to exactly the same size, and then weigh ; this procedure
would of course immediately eliminate a number expressive of the
ratio of the densities; but a little reflection will immediately con-
vince us that it would be impossible to do this in many instances,
even if it were the only method of research; the porosity, hardness,
and many other peculiarities observedin different kinds of matter,
would prove an insurmountable obstacle to such a method ; but,
fortunately, it is possible to take the specific gravities of solids and
liquids in many ways, all equally easy of performance; but the
circumstances under which the operation is to be conducted, make
one method sometimes more convenient than another.

118. Specific Gravity of Solids.—Any solid substance when im-
mersed in water displaces a volume exactly equal toits own bulk ;
and at the same time loses a portion of its weight corresponding
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to that of the volume of water displaced. The procedure therefore
is as follows :—weigh the substance ac- .

curately, then suspend it by a fibre of Fig. 68.
silk or a fine hair to the hook beneath
the short pan of the balance, and bring
the latter to an equilibrium ; now take
a glass of pure distilled water, at as
nearly as possible the standard tem-
perature (60° Fahrenheit), and intro-
duce it beneath the substance, so that
the latter may be covered to a moderate
depth ; if any globules of air remain on
it, they are to be removed. Imme-
diately on the immersion of the sub-
stance in the water, the arm of the
beam to which it was attached rises;
and if we now place weights into the short pan until the equili-
brium is restored, they will express the weight of a volume of water
equal to that of the substance. For example:—

A globule of gold not hammered, weighing 50-00 grains, lost
by immersion in water exactly 2-69 grains, and

50-00
75—9'= 193 H
the gold was therefore very nearly pure, the specific gravity of
pure gold melted but not hammered being 19-2; by hammering,
it may be brought to 19-4, and even to 19-65.

If the substance the density of which is to be taken, is in the
form of grains, a very convenient method is to ascertain the quantity
it displaces when dropped into a bottle full of water the weight of
which is known. The following account of two experiments will
illustrate the process. Several globules of gold which had been
purified with some care, and had been slightly hammered, were
weighed, and found to amount to 38-95 grains; a small flask was
filled with water and weighed, it amounted to 814:20 grains; the
globules were then dropped in, and of course a quantity equal in
bulk to the gold overflowed ; after carefully wiping the flask and
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levelling the convex surface of the water at the mouth, to pro-
duce the same conditions as in the first weighing, it was placed
in the balance-pan, and required 851-15 grains to equipoise it ;
but the weight of the bottle full of water without the gold being
placed in it (814-20) plus the ascertained weight of the globules
(38-95), amounts to 853-15 grains; and 853-15—851-15=2-00,
the weight of the water which overflowed, and .

3895 19475,
200

being nearly the same result as the last, and showing this speci-
men of gold to be also very pure.

In another experiment, some pieces of metallic cadmium, which
had been slightly flattened under the hammer, weighing 59-25
grains, were dropped into a flask full of water, which weighed
previously 768:63 grains. On weighing after the introduction of
the cadmium, it required 821-1 grains to equipoise it, but the
total weight of the flask full of water and the cadmium was 827-88
grains, for 768-63 4 59-25=_827-88, showing 6-78 grains of water
to have overflowed on the introduction of the metal, and

5926 _g.730,
678

the generally received specific gravity of cadmium being 8:694.
Regnault gives 8:7.
. 114, There is an instrument which can be eesily constructed
by any person, and is capable, with care, of rapidly giving tolerable
approximations to the density of any substance heavier than, and
insoluble in water. It consists of a small test-tube (fig. 69),
which has a scale marked on it, commencing about 1 inch from
the bottom, indicating grains of water. To use it, the instru-
ment has water put in it until the bottom line of the curve
exactly coincides with zero; the substance, the density of which
is required, is weighed and dropped in; of course the water
then rises in the tube, and, as the value of each division
to which the water rises is equal to 1 grain, the weight
of a bulk of water equal to the substance is obtained by
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inspection. As an example :—17-93 grains of cadmium, which for
the purpose of the experiment had been recently melted and made
intoa rod by casting in aglass Fig. 69.

tube, were dropped into the —

tube, which had previously

been filled up to the zero of

the scale with water; the

fluid rose two divisions, indi-

cating that a bulk of water

equal to 17-93 grains of cad-

mium weighed 2 grains, and

17-93

5= 8-965, the specific

gravity required. Again,
26-61 grains on being drop-
ped in raised the water three
divisions,and 26361, = 8-87.
The density obtained before
on the same specimen by a
different process was 8:7. It
will be seen therefore that the
method is capable of yielding
approximative results suffi- '
cient for many purposes; and when the great rapidity with which a
result can be obtained is taken into consideration, it may not be
going too far to assert that the instrument will, to many persons,
more especially travelling mineralogists, be an acquisition. The
points requiring care are, in the first place, to prevent bubbles of
air from adhering to the specimen ; also to allow the sides of the
tube to thoroughly drain before ascertaining the zero point of the
water, and to take great care in determining the exact\part of the
curve to be observed in each experiment. Without these precan-
tions, the results obtained will be very far from the truth.

115. To determine the density of a solid lighter than water,
we proceed thus:—Weigh the substance in air, and weigh in.
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water a piece of lead sufficient to sink it. Attach them and
ascertain their weight in water; deduct the number so obtained
from the weight of the lead in water, and add to the remainder
the weight of the light solid in air; the result is the weight of a
bulk of water equal to the light body. For instance, we will
suppose a piece oflightwoéh to weigh in air 33:30 grains, the
lead in water 60-00, and both in water 23:30. Then, by the
rule given, 60-00 —23:30=236-70, to which add 33-30 giving
70-00, and 33-30 divided by* 70-00 gives 0-4757 as the density.

Qr we may apply the same method as that adopted for ascer-
taining the density of the globules of gold and cadmium; for by
taking a vessel capable of being closed with a stopper or a plate
of glass, the weight of which, full of water, is known, and placing
the light body in it, a volume of water will be displaced equal to
its bulk, from which data the density is easily calculated.

116. If the solid is soluble in water, one of two courses must
be adopted: either it may be varnished very thinly, so as to pre-
vent the water from touching it, or its specific gravity may be
taken by the first method given, substituting & fluid in which the
body is insoluble, and making a correction in consequence of the
difference in density of the two liquids. For example, suppose
that the substance is soluble in all the liquids within reach except
benzole, the density of which is 0:850; a flask is filled to the
brim with it, and & flat plate of ground glass laid on the top, to
prevent evaporation: the weight is 1087 grains. On introducing
the substance, the weight of which is 100 grains, and subsequent
wiping, &e. of the flask, the weight is found to be 1100 grains;
on deducting this number from the sum of the weights of the
flask of benzole and the substance, we obtain 87 grains as the
quantity of the hydrocarbon displaced. Now the specific gravity
of benzole is to the weight of the bulk of benzole displaced, as
the specific gravity of water is to the weight of a bulk of water
equal to that of the substance ; or

850 : 87 : 1000 : 102-3, and
1023 : 1: 100: *978, the value required.
117. Specific Gravity of Liquids.—The density of liquids may
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be obtained in several ways. The difficulty which is found in
obtaining equal bulks of solids, is not found in this instance; it
only being necessary to fill a vessel to a given point with the fluids
the density of which is to be compared, and ascertain their weight.
'We have said that water is used as a stand- Fig. 70.
ard of comparison for liquids and solids, the
usual method being to construct a bottle
capable, when the stopper is put in its place,
of holding exactly 1000 graing of water.
By merely, therefore, counterpoising the
empty bottle, and, after filling with the li-
quid whose specific gravity is to be ascer-
tained, adding weights to restore the equi-
librium, we obtain the result sought without
any calculation. For example:—A bottle
which holds exactly 1000 grains of water
is counterpoised, and then filled with pure concentrated oil of
vitriol, and the stopper, which is perforated, is then put in its
place ; the excess escapes by the aperture, and is carefully wiped
off; on replacing the bottle, 1845 grains were required to balance
it; this number represents the specific gravity sought, which
is more correctly written 1-845. If a liquid lighter than water
be used, the result is still the specific gravity, but the decimal
point is of course placed in front of the number found. For
instance, some spirits of wine digested for some time over excess
of dry carbonate of potash and slowly distilled, was put, under
the circumstances previously mentioned, into the bottle, when 810
grains were required to equipoise it : *810 is therefore the specific
gravity sought.

The bottle with the perforated stopper (fig. 70) has many dis-
advantages, not the least of which is, that where, as often happens,
it becomes desirable to determine the density of a fluid at 32° F.
==0° Cent., a continual expansion is taking place during the
weighing, unless the operation is performed in an inconveniently
cold apartment. If, to avoid this source of error, we make use of
a flask with a mark on the neck, and adjust the fluid to it at the
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freezing-point, it is true that as expansion takes place, Fig.71.
the fluid merely rises in the neck, and if the latter be
sufficiently capacious and the fluid is not very volatile,
the experiment will succeed. But if the fluid eva-
porates rapidly at moderate temperatures, it is im-
possible to obtain accurate results. M. Regnault, to
avoid this difficulty, uses a flask of the form shown
in fig. 71. The fluid is filled to the mark on the
neck, and the stopper is inserted in its place. By
this means evaporation becomes impossible, and, if
expansion takes place during the weighing, the fluid
eannot escape in consequence of the enlargement in
the neck.

118. Itisof the greatest importance, when accuracy is required,
that the temperature of the liquid should be at or very near the
normal point 60°, otherwise considerable errors will result. It is
necessary, therefore, to be careful when taking the densities of
recently-made mixtures, the temperature of the ingredients before
mixing not necessarily being the same afterwards; in fact, it is
very seldom that substances dissolve in water without either ele-
vation or depression of temperature: if fused chloride of zinc is
dissolved in water, the temperature rises considerably ; when, on
the contrary, iodide of potassium or nitrate of ammonia is dis-
solved, the temperature falls to a great extent; and although foew
of the salts in use in the laboratory present such distinctly marked
phenomena, it becomes essential to be alive to the possibility of
alterations of temperature.

Even liquids, when mixed, frequently develope heat: every one
is familiar with the great heat which ensues when strong sul-
phuric acid is diluted with water; even a rise is caused, though
to a far less extent, when spirit of wine is mixed with water.
In the pharmaceutical laboratory it is constantly necessary to add
spirit to the concentrated infusions now so much used; if, then,
the specific gravity is taken by dipping the hydrometer into the
liquid immediately after mixing, a value is obtained which indi-
cates a considerably less density than when the liquid is first
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brought to the normal temperature by being allowed to repose for
some time: the amount of variation is of course proportional to the
increase of temperature.

119. We have alluded above to the hydrometer (fig. 73), which
is an instrument in constant use in the laboratory to obtain den-
sities without the necessity of weighing: g s, Fig. 7.
it may be constructed to give results of
any degree of accuracy, but this involves
the use of several instruments; in general
laboratory practice two only are employed :
one with a range from the density of pure
ether to that of water, and the other from
water to oil of vitriol ; one of the chief ob-
jections to their use, is the quantity of
liquid required to fill the glass in which
the hydrometer is floated, but, by employing
the modification represented in fig. 72, this
difficulty is to a great extent removed, a
result being obtainable with only an ounce
or two of fluid.

It is necessary in some manufacturing
processes to determine the specific gravity of
liquids with more accuracy than is obtain-
able by the two instruments alluded to; in
these cases recourse is had to a series, six
being required to complete the range pre-
viously given.

120, Several forms of hydrometers are
used in various manufactures and professions, of which it will be
necessary to mention little more than the names, as instructions
for their use and tables for calculation invariably accompany the
instrument when sold; such are the hydrometers of Twaddell,
Cartier, Beaumé, and Sykes, the first being much used in the
manufacturing districts, and the next two on the Continent; the
last is the Excise instrument, and is much more complicated in
its construction than the others, being made of metal instead of
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glass, and having a set of weights capable of being fixed tem-
porarily in the stem during the operation.

121. There are other instruments formed upon the same prin-
ciple, and greatly used in various technical operations; brewers,

Fig. 74,

for instance, are in the habit of using one to indiecate
the pounds of malt per barrel, or the per-centage of
sugar; the quality of oil and milk is determined
by elsometers and galactometers; physicians fre-
quently have recourse to a little instrument, on the
same principle, for estimating the density of urine
(fig. 74); in fact there is hardly any limit to the
number of hydrometers which may be constructed to
suit the special requirements of the various opera-
tions of manufacture, and, as a prejudice exists
among unscientific persons against the use of instru-
ments indicating directly specific gravitieg, there
appears little hope of a really rational scale being
adopted by all classes of manufacturers. The in-
dications of Twaddell’s instrument are, how-
ever, easily reduced to specific gravities, it merely
being necessary to multiply the observed degree by
5, and add 1000 to obtain the number sought. For
example, 138° multiplied by 5 gives 680, and on
adding 1000, we obtain 1-690, which is the specifie
gravity corresponding to 138° T'waddell *.

The value of alcohol is, it has been said, estimated in England
by the hydrometer of Sykes, the degrees of which are both arbi-
trary and unscientific, the standard being called proof, and the
strength of spirit being estimated as under or over proof, the last
term being used to indicate spirit of the demsity 920 at the
temperature 60° Fahr. On the continent four instruments are
used for spirits, namely, Beaumé’s, Cartier’s, Gay-Lussac’s, and
Tralles’ ; the latter, generally known as the Prussian scale, has
been adopted by the United States.

* For a paper by Dr. Bolley, on the advantages of Twaddell's scale over
those of Beaumé and Beck, see Chemical Gazette, January 1, 1858,
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122, Tt has been said that the normal temperature of 60° must
in all cases be obtained before attempting to take the density of
any liquid ; it is, however, possible to have hydrometers made to
use at any given temperature; for instance, instruments to be used
in the West Indies are adjusted at 84° Fahr.

123. Nicholson’s hydrometer is an instrument for taking the
specific gravities of either solids or liquids; when used for the
latter it acts like that of Fahrenheit, by giving the weight of the
volumes displaced by it; it has & mark on the stem, to which it
is to be sunk by weights placed in a small cup fixed on the end
of the rod which projects above the liquid; the weight of the
instrument, plus that placed in the cup, is the measure of the
density of the liquid in which it floats.

But the chief convenience of Nicholson’s instrument is its
adaptability for taking the specific gravities of solid substances ; for
if, after immersing the instrument in a fluid of known density,
preferably water, we place the mineral or other substance in the
cup, and then add weights until the mark on the stem coincides
with the surface of the water, we have the data for ascertaining
the weight in air of the substance; and by removing it from the
upper and placing it in the lower cup (which occupies the place
generally appropriated to the mercury or shot ballast of ordinary
hydrometers), and again immersing the instrument in water and
adding weights as before, the weight in water is ascertained, and
from the data thus obtained the specific gravity is easily calculated.

124. There is another method of ascertaining the weights of
equal volumes which is in some cases preferable to all others; it
consists in weighing a heavy substance first in air and then in
water, by which the weight of an equal bulk of water is obtained ;
if the water is now replaced by any other liquid whose density is
to be taken, the weight of a volume equal to the water is thus
found, being all the data required. This method is parﬁcn]arly
applicable where only a very small quantity of liquid is at our
disposal ; in this latter case it is, of course, essential to work with
an accurate balance, in order that the errors of weighing may
be too minute to influence the result.
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The chemist is generally, however, quite independent of any of
the contrivances invented for assisting unscientific persons to ob-
tain the densities of solids or liquids ; any vessel capable of being
accurately closed may be used for taking the specific gravity of
all solids or liquids capable of being introduced; and where
the quantity at the operator’s disposal is extremely minute, it
is only necessary to construct a very small flask or long-necked
globule from a piece of quill-tubing, and fill it first with water
and then with the other liquid, and weigh under each of those
circumstances.

It is frequently required to wash out the specific-gravity bottle,
and dry it before making another experiment ; in ordinary cases,
the instraument need only be rinsed out two or three times with
the fluid under examination to render it in a fit state for use ; but
where this cannot be done, the bottle, after the removal of the
liquid previously in it, by solvents if necessary, should be
thoroughly washed out with water, and a long glass tube being
introduced into it, the bottle is to be turned over a lamp or the
plate of the furnace until the water is vaporized ; on sucking out
air by the tube all the aqueous vapour may be removed. In the
case of the small flasks previously alluded to, the neck should
not be so small as to prevent the introduction of a very small
tube for this purpose. It is sometimes advisable to consider
whether it is better to introduce the water or the other fluid
first, but of course much must be lett to the judgment of the
experimenter.

125. The perforated stoppers alluded to previously are not
always advantageous, and it is often preferable to employ either a
solid stopper or a small flat plate of glass to cover the mouth of the
bottle, or else merely to fill a long narrow-necked flask up to a mark
on the neck ; or a cover may be made to the instrument having a
Ppin or fine wire passing down the neck, and the fluid may be poured
in until the point is just reached.

126. A very pretty contrivance is, to have a thermometer so
made as to form the stopper of the instrument; the bulb should
reach almost to the bottom of the bottle; in this way the bottle
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being filled, and the stopper inserted, the whole may be placed
in a warm or cold situation, according to circumstances, until
the mercury marks the proper point; the instrument is then
wiped, if necessary, and put into the balance-pan. Even when
this is not dome, a thermometer small enough to be intro-
duced into the bottle should be used; on taking it out, the fluid
sinks, and has to be filled up again: this may generally be done
without much error with & liquid not reduced to the normal
temperature, unless the difference is great ; it is better, however,
to use a very small thermometer engraved on the stem, and to
weigh both the water and the liquid in the bottle with the ther-
mometer in it. A few other precautions to be taken when the
substance is porous or in powder, will be found in the section on
the Air-Pump.

Seec1FIc GRAVITIES OF VAPOURS AND (HAsES.

127. Vapour Densities.—In modern chemical research it is
by no means uncommon to isolate bodies which form no definite
compounds with other substances; the mere analysis, although it
gives the ratio between the elements present, does not settle the
equivalent of the body. It is true that the mode of formation,
and the nature of the products of decomposition, frequently give
great probability to one formula, but it is unsafe in the case of
chemically indifferent substances to decide from these data alone.
But if it happens that the compound is volatile without decompo-
sition, at temperatures not too high to be accurately measured by
the air- or mercurial thermometer, we may, by a method of great
simplicity and ease in execution, determine its rational formula.
In effect, most chemists are now agreed that the formula of any
organic compound is that which is represented by four volumes of
vapour. The equivalent of any organit substance (corresponding
to four vols.), multiplied by -0346, or half the density of hydrogen,
H=1, gives its vapour density.

128, It will, therefore, easily be seen that a knowledge of the
density of the vapour of any substance forms the most severe
check we have on the results of analysis.
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But vapour densities may, at times, be made use of in research
as a means of ascertaining the nature of substances, where, from
the small variation in their per-centage composition, ultimate
analysis becomes an unsafe guide. In examining the fluids pro-
duced by distillation of the Torbane-hill mineral, I obtained a series
of homologous hydrocarbons which only varied in composition
as the boiling-point rose, by very small amounts, so small indeed,
that, notwithstanding the extreme care with which the analyses
were made, it would have been unsafe to draw any conclusion as
to the fractions to be selected as expressing the correct boiling-
point from them alone; but, on the other hand, the densities of
the vapours varied considerably with the different homologues,
and by taking advantage of this fact I was enabled with perfect
safety to pronounce not only on the formuls of the substances,
but also on their boiling-point.

129. In consequence of the tenuity of gases and vapours, great
care is required in the various operations ; the balance, air-pump,
thermometers, barometer, &e. should be in perfect working order,
and no pains should be spared to acquire facility in using them.

Grases are eminently compressible, and greatly affected in volume
by comparatively small variations of temperature; the indications
of the thermometer and barometer must therefore be carefully
registered during the process.

There are two methods by which the densities of vapours are
determined ; in one, and it is that most commonly employed, the
body under examination is introduced into a balloon, the capacity
of which in.cubic centimetres is afterwards ascertained, and heat
sufficient to convert the substance into vapour having been applied,
the weight of the known volume is easily found, from which the
vapour density may be calculated. In the second method, & known
weight of substance is heated beyond its vaporizing point in an
apparatus which permits the volume and the circumstances of
temperature and pressure to be ascertained with accuracy.

The first method, that of M. Dumas, requires the use of flasks
of from 200 to 850 cub. cent., according to the quantity of sub-
stance, and the greater or less density of its vapour. Those vapours
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which are not much heavier than air, require balloons of con-
siderable size. Fig. 75 shows the shape Fig. 76.
usually adopted. It is necessary that
they should be of light glass free from
lead, and of a kind that will allow the
point to be readily sealed by a brush of
flame directed on it with the blowpipe.
The flask must be perfectly freed from
aqueous vapour by connecting it with
the air-pump, a long chloride-of-calcium
tube intervening; after covering it with
hot sand and alternately exhausting and admitting air several
times, the balloon will be thoroughly dried. The tube of the flask
is now (unless it has been done previously) to be drawn out and
cut off with a file, so as to leave an aperture of the size __
and shape of the upper part of fig. 76. The edges are Fig. 76.
to be slightly rounded in the lamp-flame, to prevent the
danger of small pieces of glass being broken off.

The balloon having been allowed to remain on the
balance-pan until it has ceased to increase in weight
from the deposition of moisture, the exact tare is taken
and the temperature of the balance-case observed.

The flask is then ready to receive the fluid, the density
of which is to be ascertained; but there are a few precau-
tions which ought to be mentioned in this place. I am accustomed
to make use of a small graduated measure to contain the fluid to
be inserted, in order that if too considerable a volume of residual
air is found at the termination of the experiment, a larger quan-
tity of fluid may be used in the repetition of the operation. Itis
very advisable to use no more than is necessary to expel all the
air, especially with substances which leave a slight résidue on
distillation, or which contain a small quantity of a less volatile
substance, as is frequently the case with bodies obtained by frac-
tional distillation. '

The amount of fluid which is intended to be used (say 100
grains for a first experiment) having been poured into the measure,
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the point of the globe is to be inserted, and the latter being warmed
“to expel some of the air, the lamp is removed, and, as the balloon
cools, the fluid enters. If the substance the density of which in
the state of vapour is to be determined, happens to be in the solid
form at ordinary temperatures, it must be fused, and the narrow
tube be kept hot during its insertion.

130. Itis necessary to consider, before proceeding, what temper-
ature the substance requires for volatilization, and a bath must be
selected capable of being heated to at least 100° F. above that
point. The fluids at our disposal which are adapted for heating the
balloons are water, neatsfoot oil, melted tallow, solutions of the
chlorides of calcium or zine, melted tin, bismuth, or fusible metal.
For temperatures not exceeding 500° F., I find the third substance
mentioned above very convenient, if the laboratory is sufficiently
large to make the odour of the hot tallow of little moment.

The kind of bath having been selected, the material is to be
placed in an iron kettle and heated up to the proper point, the
flask properly secured may then be inserted, the aperture being
about } of an inch above the level of the fluid,

131. There are three methods commonly in use for supporting
the globein the bath. The first (fig. 77) is by means of an arm of
wood which slides on a retort-stand. It is jointed at a to allow
of & motion of the thermometer and flask at various angles.

The balloon is supported by Fig. 77.
means of a rod, b, sliding through A
an aperture in the arm; it may be N "; ﬂf
arrested at any height by means of  Ar—4— e
a screw, ¢. The thermometer, d, is © é
kept at any required height by the <
screw, ¢, which acts on pieces of cork
placed at f to prevent fracture
arising from too great pressure.
The balloon is attached to the rod, 3,
by means of a wire cage, '

Another method of supporting —— 1

the balloon is represented in fig. 78. It is placed between two
F
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rings, abandcd; thelatter is moveable up and down, and is fixed
on the balloon by means of Fig. 78.

screws, g' g, which press on two

corks, Ah. The screws work in

the cross piece, ¢f, which also -
serves to support a rod, the

latter in its turn carrying an

arm, n m, having two pierced

corks attached to the extremi-

ties, through which pass the

thermometers,TT. Thearm, nm,

is moveable round its centre, so

as to allow of various positions

being given tothe thermometers.

132. But the most convenient method of supporting the bal-
loon and thermometer is represented in fig.79, where an iron pot,
V, has two rods (¢p and ¢ p’) attached to its ears by means of
screws, 8¢’ ; on one of these rods Fig. 79
slides the bent bar,¢ d; it maybe e
arrested at any height by means b
of the screw, . Tworings, ¢ f
and g A, move on the bar, ¢d;
they are precisely similar to the
rings of retort-stands, and may
besecured in thedesired position
by the screws, 1. Theflask, A,
may therefore be steadily held in
the bath, and the point,a, moved
in any direction with ease, a
very necessary thing in many cases. The rod, ¢' p’, supports an
arm, ' K, having a pierced cork at its extremity, serving to hold
the air-thermometer, B, or a mercurial one, according as the tem-
perature to which the bath is to be raised is more or less elevated.

The iron kettle may be placed on an iron triangle over a char-
coal fire, or the lower part (fig. 11) of a Luhme’s furnace. I pre-
fer, however, a powerful double ring gas-burner enclosed in a case
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of sheet iron, the latter serving as a gas-furnace and support for
the kettle.

133. The balloon and its contents being attached to the support,
is to be depressed into the bath, and the contents, if valuable, di-
stilled into a tube. For the latter purpose, the neck of the balloon
must of course be directed downwards. As soon as the substance
ceases to distil, the neck is placed in an upright position, and the-
balloon is depressed in the bath until only a 4 or } an inch of the
neck remains above the level of the fluid. The evolution of
vapour again commences, and as soon as it almost ceases, the
furnace-doors are closed, or the gas slightly lowered so as to ren-
der the temperature of the bath steady for a few minutes. Du-
ring this time, care must be taken to chase away, with & red-
hot coal, any fluid which may condense in the neck of the balloon.
As soon as it is found, by applying & cold substance to the
aperture, that no more vapour is being expelled, and the tempera-
ture is stationary, a good blowpipe-flame is directed on the point
until it is quite closed ; the temperature is then carefully observed,
and the balloon removed; it is now placed for a fow minutes
point downwards, so as to permit the fluid to run into the neck: by
this means it is immediately seen whether the sealing has been per-
fectly accomplished, as, if not, a stream of air-bubbles will be found
to enter through the fluid. The balloon is to be carefully cleaned,
and when no longer perceptibly warm, is placed on the balance-pan
and allowed to remain for twenty minutes; it is then weighed.

134. The next part of the processis to break off the point of the
flask under mercury; to effect this, the globe is held in the hand,
its point being depressed considerably below the surface of the
metal ; a flle-mark is then made on the neck by another person,
and the point snapped off. The mercury now rushes in with
violence, and, together with the condensed fluid, generally fills
the flask to within 2 or 8 centimetres of its capacity. The bal-
loon is now placed on & ring with its point upwards, and the
condensed fluid is removed by means of a pipette with a long
and thin point, and transferred to a small measure. The mercury
is then poured into an accurately graduated bell-jar, and its bulk,

r2
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a8 thus ascertained, plus that of the condensed fluid, represents
the volume of the vapour. The globe is then filled with water,
which is to be measured in the same manner Fig. 80.

a8 the mercury. The bulk of the water gives
the capacity of the flask, and the difference
between the bulk of the mercury, plus the
condensed fluid and the bulk of the water, ex-
presses the amount of residual air, To expel
the water from the flask without breaking the
neck, more than is necessary, is effected by
means of a small curved tube, b, fig. 80, the
point of which enters the neck of the inverted
flask ; on blowing air in at a, the fluid escapes
nto the graduated jar, c. The superior density
of the mercury renders it unnecessary tousethis
expedient in ascertaining the bulk of the vapour.

The measurement by means of water may be dispensed with,
by having a vertical burette with compression stopcock accu-
rately divided, and capable of indicating } centimetres; 1t is
filled to the normal point with mercary and, previous to removing
the condensed fluid, the metal is to be allowed to run into the
globe until the liquid arrives at the orifice ; the quantity of mer-
cury required to do this gives at once the volume of the residual
air. I found this method to cause great saving of time, where many
vapour densities had to be taken in succession.

135. The following very simple and (for most chemical purposes)
sufficiently accurate formula*, will give the density of a vapour,
from an experiment conducted as above, in a minute or two; and
will, even where it is intended subsequently to recalculate the
experiment with all the corrections, be found useful to determine
whether an experiment has been successful.

D=the required density of the vapour;

P = difference in weight between globe and air and globe and

vapour ;

# J. Miiller, Annalen der Chemie und Pharmacie, xxviii. 162, and Liebig's
Handbook of Organic Analysis, p. 114.
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V = capacity of balloon in cubic centimetres;
v = residual air;
n,= weight of one cub. cent. of air, at temperature at which
the globe filled with air was weighed;
n,= weight of one cub. cent. of air, at temperature of sealing
the globe; we have therefore
D= P4Vn,

(V—v) ny,

The values of », and ny may be obtained without calculation by
means of Tgble XVII., remembering that the latter is calculated
for the Centigrade scale; and that if, therefore, the temperature
was observed by a Fahrenheit thermometer, the degrees must be
reduced to Centigrade by means of Table I.

136. If baths of fusible metal are to be employed, the fol-

lowing formuls will be found useful.
Fusrsre METAL.
Melting-point 200°. Melting-point 2084,
1 part lead. 6 parts lead.
1 part tin, 8 parts tin,
2 parts bismuth. 8 parts bismuth.

It is very advantageous, in determining the vapour densities of
bodies not previously examined, to make the experiment at gra-
dually increasing thermometric intervals, for some bodies only
obey the laws of permanent gases when heated very considerably
above their boiling-points; for example, acetic acid (monohy-
drated), with a boiling-point of 240° at the normal pressure, gives
the following densities at different temperatures :—

267° . 8180 838° . 2480 464° . 2090
266 . 8108 856 . 2-488 518 . 2088
284 . 2907 874 . 2878 690 . 2-086
802 . 2727 8393 . 2248 608 . 2-083
820 . 2604 428 . 2182 687 . 2083

It is sometimes the case that the vapour densities of bodies
have to be determined whose boiling-points lie near that at which
they begin to decompose; it is then very desirable to make the
experiment under a pressure so much diminished that the sub-
stance will distil considerably below the temperature at which it
undergoes change. For this purpose, M. Regnault proposes the



102 CHEMICAL MANIPULATION,

following arrangement :—A capillary tube, a b, fig. 81, ending in
an enlarged portion, ¢ d, is attached to the balloon  Fig, g,
with the aid of the blowpipe; the balloon beingim- d c
mersed in the bath, it is, by jmeans of the tube
¢d, made to communicate with a large bottle placed
in a water-bath, kept at a constant temperature,
not greatly differing from that of the atmosphere,
A second tubulature in the bottle communicates with a mercurial ‘
manometer, which Fig. 82.

constantlyshows the
internal pressure, €
and also with an air-
pump, by means of
which the air in the
bottle and balloon is
reduced to the re-
quired degreeof elas- 'J
ticity. The experi-
ment is then con-
ducted in the same
manner as usual, it

being only necessary il]
to substitute in the
formula the elastic Z m
force of the air ob-
served on the mano-

meter for the ba- 1%
F
rometric pressure®, ,=g

137.Itnowremains g ”
todescribe thesecond @
process (devised by $=\ \
M. Gay-Lussac) for determining the volume occupied by a given
weight of substance at a known temperature and pressure.

® Where extreme accuracy is desired, or where the above modification
becomes necessary, the reader is referred to M. Regnault’s work, which con-
tains a very convenient formuls, including all the corrections. ‘

|}
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For this purpose, a glass jar, ¢, fig.82, divided into cubic centi-
metres, is perfectlydried, and, after filling with mercury, is inverted
in a pot of the same metal ; a little very thin globe containing the
fluid is then passed up under the mercury, so as to rise to the
top of the bell- , ¢. A glass cylinder, open at both ends, is
then lowered over the bell-jar, the latter being kept in the axis of
the cylinder by means of three projections affixed to & small ring,
g, sliding stiffly over the bell-jar. The cylinder is held steady by
the ring, d, attached to a vertical rod, ¢ f, passing through a
nut, A, which is screwed to the iron pot. The vertical rod carries
another arm, i %, having three apertures, one of them serving to
admit the end of a rod, a b, the lower end of which carries a cap,
b, which, by slipping over the top of the jar of mercury, assists, in
conjunction with the three projections previously mentioned, in
keeping it vertical and in the axis of the cylinder. Two other
apertures in the arm serve to hold pierced corks through which
pass the thermometers ¢ #/. Another arm, I m, on the other side
of the pot, is for the purpose of supporting a double-pointed screw,
n o, the use of which will be mentioned presently. The cylinder
is to be filled for an inch or two above the mercury jar with some
fluid capable of supporting, withoutblackening, atemperature consi-
derably above the boiling-point of the substance the vapour-density
of which is to be determined. Water and neatsfoot oil will suffice
for most purposes. The line, & p, shows the height of the fluid.

The gaslight, ¢r, being lit, the fluid graduslly rises in tem-
perature, and, before long, the globe will have broken by the
expansion of the included fluid, its vapour gradually depressing
the mercury in the bell-jar. If water is used (and the process
is better adapted to fluids the boiling-point of which is below 212°
than to those which exceed it), the heat is to be permitted to rise
until it boils; the volume of the vapour, the height of the baro-
meter, and the exact temperature are then to be noted.

It is evident that the external pressure is balanced partly by
the vapour and partly by the column of mercury which rises in
the jar above the level of the mercury in the pot. To ascertain the
height of the latter, we note the division on the bell-glass to
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which the inner level of the metal ‘corresponds; the screw, n o,
is then carefully turned until its lower end just touches the sur+
face of the mercury. The water is then siphoned off, the inte-
rior being dried by filtering-paper; by this operation the metal
will have receded from the screw, and more is to be added, until
it again exactly touches its point. The mercury is now on the
same level on both sides of the cylinder, and it is to be observed
to what division on the bell-glass this level reaches. The distance-
between the two points thus observed on the jar is the correct height
of the column of mercury, which, being reduced to 32° is to be
deducted from the height of the barometer (also reduced to 32°), in
order to obtain the true pressure to which the vapour was subjected.

Having thus ascertained the volume which a known weight of
substance occupies at a given temperature and pressure, we have
merely to compare these data with the weight of the same volume
of air at the same temperature and pressure.

The weight, W, of a known volume, V, of air at a given tem-
perature, T, and pressure, P, may be obtained by means of the
following formula :—

W=00012932 grm. V. {roesiri-reer

By using a gas-flame, as represented in fig. 82, instead of the
furnace usually directed, much assistance is gained in regulating
the heat; for where the density is to be taken at comparatively
low temperatures, it is otherwise difficult to make the thermo-
meter immersed in the cylinder of water indicate the same tem-
perature for even a few minutes.

I have contrived an entirely different apparatus for determining
the densities of vapours, by measuring the volume of their vapour
under known circumstances of temperature and pressure. It
possesses some advantages over that described, inasmuch as it
permits the pressure to be increased or diminished at pleasure;
and enables us therefore to determine whether the vapour de-
parts from the law of Mariotte at increased pressures. Another
advantage is, that the heat is derived from steam thrown into the
cylinder of water which serves to heat the bell-glass containing
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the vapour; we are not therefore incommoded by the heat of the
apparatus, while reading off the volumes: the quantity of mer-
cury required is also very much less. The results will be given
in the Appendix.

138. Densities of Gases.—There are several modes of determin-
ing the densities of bodies which are gaseous at ordinary tem-
peratures. We shall confine ourselves to those which have been
found in practice to yield the best results. The first of these
is that of M. Regnault, and is detailed in his magnificent work on
the laws of, and data for the steam-engine®. The annexed account,
although condensed, will enable any person to use the method.

In order to lessen the influence of small but unavoidable errors
of weighing, &o., large balloons, capable of containing 10 litres,
are used. The balance also is large, but of great delicacy; for
when charged with one kilogramme in each pan, it permits with
certainty an appreciation of half a milligramme.

It is evident that the apparent weight of the balloons will be
less than the real weight by an amount equal to the weight of a
bulk of air of the same volume as the exterior bulk of the balloon ;
but if the density of the air remains invariable between the weigh-
ings, no error need be feared on that score ; however, this is seldom
the case. The temperature, humidity, and atmospheric pressure
change so much, that great errors may be introduced, unless some
method of obviating them is made use of. With this intention,
the balloon in which the gas is weighed is counterpoised, not en-
tirely by weights, but chiefly by another balloon of the same kind
of glass, and of the same bulk. To do this, it is necessary to
determine the volume of air displaced by the balloon in which
the gas is to be weighed, and which we will call a. It is to be
filled with water, and then weighed in water of the same tem-

¢ < Relation des expériences entreprises par ordre de Monsieur le Ministre
des trsvsux publics, et sur ls proposition de la commission centrale des
machines & vapeur, pour déterminer les principales lois et les données nu-
mériques qui entrent dans le calcul des Machines & Vapeur. Par M. V.,
Begnault,” Mémoires de I'Académie Royale des Sciences de I'Institut de
France.
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perature. The apparent weight of the balloon in water is so
small, that this may be effected on the balance to be used for the
densities. The balloon is now to be removed and weighed, after
wiping, but still filled with water, on a strong balance capable of
indicating one decigramme, The difference in the two weighings
is equal to the weight of water displaced by the external volume
of the balloon. Another balloon, b, fig. 83, of nearly the same capa-
city a8 a, but, preferably, a little smaller than that of the first and
its stopcock, and made of the same kind of glass, is taken, and has

v\%
N

cemented to it a brass mounting, terminating in a hook, to enable
it to be suspended from the balance-pan. If the united weight
of the water displaced by the balloon, 3, and its mounting is less
by n grammes than the weight of the water displaced by the
balloon, a, we must attach to b a glass tube closed at each end,
and having an exterior bulk=n cent. cub. of water®.

* Because 1 cent. cub. of water weighs 1 gramme.
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The engraving, fig. 83, shows the method of suspending the
balloons beneath the scale-pans of the balance, in a chamber

closed with glass doors to prevent currents of air.
The flask, @, has a stopcock attached to it, which allows it to
be connected either with a three-way tube communicating with

Fig. 84.

the gas-holder®, or with the air-pump. The air having been
removed a8 completely as possible, the gas is allowed to enter,
® Of oourse the gas must be absolutely pure and perfectly dry.
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but, as a small amount of air still remains, the operation is to be
Fig. 85.

repeated twice. Previous to the third
time of filling the globe, it is, after as
complete exhaustion as possible, to be
placed in a case, a b, fig. 84, and covered
with melting ice; the cock being opened,
the globe is allowed to fill with gas, and
when full, a momentary communication
is made with the atmosphere to equalize
the pressure; the cock, ¢, is closed, the
globe removed, wiped with a damp cloth
to prevent electrical excitation, which
might cause serious errors in the weigh-
ing, and suspended on the balance. It
is not weighed until two hours have
elapsed, so as to permit the temperature
to become the same as that of the
balance-case, and thus obviate currents
of air, and also that its surface may be
covered with the normal amount of
humidity. After careful weighing, the
balloon is placed anew in the case, a b,
fig. 84, surrounded with ice, and the gas
removed by the pump. It is necessary
now to ascertain both the atmospheric
pressure and the elastic force of the gas
remainingintheballoon; forthispurpose,
an instrument called a barometric mano-
meter is made use of. It consists of two
tubes, A Band C D, fig. 85, attached to a
support, which is secured perpendicu-
larly to a wall. The tube, AB, is a baro-
meter of 20 mm. interior diameter; the
metal in the tube having been carefully
boiled, it is inverted in a cistern of dry
mercury. This cistern is a box divided

SOURARE S i o o T L e —————
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into two parts, the smaller of which serves for the cistern of the
barometer. Into the second compartment is plunged the tube, C D,
which has the same diameter as A B. CD is capable, by means of a
leaden tube, a b, of being placed in communication with the balloon.

‘When it is intended to ascertain the atmospheric pressure by
means of this instrament, mercury is poured into the cistern until
it rises above the level of the division, m n. The double-pointed
screw, V, is then adjusted until its lower end just touches the sur-
face of the mercury. If, now, we measure, by means of a cathe-
tometer, the difference of level between the surface of the mercury
in the barometer and the upper point of the screw, and add to
this the length of the screw previously ascertained, we have the
height of a column of mercury exactly balancing the atmospheric
pressure. The tube, C D, of the manometric apparatus, is, as we
have said, to be placed in communication with the air-pump and
the balloon, by means of the three-way tube and the leaden pipe
a b. The gas having been removed, the cock communicating
with the air-pump is closed, and the difference of level between
the two columns of mercury in the tubes, A B and C D, is mea-
sured by a cathetometer; this difference is the measure of the
elastic force of the gas remaining in the balloon. A thermometer,
T, indicates the temperature at the time of the experiment.

The division, m n, in the cistern is necessary, in order to pre-
vent air reaching the barometer in consequence of the great oscil-
lations in the level of the mercuryduring experiments. The balloon,
thus again exhausted, and having the elasticity of its residual gas
known, is to be closed, removed, wiped and weighed as before,

The difference, P — p, between the two weighings represents the
weight of the gas, which at 0° Cent.=32° F. fills the balloon
under a pressure equal to the barometric pressure, H, observed at
the moment of closing the cock, diminished by the elastic force, %,
of the gas remaining in the balloon after making the exhaustion.
The weight of the gas at 0° Cent. and under the normal pressure
of 760 mm. (29-922 inches), is obtained by the formula

760
=) g

—d b e et bl d ek M e ol -
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139. A convenient method of taking the densities of gases is that
described by Dr. Frankland in his researches on the isolation of
the organic radicals. The same, or nearly the same, process was also
used by Dr. Kolbe in his experiments on the electrolysis of organic
compounds, the only difference being, that in the latter case the
gasometer used (that described below) was one of more general
applicability than that used by the former chemist. The follow-
ing is the method of performing the operation :—The gas evolved in

Fig. 86.

ﬁ/‘q:)-#gp—“

\J

an experiment arrives through a chloride-of-calcium tube, a, by
which it is dried; it then passes into the gas-holder, b, which
consists of a cylinder of glass 3 inches in diameter and 11 inches
in height, containing an inverted bell-jar, open at the lower
extremity, and enclosing one vertical branch of each of the two
U-shaped tubes, ¢ and d. The bell-glass is fixed by a holder in
its lowest position, and the apparatus filled with mercury to such an
extent that the two tubes, ¢ and d, through which the air contained
in the bell-jar is expelled, rise only a few lines above its surface.
Each of the caoutchouc connectors, ¢ and f, has a piece of glass
rod inside, small enough to allow of the passage of the gas under
ordinary circumstances, but enabling the apertures to be securely
closed by means of & silk ligature. The tube, d, communicates
with the delivery-tube, g, which is so placed that its extremity
may readily be dipped beneath the surface of mercury in a trough.
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The gas is to be passed through the system of tubes and away
by g, until all the air in the apparatus is expelled; the valve, f,
being then tied, the gas accumulates in the inverted bell-jar,
which is allowed to rise to a proportionate degree by means of the
holder previously mentioned. When a sufficient quantity of gas
is collected, the valve, ¢, is tied, and f being opened, the bell-jar
is depressed and the gas is collected by the aperture, g. The
density is taken in a light flask, capable of containing upwards of
200 cub. cent., and having a millimeter scale etched upon its neck.
A few pieces of fused potash having been introduced into this
flask (if the gas has been collected over water, in which case the
drying tube, a, is unnecessary), and fixed to the glass by being first
moistened with water and then gently heated, it is to be filled
with mercury, and inverted in a vessel eontaining the same metal.
The aperture, g, is placed under the neck of the flask and intro-
duced within it, so that the orifice is above the level of the exter-
nal mercury. The gas is allowed to enter until the internal and
external mercury stand at the same level. A thermometer being
now brought into the vicinity of the apparatus, the whole is
allowed to remain for several hours in a room of constant tempe-
rature until the moist gas is dried by the potash. The thermo-
meter, barometer, and height of the internal eolumn of mercury
above that in the outer vessel, are then read off by means of a
telescope placed at the distance of a fow feet, and the flask, after
being securely stopped, without bringing the hand in contact with
it, is to be weighed, afterwards filled with dry air, and lastly with
mercury, the weight being taken in each case. If the apparatus
for holding the gas has been filled with water, including the ingress
and egress tubes, as is sometimes convenient, then the orifice, g,
being inserted below the mercury of the trough, the water which
escapes is to be removed from the surface of the metal by blotting-
paper before inserting the exit-pipe into the neck of the flask.
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SECTION X.

SOLUTION.

140. It is well known that one of the greatest obstacles to the
free exertion of chemical affinity is the attraction of aggregation,
the force, namely, by means of which the particles of bodies are
held together ; pulverization to a great extent obviates this source
of sluggish action; but solution, by separating the particles to
considerable distances, and by conferring mobility upon them,
enables bodies which have a tendency to react upon each other,
to do so, and that under the most favourable circumstances, for
allowing a free exercise of their mutual action.

Moreover, by solution we are frequently enabled to separate
substances of unequal solubility from each other; sometimes the
separation is perfect, while at others the operation has to be re-
peated many times to ensure a complete division.

141. Water is by far the most widely employed and generally
oonvenient solvent, but there is scarcely any liquid procurable
with moderate ease, that may not be used with advantage under
certain circumstances. It becomes therefore an extremely im-
portant matter that the chemist should so familiarize himself with
the deportment of substances towards solvents generally, that he
may in most instances be able with certainty to pronounce upon the
best menstraum to be employed in any case which may come under
his observation.

Among the fluids in ordinary use in research, the following may
be mentioned ; they are placed nearly in the order of their fre-
quency of application:—Water, acids, alcohol, ether, alkaline
solutions, wood-spirit or methylic alcohol, benzole, chloroform,
and turpentine,

142, A fow instances of the circumstances in which each of
these liquids are applied will be of serviee to the beginner, and
are properly prefaced by a glance at the general properties of
solvents,
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No fluid should be applied at random in endeavouring to bring
a solid body into solution, but in every case it should be carefully
considered what the object is that has to be attained ; whether,
for instance, it is desired merely to dissolve, or to have a chemical
action exerted, and if the latter, of what kind. If the substance
be a salt, water will generally effect our purpose; a little may be
introduced in the state of powder or small fragments into any of
the vessels mentioned below, and, water being added, the vessel
must be agitated; if the substance disappears, the question is
answered ; if otherwise, the mixture is to be boiled, and, if still
ineffectual, one or more of the solvents to be mentioned must be
tried, carefully considering the chemical action which it is capable
of exerting.

143. The acids most generally in use are the hydrochlorie,
nitric, sulphurie, acetic, and hydrofluoric; the first of these is
the most resorted to in inorganic chemistry, as its compounds
with metals are pretty generally soluble; and, moreover, its che-
mical effects are more limited than those of the nitrie or the sul-
phuric. It is particularly valuable in analysis, from the fact of
its forming an insoluble chloride with silver; if, therefore, we
precipitate the chlorine of a& metallic chloride by nitrate of
silver, we at once, by ascertaining the amount of the latter, get
a clue to the formula of the salt under examination. Chlorine,
moreover, forms an insoluble protosalt with mercury, and a diffi-
cultly soluble one with lead ; most other chlorides dissolve with
comparative ease in water, and many are extremely deliquescent.
On the other hand, we are acquainted with many examples in
organic chemistry, of salts which are regarded in the light of
bi-hydrochlorates and are yet almost insoluble. We may adduce
in this manner, the bi-hydrochlorates of the chloro-compounds of
some alkaloids and the bi-hydrochlorate of platino-pyridine.

144. In organic chemistry hydrochloric acid has many uses,
as, for example, in extracting alkalies from plants, and conden-
ging ammonia and other volatile bases in processes undertaken
with a view to their purification or estimation: the chlorides of
all the volatile bases, except ammonia, are exceedingly soluble
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in aleohol ; we thus have a valuable method of separation ; and it
is singular that the presence of the chloride of a volatile base dimi-
nishes the solubility of sal-ammoniae in alcohol, and thus greatly
increases the accuracy of the result.

145. Nitrio acid has many, and in fact, almost an equal num-
ber of uses, but of a different kind; before using it, we must
remember its peculiar tendency to part with oxygen to the metals
or other substances dissolved in it; in many instances this pro-
perty may be turned to valuable account, but in others the re-
verse happens. Tin and antimony are converted into insoluble
peroxides by its action, and are sometimes by this means sepa-
rated from other metals which form soluble salts with it. Iron,
or its proto-compounds, are quickly converted, especially on boil-
ing, into salts of peroxide ; copper, silver, and a few other metals,
are more readily dissolved in nitric than any other acid.

It must not be forgotten, that nitric, and indeed most acids,
act in very different ways, as they are more or less diluted ; for
instance, nitric acid has much less oxidizing action when very
weak and at low temperatures, than when stronger and at higher
temperatures; very weak nitric acid acts on excess of metallic
iron with formation of protonitrate; but if the solution be
even moderately heated, yellow fumes are evolved, and a per-
nitrate is the result. Again, if to a mixture of the oxides of
cerium and lantanium which has been ignited, an acid solution
containing 99 parts water and 1 part nitric acid be added, the
oxide of lantanium is dissolved, to the almost complete exclusion
of the cerium.

146, Sulphuric acid, in its concentrated form, has comparatively
fow uses as a mere solvent, but in a diluted state it acts upon
some oxides and metals with ease ; it is characterized by the in-
solubility of its compounds with lead, baryta, strontia, and lime ;
the three first being almost entirely insoluble in water, and the
latter equally so in spirits of wine.

147. Hydrofluorio acid is extremely limited in its application,
being seldom used except for the purpose of separating silica from
compounds, from which it is with difficulty removed by other
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means ; hydrofluosilic acid being volatile, it may be expelled at a
moderate heat.

148. Alcohol is much employed in organic chemistry as a sol-
vent for alkaloids and numerous other bodies ; one of its uses has
already been alluded to under hydrochloric acid ; it is also a solvent
for some resins, and in fact, its uses in the organic are almost as
manifold as that of water in the inorganic branches of the science.
It is frequently necessary to subject organic bodies, generally
mixtures from which it is wished to extract certain soluble con-
stituents, to the action of alcohol or ether for a very long time, in
order to thoroughly exhaust them.

149. Ether is chiefly used for dissolving resins and resinous
matters, also as a solvent for fatty acids and many other sub-
stances.

150, Alkaline solutions.are seldom used as solvents in inorganic
chemistry ; alumina, glucina, and uranium are, perhaps, the most
commonly occurring instances; but in the organic branch many
crystalline substances are separated from resinous impurities by
means of them.

151. Wood-spirit is sometimes employed for the same purposes
as ether, but its uses are more limited ; it forms a good menstruum
for shell-lac when required in the fluid state for cement. Its pro-
perties a8 a solvent are perhaps less known than those of alcohol
and ether, and it is probable that they may be very much extended ;
methylated spirit, however, may be used with as good results
as pure alcohol for almost every purpose requiring a spirituous
menstraum.

152. Benzole, or the lighter portion of coal naphtha, boiling at
176° Fahr., is becoming much used as a solvent for alkaloids,
especially for quinine, as in the processes of Herring and others;
it may also be used for the preparation of cantharidine, strychnine,
and many other organic bodies.

153. Chloroform is sometimes, but rarely employed; a solution
of gutta percha in it is used as a species of collodion, and amber
dissolved in it forms a beautiful varnish for photographic purposes.
It also dissolves camphor and other resinous matters.
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154. Turpentine holding camphor in solution is used as an
assistant in glass-cutting with files, and other operations which
will be mentioned in their proper places; it moreover dissolves
caoutchouc, resin, and many other substances.

155. Apparatus for Solution.—The apparatus for containing
substances while exposed to the action of solvents, is generally
of the simplest character, consisting of test-tubes, retorts, flasks,
basins, and porcelain and platinum capsules. They will be noticed
in the order in which they have been named.

156. Test-tubes are of almost universal application in che-
mistry ; they are thin cylinders of glass with rounded bottoms;
the most convenient forms are those in figs. 87, 88, and 89, where
they are depicted half the real size.

157. Where substances are
to be dissolved in acids, and Fig. 87.
much vapour is evolved in the
operation, it is essential, if
exactitude is required in the
experiment, to prevent the loss
of particles mechanically re-
moved with the.escaping steam.

This may be effected by placing
the flask in a sloping direction ;
or, if the matter is carried over
partly chemically and partly
mechanically, as is the case
with osmium during the solu- -
tion of the ore of platinum in

aqua regia, it is better to use

a retort and receiver, as in fig. 90.

The forms of flasks which may be used for solutions are very
various, and depend, to a great extent, upon the fancy of the
operator. It is advisable to have them, when required ex-
clusively for solution or precipitation, of the shape shown at
fig. 94, which, it will be seen, has no shoulder or projecting
parts where any solid matter can lodge, so as to be with dif-

Fig. 88. Fig. 89.
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ficulty removed. They may be held during the operation upon
any of the supports mentioned Fig. 90.
in the section upon that sub-
ject. Itisbetter to have them
with flat bottoms. The flasks,
figs. 91 and 92, are extremely
useful for various analytical
purposes during solution, filtra-.
tion, digestion, or precipitation ;
but other forms are required in
various other processes, and
will be described in their proper places.
The porcelain vessel, fig. 93, is very convenient, from the ease
with which it can be cleaned out, and the porcelain capsules (figs.

Fig. O1. Fig. 02. Fig. 98. Fig. 94.

t “"

|

ﬁ%. Fig.95.

Fig. 96.

95 and 96), from the facility with which they are handled when
hot. Beakers (figs. 97 and 98) are vessels of perhaps more ex-
tended use than any others in the laboratory; there is scarcely
an operation in which they are not more or less required. From
their thinness, they admirably withstand sudden changes of tem-
perature ; and their form particularly adapts them for precipita-
tions, from the extreme ease with which every particle may be
removed. They are generally sold in nests, and the laboratory
should be well stocked with them.

158. Several glass rods, formed from what is known in the
glass-houses as ‘cane” by cutting off lengths with a file, as
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described under glass-cutting, and rounded by fusion at the ends,
Fig. 97. Fig. 98.

must be provided as an adjunct to the other apparatus for so-
lution,

159. It should be remembered that great advantage is derived
from a minute state of division, when it is desired to bring re-
fractory substances into solution; as an instance of this, may be
cited the fact, that if a little flint-glass be very finely powdered,
and, after moistening, be laid on reddened litmus paper, the latter
will be restored to its original blue by the alkali dissolved out of
the glass by the water®.

160. It is of great importance, when a flask containing a solid
matter and a fluid is to be heated, that the temperature is not
raised too rapidly, as it is liable to endanger its safety; and the
moisture which almost invariably condenses on the bottom should
be removed with a cloth. Flasks, and other glass or porcelain
vessels, when hot, must not be placed to cool on rapidly conduct-
ing surfaces, as such a proceeding is almost sure to cause its
fracture. A very convenient stand for this purpose may be easily
constructed, by winding list round tin or copper rings. A cold
liquid should not be added to another when boiling; if unaveid-
able, it must be poured in by small portions, and over different
parts of the surface of the hot fluid.

* See also Pelouze on the action of water on glass, Chem. Gas., Sept. 15,
1856, and Comptes Rendus, July 21, 1856, p.117.
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161. Many substances during solution emit corrosive and offen-
sive fumes; such cases may be met by placing the vessel emit-
ting them under a hood or chimney, or in the close closet; or
if none of these appliances are at hand, a tube may generally be
adapted to the apparatus which will convey the vapour out of
the window.

The arrangements for forming solutions of gases in water be-
long to the section on Gas Manipulation, and will be described tn
that portion of the work.

There are several operations in organic chemistry in which the
object is to extract the soluble parts of plants. Sometimes this
may be done by mere infusion, which consists in pouring a hot
liquid upon the substance whose valuable parts are to be ex-
tracted. Decoction consists in boiling the material to be exhausted,
for & considerable time ; it is chiefly resorted to in manufacturing
processes.

162. Percolation is frequently had recourse to Fig. 99.
in research, to extract the soluble constituents of
vegetable substances. On the small scale, the
apparatus, fig. 99, may be made use of ; the lower
end of the long tube at e is closed with a cork
cut in notches, so as to allow the passage of
the fluid; the vessel is then filled with broken
glass to a, and moderately fine quartz sand to b;
the substance to be exhausted is placed above
this, and the solvent carefully poured on so as
to avoid disturbing it ; if properly done, the men-
struum will slowly drop into the vessel, ¢; but
even then the powder or other matter to be ex-
hausted remains saturated with the liquid, and
the latter has absorbed all the virtues of the
material. We have now to displace this por-
tion absorbed, by adding more of the liquid, equal
in quantity to that remaining among the powder,
in the same way that the first was introduced;
the fresh liquid displaces the saturated portion,
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which then drops into the lower vessel, and is ready for examina-
tion. If spirit is employed, the greater part may be recovered by
distillation. The tube, d, is to allow the air to escape as the fluid
drops into the lower vessel: it is advisable, where spirit is used
in this process, to adapt a tube with a small aperture to the upper
opening of the vessel, ¢ f, so as to allow enough air to enter to
permit the descent of the menstruum, without at the same time
permitting the spirituous portion of the solvent to escape.

163. M. Payen has contrived an )
apparatus for extracting the soluble Fig. 100.
constituents of organic bodies by con-
tinuous distillation. It is represented
in fig. 100, where a is a two-necked
flask, the longer of the two orifices
being fitted with a tube, b, intended
to contain the organic matters to be
exhausted ; they are packed with
equal care to those intended for the
ordinary process. The flask, which
contains alcohol or ether, is heated
by the water-bath, e, the temperature
of which is regulated by means of the
thermometer, 2, supported by a cork
attached to a rod sliding on the ver-
tical bar, ff, which in its turn is sup-
ported by passing through an aper-
ture capable of being tightened with
a screw. The vapour of the alecohol
passes by the tube, ¢ ¢, into b, where =
being condensed among the animal or —
vegetable matter, it falls back into the flask, to be again raised
as before. The three-bulbed apparatus, d, acts as a safety-
tube, and also serves to condense any of the spirituous vapour
which might otherwise be lost. The digesting vessel, 3, is
supported by the clamp, & %, which slides on the rod, ff. The
gas-burner, k, enables the temperature of the bath to be regu-
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lated with more nicety than could be done with a spirit-lamp.
The tripod is supported over the gas by the blocks of wood, 7 .

164. In making solutions in analyses, it is constantly necessary
to pour from one vessel to another, without spilling any of the
liquid ; and it is usual to have lips or spouts to vessels to facili-
tate the operation; but in most cases it is quite impossible, in
spite of this arrangement, to prevent a small portion of the fluid
from running down the outside of the spout, and consequently we
are liable to a loss from this means sufficient to render an analysis
worthless. In fact, when the vessels used have a flange (as in
beakers, for instance), it becomes not only unnecessary, but a
disadvantage, to have spouts; and with test-tubes and flasks,
they are a great inconvemience. It is usual amongst chemists
to prevent any source of error arising in this way, by first
slightly greasing the lip of the ves- Fig. 101.
sel, and then pouring down a rod
in the manner represented in the
engraving, fig. 101 ; it is possible
thus to avoid even the slightest
loss, and the student should omit
no opportunity of acquiring dex- ‘
terity in operations of this kind.

It is advisable not only to apply
a little grease to the lip of the
vessel, but also to wet the rod with
the liquid to be transferred, and,
after plamng it against the edge, in——
to slowly raise the vessel until the fluid meets the glass rod; it
will then run down it with perfect regularity, and may be directed
even into the neck of a small flask as conveniently as by the use
of a funnel.

165. Where basins are used for purposes requiring heat, the
bottoms should be extremely thin, to enable them to bear rapid
transitions of temperature; flasks also should have the bottoms
thin; but as they are frequently used for gas manipulation and
distillation, the necks should be somewhat stouter.

(]
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It is important to observe, that when a flask is to be placed
upon a hot sand-bath, the bottom should be quite dry, as other-
wise the water being converted rapidly into steam, scatters the
sand about, and in all cases there is danger of fracture to the
vessel if the precaution is neglected.

Much care is required in introducing weighed quantities of
pulverulent substances into flasks where accuracy is desired ; if,
for instance, a piece of rough paper is used, or even if it be po-
lished and yet not perfectly dry, the powder is liable to adhere,
and thereby involve a loss; moreover, if the edge is not cut, irre-
gularities will mechanically retain a portion of the material. Let
it be supposed that a soluble substance is to be introduced from
the platinum crucible, in which it was heated to redness and
weighed, into a flask, as in the analysis of soda ash, by the me-
thods of Fresenius and Will or Parnell ; a flask must be selected
the neck of which is not too narrow, and the contents of the
crucible being dropped carefully into it, the washing-bottle (§ 200)
may be used to rinse the crucible out. If, on the contrary,
the substance is insoluble, and yet it is essential to transfer it
into another vessel previous to its being dissolved, it may, as
far as possible, be removed by dropping it from one vessel to
the other, and the particles adhering to the first must be
washed out by directing a stream of water upon it. The wash-
ing-bottle by which this is performed will be described in its -
place, at p. 142,

166. In operations connected with solution, it is necessary to
be made acquainted with some circumstances which modify the
solubility of substances in water ; for instance, lime, which is only
slightly soluble in pure water, dissolves abundantly in a mode-
rately strong syrup, and the alkaline reaction of the lime is not in
the slightest degree affected. This property may be made avail-
able in the solution of several analytical problems; a liquid of the
kind is used by M. Peligot in his process for estimating nitrogen.

It is not uncommon in organic investigations to find erystals
deposited, which on examination prove to be merely sulphate of
lime, the solubility of which is, under certain circumstances,
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greatly increased by the presence of organic matter. The student
will also find in his Manuals of analysis how greatly the action
of reagents is modified by this cause; one instance among many
is the difficulty of precipitating oxide of copper by potassa in
a solution containing sugar or other vegetable or animal sub-
stances.

In organic chemistry it is a common process to separate one
substance, or group of substances, from complex mixtures by
taking advantage of the solubility of one of them in some men-
struum to the exclusion of the others; thus, the acids of coal oil
may be separated by agitation with a strong solution of caustic
alkali, and the bases from the same source may equally well be
removed by agitation with acids.

One group of hydrocarbons may sometimes be separated from
others by treating the mixture carefully with faming nitrie acid:
the benzole and C* H* series dissolve, and fluids which I have
ascertained to possess the composition and other properties of
some of the organic radicals are left unacted on®,

® Proceedings of the Royal Society, May 22, 1856, and January 22, 1857.

2
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SECTION XI.
PRECIPITATION.

167. Precipitation is one of the most valuable processes for
separating substances from each other, and is perhaps- the
most frequently used operation in research. It depends upon
the conversion of substances from a soluble to an insoluble state,
with reference to the menstruum employed. When a substance
in solution has a reagent added to it which contains a body
capable of forming with it a comparatively insoluble compound,
the latter falls to the bottom of the liquid with different degrees
of readiness, depending upon its state of density, aggregation, or
insolubility, and is then said to be precipitated. It sometimes
happens, although the matter previously in solution becomes in~
soluble and separates, that, from its want of density, it floats or
remains suspended ; nevertheless, by a convenient expression, it
is generally said to be precipitated.

The instance last alluded to, where a substance is added capable of
forming an insoluble compound with the matter which it is wished
to separate, is by far the most common kind of precipitation, but
there are numerous other cases ariging from very different cir-
cumstances. A change of temperature of the solvent will fre-
quently induce precipitation, but then the matter separating
in the solid state frequently assumes a regular form, and is
said to crystallize, the term precipitation being more frequently
used to designate an amorphous condition. As an instance of
the effect of temperature upon precipitation, may be cited the case
of an admixture of a soluble salt of lime with a very dilute solu-
tion of a soluble sulphate ; no precipitation takes place in the cold,
but, on boiling, the sulphate of lime assumes the crystalline form
and precipitates. Titanic acid is sometimes separated in the
insoluble state by the mere boiling for a considerable period of
the solution containing it.

168. Precipitation is also frequently effected by converting
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substances from one state to another, by passing a gas, generally
earbonic acid, sulphuretted hydrogen or chlorine, into a solution
containing them. Alteration of the nature or proportions of the
solvent present will also effect precipitation: if excess of nitris acid
be added to a moderately strong solution of nitrate of baryta, the
salt is precipitated, being comparatively insoluble in nitric acid ; it
is highly desirable to be quite familiar with cases of this kind,
persons often concluding that nitric acid contains sulphuric acid
from the fact, that, on adding strong solution of nitrate of baryta
to the undiluted acid, they have found a white powder fall. The
precipitation of alcobolic solutions of the resins and of camphor
by the addition of water is also & somewhat similar case.

169. It will be seen, from what has been said, that precipita-

tion is one of the best and most generally applicable means of
separation of bodies, and that it is essential for the student to
acquire a good general knowledge of the nature of precipitates,
and of the methods of separating substances by this means as a
step towards their estimation. A careful operator will always
consider, before adding a precipitant, the order of sequence, and
the substance best adapted for the purpose. If, for example, it
be desired to ascertain the presence of sulphuric and hydrochloric
acids in the same portion of & solution, some judgment is re-
quired ; for, if chloride of barium be added to demonstrate the
presence of the sulphuric acid, it becomes impossible to test the
same portion of liquid for hydrochloric acid, as chlorine has been
introduced in combination with the baryta; but if nitrate of
baryta be added, and the precipitated sulphate be filtered off,
it is possible to detect the chlorine in the filtrate by nitrate of
silver.
. Tt will be seen to be imperative that a pure salt be used in
testing, for if the nitrate of baryta used is contaminated by the
presence of chlorine, of course & source of error is at once intro-
duced. Fortunately, however, nitrate of baryta is more easily
freed from chlorine than most other salts,

170. Sometimes it is desirable to remove one substance from a
solution without introducing any other matter into the resulting
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product, as in precipitating the sulphuric acid from the sulphates
of potash or soda in the process for preparing the pure caustic
alkalies ; this may be done by adding caustic baryta somewhat
in excess to the solution until the whole of the sulphuric acid is
rendered insoluble as sulphate of baryta, the small excess of
baryta being easily removed, for as the liquid is boiled down, it
attracts carbonio acid from the air and becomes insoluble,

171. Where exact precipitation is required, as so frequently
happens in analytical operations, the precipitant must be added by
degrees, it being generally advisable to agitate the liquid the whole
time, in order to facilitate subsidence; this may be done by stir-
ring with a glassrod. 'When the solution to which the precipitant
has been added is dilute, it is generally easy to ascertain the com-
pletion of the process, because the precipitate falling leaves a
portion of the liquid clear, so that the action is easily controlled ;
but where strong solutions are used, the fluid frequently becomes
nearly solid (this is well seen by adding ammonia to acid solu-
tions of cinchonine, quinine, or peroxide of iron); here it is
advisable to dilute the whole of the solution with water, but
if this is inadmissible, a little of the mass may be stirred up in
a small glass with a little water, and, after filtration, be tested.
It is requisite in cases of this kind to thoroughly stir the thick
mass before any is removed to be tested, as otherwise it is im-
possible to make sure that the precipitant has been perfectly
incorporated with the solution to be precipitated.

172. Itis frequently extremely advantageous to add a consider-
able excess of the precipitant if rapid subsidence is desired ; an
excess of acid also is sometimes used for this purpose with great
success; and further, it often happens that a precipitate which
otherwise requires a long time to settle, does so rapidly on the appli-
cation of heat. In some instances, as that of the precipitation of
sulphuric acid by nitrate of baryta or chloride of barium, it is
proper to add the precipitant in excess to a hot solution, and then
boil for a short time; by this means rapid subsidence is effected,
and error arising from the tendency of the precipitate to pass
through the filter is obviated. As in all laboratories a vessel is
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kept to receive the silver solutions which are constantly accamu-
lating, it is of no importance, in an economical point of view,
that an excess of nitrate of silver be employed in precipitating
hydrobromic or hydrochloric acids. It is desirable always to have
an excess of hydrochloric acid in the silver-washing recipient, so
that it is merely necessary to pour off the liquid and throw it
away when the vessel becomes filled, as the whole of the metal
will be found at the bottom as chloride.

173. It is by no means indifferent whether, as a general rule,
precipitants are added to hot or to cold solutions, for the condition
of the resalting product is often materially influenced by this cause
alone; if, for instance, hot liquids be used in precipitating iodide
of lead or biniodide of mercury, the whole of the salt is not de-
posited immediately, but on cooling a considerable quantity of
crystals fall, and from their extreme beauty, this process is often
adopted purposely.

In organic chemistry it is frequently inadmissible to heat solu-
tions previous to precipitation, as this method of procedure would
often decompose substances of no great stability. Solutions of
the platinum salts of organic bases undergo remarkable alterations
by even short exposure to temperatures at or even below 212°
Fahr,

In analytical investigations it is very common to wish to ascer-
tain by precipitation whether a substance suspected to be present be
really 8o or not, and cases of this kind are so numerous, that it is
difficult to propose a general rule which shall be applicable at all
times; there are, nevertheless, a few points worthy of being re-
membered. If the precipitate looked for be coloured, the cylinder
containing the solution to which the precipitant has been added
may be placed upon a sheet of white paper, when, if any perceptible
quantity be present, it will become evident, after a short time, on
looking down the vessel, so as to observe through a considerable
thickness of fluid. If precipitation is not immediate, stirring will
not unfrequently determine its formation ; if this be unsuccessful,
heat may be applied; if this does not effect the purpose, it is
seldom that any other operation will enable us to obtain the indi
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cation sought, unless, as sometimes happens, the solutions were
too dilute; by evaporation of a considerable portion of liquid to a
small bulk this difficulty may of course be overcome, and this is
the method adopted in the analysis of mineral waters, where, from
the extreme dilution of the solutions, almost the only matters ca-
pable of ready precipitation are the sulphuric and hydrochlorie acids.
. 174, It sometimes occurs that the addition of alcohol will cause
a precipitation, and this method is often used for the separation
of sulphate of lime, as such, from solutions,

Potash, soda, and ammonia are constantly in request for pre-
cipitating metallic oxides, but there are also numerous salts which
are separated from solutions containing them by those reagents,
and it is of much importance to be aware of this in order to avoid
perious error. If either of the alkalies alluded to be added to
solutions of alumina or peroxide of iron containing phosphorie
acid, the whole of the latter is also removed as phosphate of iron
or alumina, Phosphate of lime is also precipitated by them. A
series of reactions, arising from the singular manner in which
phosphorie acid tends to follow metallic oxides while being pre-
cipitated, led one of the most illustrious of modern chemists into
the error of raising the subphosphate of yttria to the dignity of a
new metallic oxide. .

175. Metallic oxides, when precipitated by alkalies, frequently
carry down with them a considerable portion of the precipitant,
which it is often very difficult, and sometimes impossible, to remove
perfectly by washing; this makes ammonia extremely valuable as
2 precipitant of such substances, from the facility with which it
is removed by ignition.

176. It has been said that agitation frequently assists in de-
termining the subsidence of & precipitate ; this must not be lost
gight of in performing the assay of silver by the volumetric me-
thod ; in this process the solution of silver is contained in a stop-
pered flask, and if, after each addition of the standard solution of
chloride of sodium, the flask be violently agitated, the chloride of
gilver settles with remarkable rapidity. Sometimes the precipi-
tate adheres to the vessel only in the places where the glass rod
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has touched ; this peculiarity has not, it is believed, as yet met
-with a really satisfactory explanation.

177. Where metallic oxides are to be precipitated by sulphu-
retted hydrogen, it not unfrequently happens that if present in
very minute quantity, the only effect of the gas is to create a slight
change of colour, best seen by looking down the test-glass.

One of the uses of precipitation arises from the facility with
which it enables us to obtain organic acids in a state of purity
from their compounds with lead, silver, baryta, or lime ; the acid
having been precipitated in combination with either of these oxides,
or obtained in that state by some other means, it is possible in
each case to remove the base by selection of the proper precipi-
tant, and a careful performance of the operation, When acids are
obtained in combination with lead, the latter is generally removed
by sulphuretted hydrogen gas; silver may be separated by the
cautious addition of hydrochloric acid ; baryta by a dilute solution
of sulphuric acid, and lime by oxalic or sulphuric acids : in the latter
case, it is generally necessary to add excess of alcohol to determine
the complete separation of the sulphate of lime.

178. Certain salts of acids are sometimes met with in nature:
the dark brown semi-crystalline deposit from the concentrated
decoction of cinchona bark consists chiefly of kinate of lime, which
was contained in the bark ; and after purification of the salt, the
earth may be removed in the manner above indicated, and the
kinic acid obtained pure and white by crystallization and treatment
with animal charcoal.

In quantitative estimations, it must not be forgotten that the
stirring-rods almost invariably remove some of the precipitate ;
this portion should be recovered by the use of the washing-bottle.

179. The student cannot be sufficiently careful to render him-
self familiar with the habitudes of substances, in order that he
may be enabled successfully to modify his processes according to
the peculiarities of the materials which may come under his notice.
It is generally necessary to neutralize acid, and sometimes even
alkaline solutions, before adding precipitants; this must not be
lost sight of in practice.

e¢bd
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It very commonly occurs that the electro-chemical relations of
metals may be made available for their separation and examina-
tion; in fact, one of the prettiest applications of science to the
arts is the electrotype, by which it is possible to obtain fac-
similes in copper, gold or silver, of almost any object capable
of being copied in wax or plaster. If a plate of copper be im-
mersed in an acid solution of silver, the whole of the latter metal
is deposited in a state of purity in the form of a powder; and the
method affords an easy, and frequently extremely convenient,
method of obtaining the metal in a state fit for conversion into
uitrate or other salts of silver. If a solution of cadmium be placed
in a platinum crucible with a piece of zinc immersed in the fluid,
the whole of the former metal is deposited on the platinum, and
after washing, which may be performed without fear of re-
moving the coating, the pure cadmium may be dissolved in nitric
acid,

180. When chloride or bromide of silver is fused in porcelain
capsules in the process for estimating hydrochloric or hydrobromic
acids, it becomes so strongly attached that it is generally unsafe
to attempt its removal by mechanical means; but if a piece of
zinc be placed in the capsule touching the fused mass, and a little
hydrochloric acid added, it may, after a fow minutes, be removed
with facility.

There are some few cases where, although a precipitant has been
added in excess, the action, nevertheless, is incomplete, a certain
portion of the metal, &c. remaining in solution ; it is then sometimes
admissible to finish the precipitation with another reagent; this
procedure is frequently applied to zine in analysis, and sometimes
even in manufacturing operations ; if, for example, the solution
procured by digesting excess of zinc with iodine and water, in the
process for making iodide of ammonium (a salt once much used in
photography), has excess of carbonate and some caustic ammonia
added, the greater portion of the metal present will be removed
as a bulky white precipitate of carbonate of zinc ; but a somewhat
considerable amount still remains in solution, and must be pre-
cipitated by sulphide of ammonium, the latter also removing any
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iron which may have been present in the zinc and not precipitated
by the mixture of carbonate and caustic ammonia,

181. Substances may often exist in solution, yet not in the
condition in which they afford characteristic reactions; when this
occurs, it becomes necessary so to modify their state that they may
with proper reagents afford the reactions required ; for instance,
if iron is present in the state of protoxide, it is generally essential
to peroxidize it before adding the usual precipitants to it, unless,
of course, it is intended to throw it down as protoxide or proto-
sulphuret. When calomel is to be examined in the humid way,
and it is desired to form the very characteristic scarlet iodide of
mercury, it may be boiled with nitric acid and evaporated gently
to dryness, after which treatment it can be precipitated as perio-
dide by the careful addition of iodide of potassium,

It is necessary to be on our guard against the many circum-
stances which modify and sometimes prevent the action of pre-
cipitants; organic matters especially have a retarding influence
upon precipitation : it has been said ‘before that a very small
quantity of sugar or other organic matter prevents the complete
precipitation of oxide of copper by potash, even after protracted
boiling. Moderately acid solutions of antimony are precipitated
by water, but if tartaric acid be added, it enables us to dilute the
solution to any extent that may be required ; this peculiarity may
be made valuable use of in the analysis of minerals and alloys
oontaining that metal, the more especially since organic matters
have no power to prevent the precipitation of antimony by sul-
phuretted hydrogen.

182. Gases, particularly hydrosulphuric acid, are greatly used
as precipitants in both organic and inorganic research ; it becomes
important therefore that the student should acquire familiarity
with the methods of using them : the details of the processes will
be found in the chapter on Gas Manipulation, but as there are
several points which more particularly belong to this section, they
will be pointed out.

Gases should never be passed directly from the gemerating
vessel into the solution to be acted om, a8 it is invariably found
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that they carry over mechanically a portion of the acid, &e. into
the fluid under examination, thereby involving a source of error.
The methods of preventing this are numerous, and will be pointed
out in their proper place,

Gases are not only used with the intention of causing precipi-
tation, but sometimes also to modify the state in which a sub-
stance exists in solution, so that it may afterwards be separated
from others, which, although existing in the same fluid, are
either not at all, or much less acted on by the same reagent; for
example, in Rose’s excellent method of separating cobalt and
uickel, chlorine is passed into the hydrochloric solution until the
cobalt i8 peroxidized, while the nickel remains unaltered, after

_ which carbonate of barytais added until the cobalt is precipitated,
the nickel remaining in solution,

The action of sulphuretted hydrogen upon metallic solutions has
been so well studied, that it has become one of the most valuable
methods of qualitative, and in some cases quantitative separation.
Its action is different acobrding as the solutions exposed to it are
acid or alkaline; the nature of the compounds formed, and the
subdivision of the metals, &e. into groups by the action of hydro-
sulphuric acid, sulphide of ammonium, &c., belong to manuals of
analysis, and will not therefore be dwelt upon here; but it may,
notwithstanding, be mentioned, that some clue to the nature of
the precipitate is frequently to be obtained by observing the colours
of the precipitates, When, after the passage of hydrosulphurie
acid gas through a metallic solution, a white precipitate is obtained,
which proves to be quite volatile, it consists entirely of sulphur,
and is generally due to the presence of peroxide of iron, which is
reduced to the state of protoxide by the hydrogen of the gas, the
sulphur being at the same time precipitated. We shall allude to
this again in another part of the work.

If the precipitate is yellow, we may look for cadmium, persalta
of tin, arsenic, or antimony ; a black one, on the other hand, may
be occasioned by the presence of copper, lead, protosalts of tin,
gold, bismuth, platinum, palladium, and several others of the same
group. Zino is precipitated from neutral solutions as a white or
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pinkish sulphide; it is also thrown down from its solution in
acetic, but not hydrochloric acid.

‘When a nitric solution of vanadiate of lead is precipitated by
sulphuretted hydrogen a peculiar blue tint is produced, the vana-
dic acid being at the same time reduced to a lower state of
oxidation, .

183. It is very often necessary to pass a stream of carbonic acid
through solutions containing free lime, in order to remove the
latter as carbonate; in this case it is imperative to heat the solu-~
tion after the passage of the gas and before filtering, in order to
expel excess of the gas, which might have redissolved any of the
lime a8 bicarbonate; as an example may be mentioned the solu-
tion formed by neutralizing with lime the acid liquor produced by
distillation of sugar or starch with peroxide of manganese and
sulphuric acid in the preparation of formic acid; the filtered
liquid is found to contain excess of lime ; on passing carbonic acid
through, the free lime is thrown down, and, if continued long
enough, is partly redissolved; on heating the solution to boiling
for a short time, however, the carbonate of lime is all removed on
filtration, and the solution contains no lime save what is in com-
bination. .

Lime is much used as a precipitant of irom, more especially
on the large scale and in technical operations, but it is essential
that for this purpose the metal should be in the state of peroxide ;
and there are several other precautions which are necessary to
success, all of which, perhaps, are required in producing the
commercial white fused chloride of zinc, much used in medicine,
In giving the details of the operation, it is to be understood that
the same process, or a modification of it, will be necessary in
almost every case where a substance containing protoxide of iron
is to be freed from it by lime, and it is of course for this purpose
that the method is introduced, Commercial metallic zinc is to be
dissolved in hydrochloric acid, a considerable excess of zinc being
present ; the whole is digested for a day or two, by which means
the lead, copper and some other metallic impurities are thrown
down and removed. The liquid is filtered and conoentrated by heat,.
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while boiling nitric acid is added in small quantity until the iron
is converted into peroxide; the whole is then boiled to dryness
and fused ; the cake is, when cast out to cool, of a red colour, and
is to be dissolved in cold water ; the liquid becomes heated during
the process of solution, and must therefore be allowed to repose
until quite eold: if, now, the moderately diluted fluid has a little
cream of lime, or, preferably, an ounce to the gallon of prepared
chalk added, and the whole be well mixed, and after about tem
hours filtered, the liquid which comes through will be perfectly
colourless and not contain a trace of iron. When fused, the salt,
if the previous directions have been carried out, will be of the
purest white. The same procedure with regard to the nitric acid
and subsequent operations may be employed in preparing white
fused chloride of calcium, and in many other operations,

184. Precipitation, when the result of a somewhat sluggish
chemical decomposition, may be facilitated by exposure of the
reacting materials to a very gentle heat. To illustrate this, the
precipitation of gold by protosulphate of iron or oxalic acid, may
be mentioned ; moreover, nitrobenzole, when being acted on by
aleoholic solution of sulphide of ammonium, should be placed in
a moderately warm situation. This is an instructive example,
because the amount of sulphur is an index to the quantity of
aniline produced, and the reaction may be viewed as the type of
many others, where, the substance sought being in a fluid state,
the amount formed during the operation may be estimated by the
qusantity of precipitate. This process is, however, not the best
means of obtaining aniline from nitrobenzole, protacetate of iron
being far more effectual.

185. In organic chemistry, perhaps more care is required in
the choice of precipitants, and in the method of adding them, than
in the inorganic department of the science; and this is caused
partly by the easy decomposability of organic substances generally,
and partly by the fact, that when the precipitate is obtained, the
liquid frequently has to be examined for other complex substances,
which would be more difficult of separation after the addition of
an unnecessarily large quantity of the precipitating reagent.
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Sometimes much advantage may be gained, where two precipi~
tants at the first glance appear equally eligible, by a careful se-
lection ; narcotine is equally well precipitated by ammonia and
potash, but if the latter be used, the resins present are retained
in solution, and the narcotine is obtained pure and white with
much greater ease than it would otherwise have been. In the
preparation of picric acid, the same precaution may be taken, but
greater care is required to prevent solution of the salt, which
takes place where too great an excess is used.

186. In laboratories where a valuable substance, not absolutely
insoluble, is frequently being precipitated, it is sometimes ad-
visable to preserve the mother-liquids, and at a convenient time
to concentrate them, and recover by proper methods the portion
dissolved. ’

It is sometimes found that where two substances exist in solu-
tion, each capable of forming an insoluble salt with some reagent,
that nevertheless by a careful addition of the latter, the whole
of one of the two ingredients in the solution may be thrown
down in the first portions of the precipitate, that subsequently
obtained containing the other material ; this method of research,
which is termed fractional precipitation, is probably capable of
being much extended. A mixture of fatty acids may be separated
by adding solution of nitrate of silver in small portions to a solu-
tion of the soda or ammonia salts, and filtering after each addition.
The first precipitates, of course, contain those acids forming the
most insoluble salts with silver.

187. The apparatus used for precipitation is almost the same as
for solution : Phillips’s jar, fig. 102, is employed for the collection
of precipitates, and, from the conical form, allows them to sub-
side rapidly, but the beakers, figs. 97 and 98, are equally or better
adapted for the purpose; and in fact the beaker is in most cases
preferable, not only from the extreme convenience of its shape,
but also from the facility which it affords for heating the liquid
before or after precipitation.

The test-glass, fig. 104, is the most convenient shape I have
seen ; it may be made about one and a half times the size of the
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engraving, unless required longer for demonstration. The tall
glass, fig. 103, is well adapted for lecture experiments, if made of

Fig. 102.

Fig. 108,

a considerable gize. They are sometimes made of the same shape
as that represented in fig. 103, but blown at the lamp and exceed-
ingly thin, and thus resemble a test-tube on a foot; they are very
convenient in many experiments of a delicate character.

Flasks of the form and size of the porcelain digester, fig. 94,
page 117, are admirably adapted for the precipitations in quan-
titative analysis, where only small quantities are worked upon ;
their shape renders them extremely easy to cleanse, as it is pos-
gible to insert the finger against any part.

188. In precipitations on the more minute scale, as in micro-
chemical experiments, test-tubes may sometimes be employed ;
but they are far from convenient in quantitative experiments, un-
less made short and wide.

Porcelain vessels from their opacity are objectionable in preci+
pitations, and are therefore seldom employed.

The washing of precipitates is an operation which is so much
more conveniently discussed under the head of Filtration, that it
has been placed in the next section.
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SECTION XII.

FILTRATION AND WASHING OF PRECIPITATES.

189. In analytical operations, it almost always happens that
filtration immediately follows the formation of a precipitate, its
object being to collect the substance together, to enable all
soluble matters to be removed by washing; but sometimes it
is considered preferable to wash the precipitate by the process
called decantation, which consists in adding a considerable
quantity of water to it in some convenient vessel (preferably a
tall and narrow one), and, after thorough incorporation of the
washing-fluid and the precipitate by stirring, it is allowed to settle
until the whole of the solid matter has been deposited ; the fluid
is then poured off, and the operation repeated until the precipitate
is sufficiently washed, the latter point being ascertained in all
cases by testing. When the washing is completed, the precipi-
tate is freed from water as much as possible by a siphon, or
careful pouring off, and the rest is removed by a pipette, or fold
of bibulous paper, after which the precipitate may generally be
placed in a warm place to dry. It is convenient to transfer the
wet precipitate to a capsule or evaporating basin, in which to
complete the removal of the water and subsequent desiccation, as
the capsule or dish may, without Fig. 105.
fear of injury, be placed upon a sand-
bath to dry.

190, Where the water cannot
well be poured off from a pre-
cipitate without danger of dis-
turbing it, it is advisable to use
a siphon to remove the liquid, as
in fig. 105. The leg in the liquid
has the end turned up, so that the precipitate is not dmtm'bed
by the current,

Methods of constructing very convenient siphons for this
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and other purposes will be found in the section on Glass-
working.

191, Filtration is, in fact, a species of sifting, being a process
by means of which we separate more dense and coarse from finer
and more subtile particles, by the use of a medium capable of
letting the latter pass through its pores while the former is re-
tained. It will easily be seen, therefore, that many substances
are capable of performing a function of this kind under certain
circumstances ; and in practice several varieties of filters are em-
ployed, according to the numerous cases which have to be met:
paper, calico, flannel, sand, glass, asbestos, tow, and many other
media may be resorted to with advantage in chemical processes,
where a solid is to be separated from a liquid; at present we
shall only have to deal, at any length, with paper, that being
almost exclusively used in experiments of research.

It is of the greatest importance to the chemist that his filter-
papers should be of unexceptionable quality, yet, until within
the last few years, it was a matter of extreme difficulty to obtain
8 paper even tolerably well adapted for the purpose; now, how-
ever, such an advance has been made in this respect, that excel-
lent paper may be easily procured, already cut to the most con-
venient shape. '

192, There are several properties which ought to be possessed
by a good filtering-paper; in the first place, it ought to filter
rapidly, ‘and yet it should be sufficiently close in its texture to
retain the finest powders; it must not become too rotten when
wet, or it is liable to break by even the most careful pouring of
a solution into it. It is highly desirable that it should contain
no soluble salts, or several sources of error are introduced into
experiments. It is, moreover, especially necessary that, if any
soluble matters are present, they should not consist of sulphates
or chlorides,

193. It is proper to caution the student against the fallacy of
supposing, that because filters are of the same size they must
necessarily be of the same weight. It has been recommended to
collect precipitates upon a double filter, and when the washing is
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completed, to dry the precipitate upon both filters, and in weigh-~
ing to place the second filter upon the opposite scale of the ba-
lance as a counterpoise, the increase of weight of the one filter
being supposed to. indicate the weight of the precipitate; but
this procedure involves more than one source of error: it is, how-
ever, merely necessary to instance one, which is, that the texture
of paper is so irregular, that even when cut by an arming-press,
as is generally the case with the circular filters found in com-
merce, it is extremely rare ta find two of the same, or even of a
tolerable approximation to the same weight.

194. By far the most convenient shape for a filter is that of a
cirele, as it then folds without any projecting parts, and exactly fits
the funnels, provided they are constructed with the proper angle.

They should not, when burnt, yield more than ;35 to g}y of
their weight in ashes; and it is a good plan to burn a dozen of
each of the sizes in use in the laboratory separately, and ascer-
tain the weight of the ash; this amount, divided by 12, will give
the average weight of the ash of one filter, which is therefore a
constant quantity to be deducted from the weight of precipitates
ignited with filters,

195. When it is desired to collect a precipitate upon a weighed
filter, with the intention of ascertaining the weight of the former
by the increase of the latter, it is important to ascertain whether
the filtering-paper contains any soluble matters, asif so, the paper
loses during washing, and thus vitiates the result unless precaution
is taken to prevent it, by washing the filters intended to be used
for some time with hot water; when, after being dried, they may
be employed for the purpose alluded to, without much fear of
error.

196. There are two methods of folding filters in use in the
laboratory: the first is by far the more useful and convenient,
and is performed with ease and rapidity; the second is, on the
contrary, seldom used, and whenever necessary, may probably
with much advantage have a calico-bag filter substituted for it.

If a square piece of paper be folded in half, diagonally, and
then into quarters, it will form a triangular figure like that in



140 . CHEMICAL MANTPULATION.

fig. 106, and if the corners are cut off in the direction of the
curved line, a circle will be formed on opening out, the mode of
Fig. 107. Fig. 108.

Fig. 106.

AV

formation of which is seen by fig. 107, where the dotted lines
represent the parts removed; upon opening the folded paper, so
that three thicknesses come on one side and one on the other, a
filter is obtained, as shown in fig. 108, which merely requires to
be placed in a fannel supported by a retort-stand, or other con-
venient instrument, and is then, after being wetted, ready for
the reception of the liquid to be filtered.

197. The ribbed filter, as it is called, was in considerable use
among the older chemists and pharmaceutists, but is now very
little resorted to, from its requiring some time to construct, and
when made, being far from convenient, especially where the solid
product of a filtration is the part required for use, It is obtained
by taking a piece of paper, and after Fig. 109.
doubling it, folding it into halves,
quarters and eighths, as in fig. 109,
where it is seen that the creases are
all on one side of the paper; the fold-
ings are now repeated on the other =
side, each crease coming between the previous ones, and project-
ing in the reverse direction ; if the paper be now opened out and
then depressed in the centre, a filter resembling
fig. 110 will be obtained, and after cutting off
the spires, may be dropped into a funnel, and
the liquid to be filtered poured in. The inten-
tion of having the ribs, is to afford passages
for the air and liquid between the paper and
the funnel, so as to allow of rapid filtration;
the whole arrangement is seen from fig. 111, where a funnel con-

Fig. 110,
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taining one of these filters is supported by a piece of wood perfo-
rated in the centre and placed over a beaker. In quantitative ex-
periments the plain filter, single or double, is invariably used,
the ribs and creases of the other rendering it  gy; 353,
almost impossible to remove a precipitate —
thoroughly from its surface. Where large num-

bers of filters are used, it is economical to pur-

chase the paper in sheets, and cut it into circles

for use in the laboratory, instead of buying the

circular filters ready made. For this purpose an

apparatus of great simplicity and convenience

has been contrived by Mr. Stevenson, a philoso-

phical instrument maker of Edinburgh. It consists of several
discs of metal of the sizes of the filter to be cut; to the centre of
each is capable of being attached a moveable rotating arm, carrying
a knife which, by means of a very simple arrangement, may be
adjusted to any size of filter. With a little practice, filters may
be cut with great perfection by it.

198. When a filter and its contents, or a filter alone, have to be
weighed after drying, it is necessary to do so in such a manner
that they shall not be in contact with the air, for dry paper is so
excessively hygroscopic that, under the circumstances mentioned,
the filter would greatly increase in weight, even during the short
time required for it to be on the pan of the balance. A very
good method of weighing filters is between two watch-glasses
ground at the surface and held together by a clip, fig.61. In
some cases a wide test-tube, like that represented in fig. 88, but
fitted with a cork, may be used, or even a platinum crucible with a
close-fitting 1id is available under certain circumstances.

199. In most filtrations it is necessary to support the filtering-
peper in a funnel ; and the latter must invariably be of glass for
all purposes connected with research. Funnels should be made
to an angle of 60° in order that the circular filters may accu-
rately fit. It is, moreover, desirable for them to be ground on
the top, to enable a glass plate to be used as a cover when
required, e’ither for the purpose of preventing the access of dust,
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evaporation of spirit, or the absorption of carbonic acid in the
filtration of alkaline solutions.

Filter-stands, retort-stands, perforated boards, &c., will be
described in a section appropriated to Supports for Apparatus.

200. Performance of the Operation—When a liquid is ready
for filtration, and the funnel, supported by a retort-stand, or in
some other convenient manner, has a filter placed in it, the latter
is to be wetted by a little water, and the fluid and the precipitate
are then carefully transferred to it, either by pouring down a
rod (§ 164) or otherwise, and any particles of precipitate ad-
hering to the vessel are to be washed into the filter by a stream
from the washing-bottle, fig. 112. This
instrument, the contrivance of Leopold
Gmelin, has now become indispensable in all
laboratories; its construction is extremely

two tubes adapted to it air-tight, and bent
as shown in the figure ; one of these reaches
to the bottom of the flask, the other merely
enters it; the vessel is filled with water,
and when required to be used, the mouth is
applied to the tube on the right-hand, and air being forced into
the flask, the water issues in a jet from the left-hand tube, which
ends in a fine orifice. It is convenient to have a small piece of
vulcanized india-rubber tubing fastened to the end where the
mouth is applied, as by its means much facility is gained in mo-
ving the bottle in various directions, the pressure not being required
to be kept up all the time by the mouth, it being sufficient to
blow into the flask ; and then closing the caoutchouc tube by the
teeth, a stream of water will issue for some seconds, while the
bottle may be moved in every direction.

201, Before Gmelin’s ing-bottle was introduced, the ap-
paratus employed by Berzelius for effecting the same object was
in general use ; it consisted of a flask having a tabe with a fine
orifice adapted to it. On blowing into the tube and closing the
aperture dexterously with the tongue while inverting it, a fine
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and powerful stream of water can be directed on a precipitate in
a manner admirably adapted for stirring it up thoroughly, and
washing away any soluble matters,

Several washing-bottles are required in a laboratory, even if
only one person is at work ; one for cold and another for hot di-
stilled water ; the latter must have some arrangement for enabling
it to be handled with ease when containing boiling water: a wire
handle is very easy of construction. Bottles are also required for
alcohol and ether ; and in investigations where a number of preci-
pitates or other substances have to be washed with any particular
fluid, it is desirable to have a washing-bottle filled with it at hand.

202. It is proper in almost every case, especially if the ope-
rator has not considerable experience in analytical chemistry, to
test the washing-water at certain intervals as it passes through,
to ascertain when the operation is completed. Of course the test
will vary in almost every case, and must be selected accordingly.
The filtering-paper should never rise above the edge of the funnel ;
and even if, from inadvertence, such should be the case, especial
care must be taken that the li- Fig. 113,
quid is not permitted to rise
above the level of the funnel;
if, however, the operation in
hand be an analysis, it is better
that the paper should be thrown
away and a fresh one taken.

203. It so frequently happens
that precipitates require pro-
longed washing, that many ex-
pedients have at different times
been adopted to render the pro-
cedure independent of the pre-
sence of the chemist. The most
simple method of effecting this is
to invert a flask of distilled water
over the funnel containing the
precipitate to be washed, as in
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fig. 113, in such a manner that the neck of the flask is below the
water; in this position no water escapes from the flask until the
liquid in the funnel falls below the neck ; when this takes place,
a bubble of air enters and an equivalent bulk of water escapes,
and the washing proceeds slowly in this manner, until the whole
of the liquid has passed through the precipitate.

204. Another method is by the use of a peculiar modification
of the siphon, said to have been first adopted by Gay-Lussac ; it is
constructed as follows :—A bottle of convenient size is taken, and
fitted with tubes in the manner represented by fig. 114, where
it is seen that a b is merely a straight tube open at both ends,
passing tight through a cork, which is perforated to allow the
passage of the even-legged siphon, cdef, the legs of which
descend a little below the bottom of a b ; the end, f, of the siphon
is intended to be placed in the funnel, which is so arranged that
when fullest the water should rise to the same height as a.
It will be observed that .
the effective difference of Fig. 114.
the length of the limbs of
the siphon is equal to the
space between ¢ and a;
when the liquid rises to
a the flow ceases; but
directly it falls below,
the funnel becomes re-
plenished, and by this
means a constant level is
obtained. The arrange-
ment is exceedingly use-
ful where a fluid is re-
quired to be boiled for a
long time, and it is desired
to prevent loss by evapo-
ration; as, for example,
in the water-baths employed to keep pressure-tubes at 212° for
many hours.
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Nothing but its extreme fragility prevents the washing-tube A
of Berzelius from being much used in cases of protracted washing

of precipitates. It is represented in fig. 115. It is fixed by a

Fig. 116.

perforated cork into a flask supported as in fig. 117. The mode
Fig. 117.

of action is somewhat peculiar: when

inverted in a funnel, the point, ¢, is

placed below the level of the liquid,
and in consequence of its small-
ness, it exerts a somewhat retard-
ing effect upon the egress of the
water, so that when inverted in
the air, only a very small quantity
escapes; but when the point is im-
mersed, the resistance is removed
and air enters by ¢ as the water
escapes by ¢, and by this means a
constant level is preserved. By
arranging tubes in a cork in the
manner shown in fig. 116, the same
end may be attained, and the chief

objection to the beautiful contrivance of Berzehus, viz. its fragility,

is at once removed.

H
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205. It should be observed that the downward tendency of the
fluid in the last arrangement, equal to the column of water
between ¢ fand g A, is less than the resistance to the passage of
air through the water in the tube, a b, which resistance is owing
to its capillarity, and therefore, when the bottle is inverted, no
liquid escapes after the first few drops ; but this resistance is de-
stroyed by even the small force exercised by the contact of the
water in the funnel with that in the tube, ¢; and if the
funnel be filled until the water just rises to the height g &, the
water will flow out as it sinks in the funnel and maintain a con-
stant level. The conducting power of a piece of wet paper or a
finger applied to ¢, is sufficient to cause the water to flow. On
constructing this arrangement, care must be taken to copy exactly
the relative lengths and Fig. 118.
positions of the tubes.
Another and very elegant
method of obtaining con-
tinuous filtration, is that
seen in fig. 118. An ordi-
nary glass siphon, with suc-
tion-tube, has, previous to
bending, another tube of
larger calibre placed out-
side it ; during the bending .
the two become attached,
but nevertheless sufficient
space remains between
them for air to pass. The
whole arrangement is fixed
by a cork into a flask.
On sucking, the water
flows, air passing between °
the two tubes to supply
the place of the water re-
moved, but as soon as the
water rises in the funnel
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sufficiently high fo close the opening of the wider tube, the air
no longer is able to enter the flask and the flow ceases. As the
water passing through the precipitate falls in the funnel below
the opening of the wide tube, the flow again proceeds, and so on,
until the whole of the water in the flask has been expended.

206. The following method of securing continuous filtration,
is mentioned by Dr. R. D. Thomson as the contrivance of his
pupil, Mr. Eustace C. Summers, and is probably convenient where
extremely troublesome precipitates are being washed, or it is
necessary for the operator to be absent from the laboratory
for considerable intervals; under any other circumstances it
would, from the space required for its use, cause more trouble
than would be repaid by its superior effectiveness. Into the
lower aperture of one of the stone bottles so much used as as-
pirators, a piece of tube is fitted by a cork passing at an angle in
the same way that the opening is made in a gasometer to pass
in the tube evolving gas. A glass tube, smaller than the one
last mentioned, is bent into a siphon, the shorter leg of which
is inserted inside the first glass tube; the longer leg dips into
the funnel containing the precipitate; by this arrangement the
water in the reservoir escapes by the siphon, air entering between
the two tubes to supply its place; but when the liquid in the
funnel rises so as to close the aperture of the siphon, the further
egress of the water is prevented until the dropping of the water
from the funnel has lowered the surface sufficiently to permit a
further escape.

207. Where, as frequently happens, a liquid is being filtered,
which, from its weight, corrosiveness, or other reasons, it is feared,
will break the filter-paper, it is necessary to use a double one,
which is merely one common filter placed inside the other in
opposite directions, so that the triple side of one filter is placed
against the single one of the other; by this means the filter be-
comes so much strengthened as to bear very considerable pressure
without fracture, especially if the aperture of the funnel is not.-
too large, a fault at all times to be avoided.

208. It is requisite, when making or folding filters, to carefully

H2
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insure against the presence of moisture on the hands, as in that
case it is almost a matter of certainty that a hole will be found
in the paper on pouring the solution into it.

Circular filters are so extremely convenient, that where they are
not to be procured it is advisable to have some tin quadrants adapted
to the size of the funnels, so that when a square piece of paper is
folded into a filter it may be placed against the metal and the cor-
ners be removed, the piece of tin serving as a guide to the scissors.

209. When a filter has been wetted and is ready to have the
solution poured into it, care must be taken that the fluid is not
allowed to descend from too great a height, as not only does such
a proceeding cause a risk of loss by splashing, but it endangers
the safety of the filter, the mechanical force of a fall of water of
a few inches being quite sufficient to break many of the less tough
kinds of paper when wet.

210. It frequently happens when a precipitate is poured, to-
gether with its solution, into a filter, that the fluid runs turbid
at first; it must then be returned to the funnel until it comes
through perfectly brilliant, and this must never be judged of by
the appearance of the liquid as it runs from the funnel, but by
letting some run into a glass or test-tube, and holding it between
the eye and the light.

211. Filtration is not merely applicable to the separation of
solid from fluid particles, but also at times to the removal of one
fluid from another; but this is only practicable where they are
not miscible ; if, for instance, a mixture of oil and water be poured
into a thoroughly wet filter, the water will pass through to the
exclusion of the oil. This mode of procedure is useful in re-
searches on oily bases, as, where they have in the crude state been
dissolved in an acid, any non-basic oil separates and rises to the sur-
face, and if the two are thrown upon a wet filter, the acid solution
of the bases passes through, leaving the other matter behind.

212, Calico Filters.—This description of filter is much used in
manufacturing operations, and also in laboratories of research
where large quantities are being worked upon. They are parti-
cularly useful where infusions or decoctions have to be filtered
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from feculent matters. The best material for their construction,
as far as my experience goes, is what is termed ¢ yard-wide
unbleached calico.”

If large quantities of precipitates have to be filtered, or where
careful collection is desirable, a very convenient and useful
strainer is formed by stretching a piece of calico over a square
wooden frame, fastening it on by means of a few tacks. A filter
of this description affords peculiar facilities for the collection of
every particle of the precipitate, whereas conical bags are some-
what troublesome to thoroughly empty without waste.

Flannel bags, from their great strength, are sometimes useful,
but only in coarse operations: they are inadmissible for liquids
containing free alkali.

213. Sand, glass and asbestos are adapted for concentrated
acids and strong alkaline solutions ; although not often used, they
are sometimes extremely convenient in cases which otherwise
would cause considerable difficulty. Sand and glass filters are
constructed in the same manner, and therefore one description
will serve for both. The throat of the funnel is first to be ob-
structed with rather large pieces of the substance used; on this
are strewed smaller pieces, then coarse powder, and finally, fine
powder. Care must be taken not to disturb the arrangement of
the powders when pouring the liquid in, and it is generally neces-
sary to pour it back two or three times before it becomes bright.

214, Asbestos filters are made by merely obstructing the
throat of a funnel with clean asbestos, lightly packed, other-
wise the liquid will pass with difficulty. In making filters with
sand, glass or broken flint, it is sometimes convenient to use a
little asbestos at first, instead of the larger pieces of the material.
It is of importance to ascertain that the sand, &c. does not con-
tain any substance capable of being acted on by the fluid filtering ;
and it is proper for this reason to wash it with hydrochloric
acid, and afterwards to remove the latter by repeated edulcoration
with water until the washings no longer precipitate nitrate of
silver.

215. Tow is a rough medium of filtration, and is only applied
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in the coarsest operations, such as the removal of mechanical im-
purities from oils, infusions, &c., and is seldom or never used in
experiments of research, especially where any delicacy of manipu-
lation is necessary.

216. In the filtration of viscid fluids on the large scale, it is
necessary to use pressure to force them through the pores of the
medium, as, from their sluggish motion, they would, without this
asgistance, pass through so slowly, that in many cases the pro-
longed exposure to the air would cause injury, if not decomposition.
The pressure is obtained
in several ways ; of these,
two are most generally
adopted, namely, atmo-
spheric pressure obtained
by the use of anair-pump,
and the pressure of a co-
lumn of fluid: these me-
thods are seldom or never
resorted to except in ma-
nufacturing laboratories.

217. It is a very com-
mon occurrence that a hot
fluid containing a consi-
derable quantity of mat-
ter dissolved, and which
is deposited on cooling,
has to be filtered; it is
then required to keep the
funnel, &ec. hot during
the whole time of filtra-
tion ; this may be accom-
plished very conveniently
by Plantamour’s ebulli-
tion funnel, shown in figs. 119 and 120, the latter being the one
more generally used.

It will be seen, that in the first instrument a chamber contain-



PLANTAMOUR’S EBULLITION FUNNEL. PLATINUM SALTS WASHED. 151

ing water has an opening which enables a funnel containing the
fluid to be filtered at the high temperature to pass through, the
fluid in the vessel being maintained in ebullition by means of a
lamp placed beneath a projecting portion of the apparatus.. The
second is gimply a double funnel, the interior of which contains
water capable of being kept boiling by a portion projecting
over a lamp-flame in the same manner as the first. These
two instruments, or one of them, should find a place in every
well-appointed laboratory. Where access is unattainable to an
ebullition funnel, the apparatus for filtration must be placed within
the hot-air closet, or, if very small, in the square water-bath,
fig. 52.

218. Where volatile fluids have to be filtered, the funnel used
should have its upper surface ground, and a glass plate (also
ground) may be placed over it to prevent evaporation as far as
posgible.

Platinum salts of organic bases, no matter how finely crystal-
lized, must, before burning to ascertain the quantity of platinum,
or organic analysis, be finely pulverized; they are then gene-
rally found to be rather adhesive, and the particles to have a
tendency to hang together; but if washed upon a filter with a
mixture of alcohol and ether, the impurity causing this adhesion
is removed, and when dry the powder of the platinum salt is
found to be extremely mobile, and generally, on combustion, gives
a nearer result than if the process is omitted*.

219. When the quantity of fluid to be filtered is extremely
small, it is necessary to use propor- Fig. 121.
tionably small filters, and these are
sometimes supported over a beaker
or other convenient vessel by the
porcelain three-legged instrument,
fig. 121. In all quantitative opera-
tions the point of the funnel should
touch the edge of the beaker or other
vessel into which the filtrate is to

# Phil. Mag. October, 1864
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fall, in order to prevent the drops from striking the fluid with
sufficient force to cause splashing.

220. It is sometimes required to filter cau-
stic alkalies out of contact of the air of the
laboratory in order to prevent absorption of
carbonic acid, and this is easily managed by
an arrangement either the same as, or on the
principle of fig. 122, where, for every drop of
liquid which falls, a corresponding portion of
air is expelled from the lower and pesses into
the upper vessel, and so enables the filtration
to proceed. The neck of the upper bottle is
slightly choked by linen, asbestos, or some
other convenient substance, care always being
taken to select one unacted on by the fluid
filtering.
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SECTION XIII.

SUPPORTS FOR APPARATUS.

221. Almost all arrangements of apparatus involve the neces-
sity of supports of some kind to keep the various parts in their
proper places, or to prevent their disarrangement by slight con-
cussions, or even the shaking unavoidable at times during expe-
riments.

It frequently happens that the illustrations in chemical works
either do not show the method of supporting the apparatus in
the positions represented, or, which is more objectionable, give
supports which appear intended merely to have a picturesque
effect, and do not really afford a true idea of the practical methods
adopted in laboratories to effect the required end.

The various supports required differ more in size and appear-
ance than in principle, and but little ingenuity has been expended
by chemists upon them, yet there are few subjects that would
better repay the time and trouble employed than the invention
of some really good, cheap, and strong supports, adapted for
the complicated and fragile systems of apparatus which are
frequently unavoidable in the present state of chemistry, and
will probably become still more in requisition until the science
has become so improved as to enable us to procure combinations
and decompositions by simple and direct methods.

222, Few things have a more beautiful appearance than a
complex system of chemical apparatus well put together; and,
moreover, success in very many instances is due to the skill
with which this is effected. And when it is known that much
depends upon a judicious selection of supports, it will be seen
that any instructions calculated to guide the student or operator
in his choice will not be an unprofitable subject to which to de-
vote a few pages.

223. Supports for filtration.—These are of the simplest kind,
such as the filtering-stand (fig. 123), which should find its place

: )



154 CHEMICAL MANTPULATION.

in every laboratory. Care must be taken in deciding upon the

Fig. 128.

proper place for this useful article.

It should be in a spot free

from dust, sufficiently near the operator’s place for working,
and yet not so close as to occupy otherwise valuable space.
It should be strictly kept for the purpose intended, and ought
never to be made use of as a depository for flasks and retorts,
as its peculiar shape is liable to cause this to take place:
those instruments must have a place specially appropriated to
them. The mode of using the filtering-stand is evident from in-
spection of the figure, and need not therefore be described. A

few blocks of wood of different
thicknesses form a useful ad-
junct to it, and should therefore
be provided.

224. Retort-stands are ex-
tremely useful for this purpose,
but it is scarcely judicious to
appropriate them to it, as they
are required for so many other
operations; butthe small wooden
filter-stands (fig. 124) made
upon the same principle, are
cheap, and should be provided
in quantity; the laboratory
should possess & considerable
number of them.

Fig. 124.

225, The porcelain and glass filter-holders (fig. 121) are some-
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times extremely convenient, and when supported on the ring of a
retort-stand, care should be taken that the point of the filter
touches the edge of the glass or basin, in order to ensure the
running of the fluid into them without splashing.

226. Supports for pulverization.—These are few, and consist
chiefly of a large wooden block intended to support the iron
mortar, and an equally large one of a different shape for the
anvil.

227, Supports for thermometers.—Most chemical thermometers
have a ring formed at the top, intended to facilitate suspension in
liquids, but they (the rings) are seldom used, it being more
convenient in general to support them by means of a perforated
cork fitting into one of the rings of a retort-stand. I am in the
habit of using the apparatus, fig. 125, for sup- Fig. 125.
porting thermometers in baths or other situa- —
tions where they may be required. I construct
the screws with the aid of & screw-cutter*;
it consists of a wooden arm, a b ¢, intended
to support two thermometers. The aper-
ture at a serves to allow of the instrument
being attached to a retort-stand, the screw,
d, enabling the operator to fix it at any height.
The apertures, b and ¢, contain perforated
corks, through which pass the thermometers ;
they may be secured in any required position
by means of the screws, ¢ and f.

228. The wire triangle, fig. 126, is easily
made, and is much used to support pla-
tinum and porcelain crucibles, it being generally laid on the
ring of a retort-stand, or immediately on the chimney of the
lamp.

229. When it is wished to cool a platinum crucible rapidly, it
is best effected by placing it upon the anvil or any other large
clean iron surface (§§ 84 and 108); it need scarcely be said that

® This instrument will be described in the section on Miscellaneous
Operations.
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hot porcelain or clay crucibles would be fractured by cooling them
in the same manner. Clay crucibles may very conveniently be
supported on the table,
by interposing pieces of
brick between them and
the wood.

230. A retort-stand
is also a convenientsup-
port for hot crucibles, or
a piece of coarse wire
trellis lying on the top
of a glass or other con-
venient vessel may be
used.

231. Supports for evaporation.—The appliances for this pur-

pose are very similar to those used Fig. 127.
in distillation, &c., but vary in -
some cases. Few supports are
more convenient than the sand-
or water-bath during evaporation,
and the methods of supporting
these have already been described
in treating of the instruments
themselves. The tripod-stands,
(§ 236) and especially the lamp-
furnaces, figs. 28, 29 and 127, are
greatly used in evaporations on.
the small scale.

232. Supports for ebullition, distillation and sublimation.—So
many different kinds of supports are used in various ways during
the performance of these operations, that the instruments them-
selves will be described, and the application of them must be left
to the judgment of the operator.

The table-support, fig. 128, is an exceedingly valuable piece of
apparatus, and is applicable in a very great number of operations:
a is a flat table fixed on a rod, b ; it slides up and down a hollow
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support, ¢, and is capable of being arrested at any height by the
screw, d. This portion of Pig. 128.
the apparatus is much used -
for supporting lamps at dif-
ferent heights during distil-
lations, and many other
processes. The part f is
a support for flasks and
dishes, which rest upon the
three pegs; it is likewise
fixable at any height in the ‘
tube, ¢, as is also the crook, ‘
¢, which is of great service i
in supporting necks of re- :
torts and long tubes in di-
stillations and reduction operations, as in fig. 129. Sefstrém’s
holder is convenient in distillation, especially for heavy retorts,
and to hold a Liebig’s condenser, for which its considerable
strength renders it particularly applicable. It is seen performing
this office in fig. 130.

Fig. 129.

It will be unnecessary to dwell upon the method of its con-
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struction, as it is rather troublesome to make, and can be easily
procured from the dealers in chemical instruments.

Fig. 130.
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233. A still more generally useful instrument is the wooden

Fig. 181, ¢

vice, fig. 131: a is a rod turned to fit the hole, k, of the

block, ¢, fig. 132, which moves up and
down the rod, f, and is fixableat any
point by means of the screw, g. The
vice is jointed at b, and is opened or
shut by the motion of the screw, ¢,
which, strictly, is only capable of
shutting it; but a spring, e, forces
it open when the screw is turned in
the proper direction. The part d
is made slightly arched, to enable
the vice to grip round substances,
as the necks of retorts, test-tubes,
&e.

b

E@“

P Fig. 182.

- I

The instrument is particularly applicable to the support of small
retorts during distillations, and in fact is constantly useful where
vessels have to be supported at varying heights.
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234. A retort-stand fit for many purposes is easily made out of
a few pieces of wood and wire. The common form, however, is
that shown in fig. 133. The rod, d, should be tolerably stout,
and fit into a heavy loaded foot, f.

Fig. 183. Fig. 134.
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Distillatory apparatus, constructed of test-tubes, may very
conveniently be supported by means of the tin test-tube holder,
fig. 134. There it is seen that steadiness is obtained by means
of the friction of a perforated cork enclosed in a tin cylinder, and
sliding upon the rod; while the support for the tube is made to
grip by slipping the piece of tin along the clasp. This is a cheap
and useful piece of apparatus, and may be constructed with ease
out of pieces of tin and a few corks.

235. A superior kind of retort-stand is often used, the rings of
which are moveable and capable of being fixed by dropping into
square sockets in the parts which slide upon the rod; it is ad-
visable to have several pieces of apparatus so made as to be
capable of dropping into the sockets, such as a screw clamp (fig.
131), a Plantamour’s ebullition funnel, and a crucible jacket.

236. Flasks are conveniently supported, while fluids are boiled
in them, by means of a tripod, as in fig. 135.

237. Mr, Grifin, to whom the chemical public is indebted
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for the introduction, from the Continent, of an immense num-
ber of instruments, until then al-

most unknown in England, has Fig. 135.
described a vertical clamp well
adapted for the support of small tube
retorts, and several other pieces of
apparatus.

238. I have often made vertical
supports of the form of fig. 136, with
the aid of the tools described in the
section upon Miscellaneous Opera-
tions. Two slips of wood, preferably
of a hard and springy kind, are
screwed to a small block, ¢, which
keeps them apart, and thus forms _
the spring. A screw, d ¢, is made
upon a rod (by means of a screw-
cutter) ; it is fixed at d by means
of a pin, and passes loosely through the other slip. A female
screw is cut in a block of wood, e,
which has two projecting pieces Fig. 136.
to assist in turning it. On screw-
ing up the block, ¢, against the
slip, b, the two are brought into
contact. The instrument to be sup-
ported is held between two pieces of
cork glued on at @ and 5. The whole
is then cemented into a mortise in
the foot, £, which is loaded with lead.

Lamp-furnaces are also very con-
venient for supporting retorts, &e.
in small distillations: they have
already been described (§§ 42 and 231).

239. Supports for burettes.—These valuable instruments are
supported in a vertical position, by means of a socket made in a
block of wood. Binks’ alkalimeter, which is far better and less
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fragile than Guy-Lussac's, is, from its simple form, capable of
being supported by a circular tube of wood with a foot.

240. Supports for gas apparatus.—The apparatus used in ma-
nipulations connected with gases, is generally somewhat more

_complex than the other kinds; and not unfrequently several

supports of different kinds are required in one arrangement, as
in fig. 137, in which the operation of collecting a gas over mercury
Fig. 187.

is represented, and where, from the weight of metal, it is neces-
sary to have the supports of considerable strength. The gas jar

Fig. 188.

y |
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is held by ome of Gahn's cylinder-holders, an excellent con-
trivance, the structure of which is seen by reference to fig. 138.

‘F
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A block of wood, @, having a rod, ¢, to enable it to slide ina -
hole formed in a block, as at k, fig. 132, has a slit cut in it to
enable a broad silk ribbon, d, to pass through, which is then
fastened by one end to & slit in the conical plug, b, which is re-
presented again at b', to show the position of the slit; the other
end of the ribbon passes round the end of the block, and is fast-
ened to the other side, The manner in which this is done is
observable from fig. 139, where it is seen from above. By twist-

Fig. 189.

ing the plug, the ribbon is tightened round the cylinder, and the
conical form of the plug enables it to be fixed by a slight pressure
downwards after the ribbon is tightened.

241, The flask in fig. 137 is secured by a clip, and the lamp is
seen to be supported by the table, fig. 128.

The rod on which the Gahn’s holder is fixed, is sometimes
clamped to the edge of the mercurial or pneumatic trough.

242. In gas experiments, as in many others, wooden blocks
are often of great service for raising and lowering apparatus to
different heights; they should be about 4 or 5 inches square,
and may vary from half an inch to 2 inches in thickness.

243. U-shaped chloride-of-calcium tubes are generally tied by
string to a wooden support, but preferable methods will be found
in the Appendix.

244. The U-shaped desiccating tubes, with a conducting tube
at bottom, much used lately for drying gases, by passing them
over fragments of pumice moistened with sulphuric acid, are con-
veniently supported against a board by means of wires passing
through the wood and round the tube, a piece of vulcanized
caoutchouc intervening,

245. The apparatus used in experiments on the solution of
bodies requires no special supports, the appliances already men-
tioned being capable of meeting all ordinary cases.




SUPPORT FOR POTASH APPARATUS. SUPPORT FOR VAPOUR-FLASE, 163

246. An exceedingly useful support for U-tubes, and many
other kinds of apparatus, is represented in fig. 140. It merely
consists of a frame-
work of wood, to which [~
the U-tubes are sus-
pended by strings at-
tached to nails or pegs.

247. Support for
thermometer and va-
pour - flask.— In ta- L
king the densities of ﬁ._ &
vapours, I have some-
times constructed the
arm for supporting the thermometer and vapour-flask (see § 131)
of the form of fig. 141. No difficulty will be found in making it.
It isrepresented turned sideways, toshow the position of the screws,
&c. It is jointed at a, to allow of its being raised or depressed

Fig. 141.
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to any angle, and may be fixed tight in its position by the screw,
b ¢, which passes smoothly through at the upper side, and has
the screw cut upon its lower portion. A square hole is mortised
at d, containing two pieces of cork, one of which, e, is moveable,
and serves, by turning the screw, £, to fix the thermometer. The
rod supporting the cage which holds the vapour-flask passes
through the aperture, g, and is held in the desired position
by means of the screw, . The hole, 7, enables the arm to slide
upon a retort-stand, and it may be arrested by the screw, %, at
the proper height.
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SECTION XIV.

DISINTEGRATION, &c.

248. It has already been observed that the attraction of aggre-
gation is one of the greatest obstacles to chemical action, and that
the further the particles of bodies are separated from each other,
the more freely and easily are they attacked by chemical re-
agents; it will be seen, therefore, that any means enabling the
chemist to effect the disintegration of bodies, should be tho-
roughly familiar to him.

There are many methods by which solid bodies may be reduced
to powder, but only a limited number of them are capable of being
used in researches; this arises from the fact that there are but
few processes possessing the necessary but somewhat incompatible
qualifications of not only pulverizing substances, but at the same
time preserving their purity. The ordinary operations of grind-
ing by means of stones, slabs and mullers, mills, &e., will not
be noticed in this work, as they are almost solely applicable
to manufacturing and technical pursuits; it is true that there
are occasions on which the scientific chemist is obliged to avail
himself of their assistance, but such are of comparatively rare
ocourrence.

249. The manner of proceeding to reduce a substance to a fine
state of division necessarily depends upon its physical characters ;
for example, & piece of chalk and an ingot of silver require very
different kinds of procedure, the first being easily brought to al-
most any degree of fineness by mere trituration, the second being
only procurable in a pulverulent form by precipitation or filing.

250. The instruments most commonly used by the chemist for
the purpose are the pestle and mortar, and these are necessarily
made of many different forms and varieties of material, to suit
the particular cases which present themselves, Porcelain, glass,
agate, porphyry, marble, granite, iron, steel, brass and bell-metal
all being in use for various purposes, but only four of them are
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employed in the laboratory, namely, porcelain, agate, steel, and
iron. Under the head of porcelain is of course included the ex-
tremely valuable Wedgwood-ware mortars so much in use. Itis
considered unnecessary to enterinto a description of the best shape
adapted for a mortar, because those last alluded to are generally,
perhaps always, made upon an unexceptionable model, and the
other varieties of form in use in the laboratory are all appropriate
in certain processes. In the operation of pulverization, as in
. most others, much time and trouble may be saved by a syste-
- matic method of procedure, and an equally great loss incurred
by careless manipulation. Some substances, such for instance as
sugar, when touched by the pestle, fall immediately into small
fragments, and are easily reduced into fine powder by a grind-
ing motion ; others, like sulphuret of iron, require a great deal
of pounding, and some care is necessary to prevent disper-
sion of the fragments; this may be prevented by striking with
the pestle straight down, carefully avoiding lateral blows, it
being these which chiefly cause the particles to fly about.
After the substance has become tolerably reduced, it is better to
substitute 8 movement between that of a blow and a grind for
the directly downward motion of the pestle; this is effected by
grasping the handle firmly in the hand, the striking portion of
the pestle pointing somewhat inwards, and then striking down-
wards, drawing the pestle towards the operator’s body; when
by this means a certain degree of fineness has been obtained,
it is advisable to entirely substitute trituration for blows,
the pestle travelling in turn over the whole of the lower por-
tion of the inside of the mortar. Where the matter adheres
to the inside, it must be scraped down towards the centre with
a spatula. It is necessary to have only a moderate quantity in
the mortar at once, as, otherwise, the fragments are protected
by each other from the action of the pestle. If the contact of
organic matter is unimportant, it is convenient, and assists the
operation, to sift the matter as fast as it is pounded, and return
the fragments which are too large to pass through the sieve into
the mortar to be repulverized.
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A good method of sifting small quantities of matter where
sieves would be inapplicable, is to put the powder into a piece
of muslin of the proper fineness, and gathering up the ends, to
strike the end of the pestle gently with the bag thus formed, over
& sheet of paper, of course avoiding a draught, if the powder, from
its small density, is liable to be blown away.

251. It is always best to have the pestle formed out of one
piece of porcelain, instead of the old plan of cementing a wooden
handle into a Wedgwood foot. If the pestle is used for pul-
verizing oxide of copper or chromate of lead this is indispensable,
a8 it is sometimes difficult to prevent fragments of the cement
being projected into the mortar.

252. It is important to ascertain the soundness of the material
of which the mortars are made before using them, as a bad one
is worse than useless, and sometimes gives rise to serious errors.
One of the worst faults is porosity ; if sulphurie acid be put into
& mortar and left for some hours, it ought to be immediately
and thoroughly removed by merely rinsing with cold water; if,
moreover, any colouring matter be left in it for twenty-four hours,
the same ought in general to be the case. Some unglazed mortars,
however, although in other respects excellent, have a tendency to
slightly retain colouring matters with great obstinacy, while acids
or other fluids do not appear to be absorbed. It is essential that
the mortars should be sufficiently hard to allow of substances of
considerable hardness being pulverized without injury. It is
sometimes found that the pestles and mortars, although purchased
together, are not of the same degree of hardness, very hard mor-
tars being sometimes accompanied by worthless pestles, and vice
versé ; where this is the case, it is better to throw away the im-
perfect instrument than to run the risk of causing the failure of
an experiment by retaining it in the laboratory.

253. When a good instrument has been procured, every care
ought to be taken to preserveit. Sudden changes of temperature
are to be avoided ; many mortars have been destroyed through
careless persons mixing sulphuric acid and water in them, or
plunging them into boiling water for the purpose of cleansing.
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Impurities may be removed from mortars by rubbing in them a
little sand saturated with a strong acid or alkali, as the case may
be; it is seldom that any dirt is found to resist the action of
nitrie or sulphuric acids or caustic potash. With the same view,
namely, to prevent destruction of a good mortar, care should be
taken to prevent unnecessarily hard blows being used in pul-
verizing ; moreover, where it is essential to warm the mortar, as
is the case in the comminution of very deliquescent substances,
it ought to be done very gradusally (such as by letting it remain
for some hours in the warm closet) before attempting to make
it hot.

254. The operator cannot be too strongly cautioned against
pulverizing a chemical mixture with the properties of which
he is unacquainted ; this especially applies to anything in which
chlorate of potash enters as an ingredient, several fearful accidents
having occurred in this manner.

255. It has been said that some kinds of unglazed mortars
retain colouring matters with obstinacy ; it must not be inferred
therefore that glazed mortars are the best; on the contrary, and
even where the glaze exists, it is only for a short time, as the
attrition from use soon removes it, and, in fact, a glaze is an
obstacle to the use of & mortar, its polish enabling the substance
to slide over its surface without meeting with the proper degree
of attrition.

256. It often happens, especially in the preparation of refrac-
tory silicates for analysis, that substances are to be reduced to an
extreme state of division; it is then generally best to commence
by reducing the mineral to coarse fragments, by first heating it
to redness and then quenching it in water ; this fills the mineral
with innumerable fissures, which greatly assist the further pro-
gress of the disintegration. It must not however be assumed
that this is invariably a correct mode of operating, because there
are instances where such a procedure would destroy the possibility
of obtaining an accurate result.

257. A very good general method of reducing hard substances
into moderate-sized fragments, either after heating to redness and
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then quenching or otherwise, is to wrap the mass in a few folds
of paper, and holding it with the forefinger and thumb of one
hand on the anvil, to give it a few smart blows with a hammer
more or less heavy, according to the hardness of the substance.
Some bodies, as the phosphuret of rhodium, are very difficult to
reduce to fragments even by this method, and are perhaps best
broken in the diamond mortar to be described presently. After
breaking the mineral to moderate-sized fragments, it may generally
be reduced to a coarse powder in an ordinary Wedgwood or
Meissen porcelain mortar, and be finished by long trituration in
the one of agate. '
258. These last-named instruments are absolutely indispen-
sable in the laboratory. The demand for them having greatly in-
creased during the last few years, they may be procured at very
low prices, and are therefore within the reach of almost all who
study the science to any extent. They are only available for tri-
turation, having generally more or less fissures, which weaken
them so much as to cause them to fly to pieces with a smart
blow. They are, however, excessively hard, and consisting
almost entirely of silica, the nature of any matter introduced
may be known and estimated accord-
ingly. The pestles are generally incon- Fig. 142.
veniently short, and therefore should fit
into a handle, or the whole arrangement
may be made as in fig. 142, where the
mortar is fixed and the handle is attached
to & tube, which, from the mode of sup-
porting it, allows of a considerable amount
of motion, and at the same time greatly
facilitates the working of the instrument.
It will be seen that the agate mortar from
its shape is also singularly well adapted
for the pulverization of small quantities of
valuable substances for analysis,and should
therefore find a place among the apparatus for organic as well as
inorganic analysis ; it is also cleaned with extreme facility, partly
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in consequence of its shape, and partly from the perfect absence
of porosity, that is at least in good specimens, for some agate
mortars contain flaws upon the basin; these should be rejected.
In examining them they should be held against the light, when
many imperfections which would otherwise pass unnoticed will
become visible ; care must, however, be taken nof to mistake the
lines and streaks (almost always to be found in agate) for flaws.

259. One of the great uses of an agate mortar is in qualitative
blowpipe analyses, for procuring the metallic globules formed by
exposure of oxides with carbonate of soda, &c. to the reducing
flame ; the charcoal, after the blowpipe process is ended, is cut
out at the spot where the action took place, and is ground in the
agate mortar, after which the powder is carefully washed away,
and the grinding and washing continued, sometimes alternately
and sometimes together, until nothing remains in the mortar but
the reduced metallic globules, which may generally be recognized
by their physical characters, or, if not, by a few simple tests.
The reason why only an agate mortar is properly applicable in
this process, is, because the rough surface of an ordinary mortar
would almost infallibly destroy the globules. A porcelain capsule
and the polished end of a porcelain pestle may sometimes be
substituted for the agate, where the latter is not to be procured.
Great care must be taken in this process to avoid too powerful a
stream of water, which would wash away the globules with the
charcoal. Beveral other precautions are also to be taken at times,
which belong to analytical treatises, and cennot therefore be
entered upon here.

260. An iron mortar is useful for many purposes, and should
therefore find a place in the laboratory. It is well adapted for
pounding the hard masses of fused chromate of lead and sulphuret
of iron, the former used in organic and the latter chiefly in in-
organic analysis. It is constantly used, moreover, for pounding
marble and several other hard substances.

261. The student should endeavour to familiarize himself with
the physical and chemical characters of substances, in order to
be able to perform with facility any operations of solution or dis-

1
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integration that may be required, it being well known that dif-
ferent bodies require very different methods of reducing them to
powder; for example, camphor is & somewhat troublesome sub-
stance to reduce to fine powder per s¢, but if it be moistened with
aloohol, it is readily obtained in the required state. Chloride
of ammonium is extremely tough if struck at right angles to the
grain, but if the blows are given in the direction of the fibres
it yields readily.

262. Metallic gold may be obtained in powder by several
chemical and mechanical methods: in the first place, it may be
precipitated by a solution of protosulphate of iron or by oxalic
acid, or it may be ground with honey to a paste, and the honey
may afterwards be removed by water. Tin and lead may con-
veniently be pulverized by melting them and pouring into & wooden
box, which is to be vigorously agitated as rapidly as .
possible after the introduction of the fluid metal,  *'& 143

263. Before levigating hard minerals, it is usual /<N
to reduce them to a certain degree of fineness in
the diamond mortar (fig. 143), consisting of three
pieces, a, b, and ¢; the pestle, ¢, fits into b very ¢
accurately, so that no particles can be lost by di-
spersion, and b in its turn fits into @, which serves
as a foot and steadies the whole. When the
mineral is inserted into the cavity of b, the pestle
is put into its place and struck smartly with a
hammer, until it is found that the mineral has
yielded, which it invariably does if the hammer $
is wielded properly. Although the instrument is
constructed of the finest and hardest steel, it is
generally found that more or less has been abraded,
and this must either be allowed for or removed, H
according to circumstances; gemerally the latter, | i--—-----sm=- i
it being usual to digest the assay in weak hydro- .
chloric acid to remove the steel.
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SECTION XV.

CRUCIBLES AND OPERATIONS AT HIGH
TEMPERATURES.

264, Crucibles are gemerally used for experiments which re-
quire very high temperatures, and are made of many different
materials, according to the purposes for which they are intended.
Those of clay are commonly used in laboratories, and are convenient
if the operations are not of great delicacy, and the material to be
heated is not liable to injury from the contact of the matter of
which the vessel is composed. For the fusion and reduction of
metals, and the preparation of many chemical compounds, they are
invaluable, and it becomes important therefore to be acquainted
with the characters of the various kinds in general use, in order to
enable us to make a selection of the best adapted for any operation
which may present itself.

265. Cornish crucibles are very refractory, and if treated well,
may be used for the same kind of operation several times in suc-
cession without cracking, especially if they are recharged before
eooling ; they are well adapted for the fusion of alloys, melting
and reduction of gold and silver, fasion of chromate of lead, igni-
tion of oxide of copper, &e.; and, moreover, they have the con-
venience of covers, which is not the case with Hessian crucibles,
which in many respects have much resemblance in properties;
the latter, however, are triangular, while the Cornish are round.

266. Ordinary English crucibles may be obtained of several
shapes and sizes, according to the purpose for which they are to
be used; figs. 144, 145, and 146 give an idea of their general
appearance. It will be seen that they are made both triangular
and round, besides the egg-shaped vessel, fig. 147, generally
known as a ¢ skittle-pot.”

For ordinary fusions the triangular crucible is convenient,
and affords considerable facilities for pouring the melted metal
from the angles into small moulds or other positions. They all

12
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have covers. The skittle-pots are particularly convenient in
Fig. 146.

\ / Fig. 147.
Fig. 144. Fig. 145.
. =

some operations, from the facility with which reduced and melted
globules descend and form a button at the bottom; they are,
moreover, useful for charring animal and vegetable substances
without access of air, and in some metallic fusions. It must not,
however, be forgotten that most kinds of English crucibles, except
the Cornish and London, are not only- fusible at very high tem-
peratures, but are peculiarly liable to crack if suddenly heated
or cooled, and- should therefore be warmed through before being
placed in the furnace; and when the operation for which they
have been used is concluded, they should, immediately after the
contents are poured out, be placed among the hot ashes to cool
slowly. Itis seldom, however, that they can be used twice, un-
less it is for the same operation; and when this is the case, it
is usually necessary to recharge them before the temperature has
much fallen, and even then they often crack in the fire on the
second heating; I have on occasions, however, fused some hun-
dred-weights of chloride of calcium with only a foew large crucibles,
by taking the precaution not only to refill them before the tem-
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perature had much fallen, but also to warm the charge before
inserting it.

267. Hessian crucibles,—These are sold in nests, and in mate-
rial have much resemblance to the Cornish; they are, however,
triangular, and are more neatly made. They withstand a very
high temperature, and if warmed before insertion in the fire, are
not very liable to crack®; they have the inconvenience of not
being provided with covers; this may be obviated by using an
English cover, or by inverting one of the same kind a size smaller
inside the larger one.

268. Blue pots.—These crucibles, which resemble fig. 146 in
appearance, are made from a mixture of plumbago and clay,
and are admirably adapted for many metallurgical and technieal
operations, but their composition renders their use in chemical
experiments very limited; this is unfortunate, as they are not
only capable of resisting very high temperatures, but are also less
liable to crack than most others. They are much softer than
ordinary crucibles, and may easily be sawn and drilled so as to
make small chauffers and furnaces, which are extremely neat in
appearance, and retain heat a long time, but are much less con-
venient than the small iron furnace, fig. 19, in practice, from the
fact that after being used a few times they invariably crack, and
then require to be bound round with wire to enable them to be
used ; they may be obtained of all sizes, from an ounce to 2 or 3
gallons capacity. |

269. Porcelain crucibles—These beautiful vessels are now
made in Germany and France of the most exquisitely white thin
and hard porcelain; they are to be procured of all shapes and
sizes, and have become absolutely indispensable in the laboratory.
They do not crack when heated, and are but little acted on by

# Mitchell, ¢ Manual of Practical Assaying,’ states that the Hessian pots
are worst of all ; they do not stand the least change of temperature without
certain fracture, so that they require to be very carefully used.” This does
not acoord with my experience, for I have used the same Hessian crucible
for igniting oxide of copper to distinct redness (preparatory to use in orgumc
analysis) a dozen or more times in succession without a crack oecumng,
and without taking any special precautions. *
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even the most energetic chemical reagents; they therefore com-
municate no impurity to the substances which are being examined
in them. For some operations they supersede platinum, particu-
larly in the ignition of precipitates of the more reducible me-
tals, which would infallibly destroy a platinum crucible. Their
beautiful whiteness frequently makes them eligible instead of
test-glasees, the action of coloured reagents being very often
equally well observed in them as by ordinary transmitted light.
They do not retain colouring-matters, and are not parous.
Their covers are also excellently adapted for many cases of
testing.

270. The crucible of the shape represented in  Fig. 148.
the margin may be procured of any size, from a
few drops capacity to about half & pint, and is /
very well adapted for the ignition of precipitates \
in analysis, especially where the use of a platinam /
vessel is inadmisaible.

271. The capsule, fig. 149, is also adapted for ignitions and
fusions, but is more appropriate to eva- Fig. 149.
porations and crystallizations on the

small scale, especially those in organic
research.
272, The porcelain digester, as it is
termed(fig. 150),would more properly have
been described in the section on Solution. Fig. 150.
It is an admirably useful vessel in many
experiments, but is not, I think, a very
general favourite. I know of no vessel
better adapted for slow evaporations and
other operations on the sand-bath; and
I have had some glass ones made, which
are excellent for many purposes, and are
particularly convenient from the facility
with which they may be cleaned.
273. 8mall porcelain capsules of the shapes seen in figs. 151, 152
and 153, but of larger size, may be obtained of extreme thinness
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and lightness, and are better for the ignition of chloride, bromide,
&c. of silver than any other vessels with which I am aoquainted.

Fig. 151 Fig. 152.

o U

I have often had them in almost every-day use for months for
the ignition of silver and platinum salts, &c., and have found them
neither vary in weight nor crack. Those which are unglazed
on the bottom part of the outside, may very conveniently have
their weights marked upon them with a black-lead pencil, which
will remain legible for some little time; and ink, although de-
stroyed by the heat, leaves a red mark, caused by the iron in it,
which may be read even after several ignitions.

It must be remembered that porcelain capsules, from their
small conducting power, require a more powerful heat to raise
their contents to the same temperature than vessels of platinum.

274. Platinum crucibles.—Perhaps no single invention has
more contributed to the development of accurate analysis than the
discovery of the method of constructing platinum vessels; their
uses are almost infinite, and the platinum crucible has become
one of .the most indispensable of all the analyst’s instruments.
They are chiefly employed in the ignition of precipitates for
analysis, and in the fusion of silicates with carbonated alkalies to
render them soluble, a preliminary step to their analysis. The
shapes of the vessels that may be used for these purposes are
numerous, but the most ordinary form of the platinum crucible is
that represented in fig. 164. Thelids of some are,  Fig. 154.
however, constructed in such a manner that they
may, when separated from the crucible, be used as
a capsule for ignitions and evaporations of various
kinds, as in fig. 155.

275. Spoons made of the same form as those
alluded to in the section on Blowpipe Apparatus, but
much larger, are also very valuable for many operations. Platinum
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capsules, of the form of figs. 156 and 157, are also extremely con-
venient. Platinum crucibles are absolutely Fig. 165.
unacted on by carbonated alkalies at & high
temperature, but this is not the case when
caustic alkalies are substituted: the vessel is
then liable to be seriously damaged.

276. In the ignition of platinum salts of or-
ganic bases, in order to establish their atomic
weights, &e., it is advisable to employ porcelain capsnles, for by

g 156. Fig. 157.

their use itis possible to obtain results of equal precision, without
injury to the valuable- platinum crucible ; for when this operation
is performed in it, the spongy platinum formed adheres with
tenacity, and cannot be entirely removed. It is also of great im-
portance to observe that no metallic oxides of easy reduction are
to be heated with filters, or in any other manner that can possibly
introduce free carbon, as the metal will unite with the platinum
at a high temperature, and the capsule will probably be rendered
useless,

277, 1t is convenient to have counterpoises made of lead or
other metal for all the platinum vessels, so that the increase may
at once give the weight of the precipitate without calculation.
See also ante, pp. 71 and 72.

Platinum capsules, &c. may be heated in many ways, which
will be seen by inspection of the articles on Lamps and Fur-
naces, where the methods best adapted for the purpose are
detailed.

278. When used in furnaces, they must be protected by being
placed within another crucible of clay, as otherwise they would
be infallibly destroyed by the slag, and also by the vapours
containing sulphur, which invariably exist in furnaces. It
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has been said that crucibles, &c. are never to be weighed in a
heated state, but it frequently happens that a substance is to
be estimated which rapidly increases in weight even in a covered
erucible, for their lids seldom fit very accurately after they have
been much used. In these cases it is usual to place the hot
crucible or a wire triangle over a vessel of sulphuric acid under a
bell-jar, which mode of proceeding effectually prevents all access
of moisture, and also retards the cooling ; but where it is desired
to proceed rapidly, any delay like this is a source of some annoy-
ance; I have therefore been in the habit of placing the hot cru-
cible upon a clean steel anvil which, from its size and conducting
power, renders it perfectly cold in a space of time so short
that few substances would absorb moisture during the operation ;
where, however, this is not practicable the first method must
be adopted (§ 84.)

‘Where silicates have been fused in platinum vessels with car-
bonated alkalies, it is usual to extract their contents with hydro-
chloric acid, in order to bring them into a state fit for analysis;
but it must be remembered that if the silicate contained cer-
tain peroxides, chlorine will be liberated during the solution of
the fused mass in the acid, which will act upon the crucible, and
not only injure it, but introduce platinum into the analysis.
Under such circumstances, the crucible must be boiled with water
until the contents are sufficiently softened to allow of removal,
and when the whole has been removed, and transferred to a
beaker, hydrochloric acid may be poured on and digested with it
until the required result is obtained.

It must not be forgotten that when an acid is added to the
ocontents of the crucible after a fusion with alkaline carbonates,
a violent effervescence will take place unless it is added by small
portions, and even then danger is incurred of loss of substice.
During the effervescence, it is proper therefore t6 place a cap-
sule over the beaker, which will prevent the escape of the par-
ticles of liquid thrown up, as they will strike upon the convex
surface, and trickling down, will fall back ; after the effervescerice
has ceased, however, the bottom of the capsule must be washed

15
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by a stream of water from the washing-bottle (§ 200), the liquid
being allowed to drop into the beaker with the rest.

279. Gold crucibles are exceedingly valuable in many opera-
tions, from the admirable way in which they bear the action of
alkalies ; but they are comparatively fusible, and from their value,
of course require proportionate care.

280. Silver crucibles are much used for fusions with caustic
alkalies, as they are far less acted on by them than platinum ;
but it must be remembered that they are dissolved by nitrie acid,
even when very dilute, are very fusible, and in general are more
easily destroyed than platinum or gold erucibles.

281. Iron crucibles are sometimes to be obtained, and for some
purposes are extremely convenient; but their use is limited, and
they do not therefore demand any special notice, The same ob-
servation applies to those made of copper ; it may, however, be re-
marked, that if Wohler's new process for preparing pure potash
from the nitrate, is found practically convenient, it will cause them
to be more extensively employed than they have been hitherto.

282. General remarks on crucible operations.—Crucibles at high
temperatures are handled by means of tongs of various shapes
and sizes, according to the weight and nature of the vessels to
be lifted. When large and heavy, they are to be lifted out of the
fire with strong ring-tongs. The latter are almost indispensable
in these operations, because if straight ones were used they would
break a piece out of the edge, and perhaps be the cause of serious
accidents,

283. Small platinum and porcelain crucibles are handled by
means of the tongs represented in the figs. 158 and 159.

It is very important to see that the anvil or other place upon
which the platinum crucible is placed to cool, is free from dirt or
fragments of readily fusible metals ; as, if the former adhered to
the crucible, an error would be introduced into the weighings,
and if the latter, the vessel would stand a great chance of being
destroyed.

284, Most persons commencing experiments at high tem-
peratures, raise the heat too much ; it is well, therefore, for the
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stadent to make himself familiar with the nature of the various
terms used to express roughly the intensities of the tempera-

Fig. 158.

Pig. 159.

tures of furnaces. The expressions alluded to are generally
known as dull red, cherry-red, yellow, bright yellow, white,
and blue heat®; these distinctions are generally sufficient to
enable the experimenter to apply the proper degree to his cru-
cible in the present state of the science. Undoubtedly the time
is approaching when terms so loose as these will be quite inade-
quate to express the gradations of temperature adapted to re-
fined processes, but for the present they suffice, it being a very
rare occurrence to resort to the indications of the pyrometer,
excopt for the purpose of ascertaining the fusing-points of metals
and other substances which require a very high temperature for
fusion.
285, Charcoal crucibles were much in vogue amongst the older
chemists for experiments of reduction; they fell, however, into
disuse, until the employment of them was revived by M. Deville.
® This term, blue hoat, is employed by M. Sainte-Claire Deville as indi-
cative of the highest temperature obtainable in furnaces; it was also used
long sgo by Faraday.
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Two ways of making them are adopted : the first and more ancient,
consists in taking a piece of fine hard charcoal and modelling it to
fit the inside of a clay crucible ; a hole is then bored in the char-
coal sufficiently large to contain the subjeot of experiment, and a
stopper is made to fit it; this is also cut out of another piece of
charcoal. 'When used, the substance is placed in the aperture, and
the stopper inserted ; the whole is then placed inside the clay cru-
cible, and the latter has a cover luted to it, a small hole being left for
escape of gas. The next method is much simpler, and is perhaps
more generally useful : a quantity of charcoal is powdered to a
moderate degree of fineness, and after being moistened with weak
glue or gum-water, is pressed into & crucible of refractory clay;
a hole is then made in the charcoal paste by pressing in it the
small end of a pestle; it is dried at a very gentle heat, and is
then ready for use®.

It is well known that in ordinary furnaces the maximum heat
is an inch or two above the bars; it is usual therefore to sup-
port the crucible to be heated, upon some substance equally able
to stand the temperature to be employed. A portion of an old
crucible, or a fragment of brick, is generally used. The fire
must be built round the crucible with great care, so that when it
falls, as the combustion proceeds, the position of the vessel may
not be altered, or its safety, and that of its contents, endan-
gered. It is not always convenient to warm the crucible previous
to the operation in a separate furnace; it is therefore a good
plan to commence building up the fire round the crucible-support
with a few pieces of ignited charcoal, and then continue it
with cold coke in small pieces. For an ordinary-sized furnace,
where the space between the crucible and the walls all round is
about 7} inches, the fragments should not much exceed the size
of a large walnut; by this means the combustion will proceed so
gradually that the erucible will run but small danger of fracture
during the heating. 'When the whole of the fuel has acquired a
full red heat, if it be gently touched with a rod, it will sink in

# For another kind of carbon crucible, see Appendix, on the * Production
of High Temperatures.”
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consequence of the charcoal on which it rested having been con-
sumed ; more fuel must now be added, and the furnace, if its
construction will admit of it, should be filled almost to the top,
or at least as nearly so as is practicable, without affecting the
free egress of the air and smoke through the flue. In almost
sll ordinary cases, the operation will be concluded without the
addition of any more fuel; but where the experiment requires
the protracted application of a very intense heat, more will be
required, and it is very necessary to be able to supply it from
an adjacent stove, kept burning merely to supply the one where
the fusion, &c. is proceeding, as, if cold fuel be added, the tem-
perature of the furnace will fall considerably, the process will
be proportionably retarded, and, if it come in contact with the
intensely ignited crucible, & fracture will probably result. For
these reasons, it is far better to keep on adding red-hot eoke by
small portions as the fuel sinks, so that the crucible shall always
remain covered to the depth of 4 or 5 inches with the red-hot
fuel. In protracted experiments, a certain quantity of slag or
clinker falls to the grating and closes it up, thereby materially
retarding the operation by preventing free ingress of the air; if
this be neglected for a short time, it accumulates so much that it
will be dangerous to attempt its removal during a fusion, as it
would be extremely difficult to do so without disturbing the
crucible, and thereby running a risk of losing its contents. For
the same reason, if any considerable number of experiments in
crucibles at very high temperatures have to be performed, it
is proper to take every care to provide the best coke, and to
see that the furnace is properly freed from clinkers every time
it is to be used. The tendency of some metals and alloys to
absorb silicium at these temperatures, must not be overlooked
in operations where such an action may exert an injurious
tendency.

Sometimes even the best crucibles will open and discharge
their contents into the fire during an ignition, especially where
fluxes are present; it is therefore good policy to make a point
of having the crucible well luted before exposure to the fire.
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To prepare this luting, I have always found the following mode
of procedure answer extremely well:—8ift some good Stour-
bridge clay through a tolerably fine sieve (about twelve holes to
the inch), and let it be thoroughly beaten in a mortar with some
fresh horse-dung to & smooth paste; pass a cloth slightly wet
over the crucible so as to damp it, and apply the luting with &
knife or spatula; let it be neatly and evenly applied, to the
depth of a quarter of an inch, then let the crucible be placed in
a moderately warm situation until thoroughly dry, and when this
is the case, any cracks which have appeared are to be made good,
and after being dried the second time the vessel is ready for use.
The same mode of proceeding answers very well for stoneware
retorts and tubes.

286. Very frequent operations in laboratories of research
are the ignition of oxide of copper, and the fusion of chro-
mate of lead; when these are performed, extreme care is re-
quisite to prevent fragments of coke or coal, or even the smoke
of the furnace, finding their way into the crucible. It is best
to place the crucible containing the material on the top of the
farnace until quite hot, and during this preliminary heating to
make up the fire with coke, so that it may be quite clear and
free from smoke; the rings (§ 29) may then be removed until an
aperture is obtained rather less than the largest part of the cru-
cible, which may then be dropped into the aperture, it being sup-
ported by its widest part; it will soon become very hot, and in &
fit state to be inserted in the fire, which should be so managed
that the fuel does not extend to within an inch of the top of
the crucible. If oxide of copper which has been used is being
ignited, after treatment with a little nitric acid to reoxidize the
reduced metal, it may be lifted out of the fire and stirred occa-
sionally until the whole has acquired a dull red heat, and the
nitrate of copper become perfectly decomposed. The fusion of
the chromate of lead is acoelerated by stirring now and then, as
otherwise the bottom part fuses and descends, sometimes leaving
the rest above it in the cooler part of the cruaible.

287. If proper care be taken, earthen crucibles may be used
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for operations which are generally supposed to be necessarily per-
formed in more valuable vessels. If properly freed from iron and
other impurities, chloride of calcium may be prepared of the purest
white in ordinary English crucibles.

288. Porcelain basins are very well adapted for some fusions,

as for instance the white chloride of zinc; the furnaces, figs. 1
and 17, are convenient for this purpose; one or two of the rings
being removed, the basin containing a dense solution of the
purified chloride may be supported upon it, care being taken to
exclude dust and dirt: this method is far more efficacious and
economical than the use of gas, especially where large quantities
have to be made.
. 289, In ignitions in porcelain and platinum erucibles over gas-
and spirit-lamps, much care is required to prevent loss of the
material. Some substances decrepitate violently when exposed
to heat; when this occurs, the lid of the crucible should be kept
on. The decrepitation, however, may sometimes be prevented
by finely pulverizing the matter to be ignited.

290. In the ignition of the platinum and gold salts of the orga-
nic alkaloids, it often happens that the metal volatilizes with the
vapours, although the temperature had been kept below redness
until the organic matters were destroyed. It is necessary, at such
times, to cover the salt with pure dry carbonate of soda ; and, after
the ignition, to wash the latter away on a filter ; the whole is then
to be re-ignited and the filter-ash deducted from the weight of the
metal obtained. 'Where the salt of silver, gold or platinum is diffi-
cult to burn, which very seldom happens, it is sometimes admissible
to drop a small fragment of solid and extremely pure nitrate of
ammonia into the crucible, to facilitate combustion of the carbon ;
but great care is requisite in its use, to avoid a deflagration violent
enough to project anyof the metal. For other precautions necessary
to be observed in operations of this class, see §§ 90, 218, & 276.

291. In every case of ignition to remove carbon, care must be
taken to allow air to enter the crucible, and this may be dozie in
several ways, the most eligible of which have been already described

(5 86).
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. 292, The method of cooling a platinum crucible with rapidity
lms been more than once mentioned; if, however, a porcelain
vessel were exposed to the same treatment, its fracture would be
inevitable; when it is desired, therefore, to cool it as quickly as
possible without danger of fracture, it may be placed upon a piece
of wire-gauze, supported upon & capsule or other convenient sup-
port; or, if its contents are hygroscopic, upon & triangle over a
surface of sulphuric acid.

293. In connexion with the furnace operations with crucibles
at high temperatures, there are a few precautions which must
not be neglected. If, while a substance is in a state of fusion, it
is desired to add more, it must be carefully ascertained that no
moisture is contained in it, as violent and dangerous explosions,
accompanied with projection of the fused matter, may be the re-
sult. Itis often convenient to remove one of the rings (§ 29)
and lay a plate of tale upon the aperture, to enable the operator
to view the interior of the furnace and, in some circumstances, of
the crucible also.

294, Where it is necessary to melt a more with a less fusible
substance, a8, for example, in the preparation of brass, the less
fusible metal is invariably to be melted first, then the other to be
added, and the whole well stirred together. If, in the example
given, the zinc were first fused, and the copper added, almost the
whole of the former metal would be oxidized or volatilized before
the temperature had become sufficiently high to fuse the copper.

295. It is a very common operation in laboratories to have to
reduce the silver, gold, and platinum from the constantly accu-
mulating stock of precipitates and filter-papers. It is, however,
much better in the case of silver to keep the papers separate and
heat them by themselves, as if the mixture of solution and papers
be placed in a basin to be dried down, there is sometimes a for-
mation of some explosive compound, apparently derived from the
mutual action of nitric acid, nitrate of silver, and the organic
natter of the paper, which may be the cause of loss by projec-
tion. In the case of the platinum, the whole mixture when dry
may be mixed in a red-hot cruclble with nitre, and when the

.
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organic matter is destroyed, the platinum may with ease be sepa-
rated from the residue. With the gold and silver residues, the
dried mass may be mixed with soda and borax, and be exposed
to a brilliant yellow heat for half an hour, at the end of which
time the silver or gold, as the case may be, will be obtained in &
button.

296. Mr. How has shown that much trouble may be caused
by the silver and platinum washings being inadvertently mixed, as
the platinum dissolves in nitric acid when fused with silver. If,
however, the nitric solution containing the two metals be evapo-
rated to dryness and fused, water will separate the nitrate of
silver, the platinum remaining behind insoluble; if any platinum
still adheres to the silver, the latter must be precipitated by
hydrochloric acid.

297. It is becoming a common operation in the analysis of
inorganic compounds to
effect reductions by hy-
drogen gas in porcelain =
crucibles ; this may be
performed in the man-
ner shown in the en-
graving, fig.160, where
the tube, a a, convey-
ing dry hydrogen, passes through & hole in & platinum lid adapted

to a porcelain crucible, Fig. 161.
and descends a short ¢
distance into the latter, \\

which may be support- L T~
ed upon a wire triangle L ]
over a lamp., It is L]
sometimes possible to obtain porcelain covers with a tube of the
same material, made in one piece, as seen in section, fig. 161, but
they are rather difficult to procure.

298. Operations at high temperatures in tubes.—In the chemistry
of the present day tubes are much used as a means of exposure of
substances to high temperatures, frequently with a gas of some
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kind passing overit. The process of organic analysis in & current
of oxygen may be instanced as an example. From the large
surface which is by this means of operating exposed to the action
of gaseous matter, a very advantageous mode of experimenting is
the result, and, in fact, some of the most beautiful and accurate
experiments in modern chemistry are thus performed. The
material of which tubes are made for this purpose is generally
glass, as it is easily worked to different shapes to suit the various
purposes to which it may be applied. Earthen tubes are worse
than useless for most experiments of this class, and those made
of poroelain, although not porous like those last named, are so
extremely liable to crack, that it is far better wherever pos-
sible to use glass, the only drawback being its fusibility; the
hard Bohemian glass (of which the combustion-tubes for organic
analysis are made) is, however, capable of withstanding a full
red heat when supported as in a Liebig’s furnace, and is there-
fore sufficiently refractory for all ordinary purposes.

299. Where the use of a very high temperature is unavoid-
able, gun-barrels may very often be made use of, and it will be
shown farther on that they are well adapted for nitrogen deter-
minations by Peligot’s modification of the method of Varrentrapp
and Will, where, although the heat required is not very great,
it is seldom possible to use the same glass tube twice; and as in
many laboratories it is common in the analysis of nitrogenized
manures, soils, &c. to make three or four combustions a-day, the
saving of tubes becomes worthy of attention. A good gun-barrel
may be used for nearly a hundred analyses before being destroyed.
A piece of iron gas-pipe may often be employed instead of a gun-
barrel, and for some kinds of reduction experiments answers ex-
tremely well. It is often advisable to protect the glass tube by an
outer one of copper, which may be constructed of a ribbon of the
metal the same length as the tube, or a little shorter, and rather
more than three times its diameter; after being heated to dull
redness and allowed to cool to anneal and render it easy to
work, it may be rolled round the tube with the hands, a small
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piece of iron or copper wire being twisted rather tightly round
either end to keep it firmly fixed.

800. It is necessary to be aware of the high conducting power
of an exterior tube of copper when applied in this manner, as,
if not known and guarded against, it would sometimes preju-
dicially affect the results. When required merely as a support,
a narrow strip of metal may be made to lie upon the vertical
supports throughout the whole length of the combustion-furnace,
the tube resting upon it being thus prevented from curvature
when softened by the high temperature.

301. Figure 7 on page 14 represents the general mode of pro-
cedure in experiments where a gas is to be passed over a substance
at a red heat, as, for instance, in the reduction of ferric oxide or
oxidized copper turnings by hydrogen. The piece of combustion-
tubing, a,rests upon a series of vertical supports intended to prevent
flexure. The gas evolved from an apparatus not seen in the figure,
but which will be described further on, passes through the tube &
into the bottle ¢, filled to about one-third its height with concen-
trated sulphuric acid, intended to absorb the moisture with which
the gas is saturated; from thence it passes through d into the
combustion-tube, which latter is closed at either end by corks,
¢, ¢, fitted with tubes, the posterior one being attached by means
of a tube of caoutchouc to the tube d, evolving the dry gas.
It is necessary to allow the gas to stream rapidly through the
apparatus for some time before putting the red-hot charcoal in the
furnace, in order that the atmospheric air may be perfectly ex-
pelled, as otherwise a violent explosion will occur, and of course
the fragments flying about are liable to cause serious injury to
the operator. It is always necessary to continue the stream of
gas until no more water is produced, as may be proved by none
condensing upon a cold glass plate held close to the exit-tube,
or, in general, by steam ceasing to make its appearance. In all
cases it is better to continue the flow of gas until the apparatus is
quite cold, when the tube should be closely corked at either end,
until the contents are wanted for use.

302, In experiments where a very intense heat is required,
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it is necessary to lute the tube, no matter what may be the
material of which it is composed; for if of iron, although the
temperature may be far short of the point of fusion, the metal is
rapidly oxidized and destroyed when exposed to a current of air
at a red heat; the same applies to copper, and even platinum is
injured by the sulphurous vapours to.be found to a greater or
less extent in all furnaces. In the case of the latter metal, it is
essential to lute the tube to protect it from slag and the fusible
impurities abounding in fires at strong heats.

As instances of some interesting furnace-tabe experiments, may
be mentioned the decomposition of water by metallic iron, the
formation of the same by passing hydrogen over reducible metallie
oxides, the formation of the beautiful sesquichloride of chromium
by passing chlorine gas over a mixture containing oxide of chro-
mium and charcoal, Berzelius’s experiments on the separation of
antimony, arsenic and sulphur from minerals, by passing chlorine
over them at high temperatures, the conversion of toluidine into
aniline, Captain Reynold’s experiments on the production of pro-
pylene from valerianic acid, the formation of the anhydrous chloride
of aluminium, the decomposition of some oily bases, with produc-
tion of others having the power of giving coloured reactions, &e.

It appears from some experiments, that bodies standing high in
homologous series may, by passing through tubes heated to mode-
rately high temperatures, be reduced with deposition of carbon
and evolution of gaseous hydrocarbons into members lower down
in the scale; it need scarcely be said that a careful investigation
of these decompositions is absolutely coertain to be rewarded by
valuable discoveries.
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SECTION XVI.

PRESSURE-TUBE OPERATIONS.

303. In the progress of modern organic chemistry a new method
of manipulation has been gradually deyeloped, and now become
very generally adopted in certain trains of research. It consists
in exposing substances to the action of reagents at an elevated
temperature under considerable pressure. The reason for this
procedure is, in general, that the reactions sought are most fre-
quently sluggish at ordinary temperatures, and as the reagents
used are often volatile, it would be difficult to effect the intended
change by mere digestion in the ordinary way. It is true that
an apparatus might be made, by means of which substances
could be exposed to the action of volatile reagents at temper-
atures not sufficiently great to injure corks, but then it would
be impossible to construct it so as to withstand a very power-
fal pressure; now, by the process about to be described, this
objection is removed, and any temperature or pressure may be
attained short of that capable of bursting the tube. Before
proceeding to describe the process, it may be mentioned that the
iodides and bromides of ethyl, methyl and amyl are greatly used in
experiments of this description, as in the splendid research of
Hofmann on the bases of the alcohol radicals, Frankland’s iso-
lation of the hydrocarbons forming the radicals of the same
series, &c.

. 804. It is not always necessary to expose the pressure-tubes
to a considerably elevated temperature, that of 212° Fahr, being
sufficient in the greater number of instances ; sometimes, however,
a salipe solution or oil-bath is required to raise the heat to the
required degree, but then the tubes should be of greater strength
than in the former case. It is generally better to have them
of rather small bore, and to employ a greater number, than
to use a few of considerable diameter, as the former are capa-
ble of withstanding greater pressures. To construct a pressure-
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tube, it is merely necessary to seal one end and to keep it in the
blowpipe-flame, turning it round constantly until it has become of
the same thickness as the other parts. It is now to be Fig. 162.
heated strongly about 12 or 14 inches from the closed
end, and dexterously turned in the flame until the glass
has become of considerable thickmess; it is then to be «
drawn out until of the form seen in fig. 162,
The part a is to serve the purpose of a funnel, and, if

the liquid to be introduced is poured into it and a little 5
air expelled, by warming ¢, the liquid rushes into the
tube as the latter cools and the air consequently de-
creases in volume; by repeating this two or three times
a sufficient quantity will have been introduced, and the
tube is then to be closed by directing a blowpipe-flame
upon the part b. It is sometimes advisable to reduce
the amount of air in the tube, so that the only outward
pressure, on exposure of the tube in the bath, will be
caused by the vapour of the liquid and not by the ex-
pansion of the included air. This is readily managed
by heating the liquid until it boils, and sealing the tube
before the vapour has condensed. The tube is now
of the shape seen in fig. 163, and this is a better form
than fig. 164, because it admits of having the point
broken off, and then being used again and again until b
the fine tube has become too short. No fear need be entertained
of the tube bursting at the small portion if moderate care be used
in its construotion, as from its small internal diameter it is capable
of withstanding a greater pressure than the large one; never-
theless, where very high temperatures are to be applied, it is
advisable to thicken the glass of the larger tube at the point where
the small one joins on, before introducing the substance. The
tubes are now to be labelled, which is easily done by tying on them
small pieces of zine with the name of the contents scratched on,
or still better, written on the clean metal with a quill-pen dipped
in a weak solution of chloride of platinum, the latter forming an
indelible and jet-black stain upon the zine. If the tubes are to

.




PRESSURE-TUBES HEATED. 191

be exposed only to the temperature of boiling water or a saline
solution, they may generally be immersed a8 Fig, 163.

. they are, but if any fear of their bursting is

entertained, they may have a piece of rag tied Fig. 164.
round them, so that if such an accident should '
happen, the fragments may not be projected (\
about, or the others in the bath be broken by
the concussion. It is extremely convenient to
have a tin-plate pierced with holes inserted in
the bath, so that the tubes may be supported
vertically, or, if this is not used, a small piece
of lead may be enclosed in the rag used to cover
the tubes, so as to sink them in the bath.
Where high temperatures are employed, and,
consequently, the pressures become very great,
it is advisable to introduce the tubes into a \_J
pistol-barrel with & plug capable of being
screwed in ; a piece of stout iron gas-pipe an- U
swers very well. A small piece of tow first
being thrust to the bottom of the barrel, the tube is to be in-
troduced, then a little more tow, and, finally, the plug is to be
screwed in. 'Where an oil-bath is required, it is frequently con-
venient to substitute tallow, as it is not so liable to emit unplea-
sant vapours. If solutions are employed as the media for ap-
plying heat, great care must be taken that the bath does not
boil dry, as in this case explosions may oocur, which, if not
dangerous, are liable by the concussion to cause injury to the
neighbouring apparatus. An arrangement upon the principle of
Gay-Lussac’s washing-bottle (fig. 114), may be employed with
much advantage to keep the water or saline solution of the bath
at a constant level.

Some chemists do not quite immerse the tube in the fluid, but
allow the upper portion to project, so that a species of cohobation
is continually going on; this is, however, not so rapid a method
a8 by entirely immersing the tube.

No general rule can be given as to the time of exposure, it
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varying from a quarter of an hour or less to a fortnight or even
three wocks. Where ammonia is employed, with the intention
of removing its replaceable hydrogen, and substituting some
hydrocarbon for it, the volatile alkali must invariably be em-
ployed in an alcoholic instead of an aqueous solution, as with the
latter the reaction is so ‘sluggish, that after a week’s expo-
sure, and sometimes even much longer, less effect is produced
than in an hour or two with the alcoholic ammonia. This arises
from the reagents being soluble in alecohol but not in aqueous
ammonia.

805. It is not always easy to know when the reaction is com-
pleted, without opening the tube and examining the contents;
but a shrewd guess may frequently be given from the appearance
of the fluid when cold. If, for instance, the ingredients when
introduced are entirely fluid, and crystals appear on cooling the
liquid, after an exposure of moderate duration, it is advisable to
return the tube for a short time to the bath, and observe if the
quantity appears to be increased on a second inspection ; if this
happens, the reaction may again be allowed to go on, until no
farther effect is produced.

308. It is better to permit the tube to cool completely before
removing the rag, and to avoid incautious handling, or even a
slight blow, especially when hot, as the tube sometimes flies to
pieces in the operator’s hands, and great danger is incurred of
receiving severe injury.

For the same reason, when the tube is to be opened, the rag
is only to be removed from that part of the tube where the file-
mark is to be made ; and even then, where gases are evolved, great
care is to be taken that the end does not fly off with violence.
‘Where the gases produced are to be examined or analysed, the
point is to be broken off under mercury, a gas-jar full of the
same metal being immediately over it, so that the gas may pass
freely into it.

807. Where the iodides of the alecohol radicals are made to
react in excess on alcoholic ammonia, it is usual, when the
process is concluded, to distil off the former upon a water-bath
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in a retort, as it may, with the addition of a little more, be used
again for the same purpose.

808. As the pressure-tubes are gemerally rather troublesome
to clean, it is better to preserve them if the same operation is
to be repeated, a label being attached to assist identification.

3809. It is generally unnecessary to use new tubes, unless re-
quired very strong, as, with the aid of the gas-blowpipe, fig. 48,
they may be constructed with facility from the necks of broken
retorts, which should always be preserved for this and other pur-
poses. Other uses of broken retort-necks, &c. will be pointed
out in the proper places.

It must be borne in mind that the tubes should always be
of pretty considerable thickness, and that test-tubes from their
thinness are totally unfitted for experiments of this kind. M.
8Squire, in his investigation of caprylamine, made use with advan-
tage of soda-water bottles, well corked and wired down; what
are termed carrara-water bottles, from their shape, would be
more generally convenient, and probably resist a greater pressure.
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SECTION XVII.
EVAPORATION.

310. The process of evaporation is one constantly employed
in the laboratory: its object is to separate fluids from solids by
volatilization of the former, and is opposed to distillation, from
the fact that in the latter operation it is generally the fluid which
is the valuable product, whereas in evaporation it is invariably
the solid matter which it is sought to obtain.

- It is generally a very easy process; the apparatus is com-
monly of the simplest and most inexpensive kind, but there are
nevertheless many precautions to be taken with which it is essen-
tial the student should be familiar. Evaporation is very frequently
the first step in crystallization, but as the latter operation is of
every-day employment in all laboratories and in all kinds of re-
searches, and is one involving some detail, it will have a section
exclusively devoted to it.

311. Evaporation over naked fire—In scientific research, it is
not usual to trust fluids under examination in porcelain vessels
over the naked fire; it is true that with care most porcelain will
endure the temperature without fracture, but then it becomes
necessary to devote more attention to the progress of the opera-
tion than can generally be spared. Moreover, it is not safe to
risk contamination with the smoke and dust which furnaces, un-
less managed with extreme care, are liable to evolve. For these
reasons, evaporation over the naked fire is more generally re-
sorted to in the comparatively rough operations of technical and
manufacturing chemistry.

It may be mentioned, however, that the rings of the furnaces
(figs. 1 and 17) are well adapted to support basins of different
sizes over the fire.

312. The remarks in § 311 apply, although with somewhat
less force, to exposure of evaporating dishes to the flame of a
lamp; and it may be taken as a general rule, that if a flame
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passes over the line formed by the height of the fluid in the
basin, the latter will be fractured. If, therefore, it is neces-
sary to expose a porcelain or glass vessel over a lamp-flame
without the intervention of sand or other medium, care should
be taken to prevent actual contact of the flame with the bottom
of the vessel. If, for the flask supported over the gas-furnace in
fig. 28, a basin be substituted, as in fig. 29, a very effective mode
of evaporation is obtained; but, nevertheless, there are many
analytical operations in which a wide-mouthed flask like that in
the engraving alluded to, may be used with advantage in evapo-
rating over the flame of a gas-lamp.

‘Where rapidity of evaporation is the chief object, as in eva-
porating saline liquids to dryness to obtain the solid matter, it is
of course desirable that the vessel selected should be as open as
possible, to enable the steam to escape without hindrance; in
these cases, the basins shown in figs. 165, 166, and 167 are

Fig. 165.

very well adapted for the purpose. They should be of the
Bayeux or Meissen ware, both of which are extremely thin and
light, and are therefore well adapted to withstand sudden
changes of temperature. Their thinness, however, renders great
care necessary in their use, especially in stirring the pasty mass
which is generally obtained towards the end of the process, as
if the stirring-rod is roughly handled, it is easy to push it through
the bottom of the basin.
x2



196 CHEMICAL MANTPULATION.

313. Almost all liquids containing solid matters in suspension
emit while boiling, small drops, which are thrown up to a con-
siderable height; the greater portion of these fall back into the
basin, but others are carried over and become lost; this ren-
ders it very improper to let liquids in basins boil where the solid
matter has to be estimated with precision; it is true, that by

Fig. 166.

placing another basin somewhat larger, over the one containing
the boiling fluid, much of this loss is avoided, but then a large
quantity of the steam formed condenses upon the basin used as a
cover and falls back, thus greatly retarding the operation, and
making it far more convenient, as a general rule, o expose the
basin to the heat of the water- or sand-bath, In fact, as has
been previously indicated, evaporation over the naked fire is

Fig. 167.

more adapted to the copper pans of the pharmaceutist than to
the porcelain vessels of the scientific chemist. Almost all saline
fluids, as they become thick and pasty by evaporation, require
to be carefully stirred, to assist in the escape of the vapour
arising from them ; if this precaution be not attended to, violent
bursts of steam take place, which are liable to give rise to con-
siderable loss of material by projection, and even to cause the
fracture of the vessel. Not only does stirring prevent this, but it
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also enables the operation to be completed in & much less time
than would otherwise be necessary.

314. Evaporations requiring to be performed without loss, as
in the concentration of mineral waters or the estimation of their
solid contents, are best performed in flasks during the first stage
of the process, that is, until they are so far reduced in bulk that
they may be transferred to an evaporating basin, in order that
the operation may be concluded on the sand-bath. The evapo-~
rating basins for this purpose are best when made of platinum or
silver. It must be remembered, that some flasks are constructed
of such bad glass that they yield soluble matters with consider-
able facility when waters are boiled in them for a long time.
‘When this is the case, it is better to evaporate the liquid in por-
celain basins over the gas-furnace; it is not generally safe to
place them upon the sand-bath.

815. When evaporations are to be conducted in flasks until
nearly all the fluid is expelled, or if any effervescence takes placd
or the boiling is violent, it is & good plan to have a small capsule
placed in the neck of the flask, to avoid loss of solid matters
without preventing the escape of the steam. It is essential, where
evaporations in open basins are taking place, to prevent the ingress
of dust; this may be acoomplished in many ways, two of which may
be mentioned. If a diaphragm of bibulous paper be placed at a
little distance above a fluid which is evaporating without ebullition,
it will prevent the dust from falling in without much retarding
the evaporation, or a plate of glass may be laid on the top of the
basin without quite covering it. A very convenient plan is to
support a large piece of glass by two bricks at a foew inches above
the vessel in which the operation is proceeding, or even a plank
may be used, but it must be placed so far away that no vapour
will condense upon it and fall back into the dish, as it would pro-
bably cause the introduction of impurities, which would in some’
instances involve the neceesity of throwing away the material
under examination.

816. If the matter operated upon is injured or decomposed by
too high a temperature, it may be placed upon the water-bath ;
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this will prevent undue elevation of the heat, but at the same
time retard the process. It must not be forgotten that stirring
80 greatly facilitates the operation, as often to reduce the time
required more than half,

317. In many analytical operations of this class the gas sand-
bath (fig. 29) is extremely convenient, and, moreover, allows of
the .regulation of the heat with considerable nicety.

818. It is not at all an uncommon occurrence to have to eva-
porate liquids and dry precipitates which are decomposed by even
very moderate degrees of heat; in these instances it is necessary
to resort to the use of substances which have a great tendency to
absorb moisture ; among which may be mentioned sulphuric acid,
quicklime, chloride of calcium, nitrate of magnesia, chloride of
zine, &e. Those most generally used are the three first, and they
may be made available either with or without the assistance of
the air-pump. The simplest way of using these desiccating media
is by placing them in a porcelain or glass vessel, and supporting
the fluid to be evaporated upon a triangle of wire or glass, or a
piece of wire-trellis over the drying substance: the whole ar-
rangement is placed upon a piece of ground glass, and is covered
with a glass shade or bell-jar having its edge ground true and
greased ; by this means the damp air is prevented from entering,
and as the absorbent gradually removes the moisture from the
included air, the flaid parts with its water, and this goes on until
the fluid is dried up or the precipitate completely desiccated.

If the apparatus, instead of being merely placed under a bell-
jar, be put on the plate of an air-pump and exhaustion is effected,
the process will be brought much more speedily to a termination.
In either case the operation is necessarily rather slow.

819. It is well known that the point at which liquids boil is
the higher the greater the weight of the atmosphere, as shown by
the barometer ; and from this it will readily be seen that in vacuo
the boiling-point of liquids is very considerably lower than when
under the ordinary circumstances of atmospheric pressure: this
principle has been much made use of in many manufacturing
operations on the large scale, particularly in sugar-works and in
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the preparation of the more delicate and easily injured pharma-
ceutical extracts; it is seldom if ever required to operate in this
manner in chemical research, and a description of the manipula-
tion would be foreign to the plan of this work; but evaporation
in vacuo at ordinary temperatures is, on the oontrary, an ope-
ration of every-day occurrence in the laboratory, and will there-
fore be described.

The air-pump, to be practically useful in experiments of this
kind, must not only be capable of effecting a good vacaum, but,
what is equally necessary, be able to retain it for several days, as
the process of exsiccation ¢n vacuo, although a very perfect one for
removing mechanically or feebly combined water, is slow, and
some substances require a week’s exposure to effect a perfect

820. One of the most convenient methods of operating, is to place
8 glass vessel containing sulphuric acid upon the plate of the air-
pump and cover it with a very coarse brass-wire trellis, on which
the substances to be dried are supported in capsules or watch-
glasses ; (it is an excellent plan to have a number of the latter
always at hand, their surfaces having been ground to fit each
other) ; if, now, the substance to be dried is weighed between them,
and the upper one be removed and put underneath, and both are
placed in the receiver together, it is easy to weigh the apparatus
again in the same manner as at first, after a certain exposure
to the absorbent surface, and by this means all danger of in-
crease from atmospheric moisture during the weighing is pre-
vented (§ 85).

821. It should be remembered, that in all cases of drying by
exposure to desiccating agents, the rapidity is greater the more
extended the surface and the thinner the stratum; it would be
difficult, therefore, to find anything better adapted to purposes of
this kind than watch-glasses; small capsules may, it is true, be
used, but they are generally far less convenient. In order to
ascertain whether the substance is perfectly dried, it may be
weighed and exposed for a day or two and then reweighed ; if no
difference is observed, no further exposure is required, but if loss
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is found it must be noted, and the substance is again to be desic-
cated for another day or two, and this alternate drying and weigh-
ing is to be continued until two estimations at tolerably long in-
tervals are found to be the same.

822. There are many organic bodies which, although uninjured
when heated to 212° in a nearly dry state, are, nevertheless,
rapidly decomposed if introduced into the water-bath damp ; such
substgnces should be first dried over sulphuric acid until all out-
ward gppearance of moisture is removed, and may then be placed
in the hot-air chamber or water-bath until perfectly dry. Some
substances of a very explosive kind must be entirely dried in
vacuo, a8 it would be dangerous to raise them to 212°, although
it may be known that in general they require a higher tempera-
ture for explosion, as they are frequently very uncertain in their
behaviour at moderately elevated temperatures, and it is singular
that in a damp state some substances explode more readily than
when dry; this is frequently the case with gun-cotton.

‘Where a great many desiccations have to be effected, it would
be inconvenient to use more than one air-pump, and various
methods have been contrived to enable one instrument to exhaust
several receivers without adding very greatly to the expense ; one,
but not the most economical, is tohave several ground plates capable
of being attached to and removed from the pump, and having
taps beneath to enable them to be closed before being removed.

823. Another process is that of Mr. Cooper’s, recommended by
Faraday, which consists of two plates of thick glass ground per-
fectly true, and having a small hole through each about one-quarter
of a diameter away from the edge; these plates, with the holes
opposite each other, are placed upon the pump plate, a tolerably
plentifal supply of grease being rubbed over them ; the receiver is
then put in its position and the air exhausted ; when a sufficient
vacuum is obtained the plates are slightly moved, so that the two
holes no longer coincide; they may then be removed without air
penetrating into the receiver. Of oourse, by having several double
pairs of plates, any number of receivers may be exhaunsted with
one air-pump.
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324. The sulphuric acid used for these purposes becomes diluted
by frequent use, and must be replenished as this takes place: it
is a good plan to have a mark made upon the glass pan which
contains it, in order that the amount of increase may be known.
‘When six parts have become seven, its action is too feeble to be
worth keeping in the pan; it should therefore be removed and
have fresh acid put in its place. It is advisable not to use this
acid for any experiments of importance, as it generally contains
many impurities ; it will, however, answer very well for making
hydrogen, sulphuretted hydrogen, or other purposes which do not
require it to be pure.

825. Under certain circumstances, many other preparations
having great affinity for water may be used instead of sulphuric
acid, they have been alluded to in describing desiceation without
the air-pump.

826. It has been said that some organic substances when in-
troduced into the water-bath in a damp state are decomposed,
although they bear the same temperature very well if previously
air-dried ; it is remarkable, also, that the presence of water in
some cases tends to confer fusibility. Warren De la Rue found
that carminic acid fuses if heated to 248° Fahr., unless it has
previously been dried in vacuo. It is, moreover, by no means to
be taken for granted in all cases, that a substance is sufficiently
dry for analysis because it ceases to lose weight in vacuo over
sulphuric acid, as many substances retain the last portions of
water with such obstinacy as to render exposure to a temperature
of 212° Fahr., or even higher, absolutely necessary.
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SECTION XVIII.
DISTILLATION.

327. It has been said that distillation differs from evaporation,
inasmuch as in the former case it is the fluid which is required,
while in the latter it is not regarded, but, on the contrary, every
facility is given for its escape.

Distillation depends upon the fact, that all liquids when heated
to a certain degree, called their boiling-point, become converted
into vapour, which, by the application of cooling agencies, may
again be condensed into the fluid state. It will readily be seen that,
as liquids differ so greatly in the temperatures necessary for their
vaporization, and also that, as vapours require such very different
degrees of cold (if the expression may be allowed) for conden-
sation, the methods of distillation must be exceedingly nume-
rous to suit all cases; it would therefore be almost a hopeless
task to enumerate every contrivance which has been adopted to
meet the ever-varying cases which constantly occur in research.
But as the subject is one of such great importance and every-day
application, especial care will be taken to point out the more
salient features in the manipulation,

828. One of the most ancient instruments for the purpose is
the alembic, which may be consi- Fig. 168,
dered the type of all distillatory
apparatus, and although seldom used
in modern chemistry, it must be
confessed that it was admirably
adapted to the processes in vogue
among the alchemists, by whom it
was chiefly used : it consisted of two
portions, capable of being separated ;
the lower, known as the body, cucur-
bit, bolt head, belly, chamber, and
by several other fanciful expressions,
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was a gourd-shaped vessel (whence one of its names, cucurbit),
well fitted for being cleansed, or to have solids or liquids in-
troduced. The head, or capital, was also singularly perfect in
shape for the intended uses; it had a species of channel all
round to carry any liquid which condensed in it to the beak, by
which it was conveyed to the receiver. Modifications of the
alembic are still used, and will be pointed out in the proper
place.

329. The simplest apparatus used by chemists for distilla-
tion, consists of the retort and receiver, fig. 90, where a is the
retort having its neck inserted into a receiver, b. The retort
rests on a triangle, d, supported on a small clay furnace, ¢. The
receiver is supported by a tripod, ¢, of iron wire. Retorts seldom
crack if heated over a charcoal fire in this manner, in oonse-
quence of the complete diffusion of the heat over the whole body
of the vessel.

Retorts require care in their selection, as they are sometimes
so imperfectly formed as to be scarcely adapted for the purpose
intended. They should be selected light and free from specks
and flaws, which are liable to cause them to crack on the appli-
cation of heat. They should also be well made about the part
where the neck is bent, the curve being as round as possible, and
not like a large wrinkle, as is the case with those which are care-
lessly formed. With tubulated retorts, the tubulature should be
directly over the body, so as to permit the entrance of a thermome-
ter; no retort should be used in which the tubulature is formed
so far forward, that when in its position a liquid or solid cannot
be added without soiling the neck, as is the case with many that
are sold. The form usually made in England is more globular
and less deep than those imported from the Continent. I am
inclined to prefer the latter form for general use. It is a con-
venient plan to drew out the necks of retorts, which may readily
be done in the blowpipe-flame. By this contrivance, the neck
may be introduced into receivers without the use of an adapter,
an important point in many distillations.

It is constantly necessary during distillation to add liquid or
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solid matters without stopping the process, hence one reason for
the necessity of having the tubulature directly over the body of
the retort. This addition requires considerable care, for several
reasons ; in the first place, the addition of solid matter to a boiling
fluid, by forming a number of points for vapour to be evolved at,
frequently causes the fluid to froth over and contaminate the liquid
in the receiver, so that the process is retarded, as the fluid
has to be returned to the retort, and the distillation repeated.
The powder or other solid body must therefore be added very
gradually, If the powder be heavy, it falls to the bottom and
forms a cake, which, by preventing the proper distribution of the
heat, and causing an undue rise of temperature in one spot, is almost
sure to cause the fracture of the vessel ; if possible, therefore, the
distillation should be arrested and the powder introduced by small
portions, and by a gentle motion of the retort in the hands is to
be thoroughly disseminated throughout the liquid until dissolved ;
or if comparatively insoluble, a wire should be passed through the
cork which closes the tubulature, and being bent into a handle
on the outside, be kept in motion during the distillation, so as to
prevent the accumulation of the powder at the bottom ; and the
heat is to be applied with greater care than usual, and less directly
upon the bottom.

If, on the other hand, the matter to be added is in the liquid
state, it is to be considered whether the addition will cause any
chemical action, and if so, it i8 to be added with sufficient care to
prevent the rising of the materials to such an extent as to cause the
contents of the retort to boil over into the receiver. It is neces-
sary that care should be taken in the addition of cold liquids to
a glass vessel containing a fluid at a high temperature, as it is
very liable to cause fracture. If introduced by & funnel, it must
not be allowed to penetrate very far into the retort so as to cool
the bottom part too much, but rather be added by small degrees,
the funnel penetrating only a short distance below the surface;
by this means sufficient heat is immediately communicated to the
fluid added to prevent fracture of the vessel. Substances in hard
lympe must not be added at all during the progress of the distil-
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lation, but must be introduced while the retort is held, with the
bottom only slightly depressed, so that the pieces added may
slide gently down the neck, or through the tubulature, into the
body of the retort without any concussion.

330. In distillations of liquids the habitudes of which are not
thoroughly known, it is well to have the retort capable of holding
twice the quantity of materials to be introduced, in order to pre-
vent the probability of an overflow., In some processes, the con-
tents of the distillatory apparatus are so prone to froth, that ves-
sels of even three or four times the usual size (compared with the
bulk of the contents) are insufficient to retain the fluid during the
boiling. In the preparation of formic acid from starch or suger,
for instance, the contents of the still sometimes swell to thirty
times their original volume, and much annoyance is experienced
until the peculiarities of the operation are become familiar to the
operator,

Next to the selection of proper retorts for the process about to
be undertaken, the receiver best adapted for the purpose claims
attention, In the great majority of cases, a common globular
flask is all that is required ; it is shown in fig. 169. Fig. 170 is a

Fig. 169.

a long-necked receiver, very convenient in many instances, and
from the distance the vapour has to travel before it can escape
into the air, acts well as a condenser. They are also useful where
Gay-Lussac’s method of ascertaining the value of peroxide of
manganese is used. Reoceivers, the same as figs. 169 and 170,
with the addition of a tubulature, are also convenient in many
distillations. Figs, 171 and 172 are more complex in shape, but
are nevertheless necessary, not only in the preparation of many
organic substances, such as those formed by the action of chlorine
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or other gases upon alcohol or hydrocarbons, but also in a great
number of other processes; and that shown in fig. 171 is often
used in ordinary distilla- .

tions, from the effective Fg. 171. Fg. 172.
manner inwhich theglobe
acts as a condenser, and
also as a valve or safety-
tube; for if the end, a,
is immersed in the liquid
in a flask, and contraction
takes place in the retort,
the fluid rises in the long
tube, and may, perhaps,
partly fill the globe; but
a8 soon as it has all passed e«
in, air-bubbles rise up

through the column of fluid and restore the balance of pressure.
‘Where in a distillation a gas as well as a fluid is produced, the
usual method of proceeding must be somewhat modified; the
arrangement to be selected of course depending upon the nature
of the gas and fluid formed.

331. It is frequently observed, that, from various reasons de-
pending upon the nature of the distillation, sudden contraction
takes place, and if the neck of the retort dips into the distilled
liquid, it will infallibly rush back, and the experiment will in all
probability be destroyed. Accidents of this kind may be pre-
vented by the use of the safety-tube, several modifications of
which are shown in the section on Manipulation connected with
researches on Gases.

332. Substitutes for retorts.—In many processes of distillation,
retorts are by no means the most convenient kind of vessel in
which to perform the operation, and it is possible to contrive a
great many substitutes. Several that are not shown in the pages
immediately following, will be seen by reference to the figures
representing various processes involving distillation in the course
of the work. The most obvious and commonly used substitute
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for a retort and receiver, is constructed from two flasks connected
by a tube fitted with corks.

Small distillations may sometimes be advantageously effected
by means of test-tubes connected in the same manner. The tube
delivering the vapour passes through a cork in the recipient, the
aperture in which holds the tube tolerably tight, but allows the
air to escape as it expands by the heat. The tube acting as the
condenser may be kept immersed in cold water to facilitate con-
densation of the vapour.

333. Tube-retorts may be made of a great variety of forms,
and are extremely valuable in experiments of research, from the
facilities which they afford for working upon quantities of liquid
so small that they would be lost in retorts or other distilling ap-
paratus of the usual size ; they are therefore much employed in in-
vestigations on the products of decomposition of organic bodies,
particularly such as are only procurable with difficulty or at great
oxpense. In experiments of demonstration they are equally
useful, where the results are only to be observed by one or two
persons; and combinations and decompositions may be observed
in them as readily, and sometimes more 8o, than in working on
much larger quantities.

The student will do well to practise the construction of these
vessels, which will be found extremely easy after a little expe-
rience. Faraday, whose dexterity as an operator in tube che-
mistry was proverbial before he devoted himself to electrical and
magnetic investigations, was perhaps one of the first to publish
the methods of using vessels constructed of tube for most of the
operations in chemical research, and since that time their use
has become greatly extended. And when the student is re-
minded that the magnificent and highly difficult investigation
of cacodyle, by Bunsen, was almost exclusively worked out
in tube apparatus, he will be able to form some idea of their
value.

In the section on (lass-blowing, descriptions will be found of
the various methods of bending, blowing, and cutting glass tubes,
and of constructing retorts used in tube chemistry; also a few
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general directions as to the best methods with which the author
is acquainted of forming various articles of glass apparatus.

334. Figs. 173 to 177 represent a fow of the most commonly
used tube-retorts, but several others will be seen on referring to

Fig. 178,

o

the engravings of apparatus scattered throughout the pages of
this volume.
Fig. 173 shows a form of retort easily made, and sometimes

Fig. 174

very useful. The fluid to be distilled is made to occupy the part
a, and gentle heat is applied just sufficient to raise the vapour,
Fig. 176. '

5

the retort being held vertically. The part b is kept cool by a
piece of moistened rag, or any other convenient method, and this

>N
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is continued until the portion of the substance introduced which
contaminates the sides is washed down; the retort may then be
placed as in the figure, and the distillation be proceeded with, the
angle, b, still being kept cool; a retort and receiver are thus
formed in one piece, and as the distillate may easily be re-
moved by a pipette, the instrument is seen to be managed with
ease, the only disadvantage being the loss of time in washing out
the liquid to be distilled from b. Clarke’s retort and receiver,
fig. 174, are in some slight degree like the last; the chief dif-
ferences are in the shape of the retort, and in the arrangement
consisting of two pieces instead of one; the form of the receiver
is the same, and it also resembles the first in being open. It is
generally, however, made much larger, and intended to hold about
two fluid ounces. The receiver must of course be kept cool; a
short test-tube full of water may be inserted at the open end,
to assist, by the coldness of the fluid, in effecting condensation.
The neck of the retort fits with sufficient stiffness, at a, to
render it merely necessary to support the receiver by the
vertical clamp (§ 238) or otherwise. If the neck of the retort
fits too loosely, it may be tightened by rolling a piece of paper
round it.

835. The small retort and receiver, fig. 175, are easily con-
structed out of the fragments of tubing which are constantly
accumulating in the laboratory: it is a useful arrangement
where the quantity of fluid under examination is extremely
small. The liquid may be introduced by immersing the point in
the fluid to be inserted, and alternately heating and cooling until
the object is effected. It is preferable, however, to make the
neck sufficiently large to admit a small funnel drawn out of a
piece of tubing. A small test-tube makes an excellent receiver,
the neck of the retort being held steady by passing through a
cork, which, however, does not fit so tightly as to prevent the
escape of the expanded air on the application of heat.

Fig. 176 shows another way of constructing these little vessels,
which is more especially usefal where a sublimate is formed
which would choke up the small orifice of that last described, or
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if it is dosired to clean it out for a repetition of the experiment,

or other purposes.
Fig. 176.

336. Fig. 177 shows an arrangement of the retort and receiver
of a somewhat different kind to those previously described; it is
used where it is neces-
sary to pass the vapour
of a substance over some
solid matter to effect a
change in the vapour
previous to collecting it.
There are many pro-
blems of this kind con-
stantly occurring in the
laboratory; if, for ex-
ample, it is wished to dry
a gas formed on applying heat to some substance in a, it may be
conveniently effected in many instances by passing its vapour
through the desiccating agent contained in fragments at b ¢; or
oil of vitriol may in some cases be placed at b, in just suffi-
cient quantity to close the bend of the tube, the end being
corked ; the gaseous products are conveyed away by the tube, d.
Hydrobromic acid is sometimes prepared in this apparatus by
having bromine at @, the vapour of which is passed through
pieces of phosphorus at b, and fragments of glass wetted with
water, from b to ¢; the acid gas is evolved by the tube, d, and may
either be collected in the mercurial trough, or be absorbed by
water.

Fig. 177.
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337. The common alembic has been alluded to at p. 202 ; it was,
however, omitted to be stated there, that it is well adapted for
operations where a sublimate is formed simultaneously with a fluid,
a8 the latter drains off through the channel previously described,
and leaves the solid matter comparatively pure, at least as regards
contamination with the liquid products of distillation. Small
alembics blown at the lamp are sometimes employed; they are
made in two pieces, the head being fitted to the body by grinding,
and the former having a tubulature to allow of more fluid being in-
troduced during the distillation. They are, however, too fragile and
expensive for common use. In alembics, the chief condensation
is in the head, its globular shape well fitting it for that purpose.
It is perhaps strange that alembics are so little used, as, if made
with the beak at a much less acute angle than as generally seen,
so that they may be attached to a condenser, they are exceedingly
convenient for many operations, from the facility with which
they may be cleaned, This is particularly the case with those made
of stoneware described further on.

An extremely convenient mode of effect- Fig. 178.
ing distillations on the small seale, is by
the use of a U-tube for & receiver, ha-
ving one arm bent and bordered for the
reception of a cork, into which the neck
of the retort is inserted, fig. 178. The
other end of the receiver has a small
opening, to allow of the expansion of the vapour. A beaker con-
taining a freezing mixture may be used, if necessary, to cool the
condenser ; in most cases cold water is sufficient, if changed when
it becomes warm to the touch.

338. The ordinary still and worm to be found in almost all
laboratories, is constantly in use for a great number of operations.
It is frequently required for preparing distilled water; and if
the head be removed, the boiler, if of a capacity of from twelve
to twenty gallons or more, is very useful for preparing decoctions
of plants, previous to an examination of their constituents, eva-
poration of large quantities of liquids, preparation of various
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substances, &. Many varieties of stills are now in use, and
considerable ingenuity has been displayed in adapting them to
the purposes for which they are required; it is seldom, how-
ever, that in a laboratory of research more than two stills are
required, and these are generally of the simpler description, the
more complex ones being almost exclusively used in technical
operations, and a description of them does not, therefore, come
within the scope of this work.

339. The still shown in fig. 179 consists of a stout copper
boiler, a, inserted in brick-work, and farnished with a tap to run

Fig. 179,

oft the liquid when necessary; f is the man-hole, which serves
to introduce fresh quantities of fluid without removing the head.
It is also sometimes used to insert a thermometer, when it is
desired to ascertain the temperature, as in preparing formic acid
from starch, and many other operations. The head is seen to be
provided with a flange, which rests on the rim surrounding the
top of the boiler; the tube leading from the head fits into the
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enlarged end of the worm-pipe, and the points of junction here
and where the head fits in to the boiler, are made good with
a luting of almond- and linseed-meal. The worm-tub is kept
well supplied with cold water during the distillation by a
pipe leading to the bottom, the heated water by its diminished
density floating on the top and flowing away by another pipe;
neither of these are shown in the engraving. The flue is so
constructed that it winds once or twice round the pot, as at ¢ ¢,
and finally escapes into the chimney; by this contrivance a great
saving of fael is effected. It is not advisable, as a general rule,
to fill the boiler higher than is shown in the figure, especially
where there is a tendency to froth. The fire-bars are seen at
d; the supports on which they rest are not shown; they are
the same as in fig. 4, p. 12.

340. It is proper where very volatile liquids, such as ether, are
distilling, to place a piece of moist bladder over the exit-pipe of
the worm and the funnel into which the liquid drops, to prevent
evaporation.

Where it is wished to distil as rapidly as possible, the head
should be kept hot by covering it with a cloth, which effectually
prevents condensation there, and causes almost the whole of the
vapour formed to pass at onoe into the worm.

841. The operation of distillation is in general one of great ease
and simplicity, and few precautions are required; it is, however,
necessary to avoid urging the fire too fiercely, as, if the steam is
formed with too great rapidity, the head is liable to be blown off,
there being considerable resistance offered to its escape by the
worm. The distillate should never be perceptibly warm as it
issues from the condenser ; when such is the case, the fire must
be slackened and the supply of cold water increased.

842, If spirituous fluids are being distilled, to increase the
quantity of the more volatile ingredient in the distillate, the fire
should be kept low, so that the fluid may issue very slowly; it
is sometimes better that the liquid in the still should not boil
in these operations, in order that the amount of water coming
over with the spirit may be as little as possible. If a weak spirit
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is to be concentrated, as in distilling off the alcohol or ether from
the residues constantly accumulating in the laboratory, it is better
to have a water-bath made to fit inside the still, the head fitting
tolerably tight. The weak spirit is to be placed in the bath, the
body of the still being filled to the usual height with water ; the
head is then luted on, and the water in the still made to boil ; the
fluid in the bath never reaches quite to 212°, and the ether or al-
cohol comes over readily ; when this stops, the contents of the bath
will be found to contain very little spirit and may be thrown away,
except where some valuable substance is contained in it.

3843. When a substance has been dissolved in alcohol or ether
for the purpose of obtaining it in crystals, and the first crop has
been separated, it is generally necessary to concentrate the fluid
to obtain a second crop ; the value of alcohol and ether renders it
usual to perform this by distillation, in order that the spirit may be
recovered and used again for similar purposes; as this is usually
an operation performed upon very small quantities, it is best to
distil from a flask placed upon & small water-bath, and attached
by a glass tube to one of the condensers to be described further on.

Fluids containing mixtures of spirit and water are liable to boil
with concussion, or, as it is usually termed, ¢ bumping;” this
may be obviated in several ways, most of which have for their
object the production of surfaces containing points, in order to
permit with ease the evolution of the vapour; pieces of wire, pre-
ferably platinum, fragments of glass or quartz, &c., may be used
for this purpose: even fragments of cork or wood thrown into the
retort to some extent assist the evolution of the steam.

It must be observed, however, that if the liquid in the retort
ecommenced bumping before the platinum wire, &c. was introduced,
it must be allowed to cool 20 or 30 degrees before attempting to
retrieve the oversight, as, if fragments of metal, wood, cork,
glass, &c. be thrown into a retort at or even a little below the
boiling-point of the contents, it frequently happens that so large
a quantity of vapour is suddenly formed that the fluid boils over
and may do considerable injury, especially in the case of such
inflammable liquids as alcohol and ether.
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344. Tt is necessary, as a general rule, to note the quantity of
fluid introduced into & still, because from the opacity of the vessel
it is impossible to see when the contents are getting low, but if it
is known how much is contained in it, and the quantity coming
over is observed, no fear need be entertained of proceeding so far
a8 to injure the bottom of the vessel.

345. Inthe distillation of vegetable matters with water, it is a
good practice to place them upon & perforated false bottom raised
a fow inches above that of the still, in order to ensure them from
burning. 'Where herbs are to be distilled to procure essential oil,
it is proper to add some salt to the water, in order to raise its
boiling-point a few degrees, as by this means the oil is procured with
more facility, and, according to some distillers, in larger quantity.

346. One disadvantage of the ordinary worm-condenser is the
difficalty with which it is cleaned, and one product is liable
therefore to be contaminated with that which has been previously
distilled. In all cases where a fluid has passed over which is not
readily removed by running cold water through the worm, the
latter should be closed by a cork at its lower end, and filled up
with some solvent capable of removing the obnoxious matter.

The solvent to be used of course varies with the different matters
to be removed ; aloohol, wood-spirit, benzole, dilute solution of
canstic potash, or acetic acid, are the substances most commonly
resorted to for this purpose; where wood-spirit or benzole has
been used, it is necessary afterwards to empty the worm-tube and
blow steam through it until the odour is removed, before proceed-
ing to distil. In fact, this operation alone will frequently remove
impurities from the worm without the use of any solvent.

347. The difficulty of cleaning the worm has led to the invention
of several modifications of it, the greater number of which are only
employed in technical operations. One of them, however, may be
mentioned here; it is extremely simple in principle, but requires
considerable care in its manufacture toanswer the purpose perfectly,
a8, if the workmanship is not good, it will be found difficult to
prevent leakage. The ends of the worm (which is merely a sig-
zag) project from the tub at each bend, and are connected together
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by pieces of tube which slip on tightly, and are made good, if
necessary, by a little luting. It is evident that if the joints are
taken off, it is easy to pass a bottle-brush or other convenient
cleanser down the tubes, so as to remove any dirt with facility.

848. Retorts require somewhat more care in their use than
stills, from the fragility of the material of which they are con-
structed ; if used properly, however, it is seldom that they break
during a distillation. The remarks upon the proper degree of
stoutness in material given with regard to flasks, apply with equal
force to retorts; they need not therefore be repeated. In general
it is essential to apply the heat exactly under the centre of the
bottom of glass vessels, as, if the sides become heated many
degrees above the liquid, the comparatively cold fluid, if thrown
upon it during the ebullition, is liable to cause fracture. There
are, on the other hand, instances in which it is necessary to place
the lamp a little on one side of the retort, so that the full heat may
not play directly upon the bottom: some liquids which boil with
violent concussions, although a considerable quantity of platinum
may be in the retort, may be brought over quite quietly by this
means. When a liquid is introduced into a retort and heat is
first applied, it is usual to find water condense on the outside of
the glass; it is advisable to remove this with a cloth. Care
must be taken so to regulate the heat that the fluid may
never be distilled too rapidly for the means of condensation, as,
in the case of volatile liquids, considerable loss may be occa-
sioned. If the fluid being distilled has a very high boiling-
point, it is better to cover the dome of the retort with & hood
of some kind to prevent condensation there, because if this be ne-
glected the operation is much and unnecessarily prolonged, and
with liquids decomposable by protracted ebullition, loss is incurred ;
where, however, the object is to separate a more from a less vola-
tile fluid, this procedure is injurious to the success of the experi-
ment, a8 the less volatile portion is retained by the condensing
power of the dome, while the more volatile one passes over.

349. Where the substance being distilled is very volatile, or
eontains a difficultly condensable ingredient, and efficient means
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of cooling are not to be had, the receiver may be attached to the
retort by a well-fitting cork, through which, or the tubulature of
the receiver, a small tube passes, and dips a short distance under
mercury, or, in some cases, a fluid capable of absorbing the volatile
product ; the mercury allows any permanently elastic matter to
escape, and 8o prevents disruption of the joints, while any fluid
condensable with the aid of a slight pressure is retained. Where
this precaution is adopted, it is necessary to ensure against the
possibility of the fluid whose pressure is made use of, rushing back
into the receiver. This may be easily effected by the nse of one
of the safety-tubes described further on,

It is advisable, as a general rule, to which there are, however,
some exceptions, not to allow the beak of the retort or other di-
stillatory vessel to dip under the surface of the distillate, as, in the
event of the heat being suddenly lessened, contraction takes place
and the liquid will in all probability rush back into the retort;
this is almost sure to happen under the circumstances indicated,
unless the neck of the retort is so large as to more than contain the
distilled fluid, because, as soon as the fluid has all entered the neck,
air-bubbles pass through it and equalize the pressure in the
same maunner as with the quilled receiver previously mentioned.

350, An excellent method of condensing in distillations with
retorts is by the use of Liebig’s condenser, fig. 180. Itis seen in
L
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other places in this work. A tube of tin is closed at each end by a
cork through which a glass tube passes ; the tin portion is to con-
tain the cold water, which by means of the funnel enters at the
lower end, and, after becoming heated, escapes by the upper aper-
ture. Simplicity of form is one of the chief merits of this appa-
ratus, enabling it to be cleaned with facility after any operation.

351. It frequently happens that the neck of the retort is too
large to enter the recipient; one method of obviating this has
been already given, p. 203; another is by the use of adapters,
which are tubes, generally of glass, rather wide at one end and
small at the other, the wider end to admit the retort-neck, the other
to enter the receiver. The simpler shapes are easily made with
the blowpipe and some large tubing, which, for this purpose, is
preferably of flint-glass. Figs. 181 to 186 show several varieties
of adapters fitted for different purposes.

Fig. 181.

Fig. 184.
™

If it is merely desired to connect the exit of a Liebig’s con-
denser with a bottle or flask intended to contain the distillate,
figs. 181, 182, and 183 are the best; but, if the fluids being
distilled do not require much refrigeration, and it is simply
intended to connect the retort or other distilling apparatus
with the receiver, figs. 184, 185, and 186 are convenient. It is
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often an effectual method of condensation to arrange the apparatus
Fig. 185.

Fig. 186.

as in fig. 187, where it will be seen that a retort, a, is fitted at b
with a cork into a long adapter, c¢, similar to fig. 186 ; the bent

point enters a flask, d; at ¢e¢, a piece of bibulous paper is placed
along the adapter and receives the water which falls from the tap
of the water-bottle, . At g another piece of paper is placed across
the adapter, its ends hanging down, in order to conduct the
water which has performed its office into the vessel beneath. It
must be observed, that if the tube, ce¢, is placed too slanting, the
paper, g, will be unable to prevent the water from passing g and
entering the flask, d. In some cases it is impossible to prevent great
obliquity of the conducting tube, c¢, as in connecting with re-
L2
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ceivers those alembics the beaks of which have a “ quick dip,”
as it is termed, or, in other words, make too acute an angle,
with a vertical axis passing through the vessel, it is then neces-
sary to pass a pierced but tightly-fitting cork over the conducting-
tube, making it occupy the place of g in the above figure; the
water will then be conducted by the cork into a vessel placed
beneath it.

In distilling fluids which are not corrosive, it will be found ex-
ceedingly convenient to have some adapters made of tinned iron,
somewhat of the shape of fig. 186. In order to prevent the con-
densing water passing into the recipient, a piece of tin, shaped like
a heart, is pierced in its centre to permit it to be passed over the
bend for a short distance. It is then soldered in its place, and all
the water running along the condenser stops short at the impedi-
ment thus placed in its course, and runs down in a stream from
the lower end into a pan placed to receive it.

352. When the liquid to be distilled is very volatile, or if a mix-
ture contains a very volatile ingredient, several expedients may be
resorted to in order to effectually condense the whole of the vapour.
Sometimes, after passing through a Liebig’s condenser, it is con-
ducted into a flask immersed Tig. 188.
in snow and salt, or some
other convenient freezing
mixture, or into the arrange-
ment seen in fig. 188, where
the tube, a, is supposed to
come from a condenser, and
enters a series of U-tubes,
bb, immersed in a freezing
mixture contained in the ves-
sels perforated at the bottom,
to allow the passage of the
conducting tubes, ¢ ¢, which
are attached to the U-tubes,
and terminate in the flasks, d d, which may likewise be placed in
a freezing mixture.
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This is, however, an expensive arrangement, and one that may
generally have substituted for it a far simpler one constructed of
flasks, and connected by glass tubes fitted into corks. Where
no freezing mixtures are at hand, it is sometimes necessary to
avail ourselves of the property of evaporating fluids to carry away
a large amount of heat, which becomes latent as they are con-
verted into vapour; for this purpose alcohol, ether, wood-spirit,
and some other volatile fluids are employed ; their use is, however,
limited, and it is far better to avoid them if possible. Fused
nitrate of ammonia, when dissolved in water, Fig. 189.
developes cold, and as it may be evaporated ——
down and used again any number of times,
it becomes a very useful auxiliary in many
researches.

An extremely convenient mode of cooling in

distillatory experiments on the small scale, is
by means of the contrivance seen in fig. 189.
Tt consists of an adapter, a b, having at its lower
end, b, a piece of vulcanized india-rubber tube,
b ¢, which passes through a square hole mortised
in a block of wood, f. A small piece of hard
wood, d, lies in the cavity, and, on turning the
screw, ¢, is pressed against the tube, so as to
collapse it to any required extent, and con-
sequently regulate the flow of water. These
compression stop-cocks are adapted to a mul-
titude of purposes in the laboratory, and are
very easily made by any person with the aid of
the tools to be described further on. A piece
of glass tubing, g, is tied at the lower end of
the vulcanized-pipe, which latter is securely
fastened by silk at % and ¢.

353. Fractional distillation.—It frequently happens in organic
researches, that mixtures containing several substances of different
boiling-points present themselves, and the only available means
of separation sometimes consists in what is termed fractional
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distillation. This process is not only one of great labour, but,
unfortunately, it has little claim to accuracy as regards the
absolute separation of bodies, it being, perhaps, almost impossible
to procure one substance out of a mixture of homologous fluids in
such a state that it can be said to contain no admixture of its asso-
ciated compounds. This arises from the fact that the boiling-point
of an organic fluid is dependent upon the relative number of the
atoms of carbon and hydrogen present, the former element raising
while the latter lowers the degree at which it is converted into
vapour; it will therefore be seen, that on endeavouring to sepa-
rate bodies by this means, where homologous groups are present,
it is possible to obtain fluids having the theoretical boiling-point,
and proportion of carbon and hydrogen in the hundred parts, and
yet being admixtures of the fluids above and below in the homolo-
gous series, the deficiency in the carbon and hydrogen of those lower
in the series being exactly counterbalanced by the excess in that
portion present belonging to a higher position in the group. This
mode of separating bodies is always, therefore, to be considered as
by no means preventing the necessity for further modes of puri-
fication being adopted in all possible cases, and it is only with
some neutral hydrocarbons that any great difficulty occurs in this
respect.

354. Where only one substance is sought to be obtained from a
mixture, and there is ample material to work upon, it is possible
to obtain it in a state of comparative purity, although with con-
siderable loss*, by distilling it several times in a retort with a
thermometer in the tubulature, and each time rejecting all liquids
boiling below or above the point known to be that theoretically
belonging to the fluid under examination ; by this means a large
quantity of the mixture may be made in general to yield sufficient
of the substance sought for an examination of its chief properties.
1t is far better, wherever practicable, to submit the liquid to a
complete fractionation, which is performed by distilling it with a

* This loss is not absolute, but as a considerable portion of the substance
sought becomes by the process disseminated through a great mass of the
other bodies, it may be said to be lost for all practical purposes.
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thermometer in the tubulature, and changing the receiver at,
say, every 10° Fahr., or 5° Centigrade; by this means fractions
are obtained, which are to be again distilled into a fresh series
of bottles in the same manner, which forms the second frac-
tionation. It will be seen that where a fluid begins with a low
boiling-point and rises very high towards the end, this process
involves an immense amount of labour: if we suppose the fluid
to commence ebullition at 200° Fahr. and rise to 400°, there will
be twenty bottles required, the contents of each to be again
distilled, and generally towards the beginning of the operation, each
fraction, when redistilled, spreads itself over four or five bottles,
requiring therefore constant attention ; and when the liquids are
completely fractionated fifteen times, as was the case in the in-
vestigation of the bases from Dippel’s oil by Dr. Anderson, and
in my own experiments on the naphtha from Boghead coal, 300
distillations become necessary as a minimum; in each of those
researches, however, at least 1000 distillations were made, in-
volving an amount of labour, patience and attention, which few who
have not worked out such processes can imagine. By the method
given, there are only two series of bottles required during the
operation, one containing the fluids being distilled, and another
receiving the products of the distillation. As each distillation
reaches its close, a point is attained when it would be unsafe to
proceed further, the quantity of liquid in the retort being too small ;
this should, in & careful operation, be very little, but as it is con-
stantly occurring, it must not be wasted, and it is generally, per-
haps, the best plan to draw it off with a siphon or pipette when
the retort is nearly cold, and (as most fluids become coloured by
ebullition) place it in the bottle corresponding with the second
fraction above it of the series then being distilled, not the series
being distilled into ; by this means, the last distillates are always
colourless, if the liquid does not come over coloured.

355. It is a disputed point whether the bulb of the thermo-
meter should be immersed in the liquid of the retort during a
fractional distillation, or in the vapour; but if we consider that
the vapour represents the fluid distilling, which is always a
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nearer approach to homogeneity than that in the body of the re-
tort, which is always of a higher temperature, it will be admitted
that the bulb should be as near the fluid as may be, but not in
it, to indicate the beiling-point of the fluid distilling over. This
does not apply to pure liqmids: for then the bulb should be
thoroughly covered with the boiling fluid. In fractional distilla-
tions no regard need be had to the influence of atmospheric pres-
sure, a8 the fractions are all produced nearly under the same cir-
cumstances ; this does not apply to ascertaining the beiling-points
when the fluids are pure. For the influence of the barometric
indications upon the result, see p. 565. Fractional distillations
will generally be commenced with a large retort, but as the liquid
becomes dispersed over a number of bottles, and consequently
the quantity of fluid in each distillation is much lessened, a smaller
retort must be used, and if the Fig. 190.

fluid is small in quantity and

very valuable, that figured in the !

margin will be found extremely
convenient, and as it is made from
tubing at the glass-blower’s lamp,
it is light and not liable to crack.
The thermometer is held verti-
cally by the cork. Where it is
merely intended to isolate a more
from a less volatile fluid, an ap-
paratus, the same as, or on the
principle of, that employed by
Wurtz to separate the butylic
alcohol from the amylic and others
of the same series in fusel oil, is of great assistance. The less vola-
tile fluids are condensed in a bulb placed over the flask, while the
more volatile pass over; by an arrangement of this kind much
labour is saved. When liquids have been fractionated several
times, portions are almost invariably obtained, boiling many
degrees below the original point of ebullition, which fact has been
mistaken by some for a breaking up of the liquid with production
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of fluids of more simple constitution; but this is not the case, at
least in the majority of instances, the lowering of the boiling-point
gimply arising from the successive removals of the more carburetted
and consequently less volatile portions of the mixture. It is not
intended to assert that breaking up never takes place, for it has been
said by some chemists that certain fluid hydrocarbons, when distil-
led until their boiling-point has become nearly constant, and then
kept for a considerable time, boil at a very different temperature
than at the time of preparation, the differences in height of the
barometer of course being allowed for. If, therefore, some hy-
drocarbons break up at normal temperatures, it is to be supposed
that they would be far more liable to do so at the point required
for distillation ; the alleged phenomena, however, require confir-
mation, Mansfield, whose experience in the fractionation of fluid
hydroearbons from coal-naphtha gives weight to his opinion, denies
that any breaking up takes place in those examined by him. It
would be interesting, therefore, to expose fluids of this class, the
boiling-point of which is constant, to a tolerably high temperature
in sealed tubes, and then examine the fluid, as by this means the
question might probably be decided. It is doubtless the case that
when organic fluids, more especially those with somewhat high boil~
ing-points, are distilled, decomposition takes placetoa greateror less
extent, as is made evident by the colour which is at last acquired
by liquids which were perfectly limpid before the operation; the
change, however, appears to depend upon a gradual oxidation of the
hydrogen of the substance, water being formed and carbon elimin-
ated, and differs entirely from a molecular breaking up. This is
confirmed in many ways, amongst others by the fact that water
becomes evident as the distillation proceeds, no matter how care-
fully exposure to the damp air has been avoided ; and also, that
when a current of dry hydrogen, carbonic acid, or nitrogen is
substituted for air, the decomposition is prevented. It must be
remembered when distilling in a current of gas, that if it is one less
dense than air the boiling-point will be lowered, and vice versd.
356. When volatile organic bases are fractionated, those with
the very high boiling-points become decomposed with a formation
’ L5
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of pyrrol, the presence of this substance being shown by its
characteristic reaction of dyeing red, slips of deal wood moistened
with hydrochloric acid.

357. A method of separation of volatile organic acids of the
series C* H® 04, dependent upon an entirely different principle
to the method last alluded to, has been proposed by Liebig, and
has afforded excellent results in the hands of several chemists.
The process consists of partial saturation and distillation, and is
thus performed:—The mixture of, say butyric and valerianic
acids, is divided into two portions, one of which has potash
added to it until neutralized, the other is then added, and the
mixture distilled; if, now, the quantity of alkali added is less
than is required to neutralize the valerianic acid, nothing but
valerianate of potash remains in the retort, a mixture of vale-
rianic and butyric acids, containing much less valerianic acid
than before, distilling over. If, on the other hand, the quantity
of potash added is more than enough to neutralize the valerianic
acid, the surplus will of course be saturated with butyric acid,
and thus a mixture of valerianate and butyrate of potash re-
mains in the retort, the former salt being in the greater quan-
tity, while the distillate contains only butyric acid. When acetic
acid is present, the reactions are somewhat different; but for de-
tails the reader is referred to the paper itself®,

358. Special cases of distillation.—There are many fluids
which, either from peculiarities in their methods of boiling, or
from their action upon vessels constructed of ordinary materials,
require particular precautions in the operation of distillation.
Only a few of these need be instanced as types of the general
methods to be adopted.

One of the most dangerous and troublesome fluids to distil is
sulphuric acid; its great causticity, and the suffocating nature of
the vapours formed by its contact with carbonaceous matters
at high temperatures, make the destruction of a retort contain-
ing it, while over the fire, a serious accident, and one which must
be avoided by every means in our power. The manufacturers of *

* Liebig’s ¢ Annalen,’ Sept. 1840, and Chem. Gaz. 18560, p. 24
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this important acid have been induced from this cause to use
stills of platinum, which, although of such great expense in the
first instance, are found much more economical in the end.
Sulphuric acid possesses in an eminent degree the unpleasant
property of concussive boiling previously alluded to, and it is
necessary therefore to have a considerable quantity of fragments
of glass or platinum in the retort, to facilitate the escape of
vapour. It is, moreover, not only unnecessary but improper to
apply any artificial refrigeration to the receiver, as the extremely
hot acid coming into contact with the cooled vessel would almost
infallibly cause its fracture ; and, moreover, its boiling-point
being so high, if we have a tube, 4 or 5 feet long, to connect
the retort with the recipient, no fear need be entertained of
the acid vapours escaping into the laboratory. It is perhaps
scarcely necessary to caution the operator against allowing any
organic matter to find its way into the acid to be distilled, as a
decomposition takes place with formation of sulphurous acid,
the presence of which may prove highly prejudicial in many
operations in which the acid is likely to be used. With sul-
pburic acid, advantage is gained by preventing the heat from
playing immediately upon the bottom of the retort; this has
already been mentioned as a means of preventing concussive
ebullition in other cases, and Berzelius applied the method to the
distillation of sulphuric acid, by placing the bottom of the retort
upon a truncated cone, which in its turn rested upon a hearth,
and a charcoal fire was made round it, so as to apply the heat
in such a manner that the boiling commenced from the sides
instead of the bottom.

359. Hydrofluoric acid requires a special apparatus for its
production, in consequence of its great tendency to combine with
silica rendering it impossible to use glass vessels, as they would
be destroyed in a very short time, and, what is far more serious,
prevent the possibility of obtaining a pure product. Perhaps
the most convenient apparatus for the production of hydrofluoric
acid, where it is required to be frequently made, is that repre-
sented in fig. 191.



228 CHEMICAL MANTPULATION,

It consists of two hemispherical iron pots with broed flanges,
which permit them to be laid mouth to mouth, and afford the
space to pierce holes for the admission of the screws, the nuts of
which are seen in the engraving. The pots are lined throughout
with lead ; in fact, two leaden vessels of the same shape as the

Fig. 191.
ﬂ

iron ones are constructed, which exaotly fit inside them, and are
also provided with flanges, as by means of the screws the two
leaden surfaces are brought into such close contact that scarcely
any leakage occurs, and what there is may be effectually
stopped by a little plaster of Paris. A hole is made through
both lead and iron at the top, to admit the leaden pipe, which is
ground in quite tight. The chief advantages of this apparatus
over those usually described, consist in the facility with which
the sulphate of lime may be removed after the action, the eco-
nomy with which the leaden lining can be replaced, and the
protection afforded to it by the iron exterior; moreover, the iron
pots are to be obtained with ease, as they merely consist of the
larger sizes of sand-pots mentioned at the commencement of the
work (p. 13).

860. There are several cases of distillation of frequent occur-
rence, in which a liquid has to be saturated with a gas evolved
by the reaction of certain substances upon each other; the pre-
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paration of hydrochloric acid may be taken as illustrating the
general features of the operation, and showing the precautions
necessary. The chloride of sodium is placed in the retort, a, and

Fig. 192. 3

sulphuric acid is introduced very gradually by the funnel, b; the
muriatic acid gas passes at first into the bottle, ¢, where any im-
purities mechanically carried over are deposited; it then flows
into d, by a tube which dips under water; these bottles are seen
to be provided with safety-tubes, ee¢, which, by admitting air, if
any contraction occurs, prevent the contents from being forced
back : the mode of action of these tubes, and the varieties of them
in use, will be explained in the section. on Gaseous Manipu-
lation. In the same manner as the last, the gas, if any is un-
absorbed by d, passes into f; at first the water in ¢ and d absorbs
all that comes over; but as it becomes saturated, it passes into
the other bottle. As heat is developed during the absorption, it
is proper to immerse the bottles in cold water. It is unnecessary
to apply heat to the retort at the commencement of the operation,
that developed by the reaction being sufficient; but as the flow
of gas becomes slackened, a small lamp-flame may be placed
beneath it and gradually increased. The bottle, f, is fitted up in
a manner different from the others: the mode of action will be
explained further on.

361. When mixtures are to be distilled which it is expected
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might explode by a temperature of 212°, the contrivance shown
at p. 46 may be used with advantage.

362. Mercury may easily be distilled in small quantities in
plain glass retorts, which should not be too large; for if the
dome of the retort is far above the mercury, it will be necessary
to heat it to a degree that may endanger its safety, in order to
drive the metal over. From the high temperature required, it
is improper to use tubulated retorts, as if closed by a stopper
they are liable to fracture, and corks are rapidly carbonized.
The steady heat of a small charcoal fire is perhaps the most
convenient for the purpose. 'Where larger quantities are to be
distilled, an iron retort is preferable to any other, and the bot-
tles in which the metal is imported, if fitted with a bent iron
tube, answer the purpose extremely well. The addition of
copper filings much facilitates the process, where it is desired to
obtain as pure a product as possible. The exit-tube in either
case must be plunged under water.

363. It has already been mentioned, at p. 225, that fluids
distil at a lower temperature in a current of hydrogen than when
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the operation is conducted in the usual manner. This method of
operating has to be resorted to in several cases; in the first place,
it is not unfrequently necessary to expel a more from a less vola-
tile fluid in the purification of the latter, as, for instance, where
it is desired to drive off ammonia from a fluid base having a com-
paratively high boiling-point ; to effect this, the apparatus shown
in fig. 193 may be used, where & represents a bottle fitted up
with tubes for the preparation of hydrogen gas, which is dried by
passing through sulphuric acid contained in b, from whence it
streams through the basic liquid in ¢. Sometimes it is required
to heat the latter, in which case the volatilized base is condensed
in & and falls back into the flask, the dry hydrogen carrying away
the ammonia and water present in the fluid. The operation is
generally a somewhat protracted onme. It is often required to
distil fluids of no great stability in an atmosphere of some gas
having little or no tendency to impart oxygen. The ebullition
of fluids is often by this means considerably facilitated. Phos-
phite of ethyl, which boils at 191° Cent. (375°8 Fahr.) in air,
comes over at 188°C. (370°-4 Fahr.) in a current of hydrogen gas*®.
Where it is merely wished to prevent oxidation, or to facili-
tate the ebullition of fluids of no great stability, but not sponta-
neously inflammable, a current of dry hydrogen evolved from an
apparatus similar to that shown in the last cut, passes into a
retort the neck of which is drawn out and bent, so as to enter a
U-tube, which, if necessary, may be immersed in a freezing
mixture and have a conducting tube passing into a flask (in the
manner of those in fig. 188), likewise kept cold. Sometimes the
current of hydrogen carries away so large a quantity of the fluid -
that its loss would be serious; it is then necessary to connect the
first with another, or even two or three more U-tubes or other
condensers, according to circumstances.

364. If the fiuid is spontaneously inflammable, as is the
case with many organic compounds containing antimony, arsenic
and other metals, it is necessary to have the joints made by fusion,
and the apparatus is then preferably constructed from glass tubes.

* Railton, Chem. Boc. Quart. Journ. Oct. 1856.
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Fig. 194 gives an idea of one of the simpler kinds of apparatus
for the purpose. The substance is formed by the action of heat

upon the ingredients in a, and is condensed in the V-tubes, b5,
the second of which is drawn out to a point at e. Before the
reaction is commenced, a current of dry hydrogen is passed through
the whole by means of the tube, d, connected with a gasometer
or other source of the gas; d is connected in its turn with a, by
a caoutchouc tube, ¢, containing a piece of glass rod, almost large
enough to fill it. When all the air in the apparatus has been
expelled by the hydrogen, the tube, ¢, is tightly tied, and d is
removed. The bulb, a, is then heated until the substance has
distilled over into the V-tubes, 4%, which are kept very cold
during the operation. When no more fluid is condensed in the
receivers, a powerful blowpipe-flame is directed upon the parts,
f and g, in succession, which are thus closed and removed until
wanted for examination ; finally, the point, ¢, is closed by fusion.
From what has been said, it will easily be seen that the above is
far from being a universal method, the method of manipulating
requiring various modifications according to the nature of the
substance operated on.

3865. When it is necessary to observe the temperature at
which a fluid distils in a current of hydrogen or other gas, it is
sometimes proper to use a flask provided with three apertures:
one for the tube delivering the gas, another for the exit of the
distilled liquid, and a third, generally in the centre, for the ther-
mometer. By this arrangement, however, a considerable surface
of cork is exposed to the action of the heated vapour, and with
fluids the boiling-point of which is above 300° Fahr., it soon
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becomes brittle, and even rotten, so that it is difficult to keep it
from leaking; but if the surface of the cork is comparatively
- small, this does not oceur, or at least with the same rapidity.
There are small three-necked Woulfe’s bottles, blown from
tube at the lamp, to be procured from the dealers in chemical
apparatus, which, from their thinness, are well adapted for this
purpose.

366. In some distillations it is advisable to allow the ingre-
dients to digest for some time before applying the fire, particu-
larly if fluids are to be dehydrated by contact of quicklime, chloride
of calcium, or other substances used to remove water. The
less active the matter intended for the purpose, the longer the
digestion is required to be. In most instances, the object may
be effectually attained by putting the ingredients together over
night, and distilling in the morning.

367. In making formic acid by the more common processes,
the starch or sugar, oxide of manganese and water are intro-
duced into the still, and a fire being put under it until the fluid
hes obtained a temperature of about 100° Fahr., or a little higher,
the sulphuric acid is added by degrees, the fire being previously
removed ; an immense quantity of carbonic acid gas is evolved,
and sometimes the action is so violent, that, although the fire has
been taken out, the mixture froths over; in any case, it is better
to allow the ingredients to digest for five or six hours before distil-
lation, when, by careful regulation of the heat, the dilute acid
may be brought over without any further danger of frothing.
The formiate of lime produced in a subsequent stage of the pro-
cess is best distilled with sulphuric acid, to obtain the strong
acid, in the stone alembic, p. 239.

The formic acid, as thus obtained, invariably contains a certain
amount of sulphurous acid, which may be rendered sufficiently
fixed to allow of distilling over the formic acid in & state of com-
parative purity, by adding just enough of a solution of chromate
of potash to convert the sulphurous into sulphuric acid. If
this is done with moderate care, no fear need be entertained
of lessening the product by decomposition of the formic acid.
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The salt alluded to is moreover useful as a test of the presence
of sulphurous in formic acid, as a very small portion converts the
yellow colour of the chromate into a beautiful green, even in the
cold, by reduction to the state of green oxide.

368. For a great many purposes, but more especially in the
production of chemical reagents on a somewhat large scale, as is
so frequently required in certain investigations, a stone still and
worm are much employed, and will be found exceedingly useful.
1t is scarcely safe to use a sand-bath for them, although some
withstand that method of applying heat very well. It is better
therefore to use a chloride-of-calcium bath, the heat given by which
is sufficient for almost all the purposes to which a stoneware still
is likely to be applied. For the preparation of prussic and
valerianic acids on the large scale, they are indispensable. The

Fig. 195.

worm should be inserted into a wooden tub, the spout projecting
at the bottom. This is the most easily fractured part of the
apparatus, and requires especial care. It is a good plan, as a
means of protection, to have two stout pieces of wood nailed to
the tub, and standing out to the same extent as the exit of the
worm, but not placed so close as to prevent easy access.

369. When these stills are in operation, it is necessary to
cover the head with a cloth, to prevent condensation and con-
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sequent loss of time and fuel. The juncture of the head with
the body is closed by means of almond and linseed luting. It is
absolutely essential that great care be taken to prevent the
chloride-of-calcium bath becoming dry, or even too low, as in
that case the addition of cold water would infallibly break the
still ; in fact, when water has to be added to keep up the height
of the fluid, it should always be nearly if not quite boiling.

370. The best method of supporting the still in the bath is
seen in fig. 196. A hole is
punched out in a circular
piece of strong sheet-iron, o
just large enough to permit //
the easy entrance of the - o P
still as far as the ﬂnnge,a,h‘
which supports it in the
bath. The iron pot is at
least 6 inches larger all ] -
round than the still. A
hole about 2 inches across

is punched in the iron ring,
to allow of the addition of
hot water to replenish the

bath. As the solution of
chloride of calcium is liable
to froth up and boil over at
times, it is better not to
allow it to fill the pot to a
greater height than that indicated by the line in the figure.

371. The stone worms are so cheap, that it is better, where
thoy are required frequently for any particular purpose, to keep
them for that exclusively, especially if from its nature there is
any difficulty in cleaning them out, their opacity throwing great
difficulty in the way of ascertaining their freedom from dirt or
impurities.

372, Destructive distillation.—The products of the destructive
distillation of coal, and various animal and vegetable substances,
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The salt alluded to is moreover useful as a test of the presence
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yellow colour of the chromate into 8 beautiful green, even in the
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is sufficient for almost all the purposes to which a stoneware still
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valerianie acids on the large scale, they are indispensable. The
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have furnished chemists with many of their most interesting
products. The number of these already obtained would, to re-
count their history, require a volume; but a few will be men-
tioned, in order to show that a description of the apparatus re-
quired, and the methods of using them, are deserving of a place
in this work. '

378. Wood, by destructive distillation, yields, in addition to
acetic acid, methylic alcohol, acetone, xylite, lignone, paraffine,
kreosote, the beautiful pittacal, and the host of substances stu-
died by Reichenbach, several others which are as yet imper-
fectly known. Small as the per-centage of nitrogen in ordinary
wood is, the author found methylamine to accompany the am-
monia formed by destructive distillation of the impure acetate of
lime made on the large scale, from the acetic acid produced
simultaneously with wood-spirit.

Coal, by destructive distillation, yields the whole series of
fluid hydrocarbons homologous with the starting-point, benzole,
many gaseous ones, being still far from well known, and numerous
organic bases, viz. aniline, the pyridine and chinoline series, and
the somewhat mysterious body, pyrrol, known by its charac-
teristic reaction of staining fir-wood moistened with hydrochloric
acid, bright red or crimson. Indigo yields aniline and otlier
substances. Boghead coal, and probably Burmese naphtha,
yield hydrocarbons of more than one class, one appearing to be
identical with the alcoholic radicals,

874. These few substances meutioned (for they are few com-
pared with the multitude inviting study) are sufficient to
indicate that a wide field for investigation remains comparatively
unexplored in the products of the destructive distillation of
organic matter; and also that no apology is due for devoting
some pages to a consideration of the apparatus best adapted for
researches on the subject.

875. Where it isintended to distil large quantities, recourse will
doubtless be had to the cast-iron retorts used at gas-works; but,
on the small scale, the stout iron pots to be obtained at the iron-
wharves, and shown in figs. 197 and 198, are very convenient.
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The pot, a, in the latter figure, is provided with a very broad
flange, supporting an iron cover made after the manner of a
saucepan-lid, and perforated with an aperture of about 6 inches

Fig. 197.

diameter, to admit the head, which 18 to be riveted on. The
exit-pipe is made large until it enters the first recipient, d, with
which it is connected by the adapter, ¢. The vessel, d, may
very well consist of a six-gallon stone jar, closed with a large
bung pierced with two apertures. All the tar and other semi-
solid and easily condensable matters having been deposited here,
the more volatile products pass into the worm, ¢, which is kept
constantly supplied with a stream of cold water having lumps of
ice floating in it. All the fluid hydrocarbons, and most other
matters, are completely condensed by this means; but if very
volatile bases are present, they require further precautions; the
exit-pipe, f, is therefore made to dip into dilute muriatic acid con-
tained in a second bottle, which effectually retains all the basic
products. The iron pot is set in brick-work, just in the way of
an ordinary still, no particular precautions being necessary, except
that of being able to remove the fire with rapidity in the event
of the products coming over too rapidly. It is to be remem-
bered that the great danger is not of having too little, but too
much heat ; and it is a good general rule, to bring over the pro-
ducts at the lowest possible temperature, the fire being increased
as the evolution of volatile products slackens, this being easily
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seen by watching the rapidity with which the bubbles of gas
pass through f. Where the gas is very foetid, as is the case
when most substances containing a large per-centage of ni-
trogen are distilled, it may be passed through a rather thick
solution, prepared by stirring up chloride of lime and water to a
creamy consistence, or the gas may be ignited or passed by means
of a long tube under the ash-pit of the farnace. The lid of the
still is luted up with a mixture of finely-sifted fire-clay and fresh
horse-dung beaten to a plastic mass in an iron mortar, To apply
the luting in the most successful manner, the lid being inverted,
the luting is to be placed all round, and the lid being then put
in its place, is to be kept down by placing heavy weights on it.
376. In some operations, a neater but more expensive ap-
paratus for distillation is made by drilling a series of holes
round the rim of a carron pot, and fastening the lid down by
screws and nuts, as seen in section, fig. 198. The exit-pipe is
made of wrought iron, and is inserted into the lid by having a
screw tapped on its end to fit a hollow screw made in the plate
which covers the pot. This arrangement is excellently adapted
for the preparation of sulphurous acid from bruised charcoal and
sulphuric acid.
Fig. 198.

877. Where destructive distillation is to be performed on a
much smaller scale, as in preparing aniline from indigo, chino-
line from cinchonine or quinine, trimethylamine from narco-
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tine, &c., the arrangement shown in fig. 199 may be used.
It is constructed of stout sheet-iron, and has the head, be-
longing to a stoneware alembic similar to fig. 200, luted to it
with the almond and linseed luting previously alluded to. By
far the best way of heating these alembics is by means of a
species of hot-air bath, formed of an iron pot similar to those
used to melt lead in, but with the three feet removed, which may
be done by filing them three parts through, and then giving a
smart tap with the hammer. These pots are covered with a lid
fitting somewhat tightly on; it has a hole in the top large
enough to admit the alembic, which is supported by the flange
which joins the body, @, to the dome, 5. A small hole, about
linch in diameter, is left in the lid of the hot-air bath, to enable
the operator to observe when it reaches a red heat. The pot is
to be heated by placing it on the largest hole of the furnace,
fig. 1, all the rings being removed.

The great advantage possessed by this arrangement, is the
rapidity with which the temperature can be regulated as com-
pared with a sand-bath, In the latter case, the sand takes a
considerable time fo acquire the requisite temperature, and when
it has done so, it requires a still longer time to cool, whereas the
pot can be heated to redness as rapidly or slowly as may be
required, and may be cooled with equal facility.

The manner in which the alembic is surrounded prevents
accession of currents of cold air, so that even when constructed
of earthenware they may be raised to a red heat and cooled
again a great number of times without fear of fracture. The
stoneware alembic alluded to is shown in section in fig. 200.
They are somewhat difficult
to obtain, but their extreme
convenience in many opera-
tions renders it well worth
while to have them made of
the potters, so many of whom
are to be found in Lambeth,

near London. The aperture in the top of the head is useful for

Fig. 200.
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the introduction of fluids, &o. after the joints have been luted
up, or during the progress of a distillation.

878. It has been said that, as a general rule, the lowest possible
temperature should be used in destructive distillations where the
object is to examine the products obtained ; this rule holds good
in the process for procuring aniline from indigo; the latter sub-
stance, being finely pulverized, is to be mixed with a very con-
centrated solution of potash, and the whole is to be evaporated
" with constant stirring, in an iron pot, until a faint odour of
aniline is perceptible ; directly this is observed, the mass is to be
rapidly transferred to the iron alembic with the stone head, fig.
199, which is then to be inserted in the hot-air vessel, and the
apparatus being placed on the aperture in the furnace-plate, and
ample condensation being ensured, the fire is to be very gradually
raised until no more aniline is procured. .

It is important in the construction of these alembics to have
the beak made at a much more obtuse angle with the body than
is usually done (see also p. 219), as, if this is attended to, much
greater ease is found in attaching them to condensers. The caprylic
alcohol, which has become an object of interest lately, is readily
and conveniently prepared from saponified castor-oil in an appa-
ratus gimilar to fig. 199,

879. There are many occasions in organic and inorganic che-
mistry where it is desired to effect distillation under reduced
pressure, and consequently at a lower temperature than if per-
formed in the ordinary manner. This is easily managed by the
use of the apparatus seen in fig. 201. A glass retort, a, has its
neck inserted into a tubulated receiver, ¢, with which it is con-
nected, air-tight, by the caoutchouc tube, 5. The tubulature of
the receiver is fitted with a cork and tube, d, which connect it
with a small air-pump. The air is then exhausted as far as may
be requisite, the degree being made evident by the rise of the
mercury in the tube, ¢, which dips into a small basin of the
metal ; if, now, a lamp-flame be applied at d, the tube is soon
closed by the pressure of the atmosphere, and the distillation
may thea be commenced.
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In distillations of this kind there are several methods of pro-
ceeding, which will suggest themselves to the operator, as they

Fig. 201.

are dependent on the habitudes of the matter which
is the subject of experiment. In some cases, it is
sufficient to cool the receiver by a powerful freezing
mixture, when the fluid in the retort gradually
distils over. More generally, it is necessary to
apply a gentle heat to induce ebullition.

380. In some researches, where it is necessary
to separate a more from a less volatile liquid, great
assistance is gained by using the double-headed
stills shown in figs. 202 and 203. The method of using them
consists in placing within the chamber, b, which surrounds the
head, ¢, a fluid, the boiling point of which is higher than that
of the more volatile product which it is wished to obtain, and
below that of the liquid which is to remain behind in the still.
If, for instance, it is desired to obtain benzole from coal-naphtha,
it is sufficient to fill the chamber, b, with water, and proceed with
the distillation in the ordinary manner; it is evident, that, as
the temperature of the head can never excoed 212°, the hydro-
carbons, which require a higher point for volatilization, will be
condensed on arriving at that part of the head which is sur-
x

~

~
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rounded with water, and return to the body a, but that the liquids
which boil at or below 212° will pass the head and proceed to

Fig. 202. Fig. 208,

the receiver. Sometimes it is unnecessary to have a worm pass-
ing through the water, a rather considerable elongation of the

head being sufficient to prevent the passage of fluids of high

boiling-points, as in fig. 203,

381. If retorts or flasks are to be exposed to temperatures so
high as to endanger their safety, or where fluids are to be ope-
rated on which, either from their inflammability or value, it is
particularly essential to prevent being spilled if any accident
should occur, we may employ vessels covered by the electrotype
process with a thick coating of copper: the method of effecting
this will be found in the section on Electrical Manipulations.

382. In operations on very limited quantities, where the use of
ordinary retorts, or even the small ones described in the section on
Fractional Distillation, would be impossible, recourse may be had to
the apparatus shown in figs. 204 and 205; it consists of a very small
tubulated retort made from a piece of large tubing ; when the bulb
has been blown on the end of it, and the neck bent as in fig. 204,
the point of the blowpipe-flame is directed on the part a, fig. 205,
and a piece of red-hot glass rod is placed against it and imme-
diately withdrawn ; it thus forms a thin tube, which may be bent
asat ¢b. This construction enables us to introduce the fluid to
‘e distilled without soiling the neck of the retort, an advantage
not generally found in these instruments as constructed from
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tubes; the fluid is made to enter by dipping the end, 3, into it
and applying suction to ¢, carefully avoiding the entrance of mois-

Fig. 204.

ture: when a sufficient quantity has entered, the point, 4, may be
closed by the blowpipe. This method is especially useful in ex-
periments where it is wished to operate upon known quantities.

Fig. 205.

RS
/

383. Where an extremely volatile fluid is one of the products
of a distillation or reaction, the appliances shown in figs, 206 and

207 may be made use of with advantage. The retort, a, in

which the materials are being heated, is connected with the

hulb apparatus, b, immersed in a freezing mixture, The product

may be transferred to the little tube apparatus, fig. 207, in which
¥ 2
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it is to be preserved; it may be introduced by the method de-
scribed in the section on Pres- Fig. 208,
sure-tube Operations (§ 304). .

384. Itnot unfrequently hap- \
pens that it is wished to submit
a fluid to the action of a sub-
stance at 8 moderately high tem-
perature (generally a little above
the boiling-point of the liquid)
for a considerable time, as, for
example, in the preparation of
some hydrocarbons by the action
of sodium on iodine or bromine
compounds. In this case it is
convenient to wuse the appa-
ratus shown in fig. 208, The
flusk, a, contains the substance to be co-
hobated, and, in the example given, a
quantity of sodium ; it is immersed in the
copper tallow-bath, ¢, which is heated by
the gas-lamp, d. The vapour which rises
condenses in the long wide tube, 3, which
has a capillary opening at its upper end,
and falls back into the sodium; by this
means the whole of the iodine or bromine
may be removed in an hour or two, and
the tube, b, and its cork being removed, it
is to be replaced by a bent tube connected with a receiver, and
the pure hydrocarbon or other fluid distilled over.
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SECTION XIX.
SUBLIMATION.

385. Sublimation differs essentially from distillation in the fact,
that the product of the operation is obtained in the solid instead
of the fluid state; the apparatus used is generally extremely
simple, and presents far less variety than that employed in
distillation.

386. Very frequently, in manipulating with the small quantities
used in research, thearrangement recommended by Berzelius(which
for simplicity leaves nothing to be desired) will answer equally
well with far more complicated appliances; it merely consists
of two platinum crucibles, one rather larger than the other, the
larger being inserted so as to penetrate a short distance inside the
smaller. The upper one is filled with cold water during the pro-
cess, which, if required, may be removed with & pipette as it be-
comes heated, and be replaced with fresh. Two porcelain crucibles
may sometimes be substituted with advantage for the platinum ;
but in this case it is generally unsafe to fill the upper one with
water, as such a proceeding would, in all probability, be the cause
of fracture. Two porcelain or earthen basins, placed mouth to
mouth, and having a strip of paper pasted round the line where
they join, for the twofold purpose of confining the vapour and
keeping the vessels together, is frequently a good arrangement.
In all cases of sublimation it is essential to have & small aperture
in some part of the apparatus to allow of the expansion of the
air, as, if confined, it would, on heat being applied, break the
connexions. It is seldom, however, that it is necessary to make
this aperture purposely, as the apparatus for sublimation is seldom
quite air-tight.

387. In subliming iodine on the small scale, with a view to its
purification, it may be placed in rather large and shallow evapo-
rating-basins, covered with others, which are to be inverted and
placed with their mouths downwards against the under omes.
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The place of juncture is to be made tight (with the exception of
a very small air-hole) by means of the almond and linseed luting
frequently alluded to in the section on Distillation. The apparatus,
after being put together, is placed upon a moderately hot part of
the sand-bath ‘for some hours, and is then to be removed to a
cooler portion, and allowed to become cold very slowly. When
perfectly cold, the basins are to be taken apart and the iodine
removed with a strip of glass, or even with a strong feather; it
is, however, better to avoid the contact of organic matter. The
largest crystals are gemerally found upon the bottom dish, in
the form of magnificent sword-blades, sometimes several inches
long, when the quantity sublimed is large. If a considerable
quantity of pure iodine is required, as in many researches, the
ordinary porcelain dishes in use in the laboratory are too small to
be really serviceable, and it is better to use the large earthenware
dishes known as milk-pans: the arrangement is precisely the
same a3 with the evaporating-basins.

388. Many organic substances, such a naphthaline, pyro-
gallic acid, &c., may be very conveniently sublimed in the appa-
ratus shown in fig. 209. It consists of Fig. 209,
an evaporating-basin having a beaker in- -
verted over it, the join being made with ﬁ
paper pasted round. Rings are then
made of annealed iron-wire, of the exact [ ]
size of the inside of the glass: these are
covered with muslin, which is sewn on.
The object of these discs (which are placed
in the beaker in the positions indicated
by the lines) is to retain the sublimate and
prevent it falling into the dish again.

389. As a general rule, it is proper to
employ a gentle and steady heat, only just
sufficient, in fact, to vaporize the substance, many volatile bodies
of unstable composition being partially, or even entirely decom-
posed by an undue elevation of temperature. This is particularly
the case with pyrogallic acid, previously alluded to. No matter
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how carefully the operation may be performed, a certain quantity
of this, at present, useless metagallic acid is formed, but by careful
management the amount may be considerably reduced.

890. With fusible sublimates much is absorbed by the dia-
phragm ; this must never be lost sight of, as in some instances it
may be recovered by solution in alcohol or ether, and subsequent
crystallization. In the case of the curious substance obtained
from sulphopianic acid, a8 much, or more, is obtained in this
manner as in the state of sublimate. ‘

- 391. Indigo may be sublimed between two porcelain dishes, or
by mixing it into a paste with plaster of Paris, forming the mixture
into a cake, and placing it in & warm place to become dry; when
this has been effected the temperature is raised, and crystals will
form on the surface of the plaster, and may be removed with a
feather. Biniodide of mercury may be obtained in magnificent
scarlet crystals by careful sublimation between porcelain capsules.

There is a well-known peculiarity of the last-named substance
which has been onlyimperfectly accounted for, namely, that when
- first sublimed it is of a beautiful pale-yellow, which, by contact
with a glass rod, becomes scarlet, a peculiar motion taking place at
the same time among the crystals, indicating some structural
change. This difference in colour between substances before and
after sublimation is by no means uncommon: bisulphuret of mer-
cury, if formed by precipitating corrosive sublimate with sulphu-
retted hydrogen, is quite black before, but brilliant red after
sublimation, and is then known as vermilion. Changes of this
kind are, however, not peculiar to the process of sublimation :
many colours prepared by the wet method acquire different tints
by digestion at certain temperatures; the arsemite of copper
prepared in the manner adopted for the beautiful emerald-
green, acquires its beauty by the maceration of the ingredients
for some time. The wet method of preparing vermilion is also
an example of the same kind of change.

392. A current of air or certain gases appears to greatly faci-
litate the crystallization of some substances: if naphthaline is
heated to the subliming-point, and air is drawn through the
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apparatus, the product is denser, and apparently whiter and purer,
than when sublimed in an apparatus with diaphragms, such as is
represented in fig. 209. If the crude mixture of chryséne and
pyréne be heated in a test-tube, it melts and creeps up the sides,
but does not volatilize even at a very considerable temperature ;
but if air is drawn through the apparatus, a dense yellow vapour
rises, and may be condensed at some distance; it is possible,
however, that some decomposition takes place in this case. In the
process for forming the sesquichloride of chromium, much trouble
is sometimes found in obtaining the crystals at a sufficient di-
stance from the mixture of oxide and charcoal; if, however, &
very powerful current of chlorine is employed, and the heat is
suffic