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his grateful acknowledgments. He also desires to
express his indebtedness to Mr. C. H. Bothamley,
Assistant-Lecturer on Chemistry in the Yorkshire
College, for aid in the revision of the book.
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PREFACE.

THE AIM of this book is to teach the principles of
Quantitative Chemical Analysis by the aid of ex-
amples chosen, partly on account of their practical
utility, and partly as affording illustration of the more
important quantitative separations.

It is divided into five distinct parts. The first part
gives a description of the balance, of the mechanical
principles involved in its construction, and of the
manner of using it. It also contains an account of
the operations generally or most frequently occurring
in Quantitative Analysis ; such as the process of fil-
tration, the incineration of filters, and so forth.

The second part consists of a graduated series of
examples in simple gravimetric analysis, commencing
with the analysis of copper sulphate, and ending with
the estimation of arsenic, antimony and tin.

The third part treats of volumetric analysis. The
more important volumetric processes are fully de-
scribed, and their application is illustrated by ex-
amples of scientific as well as of technical interest.
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The fourth part contains an account of themethods,
gravimetric and volumetric, employed in the analysis
or valuation of ores, minerals, and of the more im-
portant industrial products, such ,as copper and lead
ores, iron and manganese ores, limestone, cast and
wrought iron, soda-ash, bleaching powder, &c. Con-
siderable space has been allotted to the important
subject of water-analysis.

The fifth part treats of the general processes of
organic analysis.

The Author’'s thanks are due to his assistant, Mr.
Dugald Clerk, for the attention he has bestowed on
the-drawings for the woodcuts. The illustrations in
the séction on ‘Water-analysis’ are taken, with Mr.
Sutton’s kind permission, from his work on ¢ Volumetric
Analysis” In the account of Frankland and Arm-
strong’s method of determining the amount of organic
carbon and nitrogen in water, it will be seen how
much the Author is indebted to Mr. Wm. Thorp’s
excellent description of the process in that manual.
Mr. Crookes has also kindly allowed the use of the
figures in illustration of Luckow’s process for assay-
ing cepper-ores.
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QUANTITATIVE

CHEMICAL ‘ANALYSTES.

PART 1.

PRINCIPLES OF QUANTITATIVE ANALYSIS.

THE BALANCE. GENERAL PRELIMINARY OPERATIONS.

QUANTITATIVE ANALYSIS is that branch of Practical
Chemistry which treats of the processes by which we deter-
mine the relative amounts of the constituents of a body.
QUALITATIVE ANALYsIS informs us simply of the nature of
these constituents, and teaches us how they may be sepa-
rated. The latter form of analysis always precedes the
former, for, obviously, we must first know what are the
elements present in a substance before we can proceed to
estimate their proportions.

The methods of Quantitative Analysis are subdivided
under the two heads of Gravimetric Analysis and Volumetric
Analysis. By means of Gravimetric Analysis we seek to
weigh the known constituents of a substance either in their

B
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elémentary condmon, or in the form of combinations which
admit of exact weighing, and of which the composition is
already accurately known. Supposing that we wish to deter-
mine the composition by weight of a sixpenny piece : quali-
tative analysis tells us that the coin is made up of silver and
copper. We may determine the proportion of the two metals
m the solution of the coin, either by separating them out and
weighing them in their metallic state, or we may convert the
silver into silver chloride, and the copper into cupric oxide,
and weigh the two compounds. Since we know the com-
position of the silver chloride and cupric oxide, we can
calculate the amount of silver and copper respectively con-
tained in them, and in this manner determine the relative
quantities of the metals present in the coin. In practice, it
is usually found more convenient to estimate the constitu-
ents.in a body by the aid of combinations of known com-
position, rather than to attempt to isolate the elements. It

_is evident, therefore, that a correct knowledge of the pro-

~

portion in which the several elements are present in these
fiduciary combinations is of the highest value to the analyti-
cal chemist ; and, further, that the exact determination of
the combining weights of the elements becomes to him a
matter of primary importance.

But it will be obvious on reflection that we can deter-
mine the quantitative composition of the sixpenny piece
without directly weighing either the metals, or their com-
binations with chlorine and oxygen. We might determine
the amount of the silver, for example, by ascertaining the
quantity of hydrochloric acid required to convert it com-
pletely into silver chloride. We know that if we add hydro-
chloric acid to solution of silver in nitric acid (silver nitrate)
we obtain insoluble silver chloride ; and that if we add a
sufficiency of hydrochloric acid the whole of the silver will
be thrown out of solution :

AgNO, 4+ HCl = AgCl + HNO,.
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Now, if we know how much hydrochloric acid (H Cl) is
contained in any given volume of the solution which we
employ to precipitate the silver, and if we have the means
of recognising the exact point at which the formation of
silver chloride ceases, we can calculate from the volume of
acid required the amount of the silver, since, as the equation
tells us, 3646 parts of hydrochloric acid are equivalent to
107°93 parts of silver.  This is the fundamental principle or
volumetric analysis, a form of quantitative analysis in which
we seek to estimate the amount of a substance from the
determinate action of reagents in solutions of known
strength, the amount of the reacting substance being calcu-
lated from the volume of liquid used. Many examples
might be adduced to show the wide applicability of this
principle of analysis. Let us suppose that we wish to deter-
mine the amount of sodium hydrate in an aqueous solution
of this substance. If we add a few drops of litmus tincture
to the liquid we obtain a blue colouration, which, on the con-
tinved addition of hydrochloric acid, eventually becomes
permanently red. The acid combines with the alkali to
form common salt, which is without action on the colour of
litmus ; the final change in colour shows us that the whole
of the sodium hydrate is in combination, and that the acid
is in very slight excess. If the strength of our hydrochloric
acid solution is known to us, that is, if we can say how
many grams of H Cl are contained in 1,000 cubic centimetres
(for instance) of the liquid, we can calculate, from the
number of cubic centimetres we require to add to the soda
solution coloured with litmus before it is permanently red-
dened, how much sodium hydrate is contained in the alka-
line liquid originally taken, from the knowledge that
H Cl=NaHO; z.e that 36'46 grams of hydrochloric acid are
equivalent to 40'04 grams of sodium hydrate.

THE BALANCE.

The balance affords the only practicable means of mea-
B 2 :
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suring the mass of the various forms of matter contained in
a substance. Practically speaking, this instrument consists
of an inflexible metallic lever or beam suspended near its
centre of gravity on a fulcrum or pivot, the masses to be
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compared being also suspended from pivots placed at the
extremities of the beam, equidistant from, and in the same
horizontal line with, the central fulcrum. For a complete
treatment of the mechanical theory of the balance we
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must refer to special treatises on the subject : in this
work we shall mainly confine ourselves to the essential
points in its construction and mode of use, and only touch
on the mechanical problem in so far as it appears necessary
to enable the student to understand the conditions of sen-
sibility and accuracy in the instrument. Fig. 1 gives a
representation of a modern chemical balance. The beam
@ a has the shape of an
acute rhomboid ; this
form of construction
combines lightness
with inflexibility and
strength : on the pos-
session of these quali-
ties in the beam much
of the sensibility and
accuracy of the balance

depends. Through the
centre of the beam passes a triangular piece of hardened

steel or agate, termed a Anifecdge, the lower edge of which
turns upon a horizontal plate of polished agate connected
with the pillar. At the Fict 3.

end of each arm is a
similar knife-edge fixed
in the reverse position,
and bearing an agate
plate from which de-
pend steel hooks to hold
the wires attached to the
pans (fig. 2). These
terminal knife-edges are
fixed in brass settings,
and admit of being ad-
justed so as to bring them into exactly the same plane with
the centre edge, Their relations to the middle knife-edge
may be altered by means of the little screws shown in the

FiG. 2.
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figure. Various other methods of arranging the terminal
knife-edges and pan-suspensions have been proposed. Fig. 3
represents a form adopted by continental balance-makers.

As the efficacy of the instrument depends to a large
extent on the preservation of the sharpness of the knife-
edges and the smoothness of the agate planes, it is desirable
to prevent their contact when the balance is not in use.
This is effected by means of the frame & 4 (fig. 1), which
lifts the centre knife-edge about o'z millimetre from the
centre plane : at the extremities of the frame are steel
points which enter into little hollows in the lower surface of
the pan-suspensions, and raise them from the terminal
knife-edges. This frame is attached to a rod descending
through the pillar, and connected with an eccentric worked
by a milled-head screw (s) situated on the outside of the
balance-case : by means of this movement, the rod, and
with it the frame, can be raised or lowered at pleasure. In
balances of the highest class there is a second eccentric con-
nected with a system of bent levers which carry supports for
the pans; by means of these supports the pans can be
steadied whilst the weights are being transferred, or their
vibrations can be checked preparatory to releasing the
beam. In some balances the pan-supports are worked by
an independent screw: in others they are worked in con-
junction with the movement which raises or lowers the
frame. Where all the movements are controlled by a single
screw these are not made to act quite simultaneously.
When the balance is to be set in vibration, the first action
of the screw lowers the pan-supports ; it next brings down
the centre knife-edge upon the agate plane, and gradually
allows the pan-suspensions to drop simultaneously upon the
terminal knife-edges. For the proper performance of these
movements great nicety of workmanship is needed, for it is
not only requisite that the beam and pan-suspensions should
be properly raised when wanted, but it is also necessary
that the edges and planes should be brought into contact in
.
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a constant position. The movements of the beam are in-
dicated by a vertical pointer which oscillates before an
ivory scale fixed to the pillar; this ivory scale is usually
graduated into 2o parts, and its middle point or zero is
exactly behind the needle when the beam is horizontal. Any
inequality in the weight of the arms is compensated by
means of a small vane fixed on the top of the beam above
the central knife-edge, which may be turned to the right or
left as occasion requires. In some balances this compen-
sation is effected by means of little screws travelling along
fine threads attached to the ends of the beam (see fig. 3).
The stability of the beam is regulated by the aid of a
weight termed the gravity-bob (g) moving along the rod
attached to the upper edge of the beam over the centre knife-
edge on which the vane works.

In order to protect the instrument from the fumes of the
laboratory, and to prevent air-currents from interfering with
its action during the operation of weighing, it is enclosed in
a glass case, the back, front, and sides of which can be
opened at will. The case is supported on levelling screws,
by which it can be adjusted to horizontality in accordance
with the indications of a spirit-level or plumb-line attached
to the instrument. When an object too bulky to be brought
within the balance-case has to be weighed, on releasing the
screws at-the base, the pillar and beam can be turned
through an angle of about 60°, so that the ends of the beam
project beyond the back and front of the case. The proper
adjustment of the beam on the part of the balance-maker is
an operation of the greatest nicety. To ascertain if the
three knife-edges are in the same plane, he first poises the
beam without weights on the pans, and moves the gravity-
bob until the vibrations, as indicated by the pointer, become
very slow ; he then puts equivalent weights into the pans,
and again sets the beam vibrating : if its rate of vibration is
unaltered, the adjustment is perfect. If the beam vibrates
too quickly or oversets, the gravity-bob is raised or lowered
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50 as to bring the vibrations to the original rate: the
number of turns required to effect this is noted, and then
the bob is turned in the contrary way through double the
number of revolutions, and the slow motion is again pro-
‘duced by means of the adjustments at the ends of the
beam. To determine whether the terminal knife-edges are
at equal distances from the centre edge, the beam is poised
with weights, and the pans, together with their suspensions,
are changed from side to side. If the equilibrium is un-
disturbed, the edges are properly adjusted ; if, however, one
side appears heavier than the other, a small piece of bent
wire termed a 7ider (see fig. 7) is placed on the lighter side,
. and pushed along the beam until the equilibrium is again
established : the rider is now pushed along half way towards
the centre of the beam, and the adjustment made at one
end.. The knife-edges may be known to be parallel by
hanging little hooks upon them and equipoising the heam :
on sliding the hooks along the knife-edges, equilibrium
should be maintained. The student will better appreciate
the skill required in these adjustments when we treat of
the circumstances, other than those due to imperfect work-
manship, which modify the action of the balance.

We will next briefly state the main conditions upon which
the stability, sensibility, and accuracy of the instrument
depend.

1. The centre of gravily of the balance must be situated
below the point of suspension, i.e. the centre knife-edge. If
the balance were suspended at its centre of gravity, it would
be in the condition of neutral equilibrium, and the beam
being once disturbed would have no tendency to reassume
horizontality, but would remain in any position given to it ; -
that is to say, the beam would not oscillate. If; on the
other hand, the centre of gravity is above the point of sus-
pension, the beam would be in the state of unstable equi-
librium, and would tend to overset with the least prepon-
derating weight.
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2. The terminal points of support (knife-edges for pap-
suspensions) must be in the same line wilk the centre
point of suspension. In other words, an imaginary straight
line drawn from one terminal edge to the other should
just touch the lowest point of the centre knife-edge. If
the centre edge is below the line joining the extreme
points of suspension, the centre of gravity of the whole
system will be raised in proportion as the load is increased,
and at a certain point the centre of gravity will be exactly
at the point of suspension of the beam, which will then
cease to oscillate ; a continued increase of weight will
now raise the centre of gravity above the point of sup-
port, when the beam will overset. But if the centre edge
is situated above the line joining the extreme edges, the
centre of gravity of the whole system is lowered in pro-
portion to the increase in load ; that is, its sensibility
will diminish with the increase of weight on the pans.
When the three edges are in the same plane an increase
of weight continually tends to bring the centre of gravity
nearer the point of support, but it can never be made
to coincide with it: consequently the balance will never
cease to vibrate. We thus see why it is nedessary that
the beam should be perfectly inflexible. If the weights
acting on the terminal edges caused them to sink below
the level of the centre edge, the centre of gravity of the
whole system would become lowered, and the sensibility
be lessened. Theoretically, increased weight creates in-
creased sensibility in the instrument: practically, however,
this increase in sensibility is more than counterbalanced
by other effects of increased weight:

Let a be the central knife-edge supporting a beam seen end-
on (fig. 4),and & and ¢ the terminal points of suspension ; the
straight line & ¢ touches the point @ of the centre knife-edge.
From a draw the vertical @ & ; then the centre of gravity of
the beam must be somewhere on this line @ & : let us suppose
itto be ate.  If equal weights W are suspended from 4 and
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¢, we may conceive that each of the weights acts respectively
at 4 and ¢ : their common centre of gravity falls at a, and the
centre of gravity of the whole system of beam and load is
somewhere between @ and ¢ along the vertical @ 4. Since
the centre of gravity remains vertically under the point
of support, the equilibrium is undisturbed. Suppose now
that an additional weight z is made to act at ¢, the centre
of gravity of the combined load is no longer coincident
with @, but falls somewhere along the line 4 ¢ in the direction
of ¢ say at f: the centre of gravity of the whole system is
at some point along the line ¢ f] say at g&. The centre of
gravity is no longer vertically under the point @: accord-
ingly the beam tends to revolve until this condition obtains
(fig. 5)- The arm a ¢ therefore falls, whilst, of course, the
arm « 6 is proportionately raised. The angle made by the
beam in its new position of equilibrium with the horizontal,
due to the preponderance =, is termed the angle of deviation:
it is equal to the angle g @ e This angle is the measure of
the sensibility of the instrument. It is evident, moreover,
that (3) ke sensibility of the balance is augmented by bringing
the centre of gravity as near the point of support as possible,
whereby g, due to an overplus, becomes proportionately
raised towards the line 4 ¢, and the angle of deviation g a ¢
increased in the direct ratio of the change. If ¢is so far
raised as to be identical with &, then on the addition of the
weight 2, ¢ would fall on the line 4¢; that is, the angle of
deviation becomes a right angle, and the beam consequently
oversets. The distance between the point of support and
centre of gravity in a sensitive instrument probably does not
exceed g3y of a millimetre. The arrangement by which
the alteration in the centre of gravity is effected has already
been described. There is, however, a limit of approxima-
tion beyond which, in ordinary work at least, it is practically
inconvenient to go, and for another reason than that just
adduced. As the centre of gravity nears the point of sup-
port, the rapidity of the vibrations of the beam diminishes,
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and ultimately becomes very slow : the operation of weigh-
ing may thus need a greater expenditure of time than is
warranted by the degree of accuracy required.

4. The sensibility of the instrument increases with the
length of the arms. If ac be made longer, the distance @ f
will be proportionately increased, and the point ¢ will be
further removed from the vertical ¢ &: the line e g will
therefore form a greater angle with @ ¢; that is, the angle
of deviation will be increased. Here, too, in practice, we
quickly find the limit to the length of beam. By increasing
the length of the beam we increase its weight, and by in-
creasing its weight we diminish its sensibility.

5. Zhe sensibility is dependent upon the lightness of the
beam. We may conceive that the weight 2w+ w, acts at
the point f, and that the weight x of the beam acts at e.
The position of the centre of gravity g, along the line
e f, is obviously dependent upon the relation of the
weights acting at ¢ and f: if ex = (2w+ w) f, then g
will be equidistant from ¢ and f, and the smaller x becomes
in proportion to 2w 4 z the further will ¢ be removed from
¢, and therefore the greater will be the angle of deviation.
With the view of increasing the sensibility by diminishing
the weight, other substances than brass have been proposed
as the material of balance-beams, and beams have actually
been constructed of aluminium, which possesses a specific
gravity of only 26, less than one-third that of brass.

6. TZhe sensibility of the balance is also affected by the friction
between the knife-edges and agate planes. The immediate
effect of this friction at the terminal knife-edges is prac-
tically to vary the length of the arms. Let us suppose
that the impediment to the free motion of the planes of the
pan-suspensions is at its maximum, or, in other words, that
the planes of the pans are maintained parallel to the direc-
tion of the beam during the oscillations of the instrument.
Such an instrument would be perfectly useless as a balance,
for as one arm was depressed by the action of a prepon-
derating weight, the heavier pan would be thrown inwards,
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but its tendency to move would be counterbalanced by
the other pan being thrown correspondingly outwards.
This variableness, practically speaking, in the length of the
arms may be perceived in balances of which the edges
have become blunted by wear. Supposing that the width
of the knife-edges is x, and the distance between their
middle points is y, a glance at the figure (fig. 6) enables us

FiG. 6.

to see that the real lengths of the arms must be x — y and
x +y. ‘Therefore two loads possessing the ratios of x +y
and x — y will be in apparent equilibrium. It is said that
some balances will indicate one part in a million ; if such an
instrument possessed a 2o-inch beam, the width of the
knife-edges cannot exceed 545 %ss Of an inch (an inappre-
ciable amount even under a microscope), and the two arms
must be adjusted to equality within this length.

When properly adjusted, a balance should satisfy the fol-
lowing tests :—1. When the beam is released the pointer
should coincide with the zero on the scale, or make slow-
excursions tending to equality of amplitude on either side.
2. The equilibrium should not bedisturbed when the pans are
removed. 3. If possible, the position of the heam should be
reversed, so as to cause the arm which points to the right to
point to the left, and the beam again be made to oscillate : it
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should vibrate exactly as before, and finally acquire a horizon-
tal position. Imperfect workmanship in the middle knife-edge
or in the planes on which it works is immediately indicated
if the beam now behaves differently. In a good balance the
centre knife-edge, whether of steel or of agate, is made in
one piece, and runs through a perforation in the beam : if,
as is occasionally the case, the knife-edge is made in two
parts, one being affixed to each side of the beam, it becomes
almost impossible to bring the edges into exactly the same
straight line. 4. Inequalities in the lengths of the arms
may be detected by loading the pans, after the beam has
been found to be in equilibrinm, with counterpoising
weights, and transferring the weights from one pan to the
other ; if equilibrium is retained, the lengths of the arms are
equal. A final test of the efficacy of the balance consists
in weighing an object several times in succession with the
greatest exactitude which the instrument admits of: if it is
trustworthy the greatest differences will not exceed o2 mil-
ligram.

It is very desirable that the student, so soon as he has
had a little practice in weighing, should make himself tho-
roughly acquainted with the capabilities of the instrument
which he employs. An hour’s careful observance of its
behaviour under varying conditions will materially conduce
to accurate weighing, and save much subsequent time. He
should, in the first place, determine for himself the degree
of its sensitiveness by accurately noting the deviation from
the zero-point, which an overweight of a milligram effects ;
(1) when the balance is unloaded, and (2) when carrying
so grams on each pan; and (3) when carrying 100
grams. He should at the same time observe the variation
in the rates of oscillation as the load increases. As the
balance approaches equality, after some experience he
will readily be able to estimate the weight required to
establish equilibrium, from the extent and rapidity of the os-
cillations.
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The balance-room should have a northerly aspect, and it
should not be liable to great or sudden variations in tem-
perature. If possible, the instruments should be so arranged
within the room, that in weighing the light falls over the
right shoulder of the operator. The position of the several
balances should be fixed, and they should be moved as
seldom as possible, otherwise their adjustment to horizon-
tality will be continually disturbed, and the shaking of the
beams and pans will inevitably interfere with the constancy
of their indications. Frequent attempts at readjustment
by inexperienced hands will certainly disturb the regular
action of the instrument. If, on commencing to weigh, the
balance is found not to be in equilibrium, the beam and
pans should be lightly brushed with a camel’s-hair brush,
and the horizontality of the beam again tested. It should
be carefully borne in mind that none of the adjustments
ought to be disturbed without sufficient reason, and only
after a proper inspection of the several parts of the instru-
ment. In a laboratory where the same balance is used by
several operators, the necessary adjustments should be in-
variably made by the assistant, for no one can have con-
fidence in the indications of an instrument which is liable to
hasty and improper alteration. A balance suffers more from
imperfect preservation than from proper usage. The fumes
of the laboratory should be carefully excluded from the
balance-room, and the student should never neglect to
securely close the doors of the balance-case when he has
finished weighing. Careful exclusion of acid fumes will do
much to prevent the corrosion of the polished knife-edges
and suspensions : if rusting commences at any one point it
will rapidly extend over the entire surface of the steel. In
order to diminish the humidity of the air a small dish con-
taining dried carbonate of potash or a piece of freshly-burnt
lime should be kept within the case. A balance in constant
use will require cleaning about every three or four months.
The instrument should be carefully taken to pieces, and the
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loose parts dusted ; the beam, pans, and suspensions should
be rubbed with a piece of soft leather, and the movements
cleaned and oiled. Occasionally the agate planes will re-
quire repolishing by the maker, as the constant working of
the knife-edges wears a minute groove in them, easily per-
ceptible by a lens. Lastly, all delicate instruments should
be encased in a wellfitting baize or linen bag when not in
frequent use ; this will greatly tend to keep out dust and
acid fumes.
THE WEIGHTS.

Since the chemist mainly concerns himself with the rela-
tive weights of the constituents of a substance, it is, for the
greater number of his operations, a matter of indifference
what unit he adopts. He needs merely to assure himself
that its multiples and submultiples actually have the values
which are assigned to them. Experience shows, however,
that it is highly desirable that a common unit should be
adopted by chemists, and that it should be directly con-
nected with some national standard. Accordingly, we
employ almost exclusively the metric system, of which the
gram is the standard weight. The reasons which have con-
duced to the adoption of this system are (1) that the unit
is moderately small ; (2) that its multiples and submultiples
are derived from it by decimal multiplication and division,
ze. by the simplest possible system ; and (3) that it bears a
very simple relation to the measures of capacity and length.
A set of weights extending from fifty grams to a milligram
will be found most generally useful. Such a set should con-
tain pieces of the following denominations :

grams grams gram gram gram
50 5 o5 0°05 0005
20 2 02 002 0°002
I0 1 o1 0°0I 0001
10 I O°I o011 0001

I 0°001

the entire twenty-two pieces making up 1or grams. The
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larger weights, down to ore gram, are kept in receptacles
lined with velvet to prevent their being scratched ; the smaller
ones are also kept in separate compartments covered by a
plate of glass. The box should be furnished with small
forceps, with which the weights are invariably to be handled,
as they should never be touched by the fingers (fig. 7).

Fic. 7.

Several substances have been proposed as the material for
weights ; for example, rock-crystal and platinum have actually
been used by reason of their durability. In general, how-
ever, only the smaller weights are constructed of platinum,
the others being made of brass gilded by the electrotype
process. If the gilding is of moderate thickness, and the
weights are preserved with due care, they will be found to
be practically unchanged even after many years’ use.
Probably the most convenient shape for the
brass weights is that of a short frustum of
an inverted cone, to the base of which a
handle is attached (fig. 8). Beneath the
handle is a small cavity containing the
minute pieces of foil or wire required to
adjust the weights. The smaller weights are
preferably made of pieces of stout platinum foil, one corner
of each being turned up for holding in the forceps ; the very
c

FiG. 8.
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small ones are occasionally made of palladium or aluminium.
All the pieces should have their values plainly stamped
upon them, and the compartments of the smaller weights
should be large enough to admit of their being easily with-
drawn ; otherwise the foil will soon become bruised, and the
denomination of the weight rendered indistinct.

The greatest care should be taken to preserve the weights
from the action of acid fumes. The lid of the box in which
they are contained should be tightly fitting, and the box
itself should be kept in a bag of soft leather. No attempt
should ever be made to clean the weights by rubbing ; any
dust may be removed by a camel’s-hair brush. If by chance
the small platinum weights become dimmed or soiled, they
may be brightened without injury by holding them for a
moment in the flame of the Bunsen lamp. Brass weights un-
gilded generally become heavier by corrosion ; when gilded
they usually become lighter by wear. Since this action
occurs only at the surface, which increases as the square of
the diameter, whilst the mass increases as the cube, it
follows that the smaller weights become more quickly erro-
neous than the larger. The error thus caused by age is,
however, exceedingly minute. The slight tarnish is so ex-
cessively thin that it requires a very delicate instrument to
detect its influence.

We strongly recommend the operator to test his set of
weights ; for however carefully the remainder of his quanti-
tative work may be done, if he weighs with grossly in-
accurate weights, his results, if not valueless, will at least be
inexact. The exact determination of the values of the
separate pieces in a set of weights in terms of one of them
selected as a standard is an operation of some skill, and
requires a considerable expenditure of time. As a rule, the
weights of the best makers possess greater accuracy than is
required of them in ordinary quantitative processes ; never-
theless their examination should never be omitted. The
readiest method of detecting errors in the values of the
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denominations is to place one of the gram weights on the
pan of a delicate balance, adjusted to perfect equilibrium,
and equipoise it with pieces of brass or small shot, and
finally tinfoil. The weight is then removed and replaced
by the second gram weight, and the balance caused to
oscillate. If the excursions on either side of the zero are
of equal amplitude, the weights are equivalent ; if not, the
deviation must be noted. It should not exceed 1 division
of the scale from the zero-point. The third gram weight is
next tried in the same way, and it is then replaced by
platinum weights of the smaller denominations to make up
1 gram, and the balance again caused to oscillate, every
deviation from ,the equilibrium being carefully noted. In
the same way the 2 gram piece is compared with two of the
single grams, the 5 gram piece with the 2414141 gram
pieces,and each of the 10 gram pieceswith theg+2+ 14+ 141
gram pieces. The larger pieces also should not show greater
variations than 1 division from the zero, since the value of
1 scale division with a heavy load on the pans is almost
invariably greater than with a diminished load, for the reasons
already given. Thus in a certain balance tested by the
author, 1 scale division, with no load on the pans, was
equivalent to o°'2g9 milligram ; i.e. a preponderance of o'29
milligram would cause a variation of 1 division from the
zero-point. Under varying loads the value of 1 division
on this balance was as follows :—

Load on each pan Value of 1 scale division
grams milligram
10 032
25 0°35
50 0°39
100 051

The process of testing should be repeated from time to
time, particularly when the weights begin to be tarnished.
It is also desirable that the student'should be able to

compare his weights with a standard set.
cz
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THE OPERATION OF WEIGHING.

There are three methods of determining the weight of a
body by means of the balance: (1) by the process of
direct weighing, (2) by that of reversal, and (3) by that of
substitution. As the first is the most expeditious, it is the
one usually employed, although it is not the most accurate
method. The substance to be weighed is placed on one
pan, conveniently that on the left, and the weights are
placed on the other. The pan originally selected to contain
the object to be weighed should be used for the same
purpose subsequently. The effect of any inequality in the
length of the arms is thus in a great measure obviated.
Supposing that we wished to determine the amount of copper
in a piece of the pure metal, and that for the purpose of the
estimation we wished to weigh out 1 gram of the metal, and
that the arms of our balance were of unequal length, the one
on the left being 99 millimetres, whilst the other on the
right was ror millimetres long. We place a 1 gram weight
on (say) the Zgz-hand pan, and counterpoise it with copper.
Since two masses acting on a lever are in equilibrium when
the products of the weights into their distances from the
fulcrum are equal, it follows that the weight of copper
equivalent to the 1 gram weight would be 0'9802 gram, for
99 X 1'o=101 X 0'9802. ‘The metal is next dissolved and
the copper precipitated, these operations being so carefully
performed that nothing is lost. The precipitated copper is
then weighed, and by mischance it is brought on the left-hand
pan ; when counterpoised with the weights, it would appear
to weigh o°'g705 gram, since g X 0°9802=I01 X 09705 :
accordingly the pure copper would appear to contain only
97°05 per cent. of metal. Had we invariably employed the
same scale for the same purpose, we should have determined
what we required to know—viz., that the copper contained
100 per cent. of the metal—although we might not know
(which would be perfectly immaterial) what was the true
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weight of the metal employed in the analysis. And by
similar reasoning we see that, in the analysis of a substance
containing any number of constituents, we ought to use one
and the same pan as the object-pan; the results, being
strictly comparative, are thus independent of the imperfec-
tion of the instrument, since the apparent weights of all the
bodies weighed are altered in exactly the same ratio.

We can, however, obtain the absolute weight of the copper
taken for analysis, either by the method of #eversal or by
that of swbstitution. In the method of reversal (known as
Gauss’s) the object (the copper for example) is weighed
first in one pan, and then in the other. If the weights are
identical, the true weight of the object is at once given. If
the weights are unequal, their geometric mean will be the
true weight; this is found by multiplying the apparent
weights together and taking their square root. Practically
the common arithmetic mean of the two weights will be
sufficiently accurate, uniess their difference is considerable.

In the method of substitution (due to Amiot *), the body
to be weighed is first accurately counterpoised ; it is then
removed, and equilibrium again established by placing
weights in its stead. Obviously the absolute weight of the
body is expressed by the value of the weights substituted.
In practice this method of weighing may be facilitated by
using one of the larger weights. heavier than the body to be
weighed, as a counterpoise, and adding weights to the object
until equilibrium is established. The object is then removed,
and weights substituted until the balance is again in equili-
brium. The substituted weights express the real weight of
the object.

Theoretically these methods are faultless ; practically they
are subject to at least two minute errors—one due to the
impossibility of maintaining the edges of suspension in a
perfectly uniform position on the plates whilst the beam is

” being repeatedly released and arrested, the other due to

* Known also as Borda’s,
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‘insensibility. ~ As a balance, however sensitive, requires
sore weight to make it turn, a difference equal to this turn-
ing weight may exist between weights apparently equal.
The error due to insensibility may be eliminated by weigh-
ing the object several times in succession, since the balance
ought to turn as readily one way as the other.

The weights should be placed on the weight-pan methodi-
cally, and not taken haphazard from the box. A very little
experience is sufficient to tell, roughly speaking, the weight
of an object. Letus suppose that we wished to determine the
weight of a platinum crucible which we afterwards found to
be 26715 grams. We place on the weight-pan the 2o
gram piece and release the beam—this proves too little ; we
add one of the 1o gram pieces—this is too much ; we sub-
stitute the 5 gram piece for the ro gram—the weight is again
too little ; we add the 2 gram piece—this is again too much;
we substitute one of the 1 gram pieces for the 2 gram piece
—the weight is too little ; we add the o5 gram, still too little;
also the o'2 gram, still too little, although we observe that
the rate of the vibration of the beam becomes much slower
‘—the balance is rapidly approaching equilibrium. It is at
this point that the skill of the operator comes into play ;
an expert weigher, familiar with the indications of his instru-
ment, can almost intuitively tell, from the extent and rapidity
of the vibrations, what weight is required to establish equili-
brium. Until this experience is acquired it will be well to try
the addition of the remaining weights in the methodical
manner above indicated. We find that 26°7 grams is not quite
sufficient to equipoise the crucible ; we add o'1 gram—to0
much (the pointer swings with increased energy in the
opposite direction) ; substitute o‘o5 for the o'1r gram—still
too much ; try o-oz—the pointer vibrates much more slowly,
but still indicates that the weight is too great ; we substitute
o'or gram for the o0z gram—the pointer swings with the
same slowness, but shows an equal deflection to the opposite
side of the zero ; we add ‘oo5 gram—the pointer now makes
excursions of equal amplitude—the balance isin equilibrium.
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Having assured ourselves that such is the case by reading
off the position of the pointer at the end of the vibrations
several times in succession, we finally arrest the motion of
the beam, and determine the aggregate value of the weights
employed, (1) from the vacant spaces in the box, and (z)
from the denominations on the weights themselves. This
double reading should never be neglected : the one method
serves to control the other.

It must be carefully borne in mind that whenever an
exchange of weight is necessary, the motion of the beam
must be arrested : wider no circumstances must anything be
removed from the pans when the balance is free to oscillate.
Neglect of this precaution will quickly ruin the instrument.

The difficulty of transferring and reading the weights is
greatly increased when we arrive at such minute fractions as
the milligram. In order to obviate the inconvenience in-
separable from the use of a number of small weights, which
are apt to be lost or erroneously read, Berzelius proposed
to estimate the last minute fractions (the milligrams and
tenths of a milligram) by a small movable weight sliding
along the beam. A piece of brass gilt, aluminium, or
palladium wire, weighing exactly 1 centigram, is bent in the
form represented in A, fig. 7 ; this weight is called a 7ider,
and by means of the movable rod (fig. 1) worked from the
outside of the balance case it can be placed on one arm
of the beam (that to which the weight-pan is suspended) at
any required distance from the centre edge. The arm from
the centre to the terminal edge is divided into ten equal
parts, and each of these is (generally) subdivided into five
equal parts. The rider weighs exactly 1 centigram or 10
milligrams when placed just above the terminal knife-edge.
When acting at a point on the arm exactly midway between
the two edges, it exerts only half this effect—in other words,
it now becomes equivalent to 5 milligrams ; when acting at
a fourth of the distance from the centre edge, it is equal to
2-5 milligrams, at three-quarters the distance 7°5 milligrams,
and so on. The employment of this very simple contrivance
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is attended with much economy of time and trouble, and
with greater accuracy, as the rider allows the minutest varia-
tion to be estimated, and diminishes the chance of error in
reading the weights.

The subdivisions of the centigram may also be rapidly
estimated by means of the arrangement represented 1in fig. 9.

FiG. 9.

To the bottom end of the rod carrying the screw ¢ is fixed
a small movable pointer 4, which moves over a graduated
arc. The pointer can be pushed along the arc by means
of the arm f, worked by the milled-head screw G, placed on
the outside of the balance case. This pointer acts as a
small weight, its value depending on its proximity to the
plane of the beam. The balance-maker effects the gradua-
tion of the arc by placing a centigram weight upon one

pan, and moving the index in the direction of the opposite
" pan until equilibrium is established ; one milligram of the
weight on the pan is now removed, and the position of the
index along the arc again noted when equilibrium is re-esta-
blished. Successive milligrams are removed, and the position
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of the pointer required to bringabout equilibriumis repeatedly
determined. The divisions are then subdivided into tenths,
each representing o'1 milligram.

The following general rules may prove serviceable to the
student in weighing —

1. Before commencing to weigh, see that the rider hangs
upon the projecting pin of the sliding rod, and not upon the
beam. 3

2. Next test the equilibrium of the balance by cautiously
lowering the supports and setting the beam in oscillation.
If the balance is not in equilibrium, seek for the cause of
disturbance, and brush the pans, &c., with a camel’s-hair
brush, and again test the equilibrium before attempting to
move the vane or alter the terminal screws.

3. When it is necessary to arrest the motion of the beam,
or to transfer any of the weights, or to remove the body
weighed, the supports should be raised the moment that the
pointer is opposite the zero of the scale. The screw regu-
lating the eccentric should be gently turned as the pointer
travels towards the zero, so that immediately they are in
coincidence, a very slight but rapid turn may arrest the
beam without any jerking or vibration. If the screw is
suddenly turned when the pointer is at the end of an excur-
sion, the beam will be jerked, and its original position of
equilibrium, as shown on the ivory scale, will inevitably be
disturbed. Carelessness in arresting the oscillation of the
beam greatly interferes with the uniform behaviour of the
instrument, and with inexperienced operators is the most
frequent cause of disarrangement.

4. All shaking of the room or table on which the balance
stands should be carefully avoided. ' The operator should be
seated so as to have the ivory scale in direct line of vision,
but he should also be able to remove the weights, &c.,
readily, and to work the sliding rod carrying the rider.

5. If the balance is very nearly in equilibrium, it occa-
sionally happens that it refuses to vibrate immediately after
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releasing the beam, and the pointer remains stationaty. By
gently wafting the air down upon one of the pans, vibration
to the required extent may be readily set up. In very
accurate weighing it is not always desirable to reopen the
doors of the case for this purpose : vibration may then be
brought about by gen?/y touching the beam or top of the
rider with the pin of the sliding rod.

6. As a general rule, the substance to be weighed should
never be placed directly upon the object-pan, but should be
contained either in a crucible or on a watch-glass. Owing
to its hygroscopic nature paper cannot be used if the exact
weight of the body is of importance (and when it is not
ordinary scales should be used instead of the chemical
balance).

7. A body should never be weighed when warm. By
placing a warm object on the pan the indications of the
instrument are affected to a marked extent. The ascending
air-current produced acts against the object-pan and beam
above it, and the body appears to weigh less than it ought
to weigh. The warm air, after a time, also affects the portion
of the beam against which it strikes, and by increasing its
length disturbs the equality in the arms. All substances
condense upon their surface a certain amount of air and
moisture, the weight of which depends upon their tempera-
ture. From this cause also the weight of a body when
warm is always less than when cold. A silver crucible,
weighing when cold 38:880 grams, was heated over a lamp,
and placed whilst hot on the pan; it now appeared to
weigh only 38835 grams: weighed again when cold, it
regained its original weight. If the crucible had contained
o'5 gram of a body to be heated, a loss of o045 gram, or
9 per cent., would have apparently occurred, when in fact
the weight of the body might have been unchanged.

A platinum crucible when rubbed with a dry cloth and
immediately weighed always weighs sensibly less than after
half an hour’s exposure to the air of the balance case, owing
to the condensation of the air upon its surface. It is ad-
visable. therefore. to allow the crucible, if freshly wiped. to
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remain upon the balance pan or in the case some little time
before being weighed.

8. Hygroscopic substances must be weighed in well-
covered crucibles, or in stoppered tubes, or between watch-
glasses. Liquids must be weighed in covered vessels or in
stoppered flasks. Expedients required in particular cases
will be mentioned hereafter.

Within certain limits, the deviation from the horizontal
in a balance is proportional to the weight causing it.
Advantage may be taken of this fact to estimate the last
fractions of a weight (i.e. the parts of a milligram) with
great accuracy. When the balance is very nearly in equili.
brium, it is caused to oscillate, and the position of the
pointer when at rest determined from successive observa-
tions of the extreme points of the vibrations. ‘So soon as
the excursions of the pointer fall within a certain limit,
their extent commences to decrease at aregular and uniform
pafeSel.et - @iy @ @5 g e be the extreme points con-
secutively reached by the pointer in its oscillations ; then the
equilibrium of the balance x is

a+a, , axta a
x=1.(g+ (PO A YR G ‘_l"'*‘_nw‘,‘)
AT 2 2

If we know the weight corresponding to a given deviation
from the zero, the estimation of the minute fraction
required for exact equilibrium becomes an easy problem.
We have first to determine the values of one division of the
graduated scale (i.e. the weight required to make the pointer
deviate one division) for varying loads. The balance, having
been adjusted as nearly as possible, is made to oscillate, and
the extreme positions of the pointer in its excursions observed
through a telescope. An odd number (conveniently seven)
of successive readings are made so soonas the pointer reaches
division 6 on the scale : the arithmetical mean of the half-
differences between consecutive pairs of observations gives
the position of rest of the pointer along the graduated
scale.
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In an actual determination of the position of rest (x) the
following readings were made. The deviations of the pointer
from the zero are marked + when they occur to the left of
the observer, and — when they occur to his right :

+ 55

— 4’5 + 050
+ 5'0 + 02§
— 40 + 0°50
+4'5 + 025
— 35 + 0750
+ 4'0 + 025

x =225 = 4 oy

An overweight of o5 milligram is then made to act on the
beam, the balance again set in oscillation, and successive
readings again taken :

Example : + 85

— 20+ 325
+ 75+ 275
— 10+ 325
+ 67 + 285
- 07+ 300
+ 62 + 275
x =155 _ 4 2o

The overweight is then removed, and the position of
equilibrium again determined : the second determination
usually differs to a slight extent from the original one, owing
to unavoidable variations in the relative positions of the
plates and edges. The mean position is therefore taken as
the true point. In the case cited the second determination
gave + o260: accordingly the mean point is + o'317.
Then the deviation due to the overweight of o'5 milligram
would be 2°975 — 0317 = 2°658 divisions; or 1 division
of the scale would be equivalent to 0'188 milligram (¢). An
overweight of 1 milligram is next caused toact on the beam,
and the balance is again made to vibrate. This weight
ought to produce double the amount of deviation caused by
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the o'5 milligram : if any difference is observed, the mean of
the two observations is taken as representing the true value
of 8. The determination of & must be made with varying
loads, for, as already explained, the sensibility of a balance
is seldom constant. In the instrument which gave the fore-
going readings the sensibility increased with the load :

Load Value of §

grams milligrams
o: 0°209
10 0°202
50 0188

It would obviously be absurd to employ such a refined
method of weighing unless we are assured that the differ-
ences in the relative values of the weights we use fall within
the errors of observation. However good a set of weights
may be, the values of the several pieces are never in exact
accordance with their denomination : the 5o gram piece, for
example, is seldom if ever exactly fifty times the weight of
each of the 1 gram pieces, nor has each of the 10 gram
pieces exactly ith of the weight of the 50 gram piece. The
method of determining minute weights by vibrations, as
above described, affords a simple means of comparing the
pieces in a set of weights, and of estimating their true values.
A delicate balance, placed in a room as little subject as
possible to vibrations and changes of temperature, is care-
fully adjusted, and the value of ¢ determined on it in the
manner already described—(1), with the pans empty ; (2),
with a load of ro grams; (3), with one of 20 grams; and
(4), with one of 50 grams.*

* In these determinations the greatest care is necessary to preserve
the balance under perfectly uniform conditions. The operation should
be conducted in a room (best in a cellar) set apart for the purpose. If
the instrument is exposed to a sudden change of temperature, its equi-
librium will almost inevitably be disturbed, owing to the unequal expan-
sion of its arms. A rise of temperature also affects its sensibility (1) by
increasing the distance between the centre edge and centre of gravity
and (2) by flexure of the beam. The value of one scale division on a
delicate balance is invariably greater in summer than in winter.
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A slight mark’is made with a sharp-pointed needle on one
of the 1o-gram pieces, best near its number : similarly one
of the 1 gram pieces is marked ’, the other is marked /. One
of the two platinum o'1 gram pieces and one of the oor
gram pieces have each a sccond corner turned up ; these
weights are respectively styled o'’ and oor’ gram. The
object of these markings, &c., is to enable the weights to be
again recognised. One of the weights (say the unmarked
1o gram piece) is considered as normal; this is placed on
the pan to the right of the operator, and is tared with a piece
of the same denomination from a similar set. The beam is
then cautiously released and made to vibrate, the excur-
sions of the pointer being observed through a telescope
placed at a convenient distance (1o or 12z feet) from the
balance. The position of rest x is deduced from the read-
ings in the manner already described. The 1o gram is then
replaced by the 10’ gram piece, the balance is again caused
to oscillate, and a second set of readings taken. The adopted
standard is again placed on the pan, and a third set of obser-
vations made, and again the 10’ gram piece is substituted
and another set of readings taken. From the mean
position of rest (x') deduced from the series with the 10’
gram piece, we determine the direction and extent of its
difference from the adopted standard, i.e., the unmarked
1o gram piece. The following mean results of actual read-
ings will serve to show the degree of uniformity which may
be expected :

Tare . 10 gram. Tare 2. 10’ gram.
Observation o2 Observation 23l
I + 3709 168 + 310
111 + 309 v + 3716
v + 309 VI + 311
VII + 309
Mean + 3°09 Mean + 312

It appears, therefore, that the 10’ gram weight is 0’03 of a
division heavier than the normal weight. Under a load of -
10 grams one scale division on this balance corresponded to



Weighing by Vibrations. 31

0'32 milligram ; accordingly the 10’ gram piece weighs
1040°00032 X ‘03 grams, Or 10'0coor grams when the 1o
gram piece is taken as normal. The set 5+2+4 141 +1”
gram pieces is in like manner compared with the standard 1o
gram piece. The following mean readings were actually
obtained : - ;

Tare o, standard 10 gram Tare v. 5+2+1+1+1
X x
I+ 308 11 + 285
IIT + 3711 IV + 282
V + 3'09 VI + 2:90
VII + 3°10 VIII + 2-82
Mean + 3‘05 Mean + 2°85

Hence it appears that the series 54241+ 1'+1" is
lighter than the standard by o'24 of a division, and ac-
cordingly weighs 10°—(0'00032 X 0°24) or g'9999z grams.
The 5 gram piece is then repeatedly compared with the
24+ 1+1'+ 1" series, and the 2 gram piece with the 141’
and 1+1” and 1'+1” picces, and so on, the higher and
lower denominations being compared in exactly the same
manner. The results of the comparisons are thrown together
ina table which should accompany the set of weights: in
using these the sum of the corrected values of the several
denominations is taken as the true relative weight of the
object weighed. This table may conveniently resemble the
one annexed, which contains the results of a comparison of
a remarkably good set of weights by Staudinger of Giessen.

D=Denomination of weight.
W=True relative value.

D w D w D w D w

100 | 99°99971 | § 5'00002 [0°5 | 0'50002 002 | 0'02002

50 14999971 | 2 1'99997 | 02 "19997 0°0L | 0°'0IOOI

20 {19°99989 | I | 0'99995 |O'L ‘10001 001 | 0°0I002

10 | 10°00000 | 1’ | 0°99998 | oI’ ‘09999 001 % 0'00996

10' | 10'00001 | 1” | 1'00000 |0°05| ‘05001 ©OI* 0'01004
! *Riders l i
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The determination of the weight of a body with the
greatest attainable accuracy is a problem of no slight
, difficulty. It notonly demands on the part of the operator
considerable skill and a thorough acquaintance with his in-
strument, but also the knowledge of certain numerical data,
some of which indeed can only be approximately known to
him. Every substance immersed in a fluid is apparently
diminished in weight by the weight of the fluid displaced ;
and since all our weighings are made in the fluid which
everywhere surrounds us, viz., the air, a balance carrying two
weights in equilibrium simply shows that the weight of the
body weighed less the weight of the air which it displaces is
equal to the aggregate values of the weights less the total
volume of air which they displace. Since every body dis-
places so much air as is contained in the space it occupies,
it follows that, in order to determine the true weight of an
object weighed in air, we must know also :
1. The volume of the body weighed (2).
2. The total volume of the weights (¢/).
3- The weight of a given volume of dry air under stand-
ard conditions (L).

The weight of the object—wzL=the aggregate values of
the weights —2/t,
or
the true weight of the object=the aggregate values of the
weights + L —7'L.

When the volume of the body weighed is equal to that of

“the weights employed, 21.—2/L=o0: in this case only does
the balance directly give the true weight of a body. When
the volume of the body weighed is Zess than that of the
weights, the expression (2L —¢/L) is negative : the apparent
weight of the object is greater than its real weight. On the
contrary, when the volume of the body weighed is greater
than that of the weights, the apparent weight is less than the
real weight, since o1 is greater than /L.
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We can determine # and ¢ either from the linear dimen-
sions of the bodies, or more easily, and more accurately, from
their densities. The value of L requires correcting for varia-
tion in temperature, pressure, and atmospheric moisture.
We have therefore to observe the thermometer, barometer,
and hygrometer at the moment of weighing : v and #’ are
also not invariable but are dependent on the temperature at
the time of weighing ; we require therefore (when the greatest
possible accuracy is desired) to correct for their expansion.

It is seldom necessary to correct the indications of the
balance to this extent, since it is only in the estimation of
the combining weights of the elements, and in certain
physico-chemical determinations that such extreme accuracy
is needed. In such cases Table XI. in the Appendix will
be found useful. The scope of this work will not permit of a
fuller discussion of the precautions and corrections necessary
in the exact determination of weight. We would refer for
more complete information to a memoir by Bessel, in the
¢ Astronomische Nachrichten,” vol. vii., or to Schumacher’s
paper, ‘ Ueber die Berechnung der bei Wigungen vorkommen-
den Reductionen’ (Hamburgh, 1838), in which the principles
of the corrections are very fully explained : the physical data,
however, need revision. In Kuppfer’s work, ¢ Travaux de la
Commission pour fixer les Poids et Mesures de Russie’ (St.
Petersburg, 1841), is given a full account of the method of
vibrations ; and, lastly, in Prof. W. H. Miller’s classical
memoir, ‘On the construction of the New Imperial Standard
Pound’ (‘Phil. Trans.” Part III. for 1856), the best manner
of conducting Gauss’s method of reversal is described ; the
tables of correction therein given are based on the most
accurate data.

GENERAL PRELIMINARY OPERATIONS.

Before we commence any quantitative investigation it is
desirable that we should have a clear conception of its
object—that we should understand the question our inquiry
is intended to settle. If we steadily bear in mind the

D
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reason of our labour we shall be guided in the proper
selection of the speciten of the substance which we desire
to analyse. Supposing that we have a mineral, and wish to
determine its composition with the object of elucidating its
constitution, we ask ourselves in the outset—would an analysis
of this particular specimen afford a proper solution of the
question? We examine it with a lens, or by some other
appropriate means, to learn if it is free from foreign
matter ; if it is imbedded in a matrix, we carefully remove
the adhering gangue ; we then break up the mineral, and
select the cleanest and apparently purest pieces ; in short,
we do everything that the nature of the case suggests to
assure ourselves that we have an individual body to analyse,
and not a mixture of substances.

Again let us suppose that we are called upon to examine a
cargo of ironstone, or other heterogeneous mass, with the view
of ascertaining its value. We should not content ourselves
with examining the first lump of the mineral which came
under our notice, but we should carefully select and mix a
sufficient quantity from various parts of the mass, reduce
the mixture to coarse powder, thoroughly intermix it, and
then take a portion for analysis.

In the plan of instruction given in this book, the first
work of the beginner in quantitative analysis is the determi-
nation of the constituents of simple and definite compounds
of which the composition is already established. One of the
objects of these exercises is to afford him the means of
gauging his progress in manipulative skill. To this end the
substances to be analysed must actually contain only those
constituents they are represented to contain ; in other words,
they must be pure. If their purity cannot be guaranteed,
the main object of these exercises is missed : the student is
not in a position to compare his experimental results with
the supposed composition of the body, and from the want of
a sure control he fails to acquire that degree of proper con-
fidence in his work which every operator ought to possess.
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Many of the operations of quantitative analysis are of
continual recurrence. They may therefore be most conveni-
ently described in this introductory part.

Mechanical Division.—In order to render the substance
we wish to analyse more susceptible to the action of solvents
or fluxes, it is generally desirable to reduce it to a more or
less finely-divided condition. This operation is usually con-
ducted in mortars. The kind of mortar to be employed
depends upon the hardness of the substance ; in all cases
the material of the mortar and pestle must be considerably
karder than the body to be powdered, otherwise the sub-
stance to be analysed will be inevitably contaminated with
the material of the mortar. In general, smooth porcelain
mortars suffice for pounding salts, whilst most minerals
require to be powdered in mortars made of agate. The
agate mortar and pestle should be free from cracks or
crevices : the pestle may be conveniently inserted into a
wooden handle, which renders it much easier to use. Very
hard substances should first be broken into small pieces by
wrapping them in paper, and striking them with a hammer
upon a smooth surface of iron. The pieces should then
be reduced to coarse powder in the steel mortar (fig. 1o).
@ is a solid block of steel, into the slight
cavity at the top of which fits the hollow St
cylinder 4 ; in this cylinder are placed the
pieces of the substance to be crushed. The
solid pestle ¢ is then placed in the cylinder,
and repeatedly struck with a hammer until
the pieces are sufficiently broken up. Some
minerals which suffer no change on ignition
(eg. quartz containing gold) may be disinte-
grated by being repeatedly heated and
thrown into cold water.

In order to obtain the complete decomposition of many
minerals and insolublé bodies by the activn of fluxes, it is

D 2
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necessary to reduce them to the finest possible state of sub-
division. This was formerly frequently effected by the
process of elutriation. ‘The substance was triturated with a
little water in an agate mortar, and the pasty mass thrown
into a quantity of distilled water. After settling for a minute
or two the turbid liquid was poured into another vessel, and
the subsident portion was rinsed back into the mortar and
again triturated ; this process being repeated until a sufficient
amount of the suspended substance was obtained. After
standing for a few hours, to allow the finely-divided matter
to subside, the supernatant liquid was decanted off, and the
powder thoroughly dried. This process is now less frequently
employed in quantitative analysis than formerly, for the
reason that it is found that very few substances are entirely
unacted upon by water; even finely-divided felspar and
granite give up a portion of their constituents, and
powdered glass loses weight considerably when thus
treated with water. In the case of mixed substances it very
generally happens that some portions are more easily
reduced to powder than others, and that some have a very
different specific gravity from others; hence it is always
doubtful if a complex substance after elutriation has exactly
its original composition.

The majority of bodies may be obtained sufficiently
finely divided by patient pounding and careful sifting. The
sifting is best effected through fine cambric or muslin. A
piece of the clean and dry fabric is tied over a beaker, about
10 centimetres in diameter, and the powder is thrown upon
the cover, whichis then gently tapped with a glass rod. That
which fails to pass through the cover is again triturated and
sifted, the process being repeated until the entire mass has
passed through into the beaker. The powder is again to be
returned to the mortar in small portions at a time (using not
more than will cover a sixpenny piece), and ground until
every trace of grittiness has disappeared, and the substance
cakes in an impalpable dust round the pestle.
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Destccation.—It has already been stated that before we
can proceed to analyse a substance we must be assured that
it is free from all unessential constituents. The most
frequent of these unessential constituents is moisture, by
which term we also understand the water over and above
that which may be proper to the constitution of the com-
pound. This mechanically-held water may be due to the
method by which the body has been prepared, as in the
crystallisation of salts, or it may be derived from the atmo-
sphere, as in the case of certain minerals. The majority of
substances require to be dried before they can be analysed
quantitatively. The method by which this can be most pro-
perly and readily accomplished depends upon the nature of
the body. If the substance contains water of crystallisation,
repeated pressure between folds of filter-paper often suffices
to remove the moisture. Occasionally it will be better to place
the finely pulverised body in an
artificially dried atmosphere, over
some hygroscopic substance, such
as calcium chloride or strong sul-
phuric acid. Fig. 11 represents
a convenient form of drying appa-
ratus or desiccator, as it is often
termed. It consists of a glass
bell-jar with ground and greased
rim, resting on a plate of ground
glass ; the dish is partly filled with
strong sulphuric acid ; the tripod
may be made of glass rod, and
the circular plate to support the
dish or crucible containing the :
substance of thin wood or metal. It is sometimes desirable
to hasten the desiccation by conducting it under diminished
pressure ; the apparatus has therefore an arrangement to
connect it with the air-pump or other instrument for pro-
curing a vacuum,

Fie 1.
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Fig. 12 represents a more portable form of desiceator;
it is especially convenient for allowing hot crucibles, &c.,
: to cool in a dry atmosphere pre-
s paratory to weighing them. The
lid and lower portion are of glass,
ground together, their perfect con-
junction being secured by a slight
film of grease. A brass rim, fitting
into the aperture of the lower
vessel, which contains sulphuric
acid or calcium chloride, carries
a triangle to support the crucible,
&e.
Substances experiencing no alteration in the neighbour-
hood of 100° may be more quickly dried in the steam-bath,

Fic 13.

Fig. 13 represents a simple and convenient form of this
apparatus ; it consists of a_chamber surrounded on five
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sides by an outer case of sheet copper, in which the water
is placed, and which only communicates with the air at a
and 4. Water continually drops into @ to replenish that
lost by evaporation, and the steam makes its escape through
6. The atmosphere within the chamber may be renewed
through the holes ¢ ¢ in the door.

If the body bears a higher temperature without change,
it may be heated in the air-bath. Fig. 14 represents a very

FiG. 14.

simple form of this apparatus; it is made of sheet-copper,
and is heated by the lamp / the flame of which should be
surrounded by an earthenware cylinder, indicated by the
dotted lines in the figure. The substance to be dried is
placed on the shelf within the chamber, the temperature of
which is given by the thermometer . In certain analytical
operations it is desirable to maintain the bath at a constant
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temperature for a considerable time ; the flame must there-
fore be kept of a constant size, and be corrected for varia-
tions in the pressure of the gas. It is very convenient when
the bath itself can be made to regulate its temperature, so
that if it becomes over- or under-heated it can momentarily
cut off or increase the supply of gas. The apparatus shown
in the figure is fitted with one of the many forms of regu-
lators which have been described. The U-shaped tube
contains mercury, into which dips a tube connected with the
gas supply ; the gas from this tube passes through a narrow
slit, thence up a glass tube, through the side-tube s, with
which the caoutchouc tube of the lamp is connected. By
means of a loosely-fitting screw, the gas-supply tube can be
raised or depressed within the mercury, so that the length
of the slit, and therefore the amount of gas passing through
the apparatus for a given pressure, can be varied by
surrounding it with more or less mercury. The other end of
the U-tube is connected with a reservoir of air ¢, placed in
the bath. If the screw is so regulated as to maintain a
given temperature when the reservoir is heated, any increase
or diminution of this temperature will be accompanied by a
proportional increase or diminution in the volume of air
within this reservoir, and a corresponding rise or fall in the
height of the mercury surrounding the orifice through which
the gas issues to the lamp. By means of this arrangement a
uniform temperature within the bath (within 2° at 150°~170°)
may be readily maintained.

Weighing out the substance.—Having obtained it in a fit
state for analysis, and having fixed upon the scheme of
separation to be adopted, the student next weighs off a
certain amount of the substance, and proceeds to treat it in
accordance with the requirements of his plan. No exact
general rules can be given as to the amount which will be
required for the analysis, since so much depends upon the
nature of the body, and the proportion of its several con-
stituents, The greater the amount taken, the more accurate,

\
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ceteris paribus, should be the analysis, since the unavoidable
errors in precipitating, washing, and weighing do not exercise
the same degree of influence on the final result, when the
quantity of the substance is large, as when it is small. On
the other hand, the smaller the quantity operated upon the
sooner will the analysis be finished, but at the same time
the demand upon the manipulative skill of the operator will
be increased. The object for which the analysis is required
can alone tell us how far we should sacrifice accuracy to
time. As the student will glean from the following examples,
no strictly uniform plan can be given of the manner in
which substances should be weighed off for analysis; in
general, however, the body, especially when in the state of
powder, is weighed out from tubes. The light tube con-
taining the body, and fitted with a good cork, is accurately
weighed, the tube is removed from the pan, the cork is with-
drawn, and the proper quantity of the substance cautiously
shaken out into a beaker or, crucible, as the case demands ;
the cork is now replaced, and the tube and its contents are
again weighed. The difference between the two weighings
gives the amount of the body taken for analysis.

The further treatment of the substance depends upon the
nature of the constituent or constituents to be estimated.
The experience to be gained from the examples which
follow will suggest the proper methods. It most frequently
happens that the body is to be brought into a state of
complete or partial solution, and the constituents separated
either by evaporation or by precipitation, or by both pro-
cesses. Thus we can determine the nitre in gunpowder by
treating that substance with water, whereby the salt is
dissolved, separating the solution from the undissolved
portion, evaporating it to dryness, and weighing the residue.
We can analyse common salt when in solution by precipita-
ting the chlorine by the addition of silver nitrate, and
weighing the silver chloride produced : the solution still
contains the sodium (now as sodium nitrate) ; this, after
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the removal of the excess of the silver by appropriate
means, can be obtained by evaporation. Precipitation can
only be resorted to when the precipitate is practically inso-
luble in the liquid in which it is formed, and when, pos-
sessing a cons‘ant composition, it admits of being freed
from foreign su’stances, and of being accurately weighed.

Euvaporation.—Liquids aregenerally concentrated by evapo-
ration in porcelain basins placed over a lamp, care being
taken that the solution never enters into actual ebullition, as
this would occasion loss by portions being projected from
the dish. Unless the evaporation is conducted in a room set
apart for the purpose, it will be advisable, indeed actually
necessary, if many persons work together in the laboratory,
to protect the liquid from dust. A piece of glass rod bent
before the lamp in the form of a triangle, and covered with
a sheet of filter-paper, and supported on a stand over the
dish, forms an efficient shield (fig. 17, p. 45). In the evapo-
ration of acid liquids it must not be forgotten that the
fumes may dissolve out the inorganic constituents of the
paper (iron, lime, &c.) and the condensed vapour dropping
back into the dish may contaminate the liquid with those
substances. In such cases the paper used must be freed
from these soluble matters by treatment with acid in the
manner to be hereafter described.

Liquids containing gas, which is evolved in bubbles on
the application of heat, are very liable to sustain loss by
spirting. In such cases the dish should be covered with a
large watch-glass, and the liquid should only be gently
heated so long as the evolution of gas continues. When
it has ceased, the projected portions may be rinsed from the
watch-glass back into the dish. The evaporation of such
liquids may also be conducted with less chance of loss in
obliquely-placed flasks, which should only be half filled : the
portions spirted strike against the upper part of the flask,
and are washed back again into the main body of the liquid
by the condensing steam, With the flask so tilted the liquid
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may even be gently boiled, with a very remote chance of
anything being projected. $

Occasionally a liquid has to be evaporated to dryness in
a platinum crucible, in order that the residue may be
weighed. If the boiling point is much higher than that of
water, the evaporation is best conducted by heating the
crucible, placed obliquely, in the manner seen in fig. is,
the heat being directed upon the crucible above the level

FiG. 15. {?\"\ﬁ

of the liquid. By placing the lid in the position indicated
in the figure the evaporation is materially accelerated since
a current of air is thus caused to play over the surface of the
liquid. A little piece of wire gauze placed on the top of the
lamp, enables the smallest flame to be produced without any
fear of the gas igniting within the tube. This method of
evaporation from the surface 1s especially serviceable if the
liquid contains a precipitate ; by heating the crucible at the
- bottom it is almost impossible in such a case to prevent loss by
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succussion or dumping. Itis also useful when the heated solu-
tion has a tendency to creep up the sides of the crucible ; the
liquid evaporates as it ascends, and meets the heated surface,
and the residue is prevented from passing out over the rim.
Or the crucible may be placed in a vertical position with the
lid partially over the side, so that a small flame placed beneath
the lid heats the extreme end to dull redness. By conduc-
tion the whole lid becomes hot, and radiates sufficient heat
to effect a tolerably rapid evaporation of the liquid.

But as a rule itis safer to conduct the evaporation of
liquids over the water-bath. Fig. 16 represents one of the
simplest forms of this apparatus ; it consists of a vessel of
sheet-copper, about 15 centimetres in outside diameter, par-
tially filled with water, and set over a lamp ; the vessel to be
heated by the steam is placed on the top. The Bath is fur-
nished with a number of flat rings of various diameters,
adépted to receive vessels of different sizes. In order te
guard against the effect of inadvertent evaporation of the water
in the bath, the apparatus, as represented in the figure, has
asimple contrivance for turning off the gas when the copper
basin becomes dry. The lamp is provided with a cock, the
lever of which is prolonged and weighted with lead : it is kept
in position by a piece of thin thread passing over the rim of
the basin, and attached to a hook at the bottom. When
the basin becomes dry, the thread chars, and breaks, and the
lever falls and shuts off the gas.

It is far better, however, so to arrange the bath that
the water is continually replenished. The apparatus seen in
fig. 17 is designed with this object. The water flows in
from the main at @ ; by raising or depressing the glass tube
which slides watertight through a piece of caoutchouc tube
slipped over the lower portion of @, any required height of
water may be obtained in @, and accordingly in the bath.
The overflow runs through &, and may be carried away by
a piece of attached caoutchouc tube. This bath has also
a number of flat rings, to suit vessels of various sizes.

Bunsen has devised an excellent form of water-bath, which,
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when once regulated, necessitates no attention on the part
of the operator in regard to the water supply. It is repre-
sented in fig. 18, p. 46.

The bath A is made of sheet copper, and is partially
filled with water, which is heated by the lamp g, the flame

FiG. 17.
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of which passes into the chimney shown in the figure by
dotted lines. The fresh water enters from the apparatus B.
This consists of a wide glass cylinder, nearly filled with
water, in which is a float, the lower cylindrical part of
which contains mercury, whereby it is maintained in a ver-
tical position, and at a certain height in the water. Through
the upper opening dips a tube £, connected with the water
~ supply ; this tube is fastened to the cylinder, but the depth
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to which it dips into the float can be so regulated that at
the proper level of water the float rises, and the mercury
cuts off the entrance of the water. The water-bath is con-
nected with the cylinder by means of the tube ¢; as the
water evaporates, its level in B sinks, whereby the float falls,
until the end of the tube fis uncovered by the mercury ;
water now enters and flows over into B, and the float, again

rising, shuts off the water. This apparatus is more espe-
cially adapted to a large laboratory, since any number of
the water-baths may be connected together, one cylinder
and float serving to replenish them all, without waste of water.

It must not be forgotten that the material of the vessel in
which the evaporation is conducted, is, in general, more or
less attacked by the liquid ; it has already been stated that
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even pure water dissolves very appreciable quantities of
glass. The influence of the matter dissolved from the
flasks, &c., used in the operations, is too frequently lost sight
of in quantitative analysis : there is no doubt that the results
are affected to a greater degree than is usually supposed.
Experiment has shown, that, in the case of new vessels, the
amount of glass dissolved by a heated Kquid is always greatest
in the first hour, and gradually diminishes, until it reaches a
certain amount, after which the quantity passing into solu-
tion is, within certain limits, proportional to the time of
action. The amount dissolved is proportional to the surface
on which the liquid acts, and is independent of the amount of
liquid vaporised, so long as it is maintained at the boiling
temperature ; that is, the mere rapidity of the evaporation is
without influence. The amount dissolved is in proportion
to the temperature of the liquid. 400 c.c. of boiling water
in a glass flask of 60oo or 700 c.c. capacity® dissolved in
the first hour 89 milligrams ; in three hours, 148 milli-
grams ; in six hours 22-5 milligrams ; in twelve hours, 325"
milligrams ; in twenty-four hours, 53'3 milligrams, and
in thirty hours, 66°5 milligrams. The same quantity. of
dilute hydrochloric acid (11 per cent.), boiling in a similar
flask, dissolved only 4°2 milligrams in the first hour ; 5-1 milli-
grams in the third ; 7-3 milligrams in the sixth ; 9°4 milligrams
in the twelfth ; and 17°0 milligrams in thirty hours. Dilute
hydrochloric acid exerts much less action therefore than pure
water. Nitric acid in like manner exerts comparatively little
action on glass. 400 c.c. of dilute ammonia (g per cent.),
dissolved from a precisely similar flask 6-7 milligrams in
one hour ; in three hours, 155 milligrams; in six hours,
25°3 milligrams ; in twelve hours, 43°9 milligrams; in
twenty-four hours, 848 milligrams, and in thirty hours, 99-6
milligrams. It appears that the extent of action of am-
monia-water varies very slightly with its strength, A
solution of ammonium chloride (7 per cent.), dissolved in one

* Composition of glass, Si0, 738, CaO 86, Na,O 140, K,0O 0°60.
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hour 42 milligrams ; in six hours, 7°3 milligrams ; in fifteen
hours, 9°6 milligrams ; and in thirty hours, 14°6 milligrams. As
a general rule, liquids possessing an acid reaction, even when
they contain salts in solution, dissolve less of the glass than
when they have an alkaline reaction. The comparatively
small quantity dissolved by the ammonium chloride solution
is in a great measure due to the fact that this liquid acquires
an acid reaction on boiling, owing to the dissociation of the sal-
ammoniac : the liberated hydrochloric acid appears to exert
a preservative action on the glass. Dilute sulphuric acid,
however, exerts a marked action, twice as strong indeed as
that of water. The amount dissolved by alkaline fluids is
very considerable, even when the quantity of alkali is small ;
in six hours 400 c.c. of a boiling liquid, containing 1 per
cent. sodium carbonate, dissolved 348 milligrams; the
addition of -5 of a per cent. of caustic potash to water
increases its action threefold. Certain salts, as ammonium
carbonate, calcium chloride, common salt, potassium chlo-
ride, nitre, act upon glass to the same extent as water ;
sulphate and phosphate of sodium act much more energeti-
cally, the action of the latter salt being six times that of
water. Direct experiment has shown that the glass in all
these cases is virtually dissolved ; the liquids do not extract
any one constituent in preference to others. Very little
difference is observed in the action of the liquids on glass
of varying composition, but the true Bohemian glass, rich in
silica, and poor in soda, is of all the least attacked. Porcelain
vessels are scarcely acted upon by any heated liquids, with
the exception of the alkalies, and even in their case the
action is very much smaller than with glass: therefore
vessels of the former material should invariably be used in
evaporations, &c., whenever circumstances permit.*

The precipitation of substances intended to be collected
and weighed is usually effected in beakers, on account of

* Emmerling, Ann. der Chemi¢ und Pharm., 150.-257.
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the facility with which the bodies may be transferred, either
to the filter or to the vessels in which they are to be
weighed. In cases where the liquid is strongly alkaline, or
where it has to be heated for some time, it is better to use
porcelain basins. The separation of the precipitate from the
liquid in which it is formed, is accomplished either by decarn-
tation or by filtration, or by a combination of these processes.
In general, where the liquid has to be filtered, it is advisable
to allow it to stand at rest for some hours after the addition
of the precipitant, for the reasons : (1) that the complete
separation of the substance in the insoluble form occurs only
after some time ; and (2) that in certain cases, if thrown on
the filter immediately after precipitation, it is apt to pass
through the pores of the paper. Before proceeding to
separate the liquid, the operator must invariably assure
himself that the precipitant is in excess, by adding a few
drops of its solution, and noting

if any further turbidity is pro- Ao o
duced. The clarification of the
liquid on standing allows this
to be ascertained with greater
certainty. In cases where the
precipitate forms only after some
time, the precipitant must be
added to a portion of the su-
pernatant liquid, poured into
another vessel.

The separation of precipitates
by decantation is but seldom
resorted to, on account of the
length of time which it occupies,
and the comparatively large
amount of water needed for
thorough washing. If, however,
the precipitate has a high specific gravity, and is practically
msoluble in water, as in the case of silver chloride, metallic

E
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mercury, &c., the process may be advantageously employed.
The subsidence of the precipitate takes place most readily in a
vessel of the form seen in fig. 19, p. 49 : this should be made
of glass sufficiently thin to be heated without risk of fracture,
since warming greatly accelerates the subsidence. The clear
liquid is conveniently removed by a syphon, the longer limb of
which can be closed by a pinch-cock, so that when the flask 1s
replenished with the washing fluid, the syphon, being always
filled with liquid, can again be set in action without the
operator being under the necessity of refilling it. The precipi-
tate is then transferred by the aid of the wash-bottle to the
crucible or dish in which it is to be weighed, the fluid used
in the transference being poured away, as far as practicable,
and the precipitate dried. The decanted liquid should in-
variably be set aside, in order to allow any of the insoluble
substance which may have inadvertently been carried over, to
subside : if any is detected, it is separated from the liquid in
the manner described, and either added to the main quantity
or weighed by itself.

In the majority of cases, decantation and filtration are
combined ; that is, the liquid is poured through the filter
without disturbing the precipitate, and the precipitate, after
having been agitated with fresh washing water, is allowed to
subside during the time occupied by the contents of the
filter in passing through the paper. Filter paper should
permit of rapid filtration, and yet possess pores sufficiently
minute to prevent the passage even of the most finely
divided precipitates ; it should, moreover, be as free as
possible from inorganic matter. The Swedish filter-paper,
with the water-mark ¢J. H. Munktell’ is generally con-
sidered to fulfil these conditions in the highest degree. It
contains about o°4 to o'6 per cent. of ash, consisting of

Silica Alumina Iron Lime Magnesia

3516 384 4506 1409 1'01 =99°16.%

* From an analysis communicated by Mr. Walter Dearden, Owens
College. b
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The amount and nature of the ash vary, however, with
different ¢ makes’ of the paper.

The paper should be cut into filters of various sizes by the
aid of circular patterns made of tin-plate or sheet-zinc ;
these may with advantage have the radii 3, 4, 5, 6, and 8
centimetres. The filters possessing these radii are respectively
designated as Nos. 3, 4, 5, 6, and 8. The filters should be
treated with dilute hydrochloric acid (which extracts nearly
the whole of the inorganic matter, with the exception of
the silica), and afterwards be thoroughly
washed with water and dried. This
treatment with acid may be conveni-
ently made in the apparatus represented
in fig. 2zo. The ready-cut filters are
placed in the vessel, and covered with
dilute hydrochloric acid (1 part acid to
20 of water), which is allowed to act
for a few hours. On opening the pinch-’
cock at the bottom, the acid liquid flows
away ; the filters are then to be repeat-
edly washed with water until every trace
of acid has disappeared, after which they
may be dried in the water-bath.

The operator must now determine the amount of ash left
on burning the prepared filters, since this requires to be sub-
tracted from the final weighing of the separated substance.
A light porcelain crucible is heated over the lamp, placed in
the desiccator and weighed when perfectly cold. The cru-

Fic. 21. FiG. 22.

cible is placed on a smooth glazed sheet of paper, fig. 21 ;
one of the filters (No. 5, for example) is repeatedly folded
E 2 ‘

[
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over in plaits of about 1 centimetre in breadth, and tightly
rolled between the finger and thumb from one end of the
folded length to the other until it has the form seen in fig.
22.  About half the length of a piece of platinum wire 40
centimetres long is wrapped round the rolled-up filter, which
is now lighted at the lamp and held over the crucible. The
flame quickly disappears, and the paper becomes reduced
to a mass of glowing carbon. As soon as the last spark has
died out—~but not till then—the flame is made to play on the
ash held over the crucible, to complete the combustion of
the carbon. The ash should now be white or have at most
a reddish-gray tinge, without the least trace of blackness.
Care should be taken not to heat the ash more strongly than
is necessary to burn the carbon, or it may fuse to the plati-
num wire. This more readily happens with filters which
have not been treated with acid, and which, therefore contain
comparatively large quantities of lime, iron, &c. The ash
is now shaken out of its platinum cage into the crucible, and
by tapping the wire against the rim of the crucible, any
adhering traces are readily detached. This process is to be
repeated with five additional filters; the crucible is again
placed in the desiccator, and when cold re-weighed. The
difference between the two weighings divided by 6, gives the
amount of ash left by a No. 5 filter. Call this amount &: it
is easy from this to calculate the ash left by each size of
filter. A No. g filter has a radius of 5 centimetres ; its super-
ficial area is =»2r or 5x5x3'14=785 sq. centimetres.
Required, for example, the weight of ash of No. 8 filter (a):
8x 8 x 314 area=200'9 centimetres ; and %85 : 2009 ::
@ : x. Itis convenient to prepare a large number of such
filters at a time, and to calculate and arrange in a little table
for use the amount of ash left by the different sizes.

Glass funnels should always be employed in quantitative
analysis: the sides should be inclined at an angle of 60°, and
should be free from irregularities or bulgings; the stem
should not be too short or too wide, and the end should be
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cut obliquely. The size of the funnel to be employed of
course depends upon the size of the filter required ; the filter
must never project beyond the funnel ; it should be within
one or two centimetres from the edge. The size of the
filter in its turn depends upon the bulk of the precipitate to
be filtered : the precipitate should not occupy more than
half the capacity of the filter, or the process of washing will
be very tedious.

The filter paper should be carefully folded, and properly
placed in the funnel, moistened with hot water (unless cir-
cumstances forbid this), and pressed with the finger so as to
cause it to fit closely to the funnel ; for the better it fits, the
more rapidly will it filter, and the less will be the danger of
rupture on washing. The funnel is placed in a convenient
stand, so that the edge of the stem touches the side of the
vessel intended to receive the filtrate. By allowing the
liquid to flow down the side, all splashing and consequent
risk of loss of the filtrate is avoided. The liquid to be
filtered should never be poured directly into the funnel, but
down a thin glass rod, the stream being so directed as to fall
against the side of the filter ; if poured into the apex, loss by
splashing will inevitably ensue. The rim of the vessel con-
taining the liquid to be filtered should be slght/y greased
with lard (free from salt) ; this prevents the chance of the
liquid running down thé outside of the vessel. Whilst not
in use, the rod is placed in the vessel containing the preci-
pitate, or, if this ought not to be disturbed, in a little flask or
beaker, which is afterwards rinsed out into the filter so soon
as the whole of the precipitate has been transferred. It is
advisable to cover the various vessels with glass plates
during the progress of the filtration, to prevent dust falling
into them. The plate covering the beaker in which the
filtrate 1s received must of course have a small hole at the
- side to admit the stem of the funnel ; this may be readily
snipped out by a pair of pliers, or by a key, the wards of
~ which allow of the insertion of the glass.

. It frequently happens that small particles of the precipitate
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firmly attach themselves to the sides of the vessel and can-
not be rinsed out on to the filter. To remove them, the end
of the glass rod should be covered with a short piece of thin
unvulcanised caoutchouctubing (about 1 centimetre long): by
rubbing this against the sides of the vessel, the last traces of the
precipitate may, generally, be readily detached. Or, instead
of the rod coated with india-rubber, a feather may be used, the
plumules of which have been torn away to within 2 centi-
metres of the end ; those remaining are to be cut parallel to
the quill and within ‘5 centimetre of it. In transferring
precipitates from a basin, the little finger may be often ad-
vantageously used to rub away any of the substance from the
sides. In all cases it must not be forgotten that the rubbing
instrument, after use, must in its turn be carefully rinsed.
If the substance cannot be detached by mechanical means,
it‘must be re-dissolved and again precipitated.

The form of wash-bottle best adapted for use in quantita-
tive analysis is seen in fig. 23 ; as the nozzle is moveable,

Fi1G. 23. FiG. 24.

the jet may be directed to any required spot. Fig. 24 shows
another kind of wash-bottle with moveable nozzle: it is
especially convenient for washing down the precipitate from
an inverted beaker held over the funnel. The orifice of the
_ mozzle should not be too large, or the amount of water re-
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quired to bring a precipitate on to the filter becomes
unnecessarily great. In washing a precipitate on the filter,
the stream should be directed round the edge of the paper,
and care should be taken that the force of the jet is not so
great as to rupture the paper. Carelessness in directing the
jet will inevitably cause portions of the precipitate to be pro-
jected out of the funnel. The operator should also guard
against the formation of channels in the mass of the precipi-
tate, through which the water tends to flow without coming
into contact with the bulk of the substance. He should never
refill the filter with liquid until the previous quantity has
passed through : neglect of this rule not only retards the
process of washing ; but often occasions a turbid filtrate. As
a rule hot water should be employed in washing ; its use
accelerates the process greatly ; the few cases in which it is
objectionable will be mentioned hereafter. In order that the
heated wash-bottle may be conveniently handled, a coil of
thick string, or some other badly conducting material, may
be wrapped round its neck.

Occasionally the washing is conducted with other liquids
than water. Thus in the estimation of potash and ammonia
the double platinum salts are washed with alcohol, and in
the determination of magnesia and phosphoric acid the pre-
cipitate is washed with dilute ammonia water. One separate
wash-bottle should be employed for all the special liquids ;
as it will be comparatively seldom used, it may have only
half the ordinary capacity. By attaching a small piece of
caoutchouc tubing to the end of the shorter tube of this
wash-bottle beneath the cork, cutting a slit through the
caoutchouc to within a centimetre from the end, and stopping
it nearly up to the slit with a small piece of glass rod, a simple
valve is formed which effectually prevents the escape of
the vapour of these special washing fluids—some of which,
like sulphuretted hydrogen and ammonia, are very irri-
tating. The valve only opens by inward pressure and closes
immediately when this pressure is withdrawn.

We cannot too strongly impress upon the beginner the

J
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necessity of conscientiously performing the operation of
washing ; imperfect or careless washing is a very frequent
source of error in quantitative analysis. He should
invariably ascertain, before he discontinues the opera-
tion, that the liquid passing through no longer contains
any of those substances which it is the object of the washing
to remove : thus in the determination of chlorine as silver
chloride, he should test the filtered wash-water by adding to
a portion of it, collected apart in-a test-tube, a drop of dilute
hydrochloric acid ; if the silver chloride has been washed
free from the excess of silver nitrate, not the faintest turbidity
will be produced.

In certain cases, however, such methods of testing the
perfection of the washing are inapplicable. It is obvious
that if we wash twice with a given quantity of water,
we reduce the impurity more than if we wash once with
double the quantity. For, let the original impurity be
1 gram, and let us add 10 grams of wash-water and filter off
10 grams: there will then remain {th of the original
impurity. At the second washing there will remain };th of
that, or {41 of the original. If we had added the 20

' grams at once, the impurity would have been only reduced
to g&y. It is evident that for the same amount of wash-
water we shall get the best result. by using small quantities

~ at a time, and washing many times.

The following table gives an approximation to the smallest
volume of wash-water, and minimum number of washings
required, to reduce the precipitate to a given state of purity.
It is obtained by regarding the apparent volume of the pre-
cipitate at the bottom of the beaker or on the filter as
consisting w/4o0/ly of a solution of impure matter, which it is
required to reduce to a certain degree of purity. by successive
dilutions with a constant volume of water.

Let # be the volume of the precipitate at the bottom of
the beaker or on the filter, regarded as above, v the amount
of wash-water used at each washing, = the number of
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washings. = Also let I be the fraction of the original amount
a

of impurity which remains after » washings, then
\N72

(viv)l......(l)

Further, if w be the total volume of water employed in the
2 washings, w=z v, and (1) becomes

(-}--w)—a....(z)

If we make 7 infinite, a well known algebraical theorem gives
N E S o R R R SR e ()
and this value of W is the smallest volume of water by the

use of which the impurity can be reduced to ~ of its original
S

amount.
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By taking the logarithm of formula (1) we obtain
i = log @
T logy., VY - - - (@)
(+3)

the logarithms being common logarithms, and this formula
enables us to find the least number of washings requisite to

bring down the impurity to a fraction ;Iz of its original

amount, by the use of a quantity v at each washing.
The foregoing table has been calculated from it. The top-

most line of the heading shows the fraction L.
a

By employing for each treatment the same volume of wash-
water, and approximately determining the relative volumes
of the precipitate, and of the washing liquid, used each time,
we may obtain from the table on the preceding page,calculated
from the foregoing formula, the minimum number of treat-
ments required to reduce the impurity in the precipitate to
Tooo00s 30600 20500 OF Towoe Of its weight. Column I. gives
the relation of the volume of the precipitate to the volume of
the washing-fluid employed for each treatment. Column II.,
the minimum number of treatments necessary for the par-
ticular extent of washing desired, and Column IIIL, the total
volume of wash-water which will be obtained.  (See p. 57.)

Let us suppose that wehave a precipitate occupying avolume
at the bottom of the beaker of thirty cubic centimetres, and
that the amount of liquid we employ to wash it each time

. . . Vv .
is fifteen cubic centimetres, then ° is of course o5, and
v

if we wished to remove the impurities to the gbgoth part,
we learn from Column II. of the table that we must treatit a7
Jeast 277 (267) times with this amount of water (viz., 15 c.c.)—
that is to say, the minimum amount of wash-water needed will
be 399 cubic centimetres. In cases of simple decantation from
beakers, the volume occupied by the precipitate,as compared
with /the fluid above it, may be very easily determined by
laying a strip of paperalong the side of the beaker, marking
off the height of the precipitate, and level of the liquid, and
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finding the number of times the length corresponding to the
height of the precipitate may be folded into the length corre-
sponding to the depth of the supernatant liquid. In applying
this table to filters, the capacity ¢ of these must be calculated ;
it is given by the formula

a7

G EWE
where 7 is the radius of the filter-paper.

The following table shows the capacity in cubic centi-
metres of various filters, placed in a funnel whose oppo-

site sides form an angle of 60°

No. 3/ 6°1c.c. || No.

|

5

» 4 14‘5 kR | 3 6
When the whole of the precipitate has been brought on to
the filter, the unoccupied volume of the latter is determined
by filling it with water from a burette. If % be the amount

4’ 28:3 c.c. .4 No. 7| 778 cec ‘
11 490 o, 1 8' 1163,
| |

. : 2 v .
of water required to fill it, then s gives the entry b n

C—

Col. I. of the table on p. 57, whence we obtain the minimum
number of washings required.*

The rapidity with which a liquid filters is proportional to
the difference of pressure exerted on its upper and lower
surfaces. By the ordinary method of filtration this differ-
ence seldom exceeds six millimetres of mercury. By increas-
ing the difference we accelerate one of the most tedious of
the operations of quantitative analysis. The following
arrangement effects this acceleration to the desired extent.
A glass funnel is chosen of about 8 centimetres in depth,
the sides of which are free from irregularities or bulgings,
and subtend an angle of 60° The stem should be long and

* Bunsen, Ann. der Chem. u. Pharm., vol. cxlviii. p. 269. In the
absence of exact knowledge respecting the nature of precipitates, whether
pervious or impervious to liquids, and in what degree, or whether
different liquids have different powers of adhering to or penetratmg
Pprecipitates, we must regard the above process as an attempt only to
place the opération of washing upon a quantitative basis,
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narrow, and the end should be cut obliquely. A small
cone, 1 to 1} centimetre in depth, of thin platinum foil or
gauze, and having exactly the angle of the funnel, is dropped
into the apex, and over it is fitted the filter, with all the pre-
* cautions described on p. 53. The following is the readiest
method of obtaining the platinum cone of the desired
shape. A circular piece of writing paper, 10 or 12 centi-
metres in diameter, is folded like a filter, and placed in the
funnel so as to fit accurately to its sides, especially near its
apex. It is kept in position by a few drops of sealing wax,
and is saturated with oil by means of a feather, care being
taken that no drops of the oil remain at the point of the
paper cone. A thin cream of plaster of Paris is then poured
into the paper mould, and a small handle is inserted into it
just before the mass becomes solid. In a few hours the
plaster cast will be. dry enough to be removed from the
funnel, together with the oiled paper. The outside of the
paper is now thoroughly oiled, and inserted into a small
crucible, or similarly shaped vessel, of 4 or 5 centimetres in
height, filled with cream of plaster of Paris. ~As soon as the
outer mould is dry, the plaster cone is removed, and the paper
rubbed off it. In this manner a solid cone, fitting into a hollow
cone, is obtained, both of which possess exactly the angle of
e inclination of the fun-
; nel (fig. 25). A piece
of platinum foil, of
such thickness that
1 square centimetre
weighs o'15 gram, is
cutinto the shapeand 3 a
= size represented in
fig. 26 : it is divided by a pair of scissors
along the line @ 4, as far as the centre a.
The foil is then held in the flame of the lamp for a few
minutes, to render it pliable, and placed against the plaster
cone, so that the point a is at the end of the cone ; the side
a b dis folded against the cone, and over this is folded the

Fia. 26.
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remainder, @ & ¢, so that the foil also becomes a'cone, the
sides of which have exactly the same inclination as those of
the plaster cast, and also of the funnel. The shape of the
platinum funnel may be completed by dropping it into the

hollow mould, and pressing it down by means of the plaster
cone: this shape of course may, at any time, be again given to it
by simple pressure between the two cones. The platinum cone
- should allow no light to pass through its apex : when pro-
perly made it will support a filter filled with liquid, under a
pressure of an atmosphere, without the paper breaking : the
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small space between the folds of the foil is quite sufficient to
allow of the passage of a rapid stream of water from the filter.

The stem of the funnel is pushed through a caoutchouc
cork, pierced with two holes, and fitting into a #4ick glass
flask (a, fig. 27); the second hole carries a piece of glass
tube ending immediately under the cork and leading to the
instrument which creates the difference in pressure. This
is also seen in fig. 27. A brass tube, ¢ a, about 1
metre in length and 8 millimetres in internal diameter, has
its upper end cut obliquely in the manner seen in fig. 274.
At about 5 centimetres from the end is a side tube ¢ of
equal diameter and 5 centimetres long, into which is screwed
a short piece of tube #; the ends of this tube & are fitted
with narrow brass tubes, ¢ and f, 4 millimetres in diameter
and 2 centimetres long. Over fis pushed a piece of thick
caoutchouc tube 4 centimetres in length. This tube must
be made of good caoutchouc : it should be about 6 milli-
metres in external diameter, and its bore should not exceed
2 millimetres in width. Before introducing it into ¢, a piece
of wood, somewhat wider than its bore, is pushed into it,
and the caoutchouc is cut through to the wood by a smart
blow on the head of a chisel, 2 centimetres broad, placed
against the tube at 15 millimetres from the end. The wood
is then withdrawn, and the end of the caoutchouc tube is
stopped air-tight by a short length (1 centimetre) of glass
rod, held firmly in position by binding wire. The thick
caoutchouc tube so cut, forms a very efficient valve, which,
on the application of pressure from within, opens, but closes
immediately by outward pressure. The tube being of con-
siderable thickness in the walls, is rigid, and does notcollapse
even under a pressure of an extra atmosphere. The upper
end of the tube « @ is connected by means of a short piece
of elastic caoutchouc tubing with the water-supply ; this
tube should be bound round with calico to within 5 or 6
centimetres of the end near the brass tube, since it will be
subject' to considerable inward pressure. On allowing a
sufficient amount of water to flow through, it commences
to pulsate as the india-rubber valve intermittently opens and
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shuts. Rapid suction is thus set up, and the Instrument
exhausts a closed vessel in a comparatively short time to
within the pressure due to the tension of aqueous vapour
corresponding to the temperature of the water flowing down
the tube, p/us the tension required to open the caoutchouc
valve. The degree of exhaustion is determined from the
height of the mercury in the manometer », which is con-
nected with the tube # by means of a piece of strong caout-
chouc tubing. The entire apparatus is fixed upon a board,
which may have a foot if it is desired to move it from place
to placein the laboratory ; or it may be fixed in a position
where the water can most conveniently flow away.* By
connecting the tube /% with the flask holding the funnel (or
with an intermediate vessel to which several flasks are
attached) we diminish the pressure to which the under sur-
face of the liquid to be filtered is exposed, so that the filtrate
is driven with greatly increased rapidity through the pores of
the paper ; the filter itself is prevented from being pushed
through into the stem by the closely-fitting little platinum
cone which supports it.

The diminution of pressure may also be readily brought
about by the aid of the little apparatus seen in fig. 278, which
is specially applicable to water Fig. 27, B.
under high pressure. The 2
apparatus is attached by a
stout piece of caoutchouc tub-
ing to the water tap; the
water flowing in in the di-
rection indicated by the ar-
rows. When forced through
the narrow internal tube &
into the sharply bent fall- f
tube ¢ ¢, a partial vacuum is
created in the bulb-shaped portion, &, and hence within the

* For an explanation of the principle of this apparatus, see a paper
by Mendelejeff, Kirpitschoff, and Schmidt, Ann, der Chem. u. Pharm.,
January 1873.  See also Jagn, Ann, der Chem. u. Pharm., Feb. 1873.
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filter-flask or other vessel with which it is connected by
the T-tube ¢, which may also be put in connection, if ne-
cessary, with a manometer. In the tube f isa small caout-
chouc valve, similar to that described in the apparatus shown
in fig. 274, to prevent the possible reflux of the water.

To use this apparatus for filtering, the liquid resting over
a precipitate is cautiously poured on to the filter fitted to the
funnel, with the precautions detailed onp. 53, the action of the
pump is set up, and as the liquid flows through into the flask
fresh portions are added until the whole has been decanted.
The precipitate is then transferred in the ordinary manner and
washed by the addition of water from an gpen-mouthed vessel,
and not by a jet from the wash-bottle. The fluid in which
the precipitate was originally formed, together with that
necessary to transfer the precipitate to the filter, should be
allowed to flow away completely before the process of wash-
ing is commenced. Immediately after the precipitate is
drained, but before any channels commence to form in i, the
filter is to be filled up with water, poured cautiously down
the side of the funnel. When this wash-water has drained
away, the suction is continued until the precipitate is seen
to shrink, when the filter is again filled up over the edge and
fo within 1 centimetre of the brim of the funnel. This process
is to be twice repeated, after which the precipitate may be
drained almost dry by continuing the action of the pump
for a few minutes. This method of filtration and washing
is exceedingly rapid as compared with the old plan, and
requires very little wash-water by reason of the compression
which the precipitate suffers. Thus a precipitate of chromium
sesquioxide weighing about o°24 gram, required 1 hour 48
minutes, and 1050 cubic centimetres of water to wash it to
within 5gdgo by the old method, whilst with the new plan
the same amount of sesquioxide required only from 12 to 14
minutes, and from 39 to 41 cubic centimetres of water.
{Bunsen.)

A further advantage attending the use of the suction
apparatus arises from the condition of  the precipitates after
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filtration. The chromium sesquioxide, for example, is left so
dry, that without further desiccation, the precipitate, wrapped
in the filter, may be placed in the crucible over the lamp,
and, after cautiously charring the paper, may be ignited without
any apprehension of loss by projection. Many other precipi-
tates which experience no alteration when ignited in contact
with paper, such as ferric oxide, alumina, &c., may be treated
in the same way. The paper being nearly dry may also be
readily detached from the funnel ; when opened out on a
flat surface, the coherent precipitate may easily be removed
by means of a thick platinum wire, so as scarcely to leave a
trace upon the filter. This ready method of removing the
precipitate is of great value when we have occasion to treat
it with a solvent or flux.

This suction apparatus may be used for a variety of pur-
poses in addition to that of filtration ; it may be employed
as an aspirator in quantitative operations, since the volume
of air passing through the tube can be regulated with the
utmost nicety by the aid of the screw-clamp ; it may also be
applied to the evacuationof desiccators or vessels in which the
concentration of liquids 7z wacuo is conducted, to freeing
crystals from mother-liquors, &c.

Drying the precipitate—1In the majority of cases it is neces-
sary to dry the precipitate thoroughly before it can be further
treated with the view of determining its weight. The water
in the stem of the funnel is removed by filter-paper, and the
mouth of the funnel closed, to protect the precipitate from
dust, by placing a moistened filter over it; on drying, the
paper adheres to the rim and makes a very efficient cover.
The funnel is then placed in the steam-bath represented in
fig. 13 (p. 38), and kept there until the paperand precipitate
are completely dried. This method of drying the precipitate
is preferable to that of supporting the funnel directly over
the lamp, for in addition to the risk of cracking the stem,
the latter method has the further disadvantage of causing
the precipitate, by reason of t?e manner of heating, to adhere
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to the paper. When dried in the steam-bath, the precipi-
tate, in contracting, detaches itself from the filter ; so much
50, that many curdy or gelatinous precipitates like silver
chloride, or ferric or chromic oxides, may be almost com-
pletely shaken out of the funnel into the crucible in which
they are to be weighed. This ready separation of the dried
precipitate from the paper materially conduces to accuracy
in determining its weight.

Igniting and weighing the precipitate—Since the precipitate
requires to be weighed in a perfectly dry state, it is in
general necessary to remove it from the filter and to ignite it.
A porcelain or platinum crucible is heated, allowed to cool
in the desiccator, and weighed. Itis then placed on the
shee: of black glazed paper, together with the platinum wire
and feather (Fig. 21, p. 51). The filter is removed from the
funnel, opened out, and the detached fragments of the pre-
cipitate allowed to fall into the crucible. The portions of
the precipitate adhering to the filter are loosened by rubbing
its sides together, care being taken that its surface is not
thereby destroyed, otherwise filaments of paper are apt to
contaminate the precipitate ; these may either escape burn-
ing in the subsequent ignition, or if burnt, may alter the
composition of the precipitate. The detached precipitate
is then added to the main quantity already in the crucible.
Care must be taken to remove as much of the precipitate
as possible from the filter ; but however carefully the opera-
tion may be performed, a considerable amount of the sub-
stance invariably remains, either on the surface of the paper
or contained within its pores. When the substance suffers
no change by ignition with carbonaceous matter, it may be
recovered by burning the paper, and adding the ash to the
crucible. The known weight of the filter-ash is then sub-
tracted from the increase in the weight of the crucible.
The filter is burnt in the manner described on p. 51. The
paper should be so folded that the soiled half of the filter is
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in the centre : there is thus less chance of loss from projection
or from the precipitate fusing to the heated platinum wire.
The ash is shaken into the crucible, which is then ignited, at
first gently, and with the lid on ; afterwards more strongly, and
with the lid removed. The degree and duration of the heat
depend, of course, on the nature and amount of the pre-
cipitate : as a general rule from five to ten minutes at a low
red heat will be sufficient. The crucible is then placed in
the desiccator, and weighed when cold. It must be heated
a second time and again weighed, to ascertain that its
weight is constant.

Some precipitates suffer change when ignited in contact
with carbonaceous matter, or become altered in composition
at the high temperature necessary to burn the carbon com-
pletely. Thus silver chloride becomes reduced to metallic
silver in contact with carbon, and calcium carbonate is
converted into caustic lime at a red heat. .In weighing
silver chloride, for example, the precipitate is detached as
far as practicable from the filter, and the crucible in which
it is placed is gently heated until the chloride fuses, and
when cold it is weighed. The paper is now folded in the
usual way, the soiled portion being in the centre, and it is
burned in the manner described, and the ash added to the
fused silver chloride. The crucible is again weighed : its
increase of weight gives the amount of the filter-ash, together
with the quantity of mefallic sélver which has been reduced
from the state of silver chloride by contact with ignited car-
bonaceous matter. Since 108 parts of silver correspond to
143°5 of silver chloride, the amount of silver chloride in the
pores of the paper can be readily calculated from this
reduced silver : it is of course added to the weight of the
main quantity of the chloride. The cases in which it is
necessary to weigh the filter-ash separately will be mentioned
as they occur.

Whenever practicable, a platinum crucible should be em-

ployed on account of the readiness with which it may be
F 2 <
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heated to redness. Indeed, in some cases, its use is almost

indispensable, as in the conversion of calcium oxalate into

carbonate, and of magnesium-ammonium-phosphate into

magnesium pyrophosphate.  Platinum vessels, however,

cannot be used for the ignition of silver chloride or bromide

Fic. 28. or of lead chloride. Many oxides,

sulphides, and phosphides cannot

be heated in contact with pla-

tinum without injury to the metal.

After prolonged ignition over a

lamp, especially if the reducing

portion of the flame be permitted

to impinge upon it, the lower por-

tion of the crucible loses its lustre

and appears to be superficially corroded. This appearance

is said to be due to the formation of a carbide of platinum.

Red-hot platinum crucibles should never be touched with

brass tongs or placed in brass rings, as black stains are thus

formed on the metal. They are best heated on pipe-clay

triangles or on thin platinum triangles supported on a triangle

of stout iron wire, fig. 28. Clean iron tongs will be found

more generally convenient than brass tongs. Platinum

crucibles may be cleaned by scouring with moist sca-sand,

which does not scratch the metal ; stains which cannot thus

be removed are got rid of by heating with acid potassium

sulphate, or borax, the crucible being afterwards thoroughly
washed with hot water and scoured with sea-sand.

Collection of precipitates on weighed filters—Qccasionally
we have to deal with a precipitate which cannot be ignited to
ensure the expulsion of moisture before being weighed. The
precipitate must be weighed therefore on the filter on which
it is collected. Accordingly the weight of the filter itself:
must be known. The paper is folded in the usual manner,
placed in a stoppered tube, or between well-fitting watch-
glasses pressed together by a clip, and heated in the
steam-chamber for an hour or so. The stoppered tube,
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or watch-glasses, together with the filter-paper, are allowed
to cool in the desiccator, and weighed when cold. The
filter is then fitted into the funnel, and the precipitate is
brought on to it, the tube or the watch-glasses being mean-
while left in the balance-case. The paper and precipitate
are first dried in the funnel, the filter is then detached from
the glass, and placed in the tube or between the watch-
glasses, heated for some hours in the bath, and repeatedly
weighed until the weight is constant.

Another plan is to weigh two filters of equal size (A and
B) against each other, and mark the difference in weight on
B. The precipitate is collected on 4, the filtrate and wash-
ings being allowed to pass through B; both are dried and
weighed against each other, and the original difference in
weight allowed for.
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PART II
SIMPLE GRAVIMETRIC ANALYSIS.

I. Correr SurpHATE. CuSO,+ 5H,0.

Preparation.—In order to obtain this salt in a fit state for
analysis, it 1s necessary to purify it by recrystallisation. The
blue vitriol of commerce not unfrequently contains ferrous
sulphate, which cannot be removed even by repeated crystal-
lisation, as the two sulphates tend to crystallise together.
By heating the solution with a few drops of nitric acid, the
ferrous salt is oxidised to ferric sulphate, and on concentrat-
ing the liquid, crystals of pure copper sulphate are easily
obtained. Two hundred grams of clean, well-developed
crystals of the commercial salt are<dissolved in about a
quarter of a litre of hot water, a few drops of nitric acid are
added, the solution is filtered, if necessary, and boiled for
half-an-hour ; on cooling the liquid deposits crystals of the
pure salt. After standing for a few hours the solution is
poured off, and the motherliquor is drained as far as
possible from the crystals. The crystalline mass is broken
up by means of a glass rod, and dried by pressure between
folds of filter-paper. It is advisable not to use too great a
degree of force in pressing the salt, as the sulphate may
thus become mixed with filaments of filter-paper, which
interfere with the accuracy of the analytical operations.
When the greater portion of the moisture has been removed
by repeated pressure between filter-paper, the salt is wrapped
in a fresh sheet of dry paper, and the folds are placed
under a heavy weight for an hour or two. Whilst the salt is
drying, the apparatus required for its analysis is got ready.
Two small thin test-tubes, to hold about 6 or 8 grams of the
salt, are cleaned and dried, and fitted with good, clean, soft
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corks. A couple of beakers of 250 cubic centimetres capacity,
and two large watch-glasses to cover their mouths, a filter-
flask fitted with its funnel, and two thin glass rods, all per.
fectly clean and dry, are also needed.

The complete analysis of copper sulphate necessitates
the determination (1) of the water of combination ; (2) of
the copper ; and (3) of the sulphuric acid.

1. Determination of the water of combination.—Copper sul-
phate gives up the whole of its combined water on heating ;
4 molecules being readily expelled at 100-110° and the
remaining molecule at about 200°. The determination of
the amount of water expelled at different temperatures
may be made by means of the air-bath (fig. 14, p. 39), or
in the apparatus represented in fig. 29. The test-tube
(@) contains the tube and salt to be dried; it is about
8 centimetres long, and z centimetres wide ; into it is
placed the narrower and shorter tube, containing the weighed
amount of salt : the tube @ is closed with a cork pierced
with two holes, into which are fitted narrow glass tubes
bent at right angles : one of these tubes passes nearly to the
bottom of the test-tube. The narrow tubes are connected
by means of caoutchouc tubing with the small flasks cand 4,
containing strong sulphuric acid : the tube ¢ of the flask &
is in connection with the filter-pump, by means of which a
current of air, dried by aspiration through the acid in the
flask ¢, is drawn over the salt. The test-tube dips into a
small quantity of oil contained in a beaker of 400 cubic
centimetres capacity. The tube is held by means of a clamp
attached to a retort-stand. The oil is heated by a small
flame, and the temperature is-ascertained by a thermometer
placed near to the tube.

By the time this piece of apparatus has been fitted up,
and the beakers, &c., are cleaned, the copper sulphate
under the weight will be dry. One of the test-tubes which has
been fitted with a cork is nearly filled with the dried salt ; any
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adhering powder is wiped from the upper portion and edge
of the tube, and the cork is replaced. The remainder of
the copper sulphate is set aside in a stoppered bottle ; it will
be useful for subsequent analytical operations.

Weigh the other test-tube and cork, and introduce about

FiG. 29.

1'5—2 grams of the copper salt, taking care not to soil the
edge of the tube ; replace the cork and weigh again. The
increase of weight gives the amount of salt taken for the deter-
mination. Take out the cork, and leave it in the balance
case. Drop the little tube containing the salt into the wider
test-tube of the drying apparatus, insert the cork and bent
tubes, heat the oil-bath to 100-110°, with frequent stirring, and
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aspirate a gentle current of air through the sulphuric acid.
In about an hour the greater portion of the water will have
been expelled: the little tube is withdrawn from the wider one
by means of the forceps, allowed to cool in the desiccator,
and carried to the balance-room. When cold, the cork in
the balance-case is inserted into the tube, and the loss of
water which the sulphate has suffered is determined by a
second weighing. The cork is once more withdrawn, left in
the balance-case, and the tube again heated in the oil-
bath to 100-110° a current of dry air being swept over it
for about half-an-hour, after which it is again weighed when
cold, in order to determine if it has parted with an addi-
tional quantity of water. If the second weighing is within
ocooro gram of the first, the loss may be set down as
constant ; but if the weighings differ by more than this
amount, the tube and salt must be again heated for half-an-
hour, and weighed a third time, the process being repeated
until a constant weight is obtained.

The temperature of the oil-bath is next raisea to 200°,
and maintained at this point for about an hour, a
current of dry air being passed uninterruptedly through the
apparatus. After cooling, the loss of weight experienced by
the salt (which is now nearly white) is again determined,
the tube is once more replaced in the bath, again heated,
and again weighed, the operation being repeated until no
further loss of water is perceptible.

Arrange the results of the several weighings in the follow-
ing manner in your note-book. The numbers here given
are the results of an actual determination.

ANALYsIS OF COPPER SULPHATE.
(Date.) 1. Delermination of Water.

Tube + cork + salt 6°3400 grams.
Tube + cork 4°8905

b2

Weight of salt taken  1°4495
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Weight of tube + cork + salt after drying :
After 1 hour at 105°-112° 5°'9340 grams
After 30 min. additional: 110° 5°9210 ,,
107°-110° 59180 ,,
2 » Io7o_l120 5.9176 ”
Water expelled at 110° 034224 ,,
or 29°14 per cent,

After drying for 1 hour at 190°-200° 58250 ,,
After further drying for half an hour at 200° 58183 |,
2 » 2 2050 5.8176 2
Additional loss of water o-1000 ,,

or 691 per cent.

9 E3]

2. Determination of the Copper.~~Whilst the salt is drying
in the oil- or air-bath, proceed with the estimation of the
copper. This is effected by precipitating it as cupric oxide,
by the addition of caustic soda solution.

CuSO, 4+ 2NaHO = CuO+Na,S0,+H,0.

The corked tube containing the copper sulphate is care-
fully weighed, and about a gram of the saltis shaken out
into one of the clean and dry beakers. On replacing the
cork, and again weighing the tube, its loss of weight gives
the exact amount taken for analysis. Care must, of course,
be taken that all the copper sulphate removed from the
tube finds its way into the beaker. The saltis then dis-
solved in about 5o cubic centimetres of hot water: the
solution should be perfectly clear, and free from suspended
matter. It is boiled, the mouth of the beaker being mean-
while closed by one of the large watch-glasses, in order to
prevent the projection of any of the solution on ebullition.
The lamp is drawn aside, and a clear solution of caustic soda
is poured into the liquid, drop by drop, down the side of the
beaker, the liquid meanwhile being kept in agitation. A preci-
pitate is at once formed ; it is at first of a bluish green colour,
but it rapidly darkens as it falls through the hot liquid, and
ultimately becomes nearly black. These changes of colour
are due to the passage of the copper oxide from the
hydrated to the anhydrous condition. The precipitate is



Copper Sulphate. 75

allowed to settle, when, if sufficient soda has been added,
the liquid will be colourless. Ascertain that the- alkali
is in excess by testing the solution with a slip of red-
dened litmus-paper. Fold a No. 5 filter, drop it into the
platinum cone, moisten thoroughly with hot water, and fit it
carefully to the funnel in the manner already described
(see p. 53). Next slightly grease the edge of the beaker, and
by means of the glass rod decant the clear liquid on to the
filter (taking care not to disturb the precipitate of copper
oxide) and set the pump in operation. When the whole of
the liquid has been decanted on to the filter, pour about
30 or 4o cubic centimetres of hot water over the precipitated
oxide, boil for a few minutes with the glass cover on, allow
to settle, and again pour the supernatant liquid on the filter.
Repeat the washing by decantation and then carefully rinse
every particle of the precipitate with hot water on to the filter.

It may happen that a small quantity of copper oxide obsti-
nately adheres to the beaker and cannot be removed by
washing. Pour about 2 cubic centimetres of hot water into
the beaker, and a couple of drops of nitric acid : by the aid
of the glass rod, the dilute acid solution may be made to
dissolve the adhering oxide. This is reprecipitated by the
addition of a few drops of soda solution, and thrown on to the
filter. Now fill up the fiter five times with hot water, taking
care to allow the whole of the wash-water to run through
before a fresh addition is made. If these instructions are
followed the precipitate will be thoroughly washed. The
funnel is withdrawn from the flask, its mouth is covered with
paper to protect the copper oxide from dust, and the whole
is placed in the drying chamber. Whilst the precipitate is
drying, clean, dry and heat a small porcelain crucible and
lid (No. 1 size), place them together in the desiccator, and
when cold, carefully weigh them. When the copper oxide
is dry, it is detached as far as possible from the filter, and
transferred to the weighed crucible. The funnel is cleaned,
if necessary, by rubbing it with the edge of the paper;
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the filter is burned, and the ash allowed to fall into
the crucible. Onre drop of nitric acid is allowed to moisten
the oxide and filter-ash, and the crucible is gently warmed
until the mass is dry, when the heat is raised until
the bottom of the crucible is red hot. It is allowed to
cool slightly, and whilst still warm, is transferred, together
with its lid, to the desiccator, and when quite cold, again
weighed. The crucible and lid are once more heated,
and again weighed on cooling ; care should be taken that
the reducing gases from the flame do not find their way into
the crucible. The second weighing ought not to differ more
than o' milligram from the first weight. If the difference
is greater, the operation must be repeated until a constant
weight is obtained. The increase in weight of the crucible
and lid gives the amount of copper oxide contained in the
quantity of salt taken for analysis p/us the ash of No. 5 filter.
The details of an actual determination will show how the
results ought to appear in the note-book :

ANALYSIS OF COPPER SULPHATE.
2. Deermination of Copper by precipitation with Caustic Soda.

(1) Weight of tube +salt o . 106052

(2) 2 ) H M _9_’5&5
Salt taken . . 170247

Weight of crucible +1id + CuO +ash (1) 8:1530
b4d 3 (2) 8 1 52 7

Crucible + lid 3 . 78240

0°3287

Less filter-ash No. 5 0°0023

03264

63'1x0°3264x 100 log 631 18000
79'I x 10247  log 3264 1°5137
log 100 20000

33137

log 79'1  1-8982

Calenlation :

log 1'0247  ‘oloj
b 14050 =25'41 Cu.
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3. Determination of the Sulphuric acid.—This is effected
by adding barium chloride to the solution of the copper
salt and weighing the precipitated barium sulphate :

CuSO, + BaCl, = BaSO, + CuCl,

About one gram of the copper sulphate is weighed out into
the second beaker, and is dissolved in 30-40 cubic centi-
metres of water, a few drops of hydrochloric acid are added,
and the solution is heated to the boiling point. The lamp
is now drawn aside and solution of barium chloride is
added drop by drop. In order to determine whether an
excess of the precipitant has been added, the barium sul-
phate is allowed to subside, and when the liquid is sufficiently
clear, a drop of the barium chloride solution is poured down
the side of the beaker. If an increased turbidity ensues, the
liquid is again heated and a further quantity of barium
chloride added : the precipitate is once more allowed to
settle, and the liquid again tested by the cautious addition of
barium chloride. When you have assured yourself that the
precipitation is complete, cover the beaker and set it aside
in a warm place for a few hours. If you attempt to filter
the turbid liquid immediately, the finely divided precipitate
will inevitably pass through the pores of the paper, but on
standing,