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PREFACE TO THE AMERICAN EDITION.

In this edition it has been the effort of the reviser to let the original text
remain as little altered as circumstances would admit. Changes have been
made only so far as the United States Pharmacopoeia made it compulsory
to do so, excepting the chapter on urine analysis, which has been enlarged
and illustrated and cuts of microscopic urinary sediments added. The name
of each chemical formula has been introduced where the formula occurs
for the first time. This is done for the convenience of students of medical
and pharmaceutical colleges, as well as for those who continue the application
of analytical chemistry in their professional life. The processes for detection
of certain acid radicals in presence of others are classified together, to be
more applicable in searching for adulterations, as well as to save the student
confusion by bringing the tests for radicals more closely together. A brief
outline will be found on p. 61 which will aid the student materially in finding
the pages required for the full analysis of a simple salt, and another, facing
p. 64, for the analysis of mixed salts. A short list of tests for certain organic
compounds has been added on p. 88. The chapter on water analysis has
been altered to correspond with Wanklyn’s methods, as those are most
generally used in America. Several other processes have been added,
such as estimation of fat in milk, quantitative estimation of various ingre-
dients of urine, estimation of chloral hydrate, etc.

In conclusion, the reviser trusts that the changes made will find favor
among the teachers and members of the profession in America, and that
the present edition will find as many friends as former ones have found
in the past.

C. E. H.

Univ. Med. Col. and K. C. College of Pharmacy,
Kansas City, N.W.

June 1891.
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PART /.

QUALITATIVE ANALYSIS.

CHAPTER I.
THE PROCESSES EMPLOYED BY PRACTICAL CHEMLSTS.

It is advisable that the student should understand the raison d'etre of the
chief processes he will be called upon to employ, before commencing in detail
the study of Analysis.

I. SOLUTION.
This process consists in stirring a solid body in contact with a fluid until

it dissolves, heat being occasionally used. Bodies which refuse to dissolve
in any particular fluid are said to be insoluble in it ; the liquid used is called
the solvent, and sometimes the menstruum; a liquid having taken up all the
solid matter possible is said to be saturated. A knowledge of the solubility
of various substances in the chief menstrua, such as water, acids, alkalies,
alcohol, ether, chloroform, and glycerine, is of the utmost importance. By
this we are enabled to separate one body from another; and by attention to
minute details it is even possible to divorce bodies which are soluble in the
same menstruum, but in different degrees. As an example we shall suppose
three substances—one readily soluble, one partially so, and one but slightly
soluble, in ether. By a careful use of three successive quantities of the
liquid at different temperatures, we can obtain separate solutions of each.
This process is named fractional solution. In order to ascertain if any
substance be soluble in any particular liquid, it is simply requisite to stir it
into the fluid, applying heat if necessary. A portion of the liquid is then
poured off, and evaporated to dryness, when, if any of the solid was held
in solution, it will remain as a visible residue. As a general rule, the higher
the temperature to which a liquid is raised, the greater becomes its capacity
for saturation. Thus, one part of common nitre will require for solution

parts of cold water; but the same weight will dissolve in less than
half a part of boiling water. There are many exceptions to this rule—notably
that of calcium oxide, which is less soluble in boiling water than in cold’
Many bodies, during solution, absorb so much heat that any substance placed
in the liquid has its temperature remarkably reduced. Potassium nitrate and
ammonium chloride, dissolved together in water, form in this manner a very
efficient refrigerant when snow or ice is not obtainable.
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II. LIXIVIATION AND EXTRACTION.
These processes include the digestion of a mixture of solids in a fluid, so

as to dissolve the soluble portion. The solids, in the form of powder, are
introduced into a vessel, and the water or other liquid having been added,
the whole is well stirred. Remaining at rest until all the insoluble matter has
subsided, the clear fluid, charged with all that was soluble in the mixture, is
decanted, or poured off. On the large scale, in chemical works, the clear
liquor is usually drawn off by means of a siphon.

When a substance is to be extracted by means of a readily volatile solvent,
such as ether or chloroform, the arrangement now commonly
used is that known as Soxhlet’s apparatus. This is illustrated
in fig. i. A flask (a) is charged with the solvent. The sub-
stance (e) is put into a cartridge of filtering paper, and intro-
duced into the Soxhlet tube (d) ; the latter is in turn connected
with the upright condenser (c), through the jacket of which a
stream of cold water is made to pass. Heat is now applied to
the flask by a water-bath, and the vapour of the ether rising
through b, condenses and drops on to the powder in the
cartridge. When the instrument has become filled by the
condensed solvent to the level of the top of f, it runs
back into the flask charged with the soluble matter that has
been extracted. This process then repeats itself until the
whole soluble portion has been extracted and transferred to
the flask, which latter may then be attached to an ordinary
condenser, and the solvent distilled off, leaving the soluble
matters of the original powder in the flask. Resinous and
sticky substances should be mixed with a little purified sand
to prevent their clogging up the apparatus.

Another method of extraction is that known as per-
colation, a process much used in pharmacy.
The apparatus employed is illustrated in
fig. 2. The upper portion (a) is the per-
colator, in which the powder to be extracted
is tightly packed; and the solvent having
been poured upon it, the whole is allowed to
macerate for some time. The stopcock (c) being then opened,
the fluid gradually filters into the receiver (b), and more solvent is
then poured on until the soluble portion of the contents of the
percolator has been entirely transferred to the receiver. The con-
necting tube is to prevent loss of volatile solvents.

III. PRECIPITATION
is the mixing of two substances in solution so as to form a third
substance, which, being insoluble in the fluids employed, sinks to
the bottom, and is called the precipitate. The clear liquid which

remains after the precipitate has settled down is called the supernatant
liquid.

When precipitates are totally insoluble in water, such as barium sulphate
or argentic chloride, the operation is best conducted at a boiling heat, as
the high temperature causes the precipitate to aggregate, so that it subsides
rapidly, and is less liable to pass through the pores of the filter.

On the other hand, there are some precipitates which must never be
heated, but be allowed to form slowly by standing in the cold for several
hours. To this class belong ammonium-magnesium phosphate, and potassium

Fig. i.

Fig. 2.
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acid tartrate. When it is desirable to cause precipitates to form quickly,
resort may be had to violent shaking, or stirring with a glass rod, so that it
scrapes against’the sides of the vessel.

In qualitative analysis precipitation is usually conducted in test-tubes,
shown in fig. 3. These are kept in a stand (fig. 4) having holes for the
reception of tubes actually in use, and also a row of pegs upon which freshly-

Fig. 3- Fig. 4- Fig. 5. Fig. 6.

washed tubes may be inverted to drain. Figure 5 illustrates the appliance
used to hold tubes when their contents are to be boiled, and fig. 6 shows the
brush used for cleansing them.

In quantitative analysis precipitation is generally performed in beakers.
These are very thin tumblers made of glass, free from lead, and annealed so
as to permit their use with boiling liquids without risk of fracture.

Precipitates are separated from the supernatant liquor by one of two
methods. First:—

IV. DECANTATION,
which consists in allowing the precipitate to settle to
the bottom, and pouring off the clear liquor. This is
best done by the use of a glass rod held as shown in the
illustration, fig. 7. Second:—

V. FILTRATION,
which consists in transferring the whole to a piece of folded filtering-paper
or cloth placed in a funnel, so that the liquid passes through, while the
precipitate remains. This may be washed by the addition of distilled water.
The liquor which has thus passed through the filter is called the filtrate.
The process of precipitation is probably one of the most common with which
the practical chemist meets.

Specially prepared papers for filtration, cut into circles, are sold, and they
have only to be folded to fit the funnel for which they are destined. The

Fig. 8. Fig. 9.

illustrations show, fig. 8 (a), the circle of paper, and (b) the same as folded
for use, while fig. 9 represents the whole arrangement ready for use.
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VI. DISTILLATION
is the changing of a fluid into vapor by the aid of heat, and passing the
vapor into a cooling apparatus, called the condenser, where, its latent heat
being abstracted, it is again deposited as a liquid. This process is employed
for the separation of volatile fluids from non-volatile substances. The fluid
which passes over and is condensed in the receiver is called the distillate;

while the non-volatile matter whichremains
in theretort is called theresidue. Figure io

shows the arrangement most commonly
used in laboratories for small distillations.
a is the retort in which the fluid is boiled,
and b is called a Liebig’s condenser, through
the jacket of which a stream of water is
caused to pass, and beneath the end of this
is placed a vessel (c) for the reception of
the distillate. By careful attention to their
boiling points, various volatile fluids may

thus be separated from each other. Suppose, for example, that we have a
mixture of three substances boiling respectively at i8o°, 220°, and 240°, and
their separation is desired, we should introduce the mixture into a retort fitted
with a thermometer, the bulb of which was placed just above the level of the
fluid. The whole being then attached to the condenser, the heat would be
gradually raised until the thermometer marked a little over 1800

, when that
temperature would be steadily maintained as long as anything continued to
collect in the receiver. When the liquid ceased to accumulate, the receiver
would be changed, and the temperature raised to a little over 220°, and the
distillation continued until the second liquid had ceased to pass over. The
receiver being once more changed, the heat would be again raised, and
maintained until the last liquid had been obtained as a distillate. This
process, which is exceedingly useful in practical chemistry, is called fractional
distillation.

Fig. 10.

VII. SUBLIMATION
is the changing of a solid into a vapor by heat, and recondensing the vapor
into a solid form in a cooled vessel. It is employed for the separation of
volatile from non-volatile solids, and is thus conducted:—The substance to
be sublimed is thinly spread over the bottom of a shallow iron pan, and the
vessel is covered with a sheet of bibulous paper perforated with numerous
pin-holes, or with a piece of muslin. By means of a sand bath, the heat is
slowly raised to the desired degree, when the vapor passes through the
strainer, and condenses in a cap of wood or porcelain, lined with stout
cartridge paper, and placed over the heating-pan and kept cool. Fractional
sublimation is often useful, and may be employed in a similar manner to
fractional distillation.

VIII. FUSION
is the heating of a solid until it melts. It is usually carried out in a vessel
called a “ crucible,” made of fire-clay. On the small scale, or for the purposes
of analysis, fusion is generally conducted in porcelain crucibles; or, where the
substances are such as wouldattack porcelain, in vessels of platinum or silver.
Alkalies should be fused only in crucibles made of the latter metal. A
peculiar kind of fusion, called cupellation, is resorted to in the assay of gold
and silver. The alloy to be assayed is wrapped in a piece of lead foil, and
the whole is then heated in a little cup made of bone ash, called a cupel,
when the lead and all impurities fuse and sink into the substance of the
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porous vessel, leaving the pure metal as a metallic button, which may then
be weighed. The illustration (fig. ix) shows a set of crucibles for fusion—a,
being of fire-clay; b, a platinum crucible; c, one of porcelain; and d, what
is called Rose's crucible, for heating substances in a current of hydrogen when

Fig. 11.

it is desired to prevent access of air, or to produce rapid reduction to the
metallic state.

IX. EVAPORATION
consists in heating a fluid until the whole, or as much of it as may be
required, passes off in vapor. A solution thus treated until it has wholly
passed into vapor is said to be evaporated to dryness, and the solid
substance remaining is called the residue.

Solutions containing any organic or volatile matter ought always to be
evaporated on a water bath; that is, in a vessel exposed only to the heat of
boiling water, in which the temperature must always be below 2120 Fahr.
(xoo° C.). With ordinary non-volatile or metallic substances in solution
this precaution is unnecessary, and of no practical advantage. Evaporation
may be conducted slowly, without raising the fluid to its boiling point, when
it is called simple vaporisation; but when sufficient heat is applied, the
evaporation takes place rapidly, and is accompanied by the disengagement of
bubbles of vapor, and the fluid is then said to be in a state of ebullition.
All liquids possess the continual desire, as it were, to pass into vapor; and
the amount of elastic force which the vapor thus given off exerts is called
its tension. The more the liquid is heated, the greater becomes its tendency
to vaporise, and consequently the more powerful is the tension of its vapor ;

and when the latter is sufficiently marked to overcome the pressure exerted
by the atmosphere and the cohesion of the liquid itself, ebullition takes place.
The boiling point of a fluid is therefore the temperature at which the tension of
its vapor just exceeds that of the superincumbent atmosphere. If the pressure
of the atmosphere be increased artificially, the boiling point of the liquid will
rise in proportion. For example: boiling water in an open vessel under
ordinary circumstances will have a temperature of 212 0

; but water in a steam
boiler, under a pressure of 60 lb. per square inch, will be found to be heated
nearly to 264°. As steam under pressure can thus be obtained at high
temperatures, it is made use of for the rapid evaporation of liquids on a large
scale, by causing it to pass into a jacket or through a coil of pipes surrounding
the evaporating pan. The apparatus thus made use of is called a steam bath

,

the heat of which is usually understood to be about 230° Fahr.
If water be boiled in a chemically clean glass vessel, and more particularly

if a precipitate be suspended in the water, the boiling does not take place
regularly, but the liquid becomes heated above its boiling point, and suddenly
rushes into vapor in gusts. This is called by practical chemists “ bumping,”
and may be prevented by putting in a few fragments of platinum foil, which
act as nuclei

, to aid in the regular disengagement of the vapor.
X. CRYSTALLISATION AND DIALYSIS.

Many substances when dissolved in a boiling liquid separate out, as soon
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as the fluid cools, in masses having a well-defined and symmetrical shape,
bounded by plain surfaces and regular angles. These bodies are named
crystalline ; the deposited masses, crystals ; and the remaining solution, the
mother liquor. Substances which are not susceptible of crystallisation are
called amorphous (i.e., formless) bodies ; while solids, such as glue and gums,
which are soluble in water and yet not crystallisable, are named colloids.
Crystallisation may also occur during solidification after fusion, and by the
spontaneous evaporation of liquids holding crystalline substances in solution.
All crystalline bodies invariably assume the same form, and may thus be
unmistakably recognised from each other. The process is also useful for
purification, as at the moment of crystallisation all impurities are rejected,
and may be poured off with the mother liquor. Many circumstances affect
the size of the crystals produced in any solution ; as a rule, the more rapidly
crystallisation takes place, the smaller are the crystals. An example of the
extreme variation in the size of the crystals produced from the same solution
may be seen in ferrous sulphate. When allowed to deposit slowly, we have
the ordinary well-marked commercial crystals ; but the same salt dissolved in
boiling water, and the solution suddenly poured, with constant stirring, into
spirit, gives granulated ferrous sulphate in crystals so minute that a lens is
required to distinguish them. For the formation of large and well-defined
crystals perfect rest is required, and it is often desirable to introduce pieces of
wood or string so as to form nuclei on which the crystals collect. Good examples
are seen in commercial crystallised sugar-of-milk and sugar-candy. Somebodies
are capable of crystallising in two or more forms, and are called polymorphous.
Instances of this property may be seen in mercuric iodide and in sulphur.

When small quantities of crystalline substances exist in a solution together
with a large quantity of uncrystallisable colloid bodies, their mutual separation
is effected by dialysis. This process consists in introducing the mixture into
a glass vessel having a bottom made of vegetable parchment. This, called
the dialyser, is floated in a large quantity of distilled water in a basin. At
the expiration of several hours the whole of the crystalline bodies will have

passed through the parchment, and will have become dis-
solved in the water in the basin, while the colloids remain
in the dialyser. A very good way of practising this process
is to dialyse a solution of glue in which a few grains of salt
have been dissolved, when the salt will be found to have
passed into the water in the basin, while all the glue will
remain behind. This process is sometimes employed for
the separation of crystalline poison, like strychnine, from the
contents of a stomach. The rapidity of the dialysis is greatly
increased by causing a stream of water to pass through the

outer basin, but of course this is only applicable where it is desired to retain
the colloid body and not the crystalloid, as in the manufacture of the
preparation known as dialysed iron. The apparatus used is shown in the
illustration (fig. 12), in which A is the dialyser containing the mixture, while
b contains the water into which the crystalline matter passes.

Fig-. 12.

XI. ELECTROLYSIS.
Electricity is one of the most powerful analytic forces with which the

chemist has to deal. A current of electricity results from the action of
chemical agents upon various metals, the apparatus in its simplest form being
called a voltaic or galvanic cell or element, and a combination of several cells
being termed a battery. Bunsen’s battery, which is very extensively used and
of great power, consists of an outer cell or jar of glazed earthenware in which
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is placed a cylinder of zinc, an inner unglazed porous jar and a rod of carbon,
both furnished with binding-screws for attaching wires to them. The acids
used are dilute sulphuric around the zinc, and strong nitric in contact with the
carbon in the inner cell. The zinc constitutes the positive (or most attacked),
the carbon the negative (or least attacked) element; but when wires are
attached to these, the end of the wire connected with the zinc is termed the
negative electrode or cathode, whilst that in union with the platinum in the
battery is the positive electrode or anode. To explain this apparent contra-
diction we must imagine that the current generated by the zinc passes through
the fluid in the cell and then through the carbon, while at the same time an
opposite current is generated from the carbon through the liquid to the zinc,
and thus the effect of each current is felt at the ends of the wires from the
opposite plate. These electrodes, when placed near one another in a com-
pound liquid, occasion the phenomena of electrolysis, which is simply the
splitting up of conductors of electricity into their elements or into simpler
forms. For instance, a solution of HC1 gives off Cl at the positive electrode
and the H at the negative, as a result of the axiom that unlike electricities
attract and like repel one another, Cl itself being electro-negative and H
electro-positive. Dealing with H2S04, we get H2 at one electrode and S0 4 at
the other; the latter, however, at once splitting up into O (given off) and S0 3,

which re-forms H2S04 with the water present.
Further reference to applications of electrolysis will be found in Chapter X.,

when the student arrives at quantitative analysis. It is also applied in a
modified form in qualitative analysis to the separation of tin and antimony.

XII. PYROLOGY.
Under this name are included all processes of analysis depending for their

action on the use of fire, or, in other words, what were formerly called
“reactions in the dry way.” The chief instruments used are the blowpipe and
the Bunsen burner. The blowpipe is a tube with a narrow nozzle, by which
a continuous current of air can be passed into an ordinary flame. The ordi-
nary gas flame consists of three parts: (a) A non-luminous nucleus in the
centre; (b) A luminous cone surrounding this nucleus; and (e) An outer
and only slightly luminous cone surrounding the whole flame. The centre
portion (a) contains unaltered gas, which cannot burn for want of oxygen,
that necessary element being cut off by the outer zones. In the middle por-
tion (b) the gas comes in contact with a certain amount of oxygen, but not
enough to produce complete combustion; and therefore it is chiefly the
hydrogen which burns here, the carbon separating and, by becoming intensely
ignited, giving the light. In the outer zone (e) full combustion takes place,
and the extreme of heat is arrived at, because chemical action is most intense.
The outer flame therefore acts readily on oxidisable bodies, because of the
high temperature and the unlimited supply of air, while the luminous zone
tends to take away oxygen by reason of the excess of unburned carbon
or hydrocarbons therein existing. For these reasons the former is called the
oxidising flame, and the latter the reducing flame. The effect of blowing
air across a flame is, first, to alter the shape of the flame, which is at once

lengthened and narrowed; and, in the second place, to
extend the sphere of combustion from the outer to the
inner part (see fig. 12 a). As the latter circumstance causes
an increase of the heat of the flame, and the former a
concentration of that heat within narrower limits, it is easy

to understand the great heat of the blow-pipe flame. The way of holding
the blowpipe and the strength of the blast always depends upon whether the

Fig. 12 a.
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operator wants a reducing or an oxidising flame. The reducing flame is pro-
duced by keeping the jet of the blowpipe just on the border of a tolerably
strong gas flame, and driving a moderate blast across it. The resulting
mixture of the air with the gas is only imperfect, and there remains between
the inner bluish part of the flame and the outer barely visible part a luminous
and reducing zone, of which the hottest point lies somewhat beyond the apex
of the inner cone. To produce the oxidising flame, the gas is lowered, the
jet of the blowpipe pushed a little farther into the flame, and the strength of
the current somewhat increased. This serves to effect an intimate mixture
of the air and gas and an inner pointed, bluish cone, slightly luminous
towards the apex, is formed, and surrounded by a thin, pointed, light-bluish,
barely visible mantle. The hottest part of the flame is at the apex of the
inner cone. Difficultly fusible bodies are exposed to this part to effect their
fusion; but bodies to be oxidised are held a little beyond the apex, that
there may be no want of air for their combustion.

The current is produced by the cheek muscles alone, and not with the
lungs. The way of doing this may be easily acquired by practising for some
time to breathe quietly with puffed-up cheeks and with the blowpipe between
the lips; with practice and patience the student will soon be able to produce
an even and uninterrupted current.

The supports on which substances are exposed to the blowpipe flame are
generally either wood charcoal, or platinum wire or foil.

Charcoal supports are used principally in the reduction of metallic oxides,
etc., or in trying the fusibility of bodies. The substances to be operated

upon are put into small conical cavities scooped out with a
penknife or with a little tin tube. Metals that are volatile at
the heat of the reducing flame evaporate wholly or in part
upon the reduction of their oxides; in passing through the
outer flame the metallic fumes are re-oxidised, and the oxide
formed is deposited around the portion of matter upon the
support. Such deposits are called incrustations. Many of
these exhibit characteristic colors leading to the detection

of the metals. Thoroughly burnt and smooth pieces of charcoal only should
be selected for supports in blowpipe experiments, as imperfectly burnt and
knotty pieces are apt to spirt and throw off the matter placed on them. The
method of employing a charcoal support is shown in fig. 12 b.

The great use of charcoal lies (1) in its low degree of conductivity; (2) its
porosity, which causes it to absorb fusible bodies and leave infusible ones
upon its surface; and (3) its power of aiding the effects of the reducing flame.

Platinum wire and foil are used for supports in the oxidising flame, and
the former is specially employed for trying the action of fluxes and the color
communicable to the blowpipe or Bunsen flame. The platinum wire, when
employed for making beads of borax or other fluxes, should be about 3 to 4
inches long, with the end twisted into a small loop. The loop is then heated,
and dipped while hot in the powdered borax, when it takes up a quantity,
which is then heated till it fuses to a clear bead formed within the loop.
When cold, this is moistened and dipped in the powder to be tested, and
again exposed to the flame, and the effect noted. For trying the color
impartable to the flame by certain metals, the wire is first cleaned by boiling
in dilute nitric acid and then holding it in the flame until no color is obtained.
The loop is then dipped in the solution to be tested, and held near the flame
till the adhering drop has evaporated to dryness, and then heated in the
mantle of the flame near the apex of the inner cone, and the effect observed.

The Bunsen burner consists of a tube having at its base a series of holes
to admit air, and also a small gas delivery tube. By means of this contrivance

Fig. 126.
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the gas is mixed with air before it burns, and more perfect oxidation, and
consequently much greater heat, is secured. Looking attentively at the flame
of a Bunsen burner, we distinguish in it an inner part and two mantles sur-
rounding it. The inner part corresponds to the dark nucleus of the common
gas flame, and contains the mixture of gas and air issuing from the burner.
The mantle immediately surrounding the inner part contains still some un-
consumed carbide of hydrogen; the outer mantle, which looks bluer and less

luminous, consists of the last products of combustion. The Bunsen
flame is illustrated in fig. 12 c. In it u o and l o are respectively
the upper and lower oxidising flames, and u r and l r the upper
and lower reducing ones, z f is the zone offusion and is the hottest
part, having a temperature (according to Bunsen) of 4,17 20 Fahr. The
spot where the reducing action is the most powerful and energetic
lies immediately above the apex of the inner part of the flame. The
Bunsen flame brings out the coloration which many substances impart
to flames, and by which the qualitative analyst can detect many
bodies, even though present in such minute quantities that all other
means of analysis except the spectroscope fail to discover them. The
subject of the coloration of flames will be discussed fully under

each metal.
Fig. 12c.

XIII. PREPARATION OF SULPHURETTED HYDROGEN.
This is done by acting upon ferrous sulphide with dilute sulphuric acid.

The illustration (fig. 13) shows the apparatus. The ferrous sulphide, broken
into lumps the size of a nut, is placed in the generating bottle (a), and
dilute sulphuric acid is poured in by the funnel (c) in small quantities as
required, b is a bottle containing distilled water, through which the gas

Fig. 13. Fig. 14. Fig. 15-

passes to free it from any traces of acid mechanically carried over.--"Owing to
the disagreeable odor, it is desirable to have special appliances, by means of
which the evolution of the gas can be stopped as soon as it has done the work
required. Such an apparatus for use in a large laboratory is that of Kipps
(fig. 14); and one suitable for use by a single student is that of Van Babo
(fig. 15). Both illustrations sufficiently explain themselves.



CHAPTER II.
DETECTION OF THE METALS.

For the purposes of qualitative analysis we employ certain chemicals, either
in the solid or liquid state, which by producing given effects enable us to
detect the existence of the substance searched for. These substances are
always kept ready for use, and are called reagents. They are of three classes :

ist, Group reagents, which, by yielding a precipitate under certain condi-
tions, prove the substance to be a member of a certain group of bodies ;

2nd, Separatory reagents, by means of which the substance under examination
is distinguished from the other members of the group; 3rd, Confirmatory
reagents, by which the indications previously obtained are confirmed and
rendered certain.

The Metals are divided into five groups, each of which has its group
reagent, as follows :—

Group i. Metals the chlorides of which, being insoluble in water, are precipi-
tated from their solution by the addition of hydrochloric acid. They
are silver, mercurous mercury, and lead (the latter in cold strong
solutions only).

Group 2. Metals the sulphides of which, being insoluble in dilute hydro-
chloric acid, are precipitated from their solutions by the addition of
sulphuretted hydrogen in the presence of hydrochloric acid. This
group includes mercury, lead, bismuth, copper, cadmium, antimony,
tin, gold, platinum, and the metalloid arsenic, and is divided into two
sub-groups, as follows : —

A. Metals the sulphides of which are insoluble in both dilute
hydrochloric acid and ammonium sulphide. The precipitated sul-
phides separated by sulphuretted hydrogen are therefore insoluble,
after washing, in ammonium sulphide. They are mercury, lead,
bismuth, copper, and cadmium.

B. Metals the sulphides of which, although insoluble in dilute acids,
are dissolved by alkalies, and the precipitates from their solutions
by sulphuretted hydrogen therefore dissolve in ammonium sulphide.
They are gold, platinum, tin, antimony, and arsenic.

Group 3. Embraces those metals the sulphides of which are soluble in dilute
acids, but are insoluble in alkalies, and which consequently, having
escaped precipitation in Group 2, are now in turn precipitated by
ammonium sulphide. They are iron, nickel, cobalt, manganese, and
zinc. In this group are likewise included aluminium, cerium, and
chromium, which are precipitated as hydrates by the alkalinity of the
ammonium sulphide. Magnesium would also be precipitated as
hydrate, but, as that would be inconvenient at this stage, its precipi-
tation is prevented by the addition of ammonium chloride, in which
its hydrate is soluble.
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Group 4. Comprises metals the chlorides and sulphides of which, being
soluble, escape precipitation in the former groups, but the carbonates
of which, being insoluble in water, are now precipitated by ammonium
carbonate. They are barium, strontium, and calcium. Magnesium
is not precipitated as carbonate, owing to the presence of the ammonium
chloride already added with the sulphide in Group 3.

Group 5. Includes metals the chlorides, sulphides, and carbonates of which,
being soluble in water or in ammonium chloride, are not precipitated
by any of the reagents already mentioned. They consist of magne-
sium, lithium, potassium, sodium, and ammonium.

As the analytical grouping of the metals is undoubtedly one which is most
important to the student for practical purposes, we shall adhere to this
arrangement in giving the methods for their detection.

GROUP I.
Metals precipitable as chlorides by the addition of hydrochloric acid to

their solutions.
I. SILVER (Ag).

(a) WET REACTIONS.
(To be practised upon a solution of argentic nitrate—AgNOs.)

1. Hydrogen chloride (hydrochloric acid)—HC1 (ist group reagent )—or any
soluble chloride gives a curdy white precipitate of argentic chloride—
AgCl—insoluble in boiling nitric acid, but instantly soluble in ammo-
nium hydrate. It is also soluble in KCy, Na2S203, and in strong
solutions of soluble chlorides.

2. Potassium hydrate—KHO—or sodium hydrate—NaHO—both produce
a brownish precipitate of argentic oxide—Ag 20—insoluble in excess.
A similar effect is produced by the hydrates of barium, strontium, and
calcium.

3. Potassium chromate—K 2Cr04—gives a redprecipitate of argentic chromate
—Ag2Cr0 4—soluble in large excess of both nitric acid and ammonium
hydrate; and therefore the solution should always be as neutral as
possible.

4. Hydrogen sulphide—H2S—and ammonium hydrogen sulphide—NH 4HS—-
both produce black argentic sulphide—Ag2S —insoluble in excess,
both soluble in strong boiling nitric acid.

5. Potassium iodide—KI—and potassium bromide—KBr—both produce
curdy precipitates, the former yellow argentic iodide—Agl—insoluble in
ammonium hydrate, and the latter argentic bromide—AgBr—dirty-white
and slowly soluble in ammonium hydrate.

6. Potassium cyanide—KCy—gives a curdy-white precipitate of argentic
cyanide—AgCy—readily soluble in excess, and also in boiling strong
nitric acid.

7. Many organic salts, such as formates and tartrates, boiled with solutions of
silver, precipitate the metal as a mirror on the tube.

8. Fragments of copper, zinc, iron, and tin, introduced into a solution of
silver, all precipitate the metal.

(6) DRY REACTION.
(To be practised on argentic oxide—Ag2 0.)

Mixed with sodium carbonate and heated on charcoal before the blowpipe,
a bead of silver is formed, hard, glistening, and soluble in nitric acid, yielding
solution of argentic nitrate to which the wet tests may be applied.
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II. MERCUROSUI (Hg 2 )".
(a) WET REACTIONS.

(To be practised on a solution of mercurous nitrate—(Hg2)" (N0 3)2—prepared
by acting upon a globule of mercury with cold and dilute nitric acid.)

1. HC1 (1st group reagent) gives a white precipitate of mercurous chloride,
— (Hg2)"Cl2

'
— turned to black mercuros-ammonium chloride —

NH2(Hg2)"Cl'—by ammonium hydrate. It is also insoluble in boiling
water, but soluble in strong nitric acid, being converted into a mixture
of mercuric chloride—HgCl2—and mercuric nitrate—Hg(N03 )2.

2. KHO and NaHO both give black precipitates of mercurous oxide—Hg2 0—

insoluble in excess.
3. Ammonium hydrate—NH4H0—produces a black precipitate of dimercuros-

ammonium nitrate—NH2(Hg2 )" N0 3 H 20—also insoluble in excess.
4. Stannous chloride—SnCl2—boiled with the solution causes a grey precipitate

of finely divided mercury, which, if allowed to settle, and then boiled
with hydrochloric acid and some more stannous chloride, aggregates
into a globule.

5. KI gives a green precipitate of mercurous iodide—Hgl.
(b) DRY REACTION

(To be tried upon mercurous iodide.) ]
Mercurous compounds heated, break up into the corresponding mercuric

salt and metallic mercury, and finally sublime.

III. LEAD (Pb).
(a) WET REACTIONS.

(To be practised on a solution of plumbic acetate—Pb(C 2H302)2.)

1. HC1 (is/ group reagent) forms in cold strong solutions a white precipitate
of plumbic chloride—PbCl2—soluble in boiling water.

2. H2S after acidulation by HC1 (2nd group reagent ) gives a black precipitate
of plumbic sulphide—PbS—insoluble in ammonium sulphide. By
treatment with boiling strong nitric acid it is decomposed, partly into
plumbic nitrate, but chiefly into insoluble plumbic sulphate. It is
entirely dissolved by hot dilute nitric acid with separation of sulphur.

3. Hydrogen sulphate (sulphuric acid)—H2S04—gives a white precipitate of
plumbic sulphate—PbS04—slightly soluble in water, but rendered
entirely insoluble by the addition of a little alcohol. It is decomposed
by boiling strong hydrochloric acid, and is also freely soluble in
solutions of ammonium acetate or tartrate, containing an excess of
ammonium hydrate.

4. K 2Cr04 gives a yellow precipitate of plumbic chromate—PbCr04—insoluble
in acetic and very dilute nitric acids, but soluble in strong boiling
nitric acid.

5. KI gives a yellow precipitate of plumbic iodide—Pbl2—soluble in 33 parts
of boiling water, and crystallising out on cooling in golden scales.

6. KHO and NaHO both cause white precipitates of plumbic hydrate—
Pb(HO) 2—soluble in excess, forming potassium or sodium plumbates
—K2Pb02 and Na2Pb02.

7. NH4H0 causes a white precipitate of a white basic nitrate—Pb(NOsHO)—
insoluble in excess.

8. KCy produces a white precipitate of plumbic cyanide—PbCy2—insoluble
in excess, but soluble in dilute nitric acid.
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9. Alkaline Carbonates cause a precipitate of (PbC03)2Pb(H0)2
-—“ white

lead ” —insoluble in excess, and also in potassium cyanide.
10. Fragments of zinc or iron in the presence of a little acetic acid cause the

separation of metallic lead in crystalline laminae.
(b) DRY REACTION.

(To be practised on red lead—Pb304, or litharge—PbO.)
Heated on charcoal in the inner blowpipe flame, a bead of metallic lead is

formed, which is soft and malleable, and soluble in dilute nitric acid. The
solution thus obtained gives the wet tests for lead.

GROUP II.
Metals which are not affected by acidulation with hydrochloric acid, but are

precipitated by passing sulphuretted hydrogen through the acidulated solution.

DIVISION A.
Metals which, when precipitated by sulphuretted hydrogen as above, yield

sulphides insoluble in ammonium sulphide.

I. MERCURICUM (Hg)."
(a) WET REACTIONS.

(To be practised on a solution of mercuric chloride—HgCl2.)
1. H2S after acidulation by HC1 (2nd group reagent) gives a black pre-

cipitate of mercuric sulphide—HgS—insoluble in ammonium sulphide
and nitric acid, and only soluble in nitro-hydrochloric acid. Care
must be taken that the sulphuretted hydrogen is passed really in excess,
and that the whole is warmed gently, as unless this be done, the pre-
cipitate is not the true sulphide, but a yellowish-brown dimercuric
sulpho-dichloride—Hg 2SCl2 . Although insoluble in any single acid,
mercuric sulphide may be caused to dissolve in hydrochloric acid by
the addition of a crystal of potassium chlorate.

2. KHO or NaHO both give a yellow precipitate of mercuric oxide—HgO—
insoluble in excess.

3. NH4HO produces a white precipitate of an insoluble mercur-ammonium
chloride—(NH 2Hg)Cl—also insoluble in excess.

4. KI yields a red precipitate of mercuric iodide, soluble in excess both of
the precipitant and the mercuric salt.

5. SnCl2, boiled with a mercuric solution, first precipitates mercurous chloride,
and then forms metallic mercury, as in the case of mercurosum
compounds.

6. Alkaline Carbonates (except ammonium carbonate) produce an immediate
reddish-brown precipitate of mercuric oxy-carbonate.

7. Fragments of Cu, Zn, or Fe precipitate metallic mercury in the presence
of dilute hydrochloric acid.

(b) DRY REACTION.
(To be tried on mercuric oxide—HgO—and on “ Ethiops mineral ”—HgS.)
All compounds of mercury are volatile by heat; the oxide breaking up into

oxygen and mercury, which sublimes, while the sulphide sublimes unaltered
unless previously mixed with sodium carbonate or some reducing agent.
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II. BISMUTH (Bi).
(a) WET REACTIONS.

(To be practised upon bismuth subnitrate, dissolved in water by the aid of
the smallest possible quantity of nitric acid, and any excess of the latter
carefully boiled off. This solution will then contain bismuth nitrate—
Bi(N0 3)3.

.

1. H2S after acidulation by HC1 {2nd group reagent) gives a black precipitate
of bismuth sulphide—Bi2S3—insoluble in ammonium sulphide, but
soluble in boiling nitric acid.

2. H 2S04 gives no precipitate (distinction from lead).
3. NH 4H0, KHO, and NaHO, all give precipitates of white bismuthous hydrate

—Bi 2H204 or BiO(HO) 2—insoluble in excess, and becoming converted
into the yellow oxide—Bi 203—on boiling.

4. Water—H20—in excess to a solution in which the free acid has been as
much as possible driven off by boiling, gives a white precipitate of a
basic salt of bismuth. This reaction is more delicate in the presence
of hydrochloric than of nitric acid; and the precipitate, which is in this
case bismuth oxy-chloride—BiOCl—is insoluble in tartaric acid (dis-
tinction from antimonious oxy-chloride).

5. K 2Cr04 yields a yellow precipitate of bismuth oxy-chrornate—Bi202Cr04
—

soluble in dilute nitric acid, but not in potassium hydrate (distinction
from plumbic chromate).

6. KI gives brown bismuthous iodide, soluble in excess.
7. Alkaline Carbonates give white precipitates of bismuth oxy-carbonate,

insoluble in excess.
8. Fragments of zinc added to a solution of bismuth cause a deposit of the

metal as a dark grey powder.
{b) DRY REACTION.

(To be practised upon bismuth subnitrate.)
Mixed with sodium carbonate—Na2C03—and heated on charcoal before the

blowpipe, a hard bead of metallic bismuth is produced, and the surrounding
charcoal is incrusted with a coating of oxide, deep orange-yellow while hot
and pale yellow on cooling.

III. COPPER (Cu.)
(a) WET REACTIONS.

(To be practised with a solution of cupric sulphate—CuS04.)

1. H2S after acidulation with HC1 {2nd group reagent) forms a precipitate of
brownish-black cupric sulphide—CuS—which is nearly insoluble in
ammonium sulphide, but soluble in nitric acid. Its precipitation is
prevented by the presence of potassium cyanide (distinction from
cadmium). When long exposed to the air in a moist state, it oxidises
to cupric sulphate and dissolves spontaneously.

2. NH4H0 causes a pale blue precipitate instantly soluble in excess, forming a
deep blue solution of tetrammonio-cupric sulphate—(NH 3)4CuS04H20.

3. Potassium ferrocyanide—K4FeCy6—yields a chocolate-brown precipitate of
cupric ferrocyanide—Cu2FeCy 6. This test is very delicate, and is not
affected by the presence of a dilute acid, but does not take place in an
alkaline liquid.

4. KHO or NaHO precipitates light-blue cupric hydrate—Cu(HO)3—insoluble
in excess, but turning to black cupric oxy-hydrate—(CuO)8Cu(HO) 2

—

on boiling.
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5. Potassium sodium tartrate (Rochelle salt)—KNaC 4H4 06—and NaHO added
successively, the latter in excess, produce a deep blue liquid (Fehling’s
solution), which when boiled with a solution of glucose (grape sugar)
deposits brick-red cuprous oxide—Cu20.

6. The Alkaline Carbonates behave like their respective hydrates.
7. Fragments of zinc or iron precipitate metallic copper from solutions acidu-

lated with HC1.
ib) DRY REACTIONS.

(To be practised upon cupric oxide—CuO—or verdigris—Cu2 0(C2H302)2.)
1. Heated with NagCOa and KCy on charcoal, in the inner blowpipe flame,

red scales of copper are formed.
2. Heated in the borax bead before the outer blowpipe flame, colors it green

while hot and blue on cooling. By carefully moistening the bead with
SnCl 2 and again heating, this time in the inner flame, a red color is
produced.

IV. CADMIUM (Cd).
(a) WET REACTIONS.

(To be practised with a solution of cadmium iodide—Cdl2.)

1. H2S after acidulation with HC1 {2ndgroup reagent) gives a yellow precipi-
tate of cadmium sulphide—CdS—insoluble in ammonium sulphide,
but soluble in boiling nitric acid. This precipitate does not form
readily in presence of much acid; but its production is not hindered
by the addition of potassium cyanide (distinction from copper).

2. NH4HO produces a white precipitate of cadmium hydrate—Cd(HO)2—
soluble in excess.

3. KHO or NaHO both give precipitates of cadmium hydrate—Cd(HO) 2 —

insoluble in excess (distinction from zinc).
4. Alkaline Carbonates precipitate cadmium carbonate—CdC0 3—insoluble

in excess.
(b) DRY REACTION.

(To be practised on cadmium carbonate—CdC03 .)

Heated on charcoal before the blowpipe, a brownish incrustation of oxide
is produced, owing to reduction of the metal and its subsequent volatilisation
and oxidation by the outer flame.

DIVISION B.
Metals which are precipitated by sulphuretted hydrogen in the presence of

hydrochloric acid, but yield sulphides which are soluble in ammonium sulphide.

I. ARSENIC (As).
(a) WET REACTIONS.

(To be practised with a solution of arsenious anhydride in boiling water
slightly acidulated by hydrochloric acid.)

i. H2 S, after acid«latio?i with HC1, causes a yellow precipitate of arsenious
sulphide—As2 S3—soluble in ammonium sulphide, forming ammonium
sulpharsenite—(NH 4)3AsS3—but insoluble in strong boiling hydro-
chloric acid (distinction from the sulphides of Sb and Sn). This
precipitate is also soluble in cold solution of commercial carbonate of
ammonia (distinction from the sulphides of Sb, Sn, Au, and Pt). Dried
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and heated in a small tube with a mixture of Na2C03 and KCy, it
yields a mirror of arsenic. (Detects i part of As in 8,000.)

2. Boiled with KHO and a fragment ofZinc, arseniuretted hydrogen—AsH 3—is evolved, which stains black a paper moistened with solution of
argentic nitrate and held over the mouth of the tube during the ebul-
lition (Fleitmann’s test).

3. Boiled with of its bulk of HC1 and a slip of Copper, a grey coating is
deposited on the copper of cupric arsenide. On drying the copper
carefully, cutting it into fragments, and heating in a wide tube, a

crystalline sublimate of arsenious anhydride—As 20 3
—

is obtained, which, when examined by a lens, is seen to
be in octahedral crystals, and, when dissolved in water,
gives a yellow precipitate of argentic arsenite—Ag3As0 3—with solution of ammonio-nitrate of silver {Reinch's
test). (Detects x part As in 40,000).

4. Placed in a gas bottle furnished with a jet (illustrated in
the margin), together with dilute sulphuric or hydro-
chloric acid and a few fragments of zinc, arseniuretted
hydrogen—AsH 3—is evolved, which may be lighted
at the jet, and burns with a lambent flame, producing

As203. If a piece of cold porcelain be held in the flame, dark spots of
arsenic are obtained, readily volatile by heat and soluble in solution
of chlorinated lime {Marsh's test). (Detects 1 part As in 200,000,000.)

Note.—For reactions of arsenites and arseniates, see Acidulous Radicals.

Fig. 16.

(b) DRY REACTION
(To be practised on arsenious anhydride—As203.)

Heated in a small tube with Na2C03 and KCy, a mirror of arsenic is pro-
duced, accompanied by a garlic-like odour. The same effect may be produced
with black flux.

II. ANTIMONY (Sb).
(a) WET REACTIONS.

(To be practised with a solution of tartar emetic (K(Sb0)C 4H 406 )2.H20.)
1. H2S, after acidulation by HC1, causes an orange precipitate of antimonious

sulphide—Sb2S3—soluble in ammonium sulphide, forming ammonium
sulphantimonite—(NH 4)3 SbS3 —also soluble in strong boiling hydro-
chloric acid, forming antimonious chloride—SbCl3—but insoluble in
cold solution of commercial carbonate of ammonia.

2. KHO and NaHO produce precipitates of antimonious oxide readily soluble
in excess to form antimonites (KsSb03 or NasSb03).

3. Acidulated with HC1 and introduced into a platinum dish with a rod of
zinc so held that it touches the platinum outside the liquid, a black
stain of metallic antimony is produced closely adherent to the platinum.
This stain is not dissolved by HC1 (tin reduced in the same manner
is granular and soluble in boiling HC1).

4. Reinch’s test (see Arsenic) produces a black coating on the copper, which,
when heated, forms an amorphous sublimate of Sb203 close to the copper

,

and insoluble in water, but dissolved by a solution of cream of tartar
in which H2S then produces the characteristic orange sulphide.

5. Marsh’s test (see Arsenic) yields stains of antimony on the porcelain, not
nearly so readily volatile by heat as in the case of arsenic, and not
discharged by solution of chlorinated lime.
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6. Fleitmann’s test will not act with antimony at all (distinction from
arsenic).

ip) DRY REACTION.
(To be practised on antimonious oxide—Sb203.)

Heated on charcoal with Na2C03 and KCy before the blowpipe, a bead
of metallic antimony is formed and copious white fumes of the oxide are
produced.

III. TIN (Sn« or Sn*).
(a) WET REACTIONS.

(To be practised with a solution of stannous chloride —SnCl2—and one of
stannic chloride—SnCU—prepared by warming the stannous solution with
a little nitric acid.)

1. H2S, after acidulation with HC1, produces a brown or yellow precipitate
of SnS or SnS 2 respectively, both soluble in ammonium sulphide and
in boiling hydrochloric acid.

2. KHO or NaHO both produce white precipitates of Sn(HO)2 or Sn(HO)4,
soluble in excess, the former to produce stannites and the latter start-
nates. The stannous solution is, however, reprecipitable on boiling,
while the stannic is not.

3. NH4HO produces similar precipitates, very difficultly soluble in excess.
4. Acidulated by HC1, and introduced into a platinum dish with a rod of

zinc, so held in the fluid that it touches the platinum outside the liquid,
granules of metallic tin are deposited, soluble in boiling HC1, to form
stannous chloride.

5- HgCl2 boiled with stannous salts deposits a grey precipitate of metallic
mercury.

(b) DRY REACTION.
(To be practised onputtypowder—Sn02.)

Heated on charcoal with Na2C03 before the blowpipe, a bead of metallic
tin is produced, and a white incrustation of oxide is formed on the charcoal.

IV. GOLD (Au).
(a) WET REACTIONS.

(To be practised with a solution of auric chloride—AuC13.)

1. H2S (group reagent) in the presence of HC1 gives black auric sulphide
—Au2S 3. If the solution be hot, aurous sulphide—Au 2S —falls. Both
are only soluble in nitro-hydrochloric acid, but they are soluble in
ammonium sulphide when it is yellow.

2. NH4HO precipitates reddish ammonium aurate, or fulminating gold—

Au 2(NH 3)202—but KHO gives no result.
3. Hydrogen oxalate (oxalic acid)—H 2 C.204 (or Ferrous sulphate—FeS04)

—when boiled with an acid solution throws down Au. Reducing agents
generally act thus. The liquid containing the metal may exhibit a blue,
green, purple, or brown color.

4. SnCl 2 throws down a brownish or purplish precipitate, known as “ purple
of Cassius,” consisting of the mixed oxides of gold and tin.

5. Zn, Cu, Fe, Pt, or almost any metal, gives a precipitate of metallic Au in
a finely divided state.
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(b) DRY REACTION.
(To be practised on any gold salt.)

Heated on charcoal with Na2C03, the metal is produced.

V. PLATINUM (Pt).
(a) WET REACTIONS.

(To be tested with a solution of platinic chloride—PtCl4.)

1. H2S {2ndgroup reagent) in presence of HCl gives a brown precipitate of
platinic sulphide—RS2. This precipitate forms slowly, and is readily
dissolved by yellow ammonium sulphide.

2. Potassium chloride—KC1—-in presence of HCl, especially after addition of
alcohol, produces a yellow crystalline precipitate of potassium platinic
chloride—PtK2Cl6—soluble to a moderate extent in water, but not in
alcohol. Decomposition takes place when this is strongly heated,
metallic Pt and KC1 remaining.

3. Ammonium chloride—NH4C1—gives a precipitate of ammonium platinic
chloride—Pt(NH4 )2Cl6 —which is almost identical in properties, but
is more readily decomposed by heat, pure platinum remaining.

4. Zn, Fe, and several other metals decompose platinic salts with the produc-
tion of the metal.

(b) DRY REACTION.
(To be practised upon potassium platinic chloride—PtK2Cl6.)

Heat on charcoal, with or without Na2C03, before the blowpipe. The
metal is produced by reduction.

GROUP III.
Metals which escape precipitation by sulphuretted hydrogen in presence

of hydrochloric acid, but which are precipitated by ammonium sulphide in the
presence of ammonium hydrate, ammonium chloride having been previously
added to prevent the precipitation of magnesium.

DIVISION A.
Metals which, in the insured absence of organic matter, are precipitated as

hydrates by the addition of the ammonium chloride and ammonium hydrate
only.

I. IRON {Ferrous, Fe ; and Ferric,
Fe 2).

(a) WET REACTIONS.
(To be practised successively on solutions of ferrous sulphate—FeS04—and

ferric chloride—Fe2Cl6 .)

J. NH4H0 in the presence of NH 4C1 (group reagent) yields either a dirty-
green precipitate of ferrous hydrate—Fe(HO)2—or a reddish-brown
precipitate of ferric hydrate—Fe2(HO) 6 . The former is slightly soluble
in excess, but the latter is insoluble, and it is therefore preferable
always to warm the solution with a little nitric acid, to insure the
raising of the iron to the ferric state, before adding the ammonium
hydrate. The presence of organic acids, such as tartaric or citric,
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prevents the occurrence of this reaction; and therefore, if any such
admixture be suspected, the solution should first be evaporated to dry-
ness, the residue heated to redness, and then dissolved in a little
hydrochloric acid, heated with a drop or two of nitric acid, diluted,
and lastly, the NH 4C1 and NH 4HO added and boiled.

2. NH 4HS, added to a neutral or alkaline solution, produces a precipitate
of ferrous sulphide—FeS—which is black (distinction from Al, Ce,
Cr, Mn, and Zn), and readily soluble in cold diluted hydrochloric
acid (distinction from the black sulphides of Ni and Co). This re-
action takes place even in the presence of organic matter, and the
precipitated sulphide, if exposed to the air, gradually oxidises to fer-
rous sulphate—FeS04—and disappears. It is insoluble in acetic acid
(distinction from MnS).

3. K 4FeCy6 , in a neutral or slightly acid solution, gives, with ferrous salts, a
white precipitate (rapidly changing to pale blue) of Everett’s salt—potas-
sium ferrous ferrocyanide—K2Fe * FeCy6—and with ferric salts, a dark
blue precipitate of Prussian blue—ferric ferrocyanide (Fe 2)2(FeCy 6 )3.

These precipitates are decomposed by alkalies, producing the hydrates
of iron, and forming a ferrocyanide of the alkali in solution; but the
addition of hydrochloric acid causes the re-formation of the original
precipitate.

4. Potassium ferricyanide—K6Fe2Cy12—gives, with ferrous salts, in neutral or
slightly acid solutions, a dark blue precipitate of Turnbull’s blue—-
ferrous ferricyanide, Fe 3Fe 2Cy12—but with ferric salts it gives no pre-
cipitate, simply producing a brownish liquid. With alkalies, Turnbull’s
blue is decomposed, yielding black ferroso-ferric hydrate, and a ferri-
cyanide of the alkali; but the addition of hydrochloric acid reproduces
the original blue.

5. Potassium thiocyanate (sulphocyanate )—KCyS —gives no precipitate with
ferrous salts, but with ferric compounds it yields a deep blood-red
solution. This colour is not discharged by dilute hydrochloric acid
(distinction from ferric acetate), but immediately bleached by solution
of mercuric chloride (distinction from ferric meconate).

6. KHO, or NaHO, produces effects similar to those of ammonium hydrate.
7. Lisodium phosphate—Na2HP04

—in thepresence <?/NaC,H302 or NH 4C 2H302
—gives a whitish gelatinous precipitate of ferrous or ferric phosphates—
Fe 3(P04)2 or Fe2(P04 )2—insoluble in acetic acid, but soluble in hydro-
chloric acid. The previous addition of citric or tartaric acids prevents
this reaction.

8. Sodium acetate—NaC2 H 302—added in excess toferricsalts, produces a deep
red solution of ferric acetate—Fe2(C2H302)6—which on boiling deposits
as a reddish-brown ferric oxyacetate —Fe20(C2H302 )4. This precipi-
tate dissolves slightly on cooling; but iron can be entirely precipitated
in this form if the solution be instantly filtered while hot.

9. Alkaline Carbonates, added to a ferrous salt, precipitate white ferrous
carbonate—FeC03 —but with ferric salts throw down the reddish-brown
ferric hydrate already described.

(b) DRY REACTIONS.
(To be practised on ferric oxide.)

1. Heated on charcoal before the inner blowpipe flame, a black magnetic
powder is obtained, which is not the metal, but is ferroso-ferric oxide
—Fe304 .

2. Heated in the borax bead in the inner blowpipe flame, a bottle-green
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color is produced; but in the outer flame the bead is deep red while
hot, and very pale yellow when cold.

II. CERIUM (Ce).
(a) WET REACTIONS.

(To be practised on cerous chloride—CeCl2—prepared by boiling cerium
oxalate with sodium hydrate, washing the insoluble cerous hydrate with
boiling water, and dissolving it in the least possible excess of hydrochloric
acid.)

1. NH 4H0 in the presence of NH4C1 {group reagent) gives a white precipitate
of cerous hydrate—Ce(HO)2—insoluble in excess.

2. KHO and NaHO give a similar precipitate, turning to yellow ceroso-ceric
oxide—Ce304—on the addition of chlorine water.

3. Ammonium oxalate—(NH4 )2C204—gives a whiteprecipitate of cerous oxalate
—CeC204—insoluble in excess, and not readily dissolved even by hydro-
chloric acid. The presence of citric or tartaric acid does not interfere
with this reaction.

4. Potassium sulphate—K 2S04—in a saturated solution causes the formation
of white crystalline potassium cerium sulphate—K 2Ce(S0 4 )2—soluble
in hot water.

{b) DRY REACTIONS.
(To be practised on cerium oxalate.)

1. Heated to redness in contact with the air, a deep red residue of ceric
oxide—CesOs —is obtained, difficultly soluble even in strong hydro-
chloric acid.

2. Heated in the borax bead, cerium behaves like iron in the outer flame,
but the inner flame yields a colorless or opaque yellow bead.

III. ALUMINIUM (Al).
(a) WET REACTIONS.

(To be practised on a solution of covunon alum.)
1. nh4ho in presence of NH4 C1 {group reagent) gives a gelatinous white pre-

cipitate of aluminic hydrate—Al 2(HO) 6 . This precipitate is slightly
soluble in a large excess of the precipitant, but separates completely
on boiling.

2. KHO and NaHO both give a similar precipitate, soluble in excess, but
reprecipitated by boiling with an excess of ammonium chloride, or by
neutralising with hydrochloric acid and boiling with a slight excess
of ammonium hydrate.

3. Na2HP04 in the presence of NaC2H302 or NH4C2H302 gives a white
precipitate of aluminic phosphate—A1P04—insoluble in hot acetic
acid, but soluble in hydrochloric acid. The presence of citric or
tartaric acids prevents the occurrence of this reaction.

{b) TRY REACTION
(To be practised on dried alum.)

Heat strongly on charcoal before the blowpipe, when a strong incandescence
is observed, and a white residue is left. Moisten this residue with a drop of
solution of cobaltous nitrate—Co(N03)2—and again heat strongly, when a
blue mass is left. This test is not decisively characteristic, as other substances,
such as zinc and earthy phosphates, show somewhat similar colors.
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IV. CHROMIUM (Cr).
(a) WET REACTIONS.

(To be practised on a solution of potassium chromic chloride, prepared by
dissolving potassium dichromate—K2Cr207—in water, acidulating with
hydrochloric acid, heating and dropping in alcohol till the solution turns
green.)

1. NH 4H0 in the presence <?/"NH4Cl {group reagent) precipitates green chromic
hydrate—Cr2(HO) 6 —slightly soluble in excess, but entirely reprecipi-
tated on boiling. The presence of citric or tartaric acid interferes
with the completeness of this reaction.

2. KHO, or NaHO, gives similar precipitates, freely soluble in excess when
cold, but entirely reprecipitable by continued boiling.

3. Chlorinated soda—Na2 OCl2—or Plumbic peroxide—Pb02—boiled with an
alkaline solution of a chromium salt, produces a yellow solution of
sodium chromate—Na2Cr0 4.

4. NaHP04 in the presence of NaC2 H3 02 or NH 4C2H 302 throws down pale
green chromic phosphate—CrP04—soluble when freshly precipitated
in excess of hot acetic acid, and freely soluble in hydrochloric acid.
The presence of organic acids prevents this reaction.

{b) DRY REACTIONS.
1. Heated in the borax bead in the inner blowpipe flame, a fine green

color is obtained.
2. Fused on platinum foil, with a mixture of KNaC0 3 and KN0 3, a yellow

residue is obtained, consisting of chromates of the alkalies used.
This mass is soluble in water, yielding a yellow solution turned deeper
in color by the addition of hydrochloric acid, owing to the formation
of dichromates, and becoming green on warming and dropping in
rectified spirit.

DIVISION B.
Metals the hydrates of which, being soluble in excess of ammonium hydrate

in the presence of ammonium chloride, escape precipitation by that reagent,
but are separated as insoluble sulphides by the addition of ammonium sulphide
to the same liquid.

I. MANGANESE (Mil).
(a) WET REACTIONS.

(To be practised on a solution of potassium manganous chloride, prepared by
heating a solution of potassium permanganate with hydrochloric acid, and
dropping in alcohol until a colorless solution is obtained.)

I. nh4hs in the presence tf/NH4Cl and NH 4H0 {group reagent) precipitates
a flesh-colored manganous sulphide —MnS—soluble in dilute and
cold hydrochloric acid (distinction from the sulphides of Ni and
Co). It is also soluble in acetic acid (distinction from zinc sulphide).
This precipitate forms sometimes very slowly and only after gently
warming. If a good excess of NH 4C1 has not been added, or if, after
adding the excess of ammonium hydrate, the solution be exposed to
the air, a portion of the manganese will sometimes precipitate sponta-
neously, as manganic dioxyhydrate—Mn202(H0) 2—and be found with
the iron, etc., in the first division of the third group. In this case its
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presence will be easily made manifest during the fusion for chromium
by the residue being green. It is therefore evident that small quan-
tities of manganese cannot be perfectly separated from large quantities
of iron by NH4C1 and NH4HO only.

2. KHO and NaHO both yield precipitates of manganous hydrate insoluble
in excess, and converted by boiling into dark brown manganic dioxy-
hydrate—Mn20 2(H0)2.

3. NH4HO gives a similar precipitate, soluble in excess of ammonium chloride,
but gradually depositing as Mn 202(H0)2 by exposure to the air. For
this reason, if the presence of manganese be suspected, the addition
of NH4CI and NH4HO must be followed by instant filtration, and any
cloudiness coming in the filtrate must be simply taken as indicating
manganese, and disregarded.

4. K4FeCy 6 gives a precipitate of manganous ferrocyanide —Mn2FeCy 6—very
liable to be mistaken for the corresponding zinc compound.

5. Boiled with plumbic peroxide and nitric acid a violet colour is produced in
the liquid, due to the formation of permanganic acid. ( Crum’s test.)

(b) DRY REACTIONS.
(To be practised upon manganese peroxide—Mn02.)

1. Fused on platinum foil with KHO and a crystal of KC103, a green mass
of potassium manganate is formed. This residue is soluble in water,
yielding a green solution, turning purple on boiling, owing to the
formation of potassium permanganate. The solution is rendered
colorless by heating with hydrochloric acid and dropping in alcohol,
the operation being accompanied by the odor of aldehyd.

2. Heated in the borax bead in the outer blowpipe flame, a color is produced
which is violet-red while hot and amethyst on cooling. The bead is
rendered colorless by the reducing flame.

II. ZINC (Zn).
(a) WET REACTIONS.

(To be practised on zinc sulphate—ZnS04.)

1. NH4HS in thepresence ofNH4 C1 and NH4H0 (group reagent ) gives a white
precipitate of zinc sulphide—ZnS—insoluble in acetic acid, but readily
soluble in dilute hydrochloric acid.

2. KHO, NaHO, and NH4HO, all give precipitates of gelatinous white zinc
hydrate, soluble in excess to form zincates. The addition of sulphu-
retted hydrogen or ammonium sulphide reprecipitates the zinc as zinc
sulphide—ZnS.

3- K4FeCy 6 gives a gelatinous white precipitate of zinc ferrocyanide—
Zn 2FeCy6—insoluble in dilute acids.

4. Alkaline Carbonates precipitate ZnC03(Zn2H0) 2H20—zinc hydrato-
carbonate—insoluble in excess of the carbonates of potassium and
sodium, but soluble in that of ammonium. The latter solution, diluted
and boiled, deposits the oxide.

(b) DRY REACTIONS.
(To be practised on zinc carbonate.)

1. Salts of zinc heated leave the oxide yellow while hot, and white on
cooling.
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2. Heated on charcoal before the blowpipe an incrustation forms, yellow
while hot, and white on cooling. Moisten with a drop of cobaltous
nitrate—Co(N0 3)2—and again heat it in the outer flame, when a fine
green color is produced.

III. NICKEL (Ni).
(a) WET REACTIONS.

(To be practised on a solution of nickelous sulphate—NiS04.)

1. NH4HS in the presence of NH4 C1 and NH 4HO ( group reagent ) gives a black
precipitate of nickelous sulphide—NiS—slightly soluble in excess, but
entirely precipitated on boiling. It is not soluble in cold dilute
hydrochloric or in acetic acid, but requires boiling with strong
hydrochloric acid, and sometimes even the addition of a drop or two
of nitric acid.

2. KHO or NaHO both give a green precipitate of nickelous hydrate—
Ni(HO)2—unaltered by boiling (distinction from cobalt).

3. Potassium nitrite—KN02—added to a neutral solution, followed by an
excess of acetic acid, gives no precipitate (after standing some hours)
on the addition of potassium acetate and rectified spirit (very useful
separation from cobalt).

4- KCy in excess produces a greenish-yellow precipitate of nickelous cyanide
—NiCy 2—which quickly redissolves. On adding a drop of hydro-
chloric acid and boiling in a fume chamber, and repeating this till no
more fumes of hydrocyanic acid come off, and then adding sodium
hydrate, a precipitate of nickel hydrate is produced. It is better,
although less convenient, to use a strong solution of chlorinated soda
in the last stage, when nickelic hydrate—Ni(HO)6—is slowly pre-
cipitated (separation from Co, which gives no precipitate).

5. Alkaline Carbonates behave, so far as color and solubility in excess are
concerned, like their respective hydrates.

(b) DRY REACTIONS.
1. Heated on charcoal with Na2C03 in the inner blowpipe flame, a grey

metallic and magnetic powder is produced.
2. Heated in the borax bead in the outer blowpipe flame, red to violet-brown

is produced while hot, and a yellowish to sherry-red when cold.
These colors might be mistaken for those of iron; but on fusing a
small fragment of potassium nitrate with the bead, its color at once
changes to blue or dark purple (distinction from Fe).

IV. COBALT (Co).
(a) WET REACTIONS.

(To be practised on a solution of cobaltous nitrate—Co(N0 3)2 .)

1. NH4HS in the presence of NH4C1 and NH 4H0 (group reagent) gives a black
precipitate of cobaltous sulphide—CoS—insoluble in acetic and cold
dilute hydrochloric acid, and requiring to be boiled with the strongest
HC1, often with the addition of a drop or two of nitric acid before
solution is effected.

2. KHO, or NaHO, gives a blue precipitate of cobaltous hydrate—Co(HO)2
—

rapidly changing to pink on boiling (distinction from nickel).
3- KCy gives a light brown precipitate of cobaltous cyanide, rapidly soluble
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in excess, but reprecipitated by excess of dilute hydrochloric acid. If,
however, the HC1 be added drop by drop just so long as it causes
the evolution of hydrocyanic acid fumes on boiling,* soluble potassium
cobalticyanide—K 6Co2Cy 12—results, which is not decomposed by
hydrochloric acid; nor is any precipitate produced on adding excess
of sodium hydrate or chlorinated soda (separation from nickel).

4. Alkaline Carbonates throw down basic carbonates, behaving like the
respective hydrates.

(b) DRY REACTIONS.
1. Heated on charcoal with Na 2C03 in the inner blowpipe flame, the cobalt

separates as a grey magnetic powder.
2. Heated in the borax bead, first in the outer and then in the inner flame,

a fine blue color is produced. It is an important distinction of cobalt
from copper, manganese, etc., thatprolonged heating in the inner flame
does not affect this blue.

GROUP IV.
Metals the hydrates and sulphides of which, being soluble, are not precipi-

tated by the addition of NH 4HO and NH 4HS in the presence of NH 4C1,
but separate as insoluble carbonates on the addition of ammonium carbonate
to the same solution.

I. BARIUM (Ba).
(a) WET REACTIONS.

(To be practised on a solution of barium chloride—BaCl2.)

1. Ammonium carbonate—(NH 4)2C0 3—in thepresence <?/NH 4ClWNH4HO
(group reagent) produces a white precipitate of barium carbonate—
BaC0 3—soluble with effervescence in dilute acetic acid.

2. H2S0 4 and all soluble Sulphates give a white precipitate of barium sul-
phate—BaS04—insoluble in ammonium acetate or tartrate (distinction
from PbSC>4) and also in boiling nitric acid.

3. K2Cr0 4 gives a yellow precipitate of barium chromate—BaCr04—insoluble
in water and in dilute acetic acid, but soluble in hydrochloric acid
(distinction from Sr and Ca).

4. (NH4 )2C 204 gives a white precipitate of barium oxalate—BaC204—not
readily formed in the presence of much acetic acid.

5. Na2HP04 gives a white precipitate of barium hydrogen phosphate-—
BaHP04—soluble in acetic acid, and to some extent in ammonium
chloride.

(b) TRY REACTION
(To be also practised on barium chloride.

If a platinum wire be dipped first in hydrochloric acid and then in the salt,
and held in the inner blowpipe or Bunsen flame, the outer flame is coloured
yellowish-green.

* This must be done in a fume chamber, as it is a highly poisonous operation if the fumes
should happen to escape into the room.
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II. STRONTIUM (Sr).
(a) WET REACTIONS.

(To be practised on strontium nitrate—Sr(N03)2 .)

1. (NH4)2C0 3 (group reagent) in the presence of NH 4C1 and NH 4H0 gives
a white precipitate of strontium carbonate—SrCOs—soluble in dilute
acetic acid.

2. H2S04,
or a soluble sulphate (preferably calcium sulphate), yields a white

precipitate of strontium sulphate—SrS04—which only separates com-
pletely from dilute solutions on allowing them to stand in a warm
place for some hours. It is insoluble in a boiling strong solution of
ammonium sulphate rendered alkaline by ammonium hydrate (distinc-
tion from calcium sulphate).

3. The other reactions are similar to those of calcium.

(b) DRY REACTION.

(To be also practised on Sr(N03)2 .)

A platinum wire moistened with hydrochloric acid, dipped in the substance
and introduced into the inner blowpipe or Bunsen flame, colors the outer
flame crimson.

III. CALCIUM (Ca).

(a) WET REACTIONS.
(To be practised on a solution of calcium chloride—CaCl2 .)

1. (NH 4)2 C0 3 in presence of NH 4C1 and NH 4H0 (group reagent) produces a
white precipitate of calcium carbonate—CaC03—soluble in acetic acid
and settling best on warming.

2. (NH 4)2C204 precipitates white calcium oxalate—CaC204—insoluble in
acetic or oxalic acids, but soluble in hydrochloric acid.

3. H2S04 in strong solutions produces a precipitate of calcium sulphate—
CaS04. Being slightly soluble in water, it does not form in dilute
solutions, nor is it precipitated by a saturated solution of calcium
sulphate (distinction from Ba and Sr). It is soluble in a boiling
saturated solution of ammonium sulphate containing excess of ammo-
nium hydrate, but quite insoluble in a mixture of two parts alcohol
and one part water.

4. Na2HP04 produces a white precipitate of dicalcium phosphate—CaHP04
—soluble in acetic acid.

{b) DRY REACTION
(To be practised on calcium carbonate—CaC03.)

A platinum wire moistened with hydrochloric acid, dipped in the substance
and held in the inner blowpipe or Bunsen flame, colors the outer flame
yellowish-red. This reaction is masked by the presence of barium or
strontium.
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GROUP V.
Metals not precipitable either as sulphide, hydrate, or carbonate, including

magnesium the precipitation of which as hydrate or carbonate has been
prevented by the presence of ammonium chloride.

I. MAGNESIUM (Mg).
(a) WET REACTIONS.

(To be practised on a solution of magnesium sulphate—MgS04.)
1. Na2HP04 in thepresence and NH 4HO produces a white crystalline

precipitate of ammonium magnesium phosphate—MgNH 4P04 . It
is slightly soluble in water, and scarcely at all in water containing
ammonium hydrate, but entirely soluble in all acids. In very dilute
solutions it only forms on cooling and shaking violently, or on rubbing
the inside of the tube with a glass rod.

2. (NH4 )2 HAs04 produces a similar precipitate of magnesium arseniate—

—MgNH4As04 —possessing like features.
3. KHO, NaHO, and NH4H0 give precipitates of magnesium hydrate—

Mg(HO)2—insoluble in excess, but soluble in the presence of
ammonium salts. The alkaline carbonates (except ammonium car-
bonate) precipitate magnesium carbonate, also soluble in ammonium
salts.

4. Calciumhydrate (lime water)—(CaHO) 2—and Barium hydrate (baryta water)
—Ba(HO)2—produce a similar effect. Either of these reagents is useful
for the separation of magnesium from all the alkalies except ammonium.
The solution, which must contain no ammonium salts, is treated with
excess of either lime or baryta water. The precipitated magnesium
hydrate is then filtered out and excess of ammonium carbonate added,
which precipitates in turn the excess of Ca or Ba employed, and leaves
K, Na, or Li in solution.

(b) DRY REACTION.
(To be practised on magnesium oxide.)

Heated on charcoal before the blowpipe, it becomes strongly incandescent,
and leaves a white residue, which when moistened with a drop of solution of
cobaltous nitrate—Co(N03)2—and again heated, becomes rose-coloured.
This test is not, however, infallible.

II. LITHIUM (Li).
(a) WET REACTIONS.

(To be practised on a solution of lithium chloride, prepared by dissolving
lithium carbonate in dilute hydrochloric acid.)

1. Na2HP04 in strong solutions produce a white precipitate of lithium phos-
phate—Li 3P04 —on boiling only (distinction from Mg). It is soluble
in hydrochloric acid, and reprecipitated by boiling with ammonium
hydrate.

2. Na2C0 3 and even NaHO, in very strong solutions, yield the carbonate and
hydrate respectively.

3. Platinic chloride—PtCl4 —gives no precipitate (distinction from potassium).
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(1) DRY REACTION
(To be practised with lithium carbonate.)

A platinum wire, moistened with hydrochloric acid, dipped in the substance
and held in the inner blowpipe or Bunsen flame, colours the outer flame
carmine red. The presence of sodium disguises this reaction.

III. POTASSIUM (K).
WET REACTIONS.

(To be practised on solution of potassium carbonate treated with dilute HC1
till effervescence ceases, forming potassium chloride—-KC1.)

1. PtCl4, in strong solutions, gives a yellow crystalline precipitate of potas-
sium platino-chloride—K 2PtCl6—soluble on great dilution, especially
on warming, but insoluble in acids, alcohol, and ether.

2. Hydrogen tartrate (tartaric acid)—H2 C4H406 —throws down, from strong
solutions only, a white crystalline precipitate of potassium hydrogen
tartrate—KHC4H 406—soluble in much cold water, rather freely in
hot water, readily in acids and in KHO or NaHO, and not formed
unless the original solution be nearly neutral. Its separation is facili-
tated by stirring and shaking violently, in which case it settles quickly.

3. Hydrogen silicofluoride (hydrofluosilicic acid )—H 2SiF6 —yields white gela-
tinous potassium fluosilicate—K 2SiF6—sparingly soluble in water.

DRY REACTION
(To be practised on potassium carbonate—K 2C03.)

Dip a platinum wire, moistened with HC1, in the salt. Held in a Bunsen
flame a violet color is imparted. The masking effect of Na (yellow ) is
obviated by viewing the flame through indigo glass.

IV. SODIUM (Na).
WET REACTIONS.

(To be tested with solution of sodium chloride—NaCl.)
1. KSbO s (potassium metantimoniate') gives a white granular precipitate of

sodium metantimoniate—NaSb03—from strong solutions only, which
must be neutral or alkaline. This precipitate is insoluble in alcohol.

2. H2SiF 6 gives a similar precipitate to that obtained with K salts in concen-
trated solutions only.

Sodium salts are, practically, all soluble in water, and there is no thoroughly
trustworthy wet reaction which, can be applied to detect small quantities.
If we have a solution which gives no precipitate with any of the group
reagents, but leaves, on evaporating, a fixed residue capable of imparting a
strong yellow color to the Bunsen flame (dry reaction), we may infer with
certainty the presence of sodium.

V. AMMONIUM (NH4 ).

WET EEACTIONS.
(To be tested with solution of ammonium chloride—NH4C1.)

1. PtCl4 produces a heavy yellow precipitate of ammonium platino-chloride—-
(NH4)2PtCl6 —which, being rather soluble in water, is not formed in
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dilute solutions, unless alcohol, in which it is insoluble, be added in
considerable quantity. When ignited, pure spongy platinum is left.
This precipitate may be distinguished from that with K salts by adding,
after ignition, a little water and AgN03, when no white precipitate of
AgCl is formed (the K salt leaves KC1 on being strongly heated).

2. H2C4H4 06 yields ammonium hydrogen tartrate—(NH 4)HC4H406—almost
identical with KHC 4H406 in its properties. On ignition, however, the
latter gives a black residue, which turns moistened red litmus paper
blue (K 2C03 and C), the former leaving pure C without reaction.

3. NaHO or Ca(H0) 2 boiled with the solution causes the evolution of ammonia
gas—NH3. A glass rod dipped in HC1 or HC 2H302 produces, when
held over a mixture evolving NH 3 , white clouds (solid NH4 salts), and
moist red litmus paper is turned blue.

4. Nessler’s Solution (Hgl 2 dissolved in KI and KHO added) gives a
yellow or brown color or a brown precipitate of dimercuric ammonium
iodide—N(Hg'')2I—with all NH 4 salts. This reaction is extremely
delicate, and the estimation of NH4 in water is founded upon it.

DRY REACTIONS.
Ammonium salts volatilise (i) with decomposition, leaving a fixed acid

(ie.g.., phosphate); (2) wr ith decomposition, leaving no residue whatever (e.g.,

sulphate, nitrate); (3) without decomposition, when they are said to sublime
(e.g., chloride, bromide, etc.)



CHAPTER III.

DETECTION AND SEPARATION OF ACIDULOUS
RADICALS.

1. HYDROFLUORIC ACID and FLUORIDES.
(The test for fluorides undernoted may be practised on fluor spar—CaF2.)

Hydrofluoric Acid, or Fluoric Acid, is known—-
1. By its strongly acid reaction and corrosive power.
2. By its action upon glass, from which it dissolves out silicic acid—

Si0 2—thus roughening the surface and rendering it semi-opaque
or translucent, and white; a colorless gas, silicic fluoride—

SiF 4—passing off.
Fluorides are detected as follows :—

The mineral or salt is finely powdered, and introduced into a leaden dish
with a little sulphuric acid. A piece of glass, previously prepared by coating
its surface with wax, and etching a few letters on the waxed side with the
point of a pin, is placed over the dish, waxed side down. A gentle heat is
then applied, but not sufficient to melt the wax, and the operation continued
for some time. The glass is then taken off, and the wax removed from it;
when, if fluorine was present, the letters written on the waxed surface will be
found engraved upon it by the action of the hydrofluoric acid.

2. CHLORINE, HYDROCHLORIC ACID, and CHLORIDES. •

Free Chlorine—Cl2—may be detected—

1. By its odor.
2. By turning paper dipped in solution of potassium iodide brown.
3. By bleaching a solution of indigo or litmus.

Hydrochloric Acid—HC1—may be recognised—-
1. By its acidity and odor of its fumes.
2. By producing dense white fumes when a rod dipped in ammonium

hydrate is held over the mouth of the bottle.
3. By giving a curdy white precipitate of argentic chloride with argentic

nitrate, instantly soluble in ammonium hydrate.
Chlorides give the following reactions (to be practised with any soluble

chloride, say NaCl) : —
1. Heated with sulphuric acid they evolve white fumes of HC1.
2. Heated with H2S0 4 and Mn02 they evolve chlorine.
3- AgN03 in the presence 3 gives a white precipitate of argentic

chloride—AgCl—insoluble in boiling nitric acid, but instantly
soluble in dilute ammonium hydrate of a strength of 1 in 20.
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4. The solid substance mixed with K2Cr207 and distilled with H2SC>4
yields chloro-chromic oxide—CrCl202—in red fumes which, when
passed into dilute ammonium hydrate, color it yellow, owing
to the formation of ammonium chromate—(NH 4)2Cr04 . The
yellow should change readily to green on the addition of a
few drops of sulphurous acid.

Insoluble Chlorides should be first boiled with strong sodium hydrate and
the whole diluted and filtered. The chloride is then transferred to the
sodium, and is to be searched for in the filtrate by acidulating with nitric acid
and adding argentic nitrate, as above described.

3. HYPOCHLORITES.
(Practise on a solution of chlorinated lime—CaOCl2).

Hypochlorites are all readily soluble in water, are contained in the so-called
chlorinated compounds, and are recognised—-

1. By having an odor of chlorine.
2. By giving a blue with potassium iodide, starch paste, and acetic acid,

due to liberation of chlorine.

4. CHLORATES.
(To be practised on potassium chlorate—KC103.)

1. Heated on charcoal, they deflagrate.
2. Heated with strong sulphuric acid, they evolve chlorine peroxide—

C12C>4—which is yellow and explosive.
3. Their solutions yield no precipitate with argentic nitrate; but if a

little of the solid be heated to redness, and the residue dissolved
in water, a precipitate of argentic chloride is obtained. The
same reduction from chlorate to chloride may also be effected
by adding zinc and dilute sulphuric acid to the solution.

4. Mixed with KI and starch paste, and acidulated with acetic acid,
they give no blue (distinction from hypochlorites), but on
adding HC1 a blue is developed.

5. PERCHLORATES.
These are distinguished from chlorates—-

1. By giving off perchloric acid —HC10 4—when heated with sulphuric acid,
without explosion or evolution ofchlorine peroxide.

2. Like chlorates, they require reduction to chlorides before giving a precipitate with
argentic nitrate.

6. BROMINE, HYDROBROMIC ACID, and BROMIDES.
Bromine—Br2—is distinguished—-

1. By its appearance—heavy, reddish-brown liquid, giving off reddish
fumes of a very penetrating, unpleasant odor.

2. By turning starch paste yellow or pink.
3. When present in small quantity in solution, on adding a few drops

of chloroform and shaking, an orange color is imparted to
that liquid, which sinks to the bottom of the aqueous solution.

Hydrobromic Acid—HBr—is known—
By its acid reaction and the production of fumes of bromine when

heated with strong sulphuric acid.
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Bromides are all soluble in water, except the silver, mercurous, and lead salts;
they are detected by the following characters (to be practised
on potassium bromide—KBr) :

1. Heated with strong sulphuric acid, they evolve red vapors of
bromine.

2. A similar effect is produced by sulphuric acid and metallic
dioxides, such as Pb02, Mn02.

3. Mixed with starch paste, and a few drops of chlorine water
carefully added, they give an orange color (starch bromide).

4. Mixed in a long tube with chloroform, and a few drops of chlorine
water added, the whole, when shaken well together, leaves a
characteristic reddish-colored stratum at the bottom of the
liquid in the tube, due to free bromine in the chloroform.

5. With argentic nitrate they give a dirty-white precipitate of argentic
bromide, insoluble in nitric acid, slowly soluble in ammonium
hydrate, but insoluble in dilute NH4HO, of a strength of 1 in 20

(argentic chloride dissolves).
6. Distilled with potassium dichromate and sulphuric acid, red fumes

are evolved, which give no color when passed into ammonium
hydrate (distinction from chlorides).

Insoluble Bromides should be first boiled with NaHO, as described under
insoluble chlorides.

7. HYPOBROMITES.
These are very similar to hypochlorites, and react as follows : —-

1. They decompose by heat, leaving a bromide ;
2. On boiling with an alkali, a mixture of bromide and bromate results,

8. BROMATES.
These are recognised—-

1. By deflagrating on charcoal, leaving the correspondingbromide.
2. By liberating bromine on the addition of dilute sulphurous acid.

9. IODINE, HYDRIODIC ACID, and IODIDES.
Iodine—12—is readily known by its glistening black scales, its odor, the

violet vapor on heating, and the production of blue iodide of starch on
adding a solution to starch paste.

Hydriodic Acid—HI—in the gaseous state, is known by the formation
of a brown color on holding paper moistened with chlorine water (blue if
also dipped in starch paste) over a tube in which it is being evolved.

Iodides are readily known by the following reactions (which may be
practised on a solution of potassium iodide, KI):—

1. Heated with strong sulphuric acid they give a liberation of iodine
with violet fumes.

2. Mucilage of starch and chorine water or strong nitric acid (if not
added too plentifully) produces blue iodide of starch, decom-
posed by heat, but re-formed on cooling; also destroyed by
excess of Cl (iodine trichloride—IC13—being produced).

3. The light yellow precipitate of argentic iodide—Agl—formed when
a solution (containing alkaline metals only) is added to
argentic nitrate dissolved in water. The precipitate, when
freed from the supernatant liquid, does not dissolve in hot
HNO3, and is practically insoluble in ammonium hydrate,
being thus distinguished from a chloride.



DETECTION, ETC., OF ACIDULOUS RADICALS.32

4. A neutral solution (produced, if alkaline in the first place, by the
cautious addition of dilute HN03 ; if acid, by dropping in
KHO solution until test-paper is unaffected) gives with one
part of cupric sulphate—CuS04—and three parts, or rather
less, of ferrous sulphate —FeS04—dissolved in a little water,
a greyish precipitate of cuprous iodide—(Cu2 )'T3 .

The same precipitate is produced if sulphurous acid—H 2S0 3—be used with the cupric sulphate instead of ferrous sulphate.
5. Palladious Chloride—PdCl2—or palladious nitrate—Pd(N0 3)2

—

gives a black precipitate of palladious iodide—Pdl2—decom-
posed somewhat below the temperature of boiling mercury,
iodine being evolved, and the metal left. This is a very
expensive but efficient separation.

6. Mercuric chloride and plumbic nitrate give respectively red and
yellow precipitates with soluble iodides.

10. IODATES.
(Practise on solution of potassium iodate —KI03.)

Iodates are known—-
1. By giving, when heated with strong sulphuric acid, effects likely to be mistaken

for chlorates.
2. By giving a blue with starch paste on the addition of sulphurous acid.
3. By giving a blue with starch paste on the addition of potassium iodide and

tartaric acid.
4. By yielding a precipitate of ferric oxy-iodate on adding ferric chloride.

11. PERIODATES.
Periodates are distinguished—-

1. By giving a precipitate with BaClj, in a neutral solution, which is not decomposed
by digesting with ammonium carbonate and a little NH4HO. Iodates leave
barium carbonate, which when washed dissolves in acid with effervescence.

2. By adding Hg(N03)2 and treating the yellowish precipitate with SnCl2 . It turns
green, Hgl2 being produced.

12. WATER and HYDRATES.
Water is recognised—-

1. By its absolute neutrality to test-paper.
2. By its evaporating without residue, fumes, or odor of any kind.
3. By its turning white anhydrous cupric sulphate blue.
4. By its yielding pure hydrogen when boiled and the steam passed

slowly over copper turnings heated to bright redness in an iron
tube.

5. By its undergoing electrolysis, and yielding hydrogen at the negative
and oxygen at the positive electrode.

The soluble Hydrates, viz., KHO, NaHO, LiHO, Ba(HO) 2, Sr(HO)2, and
Ca(HO) 2 are known —

1. By being more or less soluble in cold water, yielding solutions
which are strongly alkaline to test-paper.

2. By dissolving in hydrochloric acid without effervescence and without
smell.

3. By giving a brownish-black precipitate of argentic oxide—Ag20—

with argentic nitrate.
The insoluble Hydrates are recognised—

By giving off steam when heated in a dry test-tube, and leaving a
residue which behaves like the corresponding oxide.
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13. OXIDES.
All oxides are insoluble in water. Oxides of K, Na, Li, Ba, Sr, and Ca

unite with water to form hydroxides, which dissolve with a greater or less
degree of readiness and give the characters of the soluble hydrates already
mentioned.
Normal Oxides can only be recognised by negative results, such as: —

1. Heated alone, they are not changed; except argentic oxide, which
leaves the metal, and mercuric oxide, which volatilises and
breaks up into the metal and oxygen.

2. They are insoluble in water (exceptions K, Na, etc., as above), but
soluble in hydrochloric or nitric acid without effervescence and
without smell.

3. After dissolving and removing the metal by H2S or Na2C03 as
most convenient, no acidulous radical is found, other than that
of the acid used to dissolve.

4. Boiled with strong NaHO and filtered, or fused with KNaC03 and
digested with water, the solution gives no reaction for any acid
radical except the soluble hydrate or carbonate employed.

Peroxides, on account of their containing an excess of oxygen, differ from
normal oxides (practise on Mn02 ),—

1. By giving off oxygen when strongly heated.
2. By evolving chlorine when heated with hydrochloric acid.

14. SULPHUR, HYDROSULPHURIC ACID, and SULPHIDES.
Ordinary Sulphur—S 2 or S6—is recognised—-

1. By its burning entirely away with a pale blue flame, and evolving
sulphurous anhydride.

2. By its insolubility in all ordinary menstrua, such as water, alcohol,
and ether, but dissolving readily in carbon disulphide.

3. When slowly heated in a tube, it first melts, then thickens, then
melts again, and finally boils, the vapor taking fire and forming
sulphurous anhydride.

Precipitated Sulphur possesses the above characters, and is specially distin-
guished from ordinary sulphur by being quite amorphous under
the microscope, while the latter is crystalline.

Hydrosulphuric Acid—H 2S (sulphuretted hydrogen)—is known —

1. By being a colorless gas with a disgusting odor of rotten eggs, and
inflammable, burning in the air to produce sulphurous acid.

2. By turning a piece of paper black, which has been moistened with
solution of plumbic acetate and held over the mouth of the
tube or jet from which it issues.

Normal Sulphides are divisible into five classes : —
1. Soluble in water, including the sulphides of K, Na, NH4, Ca, Sr,

Ba, and Mg.
2. Insoluble in water, but readily soluble in dilute hydrochloric acid,

including those of Fe, Mn, Zn.
3. Insoluble in dilute, but soluble in strong boiling hydrochloric acid,

including the sulphides of Ni, Co, Sb, and Sn (PbS is also
slightly affected, but separates on cooling, as chloride).

4. Insoluble in hydrochloric acid, but attacked by strong heated nitric
acid, being converted wholly or partially into sulphates. These
include the sulphides of Pb, Ag, Bi, Cu (arsenious sulphide is
slowly affected).
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5. Not dissolved by any single acid, but converted into a soluble
sulphate by the action of nitro-hydrochloric acid, or hydro-
chloric acid and potassium chlorate ; including those of
Hg, As, Au, and Pt.

Sulphides soluble in water or in hydrochloric acid are recognised (practise
on solution of Na2S)—

1. By giving off sulphuretted hydrogen when heated with HC1, which
gives the smell and reactions already noted.

2. Soluble sulphides precipitate solutions of lead and cadmium, black
and yellow respectively.

3. Soluble sulphides give a purple colour with sodium nitroprusside—
Na2Fe(NO)CsN5—only after the addition of a soluble hydrate.

Sulphides insoluble in hydrochloric acid are best detected (practise on
vermilion)—

1. By heating with strong nitric or nitro-hydrochloric acid, diluting
the solution, and testing for a sulphate with barium chloride
(see page 36).

2. By fusion with KNaCO a and KN0 3, digesting the residue in water,
filtering and testing the solution for a sulphate, —formed by the
oxidising action of the potassium nitrate.

3. Mix a little with sodium carbonate and borax, and heat on charcoal
before the blowpipe. Remove the mass thus obtained, place
it on a clean silver coin, and moisten with a drop of distilled
water; when, owing to the formation during ignition of sodium
sulphide—Na2S,—a black stain of argentic sulphide—Ag2S—-
will be produced.

Polysulphides as commonly met with are those of the alkalies, and are
soluble in water. They are known (practise on sulphurated potash—K 2S3)—

1. By the deep yellow or orange color of their solutions.
2. By evolving sulphuretted hydrogen accompanied by a deposit of

sulphur when treated with hydrochloric or dilute sulphuric acids.
The polysulphides which are insoluble in hydrochloric acid, such as iron

pyrites, copper pyrites, etc., are best proved by fusion with potassium nitrate
and carbonate and conversion into sulphate. They may, however, be recog-
nised by heating with hydrochloric acid and zinc, when the excess of sulphur
will pass off as H2S, leaving the normal sulphide.

15. THIOSULPHATES (Hyposulphites).
(Practise on solution of commercial hyposulphite of soda—Na2S2035H 20.)
These salts, commonly known as hyposulphites, are usually soluble in water,

and exhibit the following characters : —
1. With either dilute or strong HC1 and H2S04, they give off S02and form a yellow deposit of S (distinction from sulphides,

polysulphides, and sulphites).
2. AgNOg gives no precipitate at first, owing to excess of a hypo-

sulphite dissolving argentic hyposulphite—Ag 2S203,—but on
continuing the addition, this Ag2 S20 3 is precipitated of a white
color. The salt splits up spontaneously, becoming yellow,
brown, and lastly black, and being changed completely into
argentic sulphide—Ag 2S. The same decomposition of the
precipitate occurs on substituting HgNO s or Pb(N0 3)2 for
AgNOs; and in all three cases heat accelerates the action,
and H2S0 4 is the by-product.
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3. Fe2Cl 6 .produces a reddish-violet color, gradually disappearing as
FeCl2 is formed. (This color is not produced by sulphites, and
a somewhat swiilar tint produced by Fe 2Cl6 in thiocyanates does
not disappear.)

4. Na20Cl2 or Cl2 water converts hyposulphites into sulphates, even
without applying heat.

16. SULPHUROUS ACID and SULPHITES.
Sulphurous acid—H 2S03—is recognised in solution—-

1. By its pungent odor of burning sulphur, due to evolution of S0 2,

which gas combines directly with peroxides to form sulphates.
For instance:—

Pb02 + S02 = PbS04 .

(This reaction is utilised in gas analysis, to separate S0 2 from a
mixture.)

2. By adding barium chloride in excess, filtering out any precipitate
of barium sulphate which may form (owing to the fact that
all samples of the ordinary acid contain sulphuric acid), and
then adding chlorine water and getting another copious white
precipitate of barium sulphate, owing to the conversion of the
sulphurous into sulphuric acid by the oxidising action of the
chlorine water, thus :—

H 2S03 + BaCl2 + Cl2 + H20 = BaS04 + 4HCI.
3. Treated with zinc and hydrochloric acid, it evolves sulphuretted

hydrogen, thus : —

3Zn + 6HC1 + H2S0 3 = 3ZnCl2 + H2S + 3H20.
4. When a solution of iodine is dropped into the liquid, its color is

discharged, owing to its conversion into hydriodic acid by the
hydrogen of the water, the oxygen of which passes at the same
time to the sulphurous acid, forming sulphuric acid.

H2S03 + I2 + H20 = H2S0 4 + 2HI.
Sulphites are known by the following characteristics (practise on solution

of sodium sulphite—Na2S03 ):—
1. All except the alkaline sulphites are sparingly soluble in water.
2. When heated with sulphuric acid they evolve sulphurous anhydride,

without deposit ofsulphur.
3 . Acted on with zinc and hydrochloric acid, they evolve sulphuretted

hydrogen, which blackens a piece of paper moistened with
plumbic acetate and held over the mouth of the test-tube.

4. A salt of silver, mercury, or lead produces a precipitate which on
heating turns dark, owing to the formation of a sulphide and
free sulphuric acid.

5. By boiling with barium chloride and chlorine water or nitric acid,
barium sulphate is produced, and precipitates.

6. K 2Cr2 07 and HC1 give a green coloration of chromic sulphate
or chloride. This test is very delicate, but by itself is not
conclusive, as any reducing agent acts similarly.

17. SULPHURIC ACID and SULPHATES.
The acid—H2S04—is detected—

1. By its appearance. A heavy, oily, odorless, and nearly colorless
liquid, powerfully acid and corrosive.

2. By its charring effect. This is made evident when the strong acid
is dropped upon white paper, wood, etc., or when the dilute
acid is evaporated in a basin containing a little white sugar.
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The carbonisation is due to the power the acid has of abstract-
ing the elements of water from organic bodies.

3. By liberating an explosive gas when dropped on a small fragment of
KCIO3.

Sulphates are soluble in water, with the exception of basic sulphates (soluble
in acids) and BaS0 4, SrSC>4, CaS04, and PbSCV (Ag 2S0 4 is only slightly
soluble.) When those insoluble in dilute acids are required to be analysed,
they are decomposed either by boiling with potassium or sodium hydrates or
by ignition with KNaC(>3, the latter being preferable. The sulphate radical,
being brought into combination with K or Na to form a soluble sulphate, is to
be tested for in the filtrate after boiling with water. Sulphates are recognised
by the following characters (practise on solution of magnesium sulphate):—

1. BaCl2 or Ba(NOs)2 produces a white precipitate of barium sulphate
—BaS04—insoluble in boiling water and also in boiling nitric
acid. The addition of barium chloride to a strongly acid

. solution often causes the reagent to crystallise out, and this
is then mistaken by the student for a true precipitate of
sulphate; therefore the boiling water should always be em-
ployed.

2. The addition ofa soluble salt of lead or strontium also causes the
formation of insoluble sulphates ; but these reactions are never
in practice used, the barium chloride being at once the most
delicate and serviceable reagent.

3. Heated with a little Na2C03 on charcoal in the inner blowpipe
flame, sulphates are reduced to sulphides; and the residue, placed
on a clean silver coin and moistened with water, leaves a black
stain.

18. CARBON, CARBONIC ACID, and CARBONATES.
Carbon—C 2

— is known—

1. By its black color and by burning in the air and producing a gas
which is odorless, so heavy that it can be poured from one
vessel to another, and causes a white precipitate when passed
into solution of calcium hydrate.

2. By its capability of removing many vegetable coloring matters
from their solutions.

Carbonic Acid—H2CO3—is not known in the free state, splitting up into
carbonic anhydride—C02—and water. C02 is recognised—-

1. By being odorless and giving white insoluble CaC03 (or BaCOs)
when passed into a solution of Ca(HO)2 or Ba(HO) 2.

2. By turning blue litmus purple or wine-red, the original tint being
restored by heat, the C02 escaping.

Carbonates are mostly insoluble in water, the alkaline carbonates alone
dissolving. CaCOs, SrC03, BaCOs, and MgCOs (also MnCC>3 and FeCOs)
dissolve in water containing C02 (especially under pressure), forming bicar-
bonates or hydrogen carbonates, from which C02 passes off on boiling. All
carbonates give off C02 on ignition, except K 2C03 and Na2CC>3. A white
heat is needed to decompose BaCC>3 and SrC03. Most carbonates on heating
to redness leave the oxide. Their recognition depends upon (practise upon
calcium carbonate)—

1. Effervescing with a solution of almost any acid (H 2S and HCy
excepted), organic or inorganic, and giving off an odorless
gas—C02.

2. When the gas given off is poured or passed into a solution of
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calcium hydrate, a white precipitate of CaC03 falls, which dis-
solves on continuing to add C02. When the gas given off has
the odor of H 2 S or S02 , either of these may be removed by
passing through K2Cr04 and HC1, which is rendered green,
and the unacted-upon C02 is allowed to pass into calcium
hydrate solution as before.

3. HgC7
i2 gives a reddish-brown precipitate with the carbonates of

K, Na, and Li, and a white one with bicarbonates of the same
metals.

4. Soluble carbonates give a white precipitate with cold solution of
MgS04, while bicarbonates do not.

19. BORIC ACID and BORATES.
Boric (or Boracic) Acid—H 3B0 3—is distinguished as under:—

1. It is a white crystalline solid, giving off water on being heated, and
leaving the anhydride—B 203.

2. When warmed with alcohol, a green flame is produced on applying
a light to the latter.

3. When dissolved in hot water, and a piece of turmeric paper dipped
in the solution, the yellow color is unaffected; but upon drying
the paper it becomes brownish-red, turned green on moistening
with KHO.

All borates dissolve in dilute acids, but few in water, and when
decomposed by hot acids, let fall crystalline boric acid on
cooling, which answers to the above characters.

The presence of soluble borates is detected by the following tests (practise
upon borax—Na2B407 ioH20 :—

1. They give, on heating with calcium chloride, rendered slightly
alkaline with ammonium hydrate, a white precipitate of calcium
borate, soluble in acetic acid, and so distinguished from oxalate.

2. On rendering the solution just acid with hydrochloric acid, it reacts
with turmeric paper as does H3B0 3.

3. Besides these two tests, which are in themselves, taken together,
quite conclusive, borates give a white precipitate with argentic
nitrate soluble in nitric acid.

4. When a little of the solid borate is moistened with a drop of
sulphuric acid, and alcohol is added, the green flame of
H3B03 is obtained on applying a light.

20. SILICIC ACID and SILICATES.
The acid H 4Si0 4 is scarcely ever met with, and we have practically to deal

with the anhydride—Si02—which is totally insoluble in water and dilute acids,
the acid dissolving slightly in both. Si0 2 is characterised—

1. By its infusibility when heated.
2. By its insolubility in water and all acids except HF.
3. By forming, when heated with H2S0 4 and CaF2 in a leaden vessel,

gaseous silicic fluoride—SiF4—which deposits the acid—H4Si0 4
—and forms hydrofluosilicic acid—H2SiF6—in contact with
moisture.

Silicates are not as a rule soluble in water, K 4Si0 4 and Na4SiC>4 being the
only ones thus affected, especially when much KHO or NaHO is present.
Many of them do not dissolve in strong acids (a few are decomposed by hot
H 2S04, but by no other acid), but all are split up by the action of gaseous
hydrofluoric acid or a mixture of CaF2 and H 2S0 4.

1. On adding HC1 to a soluble silicate, H4Si04 falls as a gelatinous
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—scarcely visible—precipitate, slightly soluble in water. On
evaporating to dryness and heating to 280° or 300° Fahr., the
addition to the residue of a little HC1 and water leaves the Si0 2
as a white gritty powder.

2. NH 4C1 precipitates H4Si04 from a soluble silicate.
3. Silicic anhydride is separated from all acidulous and basylous

radicals by fusing the finely powdered insoluble silicate with
Na2C03 (or fusion mixture), in a platinum crucible; boiling with
water, filtering, evaporating nearly to dryness, adding dilute HC1
until the whole is acid, re-evaporating, and, when dry, heating
to 280° or 300° Fahr. On adding a little HC1, Si0 2 alone
remains insoluble.

21. HYDROFLUOSILICIC ACID (H 2SiF6).

This acid is only known in solution.
1. It is very acid, and dissolves metals with the evolution of hydrogen, forming

silico-fluorides which decompose by heat, leaving fluorides, and giving oft
silicon fluoride—SiF4 .

2. It gives off hydrofluoric acid when evaporated, and should not, therefore, be
heated in glass vessels, as they would be etched.

3. The majority of silico-fluorides are soluble, the exceptions being KjSiF6,
BaSiF6, and NOjSiFg, which are insoluble, especially in presence of a little
alcohol.

4. It does not precipitate strontium salts, even from strong solutions, but throws
down BaSiFg on adding BaCl2 and alcohol, as a white translucent crystalline

precipitate.
5. Potassium salts throw down gelatinous K2 SiF6 .

22. NITROUS ACID AND NITRITES.
Nitrous Acid (so called commercially) is nitric acid containing nitrous

anhydride. It is yellowish in color, and evolves reddish fumes.
Nitrites are all soluble in water, the least so being argentic nitrite. They are

known as follows (practise upon potassium nitrate which has been heated
to dull redness or upon sodium nitrite—NaN02 ) : —

1. They give red fumes when treated with strong sulphuric acid.
2. They give an instantaneous blue color with potassium iodide and

starch paste on the addition of a few drops of dilute sulphuric
acid. The sulphuric acid liberates hydriodic acid from the
iodide, and nitrous acid from the nitrite; the hydriodic acid
is decomposed by the nitrous acid into iodine, water, and nitric
oxide:—

2HN02+2HI=I2+2H 20+ 2N0.
[Nitrates, it must be remembered, would give frequently a similar reaction after

standing, through the possible reduction of some portion of their nitric acid
to nitrous acid; so that unless the reaction appears instantly, and is confirmed
by others, it is not safe to rely upon it as a test. ]

3. They give a dark brown color with ferrous sulphate without the
previous addition ofsulphuric acid, as required by nitrates.

4. Potassium dichromate in solution is converted into a green liquid
by the addition of a nitrite and an acid. These two latter
substances also reduce solution of auric chloride, forming a
precipitate of the metal, possessing a dark colour.
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23. NITRIC ACID and NITRATES.
Nitric Acid—HNO3—is strongly acid and corrosive, fumes in the air, and

readily dissolves most metals. It may be at once recognised by the following
characters:—

1. When poured on a piece of copper foil, and a piece of white paper
held behind the test-tube, it is observed to be filled with
orange-red fumes of nitric peroxide—N 204.

2. When dropped on a piece of quill in a basin, or, if the solution be
weak, when evaporated in contact with the quill, the latter is
stained yellow. This stain is intensified to orange on adding
an alkali, and is not discharged by warming, both of which
decolourise the corresponding stains produced by iodine and
bromine.

3. Dropped on a few crystals of brucine, a deep red colour is
produced.

Nitrates are characterised by the following properties (practise upon solution
of potassium nitrate—KNO3):—

1. All nitrates are soluble in water, especially when slightly acidulated
with nitric acid. The nitrates of the alkalies are only decom-
posed by a very high temperature, but most of the nitrates
of the heavy metals, such as copper, mercury, and lead, when
heated are readily decomposed, leaving a residue of oxide.
Argentic nitrate, however, when heated leaves metallic silver.

2. When heated with sulphuric acid they evolve pungent fumes of
nitric acid.

3. When heated with sulphuric acid and a piece of copper wire, they
produce red fumes of nitric peroxide (caused by the union of
the nitric oxide evolved with the oxygen of the air).

4. When mixed with a solution of ferrous sulphate in the presence of
sulphuric acid, a black coloration is produced, which is due to
the production of nitric oxide, and its absorption by the ferrous
salt. On heating, the colour disappears, and the ferrous is
changed to the ferric sulphate.

Note.—There are two ways of applying this test:—
(а) Place a drop or two of the solution on a white porcelain slab or crucible lid, and

having added a drop of strong sulphuric acid, put a small and clean crystal
of the ferrous sulphate in the liquid, when a black ring will gradually form
round the crystal.

(б) Place the solution in a tube, and having added some strong solution of ferrous
sulphate, cautiously pour some strong sulphuric acid down the side of the
tube, so that it sinks to the bottom by reason of its great gravity without
mixing with the fluid. If nitric acid be present, a dark line will be formed
at the junction of the two liquids.

5. Treated with sulphuric acid, and a few drops of indigo sulphate
added, the blue color of the latter is destroyed, being changed
to yellow (not characteristic). 3C 16H 10N2O2 (Indigotin) +

4HN03=6C 8H5N02 (Isatin) + 4NO + 2H20.
6. The most delicate test for nitrates is, however, phenyl-sulphuric

acid. This reagent is prepared by dissolving one part of
carbolic acid in four parts of strong sulphuric acid, and then
diluting with two parts of water. A few drops of the solution
to be tested are evaporated to dryness on a porcelain crucible
lid over the water bath, and while still over the bath a drop of
the reagent is added, when a reddish color is immediately
produced, owing to the formation of nitro-phenol.
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24. CYANOGEN, HYDROCYANIC ACID, and CYANIDES.
Cyanogen—CN or Cy—is a colorless gas, which is recognised—-

1. By its odor of bitter almonds.
2. By its burning in the air with a peach-blossom-colored flame, pro-

ducing carbonic anhydride and nitrogen.
Hydrocyanic Acid—HCy—is volatile, soluble in water, and possesses a

characteristic faint sickly odor of almonds. Its reddening action on litmus
paper is very transient. Its tests are four in number, as follows:—

1. The Silver Test. —Argentic nitrate added to a solution of prussic
acid gives a curdy white precipitate of argentic cyanide. The
precipitate is soluble in ammonium hydrate and in strong boil-
ing nitric acid, but not in dilute nitric acid; nor does it blacken
on exposure to the light.

2. Scheele’s Iron Test. —An excess of solution of potassium hydrate is
mixed with the solution. To this a mixture of a ferrous and a
ferric salt is added, and the whole acidulated with hydrochloric
acid. If hydrocyanic acid be present, Prussian blue will be
formed.

The explanation of the test is as follows (according to Gerhardt’s view) : —
(1) The hydrocyanic acid and the potassium hydrate form potassium cyanide.
(2) The addition of the ferrous salt produces ferrous cyanide.
(3) This reacting with the excess of alkali forms potassium ferrocyanide.
(4) On the addition of the ferric salt, it is at first precipitated by the excess ofalkali,

as ferric hydrate, which on acidulation dissolves to ferric chloride, forming
ferric ferrocyanide (Prussian blue).

(i.) 6HCy + 6KHO = 6KCy + 6H 2 0.
(ii.) 6KCy+ 3FeCl2 = 3FeCy2 +6KC1.
(iii.) 3FeCy2 +4KHO = K4FeCy6 + 2Fe(HO) 2.
(iv.) 3K 4FeCy6 + 2Fe 2Cl 6 = (Fe2)2(FeCy6 )3 + 12 KC1.

Or the whole may be shown in one equation, thus, which is quite sufficient:—
i8KCy + 3FeCl2 + 2Fe 2 Cl6 = (Fe2 ) 2 (FeCy6) 3 + 18 KC1.

3. The Sulphur Test.—A few drops of yellow ammonium sulphydrate
is added to a solution of hydrocyanic acid, and the whole
evaporated to dryness at a very gentle heat, with the addition
of a drop of ammonium hydrate. A residue is thus obtained
which (when cold) strikes a blood-red color with ferric
chloride, not dischargeable by hydrochloric acid, but at once
bleached by solution of mercuric chloride.

This color is due to the formation of ammonium sulphocyanide (which takes
place when an alkaline sulphide, containing excess of sulphur, is brought
into contact with cyanogen) —

2HCy + (NH 4)2 S + S2 =2NH4CyS + H 2 S,
and subsequentproduction of red ferric sulphocyanide.

4. Schonbein's Test.—It has been stated that a very delicate means
of detecting HCy is based upon its action on filtering paper,
soaked, first in a 3 per cent, alcoholic solution of guaiacum
resin, and then in a 2 per cent, solution of cupric sulphate,
and exposed to the air. The presence of HCy causes the pro-
duction of a blue color. The paper may be either moistened
with the suspected solution or exposed to its vapour.

Cyanides are known (practise upon solution of potassium cyanide—KCy)—
1. By effervescing and giving off the odor of hydrocyanic acid when

heated with sulphuric acid.
2. By answering to all the tests for hydrocyanic acid above mentioned.

Note.—In using the silver test to a soluble cyanide, the reagent must be added
in excess, as argentic cyanide is soluble in alkaline cyanides to form double
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cyanides of silver and the alkali used. Excess of argentic nitrate, however,
decomposes these compounds, and forms insoluble argentic cyanide. The
previous addition of a slight excess of dilute nitric acid ensures the immediate
separation of the argentic cyanide, by preventing the reaction just referred to.

3. Insoluble cyanides yield cyanogen when heated per se in a small
dry test-tube, the open end of which has been drawn out into
a jet after the introduction of the cyanide. The application of
a light to the jet causes the characteristic flame of cyanogen.

25. CYANIC ACID and CYANATES, CYANURIC ACID and
FULMINIC ACID. •

Cyanic Acid—HCyO—is characterised—-
1. By being a colorless liquid, having a strong pungent odor, greatly resembling

acetic acid, or sulphurous acid when in small quantity,and forming ammonium
bicarbonate on adding water.

2. By changing into a white solid isomer on keeping, heat being evolved, but no
decomposition occurring.

Cyanates are known—-
1. By giving, when moistened, a bicarbonate. (The potassium salt—KCyO —for

instance, forms potassium bicarbonate—KHC03.)
2. By producing urea when evaporated with an ammonium salt.

Cyanuric Acid is a polymeric modification of cyanic acid, which is recognised —

1. By being a crystalline solid, yielding cyanic acid on applying heat.
2. By not being decomposed by strong hot HN03 or H2 S0 4.

Fulminic Acid (intermediate between the two above acids) differs from both by the fearful
explosibility of its salts.

26. THIOCYANATES (Sulphocyanates).
(Practise upon solution of potassium sulphocyanate—KCyS).

Sulphocyanates are recognised—-
1. By being usually colorless and soluble, and evolving hydrocyanic

acid and depositing sulphur on heating with sulphuric acid.
2. By producing with Fe2Cl 6 ,

or any ferric salt, a blood-red solution
of ferric sulphocyanate —Fe2(CyS) 6 —the color of which is not
destroyed by HC1, but disappears on adding mercuric
chloride—HgCl2 .

27. FERROCYANIDES.
(Practise upon solution of potassium ferrocyanide—K 4FeCy 6).

Ferrocyanides are mostly insoluble in water, except those of the metals of the
first and second groups. They are characterised—

1. By giving off hydrocyanic acid and forming a deposit on heating
with sulphuric acid.

2. By giving with FeS0 4 or any ferrous salt a white precipitate
of potassium ferrous ferrocyanide—K 2Fe(FeCy6 )—changing
quickly to blue.

3. By yielding with Fe2Cl6 or any ferric salt a dark blue precipitate
of ferric ferrocyatiide—(Fe 2)2(FeCy6)3—insoluble in HC1, but
turned reddish-brown by KHO, which decomposes it into
ferric hydrate and potassium ferrocyanide. The original blue
is restored by adding HC1.

4. Cupric salts produce a reddish-brown precipitate of cupric ferro-
cyanide—Cu2FeCy6 —insoluble in acids, dissolved by NH 4HO,
but left unaltered on evaporating off the ammonia.

5. By precipitating a white ferrocyanide from a solution of a lead salt.
6. By yielding a white mercuric ferrocyanide in a mercuric solution.
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7- By giving no effect with magnesium salts but a white gelatinous
precipitate on the addition of a solution containing a zinc salt,
soluble in NH4HO.

8. By producing with argentic nitrate—AgN0 3—white gelatinous silver
ferrocyanide, dissolved by NH 4HO.

None of theseprecipitates can be produced in alkaline solutions; and they form
best in slightly acid solutions.

28. FERRICYANIDES.
(Practise upon solution of potassium ferricyanide—K 6Fe 2Cy12.)

Most ferricyanides are insoluble, those of the alkalies and of the barium
group being exceptions. They are recognised—-

1. By yielding an odor of hydrocyanic acid, and a deposit on heating
with sulphuric acid.

2. By producing with FeS0 4 or any ferrous salt dark-tinted Turnbull's
blue—Fe 3Fe 2Cy12—insoluble in acids, but forming K 6Fe 2Cy 12
when boiled with KHO, and depositing dirty green Fe(HO) 2.

3. By producing a brownish coloration when added to Fe2Cl6 or any
ferric salt in solution, from which H 2S0 3,

SnCl2, and other
reducing agents throw down Turnbulls blue or Prussian blue
(distinction between H 6Fe 2Cy 12 and H4FeCy6).

4. By giving no precipitate in a lead solution {another distinction of a
ferricyanidefrom aferrocyanide).

5. By throwing down mercurous ferricyanide of a brownish red colour
from a mercurous solution.

6. By yielding with argentic nitrate solution an orange precipitate of
argentic ferricyanide.

7. Mercuric salts, giving no precipitate.
8. Stannous salts, a white precipitate, soluble in HC1.
9. Stannic salts, no visible alteration.

29. HYPOPHOSPHITES.
(Practise upon solution of calcium hypophosphite—Ca(PH2 02)2.)

The silver salt alone is insoluble in water, and few are insoluble in alcohol.
The following reactions serve for their detection:—

1. When heated in a solid state, they take fire, evolving phosphuretted
hydrogen, and leaving a residue of pyrophosphate.

Note.—This must be done onporcelain, as they destroyplatinum foil.
2. With argentic nitrate they give a white precipitate, which turns

brown owing to its reduction to metallic silver.
3. With mercuric chloride they yield, when slightly acidulated with

HC1, a precipitate of calomel, which, on heating, turns dark,
owing to a reduction to the metallic state.

4. After removal of the base, the free hypophosphorous acid, when
boiled with solution of cupric sulphate, will give a deposit of
metallic copper.

5. Treated with ammonium molybdate—-(NH4 )2 Mo04—they give a
fine blue precipitate. As afterwards mentioned, phosphates give
a yellow, and consequently when the solution contains both
classes of salts the precipitate is green. This forms an excellent
and rapid method of checking any commercial sample of
hypophosphites.

They are distinguished from phosphites by not giving precipitates with
neutral barium, or calcium, chloride, or with plumbic acetate. In performing
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the 4th reaction, the base, if calcium, is removed by oxalic acid, if barium, by
sulphuric acid, and if a heavy metal, by sulphuretted hydrogen.

30. PHOSPHOROUS ACID—H3P0 3—and PHOSPHITES
are distinguished as follows : —

1. Heated on platinum foil, they burn. They are powerful reducing agents.
2. The only phosphites soluble in water are those of K, Na, and NH4 , but acetic

acid dissolves all, except plumbic phosphite.
3. With zinc and sulphuric acid (nascent hydrogen) they yield phosphuretted hydro-

gen, burningwith an emerald-green colour, and throwing down Ag3P, as well
as Ag from AgNOs in solution.

4. They give precipitates with neutral barium, and calcium chlorides, and also with
plumbic acetate, which hypophosphites do not.

5. Heated with mercuric chloride or argentic nitrate, they yield a precipitate of
metallic mercury or silver.

2HgCl2 +2H 3P03 +2H,0=2H3P0 4 + Hg2 +4HCI.

31. META- AND PYR0-PH0SPH0RIC ACIDS AND THEIR SALTS.
Metaphosphoric Acid—HP03—is a glassy solid, not volatile by heat. It is freely soluble in

cold water, and is converted by boiling into orthophosphoric acid. It is known by giving
a white precipitate with argent-ammonium nitrate, and by its power ofcoagulating albumen.

Metaphosphates are known by—-
1. Giving no precipitate with ammonium chloride, ammonium hydrate, and mag-

nesium sulphate, added successively.
2. By giving a white precipitate of argentic metaphosphate —AgP03—with argentic

nitrate only in neutral solutions, and soluble both in nitric acid and ammonium
hydrate.

Pyrophosphoric Acid—H4P207 —is also soluble in water and convertible by boiling into
orthophosphoric acid. It gives a white precipitate with argent-ammonium nitrate, but
does not coagulate albumen. Pyrophosphates are insoluble in water, except those of the
alkalies. Their tests are not very well defined, but they give—-

1. A white precipitate of argentic pyrophosphate—Ag4P207 —with argentic nitrate in
a neutral solution only, and soluble both in nitricacid and ammonium hydrate.

2. (NH4 ) 2Mo0 4 does not produce an immediate precipitate.

32. 0RTH0PH0SPH0RIC ACID and ORTHOPHOSPHATES.
Orthophosphoric acid —H3PO4—is a liquid with a strongly acid reaction,

converted by heat first into pyro- and finally into meta-phosphoric acid,
which remains as a glassy residue. It is—-

1. Not volatile by a red heat.
2. It gives a yeliow precipitate of argentic phosphate—Ag3P04—when

treated with argent-ammonium nitrate, soluble both in nitric
acid and ammonium hydrate.

Phosphates are as a rule insoluble in water, except the alkaline ones. They
are readily soluble in dilute acids, and entirely reprecipitated on neutral-
ising by an alkali or alkaline carbonate. Calcium, strontium, and barium
phosphates are only partly soluble in dilute sulphuric acid, being converted
into a soluble phosphate and an insoluble sulphate of the metal. If the
insoluble sulphate be filtered out, the addition of an alkali causes only a
slight precipitate of a dimetallic phosphate, and a phosphate of the alkali
used is left in solution; but it is only after the use of sulphuric acid that
any phosphate thus remains dissolved.

Phosphates are detected as follows (practise on solution of disodium-phos-
phate—Na 2HP(>4:—

1. With barium or calcium chloride white precipitates are produced,
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soluble in acetic acid (distinction from oxalates) and all stronger
acids.

2. With argentic nitrate a lemon-yellow precipitate of argentic phos-
phate forms, soluble both in nitric acid and ammonium hydrate.

3. With ferric chloride in the presence of ammonium acetate a white
precipitate of ferric phosphate appears, insoluble in acetic acid.

4. With magnesia mixture phosphates yield a white crystalline pre-
cipitate, forming slowly in dilute solutions, consisting of ammo-
nium-magnesium phosphate—Mg(NH 4)P04 + 6H20—soluble
in acetic and all acids.

5. With solution of ammonium molybdate in nitric acid a yellow
precipitate is produced, insoluble in nitric acid, but soluble in
ammonium hydrate.

6. With uranic nitrate—Ur02(N0s)2—phosphates yield a yellow
precipitate of uranic phosphate, also insoluble in acetic acid.

7. With mercurous and bismuthous nitrates white precipitates are
formed, the former soluble and the latter insoluble in nitric
acid.

8. With any soluble salt of lead a white precipitate of plumbic phos-
phate is produced, soluble in nitric acid, but insoluble in acetic
acid or ammonium hydrate.

Note.—Magnesia mixture is made by dissolving ordinary magnesium
carbonate in a slight excess of dilute HC1, then adding to this solution |
of its bulk of strong NH4HO, and finally stirring in solid NH 4C1 until the
precipitate is dissolved.

33. ARSENIOUS ACID and ARSENITES.
Arsenious Acid—H3ASO3 —is not known in the free state ; but its anhydride

—As203—is commonly sold as arsenious acid, and when—-
1. Dropped upon red-hot charcoal or coal, or heated in a dry tube

with black flux (or a mixture of dry sodium carbonate and
potassium cyanide), the metalloid As 4 is set free, and volatilises
with a garlic odor, producing a steel-grey mirror on the sides
of the tube.

2. Dissolved in water only, and argent-ammonium nitrate added, a
canary-yellow precipitate of argentic arsenite—Ag3As03—is
produced, soluble in excess of either NH4HO or HNO3.

3. A pure aqueous solution, mixed with cupr-ammonium sulphate,
gives a bright-green cupric arsenite—Scheele’s green—Q1HASO3
—also soluble in NH 4HO or in HNO3.

4. Any solution yields all the tests for arsenic (see page 15).
Arsenites behave peculiarly in many respects. Ammonium arsenite leaves

arsenious acid on evaporating a solution, while potassium and sodium
arsenites possess a degree of alkalinity which no excess of arsenious acid
will disturb. Ba, Sr, and Ca form soluble hydrogen salts. All other
arsenites are insoluble.

Neutral solutions of arsenites are possessed of the undermentioned distinctive
peculiarities:—

1. CuS04 throws down greenish cupric arsenite.
2. AgN0 3 is transformed into yellow insoluble argentic arsenite.
3. H2S, in the presetice of hydrochloric acid

, gives a yellow precipitate
of arsenious sulphide.

4 The solution gives the usual tests for arsenic (see page 15).



ARSENIC ACID AND CHROMATES. 45

34. ARSENIC ACID and ARSENIATES.
Arsenic Acid—H3As04—is known by the following characters : —

1. The crystals are deliquescent, white, and strongly acid. Heated,
they leave a residue, which, on moistening with water, is also
acid.

2. It is strongly corrosive and blisters the skin. It gives brick-red
Ag3As04 on adding argent-ammonium, nitrate.

Arseniates behave in every respect exactly like phosphates, except that they
give a brick-red precipitate with argentic nitrate, instead of a yellow.
Insoluble arseniates are best treated by boiling with NaHO, filtering,
exactly neutralising the filtrate with dilute HN03, and then getting the
brick-red precipitate with AgNO s.

35. MANGANATES.
Manganates are unstable compounds, and only the alkaline salts dissolve in water, forming

green solutions.
1. Soluble manganates decompose spontaneously, depositing Mn02 , the green color

changing to purple or reddish violet, owing to the formation of a perman-
ganate.

SKjMnO,+ 2H 2 0 = 2KMn0 4 4- 4KHO +Mn02 .
2. Dilute acids effect this change more rapidly, and the reaction is very delicate.

The free hydrate is then replaced by a chloride, nitrate, or sulphate.
3. Strong, heated H2S0 4 acts as represented in this equation : —

K 3Mn0 4 + 2H 2 S0 4= K2 S0 4 + MnS04+ 2 Ha 0 + 02.

4. Strong HC1 causes the evolution of Cl2 . The other actions are similar to those
of permanganates, but less energetic.

36. PERMANGANATES.
(Practise on solution of potassium permanganate —KMn04.)

Permanganates are known—-
1. By the violet color of their solutions, which is entirely bleached by

oxalic acid or by heating with hydrochloric acid and dropping
in rectified spirit.

2KMn04+ 5H2C204+ 3H2S04=K 2S04 + 2 MnS04 + ioC02+ 8H20.
2. By giving off oxygen on heating.
3. By giving off oxygen when heated with sulphuric acid, often with

explosive violence.
4. By evolving chlorine when simply mixed with hydrochloric acid.

37. CHROMIC ACID and CHROMATES.
Chromic Acid—H 2Cr0 4—not being capable of isolation, is represented by

its anhydride—Cr03. This is a dark red crystalline solid, giving off oxygen
when heated, and when mixed with an aqueous solution of hydrogen peroxide
—H202—a deep blue liquid results, which is believed to contain perchromic
acid—HCr04 or H2Cr208. The liquid decomposes rapidly, unless ether be
added, which lengthens its existence.

This test, for either Cr03 or H202 ,
is exceedingly delicate, the ethereal

solution of perchromic acid separating from the water and thus concentrating
the color into a small bulk of ether.

Chromates of the alkalies are soluble, while those of the other metals are
chiefly insoluble, but have very brilliant colours. They are very poisonous
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and are detected as follows (practise on solution of K 2Cr0 4 and K 2Cr207respectively):—
1. Soluble chromates give a yellow precipitate with plumbic acetate

or barium chloride, soluble in nitric acid, insoluble in acetic
acid. The lead salt is darkened in color by alkalies, and
dissolves by free excess of hot KHO.

2. With argentic nitrate a dark red precipitate, also soluble in nitric
acid, and in NH 4HO, but not in acetic acid.

3. Boiled with hydrochloric acid and alcohol, or any reducing agent
(for instance, sulphurous acid), they turn green, owing to the
production of chromic chloride (or sulphate).

4. Treated with sulphuretted hydrogen, in the presence of hydrochloric
acid, they turn green, and a deposit of sulphur takes place :—

2K2Cr207 + 16HCI + 6H2S = 2Cr2Cl0 + 4KCI + 3S2 + 14H/).
5. Soluble chromates treated with an acid turn orange; and soluble

dichromates, when treated with potassium hydrate, turn yellow.
In this way they are mutually distinguished.

6. Heated with strong H2S04 they give off oxygen.
7. Treated with an excess of sulphuric acid, and shaken up with

ozonised ether (solution of hydric peroxide in ether), they give
a gorgeous blue with the most minute traces.

38. STANNIC ACID and STANNATES (Stannites ?).
This is an unimportant compound, and is thrown down by an alkaline hydrate from a

stannic salt. It is sometimes stated to be endowed with the composition Sn(HO) 4, and at
others, SnO(HO)2 (H2Sn0 3 ).

Stannates are formed by the solution of the acid in an alkaline hydrate, and are detected
in the examination for metals.

Stannites are said to be formed by the solution of stannous hydrates in an alkaline
hydrate. They decompose on boiling with KHO, forming stannates and throwing down
metallic tin.

39. ANTIMONIC ACID.
This is the white precipitate having the composition HSb0 3 , formed on adding strong HC1

topotassium antimoniate ; and it is detected in the examination for metals.

40. FORMIC ACID and FORMATES.
Formic Acid—HCH02—is the “organic” acid which contains the highest

percentage of oxygen, and approaches most nearly in composition to the
suppositious carbonic acid—H 2 CO s. It is a tolerably stable liquid, boiling at
the same temperature as water. Formates are all soluble in water, and behave
as follows:—

x. Heated to redness they decompose without blackening.
2. Heated with H2S0 4 they evolve CO, which, being free from C02,

gives no effect when passed through lime-water, but burns with
the usual pale blue flame. The reaction is:—

hcho2 = CO + h2o.
3. Readily reduce argentic nitrate, when boiled, metallic silver

separating.
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41. ACETIC ACID and ACETATES.
(Practise on sodium acetate—NaC2H302).

This acid is characterised by its odor of vinegar. The strong acid chars
when heated with strong H2S0 4.

Acetates are without exception soluble in water (AgC 2H302 and HgC2H 302
are sparingly dissolved). They are decomposed by a red heat, yielding
acetone if the heat rise gently and the mass be not alkaline, and leaving a
carbonate, oxide, or metal, according to the nature of the basylous radical.
When heated with alkalies marsh gas—CH4—is evolved. The reaction is of
this type:—

NaC2H302 + NaHO = Na2C03 + CH 4.

In the case of no hydrate or carbonate being present, the following is an
example of the effect of heat on acetates:—

Ba(C2H302 )2 = BaC0 3 + C3 H O (Acetone).
Acetates of easily reducible metals, such as copper, yield, when heated, a

distillate of acetic acid, leaving a residue of the metal, or in some cases of
oxide. The presence of acetates is analytically determined as follows:—

1. By evolving an odor of acetic acid when heated with sulphuric acid.
2. By a characteristic apple-like odor of “acetic ether”—C2 H5(C 2H3 02 )

—which they evolve when heated with sulphuric acid and
alcohol.

3. By the deep red color which they produce with neutral ferric
chloride—ferric acetate, Fe2(C 2H302)6

— dischargeable by both
hydrochloric acid and mercuric chloride.

42. VALERIANIC ACID and VALERIANATES.
Valerianic Acid—HCsH902—is a liquid, which is—

Volatile, malodorous, colorless, and oily. It reddens test-paper, and
dissolves in most menstrua.

The general characters of Valerianates are:—
1. A more or less strong odor of valerian root when warmed or

moistened.
2. They give, when heated with sulphuric acid, an odor of valerian

and a distillate which, on the addition of solution of cupric
acetate, forms, after the lapse of some time, an oily precipitate;
gradually solidifying, by the absorption of water, into a greenish-
blue crystalline solid.

43. SULPHOVINATES (Ethyl sulphates).
These salts, derived from ethyl hydrogen sulphate—C2H5HS04—behave

as follows :—

1. Heated with strong sulphuric acid, they evolve a faint ethereal odor.
2. They give no precipitate in the cold with barium chloride; but on

boiling, a white precipitate of barium sulphate falls, and a smell
of alcohol is perceived. The addition of a little solution of
barium hydrate after the chloride and before boiling, facilitates
the reaction; but in this case all metals precipitable by a fixed
alkali must first, of course, be removed.

3. Heated to redness, they leave a sulphate of the metal.
4. Heated with sulphuric acid and an acetate, or with strong acetic

acid, they evolve acetic ether with its characteristic apple odor.
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44. STEARIC ACID—HC18H35 02—and STEARATES.
This acid is usually so distinguished by its appearance and behaviour on

oeing heated that further tests are useless. The characters are :—

1. A white, odorless, fatty solid, melting by heat and soluble in
absolute alcohol, the solution having an acid reaction.

2. Giving, when dissolved in KHO and the solution as nearly neutral-
ised as possible, a white insoluble precipitate of plumbic stearate
—Pb(Ci 8H 35 02 ) 2—on the addition of plumbic acetate, which is
insoluble in ether (distinction from plumbic oleate).

Stearates of the alkalies are alone soluble in water.
Any stearate heated with dilute HC1 gives the free acid, which floats

as an oily liquid, solidifying on cooling to a white mass. This
test is applicable to the analysis of soap (hard, containing Na,
or soft, in which K is present).

45. OLEIC ACID and OLEATES.
Oleic Acid—HC 18H 33 02—is usually an oily liquid, but remains solid below

590 Fahr. when crystallised from alcohol.
It does not dissolve in water, but is taken up by ether and by strong

alcohol, the latter solution being acid in reaction.
Oleates of K and Na alone dissolve in water. Acid oleates are all liquid and

soluble in cold absolute alcohol and ether.
1. They do not separate out from either of these solvents when a hot

solution is cooled ( distinction from stearates andpalmitates).
2. Plumbic oleate is precipitable like plumbic stearate, but is separated

and distinguished from it by dissolving in ether.

46. LACTIC ACID—HC 3H503—and LACTATES.
The pure strong acid resembles glycerine in appearance, liberates hydrogen

on adding zinc, and on heating takes fire and burns away with a pale flame,
gradually becoming luminous. It dissolves in ether. It gives pure CO when
heated with sulphuric acid. Boiled with solution of potassium permanganate
it gives the odour of aldehyd.
Lactates are not very soluble in water. They—-

1. Are insoluble in ether.
2. Argentic lactate—AgC 3H5 03—when boiled gives a dark precipitate,

which on subsidence leaves a blue liquid.
3. Strong solution of an alkaline lactate, when boiled with HgN0 3,

deposits crimson orpink mercurous lactate—HgC3H503.

47. OXALIC ACID and OXALATES.
(Practise on oxalic acid—H2C 204—and on “salts of sorrel”—

KHC 204H2C 2042 H20).
The acid is very common, and is recognised—-

1. By its colourless prismatic crystals, which are strongly acid, effloresce
when exposed to dry air, and volatilise on heating with partial
decomposition.

2. By the complete discharge it effects of the color of a solution of
potassium permanganate acidulated with dilute H2S0 4.
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3. By producing free H 2S04 when added to solution of CuS04. (This
is one of the very rare instances in which SO4 is replaced by
another acid radical and H2S04 liberated.)

4. By giving the reactions of an oxalate.
Oxalates of the alkalies are soluble, the others insoluble, in water. Insoluble

oxalates dissolve in hydrochloric but not in acetic acid. They are known by—-
1. Not charring when heated, but only turning faintly grey; followed

by a sudden glow of incandescence, which runs through the
mass.

2. Not charring when heated with sulphuric acid, but yielding CO and
C02 with effervescence.

3. Not effervescing with cold dilute sulphuric acid; but at once
liberating C02 with effervescence on the addition of a pinch
of manganese peroxide.

4. With calcium chloride or barium chloride in a neutral or alkaline
solution, they give a white precipitate of calcium or barium
oxalate, insoluble in acetic acid, but soluble in hydrochloric acid.

(For separation of oxalates from tartrates, etc., see No. 78.)

48. SUCCINIC ACID—H2C4H4 04—and SUCCINATES.
This acid is a white crystalline solid. It is known—-

1. By not charring with strong hot sulphuric acid.
2. By subliming in a tube open at both ends, in silky needles, withmit giving off an

irritating vapor (distinction from benzoic acid).
3. By burning, when heated on platinum, with a blue smokeless flame.

Succinates are recognised as follows :—

1. With ferric chloride, a brownish-red precipitate offerric succinate —Fe2(C 4H40 4 )3—is formed.
2. With hydrochloric and sulphuric acids no precipitate is produced (distinctionfrom

benzoates). With plumbic acetate, a white precipitate of plumbic succinate,
soluble in succinic acid, succinates, and plumbic acetate.

3. Barium succinate is soluble in hydrochloric acid, hence no effect results from the
addition of succinic acid to harium chloride ; but alGohol and ammonium
hydrate give rise to a white precipitate {another point of distinction from
benzoates).

49. MALIC ACID and MALATES.
Malic Acid—H 2C 4H405—is a colorless, crystalline, very deliquescent acid, freely soluble

in water and alcohol. Acid malates are most stable. The characters are :—

1. Calcium chloride, added to a neutral solution of a malate, gives no precipitate.
Alcohol, however, even if added in small quantity, throws down a white
precipitate; and boiling aids the effect.

2. Strong H2S0 4 gives no charring for some time (a tartrate is carbonised in afew
minutes').

3. Amorphous plumbic malate fuses below ioo° C. in water, but not in an air-bath.

50. TARTARIC ACID and TARTRATES.
(Practise upon the free acid and also upon “ Rochelle salt.”)

Tartaric Acid—H2C4H4Oe—is a strong acid, soluble in water and spirit.
1. It forms usually oblique rhombic prismatic crystals, of an acid taste.
2. It is decomposed by heat, giving off the odor of burnt sugar, and

leaving carbon. A similar effect is produced by warming with
strong H2SC>4, which blackens and carbonises it in a few minutes.

3. With potassium acetate—KC2H302—it produces a white crystalline
precipitate of potassium hydrogen tartrate —KHC 4H4Oe — in
either an aqueous or an alcoholic solution, soluble in much
water, but not in spirit. Stirring or violent shaking promotes
the formation of the salt.
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The same compound is produced on adding any potassium salt, provided
the liquid contain excess of free tartaric acid only.

Tartrates of the alkalies are mostly soluble; but the others are insoluble.
The hydrogen tartrates of K and (NH 4 ) are nearly insoluble. Tartrates are
recognised by the following characters :—

1. Heated to dull redness they char rapidly and give off a smell of
burnt sugar. The black residue contains the metal as car-
bonate if it be K, Na, Li, Ba, Sr, or Ca; but the tartrates of
other metals usually leave the oxides, or more rarely (as in the
case of Ag2C 4H406 ) the metal.

2. Heated with strong sulphuric acid, they blacken rapidly, and give
first a smell of burnt sugar, and afterwards evolve S0 2.

3. Neutral solutions (free from more than a trace of ammonium salts)
give, on adding calcium chloride, a white precipitate of calcium
tartrate, which, when freed from other salts by washing, dissolves
readily in cold solution of potassium hydrate, but is again pre-
cipitated on boiling. The precipitate is somewhat soluble in
NH4C1, but not in NH 4HO.

4. Mix a tartrate with sodium carbonate, and filter the slightly alkaline
solution, so that the only metal present shall be sodium. If
this clear solution, after slight acidulation with acetic acid, be
mixed with argentic nitrate, the whole, on heating nearly to
boiling in a clean tube, deposits a beautiful mirror of metallic
silver upon the test-tube employed.

5. A tartrate prevents the precipitation (more or less perfectly) of the
salts of Pb, Bi, Cd, Cu, Pt, Fe 2, Mn, Ni, Co, Cr, and Zn, by an
alkaline hydrate in excess, or a phosphate.

51. CITRIC ACID and CITRATES.
(Practise upon the free acid and upon potassium citrate.)

Citric Acid—H 3 C0H5O7 —is soluble in water and alcohol, but insoluble in
pure ether. It entirely burns away when heated to redness in the air;
blackens slowly when heated with strong sulphuric acid; and when neutral-
ised by ammonium hydrate, and the solution cooled, the solution gives
no precipitate with calcium chloride until it has been boiled. Added to
ferric, chromic, or aluminic salts in solution, it prevents their precipitation
by ammonium hydrate.

Citrates exhibit the following characters : —
1. Heated alone, they char slowly, and evolve an odor of burnt sugar,

but not so intense as that of a tartrate. At a dull red heat, the
citrates of K, Na, Li, Ba, Sr, and Ca leave their carbonates;
but those of most other metals leave the oxides. Argentic
citrate leaves the metal.

2. Heated with strong sulphuric acid, they slowly blacken, and evolve
a slight odor of burnt sugar.

3. Mixed in the cold with calcium chloride, in the presence of a slight
excess of ammonium hydrate, they give no precipitate; but on
boiling, calcium citrate—Ca3(C6 H5 07 )2—separates as a white
precipitate. If this precipitate be filtered hot, and washed with
a little boiling water, it is found to be quite insoluble in cold
solution of potassium hydrate, but readily soluble in neutral
solution of cupric chloride.

4. Mixed with argentic nitrate and boiled, no mirror of metallic silver
is produced.
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52. MECONIC ACID and MECONATES.
Meconic Acid—H2C7H 2073H20—is a white powder, with a strongly acid

reaction, soluble in water, alcohol, and ether, and giving the reaction for
meconates.

Meconates communicate a red color to ferric chloride solution. This color
is not discharged by HgCl.2 nor by dilute HCl. By this means it is distin-
guished from a sulphocyanate and an acetate.

53. CARBOLIC ACID (or Phenol)—Cu H5HO)—and CARBOLATES (Phenates).
The qualities of this body are very distinctive.

1. It is a colorless, crystalline solid, melting at not lower than 91 *5° F.
(33° C.), and not volatile at 2120

, having the odor and taste of
creasote, being very poisonous, and not reddening test-paper.

2. The crystals deliquesce readily, forming a liquid which does not
mix freely with water, but incorporates readily with alcohol,
ether, and glycerine.

3. Mixed with HC1 and exposed to the air on a strip of deal, it
becomes greenish blue.

4. It coagulates albumen. It does not rotate polarised light.
5. Saturated with ammonia gas—NH3—and heated in a closed tube,

aniline is formed :—

C 6H5HO + NH 3 = C6H 5H2N + H20.
6. It does not decompose carbonates.
7. NH 4HO and CaOCl2, or Na 2 OCl2 , produce a blue liquid.
8. It unites directly with strong H2S04 to form sulpho-phenic (or

sulpho-carbolic) acid —C6 H5HS04 .

9. With bromine water it gives a white precipitate of tribromophenol
CeHsBrgO.

Carbolates give the following reactions :—

1. When heated alone, they evolve the odor of carbolic acid and
decompose.

2. Heated with strong sulphuric acid, they also smell of carbolic acid.
3. Ferric chloride causes a reddish-violet color.

Sulpho-Carbolates behave similarly, but, after fusion with KNO3 and redis-
solving the residue in diluted HC1, they also give the reactions of a sulphate
with barium chloride.

54. BENZOIC ACID and BENZOATES.
Benzoic Acid—HC7H5 02—is of characteristic appearance, being usually

seen in light, feathery, flexible, nearly colorless crystalline plates or needles,
and containing a trace of an agreeable volatile oil, unless it is the artificial
acid prepared from naphthalene, when it is odorless.

1. It is only slightly soluble in water, but dissolves in three parts of
alcohol, and in solutions of soluble hydrates.

2. Heated in the air, it burns with a luminous smoky flame; and
when made hot in a tube open at both ends, sublimes in
needles, giving off an irritating vapor.

Benzoates possess the following general qualities :—

1. Heated with (sulphuric acid they evolve the odor of benzoic acid,
and darken.

2. Ferric chloride, in a solution made slightly alkaline by ammonium
hydrate, gives a reddish-white precipitate—ferric benzoate—
Fe2(C 7H502)6—soluble in acids (benzoic included). If this pre-
cipitate be now filtered out and digested in ammonium hydrate,
it is decomposed into a precipitate of ferric hydrate, and a
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solution of ammonium benzoate, which is separated by filtration
and treated as in 3.

3. Strong hot solutions of benzoates yield crystals of benzoic acid when
hydrochloric acid is added and the solution allowed to cool.

55. SALICYLIC ACID (HC 7 H503 ).
This acid occurs in prisms, when crystallised from a solution in alcohol in

which it is readily soluble. It is freely dissolved by hot water, but not
readily by cold, requiring 1,800 parts of the latter to completely dissolve it.

1. Its aqueous solution gives with Fe2Cl6 a deep violet coloration. The
compounds with methyl, ethyl, etc., give this reaction, as well
as the ordinary salts.

2. Its methyl salt, formed by warming a salicylate with sulphuric acid
and wood spirit, has a very fragrant odor.

From most other solid bodies it may be separated by taking advantage of
its exceptionally great solubility in ether. In the event of its presence in
an organic liquid (such as milk) it or its salts may be procured in a pure
condition by dialysis.

56. TANNIC, GALLIC, and PYROGALLIC ACIDS.
Tannic Acid—C 27H 22017—is soluble in water and alcohol, and very soluble

in glycerine. It is insoluble in pure dry ether, but dissolves readily in
ether containing a little water.

Gallic Acid—H 3C7H305 H20—is slightly soluble in cold water, but readily in
boiling; it is also freely soluble in glycerine, and slightly in alcohol
and ether.

Pyrogallic Acid—C6 H0 O3—is very soluble in water, the solution rapidly
absorbing oxygen from the air and becoming brown. It also dissolves
in alcohol and ether.

Distinction between Gallic, Tannic, and Pyrogallic Acids.

Behaviour of the
Acid with Gallic. Tannic. Pyrogallic.

Ferrous salts—
FeS04.

A dark solution
is formed,
gradually de-
positing a
precipitate.

The same effect
as Gallic.

A blue solution.

Ferric salts—
Fe2Cl6 .

Purplish pre-
cipitate im-
mediately
formed.

Same as pre-
ceding.

A red solution.

Calcium hydrate A brownish pre- A white preci- Instantaneous
—Ca2HO—in cipitate, be- pitate slowly production of
the form of
Milk ofLime.

coming deep
brown in a
few seconds.

changing. a purple solu-
tion becoming
brown by oxi-
dation.

Gelatine . . . No precipitate
(except in the
presence of
gum).

Immediate
brownish
precipitate.

No precipitate.
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57. SEPARATION OF CHLORATES AND CHLORIDES.
Note. —The tests which follow are applicable to tests for adulterations, where, for obvious

reasons, the confirmatory test for a suspected adulterant would not apply.
(Practise on mixed solutions of KC1 and KC103.)

Add excess of argentic nitrate, filter out the argentic chloride formed, and
then acidulate with sulphuric acid, and drop in a fragment of zinc, when, if a
chlorate be present, a second precipitate of argentic chloride will form.

58. DETECTION OF CHLORIDES IN THE PRESENCE OF BROMIDES.
(To be practised on a mixture of KC1 and KBr.)

The solution is divided into two parts, in one of which the bromide is
proved by the addition of chlorine water, and shaking up with chloroform.
The second portion is either (1) Evaporated to dryness, the residue placed
in a tube retort with a little potassium dichromate and sulphuric acid, while
into the receiver is placed a little dilute ammonium hydrate, and distillation is
proceeded with, when, if a chloride be present, the liquid in the receiver will
be colored yellow; or (2) Precipitated with excess of AgNOs,

washed on
a filter, percolated with dilute NH4HO (1 in 20) and nitric acid added to the
percolate, when a distinctly curdy white precipitate proves the presence of
chlorides. This latter method is simple, and rarely fails if, on adding the
acid, a mere cloud be disregarded.

59. DETECTION OF BROMIDES IN THE PRESENCE OF IODIDES.
(Practise on a mixture of KBr and KI.)

Add to the solution a very small quantity of starch paste and then a drop
or two of chlorine water, when a blue color will be produced, proving the
iodide. Continue to add more chlorine water until this blue is entirely dis-
charged, and then shake up with chloroform, when, if a bromide be present,
the characteristic golden color will be communicated to the chloroform.

60. DETECTION OF CHLORIDES IN THE PRESENCE OF IODIDES.
(Practise on a mixture of KC1 and KI.)

Add excess of argentic nitrate, warm, pour off the supernatant liquid, wash
with warm water, and shake up the precipitate in dilute solution of ammonium
hydrate (i in 3). The argentic iodide will remain insoluble, while the chloride
will dissolve and may be detected in the solution, after filtration, by reprecipita-
tion with excess of nitric acid. As argentic iodide is not absolutely insoluble
in ammonium hydrate, a mere cloud on adding the nitric acid is to be dis-
regarded. This test is only accurate in the insured absence of a bromide,
proved as above directed (see 59).

61. SEPARATION OF AN IODIDE FROM A BROMIDE AND CHLORIDE.
(Practise on a mixture of KC1, KBr, and KI.)

1. Add to the solution a mixture of one part cupric sulphate and three parts
ferrous sulphate, or mix the solution with excess of cupric sulphate and
drop in sulphurous acid till precipitation ceases. The iodide will separate
as cuprous iodide—Cu2I2—leaving the bromide and chloride in solution.
Unless carefully done, this separation is not absolutely accurate.

2. Add to the solution palladious nitrate until precipitation ceases. Filter out the
palladious iodide which separates, and pass sulphuretted hydrogen through
the liquid to remove excess of palladium, and again filter. Boil to expel the
excess of H2S, and the bromide and chloride remain in solution.
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62. DETECTION OF AN IODATE IN AN IODIDE.
(Practise on a solution of iodine in heated potassium hydrate—KI+KIO3.)
When excess of tartaric acid is added to potassium iodate, iodic acid is set

free; and when the same acid is added to potassium iodide, hydriodic acid
is set free, and potassium hydro-tartrate formed. Thus :—

5KI + KI0 3 + 6H 2C4H4O g = 5HI + HI03 + 6KHC 4H406 .

If these acids be thus liberated together, they immediately decompose,
forming water and free iodine :—

5 HI + HI03 = 3I2 + 3H20.
If therefore starch paste and tartaric acid be added to pure potassium

iodide no coloration takes place, because only hydriodic acid is liberated ;

but if the sample contains potassium iodate, an immediate production of
free iodine ensues, which turns the starch blue.

63. DETECTION OF A SOLUBLE SULPHIDE IN PRESENCE OF A
SULPHITE AND A SULPHATE.

(Practise on mixed solutions of Na2S, Na2S0 3, and Na2S04.
Pour the solution on a little cadmium carbonate—CdCOs—filter, and treat

the insoluble matter with acetic acid to remove any unacted-upon cadmium
carbonate. If a sulphide have been present, a yellow residue of cadmium
sulphide will remain insoluble in the acetic acid, while cadmium sulphite and
sulphate will be found in the first filtrate, if these two radicals were present.

64. SEPARATION OF THIOSULPHATES FROM SULPHIDES.
(Practise on solution of commercial hyposulphite of soda, to which a drop of

NH 4HS has been added.)
Having obtained a good preliminary idea by heating with H 2S04, add to

a portion of the original solution—ZnS04—in excess, and filter.
(a) Precipitate white, and soluble in HC1, with smell of H2S

= Sulphides.
(1b) A portion of filtrate heated with H2S0 4 deposits S and smells of

S02 ; and another portion added to a drop or two of ammonio-
cupric sulphate instantly causes decolorisation.

= Hyposulphites.

65. SEPARATION OF SULPHIDES, SULPHITES, and SULPHATES.
(Practise on mixed solutions of sodium sulphite and sulphate, to which a

drop of NH 4 HS has been added.)
Pour the solution on an excess of cadmium carbonate, digest at a gentle

heat, filter, and examine the precipitate for a sulphide as already directed (63),
The filtrate, which may contain the sulphite and sulphate, is precipitated by
barium chloride, the insoluble precipitate filtered out and boiled with a little
hydrochloric acid, which will dissolve the barium sulphite with evolution
of sulphurous anhydride—S02—and leave the barium sulphate insoluble.

66. SEPARATION OF SILICIC ANHYDRIDE (SILICA) FROM ALL
OTHER ACIDS.

(Practise upon powdered glass.)
Fuse the substance with a large excess of KNaC03 in a platinum crucible,

and when all action has ceased, cool, and boil the residue with water. The
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silica passes into solution with the other acid radicals, and the metals are left
as oxides. Acidulate the solution with hydrochloric acid, evaporate to dry-
ness, and heat the residue to 280° Fahr., and maintain the heat for some
time. Drench the residue with strong hydrochloric acid, then add water,
and boil, when the silica will alone remain insoluble.

67. DETECTION OF A NITRITE IN THE PRESENCE OF A NITRATE.
(Practise upon potassium nitrate which has been slightly heated so

as to partially decompose it).
Add a little potassium iodide and starch paste, then introduce a small

pinch of powdered metallic zinc, and lastly acidulate with acetic acid, when,
if a nitrite be present, a blue colour will be produced, due to the liberation
of iodine. This test is often a very necessary one when dealing with drinking
water, the presence in which of nitrites, derived from the oxidation of
comparatively recent organic contamination, is a dangerous indication.
68. DETECTION OF FREE NITRIC ACID IN THE PRESENCE OF A

NITRATE.
Digest with excess of barium carbonate; filter, and add to the filtrate some dilute sulphuric

acid, when, if the free acid were present, a precipitate of barium sulphate will be produced.
This test is only good in the insured absence of any other acid capable of dissolving barium
carbonate. It will also serve for detecting free hydrochloric and acetic acids in presence of
their salts.

69. DETECTION OF A NITRATE IN THE PRESENCE OF AN IODIDE.
(Practise upon mixed solutions of potassium nitrate and potassium iodide.)
The fact that the addition of strong sulphuric acid liberates iodine renders

the proof of a nitrate by the ordinary iron process doubtful in the presence
of iodides and bromides. In this case proceed by one of the following
methods:—

1. Boil with excess of potassium hydrate until any ammonium salts
are decomposed, then add a fragment of zinc and again boil.
Any nitrate present will be converted into ammonia, which
may be recognised in the steam with moistened red litmus
paper.

2. Warm with a little zinc amalgam and add a little acetic acid and
starch paste, when the nitrate, being reduced to nitrite, will
cause the liberation of iodine, and colour the starch paste blue.

3. Boil with stannous chloride and a large excess of hydrochloric acid,
which will produce ammonium chloride from a nitrate; and
by boiling the liquid with excess of potassium hydrate, the
ammonia gas may be evolved. Of course the absence of
ammonium salts must be first insured.

70. SEPARATION OF CHLORIDES, IODIDES, and BROMIDES FROM
NITRATES.

Digest with argentic sulphate, which will precipitate the halogens as silver
salts and leave the nitrate in solution.

71. SEPARATION OF CYANIDES FROM CHLORIDES.
(Practise on a mixed solution of KCN and KC1.)

Acidulate slightly with nitric acid, add excess of argentic nitrate, wash the
precipitate thoroughly with boiling water by decantation, allow it to settle
completely, pour off all the water, and boil with strong nitric acid, when the
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argentic cyanide is decomposed, leaving the chloride insoluble. The solution
in nitric acid is diluted and hydrochloric acid added, when any dissolved
silver is detected by precipitation, as chloride, thus indicating the presence of
argentic cyanide in the original mixture.

72. SEPARATION OF FERRO- FROM FERRI-CYANIDES.
(Practise upon mixed solutions of potassium ferro- and ferri-cyanides.)

Acidulate with, hydrochloric acid, add excess of ferric chloride, warm
gently; the ferrocyanide will be precipitated. Pour off some of the brownish
liquid and heat with a little zinc amalgam, when a blue precipitate will form,
owing to the reduction of the ferri- to ferro-cyanide.

73. DETECTION OF CYANIDES IN THE PRESENCE OF FERRO-
AND FERRI-CYANIDES.

(Practise upon mixed solutions of potassium cyanide and ferrocyanide.)
Acidulate slightly with nitric acid and add an excess of a mixture of ferrous

and ferric sulphates; warm gently, and allow the precipitate to subside. Pour
off a little of the supernatant liquid, add to it excess of potassium hydrate,
and then acidulate with hydrochloric acid, when the production of another
blue precipitate will prove the cyanide.

74. DETECTION OF A PHOSPHATE IN THE PRESENCE OF CALCIUM,
BARIUM, STRONTIUM, MANGANESE, AND MAGNESIUM.

(Practise on ordinary “phosphate of lime.”)
Dissolve in water by the aid of the smallest quantity of nitric acid, then add

excess of ammonium acetate, which will remove the excess of nitric acid with-
out rendering the solution alkaline. In this solution the phosphate may be
proved by adding a drop or two of ferric chloride and warming, when a white
precipitate of ferric phosphate—Fe2(P04)2—will form, insoluble in the acetic
acid liberated.

75. DETECTION OF A PHOSPHATE IN THE PRESENCE OF IRON.
(Practise on ordinary “ phosphate of iron.”)

Dissolve in the smallest possible quantity of hydrochloric acid, add some
citric acid, and then excess of ammonium hydrate. By this means an alkaline
liquid is obtained, owing to the power of the organic acid to prevent the pre-
cipitation of the metal by the ammonium hydrate; and in this liquid, when
cold, magnesia mixture (ammonio-sulphate of magnesia) causes the precipitation
of white crystalline magnesium-ammonium phosphate.

76. SEPARATION OF AN ARSENIATE FROM A PHOSPHATE.
This can only be done by acidulating with hydrochloric acid, and passing a

slow stream of sulphuretted hydrogen through the solution for several hours,
until the whole of the arsenic is removed.

77. DETECTION OF A FORMATE IN THE PRESENCE OF FIXED
ORGANIC ACIDS WHICH REDUCE SILVER SALTS.

Distil with dilute sulphuric acid at the heat of a water bath, neutralise the
distillate with sodium carbonate, add a slight excess of acetic acid, and boil
with argentic nitrate, when a dark deposit of metallic silver will form.
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78. SEPARATION OF OXALATES, TARTRATES, CITRATES, and
MALATES.

(Practise upon mixed solutions of oxalic, tartaric, and citric acids.)
If the solution be acid, neutralise it with sodium hydrate; but if neutral or

alkaline it is ready for use, and is treated as follows :—

A. Acidulate slightly but distinctly with acetic acid, bring the whole
to the boil, and add a drop or two of calcium chloride; and if
it produce a precipitate, add it till precipitation ceases. Keep
the whole nearly boiling for a time, till the precipitate aggre-
gates, and filter. This precipitate is calcium oxalate, and it
should be quite insoluble in cold solution of KHO.

B. To the filtrate from A,
mixed with some more calcium chloride,

ammonium hydrate is added in slight but distinct excess,
and the whole thoroughly cooled. Calcium tartrate precipi-
tates, and when it has settled clear, the liquid is poured off
and preserved for C. This precipitate, after washing, should
be entirely soluble in cold solution of potassium hydrate, and
reprecipitable by boiling.

C. The liquid is slowly boiled for some time; and if a precipitate does
not form readily, a little more CaCl2 and NH4HO added, and
the boiling resumed. The precipitate, when it begins to subside
well, is filtered out whilst still hot. It should be (after washing)
quite insoluble in cold solution of potassium hydrate; but
soluble in perfectly neutral solution of cupric chloride.

D. To the filtrate add alcohol, when calcium malate will separate;
but this portion of the separation is not infallible, and the
precipitate must be carefully examined to see that it really is
malate.

79. DETECTION OF CARBOLIC ACID IN THE PRESENCE OF
SALICYLIC ACID.

Boil io grains in half an ounce of water, cool, decant the solution, and add
to it i minim of a saturated solution of KHC03 , i minim of aniline, and 5
drops of solution of chlorinated lime

, when, if carbolic acid be present, a deep
blue is produced.



CHAPTER IV.
QUALITATIVE ANAL YSIS, AS APPLIED TO THE DETECTION

OF UNKNOWN SALTS.

§ L GENERAL PRELIMINARY EXAMINATION.
Under this head are included—

1. The observation of the physical properties of the substance sub-
mitted for analysis.

2. Its behaviour when heated, either alone or in the presence of
reducing agents or fluxes.

3. Its reaction with test-papers ; the color it communicates to flame,
etc.

So particular and minute may this examination be, that in the larger works
on chemical analysis many pages will be found devoted to it; but for the
purposes of the analysis likely to come before the ordinary chemical student,
it is sufficient only to carry it the length of a few readily obtainable and
unmistakable inferences.
Step 1. If the substance be a liquid, carefully mark its reaction with blue

and red litmus paper, evaporate a little to dryness at a gentle heat
on a clean porcelain crucible lid, observing the nature of the residue
left, if any; and finally raise this residue to a red heat, carefully
noting whether it is volatilised, blackened, or altered in color any
way. If a solid, heat it directly to redness on a crucible lid (or in
a dry test tube), and note effect; then shake a little up with distilled
water, and note its reaction with blue and red litmus paper.

From a careful study of these points, the following simple inferences may
safely be drawn ; any appearance not herein referred to being neglected as not
affording a really distinctive indication.

A. Neutral, no odor, and leaving no residue whatever. Probably
water.

B. Strongly acid, leaving no residue. Probably an ordinary volatile
acid, such as HC1, HN03 , HC 2H302 ,

etc.
C. Strongly acid, leaving a residue, fusible by heat and also strongly

acid. Probably a non-volatile mineral acid, such as H3PC>4.
D. Strongly acid, leaving a residue, which on heating chars, and

entirely burns away. Probably free organic acid, such as
H2C4H406 , H 3 Cc H507, HC 7H502j etc.

Note.—Oxalic and formic acids do not char.
E. Neutral or slightly acid, leaving a residue, which volatilises in

fumes, but without blackening. Probably an ordinary salt of
a volatile metal, such as NH 4, Hg, As, Sb, etc.

F. Neutral or slightly acid, leaving a residue which on heating
blackens and volatilises in fumes. Probably an organic salt
of NH 4, Hg, or other volatile metal.

Note. —In this case it is best at once to test the original for NH 4 or Hg by boiling
with KHO and SnCl 2 respectively.
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G. Neutral or slightly acid, leaving a residue, which on heating
changes color as follows :—

Yellow while hot, white on cooling. Probably salt of Zn.
Deep yellow while hot, yellow on cooling. Probably salt of Pb.
Yellowish-brown while hot, dirty light-yellow on cooling. Pro-

bably salt of Sniv
.

Orange or red while hot, dull yellow on cooling. Probably salt
of Bi.

Red while hot, reddish-brown on cooling. Probably salt of
Fe or Ce.

Permanent brownish-black. Certain salts of Mn.
H. Neutral or slightly acid, leaving a white residue, which blackens

on heating, burns, and leaves a black or greyish mass. Pro-
bably an organic salt of a fixed metal. In this special case,
proceed as follows :—

Moisten the residue with a little water, and touch it with reddened litmus
paper. If alkaline, the original substance was an organic salt of K, Na, or
Li, in which case proceed by (a). If not alkaline, proceed by (/>).

(a) Boil the ash with the smallest possible quantity of water, filter, acidulate with
HC1 till effervescence ceases ; dip a perfectly clean platinum wire in the solu-
tion, and try the flame test. Ifcrimson, Li. Bright yellow, Na. Violet, K.

Note. —The latter flame not being very easily seen in the daylight, it is advisable to
add to the solution PtCl4 and C2 H60. Shake well and cool. Yellow crystal-
line precipitate of potassium platinochloride—PtCl42KCl.

(l>) The ash is covered with water and treated with HC2H3 02. If effervescence takes
place, the original substance was probably an organic salt of Ba, Sr, or Ca ;
and these metals may at once be tested for in the acetic acid solution.

Note.—Oxalates, although organic, do not blacken to any extent. If carefully
observed, however, a slight greyish tint, followed by a distinct glow running
through the mass, will be noticed at the moment of decomposition. To make
certain, it is well to place a little of the original powder in one tube, and the
residue, after ignition, in another; cover them both w'ith water, and add a drop
of acetic acid to each. If the residue effervesce, and the original powder does
not, strong presumptive evidence is obtained of the presence of an oxalate
of the alkaline or earthy metals.

/. Neutral or slightly acid, leaving a residue, which takes fire and
continues to burn even after removal from the flame, giving off
clouds of white fumes and leaving a fixed white or pinkish
residue. Probably a hypophosphite; which fact should be
noted as an aid to future information as to acidulous radicals.

K. Strongly alkaline, leaving a fixed white residue, also alkaline.
A hydrate, carbonate, bicarbonate, phosphate, arseniate, borate,
or sulphide of a fixed alkaline metal, or a hydrate or oxide of
Ba, Sr, or Ca. In this case proceed as follows :—

Acidulate a portion of the original solution with HC1.
(а) If it effervesces without smell, and is therefore a carbonate or bicarbonate, test

at once by the flame for K, Li, Na, and also another portion of the original
solution with HgCl 2. If red, a carbonate : if not, a bicarbonate.

(б) Effervesces with smell of H 2S. In this cases it is a sulphide ; and if a deposit
of S also takes place, a polysulphide. Add to a fresh portion of the original
solution excess of HC1, boil till H2 S is expelled, filter, if necessary, and test
the solution for all metals of fourth and fifth groups.

(c) Effervesces with smell of HCN. Probably an alkaline cyanide such as KCN.
{d) It does not effervesce. In this case add to a fresh portion of the original solution,

AgNOs . If a brownish-black precipitate be formed, it is a soluble hydrate. A
portion of the original solution should be neutralised with HC1, and then
examined for all metals of fourth and fifth groups.

Note. —If AgNOs with original solution gives a yellow, a white, or a brick-red
precipitate, the presence ofa phosphate, borate, or arseniate of K or Na may
be suspected. In the case of a complex solution in which a salt of some other
metal is given dissolved in excess of an alkali, an intimation of the fact will be
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obtained on cautiously adding the IiCl, as, at the moment ofneutralisation, the
dissolved substance appears as a precipitate before again dissolving in the excess
of HC1. Basic plumbic acetate has an alkaline reaction.

Step 2. Dip a clean platinum wire in the solution, or, if a solid, moisten the
wire with HC1, dip it in the powdered substance, and heat in the
inner Bunsen or blowpipe flame. The outer flame is colored as
under:—

Violet .
.

. Potassium.
Golden-yellow . . Sodium.
Yellowish-green. . Barium.
Crimson .

. . Strontium or Lithium.
Orange-red . . Calcium.
Green . . . Copper or Boracic acid.
Blue .... Lead, Arsenic, Bismuth;

also Copper as chloride.
Step 3. Heat a little of the solid substance (or the residue left on evapora-

tion if in solution) on charcoal before the blowpipe.
Ordinary alkaline salts fuse and sink into the charcoal ; some decre-

pitating (example NaCl, etc.), others deflagrating (as KNO3, KCIO3,
etc.), but no sufficiently characteristic indications are usually obtained,
except in one of the following cases : —
A. A white luminous residue is left. Moisten it when cold with a

drop or two of cobaltous nitrate, and again apply the blowpipe,
observing any change of color as follows :—

The residue becomes blue, indicating Al, Silicates, Phosphates,
or Borates.

„ „ „ green, „ Zn.
„ „ „ pink or flesh-colored, indicating Mg.

B. A colored residue is left. Prepare a borax bead, and heat a little
of the substance in it, both in the reducing and oxidising flame,
and note any colors corresponding with the following list:—

C. A metallic residue is left, with or without incrustation surrounding
it. Mix a little of the substance with KCy and Na2C03, and
expose on charcoal to the reducing charcoal flame.

(a) Metallic globules are produced without any surrounding incrusta-
tion of oxide. This occurs with Ag, Au, Cu, Fe, Co, and Ni,
all easily recognisable.

(b) Metallic globules are produced with a surrounding incrustation of
oxide. This occurs with Sn, Bi, Pb, and Sb; the incrustation
having the characteristic colours already described in Case I.,
Step i, G.

Note.—Sb often forms a white and distinctly crystalline crust.
(ic) The metal volatilises, and only leaves an incrustation of oxide.

This occurs with As (garlic smell and white incrustation),
Zn (yellow [hot], white [cold]), and Cd (reddish-brown).

Metal. In Oxidising Flame. In Reducing Flame.

Cu Green (hot). Blue (cold). Red (cold).
Co Blue. Blue.
Cr Green. Green.
Fe Red (hot). Yellowish (cold). Bottle-green.
Mn Amethyst. Colorless.
Ni Reddish-brown (hot). Yellow (cold). Same as oxidising flame.
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§ II. DETECTION OF THE METAL PRESENT IN ANY SIMPLE
SALT.

Step 1. Preparation of the solution for analysis for the metal, if the
substance be not already dissolved.

1. Take a minute portion of the substance and boil it with water in
a test-tube; should it dissolve, then take a large portion and
dissolve for testing.

2. Should the salt prove insoluble, take another small portion and heat
with HC1, and add a little water and again heat. If it now
dissolves, prepare a larger quantity of the solution for use in
the same manner.

3. Should it resist HC1, try another small portion with HN0 3 by
heating, and then adding water. If this dissolves it, make up
a larger quantity of a similar solution for testing.

4. Should HNO3 also fail, try another small portion with two parts HC1
and one part HNO3, warming and diluting as before; and if it
succeeds, make up a larger amount ofsolution in the same manner.

5. If all acids fail, then take another portion of the substance, mix it
with several times its bulk of a perfectly dry mixture of sodium
and potassium carbonates (prepared by heating Rochelle salt in
an open crucible until the residue thoroughly ceases to evolve
any gases, then extracting with distilled water, filtering, evapo-
rating to dryness, heating the residue to redness, and preserving
for use in a stoppered bottle. This reagent will hereafter be
shortly described as fusion mixture). Place the whole in a
platinum crucible, and fuse at a bright-red heat; when cold,
boil with water and save the solution thus obtained for acidulous
radicals. The insoluble matter is then to be drenched with
strong HC1, slightly diluted and boiled, and the solution used
for testing for the metal. Any insoluble white gritty matter still
remaining is put down as silica.

Step 2. Detection of the metal.
The processes to be applied vary according to the limitation of the possible

substances under examination, and the following tables are to be used accord-
ingly, using the solution obtained in Step 1. Remetnber that even when we
have apparently found out the metal by the table, we should always proceed to
perfect confirmation by applying (to fresh portions of the solution each time) all
the tests for the metal given in Chapter II. Unless otherwise directed, all
confirmations referred to in the tables are intended to be tried upon fresh
portions of the original solution. For brevity the said solution is in the
tables indicated by a capital 0 in thick type, and the word precipitate is
contracted to ppt. In simple salts we go through the groups until we
get a result, and as soon as we do so we stop and go no farther with the
groups, but simply confirm the result obtained by special tests.
j'AThe following brief instructions may aid the student to find readily the pages required for
the full analysis of a simple salt:—

x. Find whether soluble in H2 0 or in acids, or neither.
acid = free acid or acid salt.
alkaline = complete the analysis by “ K,” p. 59.
neutral.

2. Take the reaction

does not char = inorganic salt.
does char = organic salt. See “ H,” p. 59.3. Heat dry in a test-tube

4. Find the metal by p. 64.
solubility table, p. 82.

If K, Na,
Li, or NH 4

5. Find the acid radical by tables pp. 76 to 80. if inorganic.
,, p. 80, if organic.

6. Name the salt and write its chemical formula.
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As
S,

j
Yellow

.
HgS

a

SnS
2

f

PbS

3

Sb
2

S
3

—Orange

Bi
2

S
3

'

S

SnS

ji

CuS

3

PtS
2

■

J2

Au
2

S
3

5

Confirmations.
Confirmations.

(I.)
If
ppt.

red.

(a)
Test
O
with

K.Fe.Cy,.
:

dark
blue

=
Fe.

(b)
Test
O
with
K

4
FeCy

3

:

dark

blue
=

Fe
2

.
(II.)
If
ppt.

green.

CaC03 s Confirmat Let
ppt.
settl

off
as

much natant
liqi

possible,
at

£ IONS. e,
pour super- ior

as
id
dis-

two
portions;

test
one

with
Na

2
HP0

4
:

white=Mg.
(2.)

Evaporate
the

remainder
to

dryness,
heat

till
fumes

cease,dissolveresidue
in
the

smallest
possi-

ble
quantity
of

(

b)

The
precipitate
dis-

solves
and
is

re-precipi-
(1.)
If
ppt.
yellow
and

insoluble
in

NH
t

HS.=Cd.

Evap.
portion
of
O
ona

porcelain

crucible
lid,

add
some

KHO

and
a

crystal
of

KN0
3
,

again

solve
in

HAc,

then
test

succes-
sively
in
the

same

tated
by
HN0

3

=Ag.
(2.)
If
ppt.

black
and

insoluble
in

evap.
to

dryness
and
fuse
:

K4
FeCy

3

:

white
liquid.

NH4HS.

yellow
residue,
sol.
in
H

2
0
and

precipitated
yellow
by

Pb2Ac

after
acidulation
by
HAc

=
Cr.

—Zn.

(a)
Add
to
O,
H

2
S0

4
:

white=Pb.

II.
If
ppt.
be
black,

(1.)
WithK

2
Cr0

4
:

yellow—
Ba.

water,
and
try

the
flame
test.

(6)
Add
to
O,

KHO:
yellow=Hg;

white=Bi;
and

blue=Cu.
(III.)
If
ppt.
white.

(1.)
Add
to
O,

KHO;
white
sol.
in

boil
O
with

KHO.
(a)

Blueish
ppt.
turn-

(2.)
With
a

drop

of
dilute
H

2
S0

4

(a)
Crimson
flame

=Li.

(3.)
If
ppt.
yellow
and
soluble
in

nha
hs.

excessand
re
-precipitated
by
boil-
ing
pinkish

onboil-
and
let
it
stand
:

(
b
)

Violet
flame

ing
with
NII

4
C1

=
A1.

ing=Co.

white=Sr.
=K.



(a)
Add
to
O,

KHO:
white

(sol.
in

excessand
not

re-precipitated
on

boiling)=Sn
(ic).

(b)
Add
to
O,

KHO
and
Zn,
boil

and
hold

paper
moistened
with

AgNO
s

over
the

tube
:

black

stain=As. (4.)
If
ppt.

orange,
soluble
in

NH
4

HS,
and
re-precipitated

orange
by
HCl=Sb.

(5.)
If
ppt.
brown

or
black

,

and

soluble
in
NH

4
HS.

(a)
Add
to
O,

HgCl
4

and
boil
:

grey=Sn
(ous.)

(b)
Add
to
O,
SnCl

4
:

purple=Au.

(c)
Add
to
O,

KC1
and

rectified

spirit
:

yellow
=

Pt.

(2.)
If
ppt.
with
KHO

be
Insoluble

in
excess,test
O
with
(
N
H

4
)

4
Mo0

4

dissolved
in
HN0

3

and
boil.

(a)
If

no
precipitate
forms
,

test
O
for

Ce
by

evaporating
and
igniting

and
getting
a

red
residue,

which

dissolves
with
difficulty
in

strong

HC1,
and
the
solution
diluted

and
nearly
neutralized
gives
a

white
with
(NH

4
)

4
C4
0

4
.

(b)
If
a

yellow
precipitate
forms
,

phosphoric
acid
is

present,
in

which
case

proceed
as

follows
:—

Add
to
O,
NH

4
HO
in

excess,

and
then
HAc
until
the

solution

is
acid
and
boil.

(a)
A
ppt.
forms
,

it
maybe

FeP0
4
,

CrP0
4
,

or
A1P0

4
,

filter,
wash,

and
treat
01.
filter
with

boiling

dilute
KHO.

*

A
reddish
residue
is
left
on

filter
=

Fe
(test
O
for
Fe

and
Fe

.

t
A

greenish
residue
is
left

on

filter
=

Cr
(fuse
as

above.)

\

The
ppt.

dissolves—
A1

(con-

firm
by
boiling

filtrate
with

NH
4

C1.)

(b)
No

precipitate
forms.
We

may

have
in
solution
the

phosphates

of
Ba,
Sr,
Ca,
Mn,
or

Mg.
Test

the
same

solution
with
K

4
Cr0

4
:

yellow
=

Ba.
If
no.

effect
add
a

drop
or

two
of
dilute
H

2
S0

4
,

and

stand
for
a

short
time
:

white
=

Sr.

If
not
Sr
add
(NH

4
)

2
C

4
04

:

white
=

Ca.
If
still
not
Ca
cool

and
add

excess
of
NH

4
H0
:

white
=

Mgor
Mn.

Fuse
ppt.on

porcelain
with

KHO
and

KN0
3

:

greenresidue
=

Mn.
If

no
green

then
the
ppt.

was
Mg.

(b)
Greenish
ppt.
un-

altered
by
boiling

=
Ni. (Both

should
be
con-

firmed
by

blowpipe
bead.)

(3-)
With (NH

4
)

4
C4
0

4
:

white=Ca.
(1c
)

Yellow
flame

=Na. Confirm
K
by
Pt

Cl4
and

recti-
fied
spirit.

Test
for
NH

4

by

boiling
O

with
KHO
and

smelling.

*

As
Mn

may
sometimes

precipitate
through
the
solution

absorbing
oxygen,it

is

always
advisable
to

filter
out
a

little
of
this

precipitate
and
fuse
it
with

KHO
and

KN03
:—greenresidue=Mn.



Table
for
the

Detection
of
the
Metal
in
a

Simple
Salt,
the
Metal
present
being
limited
to
the
Salts

commonly
used
and

included
in

the
Pharmacopoeia.

(N
.B.

—
Ppt.

means
precipitate
;

O
meansthe

original
sohition.')

ist
Group.
—Add
a

drop
of
HC1,
and
if
it

produce
a

precipitate,
add

excess.

Precipitate.
2nd
Group.
—To
the
solution
in
which
HC1
has
failed
to
give
a

ppt.
add

excessof
H

2
S
water

and
warm

gently.

May
contain— Pb

1

Precipitate.

3rd
Group.
—To

afresh
portion
of
O
add

some
NPLCl,
then
NILHO
in
slight,
but

distinct
excess,

and
observe
effect;
lastly,
add
a

drop
or

two
NH4
HS
and
again
observe.

Hg
(ous)
>

White.
(l)

Notice
its
color
and
add
to
it
a

Precipitate.

4th
Group.
—To
the
solution
which
has
failed
to
give
a

ppt.
in
the
3rd

groupadd
(NH

4
)

2C0
3
.

A
g

)

.

drop
of
NH4HO
to
neutralise,
and

then
add

10
drops
of
NH

4
HS

and

warm.
Notice
whether
it

dissolves

Division
I

Precipitate.
eth

Group.—

Confirmations.
or

remains
insoluble.
Thus

we
A
ppt.

was
caused
by
NJI

4

IIO,
and

divide
the

groupinto
two
divisions,
was

afterwards
turned

black
by

May
contain

to
give
a
ppt.
add
Na

2
HP04
,

(i)
Let
ppt.
settle;
pour
as

follows
:—

NH
4

HS.
May
be
Fe,
provided
it

off
liquid
and
add
H2
0

and
boil.
If
it
dis-

Division
I.

it
is

readily
bleached
by
IIC1
(Ni

Ba.

and
Co
not
so

bleached).

Ca.

solves
and
gives
a

yel-

(Insoluble
in
NH4
HS.)

Test
O
for

Fe(ous)
with
K

6
Fe

2
Cy

12
.

(Sr).

Precipitate.
6th

Group.

low
ppt.
with
K

2
Cr0

4

H
g)

„

,,

Fe(ic)
„

K
4

Fe2
Cy

6
.

ToO(first
neutralised

=
Pb.

Cu
|

=
Black
-

Division
II.

if
acid
by
NH

4

HO,

and
then

acidulated
White

=

Mg.

—

(2)
If
not

soluble
in
boil-
Pb
1

A
ppt.
is
caused
by
NPI

4
HO
not

with
acetic
acid)

(1)
Test
O
for
(NH

4
)

ing
H

2
0,
add
NH
4

HO.

Cd
=

Yellow.

altered
in
color
by
NH

4
HS.

add,

by

boiling
with

If
now

soluble
=

Ag.
If
the
ppt.

was
black,
then
to
O
add

Green
=*=

Cr
(

confirm
by

KHO).
(

1)
K

2
Cr0

4

yellow

KHO
and
smell-

If
turned

black
=

Hg

KHO.

f
Al.

ppt.
=

Ba.

ing
for
NH3.

(ous).

Yellow
=

Hg.

White
=*
3

Ce.

(2)
(NH

4
)

2
C2
0

4
white

Blue
=

Cu.

1

Oa.j(P0
4

)g.

ppt.
=

Ca.

(2)
Test
O
for
K

White
(insoluble)

==
Bi.

To
O
add

KHO.

with
PtCl

4
,

first

White
(soluble)

=
Pb.

White
(soluble
in
excess)
=

Al.

Note.—If
the
O

concentrating
by

Division
II.

White
(insoluble
in

excess)
=

Ce

gives
a

persistent

evaporation
and

orCa
3

(P0
4
)

2
.

red
flame,
Sr
is
to

cooling:
yellow

(Soluble
in
NH

4

HS.)

Test
specially
for
Ca

3

(P0
4
)

2

(see
§

V.)

be

suspected,
and

==K.

Sb
=

Orange.
Sn(ous)

=
Brown.

Ac

)

(Ce
salts
always
leave
a

red
residue

on

its
absence
must

heating).
Division
III.

then
be
proved
be-

fore
testing
for
Ca

(3)
Apply
flame
test.

Yellow
=

Na.

Sn(ic)
J

==YelIoW
-

Test
O.

(1)
If
ppt.
brown
:—

Ppt.
with
NH4HO
instantly
soluble,

but
NH4
HS

produced
a

light-
(see
p.

25).

Crimson
=

Li.

With
HgClj
for
Sn(ous).

colored
ppt.Flesh-colored

=
Mn.

(2)
If
ppt.
yellow
;

for
As
by

Fleit-

man’s
test,

and
if
not

found
then

test
specially
for
Sn(ic).

White—1Zn.

Add
to
O
chlorine

water
and

KHO.

Brown
=

Mn.

(3)
If
ppt.

orange=
Sb.

White
(soluble)

=
Zn.
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§ III. DETECTION OF THE METALS IN COMPLEX MIXTURES OF
TWO OR MORE SALTS.

Step I. Preparation of the solution for analysis in cases where the
substance for analysis is not given in solution.

Aote. By carefully applying this step and intelligently judging the results, we can
often reduce a separation of two salts to the performance of two separatesimple analyses, and so save much time and trouble.

1. Boil some of the powdered substance with distilled water, and filter
off from any insoluble matter.

Evaporate a drop or two of the filtrate to dryness, at a gentle heat, on aslip of clean platinum foil, and if any residue be left, then save the balance
of the filtrate for analysis as representing the portion of the original (if any)
that is soluble in water.

2. If anything remains insoluble from water, then wash it on the filter
with boiling water until a drop of the washings leaves no marked
residue on evaporation. Rinse the insoluble off the paper into
a tube, and add hydrochloric acid drop by drop (noting carefully
any effervescence or odor as indicating the presence of certain
acidulous radicals, such as carbonates, sulphides, sulphites,
cyanides, etc.), and warm.

If it now all dissolves, save the fluid for analysis. If not, then separatethe insoluble, test the filtrate by evaporationof a drop or two, to see whether
anything has dissolved, and if so, save the fluid for analysis as representing
the metals present in the form of salts insoluble in water, but soluble in HC1.

Note. This division of any mixture into salts soluble and insoluble in water gives
the greatest assistance in the subsequent testing for the acidulous radicals. For
example, if a metal of the 5th group be found in the portion soluble in water,
then any acidulous radical almost may be present ; while if a metal ofone of
the other groups be found, then generally speaking only a nitrate, sulphate,
chloride, or acetate need be first searched for. If, on the other hand, the
substance resists water and only goes into solution with HC1, then as a rule
110 metal of the $th group is present, and we might consider that we were
probably dealing with a carbonate, oxide, phosphate, arseniate, oxalate,sulphide, sulphite, cyanide, ferro- or ferri-cyanide, or borate of a metal, notin the 5th group. Certain tartrates and citrates, chiefly of the 4th group,would also come in this category.

3. If the substance resists both water and HC1, try nitric acid, first alone,
and then with the addition of hydrochloric acid.

This treatment dissolves certain metals in the free state, such as Ag, Pb,Hg, and Cu, and also acts upon HgCl, HgS, and other insoluble sul-
phides, and on Fe2 03 and some refractory oxides. Gold and platinum onlydissolve in nitro-hydrochloric acid.

Note.—When HNOs has been used as a solvent, the liquid should always be
evaporated with HC1 till all the HN03 has been displaced, then allowed to
get quite cold and any precipitate filtered out and treated as belonging to
the 1st group, while the filtrate is directly treated with PI 2 S.

4. If anything still remains insoluble, it must be fused with fusion
mixture (KNaCO s) at a bright red heat till action ceases, and
the residue so obtained boiled with water and filtered.

The filtrate is used for the detection of acidulous radicals; while the
insoluble matter is dissolved (after washing) in nitric acid and used for
finding the metals. The usual run ofarticles requiring this treatment are-
sand, clay, and other silicates, sulphates of Ba, Sr, Ca (latter not always),and Pb, the haloid salts of silver, Sn02 and Sb2 O s.

Step II. Proceed to apply the following tables to the prepared solution
from Step I.

Note. —The whole of the first table for “separation into groups” must be gone
through, but if no effect be obtained in Groups I. or II., a fresh portion of
the prepared solution should be taken for Group III., etc., so saving the
time required for evaporating to a considerable extent.
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TABLE
FOR
THE

SEPARATION
OF
METALS

INTO
GROUPS.

Add
a

drop
of

HC1
and
if
it

produce
a

precipitate,
add

excess
(Note
i).

which
maycontain

PbCl
2

Hg
2

Cl
2AgCl,

is
collected
on
a

filter
and

examined
by

Table
A GROUP

L

To
the
filtrate
add
II
2

S

water,
and
if
it

produce
a

discoloration,
warmto

blood-heat
and

passH
2S

in
excess.

The
precipitate
is
to

be
care-

fully
washed
with

boiling
H

2
0

till
quite
free
from
HC1

(Note
2).

It
is
then
to
be
washed
into
a
test-

tube
about
half-full
of
H

2
0,
and

from
10

to
20

drops
of
NH

4
HS

having
been
added,
the
whole
is

warmed
for
a

time
and
filtered

(Note
5).

(a)
Insoluble
portion,
including

possibly
HgSPbS Bi

2S
3

CuS CdS,

is
examined
by
Table
B.

(b)
Soluble
portion,
containing

possibly
AsjS* Sb

2
S

3

SnS SnS
2

Au
2S
3

PtS
2
,

is
examined
by
Table
C.

GROUP
II.

Evaporate
filtrate
to
dryness
in
a

platinum
capsule,
and
heat
till

any
organic
matter
present
is

decomposed.
Moisten
the

residue
with
strong

HC1,
and
then
add
H2
0
and
boil
(any

insoluble

(Note
3)
if
white
Si0

2
).

Take
a

little
of
the
solution,
add
HN0
3

and
(NH

4
)

2
Mo0

4
and
boil.
If

Phosphates
be
present,
a

yellow
precipitate
will
be

produced
(Note
4).

Take
nowthe

rest
of
the

solution,
warmit

with
a

drop
or

two
of
HN0
3

and
then
add
NH

4
C1
and
NH4
HO,
the
latter
in
slight

but
distinct

excess;
boil
and
filter
(a).
Add
to
the

filtrate
NH4
HS
in

excess,boil
and
filter
(b).

(a)
NPI4
HO

(b)
NH4
HS

Precipitate
may

(in

Precipitate
may

con-

absence
of
P04
)

con-
tain

tain

MnS

Fe
2

6HO

ZnS

Cr
2

6HO

NiS

Al
2

6HO

CoS

Ce2H0

Wash
with
H
2

0
con-

Wash
with

boiling
taining

NH4
HS
and

H
2

0
and

examine
by

examined
by
Table
F.

Table
D.

(In
presenceof

P0
4
)

It
may

containFeP0
4

A1P0
4

CrP0
4

Ce
3

2P04
Ba
3

2P04
Sr3
2P04

Ca
3

2P0
4

Mn
3

2P04
Mg
3

2P04

Wash
with

boiling

water
and
examine
by

Table
E. Division

(a).

GROUP
III.

Division
(b).

Add
to

filtrate
(NH4
)
2

C0
8

and
boil.

Precipitate
may
con-

tain
BaC0

3

SrC0
3 CaCO

:)

examined
by
Table
G.

GROUP
IV.

Filtrate
may

contain
MgLi K Na

examined
by
Table
II.

GROUP
V.

Notes.

(1)
Too
much

excessHC1
prevents
the
rapid

precipitation
of
Cd
by
H

2
S.

(2)
Known
by
testing
washings
with
AgN03

and
continuing
to

wash
and
test
till

no
precipitate

is

produced.
(3)
Cerium
leaves
a
verydark

red
residue
only

soluble
in
strong

acid.

(4)
A

little
patience
here,
as
in
dilute

solutions

the
precipitate
does
not
form

instantly.

(5)
When
Cu
is

suspected
from
the

Preliminary

Examination,
take

carenot
to
use

yellow
NH4
HS

as
it
always
dissolves
someCuS.
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TABLE
A.

SEPARATION
OF
METALS
OF

GROUP
I.

Alter
washing
the

precipitate
oncewith

cold
water;
put
the
funnel

overa
fresh
tube
and

pouron
some

boiling
water.

The
filtrate

may
contain

Any
precipitate

remaining
on

the
filter
is
washed
with
boiling

water
till
all

trace
of
Pb

PbCls

is

removed,
and
then

percolated
with
dilute
NH4
HO
(i
in
3).

Test
while
still
hot
with
K2
Cr0

4

Yellow
Precipitate

=
Pb.

Any
black
precipitate
The
filtrate
is

diluted
with
an

equal
bulk
of
water,

and
then

which
remains

on
the

cautiously
acidulated
with
HN03
(to

re-precipitate

filter
is
NH

2
Hg2
Cl,

AgCl
previously

dissolved
by
the
NH

4

HO).

and
provesthe
pre-

White
precipitate

=

Ag.

senceof
Hg

2.

Note.
—Instead
of
filtering,
the
whole
of
this

analysis
maybe

done
by

decantation,
as

the
precipitates

are
heavy
and
settle

rapidly.
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TABLE
B.

SEPARATION
OF
METALS
OF
GROUP
II.,

DIVISION
(a).

Wash
precipitate
with
boiling
water,

and
then

transfer
it
to
a

small
porcelain
dish,
add
a

few
drops
of
HN0

3
,

and
warmtill

red

fumes
cease,and

repeat
this
heating
with
HN0

3

till
an

additional
drop
fails
to
cause
any
morered

fumes.
Now
wash
the

contents
of
the

basin
into
a

tube
with
a

little
water
(i),
add
H2
S0

4
till
no
more

precipitate
forms,
then
cool
and
add

an
equal

bulk
of
spirit
of
wine

(methylated).

Any
Precipitate

may
contain
HgS
(2),

and
PbS0

4
.

Percolate
with
a

strong

solution
of
NH

4
C

2
H

3
0

2
,

and
test

fil-

trate
with
K

2
Cr0

4
.

Yellow
=

Pb.

Any
black

residue
now

remaining
in
the

filter
will
be
HgS,
and
is
to
be

con-

firmed
by

dissolving
in
HC1
by
the

aid
of
a

crystal
of

KC10
3
,

and
(after

boiling
free
from
Cl)
adding
SnCl

2
,

and
boiling.
Grey

precipitate
=

Hg.

To
the

Filtrate,
which

may
still
contain
Bi,
Cu,
and
Cd,
add
NPI4
HO
in

excess.

Any
Precipitate
will
be

B13HO.
and
is
to
be

confirmed
by
dissolv-

ing
in
the
least

pos-

sible
quantity
of
HC1

by
the
aid
of
heat,

and
pouring
into

h
2o.

White
=Bi.

The
Filtrate,
if
blue
in

colour,
contains
Cu
for
certain,

and
possibly
also
Cd.
If
not
blue,
no

Cu
is

present,

and
Cd
is
to
be
directly

tested
for
by
adding
NH

4
HS.

Yellow
=

Cd.
If
Cu
be
present,
then
add
KCy
until

the
blue
colour
is

discharged,
and

pass
II

2
S,
when
any

Cd
will
be

precipitated
as

yellow
CdS.

Note
i.

—Too
much
water

added
might

precipitate
any

Bi,
as

Oxy-Nitrate.

2.

—
If
anyCl

have
been
left
in
the

original
group

precipitate
(through

inefficient
washing)
the
HgS
will

dissolve
and
be
lost.
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TABLE
C.

SEPARATION
OP
METALS
OF

GROUP
II.,

DIVISION
(b).

First
Method,
,

in
Absence
of
Gold
and

Platinum.

Acidulate
with
HC1
to
causethe

reprecipitation
of
the
sulphides.
If
a

decided
yellow,

orange,or
black
precipitate

separates,

then
proceed
to

filter
out;
but
if
only
a

cloud
of

precipitated
sulphur

forms
(not
separating

readily,
and
nearly
white
in

colour),

no
metals
of

this
division
are

present.
After
washing
the
sulphides,
suspend
them
in
a

cold
solution
of
the

B.P.
ammonium

carbonate,
shake
up

for
a

few
minutes,
and
filter.

The
filtrate

may
contain

(NH
4
)
3

AsS3
.

Add
HC1

in
excess,and
if

present

As
will
be

reprecipitated
as

yellow
As

2
S3
.

Filter

out
and
confirm
by
dry
ing

and
heating
with

KCy

and
Na2
C0

3

in
a

small

tube,
thus
getting
a

mir-

ror
of
metallic

arsenic,

or,
if

preferred,
by

Fleit-

man’s
test.

Any
orangeor

yellow
precipitate
still

remaining
may

be
sulphides
of
Sb
or

Sn
(ic)

.

Dissolve
in

strong
boiling
HC1,
dilute
a

little,
and
put
into
a

platinum
dish
with
a

rod
of
zinc
so

held
that
it

dips
in
the
fluid
and
touches
the

platinum
outside
the

liquid.
Electrolysis

will
set
in
and

cause

the
Sb
to
deposit
as
a

black
stain
closely
adhering
to
the

platinum,
while
Sn
will
deposit
as

loose

metallic
granules.

Boil
with
HC1
(after
washing)
and
the
Sn
will
dissolve,

forming
SnCl

2
and

giving
a

precipitate
with
HgCl

2

;

while
the
Sb
will

remain
undissolved,
and

maybe
confirmed
by

oxidizing
with
a

drop
of
HN0

3
,

then
dissolving
in
solution
of
H

2
C

4
H40

6

and
getting
the

characteristic
precipitate
with
H

2
S.

Secoiid
Method
i?i

Presence
of
Gold
and

Platinum.

When
the

precipitate
from
the
NH4
HS
by
dilute

HC1
is
dark
in
colour,
either
Sn

(0U8)
Au
or

Pt
must

be
present.
In
this

case
the
separation
had
better
be

conducted
as

follows.
Boil
the
mixed

sulphides
at

oncewith
strong

HC1
as

long
as
H

2
S
is
given
off;
dilute

slightly,
and
filter.

Filtrate
may
con-

tain
SbCl

3

and

SnCl
2
,

which
are

separated
by
elec-

trolytic
process

above
described.

Precipitate
may

contain
As

2
S

3
,

Au
2

S
3
,

and
PtS

2
.

If
it
be
yellow,
simply

confirm
the
As
by
fusion
in
a

tube
as

above;
but
if
it
be

blackish,
then

Au
or

Pt
are

certainly
present.
In
this

case
digest
the

precipitate
with

solution
of

ammonium
carbonate
as

above.

Filtrate
may
con-

tain
(NH

4
)

3
AsS

3
.

Reprecipitate
with

HC1,
and

prove

by
fusion

as
above.

Precipitate
may

be
Au

2
S

3

and
PtS

2
.

Dissolve
in

aqua
regia;

dilute,
and

test
a

portion
for
Au

with
SnCl

2

(Purple
=

Au),
and
another
for
Pt
by

KC1
and
S.V.R.
Yellow
=

Pt.
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r!

TABLE
D.

SEPARATION
OF
METALS
OF

GROUP
III.,

DIVISION
(a).

{Note
i.)
Wash
and

transfer
to
a

platinum
or

silver
dish,

and
fuse
with

KNaC0
3

and
KN03.Boil
the

residue
in
water

and
filter.

insoluble
portion
may

contain
fe
and
Ce.

{Note
2.)
Moisten
with
strong

HC1,
and

then
add
H

2
0
and
boil.
Test
a
por-

tion
of
the
solution
for
Fe
by
K

4

FeCy
6

Blue
=

Fe.
To

remainder
add
citric

acid,
and
then

excessof
NH

4
HO,
and

finally
(NH4
)

2C
2

04
.

White
=

Ce.

The
solution
{which
if
yellow
cotitains
Cr)
is
mixed
with
Na

2
HP0

4

acidulated
with

HC
2

H
3

0
2

and
boiled.

Precipitate
is aipo

4

.

Gelatinous
white

=
Al.

Filtrate
treated
with
AgN0

3

gives
a

red,
or

with
BaCl

2

a

yellow
if
Cr
be
present
{Note
3).

NOTES.

1.
If
this

group
precipitate
be
deep

reddish-brown,
nothing
is

probably
present
but
Fe.
If
it
be
at
all

greenish,
Cr
is

present.
If
it

be
white
or

pale
red,
take
a

little
on
a

watch-glass,
and
touch
it
with
an
excessof

KHO
and

observe
effect.

Originally
white
and
soluble,
only
Al.

„

„

insoluble
„

Ce.

„

pale
red,
and
becoming
deep
red,
and
partly
dissolving,
Fe
and
Al
both
present

(probably).

„

„

„

not
darkened
by

KHO,
but

darkened
by
NaCIO,
Fe
and
Ce
both
present.

2.
If
Ce
be
present,
the
red

residue
is
with
great
difficulty

soluble,
evenin

strong
HC1.

3.
Sometimes
the
NH

4
HO
brings
down
Mn
along
with
the
Fe
in
this

group;
and
both
the

residue
and
solution
being
then
bright

green,the
yellow
of
the
Cr
is
of

coursemasked.
In
this

caseboil
the
filtrate
with
HC1
and
alcohol
when
the

green
of
the

manganate
will
be

removed,
while
the

chromate
will
be

reduced
to
Cr

5
Cl
6

and
turned
greenish.
If
therefore
the
originally

greensolution
be
entirely

decoloured
by
HC1
and
alcohol
nothing
but
Mn
was

present;
but
if
a

greentint
remain,
then
Cr

was

also
present.
This
is
of
rare

occurrence,but
must

always
be
kept
in
view
when
the
original
fusion
gives
a
green

residue.
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TABLE
E.

SEPARATION
OF
METALS
OF
GROUP
III.

(DIVISION
a)
IN

PRESENCE
OF

PHOSPHORIC
ACID.

(

Note
i.)

Dissolve
precipitate
in
dilute

HC1,
add

excessof
Na
2

PIP04
and
then

excessof
NH4C2H3O2
and
boil.

Precipitate
maybe

{Note
2)

FeP0
4
,

A1P0
4
,

Ce
3

2P04
wash
with

boiling
H

2
0
and

percolate
with
some

boiling
dilute

KHO.

Filtrate,
if

greenin
colour,
contains
Cr.
(but
if

perfectly
colourless,
that
metal

maybe
noted
as

absent).

Add
K2
Cr04
and

warm.
Precipitate BaCr0

4
.

Yellow
=

Ba.

Filtrate
must
be
tested
for
Sr
by
flame
test
(If
present,
Note
3),
if
absent,
proceed
as

follows.
Add
(NH

4

)2C20
4
.

Residue
may

contain
Fe
and
Ce

Dissolve
in
HC1
and

test
a

portion
for

Fe
by
K4
FeCy6
.

Blue
=

Fe.

To
the

remainder
add

citric
acid
and
then

NH4HO
in

excess.
An
immediate
white

or
a

white
after
ad-

ding
(NH4
)jCj0
4

=
Ce.

Filtrate
may

contain A1P0
4

supersaturate
with

hc
2

h3
o2
.

White
gelatinous
=

Al.

Precipitate
is

CaC20
4
.

White
=Ca.

Filtrate
is
mixed
with
a

little
H
3

C
6

H
5
07

cooled
and

excessof

NH4
HO
added
{Note
4).

Precipitate
maycontain

Mn
3

2P0
4

or
Mg3
2P04

(See
Note
5).

Separation,
if

necessary,
by

dissolving

in
dilute

HC1,
adding

excess
of

NH4
C2
H
3

0
2
,

boiling,
and

dropping

in
Fe2
Cl

G

till
a

reddish
tint
is

pro-

duced.
Filter

out
the

FeP0
4

thus

produced,
and
to
the
filtrate
add

NH
4

C1,
NH4HO,
and
NH

4

HS,
to
re-

moveMn
and
Fe.
Again

filter,
con-

centrate
to
a

small
bulk,
and
test

when

quite
cold
for
Mg
by
NH

4
HO
and

Na.2
HP04
.

Filtrate maycontain
Cr
only
;

prove
by
fusion

in

original.

NOTES.

1.
This

precipitate,
if
free
from
Ce,
Cr,
and
Mn,
is
much

more
simply
worked.
Therefore
take
a

little
before

dissolving
and
put
it

on
a

porcelain
crucible-lid
with
a

few
drops
of
strong

KHO
and
a

crystal
of

KN0
3

evaporate
to
dryness
and
fuse.
If

no
bright
yellow

or
greenresidue

be
formed
Cr
and
Mn

are
respectively
absent.
Take

another
portion
of
the

group
precipitate

on
a

white
porcelain
lid,
and

add
somesolution

of
chlorinated
soda

or
lime
;

if
it
does
not
turn

yellow,
then
Ce
is

absent
(if
Mn
be
present
this
last
test
will
turn

the
precipitate
brown)

so
that
it
is
only
when
it

does
not

change
colour
at

all
that
the
positive
absence
of
Ce

canbe
insured.

2.
Here
CrP0

4
should
be
found,
as
it
is

theoretically
insoluble
in

acetic
acid
;

but
in
practice
it
is,
when
freshly

precipitated,
nearly
entirely
soluble,
and

passesonas
shown
in
the
Table.

If
its
presenceis

suspected,
a
little
of
the

precipitate
maybe

fused
asabove.

3.
If
Sr
be
present

(known
by
its
crimson
flame,
and

distinguished
from
the

mere
orange-red
of
Ca)
it
must
be

removed
by
adding
a

little
verydilute
H

a
S0

4
,

letting
stand
for

twenty

minutes
in
a
warm

place,
and
then

filtering
out

the
SrS0

4

formed.
In
this

caseexcessof
ammonium

acetate
must

be
added
before
proceeding
to
test

for
Ca.

4.
If
noCr
is

presentthe
citric
acid
need
not

be
used,
as
it
is
only

added
to

prevent
the

precipitation
of
CrP0

4

by
the
NH

4
HO.

3.
If

no
Mn

wasfound
by
the

preliminary
fusion
{Note
1)
this

precipitate
is
all
Mg
;

but
if
Mn
be
presentit
must

be
first

removed
before
Mg

can
be
definitely

proved.
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TABLE
F.

SEPARATION
OF
METALS
OF
GROUP
III.,

DIVISION
(b).

Case
I.—
If
the

group
precipitate
be

white
or

flesh-coloured,
nothing
is

present
but
MnS
and
ZnS;
and
it
then
only

remains
to

dissolve
in
dilute
HC1,

add
NaHO
in

excess,
boil,
and
filter.

The
filtrate

may
contain

Zn
dissolved
in

excessof
NaHO
;

add

excessof
HC

2
H3
0

2

and
then
K

4

FeCye
.

White
=

Zn.

Any
precipitate

maybe
Mn2HO,
which

must
be

confirmed
by
fusion

on
platinum
foil

with
KNaC0

3

and
KN03
.

Green
residue

=
Mn.

(.
Note
.)

The
supposed

precipitate
of
Mn
must
be

confirmed,
because

any
trace
of
Fe

escaping
precipitation
in
its

own
group

might
appearhere
as

Mn.

Case
II.

—
If
the

group
precipitate
be
dark
in
colour,
then
Co
and
Ni

mayalso
be

present.
In
this

case
a

black
residue
of

NiS

and
CoS
will

remain
insoluble
in
the
diluted
HC1.
Any
such

residue
must
be
filtered
out

and
dissolved
in
strong

boiling
HC1,

or
Aqua

Regia,
if

necessary;
then
add

excessof
KCy,
and
boil
in
the
fume
chamber,
adding

moreHC1
if

necessary,until
all

further
smell
of
HCy

ceasesto
be

developed.
Then
add

KHO
in

excess.

Any
precipitate
contains

Ni;
confirm
by

drying
and
heating
in

borax
bead.

The
filtrate

may
contain
Co;
confirm
by

evaporating
to
dryness,

and
heating

residue

in
borax
bead.
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TABLE
G.

—
SEPARATION
OF
METALS
OF
GROUP
IV.

Dissolve
the

precipitate
in
HC

a
H

3
0

2

and
add
K

2
Cr04
in

excess.

Any
precipitate
is BaCr0

4.

Y
ellow
=

Ba.

Take
a

small
portion
of
the
filtrate
and
add

some
saturated
solution
of
calcium
sul-

phate,
warming
gently.
If
no

precipitate
should
form,
Caonly
is

present,
and

may

be
confirmed
at

onceby
adding
(NH

4
)

2
C

2
04
to
the

remainder
of
the
filtrate.
But

if
a

precipitate
be

produced
Sr
is

present,
and
must
be

separated
by
adding
a

few
drops
of
verydilute
H2
SO
to
the
said

remainder
,

and
letting
the
whole
stand

in
a
warm

place
for
fifteen
or
twenty

minutes.

•

Any
precipitate
is
SrS0

4

;

confirmed
by

being
perfectly
insoluble
after
di-

gestion
for

sometime
at
a

gentle
heat

with
a

strong
solution
of

(NH4
)

2
S0

4

and
a

little
NH

4
HO
(to
removeany

CaS0
4

accidentally
precipitated).

White
residue

giving
crimson
flame

=
Sr.

i

The
filtrate

may
contain
Ca,

confirmed

by

adding
NH

4
HO
and
(NH4
)

2
C

2
0

4
.

White
=

Ca.

(Note.)
To

ensurethat
Sr
is

fully
sepa-

rated,
see

that
a

portion
of
this
filtrate

gives
no

precipitate
by

warming
with

a
saturated
solution
of
Ca
S0

4.

___
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TABLE
H.

SEPARATION
OF

METALS
OF
GROUP
V.

Divide
the
solution
into
and
-f.

Take
the
a

portion,
and

concentrate
by

evaporation
if

very
dilute,
cool
perfectly,
and
add

excessof
NH4
HO
and
Na

2
HP0

4
.

White
=

Mg.

Evaporate
the
filtrate
to

dryness
on

the
water

bath,
and
take
up

with
boiling

water,
when
any

white
insoluble

residue
is
Li,
provided
it
gives
a

crimson
flame
ona

platinum
wire

previously
dipped
in
HC1.

Take
the

remaining
and

evaporate
to

dryness,
and
heat
till
all
fumes
of

ammonium
salts

ceaseto
be
evolved.
Take
up

the

residue
with
the
smallest
quantity
of
boiling
water

(pouring
off'
from
and

disregarding
any

insoluble
matter).
Then

acidulate

with
HC1,
dip
in
a

wire
and
test

flame,
looking
first
at
it
with
the
naked
eye,

and
then
through
a

piece
of
blue
glass
(to
cut
off

the
sodium
yellow).

Red

Li

(disregard
if

already
found
in
the
a

portion).

Yellow
.....

Na.

Violet

K.

Confirm
K
by
adding
PtCl

4
to
the
rest
of
the

acidulated
solution,
and

getting
when
cold
a

yellow
precipitate
of

PtCl
4

2KCl.

Test
for
NHt
by

boiling
someof

the
original
solution
with

KHO,
and

getting
off
NH3

.
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§ IV. DETECTION OF THE ACIDULOUS KADICALS.

Division A.—Preliminary Examination.

Important Note.—We must always decide what metals or bases are
present before we proceed to test for acidulous radicals. We
must then note which bases are present as soluble and which
as insoluble salts (in H2 0). Lastly, we must consider what
acids might be present in each case, and only test for such
possible acids, because nothing leads to so many errors as testing
for acids which could not possibly exist. We must also carefully
note the information received in the former preliminary exami-
nation, especially as regards the presence of organic matter,
and remember that, if the original substance does not char on
heating, we must never enter into the testing for organic acids

,

because none can possibly be present except oxalate, which is
provided for in the inorganic portion of the course with this
very object, together with a few others included for convenience.
We must also remember to note what happens when we
dissolve the original substance in HC1, provided such a step
is necessary, and if any effervescence occurs we must be sure
to smell the gas given off, because we may then at once detect
the following:—

. . effervescence without odor, and the evolved gas
poured into lime-water renders it milky.

. . odor of H 2S (with deposit of S polysulphide).

. . „
S0 2 ( „ „ hyposulphite).

*Cyanide . . „ HCN.
Peroxide . .

„ chlorine.
Fe, Zn, or Sn (as metals)—no odor but hydrogen evolved.

We must also remember that organic bodies, such as alkaloids or
sugar, other than organic salts, might be contained in a mixture
which would cause charring on heating, and so lead us to test for
what was not there. It will be useful at this point to see how
we can guard against two of the more commonly occurring of
such cases.

(1) Sugar. This will cause the soluble portion to be syrupy, and
when warmed with dilute H2S0 4 it will rapidly darken, whereas
organic salts, as a rule, require fairly strong H2S04 to char
them. The solution will have a sweet taste, and after boiling
with a drop or two of very dilute H 2S04 it will reduce Fehling’s
solution.

(2) Alkaloids (nitrogenous organic bases). These will cause an odor
like burning hair on heating to redness. The soluble portion of
the mixture carefully treated with very diluteNH 4HO will usually
give a cloud (which may or may not dissolve in excess), and then
the same liquid shaken up with chloroform, and the chloroform
evaporated at a gentle heat, will leave the alkaloid as a residue.
If no residue be thus obtained, then no alkaloid can be present
except morphia, and this latter would never be put in a mixture
unless specially intended for toxicological investigation, because

* In soluble salts these effects will come oivadding HC1 in Group I.



7 6 QUALITATIVE ANALYSIS.

its detection requires altogether special work, which will be
afterwards detailed.

Having well considered all this, we now proceed to the actual
work, carefully remembering that all the indications are merely
preliminary, and that we are not to take notice unless we really
get a distinctresult. If we really do get one, then it may save us
going so far through our actual acid course, but if we are not
certain, then it is no use attempting to persuade ourselves and
wasting time, but we should just note the probability and then
at once pass on to confirm by the actual course hereafter
detailed.

No attempt is made to describe odors, because the student
should simply put himself through a course of training for this
preliminary examination on known salts, and learn to recognise
all the odors, etc. This is a most important study, and should
be carefully stuck to, until the nose and eyes have been quite
trained to recognise the individual effects to be expected from
each acid.

Step I. Put a portion of the original solution in a tube, or if it be a
solid cover it with some water, just acidulate with dilute H 2S04,
and look for any effervescence or odor, then boil and smell.
The following radicals may be thus recognised:—
Effervescence without odor . . . Carbonate.

-Sulphide.
Sulphite.
Cyanide.Effervescence with characteristic odors .

Red fumes ......Nitrite.
Step II. Add another drop of H2S04,

and again warm.
Odor of vinegar Acetate.

„ ,, S02 with deposit of S . Hyposulphite.
,, „ HCN „ „ „

. Sulphocyanate.
„ ,, HCN „ crystalline deposit,

often bluish
Ferro- or
Ferri-cyanide.
Valerianate, Ben-

zoate, Succinate.„ „ Valerian or sharp odor .

„ „
Carbolic acid . . . Carbolate.

Note. —The effects of Step II. will often come perfectly in Step I., and
then Step II. may be considered as paid of Step I.

Step III, Put a little of the original solid (or the residue left on evapora-
tion if the original was a liquid) into a dry tube, cover it
with strong and warm, but not sufficiently to cause the
H2S0 4 itself to fume. (See note, important toprevent accidents.)

Thus we get :•
'Chloride.
Nitrate.
Fluoride.
Benzoate.
Succinate.
>.Sulpho-carbolate.

Iodide.
Iodate.
Bromide.
Bromate.

t Chlorate.

Change of color
and colored
fumes (char-
acteristic of)

White fumes
(characteristic of)
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Formates—give off CO only, and con-
sequently the gas does not
affect lime-water.

Oxalates—give both CO and C02, and
the gas therefore renders
lime-water milky.

Effervescence on warming only,
which persists after withdraw-
ing from flame, but with no
darkening in color and no
odor.

Tartrates—rapid charring and smell
of burnt sugar.

Lactates—not so dark, and peculiar
odor.

Citrates—slow darkening and peculiar
sharp odor.

Oleates—char and give odor of
acrolein.

Effervescence on warming, but
the liquid darkens in color to a
greater or less extent.

Meconate.
Tannate.
Gallate.
Pyrogallate.

. Salicylate ( very slow darkening).

Darkening in color without any
very marked effervescence.

No fumes—gelatinous deposit (or flaky) —Silicate.
,, ,, —scaly crystals with pearly lustre—Borate (best seen on

cooling).
No change takes place at all with—Sulphate, phosphate, and arseniate.
Chromates turn orange and then green—Bichromates turn green straight

off.

Note Important. —On adding strong sulphuric acid to any solid, one drop
only should be first carefully applied, because chlorates, iodates, etc.,
are apt to explode on the first touch of the acid.

If we get a decided indication of the presence of any acidulous radical
as above, we may at once apply confirmatory tests for the radical found to
our original substance, and so save going through the course, especially if
the substance be soluble in water; but if insoluble a solution must always
be specially prepared for acid testing.

Division B.—Preparation of a Solution for Testing for Acidulous Radical.
The success of the course for the detection of acids depends in the highest

degree upon the care with which the solution is first prepared. It may be
taken as a general rule that no testing for acids is reliable unless they are
present in the form of salts of alkaline metals. It is therefore necessary to
transform our acids into such salts; and, to do this successfully, the following
rules must be closely adhered to :—

I. If the original is soluble in water, and absolutely neutral to test-
paper, you may venture as a rule to use it as it is, and this will
also apply, if it be alkaline

,
to test-paper.

II. If the original be soluble in water, but in the least acid, we must
drop in NaHO till it is rendered just alkaline

,
boil, and, if any

precipitate should form, filter and use the filtrate for the acid
course.

III. The portion insoluble in water (or the whole of the original if all
insoluble) must be boiled with a little NaHO, then diluted,
filtered, and the filtrate only used for the acid course.
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Note.—If Al, Zn, Sb, Sn, Cr, Pb, or any metal whose hydrate is soluble
in excess of NaHO has been found, then we must use a solution
of Na2C03 instead of NaHO in both Cases II. and III.

We must also take care to prepare plenty of our solution,
because if the full acid course has to be gone through, we shall
require possibly to employ eight to ten different portions before
we have finished.

This course now about to be explained is so devised that by working upon
the prepared solution, in the presence successively of HC1, HNO s , HC2H3O2,
H2S04 and absolute neutrality, we can insure the precipitation in each stage
of certain given acidulousradicals only by reagents, which, if used without such
precautions, would precipitate many more than they do when so employed.

Division C.—Course for the Detection of Inorganic Acids together with
a few Organic included for certain reasons.

Step I. Acidulate a portion of the prepared solution with HC1, and
then to successive portions thereof apply the following tests : —

Step II. Acidulate a portion of the prepared solution with HNO3,
add excess of AgN03, warm and shake, disregarding any precipi-
tate that is not white or yellow and distinctly curdy. Thus we
get the following : —

(a) Cyanide—Curdy white; soluble in very dilute NH 4HO, and also
in boiling HN03 .

(h) Chloride—Curdy white ; soluble in very dilute NH 4HO, but in-
soluble in boiling HN03.

(c) Bromide—Curdy dirty white; slowly soluble in fairly strong
NH 4HO, but not in very dilute ; insoluble in HNOs .

(,d) Iodide—Curdy pale yellow; insoluble even in strong NH 4HO and
also in HNO3.

Note.—Many other acids, such as ferrocyanide, oxalate, chromate, etc., are apt to come
down with AgN03 in presence even of HN03 , but the precipitates are (if
white) not curdy, or they are colored red and so will be disregarded; and we
therefore deal only with the four acids mentioned giving curdy precipitates.

Reagent. Effect. Acid Present.

(a) BaClo .... White ppt. insoluble in
boiling HNO3 ....Sulphate.

(b) Fe2Cl(i ....

/'Dark blue ppt
| Blood red color dis-

charged by HgCl2 • •

I Blood red color not dis-
( charged by HgCl2 . .

Ferrocyanide.

Sulphocyanate.

Meconate.

(c) FeS04 .... Dark blue Ferricyanide.

(d) Turmeric paper .
(Dip in and dry over the"l
J gas when the paper1 turns pink, changed I

to green by KHO. J
Borate.
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To distinguish between these four acids we—

(1) Filter out the precipitate with AgN0 3 , wash it, and then percolate it
several times with very dilute NH4HO (i in 20), when AgCland
AgCN will dissolve, and can be reprecipitated from the filtrate by
HN03, while any AgBr or Agl will be left on the filter.

Note.—It is very important to have the dilute NH4HO exactly I in 20, because,
if stronger, then AgBr will also dissolve, and in any case a mere cloud on
adding the HN03 is to be disregarded, because if AgCl or AgCN be really
present, they will reprecipitate in distinct curds, on adding HN03 , warming
and shaking.

(2) If by (1) evidence of the presence of Cl or CN be obtained, then
test a portion of the original prepared solution for CN by
Scheele’s test, and if not present then the precipitate was all due
to Cl. If CN be found, then another precipitate must be
obtained by excess of AgN0 3 , filtered, washed, drained, and
transferred to a tube with strong HNO3 and boiled, when any
AgCl will remain insoluble.

Note.—As HCN is so easily smelt in the preliminary examination, we shouldalways
know before we begin the group whether it is there, and then if it be present
the boiling with HN0 3 will be required, but if not, then we put it down at
once as chloride if the NH4HO dissolves anything.

(3) If, after treating with NH 4HO (1 in 20), any residue be left on the
filter, leading to the idea that AgBr or Agl may be present, we
proceed as follows : To a smallportion of our prepared solution
a drop of mucilage of starch is added, and then one or two drops
of chlorine water. If iodide be present we shall get a blue.
Now we go on adding fresh chlorine water till all the blue
has been bleached, and if the whole is now perfectly white only
iodide is present; but if it remain at all yellow, then we add
some chloroform and shake up, when an orange color in the
chloroform will indicate bromide. This depends on the fact
that free iodine combines with chlorine more readily than with
bromine.

Step III. Acidulate a portion of the prepared solution with acetic acid,
bring it to the boil, and then test successive portions while
boiling as follows : —

To distinguish between phosphate and arseniate exactly
neutralise a portion of the prepared solution with dilute HN03
and add AgN0 3.

Yellow soluble in NH 4HO=Phosphate
Red do. do. = Arseniate

Reagent. Effect. Acid Present.

(a) CaCl2 .... White ppt. soluble in
HC1 Oxalate.

(b) Fe 2ClG {not ) White ppt f Phosphate or
excess) j | Arseniate.

(f) Pb(C3H303)2 . . Yellow Chromate.
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Step IV. Just acidulate a portion of the prepared solution with dilute
H2S04, then add a strong and fresh solution of FeS04,

aiad run
some strong H 2S0 4 down the side of the tube so that it collects
at the bottom. A dark ring where the liquids meet proves
Nitrate.

Note. —If iodide has been previously found, this test fails to be conclusive, and in such
case we must take advantage of the power of nascent hydrogen to reduce
nitrates to ammonia. If no salt of NH4 has been found in metal testing, we
add to some of the prepared solution a fragment of zinc and sufficient HC1
to cause a brisk effervescence. After ten minutes we add excess of KHO
and boil, when an odor of NH3 proves Nitrate. If NH 4 salts be present
we add a little KHO to the prepared solution, evaporate to dryness, heat
the residue till no more fumes are evolved, and then dissolve in water and
apply the zinc, etc., as above described.

Extra Step. Iodates being very difficult to detect in the preliminary,
it is well to test for them specially (if they can possibly be
present) by adding to the prepared solution KI and starch
paste, and acidulating with tartaric acid. This is not reliable in
presence of nitrites.

Division D.—Course for the Detection of Organic Acids.

( Only to be entered upon iti the event of the original substance being proved to
contain organic matter by charring on heating in thepreliminary examination.)

The solution to be used is that prepared for acidulous testing, as already
described.

Step I. Place a minute fragment of litmus paper in a little of the prepared
solution, and add acetic acid drop by drop with agitation until
the paper justturns red, then take out the paper and add AgN03
in excess, lastly add a drop or two of very dilute NH 4HO till
the precipitate just commences to redissolve. Now warm the
tube in the Bunsen flame, when a reduction to metallic silver,
forming a mirror on the tube=Tartrate.

.
*

Note. —The tube used must first be rendered chemically clean by boiling in it
successively some dilute HNOs and then some dilute NaHO, and rinsing
with distilled water. Formates produce the same effect, but do not char on
heating.

Step II. Place a minute fragment of test-paper into a portion of the
prepared solution, and drop in dilute HC1 till it just turns red,
then dilute NH 4HO till it just turns blue again, cool thoroughly,
add some CaCl2 and shake well. If a precipitate forms (oxalate,
tartrate, etc.), add excess of CaCb, shake, and let it stand in
cold water for ten minutes and filter. Now add to the filtrate!
a little more NH 4HO and boil gently for some time, when a
white precipitate= Citrate.

Note. —If CaCl2 gives nothing in the cold, of course we simply warm for the citrate
straight off. As oxalate, tartrate, etc., have all been previously tested for, wd
shall know, before commencing to test for a citrate, whether we need td
separate them in the cold or simply to add the NH 4HO and CaCl2 and boil
straight away.

The addition of rectified spirit to the solution in which boiling has failed
to indicate citrate will bring down a Malate on cooling, but unless specially
suspected this reaction is not a very certain one.

Step III. Place a fragment of test-paper into a portion of the prepared
solution, and if alkaline, make it exactly neutral by carefully
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dropping in dilute HC1. Then apply the following tests to
portions of this neutralised liquid :—

(a) Prepare some neutral ferric chloride, by adding very diluteNH 4HO
to a solution of Fe2Cl 6 until a permanent cloud just forms, and
filtering.

Now add some of this reagent, and observe effect as follows :—

Acetate
Sulphocyanate
Meconate
Pyrogallate

' Carbolate
Sulpho-carbolate

. Salicylate
(1) Red color (2) Purple color

Gallate
Tannate

Benzoate
Succinate(3) Blue-black (4) Pinkish precipitate

Notes.
(1) Acetate, red, is instantly discharged by a drop of HC1; pyrogallate is turned

black by excess ofKHO and exposure to air. Sulphocyanateand meconate
have been already proved in the inorganic acid course, but distinguished by
action of HgCl 2 if desired.

(2) Acidulate a portion of prepared solution with HC1 and shake up with ether.
Remove the ether by a pipette and evaporate it on a watch-glass at a very
gentle heat. Carbolic acid is left an oily liquid readily recognised, while
salicylic acid is left in characteristic crystals, as giving a beautiful violet
with Fe2 Cl6 . (Also see page 57 for another separation.) Sulphocarbolic
acid gives no immediate precipitate with BaCla ,

but on evaporating with a
little Na2C03 and KN03, and fusing, then the residue dissolved in Ha O shows
a sulphate with BaCl 2 .

(3) With excess of KHO a solution ofgallic acid rapidly becomes dark on exposure
to the air, while tannic acid gives a flocculent liquid not so rapidly changing.
Tannic acid also precipitates solution of gelatine, and gallic does not.

(4) Take a good quantity of the neutralised and prepared solution, add excess of
Fe2 Cl6 , filter out the precipitate and wash it. Now percolate it with some
dilute NH 4HO, evaporate the liquid so obtained to a low bulk, cool
thoroughly, and acidulate with HC1. Benzoic acid will separate in silky
crystals, and succinic acid will not.

Step IV. If oleic, lactic, or sulphovinic (ethyl-sulphuric) acids be
suspected, specially test for them as follows : —

Oleic acid will have shown its presence by always floating to
the surface as an oily liquid whenever the prepared solution is
acidulated with any acid. To confirm and distinguish it from
the other fatty acids (stearic, etc.) take some of the prepared
solution and acidulate with HC1, warm and set aside till the
oily layer floats up. Now remove the liquid beneath, as far as
possible, with a pipette, add some water, boil and drop in small
fragments of K 2C03, until the oily layer is saponified and
dissolves. Now put in a piece of test-paper and carefully add
acetic acid to exact neutrality, then cool and precipitate, with
excess of Pb(C2H 302)2- Filter out the oleate of lead, wash it
with boiling water, let it thoroughly drain, and then prove that
it is soluble in ether (stearate and palmitate of lead are
insoluble).

Lactic acid. Acidulate the prepared solution with HC1 and shake up
with ether. Pipette off the ether into a porcelain capsule and let
it evaporate at a gentle heat, when the acid will be left and may
be recognised as follows: (a) A portion heated burns at first
with a blue flame, and then the flame becomes luminous as the
temperature rises ; (b ) Another portion warmed with K 2Mn 208
gives the odor of aldehyd.

Sulpho-vinates do not precipitate BaCl2 in the cold, but, on boiling,
give a precipitate of BaS04 and an odor of spirit.
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SOLUBILITY.
An
important

consideration
before

proceeding
to
the

Acidulous
Course.

Looking
to
the
metals
found,
the
question

arises,
what

acidulous
radicals

could
possibly
be
there,
supposing
the
original
substance
to
be
soluble
or

insoluble
in

water
or

acids,
or

totally
insoluble.
Of
the
solubility
of
the

commonersalts,
the
following
table
will'show
this,
and
a

careful
study
of
it
will

savemuch

unnecessaryand
often

misleading
testing
for
acids.
The
usual

radicals
arein
words
and
the

rareronesin
symbols

bracketed.
If
insoluble
in
acids,
fuse
with

Metals
found.

If
soluble
in

water,
test

for
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following

radicals.
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in
water
but

soluble
in
acids,

test
for
the

following
radicals.

KNaC0
3
,

extract
with
HsO,
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the
solution
for
the
following

radicals.
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,
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,
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2

03
)
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4
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(CIO,
C10

3
,

I03
,

Br03
,

no2
,

bo
3
,

c4
h

4
o6
)

Chloride,
Iodide,

Bromide

Mercury
(ic)

Chloride,
Nitrate,

Sulphate,
Acetate
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Tin
(Stannic)
Chloride
(C10

3
,

C
2H
3

0
2
,

C
2

04
)

Oxide,
Sulphide
(S0

3
)

None

Gold

Chloride

Sulphide
(Cy)

9
9

Platinum
Chloride

Sulphide

9

9

Iron
(Ferrous)
Chloride,
Sulphate,
Iodide
(see

Ferric,
also
S0

3
,

S
2
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Oxide,
Sulphide,
Carbonate,

Phosphate,
Arseniate
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,
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,

Cr0
4
,

Cy,
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4
06
.
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)
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Iron
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,
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C
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0
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3
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Aluminium
Like
Iron

Like
Iron
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Cerium
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Oxide
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Oxalate

Oxide
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Sulphate,
Acetate,
Nitrate
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0
3
,

S0
3
,

C
2

0
4
,

C
4

PI
4

O
e
,

C6
H
s

07
)

Oxide,
Phosphate,
Arseniate
(B0

3
,

Cr0
4
,

Cy)

Oxide

Manganese
Chloride,

Sulphate,
Acetate,
Nitrate
(Br,
CIO,

C10
3
,

I0
3
,

Br0
3
,

S0
3
,

S
2

0
3
,

NO
a
,

Cr0
4
)

Oxide,
Sulphide,
Carbonate,

Phosphate
(As0

4
,

C
2

04
,

B0
3
,

Cy,
C

4
tl

4
06
,

C6
H

3
0

7
)

None
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4
0
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)
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4
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II

5
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Sulphate
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C6H
5
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boiling
water,
CaS0
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2
0

and
CaS0

4

slightly
soluble)
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Magnesium
Like
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Lithium

Oxide,
Chloride,
Sulphate
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Phosphate,
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99

Potassium
All

radicals
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soluble
salts
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opposite

PtCl
4
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KHC

4Ii
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2
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as
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appearinsoluble

at
first
sight.
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§ V.—SPECIAL PROCESSES FOR PROVING THE IDENTITY OF
CERTAIN READILY RECOGNISABLE SUBSTANCES.

(A) Salts of the Halogens.
Chlorine ivater. Characteristic odor; entirely volatile; bleaches

indigo; KI + starch paste gives blue; AgN03 gives curdy
white.

Hydrochloric acid. Slight fumes with sharp odor and strong acidity;
entirely volatile; AgN0 3 gives curdy white; heated with Mn02
evolves Cl2.

Ferric chloride in solution. Orange-red liquid, not becoming milky
with^H20 ; test for ferric iron and for a chloride.

Antimonious chloride in solution. Orange-red liquid, becoming milky
when diluted with H 20; milky liquid divided; one part
becomes orange with H2S, and the other portion, after filtration,
gives test for chloride with AgN03.

Mercurous chloride. Heavy dull white powder, entirely volatile ; turns
grey when boiled with SnCl2, turns black when boiled with
dilute KHO, and, after filtration, the liquid gives test for
chloride on acidulating with HNO3 and adding AgNOs.

Mercuric-ammonium chloride. Opaque white powder, entirely volatile ;

becomes grey when boiled with SnCl2 ; boiled with KHO turns
yellow and gives off NH 3, and the liquid, after filtration, gives
test for chloride on acidulating with HN03 and adding AgN0 3.

Chlorinated lime. Dull white powder, having the odor of chlorine;
shaken up with water partly dissolves, and the solution, after
filtration, gives with oxalic acid a white precipitate and evolves
CL,

Potassium chlorate. In crystalline plates, deflagrating on heating with
evolution of oxygen and exploding when touched with H2S0 4
wdth an odor of C1204 ; solution gives no precipitate with
AgN0 3 ; evaporated to dryness, heated to redness and the
residue dissolved in very little water, yields the tests for
potassium with PtCl 4 and for chloride with AgN03.

Mercurous iodide. Yellowish-green heavy powder, entirely volatile;
heated gently in a dry tube gives sublimate of Hg£ 2, leaving a
globule of metallic Hg.

Mercuric iodide. A bright scarlet powder turning yellow and then
volatilising when gently heated on a piece of paper; boil
wfith dilute KHO, let settle, and pour off", when the liquid
gives blue with starch paste and HNO3, while the insoluble
portion dissolved in HC1 and boiled with SnCl 2 gives grey.

(B) Oxides, Carbonates, etc.

Hydrogen peroxide. Colorless liquid, odor like weak chlorine water;
gives a blue with KI and starch paste, and the resulting liquid
is alkaline to test-paper; no precipitate with AgN0 3, blue with
Fe2Clc> and K 0Fe2Cy 12 (detects i in 10,000,000).
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Barium oxide or hydrate, and Calcium oxide or hydrate. Whitish

powders which, when shaken up with a little water, do not appear
to be soluble, but render the liquid strongly alkaline; add more
water, shake and filter, and apply to the filtrate the tests for Ba
and Ca, and in another portion prove soluble hydrate by getting
a brown with AgN03 ; heated in a dry tube give off moisture
if hydrates, but not if oxides.

Magnesium carbonate or oxide. Light white powders not changing
color on heating; dissolve in dilute HC1 (former effervesces,
latter not), and then apply tests for Mg by adding
NH 4C1 + (NH 4)2C03 and getting no precipitate, and lastly
adding Na2HP04 and getting a white precipitate.

Zinc carbonate or oxide. White powders turning yellow while hot and
white again on cooling; dissolve in dilute HN03 (effervescing
or not), and apply tests for Zn.

Plumbic carbonate. Heavy white powder, turning yellow on heating ;

dissolved in smallest possible excess of HN03 effervesces, and
the solution diluted with H20 does not become milky; apply
tests for Pb.

Plumbic oxide. Yellow or flesh-colored powder, heavy, and becoming
yellow on heating; dissolves in HN03 without effervescence,
and otherwise behaves as the carbonate.

Red lead. Heavy red powder turning yellow on heating, but not
volatile; heated with dilute HN0 3 turns brown, and liquid
poured off gives tests for Pb.

Plumbicperoxide. Puce brown powder, turning yellow when heated;
heated with HC1 evolves Cl2, and the residue dissolved in
boiling water gives yellow with K 2Cr0 4 .

Bismuth oxycarbonate and oxide. Former white powder, latter lemon-
yellow, and both turning deep orange while hot and pale yellow
on cooling; dissolve in smallest possible excess of HN03, when
former slightly effervesces and latter not, and the solution
diluted with H 20 becomes milky, proving Bi.

Ferric oxide. Reddish-brown powder unchanged by heat; dissolves
in HC1 without effervescence or odor, and the solution diluted
gives the tests for Fe 2. PPydrated ferric oxide heated in a dry
tube gives off moisture.

Ferroso-ferric oxide. Blackish-brown powder, turned lighter by heat;
dissolves in HC1 without effervescence or odor, and solution
diluted gives tests for both Fe and Fe2.

Potassium permanganate. Violet needles or prisms, giving off oxygen
when heated and leaving a residue which when moistened is
alkaline to test-paper; gives a fine violet solution turned
colorless when warmed with HC1 and spirit, the resulting liquid
giving the tests for K and Mn.

Potassium bichromate or chromate. The former is- in orange crystals,
evolving oxygen when heated, and the latterjis in yellow crystals
unaltered by heat. Both give the tests for chromate with
AgN0 3 and Pb(C2H302)2,

and when heated with HC1 and
spirit both turn green and the resulting liquid gives the tests for
Cr and K.
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Chromic anhydride. In crimson needles, giving off oxygen when
heated and leaving green Cr203 . A solution mixed with dilute
spirit gives off the odor of aldehyd, and forms a deposit of
green Cr203.

Antimonious oxide. A greyish-white powder, readily fusible by heat ;

insoluble in HN03 , but soluble in heated strong HC1; the
solution diluted with H20 becomes milky and then turns
orange with H2S.

Mercuric oxide. A yellow or red powder entirely volatile by heat;
heated in a dry tube gives off oxygen and forms a sublimate of
metallic Hg; dissolve in dilute HC1 and apply tests for Hg.

Argentic oxide. An olive-brown powder, giving off oxygen and leaving
metallic silver when heated ; dissolve in dilute HNO3 and apply
the tests for Ag.

(C) Sulphates, etc.

Sulphur. A yellow or yellowish-white crystalline amorphous powder,
which when heated takes fire, forms S0 2, and entirely burns
away; insoluble in H20; boiled with HN0 3 dissolves with
evolution of red fumes, and solution diluted gives white with
BaCl 2.

Sulplmretted hydrogen water. Colorless solution with odor of H2S
and entirely volatile by heat; gives black with Pb(C2H30 2)2,

etc.
Potassium polysulphide. A greenish deliquescent solid, forming a

greenish-yellow solution, having the odor of H2S. Acidulated
with HC1 and boiled gives off H2S, deposits S2, and the solution
gives test for K with PtCl 4.

Kermes mineral. (Antimony sulphide , etc.) An orange-red powder,
which when heated burns, giving off S02 and leaving a lighter-
colored residue ; entirely soluble in NaHO; soluble in boiling
HC1 with evolution of H2S, and this solution diluted becomes
milky and turns orange on adding H2S ; original powder boiled
with solution of KHC 4H406 partly dissolves, and the solution
gives tests for Sb.

Sulphurous acid. Colorless liquid having odor of S0 2 and entirely
volatile by heat; BaCl 2 gives no precipitate, or only a slight one,
but on adding chlorine water a dense precipitate is produced by
BaCl2 .

Sulphuric acid. A heavy, colorless, strongly acid liquid, which evapo-
rated on a piece of paper chars it; entirely volatile by heat;
BaCl2 gives white precipitate ; when diluted, dissolves metallic
zinc with effervescence.

Mercuric sulphate. White crystalline heavy powder, entirely volatile by
heat; treated with water forms a yellow insoluble powder, the
liquid poured off from which gives white with BaCl 2 ; the yellow
powder, dissolved in HC1, gives the tests for Hg.
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(F>) Borates, Nitrates, Phosphates, etc.
Boric add. In minute tabular crystals, not volatile by heat, but

fusible to a glassy residue which is acid to moistened test-paper;
not appreciably soluble in cold water; soluble in rectified spirit
and the solution burns with a green flame.

Nitric acid. A fuming liquid strongly acid and volatile by heat;
warmed with metallic copper gives off red fumes.

Bismuth oxy-nitrate. Heavy white powder, turning orange on heating
and becoming pale yellow on cooling; insoluble in water, but
soluble in HNO3, and the solution diluted becomes milky; dis-
solved in equal parts H2S04 and H20, and a cold solution of
FeS04 gently poured over the mixture, the characteristic nitrate
ring is produced.

Calcium and sodium hypophosphites. White granular powders which
on heating take fire, giving dense white fumes; if heated on
platinum foil, go through it; dissolve and apply tests for Ca,
Na, and hypophosphite.

Phosphoric acid. Colorless strongly acid liquid, leaving on evapora-
tion a non-volatile glassy residue, also acid to moistened test-
paper ; no precipitate with AgN0 3,

but on carefully adding
NH4HO a yellow precipitate is formed.

Calcium phosphate. A light white powder unaltered by heat; soluble
in dilute HN03, such solution giving a gelatinous precipitate
with NaHO, insoluble in excess, but soluble in acetic acid; the
solution so obtained, when divided, gives, in one part, a white
with (NH 4)2C204,

and in the other a gelatinous white with
Fe2Cl6 .

Ferrous phosphate. A slate-blue powder turned reddish by heat;
insoluble in H20 but soluble in HC1; a portion of this solution,
diluted and divided, gives the tests for iron, and the remainder
mixed with tartaric acid and then with excess of NH4HO gives

a clear liquid which in turn yields a white precipitate with
magnesia mixture.

Arsenious acid. A heavy white crystalline powder entirely volatile by
heat, slightly soluble and feebly acid ; HC1 + H2S gives reaction
for arsenic; AgNC>3 and CuS04 give no precipitates, but on
carefully dropping in very dilute NH4HO a yellow and a green
precipitate are respectively produced.

Ferrous arseniate. A pale yellowish-green powder turned dark red by
heat; dissolved in HC1 gives tests for Fe; boiled with dilute
KHO and filtered, the filtrate after exactneutralisation by dilute
HN03 gives a red precipitate with AgN03.

(E) Organic Salts.
Salt of sorrel (Potassium binoxalate). A white crystalline powder

burning when heated, but not charring to any extent, and
leaving an ash that is alkaline to moistened test-paper; the ash
dissolved in HC1 gives test for K with PtCl4 ; the original
dissolved in water by the aid of NH 4HO gives the test for
oxalate with CaCl2.
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Cream of tartar (potassium bitartrate). A white gritty powder,
charring by heat and leaving a black ash, which is alkaline to
moistened test-paper; the ash is tested for K as in the last
case; the original heated with H2S0 4 chars strongly and gives
the odor of burning sugar.

Rochelle salt and neutral potassium tartrate. Both are freely soluble
and char when heated, leaving an alkaline ash; a strong cold
solution acidulated with acetic acid lets fall a crystalline pre-
cipitate of KHC 4H 406 , and the supernatant liquor gives with
the former a yellow and with the latter a violet flame test.

Tartar emetic (potassium antimonyl tartrate). Chars on heating,
leaving an alkaline ash; solution acidulated with HC1 gives a
white cloud soluble in excess, and H2S then gives an orange
precipitate; the original gives the tests for a tartrate.

{F) Organic Compounds.

{a) Fluids.

Alcohol. Add K2Cr207 and H2S0 4 and boil, and get a green color
and odor of aldehyd; heat with NaC2H302 and H2S04,

and
get odor of apples; warm with KHO and iodine, and get
yellow precipitate of iodoform (Leiberis test—best done on a
portion that has been distilled off from the original liquid).

Chloroform. Reduces Fehling’s solution. Boiled with KHO and a
fragment of resorcin gives an intense red {rosolic acid); add a
drop of aniline to some alcoholic solution ofKHO, then add a
drop or two of the suspected liquid and boil, when a fearfully
offensive odor of phenyl-isocyanide is produced.

Glycerine. A borax bead dipped in glycerine and held in the flame
turns green ; if the original liquid be acid it must be first
neutralised and ammonium salts must be absent ; add some
solution of CuS04, and then add excess of NaHO, when a deep
blue solution is obtained. Before these tests are used for any
mixture, it should be evaporated to dryness under ioo° C.,
and the residue having been extracted with ether, the ethereal
solution should be evaporated and the tests applied to the
residue.

Paraldehydum (paraldehyd). Characteristic odor, soluble in water
1 in 10 ; miscible with ether; no color with KHO after
standing {distinction front ordinary aldehyd).

if) Solids.
Acetanilide (antifebrin). Slightly soluble in cold water, freely in

chloroform; heat 20 c.c. of an aqueous solution with 4 c.c.
of strong H2S04, until a yellow color is produced, and then
let a few drops of this solution trickle down the side of a test
tube half filled with chlorine water, when the bottom layer will
be violet, and the upper one green. Heated with solution of
KHO and a drop of chloroform, the odor of phenyl-isonitrite
is developed. KNO s + HN03 give red (distinction from
phenacetiri). A cold solution gives no color with Fe 2Cl6
{distinction from antipyrin). No color with H2S04.
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Adeps Lance (cholesterin —fat). Insoluble in water, soluble in chloro-
form. The chloroformic solution poured gently over the surface
of strong H 2S04 gives a purple ; five grains in ethereal solution
mixed with phenol-phthalein gives a red on the addition of
'2 c.c. of normal sodium hydrate (distinction from ordinary

fatty acids
,

which would saponify and absorb much more soda).
Soluble in boiling alcohol, and crystallises out on cooling.

Aloin. Yellow and slightly soluble in cold water, freely in hot;
insoluble in ether. HN03 gives a red (except with socaloin,
which goes brownish). Dissolve in strong H2S0 4 and a few
drops HNO s, dilute with water, and get a yellow, turned deep
claret by excess of NH 4HO. H2S04 on a fragment of aloin,
and a rod moistened with HN03 held near, gives a blue with
nataloin only.

Chloral hydrate. Soluble in water. Heated with solution of KHO
gives odor of chloroform, and the contents of the tube give
the reactions of a formate (page 46). Warmed with AgN03
and NH4HO in a chemically-clean test tube, a mirror is produced
in the tube. Gives the same test with resorcin as chloroform.
Mixed with a five per cent, solution of carbolic acid, and an
equal bulk of H2S04 added, gives a pink.

Chrysarobin. A brownish-yellow powder, partly volatile by heat with
yellow vapors ; insoluble in water, but soluble in KHO, gradu-
ally producing a brilliant red. H2S04 on a fragment gives a
reddish-brown.

Elaterin. In greenish-white friable masses. Insoluble in water, but
soluble in chloroform. With a drop of liquefied carbolic acid
and two drops of H2S04 gives first crimson and then scarlet.

Gelatinum (gelatine). Swells up in water, soluble on boiling. Tannic
acid gives a flocculent precipitate; HgCl 2 gives a white; not
precipitated by dilute acids, alum, plumbic acetate, or ferric
chloride.

Glusidum (saccharine or benzoyl-sulphonic imide). Not readily soluble
in cold water or in chloroform; heated to redness with Na 2 C03
it chars and gives off an odor of benzine; not blackened by
H2S0 4 ; on adding a small fragment of resorcin and a few
drops of H2S04 and heating, the color changes successively
to yellow, red, and green, and$02 is given off with effervescence;
KHO now added gives a green fluorescence; on fusing with
NaHO, cooling, dissolving in water, faintly acidulating with
HC1, and adding Fe2Clc , a reddish purple is obtained.

Iodoform. Yellow, insoluble in water, and characteristic odor ; warmed
with alcoholic solution of KHO, and then mixed with starch
paste and excess of HN0 3, gives a blue. (May be detected in
urine by adding alcohol and pouring upon phenol-potassium
contained in a test tube, when a red color will cover the
bottom of the tube ; soluble in alcohol.)

falapin. Insoluble in water, but soluble in alcohol; soluble in
alkalies, but not in dilute acids; insoluble in turpentine.
H2S0 4 dropped on a fragment turns it reddish, and on adding
a few drops of water, so as to cause evolution of steam, the
characteristic odor of jalap is observed.
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Phenacetinum (phenacetin). Only slightly soluble in cold water, and
not freely in chloroform. A hot solution gives a violet with
chlorine water, fading to red; boiled with HC1 and Fe 2Cl0
added gives a red; mixed with four drops of carbolic acid, and
H2S04 added till the liquid boils, gives a purplish-brown color
and odor of acetone; one grain boiled with 20 minims of HC1,
and the liquid diluted with 10 volumes of water, cooled and
filtered, gives a deep red with solution of chromic acid; does
not give precipitate with bromine water, nor does it give the
isonitrile test (distinction from acetanilide).

Phenazonum (antipyrin or phenyl-methyl-pyrozolone). Freely soluble
both in water and chloroform; with NaN02 and diluted sul-
phuric acid gives a green ; an aqueous solution with an equal
volume of HNO3 is yellow, passing to crimson on warming;
Fe 2Cl G gives a deep red, discharged by dilute acids (like an
acetate); place some KN0 3 in a tube with a little water, then
add excess of H2S04, and fill the tube with solution of antipyrin,
and get a green.

Picrotoxinum (picrotoxin). Slightly soluble in water, freely in chloro-
form ; soluble in solution of KHO, and the liquid reduces
Fehling’s solution; H2S0 4 gives a saffron-yellow; its solution
is not precipitated by Meyer’s solution, by bismuth potassium
iodide, PtCl4, or by tannic acid (showing that it is not an
alkaloid).

Podophyllin. Insoluble in water, but soluble in spirit; soluble in
NH 4HO, and precipitated therefrom by HC1; H2S04 on a
fragment slightly colors it, and on adding a drop or two of
water no characteristic odor is evolved.

Resorcin. Freely soluble in water; Fe 2Cl6 added to an aqueous
solution gives violet, discharged by NH4HO; Na2OCl2 gives
a violet, fading to yellow; NH4HO and CaOCl2 gives a red
violet, turning yellow.

Resin. Insoluble in water, soluble in alcohol and in turpentine; H 2S0 4

on a fragment gives a strong red, and on adding a few drops
of water, so as to cause evolution of steam, the characteristic
odor is observed.

Santonin. White when fresh, pale yellow when old; nearly insoluble•
in water, soluble in alkali; added to a warm alcoholic solution
of KHO gives a violet-red color, gradually fading away;
added to 1 c.c. of H2S04 and a few drops of Fe2 Cl6 and heated
gives a red color changing to brown. (These will detect santonin
in urine.) Heated on a porcelain dish and H2S04 added gives
a purple.

Sulphonal. Soluble in water and in chloroform; fused with an equal
weight of KCN the odor of mercaptan is evolved, and the
residue dissolved in water, acidulated with HCland Fe2Cl6added,
a red color is produced; a solution mixed with 4 drops of
carbolic acid, and strong H2S0 4 added till the liquid boils, a
green color is obtained, turning darker on adding sulphurous
acid.



CHAPTER V.

QUALITATIVE DETECTION OF ALKALOIDS, GLUCOSIDES,
AND CERTAIN ORGANIC BODIES USED IN MEDICINE,
TOGETHER WITH A GENERAL SKETCH OF TOXICO-
LOGICAL PROCEDURE.

DIVISION A. COURSE FOR THE DETECTION OF THE ALKALOIDS
AND ALKALOID SALTS USED IN MEDICINE.

Note.—Aconitine and atropine are omitted because they can only be really detected
by experiments upon animals, which are now illegal except by special
licence. Salicine, although not an alkaloid, is included for convenience,
as it may be mixed with quinine.

In this course not more than two definite tests for each alkaloid are recorded,
and for the remaining tests the reader is referred to the full table in Division D
of this chapter.

Step I. Heat on platinum foil. If the substance at once takes fire and
burns away with a smoky flame and an odor of singed hair, it
is probably an alkaloid.

Step II. To a solution of the substance in water or dilute acid add :—

(a) Mayer's solution (see index), which gives a precipitate with all
official alkaloids (except caffeine), but no effect with antipyrin.

(b) Solution of potassium bismuthous iodide * which will give a
precipitate with all official alkaloids, also with acetanilide and
antipyrin.

Step III. Put a piece of red litmus paper on a watch-glass, lay on to this
a' little of the substance, and moisten it with a few drops of
strong rectified spirit. If, on standing for a short time, the paper
is rendered blue, we are dealing with a free alkaloid; if not,
then it is an alkaloid salt, and in the latter case we shall have to
search for the acid as well as the base.

Note. —Acetates of alkaloids often become basic and consequently alkaline by
keeping, so beware of this.

Step IV. To a fragment of the substance on a watch-glass (placed over
white paper) add a drop of strong H2S0 4, and stir:—a bright
red= Salicine and a deep red=Veratrine.

Confirm this latter by getting a yellow with HNO3 and a
blood-red on warming with HC1.

Note. —In each step any colors other than those herein recorded are to be disregarded.
Many alkaloids give pale dirty pinks with H2S04 .

* Made by mixing 43 c.c of liquor bisrmithi with 9 grms. of KI and 9 c.c. of strong
hydrochloric acid.
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Step V. To the liquid in which H2S0 4 has given no distinct red add a
small fragment of powdered ammonium molybdate, and stir.
M

Greenish Wadf }=Morpllilie or Apomorphine.
Confirm by adding HN03 to another fragment, when pale

red=morphine and fine purple=apomorphine. Further con-
firm morphine with Fe2Cl8 (blue) and with H2S0 4 -t-Na2HAs04
(bluish-green).

(b) Bright orange-red=Brucine.
Confirm by testing another fragment with HN03 and getting

a bright red, turned to violet on warming with SnCl2-

(c) Bright greenish-blue= Codeine.
Confirm by adding HN03 to another portion=pale evanes-

cent yellow.
(d) A yellowish-green =Physostigmine.

Confirm by adding HNO3 to another portionsstrong gamboge
yellow. Further confirm by getting a red with KHO, becoming
blue on evaporating to dryness on the water bath, and dissolving
in HC1 to a dichroic solution.

Step VI. Treat another fragment with a drop of H2S0 4 as before, then
let another drop fall near it. Into the second drop put a fragment
of powdered potassium bichromate, let it digest a moment, and
then stir the drops together.

(a) Beautiful violet (evanescent) = Strychnine or Acetanilide.
To distinguish between these we test original substance with

HNO s, which gives no color with strychnine, but a dirty yellow
with acetanilide, turned red by NH 4HO. (Further confirmatory
tests, see page 88.)

(b) Emerald green after standing some time=Caffeine or Pilocarpine.
Test another portion for caffeine by adding a crystal ofKC103

and a drop or two of HC1, evaporating to dryness, and getting
a red residue, becoming purple with NH4HO.

Note. —Do not decide too hurriedly about pilocarpine ; set the glass aside for half an
hour, and then if the emerald green is quite distinct and 110 cinchona alkaloid
ispresent you may conclude that pilocarpine is really there.

(e) Dirty pale-yellowish pink= Cocaine.
Note. —This test is not very good, but a minute drop of a dilute solution placed upon

the tongue will cause tingling and numbness, and a strong solution will give
a precipitate with (NH 4)2C03 , soluble in excess. (Aconitine, which also
tingles the tongue, is not precipitated by (NH 4)2C03.)

Step VII. Dissolve some of the original in water (using a drop or two of
acetic acid to help solution if necessary), then add chlorine water
and a gradual excess of NH 4HO.

(a) A clear green solution=Quinine or Quinidine.
(b) A white precipitate= Cinchonine or Cinchonidine.
(1 c) A clear yellow =Phenazone (Antipyrin ). (Confirm by nitrite

test, see page 90.)
Note.—In presence of salicylate the ordinary tests for quinine fail, and in this case it

is necessary to dissolve in dilute hydrochloric acid, shake up with ether to
remove salicylic acid, and then draw off the watery solution from beneath
the ether and test it for quinine.
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(a) To distinguish between quinine and quinidine.
Dissolve in hot water with a drop of dilute H 2S0 4 and cool, and

if any crystals separate out they are probably sulphate of quinine
and are rejected by filtration. (The proper proportion of
water and alkaloid salt to start with is i of salt in about 25 of
water. If you are dealing with a free alkaloid you must dissolve
it in hot water with the smallest possible amount of diluteH 2S0 4.)
Now add very carefully dilute NH4HO until the solution is as
nearly neutral as possible without producing a permanent
precipitate, cool perfectly, and add a few drops of saturated
solution of Rochelle salts, and stir well or shake. This will
precipitate quinine. If not, then add a little saturated solution
(or a small crystal) of KI, and shake, which will precipitate
quinidine.

(b) To distinguish between cinchonine and cinchonidine.
Dissolve in water, by aid of HC1 if necessary, then cool and

carefully make as nearly neutral as possible with very dilute
NaHO (if necessary), and thenadd saturated solution of Rochelle
salt and shake, when a precipitate= cinchonidine. If not that,
then add NH 4HO : white precipitate— cinchonine.

Note. —The general principles to keep in mind as to the cinchona alkaloids are
(1) That in a neutral solution Rochelle salt precipitates quinine and cin-

chonidine as tartrates, leaving the others in solution. (2) After filtration (if
necessary) the addition of potassium iodide and a little spirit precipitates
quinidine as iodide, leaving cinchonine and the amorphous alkaloids
(quinoidine, etc.) in solution. (3) From this solution excess of ammonia
precipitates both, and on shaking with ether the amorphous alkaloid
passes into the ether and the cinchonine remains as a precipitate. (4) The
separation of quinine and cinchonidine may be roughly performed by
shaking up with ether, in the presence of a very slight excess of NH 4HO,
and then corking the tube and letting it stand in cold water for some hours,
when cinchonidine, if present, deposits in crystals, and quinine remains in
the ether. For this, the ether must be in very small quantity, just so as to
form a distinctly visible layer.

Step VIII. If we believe that we are dealing with an alkaloid salt we must
now proceed to test for the acid. The acid radicals usually
present in alkaloidal salts of commerce are, chloride, sulphate,
acetate, phosphate, citrate, meconate, nitrate, and salicylate.

The first step will be to dissolve a little of the alkaloid salt in
very dilute HNO3, and test (1) for Cl by AgNC>3; (2) for S04
by BaCl2 ; (3) for P04 by excess of ammonium molybdate and
HN03.

The next will be to dissolve in water only, and test with
Fe 2Cl6 for acetate or meconate (red) or salicylate (violet).
(Acetate decolorised by boiling, meconate not so; also acetate
gives no precipitate with Pb(C 2H 3 02)2,

and meconate does.)
Lastly, we must test in the usual way for a citrate (but unless

the base be caffeine, this is not likely), and also for a nitrate
(especially with pilocarpine and strychnine).

DIVISION B. QUALITATIVE ANALYSIS OF SCALE PREPARATIONS.
These commonly contain—

Metals Organic bases Acids
Ammonium Quinine Tartaric
Iron Cinchonine Citric
Potassium Cinchonidine Pyrophosphoric (or hypo-)

Strychnine
Beberine

Sulphuric.
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Step I. Heat a little to redness on platinum foil, and observe the
following possible cases :—

(a) If it entirely burns away we suspect Beberine sulphate. Test the
original solution of the scale for sulphate by BaCl 2, as usual;
and for beberine with KHO, getting a yellowish-white precipitate
entirely dissolved by agitating the liquid with twice its volume
of ether. This ether separated and evaporated to dryness
leaves a yellow resinous-looking residue entirely insoluble in
dilute HC1. If beberine sulphate be thus proved, go no farther.

(b) An ash is left: (a) Put a small fragment of the ash upon a piece of
red litmus paper, moisten it with a drop of water, and, if it
turns the paper blue, suspect potassium; (b) Dissolve the
remainder of the ash in nitric acid, dilute and test with excess
of ammonium molybdate for phosphoric acid.

Note. —If K be suspected, prove it by igniting some more of the scale, extracting the
ash with very little boiling water, filtering, cooling, and adding PtCl4.

Step II. Make a weak solution of the scale, acidulate it with a drop of
HC1, and test for ferrous iron with K eFe 2Cy12, and for ferric
with K 4FeCy6 . Also test another solution of the scale by
adding excess of AgN03 ,

when a copious precipitate may form.
Now add a drop of very dilute NH 4HO till the precipitate just
commences to dissolve, and heat, when reduction to black or a
mirror=Tartrate.

Step III. Make a fairly strong solution of the scale, add excess of NaHO,
boil, and smell for ammonium. If neither phosphoric nor
tartaric acid has been already found, filter out the precipitated
ferric hydrate and use the filtrate for testing for acids as
follows :—

(a ) Test a portion for citric acid exactly as directed in the organic acid
course (page 80).

(b) Test another portion by exactly neutralising with HN03, and adding
AgN0 3, when a whiteprecipitate=pyrophosphate, and the same
turning black =hypophosphite.

Of course this step is never to be taken unless an indication
of P be got in the ash with molybdate in Step I.

Step IV. Make a solution of a fair amount of the scale, add a drop or
two of very dilute NH 4HO, and then add some strong NH 4HO.
Scales with strychnine only will not show a precipitate; with
quinine they will give a precipitate with the dilute NH 4 HO.
and this precipitate will dissolve in the strong; with cinchonine
or cinchonidine a precipitate (white) will remain even with
strong NH 4HO.

Case (A). There is either no precipitate, or it dissolves in strong
NH 4HO :—Add some chloroform and shake up. Separate the
chloroform by a pipette, and evaporate it to dryness in two
portions on separate white dishes. Test the one residue for
strychnine with H2S04 and K 2Cr207 , and the other for quinine
with chlorine water and NH4HO.

Case {£>). The NH 4HO causes a permanent white precipitate:—
Filter out precipitate, and dissolve it off the filter with a little
warm water containing a few drops of acetic acid. Boil the
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solution down to a low bulk, cool, neutralise if necessary with
very dilute NaHO, and then add a few drops of saturated
solution of Rochelle salts and shake, when a white precipitate
= cinchonidine. If not that, then add NH 4HO, when a white
precipitate insoluble on shaking with ether=cinchonine.

DIVISION C. QUALITATIVE DETECTION OF CERTAIN GLUCOSIDES,
RESINS, AND ORGANIC BODIES, OTHER THAN ALKALOIDS.
Step I. Heat on platinum foil, when the substance will char and burn

away.
Step II. Shake up with water acidulated with HC1, and to the resulting

liquid add potassium bismuthous iodide, when no precipitate
must be produced.

Note. —If a precipitate be formed, then the substance is to be looked for under
Division A (page 91).

Step III. Observe the color of the substance, try its solubility, first
in cold water and then in cold chloroform, and apply the
following:—

Case (A). Substance white difficultly soluble (or insoluble) in cold
water, but readily in chloroform. Suspect and test for:—

Elaterin ..... page 89.
Picrotoxin . ...„ 90.
Santonin . . . . .

„ „

Sulphonal . . . .

„ „

Case (.B). Substance which not readily soluble in cold water or cold
chloroform. Suspect and test for :—

Phenacetin ....page 90.
Saccharin (Gluside) . . .

„ 89.
Case (C). Substance white (crystalline), and readily soluble in cold

water; try for chloral hydrate (page 89), and for “ soluble
saccharin ” (see saccharin, page 89).

Case (D). The substance is colored. Suspect and test for : —

Aloin . . . . page 89.
Chrysarobin . . .

„ „

Iodoform . . . . .

„

Jalapin . . . .

„ „

Cholesterin (/or Lanolin) .

„ „

Podophyllin . . . . ,,90.
Resin
Santonin (may be pale yellow) . ,, „

DIVISION D. GENERAL SKETCH OF THE METHOD OF TESTING
FOR POISONS IN MIXTURES.

This course is only carried down to the best method of preliminary
procedure for the isolation of the poison, all the individual tests to be after-
wards applied having been already fully described in this or former chapters.

Note.—Students desiring to study the subject more deeply are referred to any stan-
dard work on toxicology, and especially to Dr. Leyda’s articles on detection
of poisons in the Analyst for 1890.
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Step I. If the liquid be very strongly acid, and effervesces violently with
NaHC0 3, test for poisonous acids, specially for Nitric and
Oxalic.

Note.—Oxalic acid is best separated from a mixture by precipitation with plumbic
acetate, filtering, suspending the precipitate in water, and passing H,S. This
removes the lead, and, after again filtering out the PbS, the "liquid is
evaporated to a suitable bulk and tested for oxalic acid.

Step II. Acidulate with of its bulk of HC1 (filter, if necessary), and
apply Reinch’s test for As, Sb, and Hg.

Step III. Burn to ash, dissolve this in HC1, and test by ordinary course
for poisonous metals, especially Pb, Cu, and Zn.

Step IV. If the original, either alone or when heated with dilute H2S0 4,

gives the odor of HCN or of carbolic acid, test specially for
them.

Step V. If the original has no odor of opium we proceed to apply Stas’s
process for the detection of alkaloids as follows :—

If the original be a solid, it is operated upon directly, but,
if a fluid, it is first evaporated to dryness on a water bath.
Add some strong alcohol and a small crystal of tartaric acid,
boil, and filter. Evaporate the filtrate to dryness on the wTater
bath, and take up with warm water slightly acidified with acetic
acid, then cool and filter (if necessary), taking care that the
liquid just remains acid. Now put this acid liquid into a
separator (fig. 17), and shake it up with ether or benzine, and
carefully separate the ether. (This ether may contain fat,
certain bitter principles, and glucosides, and therefore, in a
general investigation of a drug, it should not be rejected,
but evaporated, and the residue examined.) Now make
the liquid distinctly alkaline by the careful addition of
Na2C0 3 or NaHO, and again shake up in the separator
with chloroform, which will take up all the alkaloids
except morphine. The chloroform is separated, evapo-
rated at a very gentle heat, and the residue tested for
alkaloids by the course given in Division A or by the
table given in Division E of this chapter. Lastly, the
alkaline liquid is shaken up with amylic alcohol, which extracts
morphine and leaves it upon evaporation.

Note.—It is often better to get the alkaloids out from chloroform or amylic alcohol
by shaking the separated solvent up with water acidulated with acetic acid
or HC1, thus getting an aqueous solution and leaving any resinous matters
in the chloroform.

Step VI. When opium is suspected. Acidulate with acetic acid and filter,
if necessary (any alcohol present being got rid of by boiling it
off). Precipitate when cold with solution of plumbic acetate,
filter, and preserve the precipitate (a) for examination for
meconic acid and the filtrate (b) for morphine.

(a) Precipitate (a) is suspended in water and treated with H2S till per-
fectly decomposed ; the PbS filtered out, and the filtrate, after
evaporation to drive off H 2S, tested for meconic acid. If this
be found, it is held to be sufficient proof of presence of opium
taken in connection with the odor of the original.

Fig. 17.
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(b) Filtrate freed from Pb by H2S and filtering is evaporated to dryness
with a slight excess of NaHCO a on a water bath. The residue
will yield its morphine to alcohol, generally in a state suffi-
ciently pure to evaporate a drop, and test. If not, then amylic
alcohol must be used.

DIVISION E. GENERAL RESUME OF THE TESTS FOR ALL THE
CHIEF ALKALOIDS.

The following tables are those given by Dragendorff in his “Pflanzenanalyse.”
The author has carefully repeated these tests, and has found them to be fairly
accurately described, except aconitine, for which the reactions given are not
characteristic. Reference to such a list will rarely be necessary, the working
by Division A already given being amply sufficient for all ordinary purposes.

The following are the reagents used : —

1. Pure strong sulphuric acid free from nitrous fumes.
2. 200 parts of sulphuric acid with i part of nitric acid.
3. 'i gramme of sodium molybdate in 10 c.c. strong sulphuric acid

(Frohde’s test).
4. 1 part alkaloid mixed with 5 parts powdered white sugar, and then

strong sulphuric acid dropped on.
5. Sulphuric acid and potassium bichromate used as already described

in Division A.
6. Nitric acid (strong 1.3 sp. gr.)
7. Strongest fuming hydrochloric acid.
8. Ordinary solution as neutral as possible.

The reagents being generally added in turn to a fragment of the dry
alkaloid, or to the residue left on evaporation of an alkaloidal solution.



PART II.

QUANTITATIVE ANALYSIS.

CHAPTER VI.
WEIGHING, MEASURING, AND SPECIFIC GRAVITY.

I. WEIGHING AND MEASURING.
All bodies mutually attract each other. As the earth is the largest body
within our atmosphere, it follows that its attraction is always greater than that
of any surrounding matter. The force thus developed is called the attraction
of gravitation, and its exercise is the cause of weight. Weighing is performed
by 1means of the well-known appliance called the balance. Figurei 18
illustrates a chemical balance of the modern short-beam type, h is .the
handle by which the balance is put into action, and r is the appliance for

Fig. 18.

placing rider weights upon the graduated beam, aided by weights made either
according to the metrical or the English system, as follows:—

(a) The Metrical system.—The metrical weights of precision above one
i ~~. an(j then we have *5, -2, *1, *i, and following them

■05, ‘02, *oi, -oi, all in platinum or aluminium foil.
The quantities below ‘or (one centigramme) are weighed
by a rider on the beam. The combination of 5, 2, 1,
and 1 has been chosen because they have been found
to give the greatest number of possible combinations
with the fewest weights. Figure 19 shows such a box
of metrical weights as usually employed in quantitative

analysis. The metrical system is founded upon the mitre. The metre is
multiplied and divided entirely by 10, thus :—

Fig. 19.
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Kilo-metre iooo*
Hecto-metre ioo*
Deca-metre io*
Metre 1*
Deci-metre *i
Centi-metre ...... *oi
Milli-metre -ooi

The metre taking the practical place of the English yard, the decimetre
consequently takes the place of the foot, and the centimetre of the inch ; and
just as weight is got in our system from the cubic inch, so it is got metrically
from the cubic centimetre, only much more simply, because 1 cubic centimetre
of distilled water

,
measured at 40 C. and 760 millimetres bar

., weighs one
gramme. The gramme is multiplied and divided exactly as the metre, thus

Kilo-gramme iooo*
Hecto-gramme ioo*
Deca-gramme io*
Gramme 1 •

Deci-gramme ..... 'I
Centi-gramme ..... *oi
Milli-gramme ..... *ooi

One kilogramme (iooo grammes) of water at the standard temperature and
pressure measures one litre (or iooo cubic centimetres), and we have therefore
the following simple relation of weights and measures of water :—

Weight. Measure,
iooo grammes ....I litre or iooo cubic centimetres.

100 ,, ....1 deci-litre or 100 „ „

10 ,,
.... 1 centi-litre or 10 ,, ,,

I gramme ....1 milli-litre or 1 cubic centimetre.

So we see that using water at 40 C., a gramme by weight and a cubic centi-
metre by measure amount to the same thing; as likewise do a kilogramme
by weight and a cubic decimetre (or litre) by measure. The relation between
the two systems is easily calculated from the following standards:—

I Gramme = 15*432 grains, troy or avoirdupois.
1 Kilogramme = 15,432 grains = 2*205 lbs. avoirdupois = 2*68 lbs. troy.
1 Litre = 2*n pints = 38*81 fluid ounces wine measure.
1 Metre = 39*37 inches.

So that i decimetre is, as nearly as possible, 4 inches; and 1 decilitre, a trifle
under 4 fluid ounces.

(b) The English system.—In weights of precision, any amount above ro
grains is usually represented by a series of small brass cylinders, from 10 to
iooo grains; then follow 6, 3, 3, 2, and 1 grain in platinum wire, and
afterwards *6, ‘3, -3, *2, and *1 of a grain in platinum, or, more frequently,
in aluminium wire. Quantities of less than fu grain are weighed by a small
rider of gold wire placed on the beam of the balance. The foundation of
the English system is the inch. One cubic inch of distilled water, measured
at 6o° F. and 30 inches barometrical pressure, weighs 252*45 grains, or

grains nearly. There are 437‘5 grains in an ounce, and 16 ounces
(or 7000 grains) in a pound. Measure of capacity is obtained by weighing
out 10 lbs. of water at 6o° F. and 30 inches bar., when the whole measures
one gallon. The gallon is in turn divided into 8 pints ( = 20 ounces, or 8750
grains of water, per pint); the pint into 20 fluid ounces ( = 437*5 grains
of water per fluid ounce); the fluid ounce is divided into 8 fluid drachms
( = 54*68 grains of water per fluid drachm); and, lastly, the fluid drachm
is divided into 60 minims ( =*91 grain of water in each minim).
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II. SPECIFIC GRAVITY
may be generally explained to be the weight of anything as compared
with that of an equal volume of something else taken as a standard. For
liquids and solids the standard is distilled water at a temperature of 6o°. An
acquaintance with the various cases which may occur in the taking of specific
gravity is of great importance, as it forms an exceedingly ready method of
testing the purity and strength of many substances. A knowledge of the
specific gravity of the various bodies also enables the chemist to tell at once
what any given volume of a liquid ought to weigh, or conversely, what size of
vessel will be required to contain any given weight. The following are the
chief varieties of cases which may occur in taking:—

(A) Specific Gravity of Liquids.
Case i. To take the specific gravity of a fluid.—A small bottle of thin

glass is procured, and counterpoised upon a balance. It is then filled with
distilled water at i5'5°C. (6o°F.), and the weight of the water thus introduced
noted. The bottle, having been emptied and dried, is filled with the liquid
to be tested, also at i5'5° C. (6o°F.), and the whole is again weighed. By
this means, having ascertained the weight of equal bulks of water and fluid, it
only remains to divide the weight of the fluid by the weight of the water, and
the quotient will be the specific gravity required. To make the calculation
clear, observe the following examples : —

A counterpoised bottle filled with distilled water weighs ioo grammes: the same bottle
filled with sulphuric acid weighs l84'3 grammes, then :—

= i -843, the specific gravity of the acid.
100

Again, the same bottle, carefully washed, and filled with rectified spirit, weighs 83’8
5 8v8_A_ — -838, the specific gravity of rectified spirit.

In practice, bottles are sold with perforated stoppers, which, when entirely
filled with the liquid, and the stopper dropped in, so that no bubbles of air
are allowed to remain between the stopper and the liquid, exactly hold a
given weight of water. A counterpoising weight for the empty bottle is also
provided ; so that there is nothing further to be done but simply to place
the counterpoise in one scale, and the bottle, filled with the liquid under
examination, in the other; and having ascertained the weight, to divide by

the known weight of water for which the bottle was
constructed. Fig. 20 shows an ordinary specific gravity
bottle. Fig. 21 shows a specific gravity bottle the
stopper of which is a thermometer, thus enabling us to
observe the exact temperature of the liquid at the
moment of weighing.

Case 2. To take the specific gravity of a liquid by
means of the hydrometer.—The hydrometer depends
for its action on the theorem of Archimedes. If a solid
body be immersed in a liquid specifically heavier than
itself, it continues to sink until it has displaced a bulk
of fluid equal to its own weight, and then it becomes
stationary. Suppose an elongated body with a weight
at its base to cause it to float upright, which has a
specific weight exactly half that of water, be immersed

in that fluid, it will sink to exactly half its length, because its whole weight is
counterpoised by a bulk of fluid equal to half its size. Hydrometers are long
narrow glass or metal tubes with a bulb near the bottom filled with air, and
another smaller bulb beneath containing a sufficient quantity of mercury to

Fig. 20. Fig. 21.
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weight it and cause it to float upright. There are two kinds of hydrometers :
(i) for fluids heavier than water, and (2) for fluids lighter than water. The
graduation of the former is performed by immersing the instrument in water
and introducing such a quantity of mercury as will cause it to sink, so that
only about one inch remains unsubmerged, and marking this point 1. The
instrument is then plunged successively into several liquids heavier than
water, the specific gravities of which are known, and the points to which
it rises are marked and numbered. By this means a scale can be made
between those points, indicating any gravity from 1 upwards. In hydro-
meters for fluids lighter than water, the first sinking in that liquid is
continued by weighing until only the upper bulb is immersed; and this
point having been marked 1, the instrument is placed successively in known
fluids lighter than water, the points to which it sinks marked, and by this
means a whole scale is obtained. The method of using the
hydrometer is readily seen from the illustration (fig. 22), in which
a is the hydrometer, and b is a thermometer also placed in the
liquid to show the temperature. Most hydrometers being made to
indicate specific gravity at 15'5° C. (6o° F.), it follows that the liquid
must either be first brought to that temperature before using the
instrument, or else the temperature employed must be noted, and a
calculation made, based upon the coefficient of expansion of the
liquid in question.

Sykes’s hydrometer is used in England by the officers of excise
to indicate the strength of spirituous liquors, and thus facilitate the
collection of the revenue. It is a short brass instrument with the stem
graduated from o to xo, and a series of nine weights to place beneath the
bulb. By observing (1) the temperature, (2) the weight put on, and (3) the
point to which it sinks on the stem, and referring to a book of tables which is
sold with the hydrometer, the strength of the spirit is ascertained. Another
modification of the instrument is found in Twaddell’s hydrometer, which is
used in chemical works for testing the density of liquids having a greater
specific gravity than water. It is so graduated that the reading of any indi-
cated degree, multiplied by 5 and added to 1000, gives the specific gravity
as compared with water. Specific gravity beads form the only other variation
of the hydrometric idea. These are small loaded bulbs of known specific
gravities, which are thrown into the liquid to be tested, when the number
marked upon the bead, which just floats underneath the surface and shows
no tendency to sink or rise, gives the specific gravity required. Hydrometers
in any form must in accuracy rank considerably beneath that of the specific
gravity bottle ; but in commercial operations, where an approximation only to
correctness is required, these little instruments are invaluable.

Case 3. To take the specific gravity of a liquid by weighing a solid
body in it.—Take the weight of a glass stopper, or other suitable plummet,
by suspending it from the hook provided for the purpose in all balances of
modern type (see fig. 12, page 6). Put a wooden stool (also provided with
all modern balances) over the pan, and upon this place a beaker containing
distilled water at 15 *5° C. (6o° F). Let the plummet hang beneath the surface of
the water and again weigh, and then empty out the water, substitute the fluid
(also at 15'5° C. (6o° F.), immerse the plummet as before, and once more weigh.
By deducting respectively the weights in water and in fluid from the weight in
air, we get the loss of weight sustained by the plummet in each case. It is
evident that the lighter the liquid, the more the plummet will weigh; therefore
we divide the loss of weight in thefluid by the loss of iveight in water, which will
give the specific gravity of the liquid. This rule is now practically applied in
all modern laboratories by means of the Westphal balance (fig. 23). By this

Fig. 22.
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a small thermometer (a), adjusted to a counterbalancing weight (b), is placed
in the liquid, and the loss of weight is restored by little rider weights placed
on the beam, which are so contrived as to readily indicate the specific gravity
without calculation.

(.B) Specific Gravity of Solids.
Case i. To take the specific gravity of a solid body in mass which is

insoluble in and heavier than water.—The method
by which this process is conducted was suggested by
a theorem attributed to Archimedes, which may be
thus expressed:—A solid on being immersed in a
liquid is buoyed up in proportion to the weight of
the fluid which it displaces, and the weight it thus
apparently loses is equal to that of its own bulk of
the liquid. A piece of the solid substance to be tested
is weighed, and is suspended by means of a fine
thread from one arm of a balance so that it dips
under the surface of a vessel containing distilled water
at 15*5° C. (6o° F.), when its weight is again noted.

Its weight in water is deducted from its weight in air, and the weight in air
is divided by the difference so obtained, which gives the specific gravity.

Example.

A piece ofmarble weighs .... 30 grammes.
Immersed in distilled water ....i8 -89 „

Difference in weight iru „

By dividing 30 by n*n we obtain the quotient 27, which is the specific gravity of the
marble. The practical arrangement has been already described above (.Liquids, Case 3).

Case 2. To arrive at the specific gravity of a powder which is insoluble
in and heavier than water.—Weigh a portion of the powder in air, then
introduce it into a counterpoised specific gravity bottle constructed to hold
a known weight of water. Let the bottle be carefully filled with distilled
water, gently agitating to insure that no minute bubbles of air shall remain
attached to the particles of powder; then weigh the whole. From the weight
of the powder in air, plus the known weight of water which the bottle should
contain, deduct the weight obtained in the second operation, and divide the
original weight of the powder by this difference.

Example.—2 grammes of a powder are weighed out, and poured into a counterpoised
specific gravity bottle, constructed to hold 100 grammes of water. The bottle thus charged
is found to weigh 101 ‘2 grammes ; then,

2 grammes + 100 grammes = 102 grammes.

Fig. 23.

Weight of the bottle when charged 1with powder and wr ater . ,j 1012 „

Difference .....-8
„

Therefore, 2 grammes divided by '8 gramme will give 2 - 5 as the specific gravity of the
powder.

Case 3. To take the specific gravity of a substance in mass, insoluble in
but lighter than water.—The difficulty met with in this case consists in the
impossibility of weighing such a substance alone in water, because it floats on
the surface of that liquid. It therefore becomes necessary to attach a piece
of lead sufficiently heavy to sink it, and thus a complication is introduced.
The light substance is first weighed in air in the ordinary manner, and is then
attached to a sinker, and suspended from one arm of a balance under the
surface of distilled water, when the combined weight of both is ascertained.
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The light body is now detached, and the weight of the sinker alone in water
noted. By these means we obtain the following data:—

i. The weight of the light body in air.
ii. The weight of the sinker in water.
iii. The weight conjointly of the light body and sinker in water.

We then deduct the weight of both in water from the weight of the sinker in
water ; add the weight of the light substance in air; and divide the weight of
the light body in air by the product so obtained.

Example. —A light substance weighs 12 grammes in air ; being attached to a piece of lead
and weighed in distilled water the united weightamounts to 4 grammes, while the weight of
the lead alone in water shows 5 grammes. Then :—

Weight of lead in water ...5 grammes.
Weight ofboth in water . . . 4 „

Difference 1 gramme.
Add weight of light body in air . . 12 grammes.

Sum 13 ..

Dividing 12, the weight in air, by 13 obtained as above, we arrive at the decimal fraction
'923 as the specific gravity of the light substance tested.

Case 4. To obtain the specific gravity of a substance soluble in water.—
Proceed exactly in the same manner as in Case 2 or 3, according as the body
is in mass or in powder; but instead of water, use oil of turpentine or some
other liquid in which the solid is insoluble. Having obtained the specific
gravity of the substance by calculating just as if water had been used, multiply
the result by the known specific gravity of the oil of turpentine or other fluid
employed.

Example. —A lump of sugar weighing 10 grammes was found to weigh when immersed in
oil of turpentine 4'562 grammes. Then : —

The weight of the sugar in air was ...10 grammes.
„ „ oil of turpentine . 4'562 „

Difference 5'438 ,,

Dividing 10 grammes by 5 '438 grammes yields 1'84 as the specific gravity, as if water had
been used ; and by multiplying this result by "87, the specific gravity of oil of turpentine, we
obtain i’6 as the actual specific gravity of the sample of sugar operated on.

Having thus considered in detail the various complications which may arise
in taking the specific gravity of liquids and solids, it only remains to point out
how the foregoing may be rendered subservient to commercial purposes.

( C) Practical Applications of Specific Gravity of Solids and Liquids.
Case i. The specific gravity of a body being known, it is desired to as-

certain the weight of any given volume of the substance. Find the weight
of the given bulk considered as water, and multiply this amount by the
specific gravity.

Example i.—What would be the weight of a fluid ounce ofoil of vitriol? We know that
a fluid ounce of distilled water weighs 4557 grains, and the specific gravity ofoil of vitriol is
1‘843 ; so, if we multiply the former figures by the latter, we obtain 83875 grains, which is
the weight of a fluid ounce of this acid.

Example ii.—How much should a litre of chloroform weigh? The weight of a litre of
water is 1000 grammes ; and by multiplying 1000by 1 '49, the specific gravityof the chloroform,
we obtain 1490 grammes, as an answer to the question.

Example iii.—How much should a fluid ounce ofpure ether weigh ? The specific gravity
is 72, and a fluid ounce of distilled water weighs 4557 grains ; multiplying the one number by
the other gives 328‘I grains.
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Case 2. Given the weight of any known hulk of a liquid, to find its
specific gravity. Divide the weight by that of the given bulk considered as
distilled water.

Example.—A pint of alcohol weighs 597878 grains;—is it dilute alcohol or alcohol
U.S.P. ? By dividing this weight by 7291 '2 grains, the ascertained weight of a pint of
distilled water, we obtain as an answer '820. We know, therefore, that the spirit thus tested
must have been alcohol of U.S.P. strength (91 per cent.).

Case 3. To find the amount of solid matter, in grammes, present in 100c.c.
of a solution of given specific gravity. So far as any ordinary rule can
be laid down, especially with regard to saccharine liquids, for which this
calculation is generally used, we multiply the gravity by 1000, and then, having
deducted 1000 from the product, we divide by 3*85.

Example.—A saccharine solution has a gravity of i, oii4: how much solid matter in
grammes does it contain in each c.c. ?

11‘4roil4 X 1000 = 1011-4—1000= iivj..*. — 2-961 grammes per 100 c.c.
3' 8 5

(Z>) Specific Gravity of Gases.
Taking the density of gases and vapors involves many more complicated

considerations than are required in the methods applicable to the specific
gravity of liquids and solids. The standard adopted for such bodies is
hydrogen, measured at a temperature of o° C. and a barometrical pressure
of 760 millimetres.

When taking the specific gravity of liquids or solids, it is easy to obtain the
water or other fluid required at the exact temperature necessary, by the use of
cooling or heating appliances. With a gas we need exercise no such manipu-
lation, because the coefficient of expansion of all gases and vapors is alike and
well ascertained. The measurement of gases is therefore conducted without
any attempt to modify these conditions; but the indications of the thermo-
meter and barometer being carefully noted at the time of the experiment, a
simple series of calculations enables us to ascertain how much the volume of
gas would have measured had the test been conducted at a standard of tem-
perature and pressure. The following are specimens of such calculations : —

1. Correction of the volume of gases for temperature.—This calculation
is based upon Charles’s law, viz.: gases expand or contract one two-hundred-
and-seventy-third part of their volume for each degree of temperature,
Centigrade, through which their heat has been respectively raised or lowered.
Therefore:—As 273 plus the temperature at the time of measurement is to
273 plus the required temperature, so is the volume of the gas at the period of
measurement to the required volume.

For example : —The volume of a gas at 15° C. was 100 cubic centimetres : what would it
be at the standard temperature of o° C. ? Then,—

As 273 273
*5 o

288 : 273 : : 100,
which gives, as an answer, 94795 cubic centimetres, the volume of the gas at standard
temperature.

2. Correction of the volume of gases for pressure. —This calculation is
based upon Boyle’s law, viz.: gases expand or contract in volume in inverse
proportion to the increase or diminution of the pressure,—that is to say, the
greater the pressure the less the volume of gas, and the less the pressure the
greater the volume of the gas.

For example :—At the moment of measuring 100 cubic centimetres of a gas, the barometer
stood at 752 millimetres : what would the volume of the gas be at the standard pressure of
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760 millimetres ? Applying the rule of inverse proportion, we have: —As the required pressure
is to the observed pressure, so is the observed volume to the required volume : then

760 : 752 : : 100,
which gives, as an answer, 98’95, the volume of the gas at standard pressure.

The manner in which the specific gravity of a permanent gas was formerly
obtained was by exhausting a thin glass globe by means of the air pump and
weighing it; then filling it with air at known temperature and pressure, and
weighing; and lastly, pumping out the air, filling the globe with the gas at a
similar temperature and pressure, and again weighing. After deducting the
weight of the empty globe from each of the two latter weights, the weight of
the gas was divided by that of the air.

Now, however, in modern laboratories all that is practically done away with,
and the standard taken for the density of gases and vapors is hydrogen;
because (1) it is the lightest known gas, and (2) we know the weight of any
given volume of it without the necessity of weighing each time. Therefore
to take the density of a gas or vapor we weigh a given number of cubic
centimetres of the gas, noting the temperature and pressure at the moment of
weighing, and having corrected the volume so obtained to o° C. and 760 m.m.
bar., we divide this by the weight of the same number of c.c. of hydrogen. A
litre of hydrogen at o° C. and 760 m.m. bar. weighs ‘0896 gramme; therefore
each c.c. of H will weigh ‘0000896 gramme.

(E) Vapor Density.
After finding the percentage composition of organic bodies, and from that

calculating an empirical formula (which is done by dividing the percentage
of each element by its own atomic weight, then, taking the lowest of these
answers as unity, dividing all the others by it and expressing the mutual
ratios in the simplest full numbers), it is often necessary to prove whether the
sum of such formula is the true molecular weight. Upon the theory that all
molecules occupy a space double that of an atom of hydrogen, we can prove
our case by taking the density of a volume of the substance in
vapor (if volatile) as regards hydrogen, and then this vapor den-
sity x 2 = the true molecular weight. This research acts as a check
upon our formula obtained by analysis, and may or may not lead to
our having to double it.

(a) V. Meyer’s Method.—This is the simplest and most rapid pro-
cess. The apparatus used is illustrated in fig. 24. The inner tube (a) is
closed with a cork and arranged so that its bent delivery tube just dips
under the surface of mercury contained in a trough. Any suitable
liquid, which boils at a constant temperature, is placed in the outer
tube (b), together with a thermometer, and heat being applied so as
to boil the fluid, the air in the inner tube expands and passes off
through the mercury. When bubbles of air cease to pass (showing
that the air in the tube has been fully expanded to its proper volume
at the given temperature), some water is poured upon the surface of
the mercury, and a graduated “ gas collecting tube ” is filled with
water and inverted over the delivery tube. A known weight of the substance
is then introduced into the inner tube (a) by rapidly raising the cork, dropping
the substance in, and instantly closing again. The vapor produced now
displaces an equivalent volume of air, which passes into the measuring tube.
When action ceases, the cork is opened to prevent back suction, and the air in
the tube is measured, noting temperature and pressure. This volume in cen-
timetres corrected to N.T.P., and multiplied by ’0000896, gives the weight
of a volume of hydrogen equal to that of the vapor, and then by dividing the

Fig. 24.
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weight of the substance taken by such weight we obtain the vapor density.
The coefficient of expansion of all gases being equal, it is quite the same
thing whether we measure an actual volume of vapor at a given temperature,
or that of an equivalent volume of air displaced at the same temperature.
Such a minute quantity of the substance must be taken as shall not, when in
vapor, more than displace the air contained in the inner tube of the apparatus
(which should hold about xoo c.c.), otherwise the wholeprocess manifestly fails.

(b) Dumas’ Process. —A thin, clean, dry glass globe, about three inches in
diameter, is employed. Its neck having been drawn out to a fine tube in the
blowpipe flame, it is weighed, and the temperature and pressure noted. By
gently heating the bulb and dipping the open end into the volatile liquid, a
suitable quantity is drawn into the globe by the contraction of the air.
Attaching a handle by means of wire, the sphere is plunged into an oil bath
furnished with a thermometer, and is then heated somewhat above its volati-
lising point. When all vapor has ceased to issue from the globe, the orifice
is hermetically sealed, and the temperature and pressure again noted. The
apparatus is allowed to cool, separated from the handle, cleansed, weighed,
and the weight noted. The last step is to break off a fragment of the neck
beneath the surface of a sufficiency of mercury, when, should the experiment
have been carefully performed, the liquid enters the globe, completely filling
it, and the capacity is ascertained by emptying its contents into a graduated
glass measure. Supposing the experiment to have been perfectly successful,
we have the following five data:—

1. Weight of globe filled with air.
2. Temperature and pressure at the time of weighing.
3. Weight of globe plus vapor.
4. Temperature and pressure at sealing.
5. Capacity of the globe.

Proceeding from these data, the first point is to find the actual weight of
the globe. This is done by calculating the capacity of the globe from the
temperature and pressure at the time of weighing to o° C. and 760 m.m. bar.,
and then multiplying the true volume thus found by ’001295, which is the
weight of a cubic centimetre of air (1 litre at o° C. and 760 m.m. bar. = 1*295
gramme). Having thus obtained the weight of the air, it is deducted from
the weight of globe and air, and the difference gives the true weight of the
globe; and by deducting this latter from the weight of the globe plus vapor,
we obtain the actual weight of the vapor. But as this weight is that of the
volume of vapor at the temperature and pressure at the moment of sealing,
it must be corrected to standard temperature and pressure, and the weight of
an equal volume of hydrogen ascertained. To do this, the capacity of the
globe is once more put down, and reduced from the temperature and pressure
at sealing to o° C. and 760 m.m. bar., and the resulting volume is multiplied
by ’0000896, which is the weight of 1 cubic centimetre of hydrogen. The
product, which gives the actual weight of an equivalent volume of hydrogen,
is then taken, and divided into the weight of the vapor already found, and
the answer is the density.



CHAPTER VII.
VOLUMETRIC QUANTITATIVE ANALYSIS.

I. INTRODUCTORY REMARKS.
Volumetric analysis is that in which the quantity of any reagent required to
perform a given reaction is ascertained, and the amount of the substance acted
upon is found by calculation. The process of adding the reagent from a
graduated measure is called Titration.

(A) Volumetric or standard solution is a solution of definite strength
made by dissolving a given weight of a reagent in grammes in a definite
volume of water in cubic centimetres (or in grains and fluid grains). Such
solutions are usually made by dissolving the combining weight of a reagent
in grammes (or some decimal fraction of such weight) in 1000 c.c. (one
litre) of water. The following abbreviations are used to express the strength
of standard solutions :—

N=a normal solution having i combining weight in grammes per litre [i.e. the
weight of the body that is equivalent to X gramme of hydrogen).

N
— =a deci-normal solution having x\- combining weight in grammes per litre.

j*= a viginti-normal „ „ ,, ,, „

(B) An indicator is a substance added to enable us to ascertain, by a
change of color (or other equally marked effect), the exact point at which a
given reaction is complete.

The principal indicators employed are as follows : —

(a) Solution of litmus, which turns red with acids and blue with
alkalies.

(b) Alcoholic solution ofphenolphthalein, which is colorless with acids
and red with alkalies, but is not accurate when alkaline salts of
ammonium or phosphoric acid are present.

(c) Methyl orange in alcohol , which is red with acids and yellow with
alkalies, and may be used for the titration of alkaline carbonates
because it is not affected by carbonic acid.

(d) Rosolic acid in diluted alcohol , which is yellow with acids and red
with alkalies, and may be used when alkaline salts of ammonium
or phosphoric acid are present.

Note. —Elderberry juice, preserved by its volume of alcohol, has been recently re-
commended by Dr. Hamilton as being the most universally useful indicator for
alkalies, being green with them and red with acids. It may be used even with
ammonia, and is in favor in the U. S.A.

(e) Starch mucilage, which turns blue in presence of free iodine.
(/) Solution ofpotassium chromate, which gives a red with AgNOa, but



VOLUMETRIC QUANTITATIVE ANALYSIS.108

not until any halogen present has entirely combined with the
silver.

(g) Solution ofpotassiumferricyanide, which ceases to give a blue color
when any iron present has been fully raised to the ferric state.

(C ) General modus operandi. A known weight of the substance to be
analysed is accurately weighed, and having been dissolved or diluted with
water (if necessary), the solution is placed in a flask, the indicator is added,
and the standard solution of the reagent is dropped in until the desired effect
is attained.

The volume of the standard solution used is then noted; and its strength
per 1000 c.c. being known, the actual amount of solid reagent that has been
really added is easily found and calculated, by means of the equation for the
action in question, to the amount of the substance under analysis it represents,
as follows:—

Suppose, for example, we desire to ascertain the strength of a sample of
caustic soda, and that we have weighed out 1 gramme, dissolved it in water,
added litmus solution, and found that it required 24 c.c. of standard solution
of oxalic acid (63 grammes per xooo c.c.) to just cause the color to change
from blue to violet red (i.e. to neutralise it). Now, by the equation:—

H,c,0 4 .2H,0 + 2NaHO = Na 2C2 04 + 4H20
Y

2)126
_ 63

2)80
40 = grammes of NaHO, equivalent to 1000 c.c. of oxalic

acid solution (its strength being 63 grammes per
1000 c.c.).

Knowing this, we now ascertain how much NaHO is represented by the
24 c.c. of acid used ; thus :—

4°, *-24 — *g6 gramme of real NaHO present in the 1 gramme of caustic soda
1000 weighed out for analysis.

Then, if the results are to be expressed in percentage, we multiply the
amount of the real article found by 100 and divide by the quantity weighed
out for analysis, thus :—

•96 x 100■ ■ = 96 per cent., strength.

Expressing the above calculations in rules to commit to memory, we have
the following four steps :—

I. Write out the equation and reduce the first side of it to figures in
molecular weights.

II. Cancel these weights down to equivalent weights corresponding to
the indicated strength of the standard solution used (i.e. if
N N
— divide by io, if — divide by 20, etc.), thus obtaining the
equivalent of the substance under analysis to 1000 c.c. of the
standard solution.

III. Multiply this equivalent by the number of centimetres of standard
solution used and divide by 1000.

IV. If percentage be required, multiply the last result by xoo and divide
by the weight of substance taken for analysis.

Note. —It must be remembered that all waters of crystallisation must always be
added to each substance containing them, in writing the equation for volumetric
calculations.
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(D) The apparatus specially employed in volumetric analysis.
1. The measuring flask, so constructed as to hold a definite amount of

fluid (say 1000 or 100 c.c.) when filled up to the mark on the
neck (fig. 25).

2. The test mixer
,

a cylindrical vessel, to hold 1 litre of fluid graduated
in measures of 10 c.c. each (fig. 26).

3. The burette, a graduated tube, usually containing 100 c.c. and
graduated in divisions of 1 c.c., for containing and delivering
the standard solution. This is fitted with a clamp or stopcock
at the bottom, which, when pressed or turned, allows the
contained liquid to run out at any regulated speed desired. It
should also be furnished with an appliance called “Erdmann’s
float,” which enables us to read the quantity of fluid delivered
more accurately. (Fig. 27 shows two burettes in their stand as
usually employed.)

4. The pipette is an instrument graduated to deliver a fixed volume of
liquid (say 10, 20, 5c, or 100 c.c.). Fig. 28 shows a set of such
instruments arranged in a convenient stand.

Fig. 25. Fig. 26. Fig. 27. Fig. 28.

(E) Weighing Operation. The student should have a tared watch-glass
for weighing out solids and a small stoppered bottle for weighing volatile
liquids. By carefully keeping these much trouble is saved.

(1) To weigh a solid. Place the tared glass on the scale, and put on
it what is judged to be a sufficient quantity of the article to be
weighed, then weigh the whole and note the weight thus:—

Glass + substance .....5'632 grammes.
Known tare of glass . . . . . 5U32 „

Weight taken for analysis. . . . '500 ,,

(2) To weigh a volatile liquid. Fill the small stoppered bottle withJthe
liquid and weigh ; pour out what is judged to be sufficient into
the flask containing the indicator and some water, replace the
stopper and again weigh, noting each weight at the time thus : —

Total weight of bottle + fluid . . . 20'982 grammes.
Weight of bottle + fluid after pouring out . 15'482 ,,

Weight of fluid taken ....5'5°° >>
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Note. —It is most important always to take the weights directly down in a note-book
from the balance, and to cultivate the habit of always replacing the weights
in their proper holes in the weight box when finished. This enables us to
have a double check, (1) from the weights in the pans, and (2) from looking
at the empty holes in the weight box. In weighing, brass weights are used
from 50 to I gramme; flat platinum weights from '5 to -oi gramme, and
the rider on the beam is used for milligrammes (fie. '009 to *ooi). Before
weighing, see that all the weights are in their right places in the box. At
the conclusion of the weighing, read off the weights and put them down in
a note-book, and then check that reading by putting them back into the
box, looking, as you do so, at the note already made. Always close the
case of the balance before using the rider, so as to prevent currents of air
affecting the weight.

Having thus given a general idea of the mode of working, we now commence
to practise with the chief standard solutions as follows.

II. STANDARD SOLUTION OF OXALIC ACID.
Strength :—equivalent grammesper 1000 c.c.

(A) Preparation.
This is made by powdering some pure oxalic acid, pressing it between the

folds of blotting-paper (to remove any chance moisture), and weighing out
exactly 63 grammes in a tared beaker. The powder is then washed out with
distilled water from the beaker into the litre measuring flask, which is nearly
filled with water and slightly warmed to aid solution. When all is dissolved,
more water is poured in till the solution arrives at the mark in the neck of
the flask, and finally the whole is cooled down to 6o° F., and is once more
exactly made up to the line with water.

This solution may then be used for the following purposes in the manner
described under each case.

Check.—To check the strength of the standard oxalic acid itself. Take
some pure NaHCOs, and ignite it in a crucible for 15 minutes at a red heat,
cool and weigh off 2*65 grammes of the resulting Na2C03, and this should take
exactly 50 c.c. of acid if correct. The process is described below at (C ).

(B) Estimation of Alkaline Hydrates.
By weighing out a definite quantity of the substance, diluting with, or

dissolving in, water in a flask, adding a few drops of a suitable indicator, and
dropping in the standard acid from a burette until the last drop added just
causes the color to change; the flask being agitated after each addition of
the acid. In this way we should examine:—

(a) Liquor ammonia,fort, and liquor ammonia.
Take about 3 grammes, use rosolic acid or litmus as indicator, and apply

the equation:—
H2C204 .2H 2 0 + 2NK3. H.,0 = (NH4)2C2 04 + 4H2 0

2)126
”63"

2
~ij S11115' NH3, equivalent to 1000 c.c. oxalic acid solution.

(I?) Potassium hydrate or sodium hydrate or their solutions.
Take about 1 gramme of solid, or about 10 grammes of solution, use

phenol-phthalein or litmus as indicator, and apply the equations : —
II,C,0 4 • 2H 20 + 2NaH0 = Na2C204 +4H,0

2)126
63

= grms. real NaHO, equivalent to 1000 c.c. acid.
H,C,0 4 .

2H,0 + 2KH0 = K2 C204 + 4H2 0
2)126
_6j

2) 112
= grms. KHO, equivalent to iooo c.c. acid.
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(c) Metallic sodium (thrown on water and the resulting solution titrated).
Take under *5 gramme, and use the equation :—

H,C204 .2H 20 + Na2
= Na2C 0 4 + 2H,0 + H2

2)126
63~

2)46 • ,
— grms. Na,, equivalent to 1000 c.c. acid.

(d) Lime-water a?id liq. calcis sacch.
Take about 25 grammes, use phenol-phthalein'or litmus, and apply the

equation:—
H2C2 04 .2H2 0 + CaO + H,0 = CaC2 0 4 + 4H,0

2)126
63

2)56
28 = grms. CaO, equivalent to 1000 c.c. acid.

(e) Borax.

Take between 2 and 3 grammes, use litmus as the indicator, and apply
the equation:—

H,C2 0 4 .2H 20 + Na.,B 407 . ioH2 0 = Na2C 204 + H2B4 07 + I2H,0

2)126
63

2)382
191 = grms. borax, equivalent to 1000 c.c. acid.

(/) Potassium permanga?iate.
Take ’5 to 1 gramme, dissolve in 50 c.c. of boiling water, acidulate with

H2S0 4, run in acid till decolorised, and apply the equation :—
5(H,C 20 4 .2H,0) + 4H2 S04 + K2 Mn,08 = ioC02 + 2MnS04 + 18H..O + 2KHS04

10)630
63

10)316
3r6 grins. KMn04, equivalent to 1000 c.c. acid.

( C) Estimation of Alkaline Carbonates.

By a similar process to (A), only conducted at a boiling temperature, so as
to drive off all C02, and the standard acid to be added until two minutes’
boiling fails to restore the color of the indicator. Another and better method
is to use the volumetric sulphuric acid with methyl orange as the indicator,
when the process can be conducted by simple cold titration, as the C02 does
not affect this indicator.

(a) Crystallised sodium carbonate.
Take about 3 grammes, and use the equation:—

H,C,04 .2H,0 + Na,C03 . ioH2 0 = Na2C2 0 4 + C02 + I3H,0
2)286

143 = grms. Na2 C03 ioH2 0, equivalent to 1000 c.c.
acid.

2)126
63

(b) Dried sodium carbonate.
Take about 1 gramme, and use the same equation less the ioH20 on

each side:—
2)126 2)106

' = grms. Na-_.CC), equivalent to 1000 c.c. acid.

(c) Sodium bicarbonate.
Take about 3 grammes, and use the equation:—

H,C 20 4 .2H,0 + 2NaHC03 = Na,C,04 + 2C02 + 4ll 20
2)126

63
2)i68

84 = grins. NaHC03 , equivalent to 1000 c.c. acid.
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(d) Potassium carbonate (the B.P. requires 84 per cent, of the pure anhydrous
salt (K 2C03) and the U.S.P. exacts 81 per cent.).

Take about 2 grammes, and use the equation :—

H2C 20 4 .2H,0 + k 2co3 =k 2c2 o 4 + C02 + 2H2 0
2)126
~63

2)138
69 =grms. pure K 2 C03, equivalent to 1000 c.c. acid.

(e) Potassium bicarboiiate.
Take about 2 grammes, and use the equation:—

H2 C2Q 4 .2ITO + 2KHC03
= K2C 20 4 + 2C02 + 4H20

2)126
”63

2)200
100 = grms. KHC03, equivalent to 10 o c.c. acid.

(/) Commercial “ carbonate ofammonia.”
Take about 1 gramme, do not boil too violently, and use the equation :—

3(H2 C204 .2H2 0) + 2(N 3HU CA) = 3(NH4) 2C 20 4 +4C02 + 8H20
6)378

63
6)314

52-3 = grins., equivalent to 1000 c.c. acid.
(D) Estimation of Lead.

Weigh out the substance, dissolve it in plenty of water (the flask 3 full),
with a drop or two of acetic acid to clarify it, and then carefully drop in the
standard acid till precipitation ceases. Thus we operate upon : —

(a) Plumbic acetate.
Take 3 grammes, and use the following equation: —

H2C2 0 4 .2H,0 + Pb(C2 H302) 2 . 3H2 0 = PbC 2 0 4 + 2HC2 H 302 + 5H,0
2)126
~63

2)379
i89'5 = grins., equivalent to 1000 c.c. acid.

(b) Liquor plmnbi subacetatis.
Take about 10 grammes, and use the equation : —

2(H,C20 4 .2H20) + Pb2 0(C2H30,) 2 = 2PbC20 4 + 2HC 2H302 + 5H,0
4)252

63
4)548

I37=grms., equivalent to 1000 c.c. acid.

(jE) Estimation of Organic Salts of the Alkalies.
Organic salts of potassium or sodium are examined by weighing out about

2 grammes in a tared platinum or porcelain crucible, and then heating to
redness in contact with the air until all is perfectly charred. The crucible
is now cooled, and its contents dissolved in boiling water and filtered into
a flask, and the filter washed with boiling water until the washings do not
affect red litmus paper. The contents of the flask are then colored by the
indicator and titrated with the standard acid, in the manner described above
for alkaline carbonates. The ignition causes the conversion of the organic
salt into an alkaline carbonate. Thus we should operate upon :—

(a) Cream of tartar.
2KHC4H4 O g + 502 = IC2C03 + 7C02 + 5H 20 ;

376 138
then K,CO s + H2C 20 4 .2H2 0 = K 2C 20 4 + C02 + 3H 20 ;

138 126
therefore H2 C204 .2li,0 = 2KHC4H40G

2)126 2^376
63 == 188 = grms. of KHC4H 4 06 ,

equivalent to icoo c.c.
acid.
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(b) Neutralpotassium tartrate.
2(K 2 C4H406 . H 20) + 502

= 2K3 C03 + 6C02 + 6H2 0 ;

488 276
then 2H 2C2 0 4 . 2H 20 + 2K2 C03 = 2K2 C2 0 4 + 2C02 + 4H 20;

252 276
therefore 2H 2 C20 4 .2H20 = 2K2C 2H 4Oe . H 2 0

4)252 4)488
63 = 122 = grms. of K 2C4 H406 . H20, equivalent

to 1000 c.c. acid.
Note. —According to the U.S.P. the formula should be (K2C4H 406 )2H2 0, and therefore

63 of acid (1000 c.c.) will equal H7'5 grammes.

(c) Rochelle salt.
2(KNaC 4H 406 .4H,0) + 5O, = 2KNaC03 + 6C02 + I2H20;

564 244
then 2KNaC03 + 2(H,C,0 4 .. 2H„0) = 2KNaC,0. + 2CO, + 6H 20 ;

v y V. I _ I J

252244
therefore 2(H2 C2 04 .2H 20) = 2KNaC4 H 4Ofi

4)252 4)564
63 = 141 = grms.ofKNaC4H 406 . 4H 2 0, equivalent

to 1000 c.c. acid.

(d) Potassium citrate.
2K3 C6 H5 07 + 902 = 3K 2C03 + 9CO, + 5H2 0 ;

612 414then 3K2 C03 + 3(H 2C2 Q4 . 211,0) = 3K2 C204 + 3C02 + 5H 20 ;

414 378
therefore 3(H2 C2 04 . 2H 20) = 2K3 C6 H 50 7

6)378 6)612
63 = 102 = grms. of K3C6H507 , equivalent to

1000 c.c. acid.

Note.—In the U.S.P. the formula is given as K3 C6 H507 . H20 (= 648), and therefore 63
of acid (1000 c.c.) will equal 108 grammes.

(F) U.S.P. Standards of Strength by Oxalic Acid.

Ammonii Carbonas
Grms. taken.

. 2’6i6

C.c. re-
quired

So
Per cent, of strength indicated.

100, of the salt.
Aqua Ammoniae . 8-50 (8-9 c.c.) . 5° 10, of the dry gas.
Aqua Ammoniae Fortior • 3'4° (3 9 „ ) • 56 28, of the dry gas.
Liquor Plumbi Subacetatis . 13-67 (II-2 „ ) . 25 25, of the basic salt.
Liquor Potassae . 28 00 (27 „ ) . 25 5, of the hydrate.
Liquor Sodas . 20-00 (18-9

„ ) . 25 5, of the hydrate.
Potassa . 2-80 . 45 90, of the hydrate.
Potassii Acetas . 4-90 . 49 98, of the salt.
Potassii Bicarbonas . 5 00 . 5° 100, of the salt.
Potassii Carbonas .

• 3‘45 • 4°'5 81, of anhydrous salt.
Potassii Citras . 5-40 . 50 100, of the crystallised salt.
Potassii et Sodii Tartras • 3'53 • 25 100, of the salt.

98-8, of the salt.Potassii Permanganas . 0-785 . 247
Potassii Tartras . 2-94 . . , 25 100, of the crystallised salt.
Soda .... . 200 . 45 90, of the hydrate.
Sodii Bicarbonas .

. 4-20 . 49'5 99, of the salt.
Sodii Bicarbonas Venalis . 4-20 . 47'5 95, of the salt.
Sodii Carbonas . 7-15 . 49 98, of the crystallised salt.
Sodii Carbonas Exsiccatus . 265 . 367 72-6, of anhydrous salt.
Spiritus Ammonia; . 8-50 . 50 10, of the dry gas.
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III. STANDARD SULPHURIC ACID.
Equivalent N = 49 grams per litre.

(A) Preparation.
Measure out 28 c.c. of ordinary strong sulphuric acid, and dissolve it in a

litre of water. When cool, place some of this rough acid in a burette, and
check it against a solution of grammes ofpure sodium carbonate in water,
using methyl-orange as the indicator. Note the number of c.c. of acid used,
put 20 times this amount into the test mixer, and make up to 1 litre with water.

Note. —PureNa2 C0 3 is best madeby packing a percolator with good sodiumbicarbonate and
percolating with distilled water until the fluid, passing through, gives no reaction with AgNOs
or BaCl2 after acidulating with HN0 3 and HC1 respectively. The contents of the percolator
are then dried and heated to redness, and the residue saved as “ chemically pure Na.2C03 for
standardising acids.”

(B) Uses.
Can be used (with advantage) instead of standard oxalic acid for all pur-

poses for which the latter has been above recommended, except the estimation
of lead. Is specially useful for the estimation of alkaline carbonates when
methyl-orange is used as indicator. Each c.c. of the acid contains *049 grammes
real acid, and exactly corresponds in strength to the standard oxalic acid
already described.

IV. STANDARD SOLUTION OF SODIUM HYDRATE.
Strength :—Equivalent N = 40 grammesNaHO in 1000 c.c.

(A) Preparation and Check.
As commercial soda is not pure, this solution has to be made as follows:—
Dissolve 45 grammes of ordinary caustic soda in 1 litre of distilled water,

and let it cool to i5‘5° C. (6o° F.). Now place 20 c.c. of standard solution of
oxalic acid in a flask, add phenol-phthalein or litmus, and run in some of this
crude soda solution from a burette until neutrality is produced. Note the
number of c.c. of soda used, put 50 times that volume of the crude solution
into a test mixer, and make up to the 1000 c.c. mark with distilled water. On
again checking, 20 c.c. of the acid should take exactly 20 c.c. of the perfected
soda for exact neutralisation.

(B) Acidimetry.
Soda solution is used for taking the strength of acids by simply weighing

out a quantity of the acid, and then running in the soda in presence of phenol-
phthalein. We operate, as a rule, upon about 1 gramme of a strong or a solid
acid, and from 5 to 10 grammes of a diluted acid. The following are some
of the more important equations :—

(a) NaHO + HC1 = NaCl + HaO

4° 36.5 grms. of HC1, equivalent to 1000 c.c. NaHO.
(£) NaHO + HN03

= NaN03 + H 20
40 63 = grms. of HN0 3 , equivalent to 1000 c.c. NaHO.

0) NaHO + HC2 H3 02 = NaC2H 3 02 + H,0

40 60 = grms. of HC2 H302, equivalent to 1000 c.c. NaHO.
OO 2NaH0 + H2 S04 = Na 2S0 4 + 2H 2 0

2)80 2)98
40 = 49 = grms. of H2 S04 , equivalent to 1000 c.c. NaHO.

0) 2NaH0 + H2C4H 406 = Na,C4H406 + 2H 20
2)80

40
2)150

75 = grms. of H2C 4H 4O g, equivalent to 1000 c.c. NaHO.
(/) 3NaH0 + H 3 C6 H6 07 . H2 0 = Na3C6 H 507 + 4H 20

3)120
40

3)210
70 = grms. of H3 C6 H 30 7 . H.,0, equivalent to 1000 c.c.NallO.
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(C) List of Strengths of the TT.S.P. Acids, etc., taken by Soda.

(D) Checking the Strength of Chloral Hydrate
This method is used in America, and is thus applied : 2 grammes of chloral

hydrate are dissolved in 10 c.c. of water, this solution is tested for acidity by
litmus paper, and if acid it is exactly neutralised by a few drops of very weak
soda. 20 c.c. of volumetric soda are then added, and the whole is allowed
to stand for half an hour to complete the decomposition into chloroform and
sodium formate. Phenol-phthalein having been added, volumetric acid is run
in from a burette till the color changes, and the number of c.c. of acid used
having been deducted from 20, the difference gives the c.c.’s of soda used up
by the chloral. Then on the equation

2C2HC1 30. H2 0 + 2NaH0 = 2CHCI3 + 2NaCH02 + 2H 20
each c.c. of soda so used represents '1655 grammes of chloral hydrate.

V. STANDARD SOLUTION OF ARGENTIC NITRATE.
N
—

= 17 grammes per 1000 c.c.

(A) Preparation.
Dissolve 17 grammes pure AgNC>3 in distilled water, and make up to 1 litre

(1000 c.c.)
Check.—As argentic nitrate is not always pure, the solution when thus

made should be standardised by weighing out 1 (one decigramme) of pure
powdered sodium chloride, dissolving it in water in a small beaker, adding
sufficient solution of potassium chromate to color it yellow, and then running
in the silver solution, with constant stirring, until the last drop just causes the
color to change from yellow to pink. This should take i7‘i c.c. of silver
solution if it be of correct strength, because :—

AgN03 + NaCl = AgCl + NaN0 3

io)i7o io)58'5 n
17 5'85 = grms. of NaCl, equivalent to 1000 c.c. —AgN0 3 .

(B) Estimation of Soluble Haloid Salts.
The silver solution is used for the estimation of haloid salts by weighing

out any quantity ranging between i and ‘2 (one or two decigrammes), dis-
solving, and titrating, K2Cr04 being used as the indicator, exactly as above
described. Thus we should operate upon :—

Acidum Acetium
Grms. taken.

6-0 (57 c.c.)

C.c. re-
quired.

36
Percentage strength.

36, of absolute acid.
99 ,, (dilute) 24'0 . 24 6, ,,

99 „ (glacial) .
Citricum....

3-0 . 49'5 99.
99 5'5 • 50-0 100, „

9 9 Hydrobromicum Dilutum 1616 . 20 10. „

99 Hydrochloricum 3-64 . 31-9 3 r9>
99 ,, Dilutum 7-28 (7 c.c.) 20 10, „

99 Lacticum 4-50 . 375 75.
99 Nitricum 3-15 • 347 69'4,

99 „ Dilutum .
Sulphuricum .

12-60 (11-9 c.c.) 20 10, „

99 2-45 . 48 96. ».

99 ,, Aromaticum 9-80 (10-3 c.c.) 36 18, of the total acids.
9 9 ,,

Dilutum 9-80 (9-1 c.c.) 20 10, of the absolute acid.
99 Tartaricum 375 • 5° 100, of the crystallised acid

Brandy 100 c.c. . 3 fixed limit of acidity.
99

Whiskey
.....100 „ 2

Wine 250 ,, . 15 to 26 99
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(a) Potassium bromide.
AgN03 + KBr = AgBr + KN0 3

10)170 io)ii9 N
17 = irg = gratis. of KBr, equivalent to 1000 c.c. — AgN03 .

(b) Ammonium bro?nide.
AgN03 + NH4Br = AgBr + NH4N03

10)170 10)98 N
17 9’8 = grms. of NH 4Br, equivalent to 1000 c.c.— AgN03 .

(c) Sodium bromide
, potassium iodide

,
and sodium iodide

, all by similar
equations.

NaBr + KI + Nal

10)103 10)166 10)150 N
io- 3 i6‘6 150 all respectively = 1000 c.c.-^)AgN03 .

Note. —Bromides, if adulterated with iodides, will take less silver than they ought, but, if
the impurity be chloride, they will take more. Therefore they must neither take less nor
more than the correct amount.

(C) Estimation of Hydrocyanic Acid.
Silver solution is also used for taking the strength of hydrocyanic acid.

This is done by weighing out about 5 grammes, adding a drop of solution of
litmus, and then a few drops of NaHO so as to cause strong alkalinity. Now
carefully drop in the silver solution from the burette, with constant agitation,
until a faintpermanent cloud of AgCN is produced. If, during the operation,
the litmus becomes red, more NaHO must be added to keep it blue. At
the moment that the pennanent cloud appears the following reactions are
complete:—

2HCN + 2NaH0 = 2NaCN +2H2 0

9854
2NaCN + AgN03 = AgCN . NaCN + NaN03

98 170
therefore — 2HCN = AgN03

10)54 I°)l70
_

5-4 = 170
N

so that 1000 c.c. —AgN03 are equivalent to 5 '4 grms. of HCN.

On adding more silver AgCN would be precipitated thus :—

NaCN . AgCN + AgN03 = 2AgCN + NaN03;

and the first appearance of this precipitate therefore shows that the action to
be calculated upon is complete.

Potassium cyanide is done in the same way, using about ‘2 gramme, and
AgN0 3 = 2KCN—i.e., 17 grammes (1000 c.c.) = i3‘o grammes KCN.

(Z>) Application of Volhard’s Method to the Analysis of Chlorides.
This process is, in certain cases, a much better method for the estimation of

chlorides than the direct method with the chromate indicator, because it may
be used in the presence of nitric acid, thus enabling a chloride to be estimated
in presence of a phosphate or other acid which precipitates silver in a neutral
solution. It depends upon entirely precipitating the chloride in the presence
ofnitric acid by a known volume of standard solution of silver, and then esti-
mating the excess of silver, left uncombined with the chloride, by standard
solution of ammonium thiocyanate (sulphocyanate), using a drop of solution of
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ferric alum as an indicator. [The thiocyanate solution is made to contain 7 "6
grammes NH*CNS per litre, and is checked against the silver so as to correspond
with it c.c. to c.c.] As soon as the thiocyanate has precipitated all the silver
it will strike a blood-red with the ferric salt, due to the formation of ferric
thiocyanate. The difference between the volume of standard silver solution
originally added and that of the thiocyanate used will give the c.c. of silver
equivalent to the chloride present.

(E) Standards of U.S.P. Strength by Silver Solution.

VI. STANDARD SOLUTION OF IODINE
N 7 .

,
—= 127 grammes per litre (1000 c.c.)

(A) Preparation.
Weigh out 127 grammes of pure iodine, and place it in a litre flask with

18 grammes of potassium iodide and about 200 c.c. of water, agitate till
dissolved, and make up to one litre with water.

Check.—To standardise the strength of the solution (if desired), test it
against '2 gramme (2 decigrammes) of pure As 203, as hereafter described.

(£) Estimation of Arsenious Acid.
This solution is used :—

For arsenious acid and the solutions thereof weigh out one to two deci-
grammes of the As 203, and dissolve it in boiling water by the aid of five
times its weight of NaHCC>3. Let it cool, add some mucilage of starch, and
run in the iodine solution until a faint permanent blue color is obtained.
Then apply the equation :—

2l 2 + As203 + sH 20 =2H 3As0 4 4- 4HI
4)5°8

10)127
127

4)198
IO )49’5 N4'95 grms. of As203 , equivalent to 1000 c.c. — iodine.

For liquor acidi arseniosi use 10 grammes and 2 grammes NaHC03.

For liquorpotassii arsenitis use 10 grammes and 2 grammes NaHC0 3 .

(C) Estimation of Sulphurous Acid.
For sulphurous acid weigh out about one gramme from a stoppered bottle,

and largely dilute it with water. Add starch mucilage, and run in the iodine
solution until the faintest possible permanent blue appears. Then apply the
equation:—

I2 + H 20 + S02 . H 20 = H2 S0 4 + 2HI

2)254
10)127

127

2)64
*°)32 N

3 -2 grms. S02 ,
equivalent to xooo c.c. — iodine.

Grms. taken. C.c. used. Strength.
Ammonium bromide •30 31-4 97%-
Hydrocyanic acid (diluted) • 675 5°'° 2% reaPHCy.
Potassium cyanide . . *65 45 'o 90%.

,, bromide •30 257 97%-
Sodium ,, •30 29-8 97%
Syrup acid (hydriodic) . . 3 r9 0 25*0 10% HI.

„
ferrous bromide . • S‘39 500 10% FeBr2.

„ „ iodide • 773 5°'° 10% Fel2 .
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(D) Estimation of Thiosulphates (Hyposulphites).
For sodium thiosulphate (hyposulphite) use about '5 gramme, dissolve in

water, add starch, and titrate as above.
127 I=24'8 “hypo.”

VII. STANDARD SOLUTION OF SODIUM THIOSULPHATE (“ HYPO ”).
jSfStrength :— — = 24'8 “ hypo” (Na2S2 O3 . 5H2 0) per litre (1000 c.c.)

(A) Preparation and Check.
Dissolve about 28 grammes of commercial “hypo” in a litre of distilled

water. Now place 20 c.c. of standard solution of iodine slightly diluted with
water in a beaker, and run in the rough “hypo” solution until the color
changes to that of pale sherry. Then add mucilage of starch, and continue
to run in the “ hypo ” till the last drop just discharges the blue color. Note the
number of c.c. of “ hypo ” used, put 50 times that number into a test mixer,
and make up with distilled water to 1000 c.c.

This solution may be used for: —

(£) Estimation of Free Iodine.
By weighing out '2 gramme (2 decigrammes), dissolving in a little water

by the aid of potassium iodide, and then running in “ hypo ” till the color is
reduced to that of a pale sherry ; lastly, adding starch mucilage, and going
on till the blue is just bleached. Then by the equation:—

2(Na2S 2 03 5H 20) + I2 = 2NaI + Na,S 406 + ioH,0

2)4?6 2)254
10)248 10)127

24’8 = 127 grms. I, equivalent to 1000 c.c. — “hypo.”

( C) Estimation of Free Chlorine or Bromine.
For chlorine water or bromine water.
Weigh about 10 grammes from a stoppered bottle, pouring it directly into

a flask containing 2 grammes of potassium iodide dissolved in 50 c.c. of
water, and then titrate with “ hypo ” as already described.

The Cl first liberates an equivalent quantity of iodine from the KI, and
the “ hypo ” then acts upon the I2 so set free, thus : —

Cl 2 + 2KI = 2KCI + I2

20)71 20)254
3'55 127

2Na2S 203 5H 20 + I2 = 2NaI + Na,S406 + ioH 20
20)496 20)254 N24'8 = 127, therefore 3*55 grms. Cl = 1000 c.c. — “hypo.”

On the same principle,
I 2 = Br2

20)254
127

20)160 N8-o, so that 8 -o grms. Br is equivalent to 1000 c.c. — “hypo.”

(D) Estimation of Available Chlorine.
For chlorinated lime and its solution.
Use - 5 gramme of the solid or 5 grammes of the liquor. Put it into a
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flask with 1*5 gramme of KI dissolved in 100 c.c. of water, and then drop
in HC1 in excess. Lastly, titrate with “ hypo ” as already described. Then
by the equations:—

(а) CaOCl2 + 2HCl=CaCl2 + H20 + Cl2,

(б) Cl2 + 2KI=2KC1 + I2J
(c) 2(Na2S203 .5H20) + I2 =2NaI + Na2S 40G + ioH20,

we come to the result already shown for chlorine-water—namely, that
2(Na2 S 203 . SH 20) — I2 — Cl 2

20)496 20)254 20)71
= 127= 3-55

Ntherefore, 1000 c.c. — “hypo” represent 3*55 grammes “ available chlorine ” in

all chlorinated compounds.
Liquor sodce chlorinatce.
Use about 5 grammes, and proceed as for chlorinated lime. The action

and calculations are the same, only differing in the first equation, which is
Na2OCl2 + 2HCl=2NaCl + H 20 + Cl2 .

(E) List of U.S.P. Standards by Iodine and “Hypo.”
Iodine sol.

“ Hypo” sol.

VIII. STANDARD SOLUTION OF POTASSIUM BICHROMATE.
jsr

Strength : —— = 1475 grammes in 1000 c.c.

(A) Preparation.
Dissolve 1475 grammes pure K 2Cr207 in one litre of water.
Check.—If desired to standardise, we do so by performing an estimation

upon ‘5 gramme (5 decigrammes) of pure iron (pianoforte) wire, dissolved in
dilute H 2S04 as described below.

Principle of the Process. —K2Cr207, when heated with an acid (say H2S04),
gives

K 2Cr207 + 4H2S0 4
= K 2S04 + Cr2(S0 4)3 + 4H20 + 03 ;

therefore, each molecule of bichromate gives three atoms of nascent oxygen,
which possesses the power of raising six atoms of iron from the ferrous to the

ferric state, because
6FeO + 03 = 3Fe203 .

Grms. taken. C.c. required. Per cent, of strength indicated.
Acidum arseniosum . C247 48-5 97, of the anhydride.
Acidum sulphurosum . . 1-28 14 3-5, of the dry gas.
Liquor acidi arseniosi . . 24-70 48-5 0-97, of the anhydride.
Liquorpotassii arsenitis . 24-70 48-5 0-97, of the anhydride.
Potassii sulphis . . ■ . 0-485 45 90, of the crystallised salt.
Sodiibisulpnis . 0*26 45 90, of the salt.
Sodii sulphis .... . 0-63 45 go, of the crystallised salt.

Aqua chlori .

Grms. taken. C.c. required.
• • 35"4 4°

Per cent, of strength indicated.
o'4, of chlorine.

Calx chlorata .
. . o'7i 50 25, of chlorine.

Iodum .... • • o'633 50 100, of iodine.
Liquor iodi compositus . . i2‘66 50 5, of iodine.
Liquor sodae chloratse . . . 8-88 (8*5 c.c.) 50 2, ofchlorine.
Tinctura iodi . 6-33 40 8, of iodine.
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(B) Estimation of Ferrous Salts.
Bichromate solution is to be used for the following estimations:—
(a) Metallic iron.
•5 gramme of the metallic wire or filings is dissolved by the aid of heat

in dilute sulphuric acid, using a flask fitted with a cork through which passes
a small tube to allow the exit of steam and hydrogen, but to prevent as far as
possible ingress of air. While the iron is dissolving, 2 ounces of water are
placed in a basin over the gas, and a burette charged with bichromate solution
is arranged over it. A porcelain slab is also got ready at the right-hand side
of the basin, and is covered over with spots, from a glass rod, of freshly made
solution of potassium ferricyanide. When dissolved, the iron solution is rinsed
from the flask into the basin, and immediately titrated with the bichromate,
until a drop taken from the basin on the stirring rod just ceases to give a blue
color when brought into contact with one of the spots of potassium ferricyanide
on the slab. The number of c.c. of bichromate solution used is read off, and
the following equations applied :—

6Fe + 6H2 S04 = 6FeSo4 + 3H2

20)336
16-8

20)912
45' 6

6FeS04 + K 2Cr2 07 + 7H 2S0 4 = 3Fe 2(S04 )3 + K2S0 4 + Cr2(S04)3 + 7H2 0 ;

20)912 20)295
45'6 1475

_ _ _ . . Ntherefore 1475 K 2Cr207 = i6'8 Fe grammes, equivalent to 1000 c.c. —

bichromate.
(b) For ferrous sulphate, ferrous phosphate, ferrous arseniate, and ferri

carbonas saccharata.
Use about 1 gramme in each case, dissolve in water by the aid of sulphuric

or hydrochloric acid, then add a good excess of dilute H 2S0 4 or HC1,
and titrate with bichromate solution as already described. Apply the
equations as under : —

(1) Crystallised ferrous sulphate.
K2Cr 207 + 6FeS04 .7H 20 + 7H 2S0 4

=3Fe2(S04)3 +K2 S04 + Cr 2(S0 4 )3 +I4H 20L / V J

20)295
1475

20)x668 N83*4 = grms., equivalent to 1000 c.c. — bichromate.

Note. —If 4'i67 grammes be weighed of this substance and titrated, then the number
of c.c. of bichromate used multiplied by two equals the percentage of un-
oxidised ferrous sulphate present.

(2) Real ferrous sulphate.
K2 Cr2 07 + 6FeS04 + 7H 2S0 4

= 3Fe2(S04 )3 +K 2S0 4 + Cr2 (S04) 3 + 7H 20
20)295

1475
20)912 N45'6 = grms., equivalent to 1000 c.c. bichromate.

(3) Ferrous phosphate.
K2 Cr,07 + 2Fe3(P04)3 .8H 20 + 7H 2 S04

= Fe2(S04) 3 + 2Fe 2(P0 4), + Iv 2S0 4 +

' ' [Cr2(S04 )3 + I5H2020)295
1475

20)1004 N
50-2 = grms., equivalent to 1000 c.c. ~ bichromate.
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(4) Ferrous arseniate.
Ka Cr,07 + 2Fe3(As0 4 )2 + 7H,0 + 7 H2 S04

= Fe2(S04) 3 + 2Fe.,(As0 4 ), +K2 S04 +
[Cr2(S04)3 + i4H2 020)295

1475
2°)892_ n44'6 = grms., equivalent to iooo c.c. — bichromate.

(5) Ferri carb. sacch. (dissolve in HC1, because H2S04 would char the
sugar):—

K2 Cr 207 + 6FeC03 + 26HCI = 3Fe 2Cl6 + 2KCI + Cr,Cl6 + 6C02 + I3H 20
20)295

1475
20)696 N34'8 =grms., equivalent to 1000 c.c.

2Q
bichromate.

(C) Estimation of Ferric Salts.
The process may be applied to hcematite or any form of ferric iron by

dissolving in excess of hydrochloric acid, and then dropping in zinc so as
to evolve H2 and reduce the iron to the ferrous state. When all Zn has
dissolved, and the solution has ceased to give a red with KCNS, it is titrated
with bichromate in the usual way. The reduction of the iron may be also
readily, and in some cases preferably done, by the use of sodium sulphite
instead of zinc, and then boiling off the excess of S0 2.

(D) U.S.P. Standards by Bichromate Solution.

Instead of bichromate we may use a standard solution of potassium
permanganate to estimate iron, simply running it in (in presence of excess of
H2S0 4) until a permanent pink color remains. Each molecule of K 2Mn 208
gives 05, and therefore equals ten atoms of Fe in oxidation. The solution
is made by dissolving 3-16 grammes of permanganate in a litre of water.
Taking such a solution each c.c. will equal yowoo °f the molecular weight of
ferrous sulphate, or of the molecular weight of oxalic acid.

IX. FEHLING’S STANDARD SOLUTION OF COPPER.
(A) Manufacture and Check by the Ordinary Method.

This solution is used for the estimation of sugars, and is made in two parts
as follows:—

No. 1.
Take of

Sulphate of copper (pure crystals) .... 34'639 grammes.
Distilled water 500 c.c.

Dissolve the sulphate of copper in a sufficient quantity of distilled water to
produce the volume required by the corresponding formula above given.

No. 2.

Tartrate ofpotassium and sodium ....173 grammes.
Soda (U.S.P. 1880) 60
Distilled Water . . . enough to make 500 c.c.

Dissolve the tartrate of potassium and sodium and the soda in a sufficient
quantity of distilled water to produce the volume required by the correspond-

Grms. taken. C.c. used. Percentage strength.
Reduced iron .

— — 80
Crystallised ferrous sulphate
Precipitated

„ ,,

\ each c.c. used =4-167) 2 per cent.
Dried „ ,,

Saccharated ferrous carbonate ,
—

8-oo 33 15 per cent.
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ing formula above given. Set the mixture aside until the suspended impurities
have been deposited; then remove the clear solution with a siphon. Keep
both solutions separately. For use, mix equal volumes of both solutions,
by pouring the copper solution into the alkaline solution. On heating the
liquid in a test-tube to boiling, it should remain perfectly clear. Each 10 c.c.
of this liquid will represent —

Glucose ’05 gramme.
Maltose *082 „

Inverted cane sugar ’0475 »•

Inverted starch ........'045 „

To check Fehling’s solution, weigh out '475 gramme of pure sugar candy
and dissolve it in 100 c.c. of water in a small flask ; add 3 drops of strong
HC1, and boil briskly for ten minutes to invert the cane sugar into glucose.
Let it cool, neutralise with KHO, and then make up exactly to 100 c.c. with
distilled water. Place this liquid in a burette arranged over a basin placed
over the gas, and containing 10 c.c. of Fehling’s solution and 50 c.c. of
water. When the contents of the basin are boiling, run in the sugar solution
until all blue color is destroyed. Then note the number of c.c. of sugar
solution used, and whatever that number may be, it will contain the equiva-
lent in sugar of 10 c.c. of “Fehling.” If the “ Fehling ” be correct, 10 c.c.
of the standard sugar will be used to entirely precipitate it.

It is usually necessary to do the estimation twice, first roughly and
then accurately, using the second time drops of K4FeCyfi acidulated with
acetic acid, on a slab, as an indicator for the disappearance of the last trace
of Cu from solution.

(£) Manufacture and Check by Pavy’s Method.
Cuprous oxide dissolves in ammonia, forming a colorless liquid. Taking

advantage of this point, Pavy treats an ammoniacal cupric solution at a
boiling temperature with sufficient saccharine solution to exactly discharge
the blue color. The advantage of this method over that above described
lies simply in the fact that there is no bulky red precipitate to interfere with
the ready observation of the end reaction. To prepare the test solution,
dissolve grms. of Rochelle salt and the same weight of caustic potash
in distilled water; dissolve separately 4'i58 grms. of pure cupric sulphate in
more water with heat; add the copper solution to that first prepared, and
when cold, add 300 c.c. of strong ammonia, and distilled water to 1 litre.
The process is conducted as follows : 10 c.c. of the ammoniated cupric solution
(=o'oo5 grm. of glucose) are diluted with 20 c.c. of distilled water, and
placed in a small flask. This is attached by means of a cork to the nozzle of
a burette, fitted with a glass stopcock, and previously filled with the saccharine
solution previously diluted to a fixed bulk. The cork of the flask should be
traversed by a small bent tube, to permit steam to escape. Now heat the
flask until the blue liquid boils. Turn the stopcock in order to allow the
saccharine solution to flow into the hot solution—which should be kept at the
boiling point—at the rate of about 100 drops per minute (not more nor much
less), until the azure tint is exactly discharged. Then stop the flow, and note
the number of cubic centimetres used. That amount of saccharine solution
wall contain 5 milligrammes of glucose. To render the determination as
accurate as possible, the solution for analysis should be diluted to such an
extent that not less than 4 nor more than 7 c.c. are required to decolorise the
solution.

To find the percentage of sugar, multiply o’oo5 by the original total
bulk (in c.c.) of the solution started with, and divide the product by the
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number of cubic centimetres of solution used from the burette. To observe
easily the exact end reaction, a piece of paper or other white body should be
placed behind the flask. Mr. Stokes uses the half of an ordinary opal gas
globe fixed in the proper position. If the operator objects to the escape of
the waste ammoniacal fumes, they may be conducted by a suitable arrange-
ment into water or dilute acid. For a special apparatus for this purpose
see the Analyst,

vol. xii.
(C) Estimation of Sugar.

The sugar weighed must not exceed '5 gramme, and must be dissolved
in 100 c.c. of water. If the sugar be either glucose or maltose or lactose it
is titrated directly; but if cane sugar, it is first inverted as above described.
By always placing 10 c.c. of “Fehling” in the basin, then whatever
number of c.c. of sugar solution we use, that number will contain the
equivalent of 10 c.c., and we have only to calculate:—

As No. of c.c. used : Total volume of sugar solution : : Equivalent of 10 c.c. “ Fehling ” of
the sugar in question : Real sugar present in the quantity weighed out for analysis.

(D) Estimation of Starch.
Starch is weighed and boiled in a flask with water containing dilute hydro-

chloric acid, under an upright condenser, for some hours. It is then cooled,
neutralised with potassium hydrate, diluted to a fixed volume (not stronger
than 1 in 200), and then the solution so made is titrated into 10 c.c. of
“ Fehling.” A much improved process will be found in Chapter X.

X. ESTIMATION OF PHOSPHORIC ACID

is performed by means of a standard solution of uranic nitrate in the presence
of sodium acetate. The necessary solutions are, —

1. Standard solution of uranic nitrate, made by dissolving 70 grammes in
900 c.c. of water, and then, after ascertaining its strength by performing an
analysis of 50 c.c. of the standard phosphate solution, diluting with water so
that 50 c.c. will correspond exactly to 50 c.c. of that solution. If absolutely
pure uranic nitrate were obtainable, theory requires the solution of 7 1 grammes
in one litre of water to yield a solution which will balance the standard phos-
phate (each 1 c.c. = 'oi gramme of P 205).

2. Standard phosphate solution, made by dissolving grammes of
perfectly pure disodium hydrogen phosphate in one litre of water, when each
1 c.c. will equal -oi gramme of P 205.

3. A solution of 100 grammes of sodium acetate and 100 grammes of acetic
acid in water, and the whole diluted to one litre.

4. Finely powdered potassium ferrocyanide. »
To perform the process, the solution of the phosphate in about 50 c.c. of

water is placed in a basin on the water bath, mixed with 5 c.c. of solution
No. 3 (sodic acetate), and No. 1 (uranic nitrate), is run in from a burette,
until a drop taken from the basin on to a white plate just gives a brown color,
when a little powdered ferrocyanide is cautiously dropped into its centre. The
number of c.c. of uranic solution used having been noted, the usual calcula-
tions are to be applied.

After repeated trials upon 50 c.c. of the standard phosphate solution, so
as to thoroughly adjust the strength of the uranic solution, and at the same
time accustom the eye to observe the exact moment of the appearance of the
brown coloration, the process may be practically applied to Manures.
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The best method of preparing the solution of the manure is to heat 10

grammes to dull redness for 15 minutes, and when cold to reduce it to a fine
powder in a mortar, and add gradually 10 grammes of sulphuric acid diluted
to 200 c.c. with water. Rinse the whole into a stoppered bottle, and make
up with water to one litre. Shake up occasionally for an hour, and having
then let all settle for three hours, draw off 100 c.c. ( = 1 gramme manure) for
analysis. To this add a little citric acid (10 drops of a cold saturated solution),
and slightly supersaturate with ammonium hydrate. Again acidify with acetic
acid, add 10 c.c. sodium acetate solution, and then use the uranic solution as
usual. If all these quantities be rigorously adhered to, each c.c. of uranic
solution used can, without further calculation, be taken as indicating 1
per cent, of tricalcium phosphate in the manure.

This process is highly recommended by Mr. Sutton of Norwich, and elabo-
rate details will be found in his work on Volumetric Analysis.

XI. STANDARD SOLUTION OF BARIUM CHLORIDE.
Semi-normal — 104 grammesper 1000 c.c. ofBaCl.2 .

This is used for taking the amount of a soluble sulphate, by adding it to a
known weight of the sulphate ; dissolve in water acidulated with hydrochloric
acid, until precipitation ceases. The process, however, is tedious, and the
end of the reaction is not sharp, and it is therefore rarely employed. The
following is a specimen of the reaction, using magnesium sulphate : —

MgS04 .7H2O +- BaCl2 = BaS0 4 + MgCl2 + 7H0O.
Each c.c. of the standard solution equals *04 S0 3 or ‘048 S04 .

The solution is made by dissolving 104 grammes of pure barium chloride
dried at 220° F. in 1 litre of water.

XII. STANDARD MAYER’S SOLUTION.

Made by dissolving i3'546 grammes of pure mercuric chloride and
grammes of potassium iodide in water, and then making up to 1000 c.c.

This solution is used for the estimation of alkaloids, which should be free
from any mucilaginous matter and preferably dissolved in a little dilute
sulphuric acid. The reagent is added till precipitation ceases, and the exact
equivalent for each alkaloid should be practically checked by operating on
a known weight of the pure alkaloid, and then always using the solution
under exactly the same conditions in future analysis. In the author’s hands
the process has not worked very well, except for the amount of emetine in
ipecacuanha, which may be rapidly ascertained as follows :—

15 grammes of ipecacuanha are treated with 1'5 c.c. of dilute sulphuric
acid, and sufficient alcohol of 80 per cent, added to make the whole bulk up
to 150 grammes. The whole is allowed to stand for 24 hours, and 100 c.c. are
decanted off for analysis. The liquid is evaporated until all the alcohol is
driven off, and then brought under the burette containing the test solution,
which is run in until it ceases to give a precipitate. The final point of the
reaction is ascertained by filtering off a drop or two in a watch-glass placed
on black paper, and adding a drop of the reagent, when, if no cloudiness
appear, the precipitation of the alkaloid is complete. The number of c.c. of
the test used multiplied by ‘0189 gives the amount of alkaloid in 10 grammes
of the sample, which again multiplied by 10 gives percentage.
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XIII. ANALYSIS BY THE NITROMETER.
(A) General Remarks.

This useful instrument is illustrated in fig. 29. It consists of a measuring
tube (a) graduated in cubic centimetres, having a funnel-shaped cup (c)
connected to it by means of the stopcock (d). This cock is a “ three-way ”

one, and according to the direction in which it is turned, it can make
connection and discharge the contents of the cup either into the tube a
or out in the waste opening at e; or it can make, or quite shut off, all
connection between a and the outer air through e. Connected to a by a
piece of flexible indiarubber tube is the ungraduated control tube b. The
object of the apparatus is the rapid and accurate measurement, at definite
temperature and pressure, of gases evolved during any reaction; and it takes
its name from the fact that it was first used to measure the nitric oxide given
off by the decomposition of nitric acid. Suppose that we
fill the instrument with a fluid (say mercury) right up to
the top: having closed the tap d, we lower the tube b
and then admit a little carbonic anhydride through e ; by
opening and again closing the top, we have a volume of gas
in the measuring tube which we desire to measure under
definite condition. If (1) we allow the instrument to stand
until its contents must have assumed the temperature of
the room, then a centigrade thermometer suspended to the
same stand will give the temperature of the gas; (2) If we
now raise or lower the control tube so that the level of the
liquid both in it and in the measuring tube is the same,
it is evident that the pressure inside a is the same as in
the room, and reference to a barometer standing near
will give that pressure. It now only remains to read off
the volume of the gas in the measuring tube, and having
corrected it to normal temperature and pressure by Charles’s and Boyle’s
laws respectively, to calculate it from its volume in c.c. to its weight in
grammes by multiplying the number of c.c. of volume at N.T.P. by the
weight of 1 c.c. of the gas in grammes. This latter is easily obtained by
multiplying the crith ('0896 gramme, weight of 1 litre of H) by the atomic
weight of an elementary, or half the molecular weight of a compound, gas, and
then dividing by 1000. Suppose, for example, that in the analysis of a
nitrate or nitrite we have obtained 20 c.c. of nitric oxide at 150 C. and 750
m.m. barometer, and we require to know the weight of NO so got, that we
may afterwards calculate therefrom the weight of .the nitrate present, we
should say:—

(0) r~~ °J\ w

* 20
= 18788 c.c., corrected volume at N.T.P.t273 ~r 15) X 700

(6) ~°~^)QQ~ 1" = *001344 grm., weight of 1 c.c. NO.
(r) 18788 X '001344 = '0253 grm., weight of NO found.

The various possible applications of this instrument are so numerous that an
exhaustive detail would be impossible in the present work; but the following
should be practised as typical instances of its use :—

Fig. 29.

(B) Estimation of the Strength of Spirit of Nitrous Ether.
The active principle of this drug is ethyl nitrite. Nitrites when mixed

with excess of potassium iodide and acidulated with sulphuric acid cause
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a liberation of iodine, and evolve all their nitrogen in the form of nitric oxide,
thus:—

c2h5 . no2 + ki + h2so4
= C2H 5 . HO + khso 4 + i + no.

The process (originally due to Mr. Allen) has been recognised officially for
the assay of the spirit, and is thus conducted. The nitrometer is filled
with saturated solution of sodium chloride, with which, owing to its density,
a strong spirit will not readily mix, and so we save the expense of mercury;
5 c.c. of the sample to be tested is placed in the cup of the nitrometer,
and the control tube having been lowered, the spirit is allowed to enter
through the tap, taking care that no air gets in at the same time. 5 c.c.
of a strong solution of potassium iodide is next allowed to enter, and this
is in turn followed by 5 c.c. of dilute sulphuric acid. Effervescence imme-
diately occurs, and if the tube be vigorously agitated at intervals, the reaction
completes itself in 10 minutes. The level of the liquid in the control tube
of the instrument is adjusted to equal that in the measuring tube, and the
volume of nitric oxide is read off and calculated. For official purposes it is,
however, sufficient to see that the resulting gas is seven times (or at all
events not less than five times) the volume of the spirit started with.* The
least trace of air allowed to enter with the liquids vitiates the results of the
process, because the nitric oxide would be thereby converted into a higher
oxide of nitrogen, and so become soluble in the fluid with which the instrument
is charged. The gas produced should be tested for purity by seeing that it
is entirely absorbed by ferrous sulphate solution.

(C) Estimation of the Strength of Sodium Nitrite.
Weigh out ‘i gramme of the salt, and dissolve it in the smallest possible

quantity of water. Rinse this into the nitrometer cup, and proceed as in
(E). A proper sample should yield 3 c.c. of gas, which should be entirely
absorbed when a strong solution of ferrous sulphate is introduced.

(D) Estimation of Nitric Acid in Nitrates.
This depends on the fact that when a nitrate is shaken up with excess of

sulphuric acid and mercury the following reaction takes place : —

2KNO3 + 4H2S04 + 3Hg = 3HgS04 + K 2SO + 2NO + 4H20,—
thus showing that each molecule of the nitrate radical NO3 gives off a
molecule of NO. If any chlorides or other haloid salts be present they are
first removed by adding a slight excess of argentic sulphate to the solution
and filtering. No quantity of a nitrate exceeding 2 decigrammes should be
used, otherwise more gas may be evolved than the instrument will con-
veniently hold. The nitrometer is charged with mercury, and the nitrate
solution, which should not exceed 5 c.c., is put into the cup and passed
therefrom into the measuring tube, followed by excess of strong sulphuric
acid. The instrument is well agitated for some time, and when action has
ceased and the contents have cooled down to the temperature of the room,
the level is adjusted and the volume of NO read off and calculated. All
the precautions already mentioned must be observed. If any nitrites be
present, they affect the accuracy of the estimation, being also decomposed
to nitric oxide.

(E) Estimation of a Soluble Carbonate.
This has been proposed for use in taking the strength of the medicinal

solution of ammonium carbonate in the spirit known as spiritus ammonia
aromaticus. A given volume of the spirit is placed in the cup and introduced
into the nitrometer charged with mercury. This is followed by an excess of

* The U.S.P. requires 5 per cent, ofethyl nitrite.
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dilute hydrochloric acid, and the carbon dioxide evolved by the action of the
acid upon the carbonate is measured. From this the percentage of ammonium
carbonate may be calculated, or an empirical comparison of volume on the
principle of that already described for spirit of nitrous ether may be applied.
According to Mr. Gravill, the originator of the test, good aromatic spirit of
ammonia should give off seven times its volume of carbon dioxide after allowing
a correction for the slight solubility of the gas in the liquid with which it is
inclosed. The U.S.P. requires 4 per cent, of ammonium carbonate.

(F) Estimation of the Strength of Solutions of Hydrogen Peroxide.
This depends upon the fact that, when hydrogen peroxide acts upon

potassium permanganate, acidulated with sulphuric acid, oxygen is evolved.
One half of this oxygen is due to the peroxide and the other to the perman-
ganate. The nitrometer should be charged with concentrated solution of
sodium sulphate (which in this case is better than brine), and one cubic
centimetre of the solution is introduced from the cup, followed by excess
of a strong solution of potassium permanganate acidulated with sulphuric
acid. The contents of the measuring tube, after the reaction is complete,
must remain colored violet, thus showing that sufficient permanganate has been
employed. A solution commercially described as of 10 per cent, strength by
volume should when thus treated give off twenty times its volume of oxygen.

( G) Estimation of Urea in Urine.
This process depends on the fact that when urea is decomposed by an

alkaline hypobromite or hypochlorite, it gives off its nitrogen in the free
state, the following reaction taking place : —

N 2 H4CO + 3NaBrO = 3NaBr + N2 + C02 + 2H20.
A small flask is fitted with a tight cork, through which passes a funnel

tube closed by a clamp and reaching to the bottom of the flask, and also
a bent delivery tube just passing through the cork. 5 c.c. of the urine is
placed in this flask, and the nitrometer having been filled with water the flask
is attached to the tap of the nitrometer at the end e (see fig. 29, page 125).
20 c.c. of a solution of bromine in sodium hydrate solution is then placed
in the funnel and allowed to run into the urine, and the clamp immediately
closed. At the same moment the tap of the nitrometer is so placed as
to establish connection between e and the measuring tube. A little warm
water in a basin is applied to the flask to hasten the reaction, and when no
more gas is evolved, the tap is closed, the temperature and pressure adjusted,
and the volume read off as usual. Each c.c. of gas at N.T.P. represents
•0029 gramme of urea present in the 5 c.c. of urine acted upon.

Fig. 29# represents a very simple apparatus that can be improvised in a
shop or dispensary. 5 c.c. of urine are placed in the test tube (a), and 20 c.c.
of hypobromite solution (or strong liquor
sodce chlorinates, will do as well) into the
bottle b. The bottle c is filled with
water, and its delivery tube is suspended
in a graduated c.c. measure. When all
is tight the urine is caused to mix with
the reagent by tipping up b, and the gas
produced passing into c displaces water,
which latter runs into the measure. The
number of c.c. of water thus collected in
the measure multiplied by '058 gives the percentage of urea in the urine. It
is manifest that 1 fluid dram may be taken, and the measure used may be an
ordinary 2 oz. dispensing one (where only English weights and measures are
handy), when each fluid dram of water in the measure at the finish will equal
•29 per cent, of urea.

Fig. 29a.
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XIV. COLORIMETRIC ANALYSIS.
General Remarks.

This is a variety of volumetric analysis in which the amount of a substance
present in solution is found by adding, to a given volume, a fixed quantity of
a reagent and observing the color produced. This color is then matched
by adding, to an equal volume of distilled water, the same mixed quantity of
reagent, and running in a volumetric solution of the pure substance until the
same tint is produced. Evidently when this point is reached the amount of
substance present in the solution under analysis equals that in the volumetric
solution used for the comparative experiment. The applications commonly
occurring of this method are : —

(A) Estimation of Ammonia by “ Nesslerising.”
For this process the following solutions and apparatus are required :—

(a) Nes sleds solution. Dissolve 35 parts of potassium iodide in xoo
parts of water. Dissolve 17 parts of mercuric chloride in 300
parts of water. The liquids may be heated to aid solution, but
if so must be cooled. Add the latter solution to the former
until a permanent precipitate is produced. Then dilute with a
20 per cent, solution of sodium hydrate to 1000 parts; add
mercuric chloride solution until a permanent precipitate again
forms; allow to stand till settled, and decant off the clear
solution. The bulk should be kept in an accurately stoppered
bottle, and a quantity transferred from time to time to a small
bottle for use. The solution improves by keeping.

(b) Standard ammonia solution. Dissolve 3‘i5 grammes pure ammo-
nium chloride in 1000 c.c. of distilled water free from ammonia.
For use, dilute 10 c.c. of this solution to xooo c.c. with ammonia-
free distilled water. Each c.c. of the diluted solution will then
contain ’ox milligramme of NH 3 (i.e. -ooooi gramme).

(c) Two narrow cylinders of colorless glass, of perfectly equal height
and diameter, holding about 70 c.c., and graduated at 50 c.c.
These should either have a milk glass foot or should stand
upon a perfectly white paper.

(d) Apipette to deliver 2 c.c.
(e) A quantity of ammonia-free distilled water. This is obtained by

placing a litre of ordinary distilled water in a retort, attaching
a condenser (see Chap. I., page 4), and distilling until what
passes over ceases to give any color with “ Nessler’s solution.”
The remaining water in the retort is then cooled and bottled
for use.

The liquid in which ammonia is to be estimated (usually a distillate ob-
tained in water analysis) is first made up to a fixed bulk, and the bulk noted.
It must be so diluted that it only gives a color and not a precipitate with
“ Nessler.” 50 c.c. of this solution are placed in a cylinder, and 2 c.c.
of “ Nessler” having been added by the pipette, and the whole stirred with
a perfectly clean rod, the color produced is observed. A little experience
soon teaches the operator to judge the probable amount of ammonia solution
required to produce a similar tint. Let us suppose, for example, that the
color is judged to be equal to 2 c.c. of ammonia, then we proceed to confirm
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our idea: 2 c.c. of the standard ammonia solution are run from a burette
into the other cylinder, ammonia-free water is added to 50 c.c., then the
2 c.c. of “ Nessler,” and the whole stirred with the clean rod. If now, after
a few minutes, the colors match, we are correct; but if not, then we must try
again and again with more or less standard ammonia until we get an exact
match between the colors in the two cylinders. This having been attained,
the calculation is very simple, and will be best explained by an example.
Suppose that we start with a distillate containing ammonia and made up
to 200 c.c., and that we employ 5 c.c. of standard ammonia solution in the
comparison experiment, to match the color produced by “Nessler” in 50 c.c.
of such distillate. Then 5 c.c. x 'oi = '05, and ’05 X4 = '2 ; therefore the
whole 200 c.c. of distillate contained '2 milligramme of NH S. Beginners
should train their eyes by observing the colors produced by adding various
quantities of standard ammonia to 50 c.c. of ammonia-free water, and then
introducing the “ Nessler.” of a c.c. of standard ammonia will produce
a very faint yellow, while larger amounts will increase the color to orange,
and finally to deep orange-red. We should always wait 3 minutes before
observing, as the full color does not appear under that time.

(£) Estimation of Nitrites in Water.
See Water Analysis, Chapter X.

(C) Estimation of Minute Quantities of Copper or Iron.
This has often to be done in articles of food, such as preserved vegetables.

After having been burned, and the ash dissolved in an appropriate acid, a
solution is obtained, which is made up to a definite, volume. 50 c.c. is treated
with a fixed excess of ammonium hydrate in a “ Nessler ” glass. The same
amount of ammonia is added to 50 c.c. of water in another glass, and a very
weak standard solution of cupric sulphate is dropped in from a burette until
the colors match, and the amount of copper solution used is noted and
calculated. Small quantities of ferric iron may also be estimated in the same
way by the use of potassium ferrocyanide in the presence of a fixed amount of
acidulation with hydrochloric acid, and matching the color by a weak stan-
dard solution of ferric chloride. This is often useful in analysing bread for
the presence of alum, when we first weigh the precipitate ofaluminium phosphate
containing some ferric phosphate, then dissolve it in HC1, find the amount
of iron present in this manner, and deduct it, so saving a long separation.
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XV. TABLE OF COEFFICIENTS REQUIRED IN THE VOLUMETRIC
ANALYSIS DESCRIBED IN THIS CHAPTER.

Standard Iodine Solution, coeff.
Iodine ’0127
SO, -0032
II2 S0 3 *0041
As.20 3 -00495
Na.2 S2035H2 0 -0248
Na2S0 37H,0 '0126
K,S03 2H20 '0097

Standard Bichromate of Potassium.
Potassium bichromate . . . *01475
Fe(Ferrous) ....."Oi68
FeS0 4 *0456
FeS042H,0 "0564
FeS047H 20 -0834
Fe3(As0 4) 2 -0446
Fe3(P04) 2 -0358
FeC0 3 *0348
Fe3 04 '0696
FeO -0216

Standard Hyposulphite Solution.
Hyposulphite of sodium . . . '0248
I -0127
Cl *00355
Br '0080

Standard Barium Chloride Solution.
Barium chloride (BaCl2) .

. . -104
BaCl,2H2 0 . .

'

. . . -122
H,S0 4 . . . . ' . . -049
S04 -048
S0 3 -040

Standard Permanganate of Potassium.
Potassium permanganate . . '00316
Fe(ous) -0056
FeS0 4 -0152
FeS0 4 . 7H 20 ....-0278
FeC03

-0116
FeO -0072
H2 C2 0 42H 20 -0063
CeC,04 . 9H 20 . . . . -354

Standard Fehling’s Solution.
(10 c.c. used.)

Glucose -05
Cane sugar (after inversion) . . '0475
Maltose ......'082
Lactose ‘0714
Starch (after conversion) . . '045

Standard Acid Solution. coeff.

Oxalic acid '<^63
Sulphuric acid ....-049
NH3 -017
NH 4HO -035
NH4HC03 . NH 4NH,C02 .

. -0523
Na2B 407 . ioH20 ...."191
Pb(C2 H3 02 )23 H 2 0 . . . . -1895
Pb2 0(C2H 3 02 )2 ....137
Ca2H0 -037
CaO -028
CaC03 -05
Ba(HO)2 -0855
Ba(H0),8H,0 .... -1575
BaC0 3 -0985
MgO -02
MgCOs 'O42
KHO -056
K 2C03 -069
K2C 4H 406 (converted into K2 C03) . - i 13
(K,C 4H 406) 2H 2 0 . . . . -1175
KHC4H 4O g -188
K 3C 6H 5 0 7 -102
KC 2H 302 -098
K 2Mn 9Os (by oxalic acid) . . -0316
KNaC 4H406 -141
NaHO -04
Na2 C03 ......‘053
Na2 C03 . ioH 20 . . . . -143
NaHC03 '..... -084
Chloral hydrate ....’1652

Standard Soda Solution.
Sodium hydrate .... '04
HC2H 3 0, -06
H3 C6 H6 07 H,0 . . . . -07
HC1 -0365
HBr -081
HI -128
HN0 3 -063
H2 S0 4 -049
H2 C4H4 O g -075
HC3H503 (lactic) . . . . '09
H2 C,0 42H 2 0 -063
Chloral hydrate .... '1652

Standard Nitrate of Silver Solution.
Argentic nitrate . . . . ’017
CN -0052
HCN -0054
KCN -01302
NH4 C1 -00535
KC1 -00745
NaCl ......-00585
KBr -0119
NaBr '0103
Cl -00355

Nitrometer Analysis.
•00281 HN03

•00241 N2 0s
•00450 kno3
'O0334 C,H 5 . N02•0026 Urea

Each cc. of NO at N.T.P.
equals gramme of

Each cc. ofC02 at N.T.P.
eauals p-ramme of

•0042 (NH4) 2 C0 3•00x967 C02



CHAPTER VIII.
GRAVIMETRIC QUANTITATIVE ANALYSIS OF METALS

AND ACIDS.

DIVISION I. PRELIMINARY REMARKS.
Gravimetric quantitative analysis is that method by which the substance to
be estimated is converted into some chemically definite compound, weighed as
such, and the amount of the original substance obtained from this weight by
calculation. The same definite compound will answer both for the estimation
of its metal and of its acid. For example, if we precipitate a known weight of
argentic nitrate with hydrochloric acid we obtain insoluble argentic chloride,
which may be filtered out and weighed, and the amount (x) of Ag in the
quantity started with calculated therefrom, because, —

AgCl : Ag : : weight of AgCl found : x.
143-5 : 108 •• : » » » '• x.

If, on the other hand, we start with a known weight of hydrochloric acid,
precipitate it with argentic nitrate, and collect and weigh the argentic chloride
formed, we can find the amount (a:) of real HC1 actually present in quantity
started with, because, —

AgCl : HC1 : : weight of AgCl found :
I43 5 • 36 5 • * 33 33 x.

Before giving the individual processes for the quantitative estimation of the
various metals, we must first say something about the preparation of filters,
and the washing, drying, and weighing of precipitates, which will serve as
general directions and so save continual repetition of details.

(A) The Preparation of Filters.
Ready-cut filters may be procured from the dealers in chemical apparatus.

The kind known as Swedish is the best for all cases where the precipitate is
finely divided or pulverulent. For gelatinous precipitates, such as ferric hydrate
and calcium phosphate, the white English filters are preferable; but they
should never be used, say, for barium sulphate or calcium oxalate, as those
bodies would very likely pass through the pores of the filter, and so cause a
loss in the analysis. The only drawback to Swedish papers is their filtering
rather slowly. Whatever paper be used, the size for quantitative operations is,
for the larger sort, six inches in diameter, for the smaller, about two inches.
The small sort is used where we have to deal with traces of precipitate only,
or when a small quantity of fluid has to be filtered. The paper should yield
nothing to dilute acids, and if the ash exceed one milligramme per large filter
it will in most cases be remedied by placing, say, ioo cut filters for some
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hours in a basin filled with a mixture of one volume of HC1 and eight volumes
of water. They must then be repeatedly washed with distilled water till quite
free from acidity, otherwise they would crumble to pieces when being folded.
The washing is a very tedious operation indeed, and having been completed,
the basin is put on to a water bath till the filters are perfectly dry.

{£) Estimation of the Ash of Filters.
This is most conveniently done by folding ten filters in a small compass,

twisting a long platinum wire round the packet so as to form a cage, holding
the free end in the hand and the paper over a previously weighed platinum
crucible, while touching it with the flame of a Bunsen burner. The paper
burns and the ash drops into the crucible, while any particles of carbon which
have escaped combustion are quite consumed by exposing the crucible for
some time to a red heat till the ash gets perfectly white. The crucible after
cooling is reweighed, and its increase is the ash of ten filters. Divided by 10,
we get the ash of one filter; and in every case where both filter and precipitate
are burned, the ash of the filter thus found must always be deducted from
their total weight, and the difference is then the actual weight of the
precipitate.

(C) The Collection and Washing of Precipitates.
When the precipitate has been fully formed and the supernatant fluid has

become quite clear, the latter is poured on the filter (which is either previously
tared or not according to circumstances), care being taken not
to disturb the precipitate. This is done by holding a glass rod
in a perpendicular position over the filter, placing the lip of the
beaker against it, and causing the liquid to flow steadily down
the rod into the filter. When the latter is three-fourths full, the
beaker is turned into an erect position and the rod drained
against the inside of the lip, and then laid across the top of the
beaker until it is time to refill the filter. After thus pouring off
as much as practicable, the precipitate remaining in the beaker
is treated with water and well stirred. When the whole has once
more settled, the clear fluid is again passed through the filter.
This operation having been repeated three or four times, the

precipitate is allowed to pass on to the filter, any particles which stick to
the sides of the beaker being removed with a feather, or a rod tipped with a
small piece of black india-rubber tubing; and the whole having been thus
collected, the washing is continued by means of a washing-bottle (fig. 30), till
the precipitate is quite freed from its soluble impurities. For instance, in
estimating sulphuric acid, the barium sulphate is washed till the filtrate no
longer gives a turbidity with argentic nitrate.

Many bodies, as ferric and aluminic hydrate, most phosphates, barium sul-
phate, and some of the carbonates, are best washed withboiling water. Others,
on the contrary, must be washed with cold water,—such as plumbic sulphate,
for which we use cold water acidified with some H2S04; magnesium
ammonium phosphate, for which cold dilute ammonium hydrate is used, etc.

Fig. 30.

(D) Drying of Precipitates.
After the precipitate has been thoroughly washed and perfectly drained, the

funnel containing it is loosely covered over with filter paper and then put into
the water oven or air bath till dry. Most precipitates are dried at a temperature
of ioo° C. (212 0 F.), but some of themrequire a heat of 105°C. (220° F.) before
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becoming constant in weight. Prolonged and repeated drying is only necessarywhen the precipitate is weighed on the filter, as described below. Fig. 31shows a water oven for drying at 2120 F., while fig. 32 shows an air bath for
drying at higher temperatures. This bath is fitted with an apparatus for
automatically controlling the gas supply, and consequently the temperature.

Fig. 31. Fig. 32.

(E) Igniting and Weighing Precipitates.
Most precipitates must first be ignited before they can be weighed. This

is to drive off water, which they may still retain after drying at 2120 F., or
carbonic anhydride and water. For instance, zinc is best weighed as oxide,
and therefore the precipitate, consisting of oxycarbonate, is first ignited. Iron
is precipitated as hydrate, but the composition of thatbody not being constant,
it is ignited and so made into pure oxide before weighing. As soon, therefore,
as the precipitate appears dry, it is carefully detached from the filter and
put into a previously ignited and weighed crucible, the filter is burned on the
lid (which has been weighed together with the crucible), the ash is thrown into
the crucible, and the latter covered with the lid. The crucible is now sup-
ported by a pipe-clay triangle, and gently ignited at first, to prevent spurting
from the sudden evolution of steam or other gases. The lid is now taken
off, and the crucible inclined a little, so as to give a free access of air. The
ignition is continued for some minutes, and the crucible, having been again
covered with the lid, is allowed to cool and weighed. For accurate estima-
tions it is best to let it cool under a desiccator. Such an arrangement is
shown in fig. 33, in which is a vessel containing strong sulphuric acid to
keep the air under the glass shade always free from moisture.

Fig. 33- F'g- 34-

The heat of an ordinary Bunsen burner is generally sufficient for all pur-
poses ; but the conversion of calcium carbonate into oxide requires the aid of
a gas blowpipe ; while argentic chloride must be heated with a rose Bunsen
or spirit lamp until it just begins to fuse. The filters are, as already shown,
burned separately, to prevent any reduction of the precipitate by the carbon
of the filter.

Some precipitates are not ignited, but weighed on a previously tared filter.
Before weighing the filter—for which purpose a weighing tube (fig. 34) is used,
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or the filter is placed between two closely-fitting watch-glasses provided with a
clamp to hold them together—it must first be dried for fifteen minutes at
2120 F. After drying the precipitate, the filter is again placed in the tube or
between the glasses and reweighed: the increase shows, of course, the weight
of the substance. It is well to replace the filter in the bath for, say, half an
hour, and to weigh again. Should the weight be considerably less, it must be
once more put into the bath and reweighed. Another method of weighing
precipitates on a filter is to prepare two filters of equal size, a and b. Cut off
the bottom point of B, so that a will go inside it with its point projecting
through the opening. Now put B on the weight scale of the balance, and cut
off minute slices from the top of a until the two are exactly counterbalanced.
Place A inside b, and then, having put both in the funnel, collect the preci-
pitate, wash, and dry as usual, and cool under the desiccator. Lastly, detach
B, and use it for a tare, putting it into the weight pan, and then the weights
required to balance a and its contents will be the weight of the precipitate,
because, both filters having been exposed to the same conditions, the tare is
accurate.

(F) Estimation of Moisture.
A watch-glass is exactly tared on the balance, and then 2 grammes of the

substance (in powder, if possible) are carefully weighed upon the glass, and
the total weight noted. The glass, with contents, is then placed in the drying
oven and heated therein for an hour, at the expiration of which it is removed
to the desiccator, and, when cold, is weighed and the weight noted. It is
then replaced in the oven for half an hour, and the cooling and weighing
repeated. If the two weights do not agree within, say, 2 milligrammes, the
process is repeated until two concordant weighings are obtained. The weight
after drying deducted from the total weight of glass + substance started with
gives the moisture, which figure multiplied by 50 gives percentage.

( G) Estimation of the Ash of Organic Bodies.
This determination is necessary in every analysis of a vegetable or animal

substance. A platinum dish is heated to redness, cooled under the desiccator,
weighed, and the weight noted. A suitable quantity, say 5 to 10 grammes of
the substance, is weighed into the dish, which is then arranged on a triangle
support over a Bunsen burner and heated to dull redness. If after fumes
cease the substance is seen to have assumed a coke-like form, it is removed
from the dish into a small dry mortar, and having been carefully powdered,
the powder is replaced in the dish and maintained at a dull red heat until it
has become perfectly white, or at least until all carbon has been burned off.
If the burning proves very tedious and the last traces of carbon are very
difficult to burn, the addition of a light sprinkling of ammonium nitrate will
cause the process to complete itself more rapidly. The dish is now cooled
under the desiccator and weighed, and the weight of the empty dish having
been deducted, the difference gives the weight of the ash, which is then cal-
culated to percentage. The heat should not be allowed to rise to bright
redness, because potassium and sodium chlorides, which are very common
constituents of the ash, would be thereby volatilised to some extent and so
lost.

(.H) Analytical Factors for Calculating tlie Results of Analyses.
To save the working out of a rule of three sum on the result of each

analysis it is customary to employ factors. These are obtained by dividing
the weight of the required body by the equivalent weight of the form in
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which it is precipitated. Thus, supposing we are estimating the amount of
argentic nitrate present in a solution containing '6 gramme of the salt, and
have precipitated and weighed the same in the form of argentic chloride, we
have : —•

Molecular weight of AgN0 3 170 „ . . ,
.

Equivalent weight of AgCl i43'5
~ 1 1 47> ana ytica actor.

It now only remains to multiply this factor by the weight of the precipitate
to obtain the answer. Let us further suppose that the weight of the precipi-
tate was '5 gramme, then ri847 x -5 = '59235 real AgN0 3 present in the

• X IOO'6 gramme taken; then — —-—-

= 9873 per cent, real AgN03 present
in the sample.

DIVISION II. GRAVIMETRIC ESTIMATION OF METALS.
1. ESTIMATION OF SILVER.

(A) As Argentic Chloride.
(Practise upon *5 gramme pure AgNOs dissolved in 100 c.c. H20.)

Silver is most conveniently weighed as chloride, because this body is per-
fectly insoluble in water and dilute acids, and separates readily. The silver
solution to be estimated is acidified with nitric acid, and hydrochloric acid is
dropped in until no more precipitate forms. It is best to have the solution
warm, and to stir till the supernatant liquid has got perfectly clear. The clear
fluid is now poured off through a filter, and the chloride is washed by decan-
tation with boiling water (always pouring the washings through the filter) till
every trace of acid is removed, and subsequently the whole precipitate is
brought upon the filter. The filter and contents are then dried in the water
oven, and the chloride transferred into a weighed porcelain crucible, and
heated over a low flame till it just commences to fuse. The filter is burned
on the crucible lid, and the ash treated with a drop of aqua regia, the result-
ing chloride dried, the lid placed upon the crucible, and the whole weighed.
The tare of the crucible and lid having been deducted, the balance is AgCl,
from the quantity weighed out for analysis.

(B) As Metal.
(a) In organic salts, by igniting a weighed quantity of the salt in a tared

porcelain crucible, and weighing the ash, which will consist of pure metallic
silver.

(b) In alloys, by cupellation, as follows :—The weighed alloy is wrapped in
lead foil, placed on a little cup or cupel made of bone ash, and heated to
bright redness in a muffle furnace. The lead oxidises and sinks into the
cupel, carrying the impurities with it, and leaving a button of pure silver,
which is cooled and weighed.

2. ESTIMATION OF LEAD.
(A) As Plumbic Oxide.

(Practise upon *5 gramme pure plumbic acetate.)
The solution containing the substance to be analysed is precipitated with

ammonium carbonate in the presence of a little ammonium hydrate. The
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precipitated plumbic carbonate is then collected on a small filter, washed, and
dried. The dry precipitate is removed as completely as possible from the
filter-paper, and introduced into a weighed porcelain crucible. The filter
having been burned on the lid, and its ash added to the contents of the
crucible, the whole is ignited, cooled, and weighed. By ignition, the oxide
is formed ; and after deducting the weight of the crucible, the balance is PbO,
from the quantity weighed out for analysis. Organic salts of lead require
simply to be ignited in a tared porcelain crucible, with free access of air,
adding a sprinkling of ammonium nitrate (to prevent reduction to the metallic
state), and weighing the resulting PbO.

(£) As Plumbic Chromate.

(Practise upon -5 gramme of plumbic nitrate.)
The solution is mixed with excess of sodium acetate and precipitated with

potassium chromate. The precipitate is collected, washed with water, acidu-
lated with acetic acid, dried, and ignited in a platinum crucible with the usual
precautions. The filter is burned on the lid, treated with a drop or two of
nitric acid, dried, and again ignited. The crucible and contents are weighed,
and the tare of the crucible having been deducted, the balance is PbCrO*, from
the quantity weighed out for analysis.

Lead may also be precipitated as PbS04, dried, ignited, and weighed as such.

3. ESTIMATION OF MERCURY.

(A) As Metal.
(Practise upon i gramme of “ white precipitate,” which should yield 77'5 %Hg.)

Take a combustion tube of hard glass closed at one end, and put in : (1) a
little magnesite—MgCOs; (2) the whiteprecipitate mixed with excess of quick-
lime ; (3) a few inches of quicklime; (4) a loose plug of asbestos. Draw out
the open end of the tube before the blowpipe and bend it down at a right angle.
Give the tube a tap or two on the table to insure a free passage along the upper
part for gases, and place it in a combustion furnace, with its open end dipping
under the surface of some water in a small flask. Apply heat to the front part
of the tube, and go gradually backwards until the whole is heated to redness
and the C02J given off by the MgCOs, bas swept all the mercury vapor out of
the tube. The mercury collects as a globule under the water in the basin, and
is transferred to a tared watch-glass, perfectly dried by pressure with blotting-
paper, and weighed.

{JB) As Mercuric Sulphide.
(Practise upon ’5 gramme of mercuric chloride.)

Through the solution of the mercuric salt a current of H2S is passed till
the liquid is saturated. The precipitate is collected on a weighed filter,
washed first with water, then with absolute alcohol, and finally, to remove
any free sulphur, with a mixture of equal parts of ether and carbon disulphide.
After drying at 2120 F. and weighing, the balance is HgS from the quantity
weighed out for analysis..
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4. ESTIMATION OF CADMIUM.
(Practise upon *5 gramme of CdC03 dissolved in diluted HC1.)

As Sulphide.
The solution is precipitated with ammonium hydrate and ammonium sul-

phide. The cadmium sulphide is collected in a weighed filter, washed, dried
at 2120 F., and weighed as CdS. In the presence of metals of the fourth
group the solution must be slightly acidified with hydrochloric acid and
precipitated by a current of sulphuretted hydrogen.

5. ESTIMATION OF COPPER.
(A) As Cupric Oxide.

(Practise upon *5 gramme of pure CuSO . 5H2 0.)
The solution is boiled with a slight excess of sodium hydrate. The

precipitate is filtered out, washed, and dried. It is then carefully removed
from the paper to a weighed crucible, and the filter having been burned on
the lid and the ash added to the contents of the crucible, the whole is well
ignited, cooled in a desiccator, and weighed rapidly, because cupric oxide is
very hygroscopic. To make sure that the oxide contains no cuprous oxide, it
is moistened with a little fuming nitric acid, dried with the lid on, ignited
for ten minutes, and'then weighed as CuO. This operation requires care,
being liable to involve loss by spurting.

(JB) As Metallic Copper.
The solution, which must be free from other metals precipitable by electro-

lysis, is introduced into a weighed and very clean platinum basin. It must
contain a slight excess of sulphuric acid, but on no account nitric acid. The
dish is then attached to the wire from the zinc plate of a galvanic cell, thus
becoming the cathode. The other wire is connected to a piece of platinum
wire to form an anode, and this latter is then immersed in the liquid. After a
short time the fluid will become quite colorless, and the basin will be coated
with metallic copper. The fluid is now poured off, and the copper repeatedly
washed with boiling water till all acidity is removed. The basin is finally
rinsed with absolute alcohol, quickly dried, weighed, and the tare of the basin
having been deducted, the difference is metallic copper in the quantity
weighed out for analysis.

The use of a battery may be dispensed with, and a fragment of pure zinc
used to precipitate the copper, with sufficient acid to dissolve all the zinc
before pouring off.

6. ESTIMATION OF BISMUTH.
(A) As Bismuth Sulphide.

(Practise upon 75 gramme of bismuthi et ammonia, citras B.P.)
This process (although employed in the B.P.) cannot be much recom-

mended, as the sulphide is apt to increase in weight on drying, owing to the
absorption of oxygen. A current of sulphuretted hydrogen is passed through
the acid bismuth solution; the resulting sulphide is collected on a tared filter,
dried at 212 F., and weighed as Bi2S3.
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(B) As Bismuth Oxide.
The solution for analysis is diluted with water, and precipitated with a

slight excess of ammonium carbonate. The precipitated bismuthous oxy-
carbonate is collected, washed, and dried. It is then separated from the filter
paper, and the latter having been burned on the lid of a weighed crucible,
the whole is introduced into the crucible, and ignited, cooled, and weighed as
Bi203.

7. ESTIMATION OF GOLD.
As Metallic Gold, by Cupellation.

The alloy containing the gold is treated exactly as described under silver.
The resulting metallic button is rolled out into a flat foil, and is then digested
with nitric acid, which dissolves any silver, and the resulting gold is re-fused
into a button and weighed.

8. ESTIMATION OF PLATINUM.
As Metallic Platinnm.

The solution, which must contain the platinum as chloride, is concentrated
and precipitated with excess of ammonium chloride. The precipitate is well
washed with spirit of wine, dried, ignited, and weighed as metallic platinum.

9. ESTIMATION OF TIN.
(A) As Stannic Oxide.

Alloys containing tin, but free from antimony or arsenic, are treated with
nitric acid, which converts the tin into oxide and other metals into nitrates.
The acid fluid is evaporated nearly to dryness, the residue taken up with
water and a little nitric acid; the oxide is washed by decantation, collected
on a filter, completely washed and dried. It is then ascompletely as possible
detached from the filter, the latter is burned on a lid, the ash added to the
contents of the crucible, and the whole ignited. After cooling, the oxide is
moistened with a little nitric acid, dried (with the lid on), again ignited, and
weighed as Sn02 .

Where we have to deal with tin in solution, the following method is
applied :—

The solution, which must be free from metals of the first three groups, is
precipitated with sulphuretted hydrogen, the resulting sulphide is washed with
solution of ammonium acetate, which will prevent the stannic sulphide from
passing through the filter. The sulphide is transferred to a weighed crucible,
and the whole ignited, at first very gently,

until fumes of sulphurous anhydride
cease, and then at a very high temperature, with the addition of a fragment of
ammonium carbonate.

This process depends on the conversion of the sulphide into Sn02 by
ignition; but it must be conducted with care, as a too rapid application of
heat would cause the change to take place suddenly, and some of the sulphide
would be lost.

(B) As Metallic Tin.
This process, which is only applicable to tin stone, consists in fusing a

known quantity of the pulverised ore with potassium cyanide in a porcelain
crucible, when a small button or granules of metallic tin will be obtained on
treating the mass with water. The tin is washed, dried, and weighed.
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10. ESTIMATION OF ANTIMONY.
As Antimonious Sulphide, with or without Subsequent Conversion into

Antimonius Antimonic Oxide.
(Practise upon ’5 gramme of “ tartar emetic.”)

The acid solution is mixed with tartaric acid, to prevent the precipitation of
an oxysalt, diluted with water, and precipitated with sulphuretted hydrogen,
the sulphide collected on a weighed filter, dried at 220 F., and weighed.
The conversion of the sulphide into oxide is best done by igniting an aliquot
part in a porcelain crucible, with excess of mercuric oxide, and finally igniting
very strongly. The remaining Sb204 is then weighed. The B.P. simply
moistens and warms the sulphide with nitric acid till red fumes cease, and
then dries, ignites, and weighs as Sb204 .

11. ESTIMATION OF ARSENIC.
(A) As Arsenious Sulphide.

(Practise upon *5 gramme As 203.)

The solution must contain the arsenic as arsenious acid. After adding
some HC1, a current of sulphuretted hydrogen is passed through the liquid
till the latter acquires a strong smell. The excess of gas is now removed by
warming the fluid and passing a current of carbonic anhydride through it.
The sulphide is collected on a weighed filter, washed, dried at 212 0 F., and
weighed as As 2S3.

(B) As Magnesium Ammonium Arseniate.
If the substance be arsenious acid it is dissolved in some hot solution of

sodium carbonate, excess of hydrochloric acid is added, and the fluid mixed
with excess of bromine water. Arsenic and sulphur compounds, on the other
hand, are dissolved in hot potassium hydrate and treated with excess of
chlorine gas to convert them into arsenic acid. The solution of arsenic acid
thus obtained by either of the foregoing methods is mixed with large excess
of ammonium hydrate, and, after being allowed to cool, precipitated with
magnesia mixture. After standing for at least twelve hours, the precipitate
is collected on a weighed filter, washed with a mixture of one volume of
ammonium hydrate and three volumes of water till free from chlorine, dried
for three hours at 220° F., and weighed as MgNH4As0 4.

12. ESTIMATION OF COBALT.
As Potassium Cobaltous Nitrite.

The solution is concentrated to a small bulk, the excess of acid is neutralised
with potash, and excess of potassium nitrite and a little acetic acid (to keep
the solution slightly acid to test-paper) are then added. After the lapse of
twenty-four hours all the cobalt will have crystallised out as potassium cobaltous
nitrite. This salt is quite insoluble in the mother liquor, but slightly so in
pure water. For the washing, a 10% solution of potassium acetate is used,
wherein the salt is also insoluble, and the acetate is afterwards removed by
washing with alcohol. A weighed filter is used and the precipitate dried at
212°.
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13. ESTIMATION OF NICKEL.
As Metal.

The solution is precipitated with excess of sodium hydrate and boiled.
The precipitate is washed with boiling water, dried, ignited, and weighed.
The ignited residue, or a known portion of it, is now introduced into a
weighed porcelain boat, and reduced at red heat by a current of hydrogen.
The reduced metallic nickel is afterwards weighed.

14. ESTIMATION OF MANGANESE.
As Maganoso-manganic Oxide.

(Practise upon 75 gramme of pure MnS04 .7H2 0.)
The solution for analysis, if strongly acid, is neutralised with ammonium

hydrate and precipitated by ammonium sulphide. The precipitated manganous
sulphide is washed with water containing ammonium sulphide, and dissolved
in hydrochloric acid. Excess of sodium acetate is then added, and chlorine
gas is passed through the liquid until all the manganese precipitates as
manganic peroxide, which is then collected, washed, and calcined in a
weighed crucible to bright redness. This forms Mn 3 0 ; the crucible with
the contents is then cooled and weighed.

15. ESTIMATION OF ZINC.
As Zinc Oxide.

(Practise upon 75 gramme of pure ZnSO . 7H 20.)
The solution of the zinc salt is precipitated boiling with sodium carbonate,

and the solution boiled well. The precipitate is allowed to settle, washed
by decantation with boiling water, filtered out, and dried. It is then
introduced into a weighed crucible, ignited for some time at a bright red
heat, cooled, and weighed. The ignition changes the precipitated zinc
carbonate to oxide, and it is weighed as ZnO. Or the solution is precipitated
with ammonium sulphide, the zinc sulphide collected on a filter, washed with
dilute ammonium sulphide, dried, ignited, and finally weighed as oxide. This
latter method is useful wT hen only small quantities of zinc are present.

16. ESTIMATION OF IRON.
As Ferric Oxide.

(Practise upon 75 gramme of pure FeS0 4 .7H20.)
The solution is boiled with a nitro-hydrochloric acid, to insure that the whole

of the iron is in the ferric state. Excess of ammonium hydrate is added,
the whole boiled, and rapidly filtered. The precipitated ferric hydrate is
washed with boiling water, dried, and ignited in a weighed crucible for some
time.

In the presence of organic matter, such as citric or tartaric acids, the iron
must first be separated by precipitation with ammonium sulphide, the precipi-
tate washed with dilute ammonium sulphide, redissolved in hydrochloric acid,
boiled, oxidised by potassium chlorate, and then precipitated with ammonium
hydrate, as directed. In the presence of manganese the solution should be
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nearly neutralised by ammonium hydrate and then boiled with excess of
ammonium acetate, and the resulting ferric oxy-acetate collected, washed,
dried, and ignited to Fe 203.

17. ESTIMATION OF ALUMINIUM.
As Aluminic Oxide.

(Practise upon i gramme of pure alum.)
The solution containing the alum or other salt of the metal is precipitated

with a slight excess of ammonium hydrate, and boiled until it only smells
very faintly of ammonia. The precipitated aluminic hydrate thus obtained
is filtered out, washed with boiling water, and dried. The dry filter and
its contents are transferred to a weighed platinum crucible, and ignited to
bright redness for some time, allowed to cool, and weighed as A1203.

18. ESTIMATION OF CHROMIUM.
As Chromic Oxide.

Salts of chromium are at once precipitated with ammonium hydrate, and the
precipitate washed, dried, ignited, and weighed as Cr203. Soluble chromates
are first reduced by means of hydrochloric and sulphurous acids (or, instead
of the latter, spirit of wine may be used), and the chromium precipitated as
hydrate by ammonium hydrate ignited and weighed as Cr203, all as described
above for aluminium.

19. ESTIMATION OF BARIUM.
As Barium Sulphate.

(Practise upon '5 gramme of BaCl2 . 2H2 0.)
To a solution in boiling water add excess of sulphuric acid, boil rapidly for

a few minutes, and set aside to settle.
The clear liquor is poured off as closely as possible, and the precipitate

collected on a filter of Swedish paper, and washed with boiling water. The
filter and precipitate are next dried and ignited in a weighed platinum crucible
(the precipitate being removed as perfectly as possible from the paper, and
the latter first burned separately on the crucible lid, and the ash added to the
contents of the crucible, to avoid the reduction of BaS0 4 to BaS by the carbon
of the paper). The crucible and its contents having been weighed, and the
weight of the crucible deducted, the difference equals the BaS04 .

20. ESTIMATION OF CALCIUM.
As Calcium Carbonate.

(Practise upon '5 gramme of powdered calc-spar dissolved in dilute HC1.)
The solution of the lime salt is mixed with ammonium chloride, and is then

made alkaline by ammonium hydrate. Should any precipitate (for instance,
calcium phosphate) form, it is redissolved by means of acetic acid, and any
insoluble residue is removed by filtration. Ammonium oxalate is now added
in excess. The precipitated calcium oxalate is boiled for a few minutes,
filtered, the precipitate washed until free from chlorides, and the filter and
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contents dried at 2120 F. The precipitate is now carefully transferred to
a tared platinum crucible and gently ignited. It is then moistened with a
solution of pure ammonium carbonate, evaporated to dryness, heated until
no more fumes are evolved, and then weighed as CaC03.

21. ESTIMATION OF MAGNESIUM.
As Magnesium Pyrophosphate.

(Practise upon - 5 gramme of pure MgS04 .7H20.)
The solution, which must be strong, is mixed with some ammonium

chloride, and then with one-third of its bulk of ammonium hydrate, entirely
cooled, excess of di-sodium hydrogen phosphate added, and the whole set
aside for some hours. Care must be taken not to touch the sides of the
beaker with the stirring rod, as otherwise particles of the triple phosphate
will adhere to them so tenaciously that they can only be removed with great
difficulty. The precipitate is collected on the filter and washed with a
mixture of one volume of ammonium hydrate and three volumes of water,
till the washings are free from chlorine, and dried. The precipitate is now
detached from the filter and put into a weighed platinum crucible, the filter
is burned in the lid, the ash added to the contents of the crucible, and the
whole strongly ignited and weighed as Mg 2P 207.

It sometimes happens that the phosphate, even after prolonged ignition, is
very black. In that case it is, after cooling, thoroughly moistened with nitric
acid, carefully dried, and re-ignited, when it will be found to be perfectly
white.

The B.P. estimates magnesium in MgS04 by simply precipitating a boiling
solution with Na2C03, and collecting, drying, igniting, and weighing as MgO.

22. ESTIMATION OF POTASSIUM.
As Potassium Platino-Chloride.

(To be practised upon '2 gramme of pure KC1.)
The solution is placed in a small porcelain basin, and mixed with a good

excess of solution of platinic chloride. The whole is evaporated to dryness
on a water bath kept at a temperature of about 200° F. When quite dry it is
again digested with a few drops of platinic chloride solution, and taken up with
alcohol. The precipitate is collected on a weighed filter, washed with alcohol
till the washings appear quite colorless, dried at 2i2°F., and weighed as
PtCl4 . 2KCI.

23. ESTIMATION OF SODIUM.
As Sodium Sulphate.

(Practise upon *5 gramme of pure NaCl.)
This method is applicable where we have to deal with a sodium salt con-

taining a volatile acid. The solution is mixed with excess of sulphuric acid
and evaporated in a weighed platinum basin. When fumes of sulphuric acid
become visible, the basin is covered over with a lid or foil which has been
weighed together with the crucible, and gradually heated till fumes cease.
While red-hot the foil is lifted up a little, and a small lump of ammonium
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carbonate put in the crucible, which operation is repeated after a few minutes,
and the residual Na2S04 is cooled and weighed. The object of introducing
the ammonium carbonate is to remove the last traces of free sulphuric acid.

24. ESTIMATION OF POTASSIUM AND SODIUM IN PRESENCE OF
METALS OF FOURTH GROUP.

(Practise upon the residue left on evaporating 1 litre of ordinary drinking-
water, and redissolved in a little dilute HC1.)

The solution is first of all precipitated with excess of barium chloride,
which throws down sulphuric, phosphoric, etc., acids. Barium hydrate (or
some milk of lime) is now added in slight excess, when any magnesia will
also be thrown down. To the filtered liquid excess of ammonium carbonate
is added, the precipitate is filtered out, and the fluid evaporated to dryness in
a platinum crucible on the water bath. When quite dry, it is gently heated
as long as white ammoniacal fumes are visible. The residue, which will now
consist of alkaline chlorides, is however not quite fit for weighing, and must
be purified. This is done by redissolving in water and adding a little
ammonium carbonate, when a slight precipitate will form. After filtering,
the fluid is evaporated (this time in a tared platinum basin) on the water
bath, and when dry the residue is gently heated to faint redness for a minute,
cooled, and weighed. When no sodium is present it will now be pure
potassium chloride; but should it also contain sodium chloride, it must be
redissolved, the potassium estimated by PtCl4, and the sodium obtained by
difference. This process is one of the most commonly occurring operations,
because it is required in every full analysis of water, and also of the ash of
all vegetable and animal substances, where potassium and sodium have always
to be estimated in presence of Ca, Mg, phosphates, etc. It is therefore a
very important one to thoroughly master.

25. ESTIMATION OF AMMONIUM.
As Ammonium Platino-CMoride.

If the solution contains other basylous radicals, a known quantity of it is
distilled with some slaked lime in a suitable apparatus, and the distillate
received into dilute hydrochloric acid. About three-fourths is distilled over.
The distillate is then evaporated to dryness with excess of pure platinic
chloride (free from nitro-hydrochloric acid). The dry residue is now treated
w'ith a mixture of two volumes of absolute alcohol and one of ether, collected
on a weighed filter, washed with the said ether mixture, dried at 2120 F.,
and weighed as PtCl4 . 2NH4C1.

A less expensive, method is to distil the ammonia into a known bulk o
volumetric acid, and then check back with volumetric soda, so finding the
amount of acid neutralised by the ammonia.
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DIVISION III. GRAVIMETRIC ESTIMATION OF
ACIDULOUS RADICALS.

1. CHLORIDES.
As Argentic Chloride.

(Practise upon - 5 gramme pure NaCl.)
The solution containing the chloride is precipitated with argentic nitrate.

Nitric acid is then added, and the whole stirred till the liquid is perfectly
clear. The precipitate is now treated as directed (see Silver, p. 135). After
weighing the chloride it is calculated to Cl.

2. IODIDES.
3. BROMIDES.
4. CYANIDES.

The process for each of these is practically the same as for chloride. The
argentic cyanide is, however, collected and weighed upon a weighed filter.
The argentic iodide and bromide are treated like the chloride; but if a filter
is used, it must be a weighed one. The filter is afterwards reweighed, and
the increase in weight is the amount of argentic iodide or bromide lost during
the washing by decantation.

5. ESTIMATION OF AN IODIDE IN THE PRESENCE OF A CHLORIDE
AND A BROMIDE.

Palladium.
The solution, slightly acidified, is precipitated with excess of palladious

chloride. The whole is then allowed to stand in a warm place for twenty-four
hours, so that the precipitate may thoroughly settle. The supernatant liquor
is poured off, and the precipitate having been collected on a filter, and
washed, is placed in a weighed platinum crucible and ignited. The whole
is then again weighed, and the weight, less that of the crucible, equals the
amount of metallic palladium left after ignition, which x = the
amount of iodine in the weight of the sample taken for analysis.

6. SULPHIDES.
Conversion into Sulphate.

(Practise upon '5 gramme of purified “black antimony.”)
Are analysed by fusion with a large excess of a mixture of potassium nitrate
and carbonate, extracting the fused mass with water, filtering, acidulating
with hydrochloric acid, adding excess of barium chloride, and proceeding as
for a sulphate; but calculating at the last to sulphur instead of sulphuric
acid. Some sulphides can be dissolved in nitric acid with the addition of
successive small crystals of potassium chlorate. Excess of hydrochloric acid
is then added, and the whole evaporated to dryness. The mass is then boiled
with dilute hydrochloric acid, filtered, and the filtrate precipitated with barium
chloride as above.
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7. SULPHATES.
As Barium Sulphate.

(Practise '5 gramme of MgS04 .7H20.)
To the solution of the sulphate hydrochloric acid is added, then excess

of barium chloride, and the whole boiled. When quite clear, a little
more barium chloride is added, to ascertain whether all the sulphate has
precipitated. The precipitate is now treated precisely as in the barium
estimation.

8. NITRATES.
(.A ) In Alkaline Nitrates.

If nitric acid be required to be estimated in, say, ordinary nitre, the sample
must first be heated to fusion to remove moisture, and then be quickly
powdered. A known quantity of it is now mixed in a platinum crucible with
(exactly) four times its weight of plumbic sulphate. The mixture is ignited
till it ceases to lose weight, and the loss will just represent the amount of
nitric anhydride in the sample taken for analysis.

If plumbic sulphate is used, the reaction is represented by the following
equation :—

PbS04 + 2KNO3 = pb0 + K 2S04 + 2N02 + O.

(B) By Conversion into Nitric Oxide.
Already described at page 126.

(C) By Conversion into Ammonia.
The nitrate is converted into ammonia by the action of nascent hydrogen,

thus—

hno3 + 4H2 = nh3 + 3h2o.
The nascent hydrogen may be applied in various ways, as follows :—

1. By distillation with sodium hydrate and metallic aluminium, and
receiving the evolved ammonia into a known volume of
standard acid.

2. By acting on the nitrate for 12 hours with zinc or iron and dilute
sulphuric acid, and then adding excess of sodium hydrate, and
distilling off the ammonia into a known volume of standard
acid.

In any case, the standard acid used is then volumetrically checked back by
standard sodium hydrate, and the excess of acid used over that of alkali gives
the amount of standard acid neutralised by the ammonia. This amount,
having been multiplied by the strength of the acid in each c.c., is calculated
to ammonia. Then—

Ammonia found X 54
17

amount of anhydrous nitric acid in
the quantity taken for analysis.

9. PHOSPHATES.
(A) Estimation of the Strength of Free Phosphoric Acid.

5 grammes of the acid are evaporated in a weighed dish with io grammes
of pure litharge, and the dry residue is ignited and weighed. Thus tested
U.S.P. acid should yield ii’8i grammes of residue, and the diluted acid
should leave, with 5 grammes litharge, 5‘36 grammes of residue.
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(.B) As Magnesium Pyrophosphate in Alkaline Phosphates.
(Practise upon 75 gramme of pure Na2HPC>4 . i2H 20.)

They are at once precipitated with ammonium hydrate and magnesia
mixture

,
and the precipitate is treated as directed under Magnesium. Should

they contain the acid as meta- or pyro- acid, they must first either be boiled
with strong nitric acid for one hour, or be fused with potassium sodium car-
bonate.

(C) As Magnesium Pyrophosphate in the Presence of Lime and Magnesia.
(Practise upon ’5 gramme of pure Ca 3(P04 )2 dissolved in dilute HC1.)

The solution (which must contain orthophosphoric acid, or, failing that,
should be boiled with HNO3 as above) is precipitated with ammonium
hydrate, the precipitate redissolved in the smallest amount of acetic acid, the
lime precipitated with ammonium oxalate, and the phosphoric acid pre-
cipitated in the filtrate by adding ammonium hydrate and magnesia mixture,

and proceeding as already described for magnesium. Before precipitation this
filtrate should be evaporated to a bulk of 3 ounces. This process is suitable
for determining the “ solublephosphates ” in an artificial manure.

(F>) As Magnesium Pyrophosphate in the Presence of Iron and
Aluminium.

(Practise upon 75 gramme of B.P. Ferriphosphas dissolved in dilute HC1.)
The solution is mixed with excess of ammonium acetate, boiled, and ferric

chloride added till a dark-brown precipitate forms. This is washed with
boiling water and redissolved in a small quantity of dilute HC1. About five
grammes (or more) of citric acid are now added, and ammonium hydrate is
added to the whole in large excess, and, after cooling, magnesia mixture

,
and

the precipitate treated as for magnesium, already described. If the addition
of excess of NH 4HO does not produce a clear lemon-yellow solution, then
enough citric acid has not been added.

(E) Estimation as Phosphomolyhdate.
If necessary, the acid solution is heated and precipitated with H 2S to

remove arsenic. The excess of H2S is boiled off, and large excess of nitric
acid is added. An excess of ammonium molybdate and ammonium nitrate
dissolved in nitric acid is now poured in, the liquid boiled, and finally allowed
to stand for some hours in a warm place. The precipitate is filtered off,
washed with dilute alcohol until free from acidity, redissolved in dilute
ammonium hydrate, and this solution evaporated in a weighed dish on the
water bath and dried in the water oven. Its weight -4- 28*5 = P 205 present.
This process is the best for determining small amounts of total phosphates in
cast iron, waters, and soils.

10. ESTIMATION OF TOTAL AND SOLUBLE PHOSPHATES IN AN
ARTIFICIAL MANURE OR OF TOTAL ONLY IN SOIL.

(A) Total Phosphates.
About two grammes of the finely powdered substance are weighed accurately,

transferred to a beaker and decomposed with HC1, and where necessary with
the addition of a drop or two of HN03. The solution is then evaporated to
dryness in a water bath, taken up with HC1, and after digestion the insoluble
silicious matter is separated by filtration ; a weighed quantity of citric acid is
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added ; the solution heated up nearly to boiling point, and a weighed quantity
of ammonium oxalate added. The quantities used must vary with the
substance under examination, the knowledge only being acquired by ex-
perience ; but it is seldom necessary to add more than 2 grammes citric acid
or 2’5 grammes ammonium oxalate. The free acid is then just neutralised
with dilute ammonia, and acetic acid added, to decidedly acid reaction. The
liquid is kept simmering for a few minutes with constant stirring, and after
standing a short time the calcium oxalate is filtered out. Great care must
be observed not to have too large an excess of ammonium oxalate
present, as magnesium oxalate in an ammoniacal solution is somewhat easily
precipitated. To the filtrate ammonia of ‘880 sp. gr. is added to about one-
fourth of the bulk; and to the liquid, which must remain clear, or only slowly
throw down a small precipitate, due to the magnesia present, magnesia
mixture is added in moderate excess. The liquid must be set aside with
occasional stirring for the precipitate to form—the time required being
principally determined by the quantity of alumina present. It is best,
however, to allow it to stand overnight, although in cases where the alumina
is absent, or small, the precipitation will be found to be complete in two
hours. The precipitate is then separated from the liquid by filtration,
dissolved in as little HC1 as possible, and reprecipitated with one-third of its
bulk of ammonia. After allowing to stand for two hours with occasional
stirring, it may be filtered, and after drying converted, by ignition in a weighed
platinum crucible, into Mg2P 207 , and weighed as such.

The calcium oxalate is converted into CaC03 by gentle ignition, weighed,
dissolved in HC1, and tested for P 205, which may be present in small
quantities, and which should be determined.

The Mg 2P 2 07 is calculated to Ca 3(P04)2 unless a full analysis is being
made, when it is calculated to P205, and divided pro rata among the bases
actually found to be in combination with it.

(H) Soluble Phosphates.
Five grammes of the manure are well triturated in a mortar with distilled

water, washed into a stoppered 250 c.c. flask, and made up to the mark with
water. After standing with occasional shaking for two hours, 100 c.c. (= 2

grammes of sample) is drawn off by a pipette into a beaker, 2 grammes of
citric acid and grammes of ammonium oxalate are dissolved in the liquid,
which is then treated with ammonia, acetic acid, etc., as above described. If
the amount of soluble calcium comes out low, the process shouldbe repeated,
using such a weighed quantity of ammonium oxalate as will just remove it
from solution. This is because the great source of error in phosphate
estimations is the use of excess of oxalate, causing the precipitation of
magnesium oxalate with the magnesium ammoniumphosphate. The Mg2P 207
is calculated to Ca 3(P0 4)2, and reported as “ phosphate made soluble.”

11. ARSENIATES
are estimated precisely like phosphates; but the precipitate of ammonium
magnesium arseniate is dried at 220° F. on a weighed filter, as already directed
under Arsenic. The precipitate thus dried is 2(MgNH4As04) . H20; or, for
simplicity of calculation, MgNH 4As0 4 . -|H 20.

12. CARBONATES.
A carbonate is estimated by the loss of weight it undergoes by the dis-

placement of its carbonic anhydride by an acid. A small and light flask is
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procured, and fitted with a cork through which passes a tube (c) containing
fragments of calcium chloride (see fig. 35). A weighed quantity of the
carbonate is introduced into the flask with a little water, and a small test-tube
about two inches long is filled with sulphuric acid and dropped into the
flask, so that, being supported in an upright position, none of the acid shall
mix with the carbonate. The cork is put in, and the weight of the whole

Fig. 35- Fig. 36.

apparatus having been carefully noted, it is inclined so as to allow the acid to
run from the small tube into the body of the flask. Effervescence sets in, the
carbonate is dissolved, and the C02, escaping through the calcium chloride
tube, is deprived of any moisture it might carry with it. When all action has
ceased, and the whole has cooled, it is once more weighed. The difference
between the two weights gives the amount of C02 evolved.

A better apparatus is that figured (No. 36), in which c is the flask, a the
tube to contain HC1 to decompose the carbonate, and b a tube containing
strong H2S0 4, through which the evolved C02 must pass, and so be perfectly
deprived of moisture.

13. OXALIC ACID.
As Calcium Carbonate.

The solution containing the acid, or its potassium or sodium salt, is made
alkaline with ammonium hydrate, and precipitated with calcium chloride.
The precipitate is washed till free from chlorides, dried, ignited, and finally
weighed as carbonate. (See Estimation of Calcium.)

14. TARTARIC ACID.
As Calcium Oxide.

The solution (which must contain no other bases than K, Na, or NH 4 ) is
made faintly alkaline by a sodium hydrate, and precipitated by excess of
calcic chloride. The precipitate is washed, dried, ignited (with the blowpipe),
and weighed as calcic oxide.

15. SILICIC ACID.
(A) In Soluble Silicates.

By soluble silicates are meant those which are either soluble in water or
in hydrochloric acid. The solution (which must contain some free HC1) is
evaporated to dryness on the water bath, and the residue dried for an hour
at i2o° C. (248° F.) After cooling, the mass is moistened with strong hydro-
chloric acid, and then boiled with water, thus leaving an insoluble residue of
pure silica—Si02—which is collected on a filter, washed, dried, ignited, and
weighed.
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(£) In Insoluble Silicates.
These bodies must be decomposed by mixing a weighed quantity of the

finely powdered substance with four times its weight of sodium potassium
carbonate, and fusing the whole for about half an hour. (When alkalies have
to be estimated, a separate special fusion must be made with barium hydrate, or
pure lime mixed with ammonium chloride

,
insteadof the double carbonate.) The

crucible must be well covered during fusion. After cooling, the residue is
treated with dilute and warm HC1 until effervescence ceases, evaporated to
dryness, and treated as above described at 120° C. (248° F.), etc.

DIVISION IV. QUANTITATIVE SEPARATIONS.
This department is beyond the scope of the present edition. When the

student has practised all the contents of the book up to this point, he will
already have a sufficiently general idea of chemical analysis to enable him to
fix the line of work he desires to make his speciality. If this be mineral
analysis, he must pass to a larger book, such as “ Fresenius,” to complete his
knowledge. So as to give, however, some idea of how the preceding pro-
cesses may be joined in performing the full analysis of a mixture, we take
the following example, because it is a standard one, and give a sketch of
the manner of working in performing—

The Full Analysis of the Mineral Contents of a Sample of Ordinary
Potable Water.

Step I. Take the total solid residue of ioo c.c. (calculated in grains per
gallon) as directed in Chapter X., to serve as a check on the results; then
ignite and again weigh : loss =organic and volatile matter.

Step II. Evaporate 2000 c.c. of the water to dryness in a large porcelain dish,
and heat gently till fumes of NH 3 cease to be evolved. Moisten the residue
with 10 c.c. of distilled water, and then add 200 c.c. of dilute alcohol
•92 sp. gr. ; having gently detached it all from the dish, filter and wash with
similarly diluted alcohol till practically nothing more dissolves. This
procedure is useful because it separates the salts present thus :—

(a) The filtrate may contain all salts of K and Na, chlorides and
nitrates of Ca and Mg, and the sulphate of Mg.

(b) The insoluble residue may contain the sulphate and carbonate
of Ca and the carbonate of Mg, together with any iron and
silicious matter present.

(1) Analysis of thefiltrate.
(a) Evaporate till the spirit is driven off, cool, transfer to a 250 c.c.

flask, and make up to the mark with distilled water. Divide
into two portions of 100 c.c. and 150 c.c. respectively, marking
them a and b.

(h) To a add NH 4C1, NH 4HO, and (NH 4)2C204,
to precipitate the

Ca, and estimate as usual as CaCC>3. Calculate to CaO, and
then x 2‘5=CaO present as Cl or NO3 in the original 2000 c.c.
of water taken.

(e) To filtrate and washings from (b ), concentrated to 50 c.c. and
cooled, add Na2HP04 to precipitate Mg, treat as usual, and
weigh as Mg2P 207. Calculate to MgO, and then x 2‘5 =MgO
present as Cl, S04,

or NO3 in the original 2000 c.c. of water.
(d) To b acidulate with HC1 and add BaCl2 to precipitate sulphate.

Treat as usual and weigh as BaS04. Calculate to SO3, and then
x 2'5 -r rj = total S03 present in the original 2000 c.c. of
water taken in combination with K or Na.
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(e) The filtrate and washings from (d) are evaporated to a low bulk
rendered alkaline with pure Ca(HO) 2 , the separation for alkalies
given at page 143 gone through, and the K and Na present
both estimated as chlorides. Results x -4- 1*5 = total K
and Na present in the 2000 c.c. of water started with.

(/) The residue from (e) is dissolved in a little water, and the K
estimated thereon by PtCl4 in the usual manner and calculated
to K 20 (see page 142). An equivalent amount of KC1 (calcu-
lated from this K20) is then deducted from residue (e ), and the
balance is NaCl, which is calculated to Na2 0.

(2) Analysis of the insoluble portion.
(a) This is washed from the filter with distilled water and then boiled

with 100 c.c. of H 2 0 and HC1 added till effervescence ceases.
Any insoluble is filtered out, washed with boiling H20, dried,
ignited, and weighed = silicious matter in the 2000 c.c. of water
started with.

(b) The filtrate and washings are warmed with a drop or two of
HN0 3 and mixed with NH 4C1 + NH 4HO, and the iron estimated
if present as Fe203 , and result calculated to Fe = total Fe in the
2000 c.c. of water taken.

(c) Divide filtrate and washings into two equal parts, a and b.
(,d) The portion a is precipitated with (NH 4)2C 204,

and the calcium
estimated as CaC03 and calculated to CaO = total CaO as
carbonate or sulphate in the original 2000 c.c. of water taken.

(e) The filtrate from {d) is concentrated to a low bulk, cooled, and
Na2HP04 added with excess of NFt4F10, and the Mg estimated
as usual as Mg2P 207 and calculated to MgO. Result x 2=total
MgO present as carbonate in the original 2000 c.c. of water.

(/) The portion b is acidulated with HC1, and the sulphate estimated
by BaCl2, weighed as BaS0 4 and calculated to S03. Result
x 2 = total SO3 in combination with Ca in the original 2000

c.c. of water.

Step III. Evaporate 250 c.c. of the water to a bulk of 2 c.c., and treat in the
nitrometer to estimate the nitric acid (see page 126). Resulting NO calcu-
lated to N205 and x 8 = total N205 present in 2000 c.c. of water.

Step IV. Take the amount of chlorides volumetrically (page 115) in 100 c.c.
of the water. Result x 20 = Cl in 2000 c.c. of water.

Step V. Calculation ofresults.
(a) All our results being in grammes or fractions of the same from

2000 c.c. of water, each must be multiplied by 35, which will bring
them all to grains per imperial gallon (parts in 70,000), or
multiplying the grammes per litre by 5 8‘329 will bring them to
grains per U.S. gallon. Now we state out our analysis thus
(example taken from actual practice):—

A sample of water yielding 20‘I grains of total solids per gallon, of which 45 grain was
“ organic and volatile matter,” and the balance (i9'65 grains) was mineral matter, showed on
analysis:—

(a) In the portion soluble in spirit: grains per gallon
Potassium oxide ......‘2704
Sodium oxide . 1 '4097
Chlorine . I'2I33
Sulphuric anhydride ‘6803
Calcium oxide .......none.
Magnesium oxide ......none.
Nitric anhydride ......none.
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(b) In the portion insoluble in spirit: grains per gallon.
Calcium oxide .......7 '3953Magnesium oxide 1-0000
Sulphuric anhydride 17647
Silicious matter "2000
Ferric oxide *0500

Total found 13‘9837
From this residue is now to be always deducted an amount of oxygen equivalent to the

chlorine found, because all the bases have been calculated to oxides, while haloid salts con-
tain no oxygen. The chlorine found is 1 ‘2133, and—-

i'2i33Xi6 . , „ „
— = '2737 oxygen, equivalent to Cl found.

Performing the deduction, we have :

13‘9837—‘2737 = 137100 grains of solid matter actually found.
The total residue, after driving off organic matter, was 19'65 grains per gallon, and the
difference is due to C02 unestimated, thus :—

I9'6S —1371 = S'94 grains of C02 per gallon.
Adding now this C02 to the substances actually estimated, we get:

Total substances found+ C02 = I9'65,
Actual residue found = I9’65,

which proves our analysis to be correct.
It now remains to calculate how these bases and acids are probably combined as salts

actually present, by the following general rules ofaffinity, thus : —

(a) In the portion soluble in spirit. (1) Any sulphuric anhydride will prefer the bases in
the following order: K, Na, Ca, Mg. (2) Chlorine will prefer the bases in the same order
after the S03 is satisfied. Therefore we first calculate our KaO to K 2S0 4, which gives '50and
uses up ’2296 of our S03 , and the balance of SOs ('4507) we calculate to NagSO,,. This gives
•80 Na2S0 4, and leaves 1 '0604 Na. 20 not as sulphate and therefore existing as chloride. Calcu-
lating accordingly, we get 2 - oo of NaCl, which just uses up all our chlorine. Therefore this
portion contained altogether :

—

Potassium sulphate '50
Sodium sulphate ......-8o
Sodium chloride ...... 2 -oo

(b) In theportion insoluble in spirit. (1) The S03 found will all be present as CaS0 4, and
the balance of CaO and all the MgO will be as carbonates. Therefore 17647 S0 3 calculated
to CaS04 becomes 3 -oo and uses up 1 '2353 of CaO, leaving 6 -i6 to be calculated to CaC03.

This yields iroo CaC03,
and the roo of MgO found calculated to MgC03 gives 2 - io. Thus

this portion contains :

Calcium sulphate 3 -oo »

Calcium carbonate 11-oo
Magnesium carbonate . . . . . 2 - io

Putting now the whole analysis together, we have :
Potassium sulphate ..... ‘50
Sodium sulphate '80
Sodium chloride . .• . . . . 2'00
Calcium sulphate 3- oo
Calcium carbonate 11'oo
Magnesium carbonate . . . . . 2‘io
Ferric oxide '05
Silica ........‘20
Organic and volatile matter....‘45

Total residue 20 - io.



CHAPTER IX.
ULTIMATE ORGANIC ANALYSIS.

This process consists in estimating the amount of each element present in
any organic compound, as distinguished from proximate analysis, which
estimates the amounts of the compounds themselves.

I. LIST OF APPARATUS REQUIRED.
1. A combustion furnace, which is a series of Bunsen burners arranged

in a frame so as to gradually raise a tube placed over them to a
red heat. The tube lies in a bed made of a series of fire-bricks,
which confine the heat and make it play all round the tube (see
fig- 37)-

2. Combustion tubes made of hard glass, not softening at a red heat.
These tubes are closed at one end by drawing out before the

Fig. 38. Fig. 40.

blowpipe and turning up. The mode of doing this is illustrated
in fig. 38.

3. [J tubes packed with perfectly dry calcium chloride in small
fragments, so as to allow the free passage of gases (illustrated
in fig. 39), and hereafter referred to for brevity as “ CaCl2tubes.”

4. Bulbs charged with strong solution of potassium hydrate (1 in 1),
hereafter for brevity referred to as “KHO bulbs.” Two
common forms of such bulbs are illustrated in fig. 40.
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5* Bulbs for absorbing ammonia and intended to be charged with
dilute acid of known strength, and hereafter referred to as
“nitrogen bulbs” for brevity. Two common forms of such
bulbs are illustrated in fig. 41.

6. Graduated tubes closed at one end to hold 50 c.c., and graduated
from the closed end downwards in of a c.c., used for
collecting gases and measuring them after collection, hereafter
referred to as “ gas collecting tubes ” for brevity (fig. 42).

7. A deep cylindrical vessel of glass filled with water and furnished
with a thermometer dipping in the water; the whole
sufficiently high to permit of the entire immersion of the gas
measuring tubes, and wide enough at the top to admit the
hand, as shown in fig. 43. This is hereafter called the
“ measuring trough ” for brevity.

8. Glass towers, filled in one limb with fragments of CaCl2 to absorb
moisture, and in the other with fragments of soda lime to

Fig. 42. Fig. 43. Fig. 44.

absorb carbon dioxide. These are illustrated in fig. 44, and are
used for freeing any air which may be caused to pass through
them from moisture and C02 ; hereafter called “air purifying
towers ” for brevity.

II. ESTIMATION OF CARBON AND HYDROGEN.
This process is performed by heating a weighed quantity of the substance in

a tube with some body readily parting with oxygen at a red heat, such as
cupric oxide or plumbic chromate, by which the hydrogen and carbon of the
organic body are respectively oxidised into water and carbonic anhydride.
These products are passed first through a previously weighed tube containing
calcium chloride, which retains the water, and then through a bulb apparatus
containing potassium hydrate, which absorbs the carbonic anhydride and has
also been previously weighed. After the experiment is finished, the increase
in weight of the tubes is calculated thus : —

As H20 : H 2 : : increase in CaCl2 tube :

As C02 : C: : increase in KHO bulbs : x.

The details of the actual process are as follows r—
Cupric oxide is prepared by heating cupric nitrate to bright redness in a
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crucible ; it is reduced to powder while still warm, and preserved in a well-
stoppered bottle. A combustion tube is procured, having a bore of about
half an inch and a length of fifteen to eighteen inches. Sufficient cupric
oxide to fill it is measured out, heated in a hard glass flask to expel any
moisture (as it is very hygroscopic), well corked, and allowed to cool. About
4 decigrammes of gently fused and cooled potassium chlorate is first dropped
into the combustion tube, and then when cold a little oxide is introduced.
About -4 gramme of the organic substance having been weighed out, it is rubbed
up in a warm mortar with enough cupric oxide to half fill the tube, and the mix-
ture is quickly transferred to that apparatus ; sufficient cupric oxide to nearly
fill the tube is then introduced, and lastly a loose plug of asbestos is inserted to
keep all in place. To this charged tube is then attached by means of a good
cork a previously weighed “ CaCl2 tube,” and to this is in turn fixed by an
indiarubber joint a set of “KHO bulbs,” also previously weighed. The tube
is now placed in the furnace, the glass attachments supported outside of it by
appropriate stands, and made perfectly air-tight. Heat is now applied to the
front portion of the tube by lighting the first five or six burners, and when
that part is quite red-hot the next burner is turned on. The heat is thus
applied gradually, taking care that it is so regulated as to produce a regular
slow passage of the evolved gases, so that the bubbles may be distinctly
counted as they pass through the “ KHO bulbs.” When the whole tube is
heated from end to end the potassium chlorate at the back gives off a little
oxygen, which sweeps the last traces of moisture and carbonic anhydride into
the bulbs, which are then detached, weighed, and the increase in weight of
each noted.

Weight of sugar taken '475 gramme.
Potash bulbs after combustion weighed . . . 79-113 grammes.

,, ,,
before

,, ,, ... 382 ,,

Difference, due to C02 . . . 731 „

Calcium chloride tube after combustion weighed . 23'605 grammes.
„ „ before

,, „
. 23-330 ,,

Difference, due to Ha O . . . -275 ,,

(C) 12 X 73i ,
(H„) 2 X -275 , , ,

' 994 Carb°n- (H 2 OjT8 ‘°3°56 hydrogen.
Total sugar taken -475
Total C and H found -22996

Difference, due to oxygen . . -24504
Or, in percentage—Carbon 41 -98

Hydrogen . . . . . . 6-43
Oxygen 5 1 ‘59

ioo-oo

When the organic matter is a liquid, it is introduced into a small drawn-out
tube previously tared; the end is hermetically sealed by the blowpipe and the
whole again weighed, thus obtaining the weight of the liquid. A little oxide
having been first put into the combustion tube, the sealed one is dropped in,
its end broken by a wire, and the whole of the rest of the oxide poured in.
The heat is applied till six or seven inches of CuO are bright red, and then
the burner underneath the spot where the tube with the liquid lies is
cautiously turned on, so as to volatilise the vapor and cause it to pass over
the red-hot cupric oxide and so suffer combustion. Fats and other bodies
which cannot be mixed with the oxide are weighed in a small platinum boat,
which is dropped in and treated like the tube of liquid already referred to.
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Special Notes to the Foregoing Process.
(a) Substances containing sulphur, phosphorus, arsenic, chlorine, or any

halogen, are best mixed with fused and powdered plumbic chromate
instead of cupric oxide, so as to avoid the formation of volatile cupric
compounds.

(b) When the substance also contains nitrogen, the front part of the
combustion tube must be plugged with a roll of bright copper gauze
about 4 inches long instead of the asbestos. This is to reduce any
oxide of nitrogen, which if allowed to pass into the potash would be
absorbed and count as carbon dioxide. The copper, however, takes
the oxygen, and only leaves nitrogen, which passes unabsorbed.

(c) Very refractory bodies should be burned in a current of air or of
oxygen carefully deprived of any moisture or carbon dioxide by causing
it to pass through “purifying towers” (see page 153) before entering
the tube.

III. ESTIMATION OF NITROGEN.

The estimation of nitrogen in all compounds, not being nitrites or nitrates,
is conducted as follows :—

(a) The Method of Varrentrapp and Will. This depends for its success
on the fact that when nitrogenous substances are strongly heated with sodium
hydrate, they are decomposed, forming a carbonate and oxide with the oxygen
from the hydroxyl, and liberating hydrogen, which then combines with the
nitrogen to form ammonia.

So as to prevent fusion of the glass tubes employed, solution of sodium
hydrate is evaporated to dryness with calcium oxide, and the resulting mixture,
know as soda-lime, is heated to redness and preserved for use.

About ‘5 gramme of the perfectly dry nitrogenous substance is mixed
in a warm wedgewood mortar, with sufficient soda-lime to fill about three-
quarters of a combustion tube. The mortar is rinsed with a little more
soda-lime, and the rinsings also put into the combustion tube. More soda-lime
is then put into the tube, until it is filled to within two inches of its open end,
and then an inch of asbestos in shreds packed loosely in front of all, so as to
prevent the passage of fragments of lime along with the evolved gases. A
set of “ nitrogen bulbs,” containing a little tolerably strong hydrochloric acid,
is adapted to the mouth of the combustion tube by means of a well-fitting
cork, and the tube is placed in the combustion furnace, so that the bulbs and
about an inch of the tube project outside. A few front burners having been
lighted, and the free part of the tube having become red-hot, the heat is
gradually applied until the whole of it has been heated to bright redness.
When this point is attained, and bubbles of gas cease to pass through the acid
in the bulbs, the end of the tube is broken off, and some air sucked through
the apparatus by means of a small tube attached to the outer end of the bulbs.
The contents of the bulbs are then transferred into a small basin, the bulbs
washed out into it, first by means of a little alcohol, and afterwards repeatedly
with distilled water. An excess of platinic chloride is then added, the whole
evaporated to dryness in a water bath, and the precipitate, having been
moistened with a little alcohol, is washed on to a weighed filter. The washing
with alcohol is continued until it passes colorless, and the precipitate is dried
at 2120 and weighed. The weight of the filter having been deducted, the
balance is PtCl4(NH 4Cl)2, which is then calculated to N2.
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A more simple plan, adapted to the estimation of nitrogen in manures and
other commercial products, may be thus followed out:—

The ammonia is received into 20 c.c. of semi-normal volumetric solution of
oxalic or sulphuric acid, which is placed in the bulb apparatus. The ammonia
which passes into the bulbs during the combustion neutralises a portion of
this acid, and at the conclusion of the operation the amount of acid still
remaining free is ascertained by means of a corresponding normal volumetric
solution ofsodium hydrate (see Volumetric Analysis, p. 114). The difference
between the amount of acid originally placed in the bulbs and that remaining
free, as thus ascertained, evidently corresponds to the amount of sulphuric acid
neutralised by the ammonia produced during the combustion. The strength
of the acid being known, a simple calculation enables us to ascertain the
amount of the nitrogen evolved in the form of ammonia.

(b) The Process of Dumas. This consists in measuring the amount of pure
nitrogen evolved, and is suitable for certain organic bases and for compounds
containing nitrosyl (NO) or nitryl (N02 ), in which the soda-lime fails to con-
vert all the nitrogen into ammonia.

The combustion tube (which in this case is twenty-six to twenty-eight inches
long) is packed (1) with six inches of dry sodium hydrogen carbonate; (2)
with a little pure cupric oxide; (3) with the weighed substance mixed with
CuO; (4) with more pure CuO; and lastly with a considerable length of pure
spongy metallic copper; and the whole is closed by a good cork, through which
passes a bent delivery tube, dipping under the surface of mercury in a small
pneumatic trough. Heat is first applied to the very end portion of the
NaHC03 until sufficient C02 has been given off to entirely drive all the air
out of the apparatus, which is ascertained by collecting a little of the gas
passing off and seeing that it is entirely absorbed by solution of potassium
hydrate. A graduated “gas collecting tube” is then filled, one-third with
strong solution of KHO, and the remainder with mercury, and carefully
inverted into the mercury trough so that no air is admitted, and placed over
the mouth of the delivery tube. Combustion is now commenced at the front
of the tube and gradually carried backwards as usual. The gases evolved are
C02 and N, the former of which is absorbed by the KHO and the latter
collects in the graduated jar. When the heat reaches the back of the tube
the remainder of the NaHC03 is decomposed, and the carbonic anhydride
given off chases any trace of nitrogen out of the tube. The collecting tube
is then closed by a small cup containing mercury, and transferred to the
“ measuring trough,” and entirely immersed therein. After leaving it until its
contents have acquired the temperature of the water, it is raised so that the
level of the water inside and outside the tube is equal, and the volume is read
off. The temperature and pressure being noted, the weight of the nitrogen is
obtained by the species of calculation already described at page 125.

(<:) Kjeldahl’s Process. —This method is rapidly superseding combustion,
being almost universally employed by agricultural and food chemists. It is as
follows :—

The substance, whether solid or liquid,—and, if solid, it need not even be
powdered,—is weighed or measured into a special hard glass flask, in which
the subsequent treatment is executed. In the case of substances containing
about 10 per cent, of nitrogen, about o’i to o‘2 grm. are sufficient; if less is
present, up to 1 grm. may be taken. Ten c.c. of the strongest sulphuric acid
(previously proved to be free from ammonia) are now introduced by means of a
pipette, and the flask having been placed in an inclined position upon wire gauze
over a gas flame, the contents are heated for one or two hours nearly up to
the boiling point of the acid, which may be known from the occasional slight
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bumping. When the action of the acid is completed, which usually results
in a solution of the solid, the flame is removed, and a fine spray of finely
powdered permanganate of potassium (contained in a tube closed with a fine
wire gauze and inserted in the neck of the flask) is made to rain down into
the flask until its contents assume a green color. [This step is only, however,
necessary wThen the substance is specially difficult to oxidise, most ordinary
bodies being sufficiently attacked by fuming sulphuric acid.] The flask is
then cooled, the contents diluted with water, and excess of strong solution
of sodium hydrate having been added, it is immediately connected with a
well-cooled condenser, provided with a receiver containing a measured
amount of standard volumetric acid. The whole is then boiled until all the
ammonia has distilled over into the receiver, and, finally, the ammonia is
estimated by titrating back the contents of the receiver with volumetric soda,
as described above under the soda-lime process. The ammonia found is
calculated to nitrogen. Any substance likely to give off nitrous fumes should
be first mixed with twice its weight of sugar. Nitrates require dilution with
three times their weight of benzoic acid. To prevent bumping we place
some fragments of recently ignited pipe-clay in the flask before distilling.

IV. ESTIMATION OF CHLORINE.
Chlorine is estimated by combustion of the substance in a tube filled with

pure calcium oxide, when it displaces oxygen and turns part of the oxide into
soluble calcium chloride. After combustion the contents of the tube are
dissolved in diluted nitric acid, filtered, excess of argentic nitrate added, and
the precipitate washed, dried, and weighed, as already directed (see Gravi-
metric Estimation of Chlorine, p. 144).

V. ESTIMATION OF SULPHUR AND PHOSPHORUS.

Sulphur and phosphorus are estimated by fusing about 2 grms. of the solid
substance in a silver crucible, with 24 grms. of pure potassium hydrate and
3 grms. of pure potassium nitrate. After fusion the sulphur and phosphorus
(which have been converted into sulphates and phosphates respectively) are
estimated by dissolving the residue in water, slightly acidulating with hydro-
chloric acid, and precipitating as barium sulphate and magnesium ammonium
phosphate respectively, with the usual precautions. (See Gravimetric Estima-
tion of Sulphates and Phosphates.)



CHAPTER X.

THE ANALYSIS OF WATER, AIR, AND FOOD.

DIVISION I. THE SANITARY ANALYSIS OF WATER.

In the following instructions, the lines laid down by the Water Committee
of the Society of Public Analysts (of which the author was a member) have
been followed.

Note. —These have been altered partly to correspond with processes used by American
analysts, the main alterations being on albuminoid ammonia and hardness.

1. Collection of the Sample.
This is to be taken in a clean stoppered “ Winchester quart ” bottle,

previously entirely filled with the water, and emptied before finally filling up
and introducing the stopper. The sample should be kept dark, and analysed
with as little delay as possible.

2. Color.
This is to be taken by looking at a column of water in a colorless glass

tube 2 feet long, and held over white paper. The presence of a greenish-
yellow color is an adverse indication.

3. Odor.
An 8-ounce wide-mouthed stoppered bottle, free from odor, is half filled

with the water, warmed in the water bath to ioo° Fahr., shaken, and then the
stopper is removed and the odor instantly noted. Peaty waters, and those
containing marked amounts of sewage, can frequently be thus detected by
a practised nose.

4. Suspended Solids.
Pass a litre of the turbid water through a dried and weighed filter. Dry

the filter, and deposit at 120° C. and weigh. The gain in weight of the filter
is the weight of suspended matter in a litre of water.

5. Total Solid Residue.
Heat a platinum basin of about 130 c.c. capacity to redness, cool it under

the desiccator, and weigh. Introduce 100 c.c of the water, and evaporate
over a low gas flame until reduced to about 10 c.c.; then place it on the
water bath till dry. Finally, heat it in the air bath at 220° Fahr. until it
ceases to lose weight, cool under the desiccator, and weigh. Having deducted
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the tare of the basin, the difference in milligrammes x 10 = total residue in
parts per million, or the same X 7 4 10 = grains per gallon. Example:—

Weight dish + residue . . . 89'336
Tare of dish 89700

•036 or 36 milligrammes ;

, 36x7then ~

lo =25- 2 grains per gallon.

The residue should now be gradually heated to redness, and the presence
of organic matter carefully looked for as indicated by charring; also the
nature of the same, by whether the odor on burning is purely carbonaceous
(like burning sugar) or nitrogenous (like burning hair). This latter is an
especially unfavourable indication. Total solids should not exceed 40 parts
per 100,000.

6. Chlorine.
Solutions required'.—

(a) 4789 grammes pure crystallised argentic nitrate, dissolved in 1000 c.c. of dis-
tilled water. Each c.c. of this solution =‘ooi (one milligramme') of chlorine.

(b) 5 grammes potassium chromate dissolved in 100 c.c. distilled water, and a weak
solution of argentic nitrate dropped in until a slight permanent red precipitate
is produced, which is allowed to settle in the bottle.

Process. —Put 100 c.c. of the water into a white basin, add a few drops of
the chromate solution, and titrate with the silver solution from a burette,
graduated in of c.c., until a faint permanent change of color is produced,
as already described (Chap. VII., p. 115). Note the number of c.c. used,
multiply by 10, and the result will be chlorine in milligrammes per litre (or
parts per million), or multiply by 7 and divide by 10, which will give grains
per gallon (or parts per 70,000). The water itself must be perfectly neutral;
if acid it must be first shaken with a little pure precipitated chalk. The
presence of a large amount of chlorine with excessive albuminoid ammonia
indicates that the organic impurity is of animal origin, and if it then contains
more than 15 parts per 1,000,000 the water should be condemned.

7. Nitrogen in Nitrates.
(a) Crum Process. —This is the best process where a nitrometer is available.

250 c.c. of the water must be evaporated to a small bulk, the chlorine pre-
cipitated with saturated solution of argentic sulphate, filtered, and the filtrate
concentrated in a basin to 2 c.c. A nitrometer is charged with mercury, and
the three-way stopcock closed, both to measuring tube and waste pipe. The
concentrated filtrate is poured into the cup at the top of the measuring tube,
and the vessel which contained it rinsed with 1 c.c. of water, and the contents
added. The stopcock is opened to the measuring tube, and, by lowering
the pressure tube, the liquid is sucked out of the cup into the tube. The
basin is again rinsed with 5 c.c. of pure strong sulphuric acid, and this is also
transferred to the cup and sucked into the measuring tube. The stopcock
is once more closed, and .12 c.c. more sulphuric acid put into the cup, and
the stopcock opened to the measuring tube until 10 c.c. of acid have passed
in. The excess of acid is discharged, and the cup and waste pipe rinsed with
water. Any gas which has collected in the measuring tube is expelled by
opening the stopcock and raising the pressure tube, taking care no liquid
escapes. The stopcock is closed, the measuring tube taken from its clamp
and shaken by bringing it slowly to a nearly horizontal position and then
suddenly raising it to a vertical one. This shaking is continued until no more
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gas is given off, the operation being, as a rule, quite complete in fifteen
minutes. Now prepare a mixture of one part of water with five parts of
sulphuric acid, and let it stand to cool. After an hour, pour enough of this
mixture into the pressure tube to equal the length of the column of acidu-
lated water in the working tube, bring the two tubes side by side, raise or
lower the pressure tube until the mercury is at the same level in both tubes,
and read off the volume of the nitric oxide. This volume expressed in c.c.’s
and corrected to normal temperature and pressure gives, when multiplied by
•175, the nitrogen in nitrates, in grains per gallon, if 250 c.c. of the water
have been used. According to some authorities the precipitation of the
chlorides is not necessary.

(b) Copper-Zmc Process. —This must be carried out as follows :—A wet
copper-zinc couple is prepared by taking a piece of clean zinc foil, about
3 in. by 2 in., and immersing it in a solution of copper sulphate, containing
about 3 per cent, of the pure crystallised salt. A copious and firmly adherent
coating of black copper is speedily deposited upon the surface of the zinc,
which must be allowed to remain in the solution until the deposit is thick
enough, but not for too long a time, or it will become pulverulent and not
adhere firmly to the zinc,—three or four minutes will generally be sufficient.

The zinc coated with copper must then be removed from the solution,,
which may be bottled for subsequent use, and the couple thoroughly washed
first with distilled water, and finally with the water to be analysed, in order
that this may replace the adhering distilled water. It is then put into a clean
6 or 8-ounce wide-mouth stoppered glass bottle, and covered with 100 c.c. of
the water to be analysed. If the water be very soft a small addition, say one
part per 1000, of sodium chloride will accelerate the reaction. The stopper
must then be inserted in the bottle and the water allowed to remain overnight
in a warm place. If still greater speed be necessary the temperature may be
raised to 90° or ioo0 F. (32 0 or 38° C.). With hard water it is preferable to
add a small quantity of pure oxalic acid to precipitate the lime and quicken
the reaction. When the reduction is complete the fluid contents of the bottle
are to be transferred to a retort with 200 c.c. of ammonia-free distilled water,
and the retort having been attached to a condenser, the contents are distilled
till the distillate which comes over gives no color with “Nessler.” The
distillate is then “ Nesslerised,” as already described (Chapter VII., page 128),
and the number of milligrammes of NH 3 found are calculated toN(x
and then the resulting milligrammes of N x 7-Mo = grains per gallon,
or X 10 only = parts per million.

8. Nitrites.
Solutions required : —

1. Dilute sulphuric acid (i'3).
2. 5 grammes of metaphenylenediamine, and sufficient sulphuric acid to form an acid

reaction dissolved in iooo c.c. of water.
3. o- 406 grammes of pure dry silver nitrite dissolved in hot water, adding pure

sodium chloride so long as a precipitate is formed, diluting to 1000 c.c. with
water, and setting aside to deposit its silver chloride. 100 c.c. of the clear liquid
are then diluted to I litre. 1 c.c. of this solution contains ‘Oi mg. N203 .

Process. —Put ioo c.c. of the water in a glass cylinder, and add i c.c. each
of solutions i and 2. Prepare three other cylinders by diluting 5 c.c., 1 c.c.,
and 2 c.c. respectively to 100 c.c. with pure water, and adding 1 c.c. each of
solutions 1 and 2. Compare the shade of the water cylinder with that of the
others as described under “ Nesslerising.” The amount of N 2 03 in the water is
equal to that of the comparison cylinder having the same shade.
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9. Ammonia and Albuminoid Ammonia.
These two indications are successively taken on the same quantity of water.

The former is an estimation of the ammonia present in the water in the form
of ammonium salts or similar compounds readily decomposed by a weak
alkali, while the latter shows the ammonia derived from the decomposition of
nitrogenous organic matter under the joint influence of an oxidising agent
(KMn04 ) and a hydrating agent (KHO), and is therefore a measure of the
nitrogenous, and consequently presumably dangerous, organic matters con-
tained in the water under examination.

The solutions and apparatus required are:—
(a) Sodium carbonate.

A 20 per cent, solution of recently ignited pure sodium carbonate.
(b) Alkalinepotassium permanganate solution.

Dissolve 200 parts of potassium hydrate and 8 parts of pure potassium per-
manganate in 1200 parts of distilled water, and boil the solution rapidly till
concentrated to iooo parts, cool, and keep in a well-stoppered bottle.

(c) Distilled water which isfree from Ammonia.
Distilled water which gives no reaction with Nessler test is pure enough. But, if

this is not available, take the purest distilled water procurable, add pure ignited
sodium carbonate in the proportion of I part per iooo, and boil briskly until
at least one-fourth has been evaporated.

(d) A 40-ounce stoppered retort with a neck small enough to pass loosely into the
internal tube of a Liebig’s condenser to the extent of6 inches (see illustration,
Chapter I., page 4). The joint between the retort and condenser is made by
an ordinary indiarubber ring—such as those used for the tops of umbrellas —

which has been previously soaked in a dilute solution of soda or potash ; being
stretched over the retort tube in such a position that when the retort tube is
inserted in the condenser it shall fit fairly tightly within the mouth of the tube
about half an inch from the end.

(e) All the materials for “ Nesslerising ” (see Chapter VII., page 128).
The process is as follows :—

(a) For free ammonia.—First test a little of the water with tincture of
cochineal, to see if it shows an alkaline reaction. Put 500 c.c. of distilled
water into the retort, and distil until 50 c.c. of the distillate gives no color
with \\ c.c. of Nessler, thus rendering the whole apparatus “ammonia-free.”
Let the whole cool, pour out the distilled water (which may be saved for
ammonia-free water), put in 500 c.c. of the water to be analysed, and if it had
not an alkaline reaction make it alkaline with a drop or two of the sodium car-
bonate solution. The distillation should then be commenced. The receiver
should fit closely, but not air-tight, on to the condenser. The distillation
should be conducted as rapidly as is compatible with a certainty that no spurt-
ing takes place. The first 50 c.c. are collected in a cylindrical vessel, and the
following 150 c.c. collected and thrown away, after which the fire is with-
drawn. While these are passing over the first 50 c.c. are nesslerised, and the
result plus one-third as much again is the amount of free ammonia in the
500 c.c. of water. This multiplied by two gives milligrammes per litre or parts
per million.

(b) For albuminoid atmtionia.—As soon as the distillation above referred to
has been started, 50 c.c. of the alkaline potassium permanganate solution are
placed in a flask with 150 c.c. of distilled water, and boiled gently during the
whole time that the free ammonia is distilling, adding some ammonia-free
water if necessary to prevent too much concentration. The object of this is to
insure the entire evolution of any trace of ammonia present in the alkaline
permanganate, thus avoiding a check analysis, as usually recommended. When
the distillation of the free ammonia is complete, take out the stopper of the
retort and pour in this boiled alkaline permanganate by means of a perfectly



162 THE ANALYSIS OF WATER, AIR, AND FOOD.

clean funnel with a long limb. Now replace the stopper and continue the
distillation, when the albuminoid ammonia will begin to come over. The
distillate is now collected in separate portions of 50 c.c. each, in glass cylinders,
until three such portions have been collected. These are then separately
nesslerised, when the sum of the ammonia found in each cylinder gives the
albuminoid ammonia in 500 c.c. of the water. This multiplied by two gives
milligrammes per litre or parts per million.

If a water yields no albuminoid ammonia it is organically pure ; but when
the albuminoid ammonia reaches o-i mg. per litre, the water is to be looked
upon with suspicion, and is to be condemned if it reaches o , i5. When free
ammonia is present in large quantity, a water yielding ‘05 albuminoid ammonia
is looked upon with suspicion (Wanklyn’s standards). Great care must be
taken that no ammonia is kept in the room devoted to water analysis, and that
all receivers used are first insured to be perfectly ammonia-free by proper
rinsing with ammonia-free water and testing with Nessler.

10. Oxygen, required to oxidise the Organic Matter.
Solutions required : —

(a) Standard solution ofPotassium permanganate.
Dissolve *395 parts of pure potassium permanganate in 1000 of water. Each c.c.

contains ‘0001 gramme available oxygen.
(b ) Potassium Iodide solution.

One part of the pure salt recrystallised from alcohol, dissolved in 10 parts distilled
water.

(e) Dilute Sulphuric acid.
One part by volume of pure sulphuric acid is mixed with three parts by volume of

distilled water, and solution ofpotassium permanganate dropped inuntil the whole
retains a veryfaint pink tint, after warming to 8o° F. (26 ‘6° C.) for four hours.

(d) Sodium hyposulphite.
One part of crystallised sodium hyposulphite dissolved in 1000 parts of water.

(if) Starch water.
One part of starch to be intimately mixed with 500 parts of cold water, and the

whole briskly boiled for five minutes, and filtered, or allowed to settle. fiMi&tit' i
The Process. —Two separate determinations have to be made : viz., the

amount of oxygen absorbed during 15 minutes, and that absorbed during four
hours; both are to be made at a temperature of 8o° F. (26'6° C.). It is most
convenient to make these determinations in 12 oz. stoppered bottles, which
have been rinsed with sulphuric acid and then with water. Put 250 c.c. of
the water into each bottle, which must be stoppered and immersed in a water
bath until the temperature rises to 8o° F. (26‘6° C.). Now add to each bottle
10 c.c. of the dilute sulphuric acid, and then 10 c.c. of the standard potassium
permanganate solution.

Fifteen minutes after the addition of the potassium permanganate, one of
the bottles must be removed from the bath, and two or three drops of the
solution of potassium iodide added to remove the pink color. After thorough
admixture, run from a burette the standard solution of sodium hyposulphite,
until the yellow color is nearly destroyed, then add a few drops of starch
water, and continue the addition of the hyposulphite, until the blue color is
just discharged. If the titration has been properly conducted, the addition of
one drop of potassium permanganate solution will restore the blue color.

At the end of four hours remove the other bottle, add potassium iodide, and
titrate with sodium hyposulphite as just described. Should the pink color of
the water in the bottle diminishrapidly during the four hours, further measured
quantities of the standard solution of potassium permanganate must be added
from time to time, so as to keep it markedly pink.

The hyposulphite solution must be standardised, not only at first, but (since
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it is liable to change) from time to time in the following way To 250 c.c. of
pure redistilled water add two or three drops of the solution of potassium
iodide, and then 10 c.c. of the standard solution of potassium permanganate.
Titrate with the hyposulphite solution as above described. The quantity used
will be the amount of hyposulphite solution corresponding to 10 c.c. of the
standard potassium permanganate solution, and therefore representing 1 milli-
gramme of oxygen consumed. The difference between the number of c.c. of
hyposulphite used in the blank experiment and that used in the titration of
the samples of water multiplied by the amount of available oxygen contained
in the permanganate added (= x milligramme if 10 c.c. have been used), and
the product divided by the number of c.c. of hyposulphite corresponding to
the latter as found by the check experiment, is equal to the amount of oxygen
absorbed by the water.

Finally, the amount in milligrammes of oxygen absorbed thus found is
multiplied by 4 for parts per million, and that result x 7 and -f- 100 = grains
per gallon.

11. Clark’s Process for Hardness. Total before boiling and permanent
after boiling. Solutions, etc., required.

(a) Standard solution of Calcium chloride.
Made by dissolving one gramme of pure calcium carbonate in the smallest excess of

hydrochloric acid, then carefully neutralising with dilute ammonia, and
making the solution up to a litre with distilled water.

{b) Standard Soap solution.
Dissolve io grammes of air-dried white Castile soap, cut into thin shavings, in a

litre of dilute alcohol (sp. gr. o- 949).
To determine whether this solution contains the proper amount of soap, io c.c. of

the solution of CaCL, are diluted with 60 c.c. of water, and the soap solution
added till a persistent lather forms on agitation. If 11 c.c.‘of the soap solution
have been used, it has the proper strength. If a greater or less quantity, it
must be concentrated or diluted to proper strength. The soap solution, if
turbid, must be shaken before using, but not filtered.

The Process. —(a) For total hardness. Put 70 c.c. of the water into the
bottle, of 250 c.c. capacity, and add the soap solution gradually from a burette.
After each addition of soap solution, the bottle is shaken and allowed to lie
upon its side five minutes. This is continued until, at the end of five
minutes, a lather remains upon the surface of the liquid in the bottle. At
this time the hardness is indicatedby the number ofc.c. of soap solution added,
minus one. If magnesium salts are present in the water the character of the
lather will be very much modified, and a kind of scum (simulating a lather)
will be seen in the water before the reaction is completed. The character of
this scum must be carefully watched, and the soap test added more carefully,
with an increased amount of shaking between each addition. With this pre-
caution it will be comparatively easy to distinguish the point when the false
lather due to the magnesium salt ceases, and the true persistent lather is
produced. If the water is of more than 160 of hardness, mix 35 c.c. of the
sample with an equal volume of recently boiled distilled water, which has been
cooled in a closed vessel, and make the determination on this mixture of the
sample and distilled water.

(p) Forpermanent hardness. To determine the hardness after boiling, boil
a measured quantity of the water in a flask briskly for half an hour, adding
distilled water from time to time to make up for loss by evaporation. It is
not desirable to boil the water under a vertical condenser, as the dissolved
carbonic acid is not so freely liberated. At the end of half an hour, allow the
water to cool, the mouth of the flask being closed; make the water up to its
original volume with recently boiled distilled water, and, if possible, decant
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the quantity necessary for testing. If this cannot be done quite clear, it must
be filtered. Conduct the test in the same manner as described above.

The hardness is to be returned in each case to the nearest half-degree.
Good drinking water should not have a hardness of more than fifteen degrees.

12. Judging the Results.
No definite rule can be laid down for judging all the results on one uniform

scale, because the analyst must have special information as to the locality,
nature of the soil, or depth of the well, before giving a reliable opinion. For
example, nitrates, which have in river and shallow surface waters the highest
significance, as indicating the presence of previous sewage contamination,
entirely lose such force in waters from deep artesian wells, because these are
naturally rich in such salts. The same thing may be said of ammonia, which,
although highly unfavourable in shallow waters, is yet always found in artesian
wells, most probably from the metal pipes acting as reducing agents upon the
nitrates. Again, with upland peaty waters we always find a large reduction of
permanganate, and consequently an excess of “ oxygen consumed,” although
the organic matter so acting cannot be viewed as dangerous.

Setting aside, however, all questions of mineral constituents, and only
looking at the indications of the presence or absence of organic matter, the
author has devised a valuation scale, originally presented by him in a paper
read before the S.P.A., and which has proved since that time, in the hands
of his various students dealing with sanitary examinations, as nearly correct
as any general scale can be. The principle (which was originally proposed
by the late Mr. Wigner) is to divide the amount of each figure found in the
analysis by a fixed divisor, and where the quotient exceeds 10 to double all

figures over that tiumber. Let us suppose that, for example, a water yielded
•012 grain of albuminoid ammonia per gallon, and that the divisor fixed for
this indication is ’0007 ; then we have

— —

2
- = i7 - x; then i7'i — io = 7*1, and 7‘i x 2 = i4- 2 ;

'0007
therefore i4

-

2 + 10 = indicated degree of impurity.
To prevent the production of enormous figures, likely to startle non-pro-

fessional persons, the indicated degree of impurity is expressed as a decimal
by dividing it by 100. Thus, it is only when the article is very bad indeed
that the indication comes into full numbers.

Taking, then, the whole scale, it stands as follows :—

Grains per Gallon.
Ammonia . . .... each '0015 = 1.
Albuminoid Ammonia 'oooj = 1.
Oxygen consumed in 15 minutes . . .

,, *004 = 1.
Oxygen consumed in 4 hours *oio = 1.

Parts per Million.
Ammonia each •02 = 1.
Albuminoid Ammonia . . . . .

„ *oi = 1.
Oxygen in 15 minutes ..... ,, ’057 = 1.
Oxygen in 4 hours

,, ’143 = 1.
When any number exceeds 10, then all over 10 is to be doubled and added

to the original number, and the total valuation is to be divided by 100 and
noted as “ comparative degree of organic impurity.” Then, supposing no
other consideration intervenes to modify the analyst's opinion of the sample, the
following limits should be observed :—

1st Class Water up to '25 degree (*175 per million).
2nd ,, ,, (more or less questionable) . up to -40 ., (-25 „ „

).
Undrinkable Water . ...over -40 „ (-25 ,. „ ).
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DIVISION II. THE SANITARY ANALYSIS OF AIR.
For sanitary purposes it is not necessary to make a full analysis of air, but

should such be desired the processes described in Chapter XII. must be
followed. The chief points are : —

1. Estimation of Carbon Dioxide.
This is done by the method of Pettenkofer, which consists in standardising

100 c.c. of lime or baryta water with standard oxalic acid grammes per
litre, of which 1 c.c. = ’ooi (1 milligramme of CaO). The air to be examined
having been collected in a large bottle of known capacity, 100 c.c. of the
same lime-water are added, the bottle is closed, and well shaken for some
time. The C02 is absorbed, forming CaC03- The resulting milky liquid is
titrated in the bottle with the same acid. The indicator used is turmeric
paper, or phenol-phthalein. The difference between the two titrations gives
the amount of CaO precipitated as carbonate by the C02 in the air, and this
is then calculated thus :—

c.c. used x -

ooi x 44 , r . , ,

— —— C02 present in the volume of air taken.

In strict analyses, the volume of air taken must be corrected for observed
temperature and pressure to its volume at N.T.P. Pure air contains about
•04 per cent, of C02.

2. Estimation of Organic Matter.
A known volume of air is sucked by an aspirator through a specially

arranged apparatus containing ammonia-free distilled water, and the resulting
liquid is analysed for “ free ” and “ albuminoid ” ammonia like a water.

3. Testing for Gaseous Impurities.
The odor will generally detect these when present in notable proportions.

Blotting-paper dipped (a ) in tincture of turmeric, turns red-brown in presence
of ammonia; (b) in solution of subacetate of lead—black with sulphuretted
hydrogen ; (c) in solution potassium iodide mixed with starch paste —blue with
chlorine or ozone; (d) weak solution of indigo is decolorised by chlorine and
sulphurous acid gas; ( e) red litmus paper dipped in solution of potassium
iodide becomes blue with ozone and not with chlorine.

DIVISION III. FOOD ANALYSIS.
Here we will only attempt to consider a few of the more commonly occur-

ring cases, always choosing the simplest and most rapid process.
1. Milk.

(x) Specific Gravity. Take the specific gravity with great care at 6o° F.
If not at 6o°, take the temperature and refer to the table on p. 167.

(2) Total Solids. Heat a small flat platinum dish about inch in
diameter to redness, cool it under the desiccator, and weigh. Put in about
5 c.c. of the milk and again weigh. The difference = milk taken. Now dry
on the water bath for 3 hours (or until seemingly dry), then transfer to the
drying oven at 2120 for 2 hours, cool under the desiccator, and weigh. Put it
back in the oven for an hour, repeat the cooling and weighing, and if the
difference does not exceed a milligramme or two it is dry; if it does, then
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repeat the drying. The weight of the dry residue minus the tare of the dish
equals the total solids; then—

weight solids x 100 , . ...

5
;

= per cent, of total solids.
quantity taken

(3) Fat. May now be calculated by Fleishmann’s formula thus (/ = total
solids : s = specific gravity : f = fat):—

, j
„ 100s — 100

3-2-2
Deducting the fat thus found from the total solids, we get the “ solids not fat.”

If a more accurate process be required, the fat may be estimated by Adams’
method as modified by Thompson thus : —

A strip of good filtering paper (not blotting) is procured, 21 in. long by in.
wide. Two smallpieces of ordinary stirring rod are taken, the one rather longer
than the other. These are fixed together by stretching a section of indiarubber
tubing over each end of the rods. The two rods are separated from each
other by the fingers, and the end of the strip of filter paper placed between
them. The longer rod may be conveniently held by an iron clamp on a
retort stand. 5 c.c. of the milk are taken in a pipette, having a long stem
under the bulb, and whilst the left hand holds the free end of the strip of
paper, thus giving it an almost horizontal position, a small portion of the milk
is allowed to run from the pipette, which is held in the right hand, with the
finger closing the top, so as to make a line of milk across the strip of paper
within about an inch of the fixed end. More milk is then allowed to flow on
to the centre of the strip, and is then spread equally all over the surface with
the stem of the pipette, which is held almost horizontally at right angles to
the strip. By this means the milk may be transferred entirely to the
strip of paper, about an inch or an inch and a half at the end being left
unmoistened, upon which the stem of the pipette is wfiped dry. The strip of
paper thus moistened with 5 c.c. of milk may now be taken between the
hands, and dried in 2 or 3 minutes over an ordinary Bunsen burner. The
flame may be allowed to play directly on the paper, which is moved rapidly
backwards and forwards over it. The strip of paper thus treated is then
coiled on a stirring rod, the rod withdrawn, and the coil without any further
manipulation placed in a Soxhlet’s tube for extracting the fat (see Chapter I.,
page 2).

The following method of estimating fat is generally followed by most of the
official milk analysts of America:—Replace the dish containing the total
solids upon the water bath, and fill from a wash bottle with petroleum naphtha
of the quality of benzine (U.S.P. 1880). Allow the benzine to boil down to
about one-half and decant against a rod into a basin, replace upon the water
bath, and again refill with naphtha and decant. Repeat this four times, then
wash the outside of the capsule with benzine, dry the dish, and weigh as in
total solids. The loss of weight of the total solids is the fat in 5 c.c. of milk
taken.

(4) Added Water. The limit for the strength of milk is at present based
upon that of the poorest possible natural milk. Average milk will show : —

Fat . . . 3 -oo
Solids not fat g'oo

Total I2'oo

If, however, a milk has only—
Fat . . 3 -o

Solids not fat . . S - 5
Total 11'5,
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Observed Specific Gravity.
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it will not be considered as definitely proved to be adulterated. The amount of
water added should, however, always be calculated upon the average standard o
9 per cent. “ solids not fat,” provided the milk is certainly well below the limit
of 8'5%. The “solids not fat” are used for the basis of calculation because
they are a fairly constant quantity, the fat being variable. The amount of
pure standard milk present in any sample may be calculated thus:—

solids not fat x 100 D/ r ...

-
= % ofpure milk present,

and the difference between this result and ioo is of course added water.
(5) Ash. The total solids, or the residue from determination of fat, in the

platinum dish are burned over a low flame at dull redness till quite white, and
the ash is weighed. The ash should be about 7o°/0, and it will never, as a
rule, fall below '67 in an unwatered milk.

2. Butter.
Undoubtedly the best process for the detection of foreign fat in butter is : —
Reichert's Process. —This process is based upon the presence in butter-fat

of one constituent (tributyrin), which yields by appropriate treatment an acid
(butyric acid) that is relatively much more volatile than the other acids yielded
by any of the practicable substitutes for butter-fat. As will be seen, the method
is based on operations that admit of no arbitrary variation; to secure reliable
and comparable results exactly similar steps must be followed by all operators.

2’5 grammes of the filtered melted fat are weighed into a flask of about
150 c.c. capacity, 20 c.c. of a solution of potassium hydrate in alcohol,—
50 grammes KHO in 1000 c.c., —and the whole heated to gentle ebullition on
a water bath until the fat is entirely saponified and all the alcohol expelled.
The soap should form an almost dry mass, that can scarcely be detached from
the bottom of the flask by shaking; the last traces of alcohol being removed
by occasionally sucking the air out of the flask with a tube. Afterwards 50 c.c.
of water are added to dissolve the soap (the solution is hastened by gentle
heating), and when the soap is completely dissolved, 20 c.c. of dilute sulphuric
acid (100 c.c. H 2S04 in 1000 c.c. of water) is added to decompose the soap.
The flask is then connected with a small but efficient Liebig’s condenser, and
the contents heated to moderate boiling, with addition of two or three bits
of broken tobacco pipe to prevent bumping. The distillate, which contains
some insoluble acids, must be passed, as it drops from the condenser, through
a small wet filter into a 50 c.c. measure. The distillation is continued until
exactly 50 c.c. has come over, which is at once titrated with decinormal soda
solution, phenol-phthalein being used as the indicator.

Reichert’s formula for determining the percentage of butter-fat in mixed fat
is B=7'3 (n — o’3); n being the number of cubic centimetres of decinormal
alkali used in neutralising the distillate from grammes of the fat.

Thus treated, pure butter never yields less acidity than is represented by
12 c.c. ofdecinormal soda (4 grammes real NaHO per litre). Butter made from
the milk of one single individual cow has been known to fall to ii‘5 c.c., but
average butter, as produced from the mixed milk of a herd of cows, takes
14 c.c. Every time a fresh lot of alcoholic potash (1 in 20) is made, a blank
experiment must be gone through without any fat, and the amount of alkali
used must be noted on the potash bottle and deducted as a check from each
actual analysis. This is necessary when we employ methylated spirit, and such
check may range up to 2 c.c. with certain spirit.

Note.—Oleomargarine only requires - 8 to ‘9 c.c. ; cacao butter, 37 c.c. ; lard, '6 c.c.
N
— NaHO to neutralise the volatile acids present.
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3. Bread.

The only common impurity in bread detectable by chemical means is alum,
which is tested for as follows :—A piece of the crumb of bread, cut from the
centre of the loaf, is steeped in a mixture of 5 c.c. freshly made tincture of
logwood, 5 c.c. of solution of ammonium carbonate, and 20 c.c. of water. The
liquid is poured off and the basin placed on the top of the water oven. If
alum be present a fine blue color will be developed. This test is, however,
only very strong presumptive evidence; and to absolutely confirm it in legal
cases 100 grammes of the bread should be dried and incinerated in a large
platinum basin, the ash dissolved in hydrochloric acid, and the amount of
alumina present estimated by the ordinary methods of quantitative analysis.
Proper precautions should be taken for separating silica and iron, and an
allowance should be made on the alumina found from the amount of silica
present, to avoid the estimation of Al 203 accidentally present as clay. The
alumina is best precipitated and weighed as phosphate in the presence of
ammonium acetate and excess of acetic acid, the solution being boiled and
filtered hot.

4. Estimation of the Alcoholic Strength of Spirits, Beer,*Wines, and
Tinctures.

(1) In a Pure Spirit. If the sample be simply a dilute spirit which leaves
no residue upon evaporation, the percentage may be ascertained by taking
the specific gravity. Great care must be taken that the contents of the
specific gravity bottle are exactly at a temperature of 6o° F., and in taking
such specific gravities it is better to perform the operation, say, three times,
and take the average of such determinations, as a very small error makes
a great difference in the commercial value of the sample under examina-
tion. Reference to the alcohol table appended will now give the required
information.

(2) In a Wine, Beer, Tincture, or Colored or Sweetened Spirit. The
specific gravity of the sample is taken at 6o° F.,^^ 0 C.) and noted. 100 c.c.
are measured off at 6o° F. (i5’5° C.), and evaporated on the water bath or
over a low gas flame, so as just to boil very gently, till all odor of alcohol
has passed off. The liquid thus left is poured back into the measuring flask,
the beaker is rinsed with a little distilled water, and the rinsings added to
the flask. The whole is cooled to 6o° F., made up to the 100 c.c. mark with
distilled water, and the specific gravity of this non-alcoholic fluid is then
taken, also at 6o° F. (i5'5° C.). Lastly, we calculate :—

Gravity before
_ tme Sp ecjflc gravity of the contained spirit.

Gravity after boiling r &

The gravity so found gives by the table the percentage of alcohol in the
sample.



(3) Table for ascertaining the percentages respectively of Alcohol byWeight, by Volume, and as Proof Spirit, from the Specific Gravity.
Condensedfrom theexcellent Alcohol Tables ofMr. Hehner in the “Analyst,” vol. v., ftp. 43—63.

Specific
gravity,

15'5°-

Absolut e
Alcohol
by w’ght.
Percent.

Absolute
Alcohol

by vol’me
Per cent.

Proof
' Spirit.
Per cent.

Specific
gravity,

IS’S°-

Absolute
Alcoholby w’ght.

Per cent.

Absolute
Alcoholby vol'me

Percent.

Proof
Spirit.

Per cent.

Specific
gravity,

15*5°.

Absolute
Alcohol

by w’ght.
Per cent.

Absolute
Alcoholby vol’me

Per cent.

Proof
Spirit.

Per cent.

I -OOOO 0-00 0-00 0-00 •9289 45-14 52-82 92-56 •8599 75-18 81-44 142-73
•9999 0-05 0-07 OT2 •9279 45-59 53-29 93-39 ■8589 75-64 81-84 143-42•9989 0-58 0-73 I -28 •9269 46-05 5377 94-22 •8579 76-08 82-23 144-10•9979 I * 12 1-42 2-48 •9259 46-50 54-24 95-05 •8569 76-50 82-58 144-72•9969 175 2-20 3-85 •9249 46-96 54-7I 95-88 •8559 76-92 82-93 145-34
•9959 2'33 2-93 5-13 •9239 47-41 55-i8 96-70 •8549 77-33 83-28 145-96
•9949 2-89 3-62 6-34 •9229 47-86 55-65 97-52 •8539 7775 83-64 146-57•9939 3‘47 4'34 7-61 •9219 48-32 56-11 98-34 •8529 78-16 83-98 i47-!7•9929 4-06 5-08 8-90 •9209 4877 56-58 99-16 ■8519 78-56 843 1 14775•9919 4-69 5-86 10-26 •9199 49-20 57-02 99‘93 •8509 78-96 84-64 148-32
•9909 5‘3i 6-63 11-62 •8499 79-36 84-97 148-90•9989 5‘94 7-40 12-97 •9198 49-24 57-o6 ioo-ooPs •8489 7976 85-29 149-44•9889 6'64 8-27 14-50 •8479 80-17 85-63 150-06•9879 7‘33 9-13 I5-99 •9189 49-68 57'49 100-76 •8469 80-58 85-97 150-67•9869 8-oo 9‘95 17-43 •9179 50-13 57-97 101-59 -8459 8i-oo 86-32 151-27•9859 871 IO-82 18-96 •9169 50-57 58-41 102-35 •8449 81-40 86-64 151-83•9849 9‘43 1170 20-50 •9159 51-00 58-85 103-12 •8439 8i-8o 86-96 152-40•9839 10-15 12-58 22-06 •9149 5I-42 59-26 103-85 •8429 82-19 87-27 152-95•9829 10-92 I3-52 23-70 •9139 5I-83 59-68 104-58 •8419 82-58 87-58 153-48•9819 11-69 14-46 25-34 •9129 52-27 60-12 105-35 •8409 82-96 87-88 154-01•9809 12-46 I5-40 26-99 •9II9 52-73 60-56 106-15 •8399 83-35 88-19 154-54•9799 13-23 l6'33 28-62 •9IO9 53-17 61-02 106-93 •8389 83-73 88-49 i55-o7•9789 14-00 17-26 30-26 •9099 53-6i 61-45 107-69 •8379 84-12 88-79 155-61■9779 14-91 1836 32-19 •9089 54-05 61-88 108-45 •8369 84-52 89-11 156-16•9769 r 575 I9-39 33-96 •9079 54-52 62-36 109-28 •8359 84-92 89-42 15671•9759 *6-54 20-33 35-63 •9069 55-oo 62-84 110-12 •8349 85-3I 89-72 157-24•9749 I 7*33 21-29 37-3o •9059 55'45 63-28 IIO-92 •8339 85-69 90-02 157-76•9739 18-15 22-27 39-03 ■9049 55-9i 63-73 III-7I •8329 86-o8 90-32 158-28•9729 18-92 23-19 40-64 •9039 5636 64-18 112-49 •8319 86-46 90-61 158-79
•9719 I 9'75 24-18 42-38 •9O29 56-82 64-63 II3-26 •8309 86-85 90-90 I593I■9709 20-58 25-17 44-12 •9OI9 57-25 65-05 II3-99 •8299 87-23 91-20 159-82•9699 21-38 26-13 45-79 •9OO9 57-67 65-45 114-69 •8289 87-62 91-49 16033•9689 22-15 27-04 47-39 •8999 58-09 65-85 II5-4I •8279 88-oo 91-78 160-84•9679 22-92 27-95 48-98 •8989 58-55 66-29 116-18 •8269 88-40 92-08 161-37•9669 23-69 28-86 50-57 •8979 59-oo 66-74 116-96 •8259 88-80 92-39 161-91•9659 24-46 29-76 52-16 •8969 59-43 67-15 117-68 •8249 89-19 92-68 162-43•9649 25-21 30-65 5371 •8959 59-87 67-57 118-41 •8239 89-58 92-97 162-93•9639 25-93 3I-48 55-i8 •8949 60-29 67-97 119-12 •8229 89-q6 93-26 163-43•9629 26-60 32-27 56-55 •8939 60-71 68-36 119-80 •8219 90-32 93-52 163-88■96x9 27-29 33-o6 57’94 •8929 61-13 68-76 120-49 ■8209 90-68 93-77 164-33•9609 28-00 33-89 59-40 •8919 6i-54 69-15 121-18 •8199 91-04 94-03 164-78•9599 28-62 34-61 6o-66 •8909 61-96 69-54 121-86 •8189 91-39 94-28 165-23•9589 29-27 35'35 61-95 •8899 62-41 69-96 122 "61 •8179 9175 94-53 165-67•9579 29-93 36-12 6330 "8889 62-86 70-40 123-36 •8169 92-11 94-79 166-12•9569 30-50 36-76 64:43 •8879 63-30 70-81 124-09 •8159 92-48 95-06 166-58
•9559 31-06 37-41 65-55 •8869 63-74 71-22 124-80 •8149 92-85 95-32 167-04
•9549 31-69 38-11 66-8o •8859 64-17 71-62 125-51 •8139 93-22 95-58 167150•9539 32-31 38-82 68-04 •8849 64-61 72-02 126-22 •8129 93-59 95-84 167-96•9529 32-94 39-54 69-29 ■8839 65-04 72-42 126-92 •8119 93-96 96-11 168-24•9519 33-53 40-20 70-46 •8829 65-46 72-80 127-59 •8109 94'3 1 96-34 168-84'9509 34-io 40-84 7I-58 •8819 65-88 73-19 128-25 •8099 94-66 96-57 169-24
•9499 3477 41-37 72-50 •8809 66-30 73'57 128-94 •8089 95-oo 96-80 169-65•9489 35-05 41-90 73-43 •8799 66-74 73-97 129-64 •8079 95-36 97-05 170-07•9479 35-55 42-45 7479 •8789 67-17 74-37 130-33 •8069 9571 97-29 170-50•9469 36-06 43-01 7537 •8779 67-58 7474 130-98 •8059 96-07 97-53 170-99•9459 36-61 43-63 76-45 •8769 68-oo 75-12 131-64 •8049 96-40 9775 171-30
•9449 37-17 44-24 77'53 •8759 68-42 75-49 132-30 •8039 96-73 97-96 171-68
•9439 37-72 44-86 78-61 •8749 68-83 75-87 I32-95 •8029 97-07 98-18 172-05
•9429 38-28 45'47 79-68 •8739 69-25 76-24 133-60 •8019 97-40 9879 172-43•9419 38-83 46-08 8o-75 •8729 69-67 76-61 I34-25 •8009 97'73 98-61 17280
•9409 3975 46-64 8174 •8719 70-08 76-98 134-90 •7999 98-06 98-82 173^7•9399 39-85 47-18 82-69 •8709 70-48 7772 I35-5I •7989 9837 99-00 173-50•9389 40-35 47-72 83-64 •8699 70-88 77-67 13613 •7979 98-69 99-i8 173-84•9379 40-85 48-26 84-58 •8689 71-29 78-04 136-76 •7969 99-00 9937 174-17•9369 41-35 48-80 85-53 •8679 71-71 78-40 137-40 •7959 9972 99’57 174-52•9359 41-85 49'34 86-47 •8669 72-13 78-77 13805 •7949 99-65 99-77 174-87
•9349 42-33 49-86 8737 •8659 72-57 79-16 138-72 •7939 99’97 99-98 175-22
•9339 42-81 50-37 88-26 •8649 73-oo 79'54 139-39
•9329 43-29 50-87 89-15 •8639 73'42 79-90 140-02
•9319 43-76 5I-38 9°-°3 •8629 73-83 80-26 140-65 /iDsoiute Aiconoi.

•9309 44-23 5I-87 90-89 •8619 74-27 80-64 Hi-33
•9299 44-68 52-34 9173 •8609 74-73 81-04 142-03 •7938 100-00 100-00 I75-25
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5. Mustard.

This is chiefly a microscopical matter for the exact identification of impuri-
ties, but the following chemical operations may be performed :—

(1) Test a cooled decoction for starch with solution of iodine.
(2) If starch be found, extract a weighed portion in the “ Soxhlet ”

wr ith petroleum spirit or ether. Distil off the spirit dry, and
weigh the oil. Mustard contains as an ordinary minimum
33% of oil, and the amount of genuine mustard in the sample
will then be found thus :—

°/ of oil found x 100 0/ ■ „
. .

.

— % genuine mustard;

by deducting this from 100 the difference is added starch or
flour.

(3) Moisten the mustard with a little ammonia, when the turmeric brown
will be developed if that coloring agent be present.

6. Pepper.

This is also examined microscopically for extraneous starches (especially
rice), and also for poivrette , which is chiefly ground olive stones.

(i) Dry at ioo0 C., weigh out 5 grammes of the dried pepper, and take
the ash. This should not exceed 9‘o per cent, even in the
most inferior black pepper, which has been previously dried at
ioo

0 C. Treat the ash with HC1, add water, boil, filter, wash,
dry, ignite, and weigh the sand. This should not exceed 4 per
cent, on the dried pepper.

7. Coffee.

If chicory be found by a microscopic examination of the sample—best done
after boiling with dilute NaHO and washing—io grammes of the coffee are
placed in a flask with ioo c.c. of distilled water. The flask is counter-
balanced and the weights noted, and then it is boiled for a quarter of an
hour. It is replaced on the scales, and the original weight restored by
adding distilled water. Finally the decoction is filtered, cooled to 6o° F.
( I 5’5° C.), and its specific gravity is taken. The gravity ofpure coffee extract
obtained does not exceed while that of chicory solution is 10217.
Supposing, therefore, that we obtained a gravity of ioi5‘5, then : —

10217 — ioo9'5 = I2 '2 >
an(l IOI 5'5 — IO°9‘S = 6'o ;

therefore—
I2‘2 : 6 :: ioo = 49 per cent, of chicory in the sample.

8. Colored Sweets.

The poisonous colors are nearly all mineral and insoluble. They may be
scraped off, washed with water, and identified by the ordinary methods given
in Chapter IV. As a rule, at present only aniline colors are used, and they
are added in such minute proportions as not to be considered dangerous.
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9. Direct Estimation of Starch in Cereals, and all Ordinary Articles
of Food.

This depends upon the fact that starch forms an insoluble compound with
barium. If an excess of baryta water of known strength be added to starch
which has been gelatinised in water, a portion of the barium will combine with
the starch, and then by estimating the excess of baryta water left unabsorbed
we can find the amount taken up by the starch. The formula of the starch-
baryta compound is C24H40O20BaO, and it therefore contains per cent,
of BaO.

The materials required are :—

(1) Decinormal hydrochloric acid, containing 3’65 grms. real HC1 per iooo c.c. = '00765
BaO for each c.c.

(2) Baryta water kept in a special jar with a burette permanently attached, as shown
in the illustration below. A is the jar for the baryta water, having a tube
attached containing lumps of quicklime to prevent the entrance of C02 from
the air. The burette (b) is attached to the bottom neck of the jar by a tube
having a pinchcock (a) to admit the reagent, and a tube (n) filled with lumps
of caustic potash to prevent entrance of C02.

(3) Alcoholic solution of phenol-phthalein as an indicator.

The Process. —The sample is powdered or finely ground in a mill, and
2 grammes weighed out for analysis. If it contains oil this is first extracted

by percolation with petroleum
spirit or ether in the “Soxhlet.”
The powder is then well rubbed in
with successive quantities of water
until thoroughly disintegrated, the
liquid being transferred to a 250
c.c. flask, and 100 c.c. of water in
all being used to entirely transfer
the powder from the mortar to the
flask. In dealing with very hard
substances, like beans, peas, etc.,
the water should be used boiling.
The flask and contents are nowr
heated on the water bath for half
an hour, with frequent shaking,
to entirely gelatinise the starch.
The whole is then cooled, and
50 c.c. of standard baryta water
having been added from the
burette, the flask is corked, well
shaken for two minutes, proof
spirit is added up to the 250 c.c.
mark, and the whole again shaken,
tightly corked

, and set aside to
settle. While settling a check is
made on 10 c.c. of the baryta
water mixed with 50 c.c. of freshly
boiled distilled water, by titrating
with the decinormal HC1, in the

presence of two drops of phenol-phthalein. The number of c.c. of acid used
is recorded, giving the total strength of 10 c.c. of the baryta water employed.
When the main analysis has settled, 50 c.c. of the clear liquid are drawn off

Fig- 45-
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with a pipette, rapidly titrated with the decinormal acid and phenol-phthalein,
and the number of c.c. of acid used is deducted from the check, and the
difference in c.c. of acid is first multiplied by 5 and then by ‘0324, which
gives the amount of starch in the 2 grammes taken for analysis.

10. Free Sulphuric Acid in Vinegar.
To a dilute solution of methyl violet add a drop of vinegar. A blue color

shows the presence of a mineral acid in the sample.
Mix 50 c.c. of the vinegar with 25 c.c. of volumetric solution of sodium

hydrate, made decinormal by diluting the normal volumetric solution to ten
times its bulk with water. The whole is evaporated to dryness, and
incinerated at the lowest possible temperature. 25 c.c. of vigintinormal
solution of oxalic acid (made to exactly balance the sodium hydrate solution)
are now added to the ash, the liquid heated to expel C02, and filtered. The
filter is washed with hot water, and the washings having been added to the
filtrate, phenol-phthalein solution is added, and the amount of free acid
ascertained by running in decinormal soda from a burette. The number of
c.c. of soda thus used multiplied by '0049 gives the amount of free sulphuric
acid in the vinegar. This process depends on the fact that whenever the ash
ofvinegar has an alkaline reaction, free ?nineral acid was undoubtedly absent.



CHAPTER XI.
ANALYSIS OF DRUGS, URINE, AND URINARY CALCULI

DIVISION I. ANALYSIS OF DRUGS.

1. General Scheme.
The analysis of drugs is so large a subject that only a few of the more
commonly occurring problems can be discussed in the present volume. It
will, however, be interesting, before proceeding to the consideration of special
matters, to give a sketch of the general method of analysing a vegetable sub-
stance used in medicine, following the lines laid down by Dragendorff, but
somewhat modified by the author as the result of experience.

Step I. Dry the substance in the water oven until it ceases to lose weight.
Step II. Pack the dried and powdered substance, mixed with a little

sand, in a “ Soxhlet ” apparatus, thoroughly exhaust it with
petroleum spirit, and cork up and save the fluid extract so
obtained, marking it a.

Step III. Spread the solid left from Step II. out to dry on a plate of glass
on the top of the water oven, and when all odor of petroleum
has passed off, replace it in the Soxhlet, and exhaust it this time
with perfectly anhydrous ether. Cork up the ethereal extract
obtained and mark it b.

Step IV. Spread out as before, and when all odor of ether is gone, repack
and extract with purified commercial methyl alcohol, as sold for
making methylated spirit. This is more volatile than common
alcohol, and is as a rule a better solvent of the articles required
in this group, while it does not so readily extract glucose, etc.
It is an article of commerce, and can be specially ordered
through a purveyor of chemicals, as “ commercial methol, highest
strength.”—Save this alcoholic extract and riiark it c.

Step V. Extract the insoluble matter from Step IV. with distilled water
at a temperature not exceeding 490 C. (120° Fahr.), and filter.
Wash with cold water and save the filtrate (d).

Step VI. Wash the insoluble off the filter into a large flask, with plenty
of water, acidulated with 1 per cent, of hydrochloric acid, and
boil it for an hour under an upright condenser. Let it settle,
pour off the liquid as closely as possible (saving it), and then
collect the insoluble on a filter and wash with boiling water,
adding the washings to what was poured off. This extract is
marked e.
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Step VII. Once more wash the insoluble from the filter into a beaker, and
boil it up for an hour with plenty of water rendered distinctly
alkaline with sodium hydrate. Collect on a weighed filter, wash
first with boiling water, acidulated with hydrochloric acid, and
then with plain boiling water, till no trace of a chloride remains ;

dry in the water oven and weigh, deducting the tare of the filter.
Lastly, ignite the filter and its contents in a weighed platinum
basin, and deduct the ash so found from the first weight, and the
difference will be the woody fibre in the drug.

Step VIII. Make a nitrogen determination by Kjeldahl’s method (page 156)
on a fresh portion, and the nitrogen found (after deducting any
due to alkaloids present) multiplied by 6‘33 will give the amount
of albuminous bodies present.

Treatment of the Separate Solutions.—Each liquid is made to a definite
number of c.c. with the same solvent, and then an aliquot part, say
10 c.c., is taken and evaporated, and the residue weighed, to find the total

matter soluble in each solvent. The bulk of the liquids are then treated as
follows :—

Liquid A. This will contain chiefly fixed and volatile oils. The spirit is
allowed to evaporate spontaneously, and the residue is distilled
with water, when the volatile oil passes over, leaving the fixed
oil in the retort.

Liquid B. This chiefly contains resins, together with some bitters, alkaloids,
and organic acids. The solution is evaporated to dryness on
the water bath with sand, and theresidue, having been powdered,
is boiled with water slightly acidulated with HC1. A portion
of this watery solution is tested for benzoic, cinnamic, salicylic,
gallic, and other free organic acids, and the remainder is saved
for subsequent use in Group C. The portion insoluble in water
now chiefly represents any resins present in the drug, which are
soluble in ether. These may be further divided and examined
by the action of alcohol. Resins are recognised by their odor
on warming, and by the action of H2S0 4 , HNOs, HC1, etc., on
spots of the solid resin left by evaporating the solutions. This
matter requires special experience, but a full description of the
nature and reaction of all the principal resins will be found in
Muter’s “ Pharmaceutical and Medical Chemistry,” or in his book
on “ Organic Materia Medica.”

Liquid C. Is evaporated to a low bulk, and then poured into water faintly
acidulated with hydrochloric acid. Any insoluble matter is
probably a resinous body insoluble in ether, and is to be
filtered out and examined as a resin. A portion of the aqueous
solution is to be tested for tannin, and the remainder is to be
mixed with the reserved liquid from b, the whole gently evaporated
to a convenient bulk, and treated by immiscible solvents as
follows :—

Step I. The liquid (which must still retain a slightly acid reaction) is
shaken up successively with chloroform and ether in a separator
(see fig. 17, page 96). The solvents are drawn off and evaporated,
and the residues so obtained tested for glucosides and bitter
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principles, of which latter bodies the following are some of the
more commonly occurring : —

(1) Extracted by chloroform from acid solutions :—

Absinthin (wormwood).
Anthemin (chamomiles).
Colchicine (colchicum), imperfectly.
Colocynthin (colocynth, or bitter apple), imperfectly.
Calumbin, and probably some berberine (calumba), bright yellow, and

highly fluorescent.
Gentipicrin (gentian), very imperfectly.
Picric acid (artificial), yellow, imperfectly.

1 Picrotoxin (cocculus indicus), with difficulty.
Quassiin (quassia wood).

(2) Subsequently extracted by ether from acid solutions :—

Chiratin (chiretta).
Colocynthin (colocynth, or bitter apple).
Gentipicrin (gentian).
Picric acid, yellow.
Picrotoxin (cocculus indicus).

Note. —The alkaloid colchicine comes out with the glucoside in this division.

Step II. The liquid remaining in the separator is now rendered alkaline
with sodium hydrate and shaken up again with chloroform.
This extracts nearly all the alkaloids. The chloroform is
evaporated and the residue tested for alkaloids (see Chap. V.).

Step III. The liquid still remaining in the separator is shaken up with
amylic alcohol, which takes out morphine and leaves it on
evaporation, when any residue is tested for its presence.

liquid D. Is evaporated to a low bulk and then mixed with twice its
volume of rectified spirit, when gums precipitate insoluble, and
may be examined, and sugars dissolve and may be estimated by
“ Fehling.” Saponin also may be found with the sugars.

2. Assay of Cinchona Bark (American Method).
(A) For Total Alkaloids.

Cinchona, in No. 80powder, and fully dried at ioo° C. (2120 F.) 20 grammes.
Lime 5 >>

Diluted sulphuric acid a sufficient quantity.
Solution of soda ,, ,,

Alcohol ,, ,,

Distilled water ,, „

Make the lime into a milk with 50 c.c. of distilled water, thoroughly mix
therewith the cinchona, and dry the mixture completely at a temperature not
above 8o° C. (176° F.). Digest the dried mixture with 200 c.c. of alcohol,
in a flask, near the temperature of boiling, for an hour. When cool, pour the
mixture upon a filter of about six inches (15 centimetres) diameter. Rinse
the flask and wash the filter with 200 c.c. of alcohol, used in several portions,
letting the filter drain after use of each portion. To the filtered liquid add
enough diluted sulphuric acid to render the liquid acid to test-paper. Let
any resulting precipitate (sulphate of calcium) subside; then decant the
liquid, in portions, upon a very small filter, and wash the residue and filter
with small portions of alcohol. Distil or evaporate the filtrate to expel all
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the alcohol, cool, pass through a small filter, and wash the latter with
distilled water slightly acidulated with diluted sulphuric acid, until the
washings are no longer made turbid by solution of soda. To the filtered
liquid, concentrated to the volume of about 50 c.c., when nearly cool, add
enough solution of soda to render it strongly alkaline. Collect the precipitate
on a wetted filter, let it drain, and wash it with small portions of distilled
water (using as little as possible), until the washings give but a slight
turbidity with test solution of chloride of barium. Drain the filter by laying
it upon blotting or filter papers until it is nearly dry.

Detach the precipitate carefully from the filter and transfer it to a weighed
capsule, wash the filter with distilled water acidulated with diluted sul-
phuric acid, make the filtrate alkaline by solution of soda, and, if a precipi-
tate result, wash it on a very small filter, let it drain well, and transfer it to the
capsule. Dry the contents of the latter at ioo° C. (212 0 F.) to a constant
weight, cool it in a desiccator, and weigh. The number of grammes multiplied
by 5 equals the percentage of total alkaloids in the cinchona.

(B) For Quinine.
To the total alkaloids from 20 grammes of cinchona, previously weighed,

add distilled water acidulated with diluted sulphuric acid, until the
mixture remains, for ten or fifteen minutes after digestion, just distinctly acid
to test-paper. Transfer to a weighed beaker, rinsing with distilled water,
and adding of this enough to make the whole weigh 70 times the weight of
the alkaloids. Add now, in drops, solution of soda previously well diluted
with distilled water, until the mixture is exactly neutral to test-paper.
Digest at 6o° C. (140° F.) for five minutes, then cool to 150 C. (590 F.), and
maintain at this temperature for half an hour. If crystals do not appear in
the glass vessel, the total alkaloids do not contain quinine in quantity over
8 per cent, of their weight (corresponding to 9 per cent, of sulphate of
quinine, crystallised). If crystals appear in the mixture, pass the latter
through a filter not larger than necessary, prepared by drying two filter
papers of two to three and a half inches (5 to 9 centimetres) diameter,
trimming them to an equal weight, folding them separately, and placing one
within the other so as to make a plain filter, four-fold on each side. When
the liquid has drained away, wash the filter and contents with distilled water
of a temperature of 150 C. (59 0 F.), added in small portions, until the entire
filtered liquid weighs 90 times the weight of the alkaloids taken. Dry the
filter, without separating its folds, at 6o° C. (140° F.), to a constant weight,
cool, and weigh the inner filter and contents, taking the outer filter for a
counter-weight. To the weight of effloresced sulphate of quinine so obtained,
add 11‘5 per cent, of its amount (for water of crystallisation), and add o'12
per cent, of the weight of the entire filtered liquid (for solubility of the
crystals at 150 C., or 590 F.). The sum in grammes, multiplied by 5, equals
the percentage of crystallised sulphate of quinine equivalent to the quinine in
the cinchona.

Cinchona should contain at least 3% total alkaloids; yellow cinchona 2%
quinine ; red cinchona 2% quinine.

(C) British Method.

Step I. Extraction. Mix 20 grammes of the bark in fine powder
(No. 60) with 6 grammes of calcium hydrate in a mortar.
Slightly moisten with 20 c.c. of water, and mix intimately;
allow the mixture to stand for an hour or two, when it will
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present the characters of a moist, dark-brown powder, in which
there should be no lumps or visible white particles. Transfer
this powder to a suitable flask, add 130 c.c. of benzolated amylic
alcohol B.P., boil them together for about half an hour under
an upright condenser, decant, and drain off the liquid on to a
filter, leaving the powder in the flask; add more of the benzolated
amylic alcohol to the powder, boil, and decant as before; repeat
this operation a third time; then turn the contents of the flask
on to the filter, and wash by percolation with more of the
benzolated amylic alcohol until the bark is exhausted. In-
troduce the collected filtrate, while still warm, into a stoppered
glass separator; add to it 2 c.c. of diluted hydrochloric acid,
mixed with 12 c.c. of water; shake them well together, and
when the acid liquid has separated draw it off, and repeat the
process with distilled water slightly acidulated with hydrochloric
acid, until the whole of the alkaloids have been removed
(which is known by a few drops of the liquid ceasing to give
any precipitate with sodium hydrate). The acid liquid thus
obtained will contain all the alkaloids as hydrochlorates, and
excess of hydrochloric acid.

Step II. Separation of the Quinine and Cinchonidine from the
Quinidine, Cinchonine, and Amorphous Alkaloids. —The acid
fluid from Step I. is to be carefully and exactly neutralised
with ammonia while warm, and then concentrated to the bulk
of 18 c.c. 1‘5 gramme of tartrated soda, dissolved in twice its
weight of water, is added to the neutral liquid, and the mixture
stirred with a glass rod. Insoluble tartrates of quinine and
cinchonidine will separate completely in about an hour; and
these collected on a filter, washed, and dried in the water oven,
will contain eight-tenths of their weight of the alkaloids, quinine
and cinchonidine, which multiplied by 5 represents the per-
centage of those alkaloids. The other alkaloids will be left in
the mother-liquor.

Step III. For total Alkaloids. —To the mother-liquor from the preceding
process add solution of ammonia in slight excess. Collect,
wash, and dry the precipitate in the water oven, which will
contain the other alkaloids. The weight of this precipitate
multiplied by 5 gives the amount of cinchonine, quinidine, and
amorphous alkaloids. This weight, added to that of the quinine
and cinchonidine from Step II., gives the total alkaloids.

Step IV. Separation of Quinine and Cinchonidine.—This is an opera-
tion to effect which with absolute accuracy requires special
experience, and to give the detailed instructions and solubility
allowances by which alone it can be carried out to within tenths
of a per cent, would be beyond the scope of the present work.
It may, however, be generally stated that it is accomplished
by dissolving the precipitate from Step II. in a little water
acidulated with hydrochloric acid, then adding excess of sodium
hydrate, and shaking up with ether. After standing for some
hours, the ethereal layer is separated and evaporated to dryness.
The residual quinine (now containing only a little cinchonidine)
is then treated as in the American instructions for quinine
(£, page 177).
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Step V. Separation of the quinidine, cinchonine, and amorphous alkaloid.
The precipitate from Step III. is digested in cold proof spirit,
which dissolves the quinidine and amorphous alkaloids, and
leaves the cinchonine insoluble for collection, drying, and
weighing. The alcoholic solution is rendered acid with acetic
acid, and evaporated to dryness on the vrater bath. The
residue is dissolved in a very small quantity of water, and a
little spirit and some solution of sodium iodide is added, which
precipitates the quinidine as iodide. This is weighed, and the
weight multiplied by 718 = quinidine. The amorphous alkaloids
are then found by difference.

3. Assay of Opium.
Opium, in any condition to be valued 7 grammes.
Lime, freshly slaked 3 „

Chloride of ammonium 3 „

Alcohol a sufficient quantity.
Stronger ether

,, ,,

Distilled water „ ,,

Triturate together the opium, lime, and 20 c.c. of distilled water, in a
mortar, until a uniform mixture results ; then add 50 c.c. of distilled water,
and stir occasionally, during half an hour. Filter the mixture through a
plaited filter, 3 to 3! inches (75 to 90 millimetres) in diameter, into a
wide-mouthed bottle or stoppered flask (having the capacity of about 120 c.c.
and marked at exactly 50 c.c.), until the filtrate reaches this mark. To the
filtered liquid (representing 5 grammes of opium) add 5 c.c. of alcohol
and 25 c.c. of stronger ether, and shake the mixture ; then add the chloride
of ammonium, shake well and frequently during half an hour, and set it aside
for twelve hours. Counterbalance two small filters, place one within the
other in a small funnel, and decant the ethereal layer as completely as
practicable upon the filter. Add 10 c.c. of stronger ether to the contents
of the bottle, and rotate it; again decant the ethereal layer upon the filter,
and afterwards wash the latter with 5 c.c. of stronger ether, added slowly and
in portions. Now let the filter dry in the air, and pour upon it the liquid in
the bottle, in portions, in such a way as to transfer the greater portion of the
crystals to the filter. Wash the bottle, and transfer the remaining crystals to
the filter, with several small portions of distilled water, using not much more
than xo c.c. in all, and distributing the portions evenly upon the filter.-* 1
Allow the filter to drain, and dry it, first by pressing it between sheets of
bibulous paper, and afterwards at a temperature between 55° and6o°C. (131 0'
to 140° F.). Weigh the crystals in the inner filter, counterbalancing by the
outer filter. The weight of the crystals in grammes, multiplied by 20,
equals the percentage of morphine in the opium taken.

Opium in its normal moist condition should yield not less than 9% of
morphine.

Powdered opium should yield not less than 12 nor more than 16% of
morphine.

Denarcotised opium should yield 14% of morphine.

4. Estimation of the Alkaloidal Strength of Extracts.
Dissolve i gramme of the extract in twenty c.c. of water, heating gently if

* When it is desired to obtain the morphine in a state of absolute purity, the precipitate
should be washed first with water saturated with morphia, and then with rectified spirit
similarly saturated.
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necessary, and add 6 grammes of sodium carbonate previously dissolved in
20 c.c. of water and 20 c.c. of chloroform ; agitate, warm gently, and separate
the chloroform. Add to this 20 c.c. of dilute sulphuric acid with an equal
bulk of water ; again agitate, warm, and separate the acid liquor from the
chloroform. To this acid liquor add now an excess of ammonia, and agitate
with 20 c.c. of chloroform ; when the liquors have separated, transfer the
chloroform to a weighed dish, and evaporate the chloroform over a water
bath. Dry the residue for one hour at ioo° C. (212° F.), and weigh. Thus
treated, extract of nux vomica should show 15 per cent, of total alkaloids, and
the process may be extended to almost any extract containing alkaloids except
opium. No standards have, however, yet been fixed.

5. Examination of a Tincture or other Alcoholic Liquor for the Presence
of Methylated Spirit.

U.S.P. Methodfor Alcohol.—Digest 150 c.c. for an hour with 20 grains
of carbonate of lead, and filter. Distil over a water bath till 20 c.c. have
passed over. Add to the distillate 1 c.c. test solution of permanganate of
potassium. The color should not disappear within one or two minutes; if
discharged sooner than one minute methyl alcohol was present.

For the purpose of testing tinctures or any alcoholic liquors, they must
first be distilled until a part of the spirit has passed over. The distillate is
treated as follows :—

A small flask is fitted with a cork and a tube having two right-angular
bends, with the end dipping into a test-tube kept cold by immersion in water ;

and in it is put, —
(1) About half a drachm of the spirituous liquid required to be tested.
(2) An equal quantity of potassium dichromate and of pure sulphuric acid.
(3) Four or five times as much water.
The mixture, after standing for twenty minutes, is distilled at a gentle heat,

until nearly the whole has passed over. Sodium carbonate having been added
to the distillate till it is slightly alkaline, the liquid is evaporated in a porce-
lain basin to about half its bulk, and having been acidulated slightly by acetic
acid, is transferred to a test-tube, heated gently with twenty drops of a 5 per
cent, solution of argentic nitrate for a few minutes, when any decided opacity
(due to the discoloration of the fluid, and the separation of a blackish precipi-
tate of metallic silver) indicates the presence of methyl hydrate in the sample
thus tested. In the oxidation of ordinary alcohol, a mere trace of formic acid
is formed by secondary decomposition ; consequently a distinct precipitate
must be obtained before the spirit can, with certainty, be pronounced to be
methylated.

The operation of the above process depends on the fact that by a short
oxidation with sulphuric acid and potassium dichromate, aldehyds and acids
are produced, which, by being boiled with sodium carbonate, yield sodium
acetate and formate, the former from the ordinary “ alcohol,” and the latter
from the wood spirit. Upon the addition of argentic nitrate, argentic formate
is produced, which is easily reduced by boiling to metallic silver, while argentic
acetate is not so affected. If the oxidation be too powerful, the formic
acid in turn becomes oxidised to C02 and H 20 and lost. Thus the
process is not always satisfactory, and must be completed within half an hour
or so.

When this process has to be applied to sweet spirit of nitre, the ethyl nitrite
must be first got rid of, as follows :—

Take a little of the spirit and place it in a bottle with some dry potassium
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carbonate, and shake up. Let it settle, and take about two drachms of the
strong spirit which separates. Saturate this with calcium chloride, and distil
on a water bath, rejecting the distillate (ethyl nitrite, etc.). Add a little
water to the contents of the retort and distil again, when the pure spirit will
come over, and a portion may then be tested as above directed.

Examination of official ethers :—

When xo c.c. are agitated with an equal volume of glycerine in a graduated
test-tube, the ether layer, when fully separated, should not measure less than
7'5 c.c. for ether, 8'6 c.c. for stronger ether, or 9 c.c. for acetic ether.

6. Estimation of the Strength of Resinous Drugs.
Take 5 to 10 grammes of the drug in powder, and place it in a strong glass

flask with 100 c.c. of pure alcohol (U.S.P. and free from resin). Close the
flask with a good cork, and digest it in a warm place at about 490 C. (120° F.)
for 12 hours, shaking from time to time. Pour or filter off 80 c.c. (representing

of the total drug taken), place it in a weighed beaker, and evaporate to
25 c.c. on the top of the water bath. Now add 50 c.c. of distilled water, and
boil gently over a low gas flame till all the alcohol is driven off. Let it cool
and perfectly settle, pour off the supernatant liquor, wash the deposited resin
by decantation with hot distilled water, and then dry the beaker and its
contents in the air bath at 105° C. (220° F.) and weigh, deducting the tare
of the beaker. Thus treated, jalap, for example, should show 12 per cent
of resin, of which not over 10 per cent, should be soluble in ether.
Scammony should show 75 per cent, resin, which is entirely soluble in ether,
and in solution of potassa. From the latter it is not re-precipitated by dilute
hydrochloric acid in excess. For other resinous drugs no official standard
has yet been laid down.

7. Testing the Purity of Quinine Sulphate (Official B.P. Directions ).

Testfor Cinchonidine and Cinchonine.—Heat 100 grains of the sulphate of
quinine in five or six ounces of boiling water, with three or four drops of
diluted sulphuric acid. Set the solution aside until cold. Separate, by
filtration, the purified sulphate of quinine which has crystallised out. To
the filtrate, which should nearly fill a bottle or flask, add ether, shaking
occasionally, until a distinct layer of ether remains undissolved. Add
ammonia in very slight excess, and shake thoroughly, so that the quinine at
first precipitated shall be redissolved. Set aside for some hours, or during
a night. Remove the supernatant clear ethereal fluid, which should occupy
the neck of the vessel, by a pipette. Wash the residual aqueous fluid and
any separated crystals of alkaloid with a very little more ether, once or twice.
Collect the separated alkaloid on a tared filter, wash it with a little ether,
dry at 2120 F. (ioo° C.), and weigh. Four parts of such alkaloid correspond
to five parts of crystallised sulphate of cinchonidine or of sulphate of cin-
chonine.

Test for Qiiinidine.—Recrystallise 50 grains of the original sulphate of
quinine, as described in the previous paragraph. To the filtrate add solution
of iodide of potassium, and a little spirit of wine to prevent the precipitation
of amorphous hydriodates. Collect any separated hydriodate of quinidine,
wash with a little water, dry, and weigh. The weight represents about an
equal weight of crystallised sulphate of quinidine.

Test for Cupreine—Shake the recrystallised sulphate of quinine, obtained
in testing the original sulphate of quinine for cinchonidine and cinchonine,
with one fluid ounce of ether and a quarter of an ounce of solution of
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ammonia, and to this ethereal solution, separated, add the ethereal fluid and
washings also obtained in testing the original sulphate for the two alkaloids
just mentioned. Shake this ethereal liquor with a quarter of a fluid ounce
of a xo per cent, solution of caustic soda, adding water if any solid matter
separates. Remove the ethereal solution. Wash the aqueous solution with
more ether, and remove the ethereal washings. Add diluted sulphuric acid
to the aqueous fluid heated to boiling, until the soda is exactly neutralised.
"When cold collect any cupreine sulphate that has crystallised out on a tared
filter, dry, and weigh.

Quinine sulphate should not contain more than 5 per cent, of other cinchona
alkaloids.

8. Assay of the Alkaloidal Strength of Scale Preparations.
Dissolve 4 grammes of the scales in 30 c.c. of water, in a capsule, with the

aid of heat. Cool, and transfer the solution to a glass separator, rinsing the
capsule ; add an aqueous solution of o‘5 gramme of tartaric acid, and then
solution of soda in decided excess. Extract the alkaloid by agitating the
mixture with four successive portions of chloroform, each of 15 c.c. Separate
the chloroformic layers, mix them, evaporate them in a weighed capsule,
on a water bath, and dry the residue at a temperature of ioo° C. (2120 F.).
Thus treated, citrate of iron and quinine should show 12 per cent, of alkaloidal
residue, which should be soluble in ether. Solution of citrate of iron and
quinine (operate on 8 grammes) should yield 6 per cent, of quinine : citrate of
iron and strychnine should yield 1 per cent, of strychnine.

9. The Estimation of Phenol.
The following is the method for determining the phenol quantitatively in

crude carbolic acid :—20 c.c. of potassium hydrate solution (sp. gr. i‘25—i'3o)
are added to 20 c.c. of the crude carbolic acid. The whole is well shaken up,
and, after half an hour, the mixture is made up to \ litre by the addition
of water. The tarry constituents of the carbolic acid separate out and are
removed by filtration. The residue is washed with lukewarm water till the
wash-water is no longer alkaline. The whole filtrate is then treated with
hydrochloric acid till faintly acid (this point is also indicated by the liquid
changing color and turning brown), and made up to 3 litres. The small
quantity of tarry matter left in the filtrate does not interfere in the titration
which follows. The dilution is necessary, for, in titrating, the carbolic acid
solution must not contain more than - i gr. in 25 c.c.

50 c.c. are now taken, and 150 c.c. of a solution containing grs.
sodium bromate and 6'95 9 grs. sodium bromide to the litre are added,
together with 5 c.c. of concentrated hydrochloric acid; bromine is evolved
and tribromophenol precipitated.

C6H5HO -f6Br = C6 H,Br3 HO + 3HBr.
After 20 minutes, during which the mixture is shaken up frequently, io c.c.

potassium iodide solution (125 grs. potassium iodide to the litre) are added;
potassium bromide is formed with the excess of free bromine, and iodine
liberated. After about 5 minutes (not longer) starch solution is added, and
the free iodine titrated with a sodium thiosulphate solution (“ hypo ”), con-
taining 9763 grs. per litre.

The experiment should be first done upon '2 gramme of pure crystallised
carbolic acid dissolved in 50 c.c. of water, and the number of c.c. of the
“ hypo ” solution used should be noted. A blank experiment on 150 c.c. of
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the bromide-bromate solution, with 5 c.c. of HC1 and 10 c.c. of the iodide
solution, should also be titrated. By deducting the c.c. of “ hypo ” used in
the first check from that in the second, the number of c.c. of “ hypo ”

equivalent to ’2 gramme real carbolic acid is ascertained, and the equivalent
value of each c.c. of “hypo ” in carbolic acid is calculated. In every analysis
the number of c.c. of “ hypo ” used is deducted from that employed in the
blank experiment, and the difference is calculated to carbolic acid present
in the sample. If “ hypo ” is used, each c.c. will represent '601567 phenol.

The amount of water contained in a solution of carbolic acid may be
determined by agitating the solution, in a graduated cylinder, with an equal
volume of chloroform. After standing, the upper layer consists of the water
contained in the mixture.—U.S.P.

10. Estimation of the Fatty Acids in Soap.

Two grammes of the soap, in fine shavings, are shaken up in a separator, with
a slight excess of dilute sulphuric acid to liberate the acids. Ether is then
added, and the fatty acids which have been liberated are dissolved up in it.
When the decomposition of the soap is complete, the liquid below the
ethereal solution is removed. With a little care this can be done very
completely without any loss of the ethereal solution. The ether is then
shaken up with distilled water, and the latter drawn off as before, and this
process of washing repeated three times more. When all but a few drops of
the wash-water have been drawn off, a few drops of barium chloride solution
are added, the mixture shaken up, and the last traces of sulphuric acid thus
removed. With a little practice so little water is left below the ethereal
solution that the latter can be directly drawn off and evaporated in a weighed
dish, and the residue finally dried in the water oven and weighed. The fatty
acids obtained are perfectly free from sulphuric and hydrochloric acids, and do
not get brown at ioo° C.

11. Estimation of Oleic Acid.
One gramme of the impure fatty acid is saponified in a basin by heating

with a slight excess of alcoholic potash till dissolved, and then diluted with
water. This solution is treated with acetic acid drop by drop, until on stirring
a faint permanent turbidity ensues. Dilute solution of potassium hydrate is
then stirred in drop by drop till the liquid just clears up, and then solution of
plumbic acetate is stirred in until precipitation ceases. The precipitate having
been allowed to settle, the supernatant liquor is poured off and the soap
washed once with boiling water. A little clean sand is rubbed up with the
soap in the basin, and the whole scraped out and transferred to a “ Soxhlet,”
in which it is thoroughly exhausted with 90 c.c. of pure ether. The ethereal
solution (which now contains only plumbic oleate, the plumbic palmitate and
stearate being left insoluble in the Soxhlet) is transferred to a special apparatus,
sold by apparatus vendors as “ Muter’s oleine tube.” This is a graduated and
stoppered tube holding 120 c.c., and having a spout and stopcock at 30 c.c.
from its base. Previously to introducing the ether, place 20 c.c. of dilute
hydrochloric acid (1 in 3) into the tube, and then make up the whole with
ether rinsings of the basin to the 120 c.c. mark. Close the tube, shake well,
and set aside. When settled, note the full volume of the ethereal solution
of oleic acid, and run off an aliquot part from the tap into a weighed dish,
evaporate, dry in the water oven, and weigh. Finally calculate this weight to
that of the whole bulk of ethereal solution previously noted, thus getting the
amount of real oleic acid present in the gramme of crude acid started with.
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12. Estimation of Glycerine.
This process depends on (1) obtaining the glycerine free from other oxi-

disable bodies, such as alcohol sugars, etc.; (2) oxidising it with potassium
bichromate in the presence of sulphuric acid to carbon dioxide and water by the
following equation : —

3C 3 H5(OH)3 + 7ICAA + 28H 2S0 4= 7Cr2(S0 4)3 + 7K2 S04 + 9C02 + 4oH 20 ;

and (3) estimating the amount of C02 evolved.
The relation between carbon dioxide and glycerine is that 396 parts by

weight of C02 represent 276 parts of glycerine, or, in other words, the weight
in grammes of C02 found multiplied by ‘69697 gives the amount of glycerine
in the quantity weighed out for analysis. The process is conducted in an ordi-
nary apparatus for the estimation of carbon dioxide, like, that figured on page 148,
fig. 36. The fluid containing the glycerine is first tested for the presence of
sugars, both cane and glucose, and if they are absent a measured quantity
(say 100 c.c.) is evaporated on the water bath with 3 c.c. of milk of lime and
2 grammes of pure sand, till a fairly detachable residue is obtained. This is
then scraped from the basin and extracted in the “ Soxhlet ” with absolute
alcohol. The alcohol is distilled off in a weighed flask and the weight of the
residue taken. The residue is then dissolved in a little distilled water, and
such an aliquot part taken for analysis as shall not contain more than ‘5 gramme
of glycerine. This is introduced into the apparatus with 4 grammes of potassium
bichromate in saturated solution, and into the acid reservoir are placed 10 cc.
of strong sulphuric acid, the absorbing tube being also charged with the same
acid. The apparatus is weighed, and then the acid in the reservoir is allowed
to mix with the glycerine and bichromate. Action sets in, and after standing
for three hours in a warmplace, the wholeis heated to gentle ebullition, cooled,,
and weighed. The loss of weight equals the C02 evolved, and this is then
calculated to glycerine as above, and lastly corrected from the aliquot part to-
the whole. In the presence of sugar the liquid must first be inverted by
boiling with dilute hydrochloric acid (if cane sugar be present), and then
evaporated with an excess of barium hydrate instead of lime. This will
either decompose the sugars, or render them insoluble in the alcohol subse-
quently applied.

DIVISION II. ANALYSIS OF URINE.

A sample of urine taken for analysis should be the first passed by the
patient in the morning, or, better, a portion taken from the total twenty-four
hours’ urine.

The following are the chief points on which information is usually required,
by the physician who submits urine for examination to an analyst:—

i. Take the specific gravity, which shouldrange from roi5 to ro25 at 6o° F..
For every i° F. above 6o° add 'oooi to the observed specific gravity. By
multiplying the last two decimals of specific gravity by 2 ‘33 we have the
grammes per litre of total solid matter. Make a note also of the daily-
quantity, which shouldbe 1200 to 1500 c.c. (40 —50 fl. oz.). On standing some
time urine undergoes alkaline fermentation, and is alkaline in reaction.

Note.—In diabetes the gravity is too high, sometimes reaching I ‘o6o, while in albuminur
it is abnormally low, even occasionally falling to i'005-

2. Examine the reaction, which should be very faintly acid.
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3. Set a portion to settle in a long glass, and examine the deposit under
the microscope for calcium oxalate or phosphate, uric acid or urates, pus,
casts of kidney tubes, etc., etc. (see pages 186-87).

Note. —The nature of the deposit may also be confirmed chemically as follows : —

, (a) Warm the urine containing the sediment, when, if the latter should dissolve, it
consists entirely of urates. In this case let it once more crystallise out, and
examine it by the ordinary course for Ca, Na, and NH 4, to ascertain the
bases.

(b) If the deposit be not dissolved by heating, let it settle, wash once by decantation
with cold water, and warm with acetic acid. Phosphates will dissolve, and
may be reprecipitated from the solution by excess of NH 4HO filtered out,
well washed with boiling H2 0, dissolved in HC2H302 , and examined for Ca
or Mg by the usual course for these metals in presence of P04.

(c) If the deposit be insoluble in acetic acid, warm it with HC1. Any soluble
portion is calcium oxalate, which may be precipitated by NH 4HO.

(d) If the deposit be insoluble in HC1 it is probably uric acid. In this case apply
the murexid test as follows. Place it in a small white dish, remove moisture
by means of a piece of bibulous paper, add a drop or two of strong HN0 3 ,
and evaporate to dryness at a gentle heat. When cold add a drop of
NH 4HO, which will produce a purple color, deepened to violet by a drop
of KHO.

4. Test for albumin, as follows :—

{a) Boiling test.—Filter the urine, place io c.c. in a narrow test-tube,
and add one drop of acetic or nitric acid. Heat the tube
over a small flame in such a way that the upper portion of
the liquid only shall be heated. Coagulation will take place,
and the presence of albumin will be evident from the formation
of a turbidity ranging from a faint cloud to a dense coagulum,
but always strongly contrasted with the clear liquid beneath,
which was not heated. Mucin also precipitates with this test.

ib) Nitric test.—To five volumes of cold saturated solutionofmagnesium
sulphate add one volume of nitric acid (sp. gr. i'42), and pre-
serve this reagent for use. Pour some perfectly clear filtered
urine into a tube, and carefully add an equal volume of the
reagent, delivered gently from a pipette so that the liquids shall
not mix. An opalescent zone will form at the point of contact
either immediately or within twenty minutes, according to the
quantity of albumin present. This zone should not dissolve on
gently warming, but should be a distinct ring at the bottom of
the urine, and not a general haze near the top, which latter
indicates mucin. If the zone of contact has a pink color,
indican or other coloring matter is excessive. Indican may
be further confirmed by mixing equal volumes of urine, strong
HC1, and chlorine water, which produces a violet color, and
may be estimated by color titration with chloroformic solution
of indigo ofknown strength.

(c) Picric acid test.—Dissolve 7 ‘5 grammes of pure crystallised trinitro-
phenol (picric acid) in 500 c.c. of water, let it stand for some
days to perfectly clarify, pour off, and preserve the reagent for
use. Mix some of the filtered urine in a tube with an equal
volume of this reagent, look for any cloud or precipitate, and
then heat to boiling. The true albumin cloud will remain per-
manent, while that due to peptones or alkaloids accidentally
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present will be dissolved. Picric acid does not precipitate
mucin, and is therefore a valuable confirmation test.

(d) Bodekers method.—Take a drachm of the urine, acidulate it with
acetic acid, and add some potassium ferrocyanide drop by drop
till a clear excess has been added. If during the addition a
precipitate forms, albumin is to be suspected. Mere traces
require some time to cause the cloud.

(e) To estimate the Albumin.—This may be done empirically by means
of an albuminimetre (fig. Fill to U with the
urine and R with the precipitant (picric acid 10

grammes, citric acid 20 grammes, and waterto make
1,000 c.c.). Mix by inverting the tube several
times, not by agitation, and set aside for 24 hours.
The height of the precipitate, as indicated by the
graduations, represents the grains of albumin per
thousand c.c. of urine. Be careful to read the
height of the precipitate from the middle of the
albuminous surface. If the urine is alkaline, make
it acid with acetic acid. In the absence of such
a convenient appliance we may take a weighed
quantity of the urine, and allow it to drop into
boiling water acidulated with acetic acid. Collect
the precipitate on a tared filter, wash with boiling
water, dry at 2120

, weigh, and deduct the weight
of the filter, when the balance = albumin in the
weight of urine operated upon.

5. Test for grape sugar, as follows : —

(1a ) Moore's test.—Acidulate with acetic acid, boil, and
filter out any albumin if necessary. Then mix the
filtrate with equal parts of liquor potassce and heat
to boiling, when ordinary urine will turn brownish-
red, but saccharine urine will become dark brown
or black.

(b) Boettger's test (modified by Nylander).—Dissolve
2'5 grammes of pure bismuth oxynitrate (free
especially from silver) and 4 grammes of Rochelle
salt in 100 grammes of 8 per cent, solution of
sodium hydrate, and preserve for use. To use this
reagent 1 c.c. of urine is added to 10 c.c., and the
whole boiled gently for some time, when if even

only traces of sugar be present the mixture becomes black.
(c) Be tiling's test.—Render the urine alkaline with potassium hydrate,

and filter to remove any phosphates, etc., which may precipitate.
Boil the filtrate with Fehling’s solution of copper (see page 121),
and if a red precipitate should form, sugar is present.

(d) To estimate the sugar.—This is best done by taking 10 grammes of
the urine and diluting it with water to 100 c.c. Place this
solution into a burette, and run it gradually into 10 c.c. of
Pavy’s or Fehling’s solution, kept boiling in a flask as directed
under the Volumetric Analysis of Sugar, page 121. The
number of c.c. of urine used will contain *005 gramme of grape

Fi£. 48.
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sugar if Pavy’s solution, or ‘05 gramme if Fehling’s was used,
and then -

IO ° X -°°5 (Pavy) or .

IooX (Fehling) = sugar in
c.c. used c.c. used

the 10 grammes of urine taken.

(e) Estimation ofsugar byfermentation.—Take one gramme of commer-
cial compressed yeast (or of a cake of Fleischmann’s Yeast),
shake thoroughly in the graduated test-tube with 10 c.c. of
the urine to be examined. Then pour the
mixture into the bulb of the saccharo-
meter. By inclining the apparatus the
mixture will easily flow into the cylinder,
thereby forcing out the air. Owing to the
atmospheric pressure the fluid does not
flow back, but remains there. The ap-
paratus is to be left undisturbed for 20 to
24 hours in a room of ordinary tempera-
ture. If the urine contains sugar, alcoholic
fermentation begins in about 20 to 30
minutes. The evolved carbonic acid gas
gathers at the top of the cylinder, forcing the fluid back into
the bulb. On the following day the upper part of the cylinder
is filled with carbonic acid gas. The changed level of the
fluid in the cylinder shows that the reaction has taken place,
and indicates by the numbers—to which it corresponds—-
the approximate quantity of sugar present. If the urine con-
tains more than x per cent, of sugar, then it must be diluted
with water before being tested. Diabetic urines of straw
color and a specific gravity of 1018—1022 may be diluted twice ;

of 1022—1028, five times ; 1028—1038, ten times. The original
(not diluted) urine contains, in proportion to the dilution, two,
five, or ten times more sugar than the diluted urine.

6. Test for bile, as follows :—

(a) Oliver’s test.—Dissolve 2 grammes of flesh peptone, ‘25 gramme
of salicylic acid, and 2 c.c. of 33 per cent, acetic acid, in
enough water to yield 200 c.c. of product. The solution
should be rendered perfectly brilliant by passing it through
frozen filtering paper. The urine, which should be very clear,
is diluted to a specific gravity of i‘oo8. One cubic centimetre
of this is added to 3 c.c. of Oliver’s reagent. An opalescence
at once appears, which will be found to be more or less distinct
according to the quantity of bile salts present. Keller’s contact
method can be advantageously employed for applying the test.

ip) Gmelin’s test for bile pigments.—Place a drachm of nitric acid in a
test-tube, and cautiously pour upon it an equal volume of the
urine. In the presence of bile a play of colors from green to
violet, blue, and red will be observed where the liquids touch.

if) Pettenkofer’s test for biliary adds.—Mix equal parts of urine and
sulphuric acid, add one drop of saturated syrup, and apply a
gentle heat. If biliary acids be present, the color will change
from cherry-red to deep purple.

Fig. 49.

Note.—Bilious urine is usually ofa brownish-green color.



ANALYSIS OF URINE, ETC.190

7. Test for urea, as follows : —

(a) Separate any albumin (as directed in Moore’s test) if necessary,
and evaporate an ounce of the urine to a syrupy consistence on
the water bath. When cold add nitric acid, drop by drop, till
crystals of nitrate ofurea cease to deposit.

(/>) Estimation of urea.—This is performed by the hypobromite pro-
cess already given at page 127. Normal urine contains 2 to 3
per cent.

8. Test for uric acid by mixing one ounce of the urine with one drachm
of hydrochloric acid in a beaker, and set aside for some hours. The uric acid
will be deposited in reddish-brown crystals, which may, if desired, be weighed

Fig. 50.—Extraneous Matters often seen in Urine.
a, silk; b, cotton; c, wool; d, linen ; e, feather; f, mycelium; g, cork.

and proved by the murexid test. Normal urine contains 3 to 7 parts per
thousand.

A volumetric method is also used which is based on the known fact
that argentic urate is insoluble in ammonia, but dissolves in nitric acid.
The solutions required are:—1. ammonium-thiocyanate;” dissolve
about 8 grammes of ammonium-thiocyanate in a litre of water, and check with

argentic-nitrate solution; dilute it for use with nine volumes of water.
2. Dissolve 5 grammes of argentic nitrate in 100 c.c. of distilled water,
and add ammonia until the solution becomes clear. 3. Dilute 70 per cent,
nitric acid with two volumes of distilled water, boil, to destroy the lower
oxides of nitrogen, and preserve from the action of light. 4. A saturated
solution of ferric alum. 5. Strong solution of ammonia. The following is a
description of the process : —Place 25 c.c. of urine in a beaker with 1 gramme
of sodium bicarbonate. Add 2 or 3 c.c. of strong ammonia, and then
1 or 2 c.c. (or an excess) of the ammoniated silver solution. A special
procedure is necessary in order to collect the precipitate, as follows :—Fill a
glass funnel to about one-third with broken glass, and cover this with a
bed of good asbestos to about a quarter of an inch deep. This is best done
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by shaking the latter in a flask with water until the fibres are thoroughly
separated, and then pouring the emulsion so prepared in separate portions on
to the broken glass. On account of the nature of the precipitate and of the
filter, it is necessary to use a Bunsen water pump in order to suck the liquid
through. Having thus collected the precipitate, wash it with distilled water
until the filtrate ceases to become opalescent with a solution of NaCl. Now
dissolve the precipitate by washing it through the filter into a beaker, with
a few cubic centimetres of the special nitric acid. Estimate the silver by
Volhard’s method thus : Add to the liquid in the beaker a few drops of the
ferric alum solution to act as an indicator, and from a burette carefully drop
in ammonium thiocyanate solution until a permanent red color appears.
The number of c.c. used, multiplied by o‘00168, gives the amount of uric acid
in the 25 c.c. of urine. One milligramme may be added to this amount as an
allowance for average loss, and the whole multiplied by 4 gives the percentage
of uric acid in the urine. The sodium bicarbonate is added in the early part
of the process, to prevent decomposition of the argentic urate, which would
otherwise occur.

9. Test for phosphates, as follows :—

(a) Add to one ounce of the urine a slight excess of ammonium
hydrate, and boil. Ca3(PC>4)2 and MgNH 4P04 will both be
precipitated, and the precipitate, if more than a distinct cloud,
should be filtered out, dissolved in HC1, and analysed by the
ordinary process already given for phosphates.

(b) After filtering out the earthy phosphates as above, alkaline phos
phates may be tested for by adding magnesia mixture to the
filtrate, and getting the usual precipitate of MgNH 4P0 4 after
standing some hours in a cold place.

(c) Estimation of Phosphates. —This is done by the volumetric process
with uranic nitrate, already described at page 123. Normal
urine contains 2 to 3 parts P 205 per thousand.

10. Test for sulphates, as follows :—

Acidulate a weighed quantity of the urine with HC1, warm, and add
excess of BaCl2 . If the precipitate appear too copious, estimate
as usual, using 50 c.c. urine (see page 124). Normal urine
contains 1 *5 to 3 parts SO3 per thousand.

11. Test for chlorides, as follows :—

Acidulate a little of the urine with HNO3 and add excess of argentic
nitrate. If the precipitate thus produced looks very large, a
weighed quantity of the urine should be taken, and the
chlorides estimated by Volhard’s method (see page 116).
Normal urine contains 5 to 10 parts sodium chloride per
thousand.

12. Blood is best seen under the microscope; but urine containing it has
always a very characteristic smoky appearance. A test for blood is to add
tincture of guaiacum and ethereal solution of hydrogen peroxide, which pro-
duce a sapphire blue ; but such color of itself should not be taken as positive
proof without the blood discs being also visible under the microscope.
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DIVISION III. ANALYSIS OF URINARY CALCULI.
The following table will show at a glance the compositions and methods of

proving the various calculi.
1. Calculi, fragments of which, heated to redness on platinum,

entirely burn away.

2. Calculi, fragments of which, heated to redness on platinum,
do not burn away.

Name. Physical Characters. Chemical Characters.

Uric acid, C5N 4II403 Brownish-red; smooth
or tuberculated ;

concentric laminae
(common)

Insoluble in water; soluble in KHO
by heat, but evolves no NH3; dis-
solves with effervescence in HNOs ,

and the residue on evaporating the
solution isred and gives the murexid
test.

Ammonium urate Clay-colored ; usually
smooth, and rarely
with fine concentric
laminae (uncommon)

Soluble in hot water; soluble in
heated KHO, evolving NH3. Be-
haves with HN03 like uric acid.

Cystine, C3H7NS02 Brownish-yellow,
semi-transparent and

Insoluble in H2 0, alcohol, and ether.
Soluble in NH 4HO, and depositing,

crystalline (very
uncommon)

when allowed to evaporate spon-
taneously, hexagonal plates. When
heated, gives off odor of CS2.

Xanthin, C5 H4 N 402 Pale polished brown Soluble in KHO; soluble in HNOs
surface (very un-
common)

without effervescence, and the solu-
tion leaves on evaporation a deep-
yellow residue.

Name. Physical Characters. Chemical Characters.

Calcium oxalate, Deep brown, hard, and Insoluble in acetic acid, but soluble
without effervescence in HC1;mulberry calculus, rough; thick layers

CaC 20 4 (common) heated to redness, it is converted
into CaC03 , which dissolves with
effervescence in acetic acid, and the
solution gives a white precipitate
with (NH4) 2C2 04. Heated strongly
before the blowpipe, CaO remains,
which, when moistened, is alkaline
to test-paper.

Tricalcium phosphate, Pale brown, with regu- Infusible before the blowpipe, and
bone-earth calculus, lar laminae (uncom- residue, when moistened, is not al-

kaline. Soluble in HC1, and the
solution gives a gelatinous precipi-
tate with excess of NH4HO.

Ca3(iJ 04 ) 2 mon)

Magnesium ammonium White, brittle, crys- Fusible with difficulty before the
phosphate, triple talline, with an un- blowpipe, evolving NH 3, and re-
phosphate calculus, even and not usually sidue not alkaline. Soluble in HC1,
MgNH4P04 laminated surface and solution gives white crystalline

(uncommon) precipitate with NH 4HO.
Mixed phosphates of White, and rarely Readily fusible before the blowpipe.

Ca, Mg, and NH„ laminated Soluble in acetic acid, and solution
fusible calculus gives a white precipitate with

(NH4) 2 C20 4, and the filtrate from
that precipitate gives a white pre-
cipitate with excess of NH4HO.
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Process :—Heat to redness on platinum.
Uric acid—no odor of NH, when boiled with

KHO.
Sodium urate—odor of NH-. when boiled with

KHO.
Answers

i. Burns away,
Apply murexid test Cystine—confirm.

Xanthine—confirm.Does not answer
Dissolve original calculus in'

HC1 and add excess of
sodium acetate. Ppt.

CaC 204. No ppt. Add
NH4HO. A ppt.

2. Residue = Phosphate.

The results may be recorded as follows :—

Analysis of Urine.

Patient’s name

Attending physician

Analysis.

Physical Characters.

Daily quantity Specific gravity
Total solids Consistence
Color Odor
Transparency Reaction

Normal Substances.

Urea Phosphates
Chlorides Indican
Uric acid Sulphates

Abnormal Matters in Solution.

Albumen Mucin
Blood Bile
Glucose

Sediment.

Urates Epithelium
Uric acid Casts
Phosphates Pus

Calcium oxalate

Remarks.



CHAPTER XII.

7HE ANALYSIS OF GASES, POLARISATION, AND
SPECTRUM ANALYSIS.

DIVISION I. THE ANALYSIS OF GASES.

This operation is conducted by measuring a volume of the mixed gas under
definite conditions of temperature and pressure, then exposing it to the action
of some substance having the power of absorbing some one constituent of the
mixture, and again measuring the gas left. By seeing that the inside of the
measuring tube is always kept moist the question of tension of aqueous vapor
is equalised all through the experiment, and as many absorbents as may be
necessary are employed in turn. Many of the gas-measuring appliances are
large, costly, and require to be kept in special rooms devoted to the
purpose. Quite recently, however, an American chemist, Mr. Keiser, has
devised a gas-measuring apparatus which is likely, in the author’s opinion, to
supersede all others for absorption analyses, because it is compact in form,
may be easily carried about and used at any place, and yet is capable of
measuring gas volumes with great accuracy. Long graduated glass tubes and
graduated vessels of all kinds are discarded, and an instrument is constructed
upon the principle of determining the volume of a gas from the weight of
mercury which it displaces at a known temperature and pressure. From the
weight of mercury displaced the volume of the gas can be determined with
much greater accuracy than by a direct reading on a graduated glass
eudiometer.

The accompanying cut shows the construction of the measuring apparatus
and the absorption pipette, a is the measuring apparatus, b is the absorption
pipette; a and b are glass bulbs of about 150 c.c. capacity. They are
connected at the bottom by a glass tube of 1 m.m. bore, carrying the three-
way stopcock d. The construction of the key of the stopcock is shown in
the margin. One hole is drilled straight through the key, and by means of
this the vessels a and b may be made to communicate. Another opening
is drilled at right angles to the first, which communicates with an opening
extending through the handle, but does not communicate with the first
opening. By means of this, mercury contained in either a or b may be
allowed to flow out through the handle d into a cup placed beneath. The
bulb b is contracted at the top to an opening 20 m.m. in diameter. This is
closed by a rubber stopper carrying a bent glass tube, to which is attached the
rubber pump e. To a second glass tube passing through the stopper a short
piece of rubber tubing with a pinchcock is attached. By means of the pump e
air may be forced into or withdrawn from b, as one or the other end of the
pump is attached to the glass tube. The bulb a terminates at the top in a
narrow glass tube, to which is fused the three-way stopcock c. The construe-
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tion of the key of this stopcock is also shown in the cut. By means of it the
vessel a may be allowed to communicate with the outside air, or with the tube
passing to the absorption pipette, or with the gauge g. The gauge g is a glass
tube having a bore i m.m. in diameter, and bent as shown in the figure. By
pouring a few drops of water into the open end of this tube a column of water
several centimetres high in both limbs of the tube is obtained. This serves
as a manometer, and enables the operator to know when the pressure of the
gas equals the atmospheric pressure. To secure a uniform temperature, the
bulbs a and b are surrounded by water contained in a glass vessel. This
vessel for holding water is merely an inverted bottle of clear glass from which
the bottom has been removed. The handle of the stopcock d passes through
a rubber stopper in the neck of the bottle. A thermometer graduated to |-0 '

is placed in the water near the bulb a. The whole apparatus is supported
upon a vertical wooden stand.

The absorption pipette b consists of two nearly spherical glass bulbs of
about 300 c.c. capacity. They communicate at the bottom by means of a
glass tube, 3 m.m. inside diameter, c is a two-way stopcock. The holes in
the key are drilled at right angles, so that the tube which connects with the

Fig. si-

measuring apparatus may be put in communication either with the funnel or
with the absorption bulb. The funnel is of service in removing air from the
tube which connects the measuring apparatus with the absorption pipette. By
pouring mercury or water into the funnel and turning the stopcocks d and c in
the proper directions all the air is readily removed, /is a rubber pump used
in transferring gas from B to a. The lower part of the pipette contains
mercury, which protects the reagent from the action of the air.

To measure the volume of a gas, the vessel a is filled completely with pure
mercury. This is easily accomplished by pouring the mercury into b

, and then,
after turning c until a communicates with the outside air, forcing it into a by
means of the pump e. Any excess of mercury in b is then allowed to flow out
through the stopcock d. When a and b are now placed into communication
the mercury will flow from a to b, and gas will be drawn in through the stop-
cock c. The volume of mercury which flows into b is equal to the volume of
gas drawn into a. When the mercury no longer rises in b and it is desired to
draw in still more gas into a

,
then it is only necessary to exhaust the air in b

by means of the pump e. After the desired quantity of gas has been drawn
into a the stopcock c is closed. After standing a few minutes the tempera-
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ture of the gas becomes the same as that of the water surrounding a. The
pressure of the gas is then made approximately equal to atmospheric pressure
by allowing the mercury to flow out of b into a weighed beaker placed beneath
the stopcock d until it stands at nearly the same level in both a and b.
Communication is now established between a and.g', and by means of the
pump e the pressure can be adjusted with the utmost delicacy until it is
exactly equal to atmospheric pressure. The stopcock d is then closed, and
the remainder of the mercury in b is allowed to flow out into the beaker. The
weight of the mercury displaced by the gas divided by the specific gravity of
mercury at the observed temperature gives the volume of the gas in cubic
centimetres.

If it is desired to remove any constituent of the gas by absorption, a pipette,
B, containing the appropriate reagent, is attached to the measuring apparatus.
All the air in the connecting tube is expelled by pouring mercury into the
funnel, and turning the stopcocks d and c so that the mercury flows out through
c. A little more than enough mercury to expel the gas in the vessel a is
poured into b. The small quantity of air which is confined in the tube con-
necting b with the stopcock is removed by allowing a few drops of mercury to
run out through b. Then a and b are placed in communication. The stop-
cocks d and c are turned so that the gas may pass into the pipette, the
mercury which filled the connecting tube passes into the absorbing reagent,
and unites with that which is already at the bottom of the pipette. The
transfer is facilitated by the pump e. After absorption the residual volume is
measured in the same way that the original volume was measured, a is com-
pletely filled with mercury from the upper to the lower stopcock, and all the
mercury in b is allowed to run out; the gas is then drawn back into the
measuring apparatus, the last portion remaining in the connecting tube being
displaced by means of mercury from the funnel. The volume is then deter-
mined as before.

The calculation of the results of an analysis is very simple. If the tempera-
ture and pressure remain the same during an analysis, as is frequently the
case, then the weights of mercury obtained are in direct proportion to the
gas volumes, and the percentage composition is at once obtained by a simple
proportion.

If the temperature and pressure are different when the measurements are
made, it is necessary to reduce the volumes to 0° and 760 m.m. The
following formula is then used : —

v_

W (If—A)
D (1 + *00367 x t) 760’

in which
W = weight of mercury obtained (in grammes),
D = specific gravity of mercury at t°,
t = temperature at which the gas is measured,

H — height of the barometer,
h — tension of aqueous vapor,
V — reduced gas volume (in cubic centimetres).

In all the measurements made with the apparatus the gas is saturated
with aqueous vapor, because it comes in contact with the water in the
manometer g.

The chief absorbents employed in gas analysis are as follows :—

A. Strong solution of potassium hydrate absorbs HC1, HBr, HI,
CO2, S02, and H2S.

B. Crystallised sodium phosphate absorbs HC1, HBr, and HI.
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C. i vol. of 25% solution of pyrogallic acid + 6 vols. 6o°/0 solution
of KHO absorbs 0 2 (after removal of any gas absorbed by
KHO alone).

D. Concentrated solution of cuprous chloride in dilute hydrochloric
acid absorbs CO (after removal of C02 and 02 with alkaline
pyrogallate).

E. A solution of sulphuric anhydride in strong sulphuric acid, or
solution of bromine, absorbs C2H4, and the other gaseous
hydrocarbons of the series C„H2n, and of CnH 2n_ 2.

F. Absolute alcohol absorbs certain of the paraffines, except marsh gas.
G. Adding an excess of pure oxygen, and then absorbing with alkaline

pyrogallate, will remove NO together with the excess of oxygen
used.

H. Hydrogen and nitrogen are left to be estimated by difference.
They may be separated by passing the mixture into an eudio-
meter, and adding excess of pure oxygen, measuring the total
volume, and passing an electric spark. The hydrogen then
forms water, and the gas being remeasured, § of the total loss
in volume represents the H2 present. The excess of 02 having
then been removed by alkaline pyrogallate, the remainder is N2 .

Full details of the analysis of gases, beyond the scope of the present work,
will be found in Sutton’s “ Volumetric Analysis.”

DIVISION II. ANALYSIS BY CIRCULAR POLARISATION.
THE SACCHARIMETER.

Crystals which do not belong to the regular system (notably calc-spar)
possess the power of double refraction. That is to say, when a ray of light
falls upon them, it is divided into two rays, one of which follows the ordinary
rule of refraction, while the other takes a totally different course ; and the two
rays are called respectively the “ ordinary ” and the “ extraordinary ” ray.
The most convenient polarising medium is what is called a “ Nicol’s prism.”
It is composed of a crystal of calc-spar cut into two portions in the direction
of its axis, and the two parts thus obtained cemented together with Canada
balsam. When a beam of light enters the prism, it is doubly refracted by the
first portion of the crystal, and the extraordinary ray only passes through the
second portion to the eye of the observer; while the ordinary ray is com-
pletely reflected away by the layer of Canada balsam, and so lost to view.
When this extraordinary ray is examined it is found to possess peculiar
properties, such as showing color in transparent bodies which are usually
colorless. This is accounted for by believing that it has become polarised
—i.e., that all its vibrations have been reduced to the same plane. If the
polarised light thus obtained be examined by means of another Nicol’s prism,
it will be found that when the two prisms are placed with the principal
sections parallel to each other, the ray will pass freely .; but if the second
prism, called the analyser, be then turned round so that its chief section is
at right angles to that of the first, the polarised ray will in turn be entirely
reflected from the layer of balsam, and no light will now reach the observer’s
eye. This holds good so long as nothing intervenes between the two prisms;
but it has been found that certain bodies, such as quartz, possess the power,
when interposed between the prisms, of giving a color instead of darkness,
owing to their possessing the power of twisting the polarised ray from its
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original plane. Such substances are said to possess the power of circular
polarisation, either in a “ right-handed ” or “ left-handed ” direction, accord-
ing as it is necessary to turn the prism either to the right or left from its
proper position to once more produce complete passage of the colorless
polarised ray. The direction of the rotation is indicated by the use of arrows,
thus: c?*o. Cane sugar, grape sugar, dextrin, maltose, creasote, camphor,
tartaric acid, cinchonine, castor oil, croton oil, and oil of lemons rotate the
plane of the polarised ray to the right; while fruit, or invert-sugar, quinine,
cinchonidine, turpentine, and many essential oils, morphine, etc., have a left-
handed rotation.

There are two varieties of quartz, known as right-handed and left-handed,
one of which rotates the plane of polarisation to the right, and the other to
the left. If a plate of quartz 1 millimetre thick be placed between the two
“ Nicols,” the ray of polarised light is rotated, and, instead of being colorless,
is colored, changing to all the colors of the spectrum as the analyser is turned,
until it once more becomes colorless, and the amount that the analyser has
to be turned (registered by a pointer on the degrees of the circle) is the index
of rotary polarisation possessed by the quartz either in a right- or left-handed
direction. If the turning of the analyser be now continued, color will again
show itself, but this time it will be the color complementary to that at first
produced. Thus, if we start with a plate of quartz showing red between the
uncrossed prisms, and rotate, we shall find that when we have turned through
an angle of 450

, we get no color, but after that we begin to get the com-
plementary color green, which becomes most intense at the right angle of 90°,
when the prisms are crossed. The polariscope as used for analysis is therefore
essentially (a) a Nicol’s prism acting as a polariser, (b ) a plate of quartz
usually divided down the centre, the one side being right-handed and the
other left, (c) a tube to contain the solution, (d) another “ Nicol ” capable of
being rotated, and having a pointer acting on degrees of the circle on a scale,
(e) a telescope to focus the line between the two sides of the quartz. When
the pointer is placed at zero, the tube filled with water, and the line focussed,
no color is seen on either side of it, but if a solution, say of sugar., be intro-
duced, then color appears on one side of the line according to the nature of
the sugar, and then the distance through which the pointer has to be moved
round the graduated circle to get both sides of the quartz colorless is the
degree of rotary polarisation. In practice, monochromatic light from a sodium
flame is employed, and this, destroying all color, causes a dark shadow instead
of a color to appear when the instrument is used, so enabling color-blind
persons to employ it without difficulty. To use the instrument we make a
solution of the body to be examined of a definite percentage strength by dis-
solving a certain number ofgrammes in 100 c.c. of a solvent. We then fill the
tube, observe the degree of rotation produced, and from that we calculate
the absolute angle of rotation for the sodium light (always expressed as [a]) as
follows :—

Let a=the observed angle, c the strength in grammes per 100 c.c., and / the length of the
tube used in decimetres ; then—

r iooa[a] D =

c x l

If the absolute angle thus found coincides with that obtained from the same substance in a
state ofpurity, then the article under examination is pure, but if not, then a simple percentage
calculation gives the impurity.

Thus the [a]D of pure cane sugar= 66'5. A sample examined as above gavean [a]D
= 6o - 0.

60 x ioo
,

.
,then : •—— = 90 '2 per cent, of real sugar present in the sample.
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DIVISION III. SPECTRUM ANALYSIS.

When a ray of sunlight is allowed to pass through a prism, it is deflected
and dispersed into a number of rays differing in their degree of refrangibility.
When these rays, as they pass from the prism, are caused to fall upon a white
surface, they are observed to have a marked difference in color. The image
so produced is called a spectrum ; and when sunlight is thus treated it is
found to give a spectrum consisting of the following colors : viz., violet, indigo,
blue, green, yellow, orange, and red. The violet end of the spectrum, owing
to its greater refrangibility, is always the nearer to the base or broad end of
the prism. By this means ofseparating the rays of light we are able to ascertain
the peculiar properties of each of the colors which go to compose it, and we
find that the chemical activity of light resides chiefly in the most highly re-
frangible rays just outside the violet end of the visible spectrum, which are
called the actinic rays ; while, on the other hand, the heat transmitted by the
sun is most felt at the opposite or red end of the spectrum.

Further research demonstrated that if we substituted the light emitted from
various bodies in a state of incandescence to the action of a prism, the image
or spectrum produced varied in each case, and was, moreover, almost cha-
racteristic of the particular bodies employed. This discovery led to the
invention of the spectroscope, which, in its simplest form, consists of a
metallic diaphragm with a narrow slit, through which a ray of light from the
burning body is allowed to pass and is condensed by a lens upon a prism
of glass, or, better still, a triangular bottle of thin glass filled with disulphide
ofcarbon. At the opposite side of the prism is a short telescope, so arranged
that an observer, looking through it, sees the spectrum or image produced
by the light after passing through the prism. This telescope works upon a
graduated scale, by which its position for viewing any particular line observed
can be noted.

When ordinary solar light is examined through the spectroscope, a number
of dark lines are found crossing the image at certain fixed points. They are
called “ Frauenhofer’s lines,” and their position is characteristic of sunlight.
It has been proved that such lines are only formed when the source of light
contains volatile substances, as we find that the light emitted by a non-volatile
heated body gives a continuous image devoid of lines. If, for example, a
platinum wire be heated to a high temperature in a Bunsen burner, and the
light thus produced be examined, no lines will be visible ; but if the wire be
now tipped with a fragment of sodium chloride, and once more ignited, a
bright line will suddenly appear in the yellow of the spectrum, and in so
dazzling a manner as to render the whole of the rest of the image almost
invisible. In carrying out this system of analysis, therefore, it is only necessary
to procure a perfectly clean piece of platinum wire, with one end bent into
the form of a loop, and place a Bunsen gas burner in such a position that the
rays from anything heated in it will pass into the spectroscope. The wire is
then to be moistened with a little hydrochloric acid, and having been dipped
in the substance to be examined, is to be held in the hottest portion of the
Bunsen flame, and its spectrum simultaneously observed through the spectro-
scope, noting carefully the color, number, and position on the scale of the
bright lines produced. When thus examined, we find that potassium exhibits
one bright line in the red, and one in the blue ; lithium, one bright line in the
yellow, and one more brillaint in the red ; strontium, one blue, one orange,
and six red lines ; barium, a number of lines chiefly green and yellow; cal-
cium, three distinct bright yellow lines, one within green, and some broad but
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indistinct ones in the orange and red; and lastly, sodium the single bright
yellow line already mentioned.

The student must commence with the examination of pure salts, carefully
noting for reference the position of the index of the telescope on the scale
where each characteristic line is found. When it is desired to examine any
mixture, the telescope index is brought to the required position and the sub-
stance is examined: if the proper line is seen, then the element searched for
is present; if not, it is absent. If we examine ordinary light which has been
made to pass through solutions of various colored bodies, we obtain dark
bands analogous to the lines of Frauenhofer. These are called absorption
spectra, and are very useful in the detection of soluble coloring-matters. A
solution of blood, for example, shows characteristic bands in the green of the
spectrum. All this is a matter of special study, and to go farther into it would
be beyond the scope of this volume.

DIVISION IV. MELTING POINTS.

The accurate taking of the melting point is an important factor in testing
the purity of many solid organic bodies, notably of fats and waxes. Many
methods have been from time to time proposed, but the following will be
found to be sufficiently good for all ordinary purposes, and is, moreover, the
method officially adopted in the Pharmacopoeia.

A piece of narrow glass tube is softened in the gas flame and drawn out, so
as to give it a long thin end with a capillary bore. The fat or wax is melted,
and a little of it is sucked up into this capillary tube and allowed to solidify
therein. The tube is then tied to a delicate thermometer so that its capillary
end (having the semi-opaque column of solidified fat inside) just rests against
the bulb of the thermometer. Both are now supported perpendicularly in a
beaker of water, and heat is gently applied to the same. The rise of the
thermometer and the appearance of the tube of fat being both observed, the
height of the former, at the moment when the column of fat becomes trans-
parent, is noted as the melting point required. It is always useful to repeat
the process three times and to take the average as the true melting point.

Students desiring to go more deeply into this subject are referred to Allen’s
“Commercial Organic Analysis.”
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Analysis (contd. )—

Gravimetric, 131.
Milk, 165.
Mineral (of water), 149.
Mustard, 171.
Nitrometer, by the, 125.
Pepper, 171.
Polariscopic, 197.
Qualitative, I.
Quantitative, 98.
Sanitary, of water, 158.

„ „ air, 165.
Scale preparations, 93.
Spectrum, 199.
Starch, 172.Ultimate organic, 132.
Urine, 184.
Urinary calculi, 192.
Vinegar, 173.
Volumetric, 107.

Analytical factors, use of, 134,
Anode, 7.
Antifebrin, tests for, 88.
Antimonic acid, 46.
Antimony, 16.

Estimation, 139.
Antipyrin, tests for, 90.
Apparatus, 109, 152.
Arseniates, 45, 147-
Arsenic, 15.

Estimation, 139.
Arsenic acid, 45.
Arsenious acid, 44.

Estimation, 117.
Arsenites, 44.
Assay of—

Cinchona bark, 176.
Opium, 179.

Ash, of filters, 132.
,, „ organic bodies, 134.

B.

Barium, 24.Estimation, 141.
Barks, cinchona assay, 176.Bath, steam, 5.

A.
Absorbents, 196.
Absorption spectra, 200.
Acetanilide, 88.
Acetates, 47.
Acetic, acid, 47.
Acidimetry, 114.Acidulous radicals, Detection

of, 29, 75.
Gravimetric estimation of,

144.
Adeps lanse, 89.
Air bath, 133.

Sanitary analysis, 165.
Albumin, 185.
Albuminoid ammonia, 161.
Aloin, 89.
Alcohol, estimation of in

spirits, etc., 169.
Tests for, 88.
Table of percentages, 170.

Alkalies, Organic salts of, esti-
mation, 112.

Alkaline course, 59.
Carbonates, estimation,

hi.
Hydrates, estimation, 110.

Alkaloidal strength of scale
preparations, 182.

Alkaloids, table ofreactions, 97.
Detection, 91.
Estimation, 124.Tests for, 97.
Strength of extracts, 179.

Aluminium, 20.
Estimation, 141.Ammonia, 128.
Albuminoid, 161.

Ammonium, 27.
Estimation, 143.

Analysis—
Bread, 169.
Butter, 168.
Colorimetric, 128.
Colored sweets, 171.
Drugs, 174.
Food, 163.
Gases, Reiser’s apparatus,

Beer, strength of, 169.
Benzoates, 51.
Benzoic acid, 51.
Bile (urine), 189.
Bismuth, 14.

Estimation, 137.
Blood (urine), 190.
Bodeker’s method, 186.
Boettger’s test, 186.
Boiling-point, 5.Borates, 37.
Borax beads, 60.
Boric acid, 37.
Boyle’s law, 105.
Bread, analysis, 169.
Bromates, 31.
Bromides, 30.

Estimation, 144.
Separation, 53.

Bromine, 30.
Estimation, 118.

Bunsen burner, 9.
Butter, analysis, 168.

C.

Cadmium, 15.
Estimation, 137.

Calcium, 25.
Estimation, 141.

Calculi, urinary, analysis, 192.
Carbolates, 51.
Carbolic acid, 51, 57.
Carbon, 36.

Estimation, 153.Carbonates, 36, 147.
Alkaline, III.
Soluble, 126.

Carbonic acid, 36.
Cathode, 7.
Cerium, 20.
Charcoal, use of, 8.
Charles’s law, 104.
Chemical processes, 1.
Chloral hydrate, 115.

Tests for, 89.
Chlorates, 30.
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Chlorides, 29, 53.
Estimation, 144, 191.
With bromides, detection

of. 53-
With iodides, detection

of, 53-
Chlorine, 29.

Available, estimation, 118.
Estimation, 118, 157.

Chloroform, tests for, 88.
Chromates, 45.
Chromic acid, 45.
Chromium, 21.

Estimation, 141.
Chrysarobin, tests for, 89.
Cinchona, assay, 176-
Citrates, 50.
Citric Acid, 50.
Clarke’s process, 163.
Cobalt, 23.

Estimation, 139.
Coefficients for analysis, 130.
Coffee, analysis, 171.
Colloids, 6.
Colorimetric analysis, 128.
Copper, 14.

Estimation, 137.
Standard solution, 121.

Crucible, Rose’s, 5.
Crum process, 159.
Crystallisation, 5.
Cupellation, 4.
Cupreine, test for, 181.
Cyanates, 41.
Cyanic acid, 41.
Cyanides, 40, 144.Cyanogen, 40.
Cyanuric acid, 41.

D.

Decantation, 3.
Density, vapor, 105.
Detection of—

Alkaloids, 75, 91.
Bromine, hydrobromic

acid and bromides, 30.
Bromides in presence of

iodides, 53.
Carbolic acid in presence

of salicylic acid, 57.
Chlorides in presence of

bromides, 53.
Chlorides in presence of

iodides, 53.
Chlorine, hydrochloric

acid, and chlorides, 29.
Cyanides in presence of

ferro-and ferri-cyanides,
56.

Formate in presence of
fixed organic acids, 56.

Glucosides, etc., 95.
Iodate in an iodide, 54.
Inorganic acids, 78.

Detection of (contd.) -

Metals, 10.
In any simple salt, 6i.!J
In complexmixtures, 65.

Nitrate in presence of
iodide, 55.

Nitric acid (free) in pre-
sence of Nitrate, 55.

Nitrite in presence of a
nitrate, 55.

Organic acids, 80.
Phosphate in presence of

calcium, barium, stron-
tium, manganese, mag-
nesium, 56.

In presenceofiron, 56.
Soluble sulphide in pre-

sence of sulphite and
sulphate, 54.

Sugar, 75.
Dialysis, 5.
Distillation, 4.
Dragendorff’s tables, 97.
Drugs, analysis, 174.

,, Resinous (strength of),
181.

Dumas’ process, 106.

E.

Ebullition, 5.
Elaterin, tests for, 89.
Electrolysis, 6.
Ether, Nitrous (estimation),

125.
Ethylsulphates, 47.

Estimation of—
Albumin, 186.
Alkaline hydrates, no.

,, carbonates, III.
Alkaloids, 124.
Aluminium, 141.
Ammonia (Nesslerising),

128.
Ammonium, 143.
Antimony, 139.
Arseniates, 147.Arsenic, 139.
Arsenious acid, 117.
Ash, of filters, 132.

,, ,, organic bodies,
134-

Barium, 141.
Bismuth, 137.
Bromides, 144.
Bromine, 118.*^
Cadmium, 137.
Calcium, 141.
Carbonates, 147.
Carbon dioxide, 165.
Carbon and hydrogen, 153.
Chlorides, 144.
Chlorine, 157.

„ free, 118.
„ available, 118.

Estimation of (contd.) —

Chromium, 141.
Cobalt, 139.
Copper, 137.

„
and iron, minute

traces, 129.
Extracts, alkaloidal

strength of, 179.
Fatty acids in soap, 183.
Ferric and ferrous salts,

120, 121.
Glycerine, 183.
Gold, 138.
Gravimetric (of metals),

I 3S-
Hydrocyanic acid, 116.
Hydrogen peroxide, 127.
Iodides, 144.In presence of bromide

and chloride, 144.Iodine, Free, 118.
Iron, 140.
Lead, 112, 135.
Manganese, 140.
Magnesium, 142.
Mercury, 136.
Moisture, 134.
Nickel, 140.
Nitrates, 145.
Nitric acid in Nitrates,

126.
Nitrogen, 155.
Nitrous Ether, 125.
Oleic acid, 183.
Organic salts of alkalies,

112.
Oxalic acid, 148.
Phenol, 182.
Phosphates, 145.

In artificial manures,
146.

Phosphoric acid, 123.
Phosphorus, 157.
Platinum, 138.
Potassium, 142.
Resinous drugs, 181.
Silicic acid, 148.
Silver, 135.
Sodium, 142.

„ nitrite, 126.
Soluble carbonates, 126.

„ haloid salts, 115.
Sugar, 123, 189.
Starch, 123, 172.
Sulphates, 145.
Sulphides, 144.
Sulphur, 157.
Sulphurous acid, 117.
Tartaric acid, 148.
Thiosulphates, 118.
Tin, 138.
Urea in urine, 127.
Zinc, 140.

Evaporation, 5.
Examination, preliminary, 58.
Extraction, 2.
Extracts, alkaloidal strength

of, 179.
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F.
Factors, analytical (use of), 134.
Fatty acids, estimation of, 183.
Fehling’s solution, 121.

Test in urine, 186.
Ferric and ferrous salts, esti-

mation, 120.
Ferricyanides, 42.
Ferro- from ferri-cyanides,

separation, 56.
Ferrocyanides, 41.
Filters, preparation of, 131.

ash, estimation, 132.
Filtration, 3.
Flame-oxidising, 7.

reducing, 7.
tests, 60.

Fluorides, 29.
Food analysis, 165.
Formic acid and formates, 46.
Frauenhofer’s lines, 199.
Fulminic acid, 41.
Fusion, 4.

G.

Gallic acid, 52.
Gases, sp. gr. 104.

Analysis of, 194.
Gaseous impurities (testing for,

in air), 165.
Gelatin, tests for, 89.
Glucosides, 95.
Glusidum, tests for, 89.
Glycerine, 88, 183.
Gmelin’s test, 189.
Gold, 17.Estimation, 138.
Gravill’s test, 127.
Gravimetric estimation, 135.Acidulous radicals, 144.Metals, 135.
Gravity, specific, 100; of

urine, 184.
Group reagents, 10.

H.

Haloid salts, 115.
Hardness, Clark’s process, 163.
Hydrates, 32.

Alkaline, estimation, no.
Sodium, 114.

Hydriodic acid, 31.
Hydrobromic acid, 30.
Hydrochloric acid, 29.
Hydrocyanic acid, 40, 116.
Hydrofluoric acid, 29.
Hydrofluosiiicic acid, 38.
Hydrogen, estimation, 153.

Peroxide, estimation, 127.Hydrosulphuric acid, 33.
Hypobromites, 31.

Hypochlorites, 30.
Hypophosphites, 42.Hyposulphites, 34.

I.

Igniting precipitates, 133.
Indicators, 107.
Inorganic acid course, 78.
Iodate with iodide, detection

of, 54-
Iodates, 32.
Iodoform, tests for, 89.
Iodides, 31, 55.

Estimation, 144.
Iodine, 31.

Estimation, 118.
Standard solution, 117.Iron, 18.
Estimation, 140.

J-
Jalapin, tests for, 89.

K.

Reiser’s apparatus, 195.
Kipp’s apparatus, 9.
Kjeldahl’s process, 156.

L.
Lactates, 48.
Lactic acid, 48.
Lanolin, 89.
Laws—

Boyle’s, 105.
Charles’s, 104.

Lead, 12.
Estimation, 112, 135.

Liebig’s Condenser, 4.Lithium, 26.
Lixiviation, 2.

M.

Magnesium, 26.
Estimation, 142.Malates, 49, 57.

Malic acid, 49.
Manganates, 45.
Manganese, 21.

Estimation, 140.
Manures,

Estimation of phosphates
in, 146.

Mayer’s standard solution, 124.Measuring and weighing, 99.
Meconates, 51.

Meconic acid, 51.
Melting points, 200.
Mercuricum, 13.
Mercurosum, 12.
Mercury, estimation, 136.
Metals, detection of, 10.

Gravimetric estimation,
135-

In complex mixtures, 65.
Present in a simple salt,

61.
Separation into groups,

10; (Hamilton) 64, 66.
Tables for detection, 62.

Metaphosphoric acid and salts,
43-

Method, Meyer’s, 105.
Pavy’s, 122.
Varrentrapp and Will,

155-
Volhard’s, 116.

Methylated spirit, in tinctures,
180.

Milk analysis, 165.
Mineral analysis in water, 149.
Moisture, estimation, 134.
Moore’s test, 186.
Murexid test, 185.
Mustard analysis, 171.

N.

Nesslerising, 128.
Nicol’s Prism, 197.
Nickel, 23.

Estimation, 140.
Nitrates, 39, 55, 159.
Nitric acid, 39.
Nitric acid, estimation, 126.
Nitrite with nitrate, detection

of. 55-
Nitrites, 38.
Nitrogen, estimation, 155, 159.
Nitrometer, use of,

Analysis by, 125.
Nitrous acid, 38.
Nitrous ether, estimation, 125.

O.

Oleates, 48.
Oleic acid, 48, 183.
Oliver’s test, 189.
Opium, assay, 179.
Organic acid course, 80.

Analysis, ultimate, 152.
Matter in air, 165.

Orthophosphoric acid, 43.
Orthophosphates, 43.
Oxalates, 48.
Oxalic acid, 48, 148.

Standard solution, 110.
Oxidation, 7.
Oxides, 33.
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P.

Paraldehyd, tests for, 88.
Pavy’s method, 122.
Pepper analysis, 171.
Perchlorates, 30.
Periodates, 32.
Permanganates, 45.
Pettenkofer’s test, 189.
Phenacetin, tests for, 90.
Phenazone, tests for, 90.
Phenol and Phenates, 51, 182.
Phosphates, detection of, 43,

56, 191-
Estimation, 145, 191.

Phosphites, 43.
Phosphoric acid, 43.

Estimation, 123.
Phosphorous acid, 43.
Phosphorus, estimation, 157.
Picrotoxin, tests for, 90.
Platinum, 18.

Estimation, 138.
Podophyllin, tests for, 90.
Poisons in mixtures (testing

. for), 95.
Polarisation, analysis by, 197.
Potassium, 27.Bichromate, standard so-

lution, 119.
Estimation, 142.

Precipitates, drying, etc., 132.
Precipitation, 2.
Preliminary examination, 58.
Process, Clark’s, 163.

Crum’s, 159.
Dumas’, 156.
Kjeldahl’s, 156.
Reichert’s, 168.

Processes, chemical, 1.
Special analytical, 84.

Pyrogallic acid, 52.
Pyrology, 7.
Pyrophosphoric acid and salts,

43-
Q-

Qualitative analysis—
Detection of metals, 10.
Detection and separation

of Acidulous Radicals,
29.

Detection of unknown
salts, 58.

Detection of Alkaloids,
and of “ Scale ” medici-
nal preparations, 91.

Processes, 1.
Quantitative analysis—

Separations, 149.
Specific gi-avity, 100.
Standard solutions, 107.
Vapour density, 105.
Weighing and measuring,

98.
Quartz, 198.
Quinine sulphate (testing), 181.

R.

Radicals, acidulous, 29, 75,
144-

Reagents, 10.
Group I., 11.
Group II. Div. A, 13.
Group II. Div. B, 15.
Group III. Div. A, 18.
Group III. Div. B, 21.
Group IV., 24.Group V., 26.

Reduction, 7, 8.
Reichert’s process, 168.
Resin, tests for, 90, 95.
Resinous drugs (strength of),

181.
Resorcin, tests for, 90.

S.

Saccharimeter, 197.
Saccharine, tests for, 89.
Salicylic acid. 52.
Salts, detection of unknown,

58.
Estimation of ferrous and

ferric, 120.
Estimation of soluble

haloid, 115.
Used in pharmacopoeia,64.

Sanitary analysis of air, 165.
Sanitaryanalysis of water, 158.
Santonin, tests for, 90.
Scale preparations, 93.

Alkaloidal strength of,
182.

Separation — Group metals,
66, 74.

Arseniate from phosphate,
56-

Chlorates from chlorides,
53-

Chlorides, iodides, bro-
mides from nitrates, 55.Cyanides from chlorides,
55-

Ferro- from ferri-cyanides,
56-

Iodide from bromide and
chloride, 53.

Metals into groups, 66.
Oxalates, tartrates, ci-

trates, malates, 57.
Quantitative, 149.
Silica from all other acids,

54-
Sulphides, sulphites and

sulphates, 54.
Sulphonal, tests for, 90.

Thiosulphates, from sul-
phides, 54.

Silica, 37, 54.
Silicates, 37.
Silicic acid, 3 7, 148.

Anhydride, separation of,
54-

Silver, II.
Estimation, 135.

Soap, fatty acids in, 183,
Sodium, 27.Estimation, 142.Hydrate, Standard solu-

tion, 114.
Nitrite, estimation of, 126.

Soil, estimation of phosphates
in, 146.

Solution, I.
Solutions, standard, 107.

For testing acidulous
radicals, 77.

Separate (treatment of),
. ? 74-

Solubility tables, 82.
Soxhlet’s apparatus, 2.
Special processes, 84.
Specific gravity, 100.

Gases, 104.
Liquids, 100.
Practical application, 103.
Solid bodies, 102.
Urine, 184.

Spectrum analysis, 199.
Spirits, alcoholic strength, 169.

Table for percentages,
170.

Standard Solutions—

Argentic nitrate, 115.
Barium chloride, 124.Copper, Fehling’s, 121.
Iodine, 117.Mayer’s, for alkaloids,

124.
Oxalic acid, 110.
Phosphate, 123.
Potassium bichromate,

119-
Soap, 163.
Sodium hydrate, 114.
Sulphuric acid, 114.
Thiocyanate, 117.Thiosulphate, 118.

Standards of strength, vide
standard solutions, as
above.

Stannates, 46.
Stannic acid, 46.
Starch estimation, 123, 172.
Stearates, 48.
Stearic acid, 48.
Strength of extracts (alka-

loidal), 179.
Resinous drugs, 180.
Standards oh 113, 115,

etc.
Strontium, 25.
Sublimation, 4.
Succinates, 49.
Succinic acid, 49.
Sugar estimation, 123.

In urine, 186.
Sulphates, 35, 91.

Estimation, 145, 191.
Sulphides, 33, 54.

Estimation, 114.
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V.

Valerianates, 47.
Valerianic acid, 47.Van Babo’s apparatus, 9.
Vaporisation, 5.
Vapour, specific gravity, 104.
Vapours, density of, 105.
Varrentrapp & Will, 155.
Vinegar analysis, 173.

Sulphuric acid in, 173.
Volhard’s method, 116.
Volumetric analysis, 107.

Coefficients for, 130.

W.

Washing precipitates, 132.
Water, 32.

Mineral analysis of, 149.
Sanitary analysis of, 158.

Weighing, 98, 109.
Precipitates, 133.

Westphal balance, 102.
Will & Varrentrapp, 155,
Wines, alcoholic strength, 169.

Z.
Zinc, 22.

Estimation, 140.

Sulphides, sulphites, and sul-
phates, separation of,
54-

Sulphites, 35,
Sulphocyanates, 41.Sulphovinates, 47.
Sulphur, 33.

Estimation, 157.Sulphuretted hydrogen, pre-
paration of, 9.

Sulphuric acid, 35.Sulphurous acid, 35.
Estimation, 117.

Sweets (coloured), analysis,
171.

Sykes’s hydrometer, 101.

T.

Tables —

Coefficients for analysis,
130-

Degrees of thermometer,
167.

Detection of the metal in
a simple salt, the metals
as in pharmacopoeia, 64.

Detection of the metal in
a solution containing
one base only, 62.

Distinctionbetween gallic,
tannic, and pyrogallic
acids, 52.

Tables ( contci.)—
General reaction of alka-

loids, 97.
Milk, specific gravity of,

167.
Percentages of alcohol,

170.
Separation of metals into

groups, 66.
Solubility of salts, 82.

Tannic acid, 52.
Tartaric acid, 49, 148.
Tartrates, 49.
Testing for poisons, 95.

Chief alkaloids, 96.
Gaseous impurities, 165.
Quinine sulphate, 181.

Thiocyanates, 41.Thiosulphates, 34, 118.
Tin, 17.

Estimation, 138.
Tinctures —

Alcoholic strength, 169.
Methyl spirit in, 180.

Toxicological analysis, 95.
U.

Ultimate organic analysis, 152.
Urea, estimation, 127, 190.
Uric acid, 190.
Urinary calculi, analysis, 192.
Urine, 127.Analysis, 184.
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Jacobson. Operations of. - 5.00
Moullin. Complete Text-

book of Surgery. 497 Illus.
Cloth, 7.00; Sheep, 8.00

Porter’s Surgeon’s Pocket-
book. -

- Leather. 2.25
Smith. Abdominal Surg. 7.00
Swain. Surg. Emergencies. 1.50
Walsham. Practical Surg. 300
Watson’s Amputations. 5.50

TECHNOLOGICAL BOOKS.
See also Chemistry.

Cameron. Oils & Varnishes. 2.50
Soap and Candles. 2.25Gardner. Brewing, etc. 1.75Gardner. Acetic Acid, etc. 1.75Bleaching & Dyeing. 1.75

Groves and Thorp. Chemi-
cal Technology. Vol. I.
Mills on Fuels. Cl. 7.50; %M. 9.00Overman. Mineralogy. x.oo

Piggott. On Copper. - 1.00

THERAPEUTICS.
Allen, Harlan, Harte, Van

Harlingen. Local Thera.
Biddle, nth Ed. Cl. 4.25; Sh.' 5.00
Burnet. Food and Dietaries. 1.75

Field. Catharticsand Emetics.$1.75
Headland. Action of Med. 3.00Jaworski. Carlsbad Salts. 2.00
Mays. Therap. Forces. 1.25Theine 50
Napheys’ Medical. -

Surgical. - -

Ott. Action of Medicines. 2.00
Potter’s Compend. 5th Ed. 1.00

, Handbook of. 4.00 ; Sh. 5.00
Waring’s Practical. 4th Ed. 3.00

THROAT AND NOSE.
Cohen. Throat and Voice. .50Greenhow. Bronchitis. 1.25Hutchinson. Nose&Throat. 1.25Journal of Laryngology. 3.00Mackenzie. The (.Esophagus,

Naso-Pharynx, etc. - 3.00
Pharmacopoeia. - 1.25Murrell. Bronchitis. - 1,50

Potter. Stammering, etc. 1.00
Woakes. Post-Nasal Catarrh. 1.50

Deafness, Giddiness, etc.

TRANSACTIONS ANDREPORTS.
Penna. Hospital Reports. 1.25
Power and Holmes’ Reports. 1.25Trans. College ofPhysicians. 3.50Amer. Surg. Assoc. 3.00Assoc. Amer. Phys. 3.50

URINE & URINARY ORGANS.
Acton. Repro. Organs. 2.00
Beale. Urin. & Renal Dis. 1.75Urin. Deposits. Plates. 2.00
Holland. The Urine, Milk and

Common Poisons. 4th Ed. 1.00
Legg. On Urine. - - .75MacMunn. Chem. of Urine, 3.00Marshall and Smith. Urine. 1.00
Ralfe. Kidney and Uri. Org. 2.75Schnee. Diabetes. - 2.00
Thompson. Urinary Organs. 3.50

Surg. of Urin. Organs. 1.25Calculous Dis. 3d. Ed. 1.00
Lithotomy. - - 3.50Prostate. 6th Ed. 2.00

Thornton. Surg. of Kidney. 1.75Tyson. Exam, of Urine. 1.50Van Niiys. Urine Analysis. 2.00

VENEREAL DISEASES.
Hill and Cooper’s Manual. 1.00

VETERINARY.
Armatage. Vet. Rem. 1.25Ballou. Anat. and Phys. i.co
Tuson. Vet. Pharm. 2.50

VISITING LISTS.
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Perpetual Edition. 1.25
Monthly Ed.
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Fox. Water, Air, Food. 4 00Frankland. Analysis of. 1.00
Leffmann & Beam. Exam. of. 1.25
MacDonald. Examinationof. 2.75

WOMEN, DISEASES OF.
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From PROF. J. M. DaCOSTA.
“ I find it an excellent work, doing credit to the learningand discrimination of the author."

A New Medical Dictionary.
A compact, concise Vocabulary, including

all the Words and Phrases used in medicine,
with their proper Pronunciation and Defini-
tions.

BASED ON RECENT MEDICAL
LITERATURE.

BY

GEORGE M. GOULD, A.B., M.D.,
OphthalmicSurgeon to the Philadelphia Hospital , Clinical

Chief Ophtha/mological Dept. German Hos-
pital, Philadelphia.

It is not a mere compilation from other
dictionaries. The definitions have been
made by the aid of the most recent stan-

SmarhuTnb i^dexMorocco’ as above* with
g425

dard text-books in the various branches of
Plain Dark Leather, without Thumb Index, 3.25 medicine. It includes

SEVERAL THOUSAND NEW WORDS NOT CONTAINED IN
ANY SIMILAR WORK.

IT CONTAINS TABLES of the ABBREVIATIONS used in Medicine, of the
ARTERIES, of the BACILLI, giving the Name, Habitat, Characteristics, etc.; of GAN-
GLIA, LEUCOMAINES, MICROCOCCI, MUSCLES, NERVES, PLEXUSES,
PTOMAINES, with the Name, Formula, Physiological Action, etc.; and the COMPARI-
SON OF THERMOMETERS, of all the most used WEIGHTS AND MEASURES
of the world, of the MINERAL SPRINGS OF THE U. S., VITAL STATISTICS,
etc. Much of the material thus classified is not obtainable by English readers in any other work.

OPINIONS OF PROMINENT MEDICAL PAPERS.
“ One pleasing feature of the book is that the reader can almost invariably

find the definition under the word he looks for, without being referred from
one place to another, as is too commonly the case in medical dictionaries.
The tables of the bacilli, micrococci, leucomal'nes and ptomaines are excellent,
and contain a large amount of information in a limited space. The anatomical
tables are also concise and clear. . . . We should unhesitatingly recom-
mend this dictionary to our readers, feeling sure that it will prove of much
value to them.”—American Journal ofMedical Science, Sept. 1890.

“Asa handy, concise and accurate, and complete medical dictionary it
decidedly claims a very high place among works of this description. In fact,
taking handiness and cheapness into account, we certainly think this is the
general practitioner’s model dictionary, and we cordially recommend it to our

readers. The definitions are for the most part terse and accurate, and the
derivations up to modern lights.”—British MedicalJournal, London, Sept. 1890.

May be obtained through all Booksellers. Sample pages free.
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jyjedical and Scientific publications,
No. 1012 Walnut St., Philadelphia.

ACTON. The Functions and Disorders of the Reproductive Organs in Childhood,
Youth, Adult Age and Advanced Life, considered in their Physiological, Social
and Moral Relations. By Wm. Acton, m.d., m.r.c.s. 7th Edition. Cloth, $2.00

AITKEN. Animal Alkaloids, the Ptomaines, Leucomai'nes and Extractives in
their Pathological Relations. By William Aitken, m.d., f.r.s., Prof, of Path,
in the Army Medical School, Netley, England. 2d Ed. Enlarged. Cloth, $1.25

ALLEN, HARLAN, HARTE, VAN HARLINGEN. Local Therapeutics.
A Handbook of Local Therapeutics, being a practical description of all those
agents used in the local treatment of disease, such as Ointments, Plasters,
Powders, Lotions, Inhalations, Suppositories, Bougies, Tampons, etc., and the
proper methods of preparing and applying them. By Harrison Allen, m.d.,
Emeritus Professor of Physiology in the University of Penna.; Laryngologist to
the Rush Hospital for Consumption ; late Surgeon to the Philadelphia and St.
Joseph’s Hospitals. George C. Harlan, m.d., late Professor of Diseases of the
Eye in the Philadelphia Polyclinic and College for Graduates in Medicine;
Surgeon to the Wills Eye Hospital, and Eye and Ear Department of the Penn-
sylvania Hospital. Richard H. Harte, m.d., Demonstrator of Osteology,
University of Pennsylvania ; Assistant Surgeon, University Hospital, and Arthur
Van Harlingen, m.d., Professor of Diseases of the Skin in the Philadelphia
Polyclinic and College for Graduates in Medicine; late Clinical Lecturer on
Dermatology in Jefferson Medical College; Dermatologist to the Howard Hos-
pital. In One Handsome Compact Volume. Nearly Ready.

ALLEN. Commercial Organic Analysis. A Treatise on the Modes of Assaying
the Various Organic Chemicals and Products employed in the Arts, Manufactures,
Medicine, etc., with Concise Methods for the Detection of Impurities, Adultera-
tions, etc. Second Edition. Revised and Enlarged. By Alfred Allen, f.c.s.

Vol. I. Alcohols, Ethers, Vegetable Acids, Starch, etc. Out of Print.
Vol. II. Fixed Oils and Fats, Hydrocarbons and Mineral Oils, Phenols and

their Derivatives, Coloring Matters, etc. Out of Print.
Vol. III.— Part I. Acid Derivatives of Phenols, Aromatic Acids, Tannins,

Dyes, and Coloring Matters. 8vo. Cloth, $4.50

ANDERSON. A Treatise on Skin Diseases. With special reference to Diagnosis
and Treatment, and including an Analysis of 11,000 consecutive cases. By T.
McCall Anderson, m.d., Professor of Clinical Medicine, University of Glasgow.
With several Full-page Plates, two of which are Colored Lithographs, and nu-
merous Wood Engravings. Octavo. 650 pages. Cloth, $4.50; Leather, $5.50

ARCHIVES OF SURGERY. Edited by Jonathan Hutchinson, f.r.s. Colored
Illustrations. Published Quarterly. Per Vol. $3.00

ARLT. Diseases of theEye. Clinical Studies on Diseases of the Eye. Including the
Conjunctiva, Cornea and Sclerotic, Iris and Ciliary Body. By Dr. Ferd. Ritter
von Arlt, University of Vienna. Authorized Translation by Lyman Ware,
m.d., Surgeon to the Illinois Charitable Eye and Ear Infirmary, Chicago.
Illustrated. 8vo. Cloth, $2.50

ARMATAGE. The Veterinarian’s Pocket Remembrancer : being Concise
Directions for the Treatment of Urgent or Rare Cases, embracing Semeiology,
Diagnosis, Prognosis, Surgery, Therapeutics, Toxicology, Detection of Poisons
by their appropriate tests, Hygiene, etc. By George Armatage, m.r.c.v.s.
Second Edition. 32010. Boards, $1.25
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BALLOU. Veterinary Anatomy and Physiology. By Wm. R. Ballou, m.d.,
Prof, of Equine Anatomy, New York College of Veterinary Surgeons, Physician
to Bellevue Dispensary, and Lecturer on Genito-Urinary Surgery, New York
Polyclinic, etc. With 29 Graphic Illustrations, nmo. No. 12 ? Quiz-Compend
Series.? Cloth, $1.00. Interleaved, for the addition of notes, $1.25

BAB. Antiseptic Midwifery. The Principles of Antiseptic Methods Applied to
Obstetric Practice. By Dr. Paul Bar, Obstetrician to, formerly Interne in, the
Maternity Hospital, Paris. Authorized Translation by Henry D. Fry, m.d.
with an Appendix by the author. Octavo. Cloth, $1.75

BABBETT. Dental Surgery for General Practitioners and Students of Medicine
and Dentistry. Extraction of Teeth, etc. By A. W. Barrett, m.d. Second
Edition. Illustrated Practical Series. [See page igl\ Cloth, $1.25

BABTLEY. Medical Chemistry. Second Edition. A Text-book for Medical and
Pharmaceutical Students. By E. H. Bartley, m.d., Professor of Chemistry and
Toxicology at the Long Island College Hospital; President of the American
Society of Public Analysts; Chief Chemist, Board of Health, of Brooklyn, N.Y.
Revised and enlarged. With 62 Illustrations. Glossary and Complete Index.
423 pages. i2mo. Cloth, $2.50

BEALE. On Slight Ailments; their Nature and Treatment. By Lionel S. Beale,
m.d., f.r.s., Professor of Practice, King’s Medical College, London. Second
Edition. Enlarged and Illustrated. 8vo. Cloth, $1.25

Urinary and Benal Diseases and Calculous Disorders. Hints on Diagnosis
and Treatment. Demi-8vo. 356 pages. Cloth, $1.75

The Use of the Microscope in Practical Medicine. For Students and
Practitioners, with full directions for examining the various secretions, etc.,
in the Microscope. Fourth Edition. 500 Illustrations. 8vo. Cloth, $7.50

How to Work with the Microscope. A Complete Manual of Microscopical
Manipulation, containing a full description of many new processes ot
investigation, with directions for examining objects under the highesf
powers, and for taking photographs of microscopic objects. Fifth Edition.
Containing over 400 Illustrations, many of them colored. 8vo. Cloth, $7.50

One Hundred Urinary Deposits, on eight sheets, for the Hospital, Labora-
tory, or Surgery. New Edition. 4to. Paper, $2.00

BEASLEY’S Book ofPrescriptions. Containing over 3100 Prescriptions, collected
from the Practice of the most Eminent Physicians and Surgeons—English,
French and American; a Compendious History of the Materia Medica, Lists of
the Doses of all Officinal and Established Preparations, and an Index of Diseases
and their Remedies. By Henry Beasley. Sixth Edition. Cloth, $2.25

Druggists’ GeneralBeceipt Book. Comprising a copious Veterinary Formu-
lary ; Recipes in Patent and Proprietary Medicines, Druggists’ Nostrums,
etc.; Perfumery and Cosmetics ; Beverages, Dietetic Articles and Condi-
ments; Trade Chemicals, Scientific Processes, and an Appendix of Useful
Tables. Ninth Edition. Revised. Cloth, $2.25

Pocket Formulary and Synopsis of the British and Foreign Pharmacopoeias.
Comprising Standard and Approved Formulae for the Preparations and
Compounds Employed in Medical Practice. Eleventh Edition. Cloth, $2.25

BIDDLE’S Materia Medica and Therapeutics. Eleventh Edition. For the Use of
Students and Physicians. By Prof. John B. Biddle, m.d., Professor of Materia
Medica in Jefferson Medical College, Philadelphia. The Eleventh Edition, thor-
oughly revised, and in many parts rewritten, by his son, Clement Biddle, m.d.,
Assistant Surgeon, U. S. Navy, and Henry Morris, m.d., Fellow of the College
of Physicians, of Philadelphia, etc. Cloth, #4.25; Sheep, $5.00

BLACK. Micro-Organisms. The Formation of Poisons. A Biological study of
the Germ Theory of Disease. By G. V. Black, m.d., d.d.s. Cloth, $1.50

BLODGETT’S Dental Pathology. By Albert N. Blodgett, m.d., Late Prof, of
Pathology and Therapeutics, Boston Dental Coll. 33 Illus. 121110. Cloth, $1.75
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BLOXAM. Chemistry, Inorganic and Organic. With Experiments. By
Charles L. Bloxam. Edited by J. M. Thompson, Professor of Chemistry in
King’s College, London, and A. G. Bloxam, Dem, of Chem., Royal Agricultural
College, Cirencester. Seventh Edition. Revised and Enlarged. With 281
Engravings. 8vo. Cloth, $4.50; Leather, $5.50

BOWLBY. Injuries and Diseases of the Nerves, and their surgical treatment.
By Anthony A. Bowlby, f.r.c.s., Dem. of Practical Surgery at St. Bartholo-
mew’s Hospital. Illustrated by 4 Colored and 20 full-page plates. 8vo.

Cloth, $4.50
Surgical Pathology and Morbid Anatomy. 135 Illustrations. Cloth, $2.00

BOWMAN. Practical Chemistry, including analysis, with about 100 Illustrations.
By Prof. John E. Bowman. Eighth English Edition. Revised by Prof. Bloxam,
Professor of Chemistry, King’s College, London. Cloth, $2.00

BRUBAKER. Physiology. A Compend of Physiology, specially adapted for the
use of Students and Physicians. By A. P. Brubaker, m.d., Demonstrator of
Physiology at Jefferson Medical College, Prof, of Physiology, Penn’a College of
Dental Surgery, Philadelphia. Sixth Edition. Revised, Enlarged and Illus-
trated. No. 4,?Quiz-Compend Series? i2mo. Cloth, $1.00; Interleaved, $1.25

BUCKNILL AND TUKE’S Manual of Psychological Medicine : containing
the Lunacy Laws, the Nosology, Aetiology, Statistics, Description, Diagnosis
Pathology (including morbid Histology) and Treatment of Insanity. By John
Charles Bucknill, m.d., f.r.s., and Daniel Hack Tuke, m.d., f.r.c.p.
Fourth Edition. Numerous illustrations. 8vo. Cloth, $8.00

BULKLEY. The Skin in Health and Disease. By L. Duncan Bulkley, m.d.,
Attending Physician at the New York Hospital. Illustrated. Cloth, .50

BUXTON. On Anaesthetics. A Manual. By Dudley Wilmot Buxton, m.r.c.s.,
m.r.c.p., Asst, to Prof, of Med., and Administrator of Anaesthetics, University
College Hospital, London. Practical Series. [See page /<?.] Cloth, $1.25

BURNET. Foods and Dietaries. A Manual of Clinical Dietetics. By R. W.
Burnet, m.d., m.r.c.p., Physician to the Great Northern Central Hospital.
General Contents—Diet in Derangementa of the Digestive, Nervous and Res-
piratory Organs; in Gout, Rheumatism, Anaemia, Fevers, Obesity, etc.; in Dis-
eases of Children, Alcoholism, etc. With Appendix on Predigested Foods and
Invalid Cookery. Full directions as to hours of taking nourishment, quantity,
etc., are given. 12010. Cloth, $1.75

BURNETT. Hearing, and How to Keep It. By Chas. H. Burnett, m.d., Prof,
of Diseases of the Ear, at the Philadelphia Polyclinic. Illustrated. Cloth, .50

BYFORD. Diseases of Women. The Practice of Medicine and Surgery, as
applied to the Diseases and Accidents Incident to Women. By W. H. Byford,
a.m., m.d., Professor of Gynaecology in Rush Medical College and of Obstetrics
in the Woman’s Medical College; Surgeon to the Woman’s Hospital; Ex-Presi-
dent American Gynaecological Society, etc., and Henry T. Byford, m.d., Sur-
geon to the Woman’s Hospital of Chicago; Gynaecologist to St. Luke’s Hos-
pital; President Chicago Gynaecological Society, etc. Fourth Edition. Revised,
Rewritten and Enlarged. With 306 Illustrations, over 100 of which are original.
Octavo. 832 pages. Cloth, $5.00; Leather, $6.00

On the Uterus. Chronic Inflammation and Displacement. Cloth, $1.25
CAIRD and CATHCART. Surgical Handbook for the use of Practitioners and

Students. By F. Mitchell Cairo, m.b., f.r.c.s., and C. Walker Cathcart,
m.b., f.r.c.s., Asst. Surgeons Royal Infirmary. With over 200 Illustrations.
32mo. 400 pages. Pocket size. Leather covers, $2.50

CAMERON. Oils and Varnishes. A Practical Handbook, by James Cameron,
f.i.c. With Illustrations, Formulae, Tables, etc. i2mo. Cloth, $2.50

Soap and Candles. A New Handbook for Manufacturers, Chemists, Ana-
lysts, etc. Compiled from all reliable and recent sources. 54 Illustrations.
i2mo. ' Cloth, $2.25
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CARPENTER. The Microscope and Its Revelations. By W. B. Carpenter,
m.d., f.r.s. Seventh Edition. Revised and Enlarged, with over 500 Illustra-
tions and Lithographs. New Edition Nearly Ready.

CAZEAUX and TARNIER’S Midwifery. With Appendix, by Munde. Eighth
Revised and Enlarged Edition. With Colored Plates and numerous other
Illustrations. The Theory and Practice of Obstetrics ; including the Diseases
of Pregnancy and Parturition, Obstetrical Operations, etc. By P. Cazeaux,
Member of the Imperial Academy of Medicine, Adjunct Professor in the Faculty
of Medicine in Paris. Remodeled and rearranged, with revisions and additions,
by S. Tarnier, m.d., Professor of Obstetrics and Diseases of Women and
Children in the Faculty of Medicine of Paris. Eighth American, from the
Eighth French and First Italian Edition'. Edited and Enlarged by Robert
J. Hess, m.d., Physician to the Northern Dispensary, Phila., etc., with an Ap-
pendix by Paul F. Munde, m.d., Professor of Gynaecology at the New York
Polyclinic, and at Dartmouth College ; Vice-President American Gynaecological
Society, etc. Illustrated by Chromo-Lithographs, Lithographs, and other Full-
page Plates, seven of which are beautifully colored, and numerous Wood En-
gravings. Students' Edition. One Vol., 8vo. Cloth, $5.00; Full Leather, $6.00

CHAVASSE. The Mental Culture and Training of Children. Cloth, $1.00

CLEVELAND’S Pocket Dictionary. A Pronouncing Medical Lexicon, containing
correct Pronunciation and Definition of terms used in medicine and the col-
lateral sciences, abbreviations used in prescriptions, list of poisons, their anti-
dotes, etc. By C. H. Cleveland, m.d. Thirty-third Edition. Very small
pocket size. Cloth, .75; Tucks with Pocket, $1.00

COHEN. The Throat and Voice. By J. Solis-Cohen, m.d. Illustrated, nmo.
Cloth,.50

COLLIE, On Fevers. A Practical Treatise on Fevers, Their History, Etiology,
Diagnosis, Prognosis and Treatment. By Alexander Collie, m.d., m.r.c.p.,
Lond. With Colored Plates. Practical Series. See Page 19. Cloth, $2.50

CROCKER. Diseases of the Skin. Their Description, Pathology, Diagnosis and
Treatment. By H. Radcliffe Crocker, m.d., Physician to the Dept, of Skin
Dis. University College Hospital, London. With Illustrations. Cloth, $5.50

CULLINGWORTH. A Manual ofNursing, Medical and Surgical. By Charles
J. Cullingworth, m.d., Physician to St. Thomas’ Hospital, London. Third
Revised Edition. With 18 Illustrations. i2mo. Cloth, .75

A Manual for Monthly Nurses. Third Edition. 32mo. Cloth, .50
DAVIS. Biology. An Elementary Treatise. By J. R. Ainsworth Davis, of

University College, Aberystwyth, Wales. Thoroughly Illustrated. i2mo. $4.00
DAVIS. Clinical Obstetrical Chart. Designed by Ed. P. Davis, m.d., and J. P.

Crozer Griffith, m.d. Sample copies free. Put up in loose packages of 50, .50
Price to Hospitals, 500 copies, $4.00; 1000 copies, $7.50. With name of Hos-

pital printed on, 50 cents extra.
Manual of Obsterics. Illustrated. Nearly Ready.

DAY. On Headaches. The Nature, Causes and Treatment of Headaches. By
Wm. H. Day, m.d. Fourth Edition. Illustrated. 8vo. Paper, .75 ; Cloth, $1.25

DERMATOLOGY, Journal of. Edited by Malcolm Morris, m.r.c.s. London,
and D. G. Brooke, m.r.c.s. Manchester, Eng. Monthly. Per Annum, $3.00

DOMVILLE. Manual for Nurses and others engaged in attending to the sick. By
Ed. J. Domville, m.d. Sixth Ed. With Recipes for Sick-room Cookery, etc.

Cloth, .75
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DORAN. Gynaecological Operations. A Handbook. By Alban Doran, f.r.c.s.,
Asst. Surg. to the Samaritan Free Hospital for Women and Children, London.
166 Illustrations. 8vo. Cloth, $4.50

DUCKWORTH. On Gout. Illustrated. A treatise on Gout. By Sir Dyce
Duckworth, m.d. (Edin.), f.r.c.p., Physician to, and Lecturer on Clinical
Medicine at, St. Bartholomew’s Hospital, London. With Chromo-lithographs
and Engravings. Octavo. Cloth, $7.00

DULLES. What to Do First, In Accidents and Poisoning. By C. W. Dulles, m.d.
Third Edition, Enlarged, with new Illustrations. Cloth, .75

EDIS. Sterility in Women. By A. W. Edis, m.d., f.r.c.p., late President British
Gynaecological Society; Senior Physician, Chelsea Hospital for Women; Physician
to British Lying-in Hospital, etc. Illustrated. 8vo. Cloth, $1.75

EDWARDS. Bright’s Disease. How a Person Affected with Bright’s Disease
Ought to Live. By Jos. F. Edwards, m.d. 2d Ed. Cloth, .50

FAGGE. The Principles and Practice of Medicine. By C. Hilton Fagge, m.d.,
f.r.c.p., f.r.m.c.s., Examiner in Medicine, University of London; Physician to,
and Lecturer on Pathology in, Guy’s Hospital; Senior Physician to Evelina Hos-
pital for Sick Children, etc. Arranged for the press by Philip H. Pye-Smith,
m.d., Lect. on Medicine in Guy’s Hospital. Including a section on Cutaneous
Affections, by the Editor; Chapter on Cardiac Diseases, by Samuel Wilkes, m.d.,
f.r.s., and Complete Indexes by Robert Edmund Carrington. 2 vols. Royal
8vo. Cloth, $8.00; Leather, $10.00 ; Half Russia, $12.00.

FIELD. Evacuant Medication—Cathartics and Emetics. By Henry M. Field,
m.d., Professor of Therapeutics, Dartmouth Medical College, Corporate Mem-
ber Gynaecological Society of Boston, etc. i2mo. 288 pp. Cloth, $1.75

FILLEBROWN. A Text-Book of Operative Dentistry. Written by invitation
of the National Association of Dental Faculties. By Thomas Fillebrown, m.d.,
d.m.d., Professor of Operative Dentistry in the Dental School of Harvard Uni-
versity; Member of the American Dental Assoc., etc. Illus. 8vo. Clo., $2.50

FLAGG. Plastics and Plastic Fillings, as pertaining to the filling of all Cavities
of Decay in Teeth below medium in structure, and to difficult and inaccessible
cavities in teeth of all grades of structure. By J. Foster Flagg, d.d.s., Professor
of Dental Pathology in Philadelphia Dental College. Fourth Revised Edition.
With many Illustrations. 8vo. Cloth, $4.00

FLOWER’S Diagrams of the Nerves of the Human Body. Exhibiting their
Origin, Divisions and Connections, with their Distribution to the various Regions
of the Cutaneous Surface and to all the Muscles. By William Ii. Flower,
f.r.c.s., f.r.s. , Hunterian Professor of Comparative Anatomy, and Conservator
of the Museum of the Royal College of Surgeons. Third Edition, thoroughly
revised. With six Large Folio Maps or Diagrams. 4to. Cloth, $3.50

FLUCKIGER. The Cinchona Barks Pharmacognostically Considered. By
Professor Friedrich FlOckiger, of Strasburg. Translated by Frederick B.
Power, ph.d. With 8 Lithographic Plates. Royal octavo. Cloth, $1.50

FOWLER’S Dictionary of Practical Medicine. By Various Writers. An Ency-
clopedia of Medicine. Edited by James Kingston Fowler, m.a., m.d., f.r.c.p.,
Senior Asst. Physician to, and Lecturer on Pathological Anatomy at, the Mid-
dlesex Hospital and the Hospital for Consumption and Diseases of the Chest,
Brompton, London. 8vo. Just Ready. Cloth, $5.00; Half Morocco, $6.00

FOX. Water, Air and Food. Sanitary Examinations of Water, Air and Food.
By Cornelius B. Fox, m.d. no Engravings. 2d Ed., Revised. Cloth, $4.00
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FOX AND GOULD. Compend on Diseases of the Eye and Refraction,
including Treatment and Surgery. By L.Webster Fox, m.d., Chief Clinical
Assistant, Ophthalmological Department, Jefferson Medical College Hospital;
Ophthalmic Surgeon, Germantown Hospital, Philadelphia; late Clinical Assistant
at Moorfields, London, England, etc., and Geo. M. Gould, m.d. Second Edition.
Enlarged. 71 Illustrations and 39 Formulae. Being No. 8, ? Quiz- Compend ?

Series. Cloth, $1.00. Interleaved for the addition of notes, $1.2$

FRANKLAND’S Water Analysis. For Sanitary Purposes, with Hints for the In-
terpretation of Results. By E. Frankland, m.d., f.r.s. Illustrated. i2mo.

Cloth, $1.00

FULLERTON. Obstetrical Nursing. A Handbook for Nurses, Students and
Mothers. By Anna M. Fullerton, m.d., Demonstrator of Obstetrics in the
Woman’s Medical College; Physician in charge of, and Obstetrician and
Gynaecologist to, the Woman’s Hospital, Philadelphia, etc. 34 Illustrations,
several of which are original. i2mo. 212 pages. Cloth, $1.25

GALABIN’S Midwifery. A Manual for Students and Practitioners. By A. Lewis
Galabin, m.d., f.r.c.p., Professor of Midwifery at and Obstetric Physician to,
Guy’s Hospital, London. 227 Illustrations. Cloth, $3.00; Leather, $3.50

GARDNER. The Brewer, Distiller and Wine Manufacturer. A Handbook for
all Interested in the Manufacture and Trade of Alcohol and Its Compounds.
Edited by John Gardner, f.c.s. Illustrated. Cloth, $1.75

Bleaching, Dyeing, and Calico Printing. With Formulae. Illustrated. $1.75
Acetic Acid, Vinegar, Ammonia and Alum. Illustrated. Cloth, $1.75

GARROD. On Rheumatism. A Treatise, on Rheumatism and Rheumatic Arthritis.
By Archibald Edward Garrod, m.a. Oxon., m.d., m.r.c.s. Eng., Asst. Phy-
sician, West London Hospital. Illustrated. Octavo. Cloth, $6.00

GIBBES’S Practical Histology and Pathology. By Heneage Gibbes.m.b. nmo.
Third Edition. Cloth, $1.75

GILLIAM’S Pathology. The Essentials of Pathology; a Handbook for Students.
By D. Tod Gilliam, m.d., Professor of Physiology, Starling Medical College,
Columbus, O. With 47 Illustrations. i2mo. Cloth, $2.00

GOODHART and STARR’S Diseases of Children. The Student’s Guide to the
Diseases of Children. By J. F. Goodhart, m.d., f.r.c.p., Physician to Evelina
Hospital for Children; Demonstrator of Morbid Anatomy at Guy’s Hospital.
Second American from the Third English Edition. Rearranged and
Edited, with notes and additions, by Louis Starr, m.d., Clinical Professor of Dis-
eases of Children in the University of Pennsylvania ; Physician to the Children’s
Hospital. With many new prescriptions. Cloth, $3.00; Leather, $3.50

GORGAS’S Dental Medicine. A Manual of Materia Medica and Therapeutics.
By Ferdinand J. S. Gorgas, m.d., d.d.s., Professor of the Principles of Dental
Science, Dental Surgery and Dental Mechanism in the Dental Department of
the University of Maryland. Third Edition. Enlarged. 8vo. Cloth, $3.50

GOULD’S New Medical Dictionary. Including all the Words and Phrases used
in Medicine, with their proper Pronunciation and Definitions, based on Recent
Medical Literature. By George M. Gould, b.a., m.d., Ophthalmic Surgeon to
the Philadelphia Hospital, etc., With Tables of the Bacilli, Micrococci, Leuco-
mai'nes, Ptomaines, etc., of the Arteries, Muscles, Nerves, Ganglia and Plexuses;
Mineral Springs of U. S., Vital Statistics, etc. Small octavo, 520 pages.

Half Dark Leather, $3.25; Half Morocco, Thumb Index, $4.25
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GOWERS, Manual of Diseases of the Nervous System. A Complete Text-book.
By William R. Gowers, m.d., Prof. Clinical Medicine, University College,
London. Physician to National Hospital for the Paralyzed and Epileptic. 341
Illustrations and 1360 pages. Octavo. New Edition Preparing.

Diagnosis of Diseases of the Brain. 8vo. Second Ed. Illus. Cloth, $2.00
Diagnosis of Diseases of the Spinal Cord. 4th Edition. Preparing.
Medical Ophthalmoscopy. A Manual and Atlas, with Colored Autotype and

Lithographic Plates and Wood-cuts, comprising Original Illustrations of the
changes of the Eye in Diseases of the Brain, Kidney, etc. Third Edition.
Revised, with the assistance of R. Marcus Gunn, f.r.c.s., Surgeon, Royal
London Ophthalmic Hospital, Moorfields. Octavo. Cloth, $5.50

Syphilis and the Nervous System. Being the Lettsomian Lectures for 1889.
8vo. In Press.

GROSS’S Biography of John Hunter. John Hunter and His Pupils. By Profes-
sor S. D. Gross, m.d. With a Portrait. 8vo. Paper, .75

GREENHOW. Chronic Bronchitis, especially as connected with Gout, Emphysema,
and Diseases of the Heart. By E. Headlam Greenhow, m.d. i2mo.

Paper, .75; Cloth, $1.25
GRIFFITH’S Graphic Clinical Chart. Designed by J. P. Crozer Griffith,

m.d., Instructor in Clinical Medicine in the University of Pennsylvania. Printed
in three colors. Sample copies free. Put up in loose packages of 50, .50

Price to Hospitals, 500 copies, $4.00; 1000 copies, $7.50. With name of Hos-
pital printed on, 50 cents extra.

GROVES AND THORP. Chemical Technology. A new and Complete Work.
The Application of Chemistry to the Arts and Manufactures. Edited by
Charles E. Groves, f.r.s., and Wm. Thorp, b.sc., f.i.c. In about eight vol-
umes, with numerous illustrations. Each volume sold separately.

Vol. I. Fuel. By Dr. E. J. Mills, f.r.s., Professor of Chemistry, Anderson
College, Glasgow; and Mr. F. J. Rowan, assisted by an American expert. 607
Illustrations and 4 plates. Octavo. Cloth, 7.50; Half Morocco, $9.00

HADDON’S Embryology. An Introduction to the Study of Embryology. For
the Use of Students. By A. C. Haddon, m.a., Prof, of Zoology, Royal College
of Science, Dublin. 190 Illustrations. Cloth, $6.00

HALE. On the Management of Children in Plealth and Disease. A Book for
Mothers. By Amie M. Hale, m.d. New Enlarged Edition. i2mo. Cloth, .75

HARE. Mediastinal Disease. The Pathology, Clinical History and Diagnosis of
Affections of the Mediastinum other than those of the Heart and Aorta, with
tables giving the Clinical History of 520 cases. The essay to which was awarded
the Fothergillian Medal of the Medical Society of London, 1888. By H. A.
Hare, m.d. (Univ. of Pa.), Demonstrator of Therapeutics and Instructor in Phy-
sical Diagnosis in the Medical Department, and Instructor in Physiology in the
Biological Department, Univ of Pa. 8vo. Illustrated by Six Plates. Cloth, $2.00

HARLAN. Eyesight, and How to Care for It. By George C. Harlan, m.d.,
Prof, of Diseases of the Eye, Philadelphia Polyclinic. Illustrated. Cloth, .50

HARLEY. Diseases of the Liver, With or Without Jaundice. Diagnosis and
Treatment. By George Harley, m.d. With Colored Plates and Numerous
Illustrations. 8vo. Price reduced. Cloth, $3.00 ; Leather, $4.00

HARRIS. On the Chest. Including the Principal Affections of the Pleurae, Lungs,
Pericardium, Heart and Aorta. By Vincent D. Harris, f.r.c.p., Physician to
the Victoria Park Hospital for Diseases of the Chest, London. With 55 Illus-
trations. Cloth, $2.50
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HARRIS'S Principles and Practice of Dentistry. Including Anatomy, Physi-
ology, Pathology, Therapeutics, Dental Surgery and Mechanism. By Chapin A.
Harris, m.d., d.d.s., late President of the Baltimore Dental College, author of
“Dictionary of Medical Terminology and Dental Surgery.’’ Twelfth Edition.
Revised and Edited by Ferdinand J. S. Gorgas, a.m., m.d., d.d.s., author of
“Dental Medicine;” Professor of the Principles of Dental Science, Dental
Surgery and Dental Mechanism in the University of Maryland. Two Full-page
Plates and 1086 Illustrations. 1225 pages. 8vo. Cloth, $7.00; Leather, $8.00

Dictionary of Dentistry. Fifth Edition, Revised. Including Definitions of
such Words and Phrases of the Collateral Sciences as Pertain to the Art and
Practice of Dentistry. Fifth Edition. Rewritten, Revised and Enlarged.
By Ferdinand J. S. Gorgas, m.d., d.d.s., Author of “Dental Medicine;”
Editor of Harris’s “Principles and Practice of Dentistry;” Professor of
Principles of Dental Science, Dental Surgery, and Prosthetic Dentistry in the
University of Maryland. Octavo. Cloth, $5.00 ; Leather, $6.00

HARTRIDGE. Refraction. The Refraction of the Eye. A Manual for Students.
By Gustavus Hartridge, f.r.c.s., Consulting Ophthalmic Surgeon to St. Bar-
tholomew’s Hospital; Ass’t Surgeon to the Royal Westminster Ophthalmic Hos-
pital, etc. 96 Illustrations and Test Types. Fifth Edition. Cloth, $2.00

HARTSHORNE. Our Homes. Their Situation, Construction, Drainage, etc. By
Henry Hartshorne, m.d. Illustrated. Cloth, .50

HATFIELD. Diseases of Children. By Marcus P. Hatfield, Professor of
Diseases of Children, Chicago Medical College. With a Colored Plate. Being
No. 14,? Quiz-Comfiend? Series. i2mo. Cloth, $1.00

Interleaved for the addition of notes, $1.25

HEADLAND'S Action of Medicines. On the Action of Medicines in the System.
By F. W. Headland, m.d. Ninth American Edition. 8vo. Cloth, $3.00

HEATH’S Minor Surgery and Bandaging. By Christopher Heath, f.r.c.s.,
Holme Professor of Clinical Surgery in University College, London. Ninth
Edition. Revised and Enlarged. With 142 Illustrations. i2mo. Cloth, $2.00

Practical Anatomy. A Manual of Dissections. Seventh London Edition.
24 Colored Plates, and nearly 300 other Illustrations. Cloth, $5.00

Injuries and Diseases of the Jaws. Third Edition. Revised, with over
150 Illustrations. 8vo. Cloth, $4.50

Lectures on Certain Diseases of the Jaws, delivered at the Royal College of
Surgeons of England, 1887. 64 Illustrations. 8vo. Boards, $1.00

HENRY. Anaemia. A Practical Treatise. By Fred’k P. Henry, m.d., Prof.
Clinical Med. Phila. Polyclinic, Physician to Episcopal and Phila. Hospitals, to
Home for Consumptives, etc. i2mo. Half Cloth, .75

HIGGENS’ Ophthalmic Practice. A Manual for Students and Practitioners. By
Charles Higgens, f.r.c.s. Ophthalmic Surgeon at Guy’s Hospital. Practical
Series. See Page ig. " Cloth, $1.75

HILL AND COOPER. Venereal Diseases. The Student’s Manual of Venereal
Diseases, being a concise description of those Affections and their Treatment.
By Berkeley Hill, m.d., Professor of Clinical Surgery, University College, and
Arthur Cooper, m.d., Late House Surgeon to the Lock Hospital, London.
4th Edition. i2mo. Cloth, $1.00
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HOLDEN’S Anatomy. A Manual of the Dissections of the Human Body. By
Luther Holden, f.r.c.s. Fifth Edition. Carefully Revised and Enlarged.
Specially concerning the Anatomy of the Nervous System, Organs of Special
Sense, etc. By John Langton, f.r.c.s., Surgeon to, and Lecturer on Anatomy
at, St. Bartholomew’s Hospital. 208 Illustrations. 8vo.

Oilcloth Covers, for the Dissecting Room, $4.50
Human Osteology. Comprising a Description of the Bones, with Colored

Delineations of the Attachments of the Muscles. The General and Micro-
scopical Structure of Bone and its Development. Carefully Revised. By
the Author and Prof. Stewart, of the Royal College of Surgeons’ Museum.
With Lithographic Plates and Numerous Illustrations. 7th Ed. Cloth, $6.00

Landmarks. Medical and Surgical. 4th Edition. 8vo. Cloth, $1.2$
HOLLAND. The Urine, the Common Poisons and the Milk. Memoranda, Chem-

ical and Microscopical, for Laboratory Use. By J. W. Holland, m.d., Professor
of Medical Chemistry and Toxicology in Jefferson Medical College, of Philadel-
phia. Fourth Edition. Revised and Enlarged. Illustrated and Interleaved.
i2mo. Cloth, $1.00

HORWITZ’S Compend of Surgery, including Minor Surgery, Amputations, Frac-
tures, Dislocations, Surgical Diseases, and the Latest Antiseptic Rules, etc., with
Differential Diagnosis and Treatment. By Orville Horwitz, b.s., m.d., Dem-
onstrator of Anatomy, Jefferson Medical College; Chief, Out-Patient Surgical
Department, Jefferson Medical College Hospital. Third Edition. Very much
Enlarged and Rearranged. 91 Illustrations and 77 Formulae. i2mo. A To.g ? Quiz-
Compend? Series. Cloth, $1.00. Interleaved for the addition of notes, $1.25

HUFELAND. Long Life. Art of Prolonging Life. By C. W. Hufeland.
Edited by Erasmus Wilson, m.d. i2mo. Cloth, $1.00

HUGHES. Compend of the Practice of Medicine. Fourth Edition. Revised and
Enlarged. By Daniel E. Hughes, m.d., Demonstrator of Clinical Medicine at
Jefferson Medical College, Philadelphia. In two parts. Being Nos. 2 and j,
? Quiz- Compend? Series.

Part I.—Continued, Eruptive and Periodical Fevers, Diseases of the Stomach,
Intestines, Peritoneum, Biliary Passages, Liver, Kidneys, etc., and General
Diseases, etc.

Part II.—Diseases of the Respiratory System, Circulatory System and Ner-
vous System ; Diseases of the Blood, etc.

Price of each Part, in Cloth, $1.00; interleaved for the addition of Notes, $1.25
Physicians’ Edition.—In one volume, including the above two parts, a sec-

tion on Skin Diseases, and an index. Fourth revised, enlarged Edition.
462 pages. Full Morocco, Gilt Edge, $2.50

HUMPHREY. A Manual for Nurses. Including general Anatomy and Physiology,
management of the sick room, etc. By Laurence Humphrey, m.a., m.b.,
m.r.c.s., Assistant Physician to, and Lecturer at, Addenbrook’s Hospital, Cam-
bridge, England. i2mo. Illustrated. 242 pages. Cloth, $1.25

HUTCHINSON. The Nose and Throat. A Manual of the Diseases of the Nose
and Throat, including the Nose, Naso-Pharynx, Pharynx and Larynx. By
Procter S. Hutchinson, m.r.c.s., Asst. Surgeon to the London Hospital for
Diseases of the Throat. Illustrated by several Lithograph Plates and 40 other
plates, many of which have been made from original drawings. i2mo. Cloth, $1.25

JACOBSON. Operations of Surgery. By W. H. A. Jacobson, b.a. oxon.,
f.r.c.s., Eng.; Ass’t Surgeon, Guy’s Hospital; Surgeon at Royal Hospital for
Children and Women, etc. With over 200 Illust. Cloth, $5.00 ; Leather, $6.00

JAWORSKI. Carlsbad Sprudel Salt. Its Action, Therapeutic Value and Use,
and its relation to the Carlsbad Thermal Water. By Dr. W. Jaworski, Univer-
sitats-Dozenten in Krakau, with a Dietary by the Translator, A. L. A. Toboldt,
m.d., Asst. Demonstrator ofPharmacy, University of Pennsylvania.

Octavo. Cloth, $2.00
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KIRKES’ Physiology. (. Authorized Editioti.) A Handbook of Physiology.
Twelfth London Edition, Revised and Enlarged. By W. Morrant Baker,
m.d., and Vincent Dormer Harris, m.d. 502 Illustrations. i2mo. 880 Pages.

Cloth, $4.00; Leather, $5 00

LANDIS’ Compend of Obstetrics ; especially adapted to the Use of Students and
Physicians. By Henry G. Landis, m.d., Professor of Obstetrics and Diseases
of Women, in Starling Medical College, Columbus, Ohio. Fourth Edition.
Enlarged. With Many Illustrations. No. 5 ?Quiz-Compend? Series.

Cloth, $1.00; interleaved for the addition of Notes, $1.25
LANDOIS. A Text-Book of Human Physiology ; including Histology and Micro-

scopical Anatomy, with special reference to the requirements of Practical Medi-
cine. By Dr. L. Landois, Professor of Physiology and Director of the Physio-
logical Institute in the University of Greifswald. Third American, translated
from the Sixth German Edition, with additions, by Wm. Stirling, m.d., d.sc.,
Brackenbury Professor of Physiology and Histology in Owen’s College, Man-
chester ; Examiner in Physiology in University of Oxford, England. With 692
Illustrations. 8vo. Cloth, $6.50; Leather, $7.50

LEBER AND ROTTENSTEIN. Dental Caries and Its Causes. An Investigation
into the Influence of Fungi in the Destruction of the Teeth. By Drs. Leber
and Rottenstein. Illustrated. Paper, .75

LEE. The Microtomist’s Vade Mecum. Second Edition. A Handbook of
Methods of Microscopical Anatomy. By Arthur Bolles Lee, Asst, in the Rus-
sian Laboratory of Zoology, at Villefranche-sur-Mer (Nice). 660 Formulae, etc.
Enlarged and Revised. Cloth, $4.00

LEFFMANN’S Compend of Chemistry, Inorganic and Organic. Including Urine
Analysis. By Henry Leffmann, m.d., Prof, of Chemistry and Metallurgy in
the Penna. College of Dental Surgery, and in the Wagner Free Institute of
Science, Philadelphia. No. 10 ?Quiz- Compend? Series. Third Edition. Re-
written and Adapted for Students of Medicine and Dentistry. i2mo.

Cloth, $1.00. Interleaved for the addition of Notes, $1.25
LEFFMANN & BEAM. Examination of Water for Sanitary and Technical Pur-

poses. By Henry Leffmann, m.d., Professor of Chemistry and Metallurgy,
Penna. College of Dental Surgery, Hygienist and Food Inspector Penna. State
Board of Agriculture, etc.; and William Beam, a.m., formerly Chief Chemist
B. & O. R. R. Second Edition. Enlarged. Illustrated. i2mo. Cloth, $1.25

Progressive Exercises in Practical Chemistry. A Laboratory Handbook.
Illustrated. i2mo. Cloth, $1.00

LEGG on the Urine. Practical Guide to the Examination of the Urine, for
Practitioner and Student. By J.Wickham Legg, m.d. Sixth Edition, Enlarged.
Illustrated. i2mo. Cloth, .75

LEWERS. On the Diseases of Women. Second Edition. With 146 Engravings.
Practical Series. See Page iq. i2mo. Cloth, $2.50

LEWIS, (BEVAN). Mental Diseases. A text-book having special reference to the
Pathological aspects of Insanity. By Bevan Lewis, l.r.c.p., m.r.c.s., Medi-
cal Director, West Riding Asylum, Wakefield, England. 18 Lithographic plates
and other Illustrations. 8vo. Cloth, $6.00

LIEBREICH’S Atlas of Ophthalmoscopy, composed of 12 Chromo-Lithographic
Plates (containing 59 Figures), with Text. Translated by H. R. Swanzy, m.d.
Third Edition. 4to. Boards, $15.00

LINCOLN. School and Industrial Hygiene. By D. F. Lincoln, m.d. Cloth, .50
LIZARS, (JOHN). On Tobacco. The Use and Abuse of Tobacco. Cloth, .50
LONGLEY’S Pocket Medical Dictionary for Students and Physicians. Giving

the Correct Definition and Pronunciation of all Words and Terms in General
Use in Medicine and the Collateral Sciences, with an Appendix, containing
Poisons and their Antidotes, Abbreviations Used in Prescriptions, and a Metric
Scale of Doses. By Elias Longley. Cloth, $1.00; Tucks and Pocket, $1.25
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LUCRES. Hospital Sisters and their Duties. By Eva C. E. Luck.es, Matron to
the London Hospital; Author of “ Lectures on Nursing.” i2mo. Cloth, $1.00

MAC MUNN. Chemistry of Urine. Illustrated. Outlines of the Clinical
Chemistry of Urine. By C. A. Mac Munn, m.a., m.d., Dublin. Sixty-four Wood-
cuts and Plate of Spectra. Octavo. $3.00

MACNAMARA. On the Eye. A Manual of the Diseases of the Eye. By C.
Macnamara, m.d. Fifth Edition, Carefully Revised; with Additions and
Numerous Colored Plates, Diagrams of Eye, Wood-cuts, and Test Types.
Demi 8vo. Preparing.

MACALISTER’S Human Anatomy. 800 Illustrations. A New Text-book for
Students and Practitioners. Systematic and Topographical, including the
Embryology, Histology and Morphology of Man. With special reference to the
requirements of Practical Surgery and Medicine. By Alex. Macalister, m.d.,
f.r.s., Professor of Anatomy in the University of Cambridge, England; Examiner
in Zoology and Comparative Anatomy, University of London; formerly Professor
of Anatomy and Surgery, University of Dublin. With 816 Illustrations, 400 of
which are original. Octavo. Cloth, $7.50; Leather, $8.50

MACDONALD’S Microscopical Examinations of Water and Air. A Guide to the
Microscopical Examination of Drinking Water, with an Appendix on the Micro-
scopical Examination of Air. By J. D. Macdonald, m.d. With 25 Litho-
graphic Plates, Reference Tables, etc. Second Ed., Revised. 8vo. Cloth, $2.75

MACKENZIE. The (Esophagus, Nose, Naso-Pharynx, etc. By Sir Morell
Mackenzie, m.d., Senior Physician to the Hospital for Diseases of the Chest
and Throat, London. Illus. Being Vol. II of the Edition of his Treatise
on the Throat and Nose. Complete in itself. Cloth, $3.00; Leather, $4.00

The Pharmacopoeia of the Hospital for Diseases of the Throat and Nose.
Fourth Edition, Enlarged, Containing 250 Formulae, with Directions for their
Preparation and Use. i6mo. Cloth, $1.25

MANN’S Manual of Psychological Medicine and Allied Nervous Diseases. Their
Diagnosis, Pathology, Prognosis and Treatment, including their Medico-Legal
Aspects ; with chapter on Expert Testimony, and an abstract of the laws relating
to the Insane in all the States of the Union. By Edward C. Mann, m.d.,
member of the New York County Medical Society. With Illustrations of Typical
Faces of the Insane, Handwriting of the Insane, and Micro-photographic Sec-
tions of the Brain and Spinal Cord. Octavo. Cloth, $5.00; Leather $6.00

MARSHALL’S Physiological Diagrams, Life Size, Colored. Eleven Life-size
Diagrams (each 7 feet by 3 feet 7 inches). Designed for Demonstration before
the Class. By John Marshall, f.r.s., f.r.c.s., Professor of Anatomy to the
Royal Academy; Professor of Surgery, University College, London, etc.

In Sheets Unmounted, net, $40.00
Backed with Muslin and Mounted on Rollers, net, $60.00

Ditto, Spring Rollers, in Handsome Walnut Wall Map Case (Send for
Special Circular), Net, $100.00
Single Plates, Sheets, net, $5.00; Mounted, $7.50; Explanatory Key, 50 cents.

No. 1—The Skeleton and Ligaments. No. 2—The Muscles and Joints, with
Animal Mechanics. No. 3—The Viscera in Position. The Structure of the Lungs.
No. 4 —The Heart and Principal Blood-vessels. No. 5—The Lymphatics or Absorb-
ents. No. 6—The Digestive Organs. No. 7—The Brain and Nerves. Nos. 8 and 9—

The Organs of the Senses. Nos. 10 and 11—The Microscopic Structure of the
Textures and Organs.
MARSHALL & SMITH. On the Urine. The Chemical Analysis of the Urine.

By John Marshall, m.d., and Prof. Edgar F. Smith, of the Chemical Labora-
tories, University of Pennsylvania. Phototype Plates. i2mo. Cloth, $1.00

MASON’S Compend of Electricity, and its Medical and Surgical Uses. By
Charles F. Mason, m.d., Assistant Surgeon U. S. Army. With an Intro-
duction by Charles H. May, m.d., Instructor in the New York Polyclinic.
Numerous Illustrations. i2mo. Cloth, $1.00
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MAXWELL. Terminologia Medica Polyglotta. By Dr. Theodore Maxwell,
assisted by others in various countries. 8vo. Cloth, $4.00

The object of this work is to assist the medical men ofany nationality in reading medical literature written
in a language not their own. Each term is usuallygiven in seven languages, viz.: English, French, German,
Italian, Spanish, Russian and Latin.
MAYS’ Therapeutic Forces ; or, The Action of Medicine in the Light of the Doc-

trine of Conservation of Force. By Thomas J. Mays, m.d. Cloth, $1.25
Theine in the Treatment of Neuralgia. Being a Contribution to the Thera-

peutics of Pain. i6mo. bound, .50
MEDICAL Directory of Philadelphia and Camden, 1889. Containing lists of

Physicians of all Schools of Practice , Dentists, Veterinarians, Druggists and
Chemists, with information concerning Medical Societies, Colleges and Associa-
tions, Hospitals, Asylums, Charities, etc. Morocco, Gilt edges, $2.50

MEIGS. Milk Analysis and Infant Feeding. A Practical Treatise on the Ex-
amination of Human and Cows’ Milk, Cream, Condensed Milk, etc., and
Directions as to the Diet of Young Infants. By Arthur V. Meigs, m.d., Physi-
cian to the Pennsylvania Hospital, Philadelphia. i2mo. Cloth, $1.00

MEIGS and PEPPER on Children. A Practical Treatise on the Diseases of
Children. By J. Forsyth Meigs, m.d., Fellow of the College of Physicians of
Philadelphia, etc., etc., and William Pepper, m.d., Professor of the Principles
and Practice of Medicine in the Medical Department, University of Pennsyl-
vania. Seventh Edition. Cloth, $5.00; Leather, $6.00

MERRELL’S Digest of Materia Medica. Forming a Complete Pharmacopoeia for
the use of Physicians, Pharmacists and Students. By Albert Merrell, m.d.
Octavo. Half dark Calf, $4.00

MEYER. Ophthalmology. A Manual of Diseases of the Eye. By Dr. Edouard
Meyer, Prof, a L’Ecole de la Faculte de Medicine de Paris, Chev. of the Legion
of Honor, etc. Translated from the Third French Edition, with the assistance
of the author, by A. Freedland Fergus, m.b., Assistant Surgeon Glasgow
Eye Infirmary. With 270 Illustrations, and two Colored Plates prepared
under the direction of Dr. Richard Liebreich, m.r.c.s., Author of the “Atlas
of Ophthalmoscopy.” 8vo. Cloth, $4.50; Leather, $5.50

MILLER and LIZAR’S Alcohol and Tobacco. Alcohol. Its Place and Power.
By James Miller, f.r.c.s. ; and, Tobacco, Its Use and Abuse. By John Lizars,
m.d. The two essays in one volume. Cloth, $1.00; Separate, each .50

MILLS. Fuel and Its Applications. By E. J. Mills, d.Sc., f.r.s., and E. J.
Rowan, c.e. (See Groves and Thorp Technology.) 8vo. Clo., $7.50; Half Mor. $9.00

MONEY. On Children. Treatment of Disease in Children, including the Outlines
of Diagnosis and the Chief Pathological Differences between Children and
Adults. By Angel Money, m.d., m.r.c.p., Asst. Physician to the Hospital for
Sick Children, Great Ormond St., and to the Victoria Park Chest Hospital, Lon-
don. Practical Series. See Page ig. i2mo. 560 pages. Cloth, $3.00

MORRIS. Compend of Gynaecology. By Henry Morris, m.d., Demonstrator of
Obstetrics, Jefferson Medical College, Phila., etc. With Forty-five illustrations.
Being ? Quiz-Comfiend? No. 7. Cloth, $1.00; Interleaved for Notes, $1.25

MORTON on Refraction of the Eye. Its Diagnosis and the Correction of its Errors.
With Chapter on Keratoscopy, and' Test Types. By A. Morton, m.b. Third
Edition, Revised and Enlarged. Cloth, $1.00

MOTJLLIN. Surgery. A Complete Text-book. By C. W. Mansell Moullin,
m.a., m.d. oxon., f.r.c.s., Surgeon and Lecturer on Physiology to the London
Hospital; formerly Radcliffe Travelling Fellow and Fellow of Pembroke Col-
lege, Oxford. 497 Illustrations, 200 of which are original. Royal Octavo. 1190
pages. Cloth, $7.00; Leather, #8.00

MURRELL. Massotherapeutics. Massage as a Mode of Treatment. By Wm.
Murrell, m.d., f.r.c.p., Lecturer on Pharmacology and Therapeutics at West-
minster Hospital. 5th Edition. Revised. i2mo. Cloth, $1.50

Chronic Bronchitis and its Treatment. {Authorized Edition .) A Clinical
Study. i2mo. 176pages. Cloth, $1.50



MEDICAL AND SCIENTIFIC PUBLICA TIONS. 17

MUTER. Practical and Analytical Chemistry. By John Muter, f.r.s., f.c.s.,
etc. Third Edition. Revised and Illustrated. Cloth, $2.00

NAPHEYS’ Modern Therapeutics. New Revised Edition, Enlarged and Im-
proved. In Two Handsome Volumes. Edited by Allen J. Smith, m.d., Asst.
Demonstrator of Morbid Anatomy and Pathological Histology, Lecturer on
Urinology, University of Pennsylvania; Physician in the Dispensary for Diseases
of Children, University Hospital, etc.; and J. Aubrey Davis, m.d., Assistant
Demonstrator of Obstetrics, University of Pennsylvania. Nearly Ready.

Vol. I.—Medical Therapeutics. Therapeutics of Diseases of Children.
Vol. II.—Surgical Therapeutics. Therapeutics of Gynaecology and

Obstetrics.
NEW SYDENHAM SOCIETY Publications. Three to Six Volumes published

each year. List of Volumes upoti application. Per annum, $9.00
OBERSTEINER, The Anatomy of the Central Nervous Organs. A Guide to the

study of their structure in Health and Disease. By Professor H. Obersteiner,
of the University of Vienna. Translated, with annotations and additions, by
Alex. Hill, m.a., m.d., Master of Downing College, Cambridge. 198 Illustrations.
Sq. Octavo. Cloth, $6.00

OPHTHALMIC REVIEW. A Monthly Record of Ophthalmic Science. Published
in London. Sample Numbers, 23 cents. Per annum, $3.00

OSGOOD. The Winter and Its Dangers. By Hamilton Osgood, m.d. Cloth, .50
OSLER. Cerebral Palsies of Children. A Clinical Study from the Infirmary for

Nervous Diseases, Philadelphia. By William Osler, m.d., f.r.c.p., London,
etc. 8vo. Cloth, $2.00

OSTROM. Massage and the Original Swedish Movements. Their Application
to Various Diseases of the Body. A Manual for Students, Nurses and Physicians.
By Kurre W. Ostrom, from the Royal University of Upsala, Sweden; Instructor
in Massage and Swedish Movements in the Hospital of the University of
Pennsylvania, and in the Philadelphia Polyclinic and College for Graduates in
Medicine, etc. Illustrated by Wood Engravings, drawn especially for this pur-
pose. i2mo. Cloth, .75

OVERMAN’S Practical Mineralogy, Assaying and Mining, with a Description of
the Useful Minerals, etc. By Frederick Overman, Mining Engineer. Elev-
enth Edition. i2mo. Cloth, $1.00

PACKARD’S Sea Air and Sea Bathing. By John H. Packard, one of the Phy-
sicians to the Pennsylvania Hospital, Philadelphia. Cloth, .50

PAGE. Railroad Injuries. With Special Reference to those of the Back and
Nervous System. By Herbert Page, m.a., m.c., cantab., f.r.c.s., Eng. Sur-
geon to St. Mary’s Hospital, and Lecturer on Surgery at its Medical School.
Square Octavo. Cloth, $2.25

Injuries of the Spine and Spinal Cord, without apparent Lesion and Nervous
Shock. In their Surgical and Medico-Legal Aspects. Third Edition,
Revised. Octavo. Preparing.

PARKES’ Practical Hygiene. By Edward A. Parkes, m.d. The Seventh Re-
vised and Enlarged Edition. With Many Illustrations. 8vo. Cloth, #4.50

PARKES. Hygiene and Public Health. A Practical Manual. By Louis C.
Parkes, m.d., d.p.h. London Hospital; Assistant Professor of Hygiene and
Public Health, at University College, etc. i2mo. Second Edition. Cloth, $2.50

PARRISH’S Alcoholic Inebriety. From a Medical Standpoint, with Illustrative
Cases from the Clinical Records of the Author. By Joseph Parrish, m.d.,
President of the Amer. Assoc, for Cure of Inebriates. Paper, .75 ; Cloth, $1.25

PARVIN’S Winckel’s Diseases of Women. (See Winckel, page 25.)
PARVIN. Lectures on Obstetric Nursing. Delivered at the Training School for

Nurses of the Philadelphia Hospital. By Theophilus Parvin, m.d., Professor
of Obstetrics and Diseases of Women and Children, at Jefferson Medical College;
Obstetrician to Philadelphia Hospital. i2mo. Cloth, .75
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PENNSYLVANIA Hospital Reports. Edited by a Committee of the Hospital
Staff: J. M. DaCosta, m.d., and William Hunt. Containing Original Articles
by the Staff. With many other Illustrations. Paper, .75 ; Cloth, $1.25

PHYSICIAN’S VISITING LIST. Published Annually. Fortieth Year of its
Publication.

REGULAR EDITION.
For 25 Patients weekly. Tucks, pocket and pencil, Gilt Edges, . . $1.00

50 “ “ “ “ “ " “

. . 1.25
75 “ “ “ " “ “ 1.50

100 “ “ “ “ “ “ “

. 2.00
Jan. to June
July to Dec.50 “ “ 2 vols. *

• •

\ Jan. to June
[ July to Dec.100 “ “ 2 vols. • • 3.00

INTERLEAVED EDITION,

For 25 Patients weekly, interleaved, tucks, pocket, etc., “ “
. . 1.25

Jan. to June
July to Dec.50 “ “ 2 vols. • • 3-

Perpetual Edition, without Dates and with Special Memorandum Pages.
For 25 Patients, interleaved, tucks, pocket and pencil, ....$1.25

50 “ “ “ “ “ “

....1.50
Monthly Edition, without Dates. Can be commenced at any time and used

until full. Requires only one writing of patient’s name for the whole month.
Plain binding, without flap or Pencil, .75

Leather cover, Pocket and Pencil, $1.00
EXTRA Pencils will be sent, postpaid, for 25 cents per half dozen.
This List combines the several essential qualities of strength, compactness,

durability and convenience. It is made in all sizes and styles to meet the wants of all
physicians. It is not an elaborate, complicated system of keeping accounts, but a
plain, simple record, that may be kept with the least expenditure of time and trouble—-
hence its popularity. A special circular, descriptive of contents and improvements,
will be sent upon application.
PEREIRA’S Prescription Book. Containing Lists of Terms, Phrases, Contrac-

tions and Abbreviations used in Prescriptions, Explanatory Notes, Grammatica
Construction of Prescriptions, Rules for the Pronunciation of Pharmaceutical
Terms. By Jonathan Pereira, m.d. Sixteenth Edition. Cloth, $1.00; Tucks$i.25

PIGGOTT Copper Mining and Copper Ore. i2mo. Cloth, $1.00
PORTER’S Surgeon’s Pocket-Book. By Surgeon-Major J. H. Porter, late Pro-

fessor of Military Surgery in the Army Medical School, Netley, England. Revised,
and partly Rewritten. Third Edition. Small i2mo. Leather Covers, $2.25

POWER, HOLMES, ANSTIE and BARNES (Drs.). Reports on the Progress of
Medicine, Surgery, Physiology, Midwifery, Diseases of Women and Children,
Materia Medica, Medical Jurisprudence, Ophthalmology, etc. Reported for the
New Sydenham Society. 8vo. Paper, .75 ; Cloth, $1.25

POTTER. A Handbook of Materia Medica, Pharmacy and Therapeutics, in-
cluding the Action of Medicines, Special Therapeutics, Pharmacology, etc. In-
cluding over 600 Prescriptions and Formulae. By Samuel O. L. Potter, m.a.,
m.d., m.r.c.p. (Lond.), Professor of the Practice of Medicine, Cooper Medical Col-
lege, San Francisco; late A. A. Surgeon U. S. Army. Second Edition, Revised and
Enlarged. 8vo. With Thumb Index in each copy. Cloth, $4.00; Leather, $5.00

Speech and Its Defects. Considered Physiologically, Pathologically and
Remedially; being the Lea Prize Thesis of Jefferson Medical College, 1882.
Revised and Corrected. i2mo. Cloth, $1.00



THE PRACTICAL SERIES.
THREE NEW VOLUMES.

PARKES. Hygiene and Public Health. A Practical Manual. By Louis C.
Parkes, m.d., d.p.h., London Hospital; Fellow of the Sanitary Institute;
Assistant Professor of Hygiene and Public Health, at University College, etc.
i2mo. Second Edition. Cloth, $2.50

LEWERS. On the Diseases of Women. A Practical Treatise. By Dr. A. H.
N. Lewers, Assistant Obstetric Physician to the London Hospital; and Phy-
sician to Out-patients, Queen Charlotte’s Lying-in Hospital; Examiner in Mid-
wifery and Diseases of Women to the Society of Apothecaries of London. With
146 Engravings. Second Edition, Revised. Cloth, $2.50

BUXTON. On Anaesthetics. A Manual of their Uses and Administration. By
Dudley Wilmot Buxton, m.d., b.s., Ass’t to Prof, of Med., and Administrator
of Anaesthetics, University College Hospital, London. Illustrated.

Second Edition in Press.

MONEY. On Children. Treatment of
Disease in Children, including the Out-
lines of Diagnosis and the Chief
Pathological Differences between Chil-
dren and Adults. By Angel Money,
m.d., m.r.c.p., Ass’t Physician to the
Hospital for Sick Children, Great
Ormond St., and to the Victoria Park
Chest Hospital, London. i2mo. 560
pages. Cloth, $3.00

PRITCHARD. On the Ear. Handbook
of Diseases of the Ear. By Urban
Pritchard, m.d., f.r.c.s., Professor
of Aural Surgery, King’s College,
London, Aural Surgeon to King’s
College Hospital, Senior Surgeon to
the Royal Ear Hospital, etc. i2mo.

2d Edition. Illustrated. In Press.

BARRETT. Dental Surgery for Gen-
eral Practitioners and Students of
Medicine and Dentistry. Extraction
of Teeth, etc. By A. W. Barrett,
m.d. 2d Edition, Revised and En-
larged. 80 Illustrations. Cloth, $1.25

COLLIE On Fevers. A Practical Treat-
ise on Fevers, Their History, Etiology.
Diagnosis, Prognosis and Treatment.
By Alexander Collie, m.d., m.r.-
C.P., Lond. Medical Officer of the Ho-
merton, and of the London Fever Hos-
pitals. Colored Plates. Cloth, $2.50

RALFE. Diseases of the Kidney and
Urinary Derangements. By C. H.
Ralfe, m.d., f.r.c.p., Ass’t Physician
to the London Hospital. Illustrated.
i2mo. Cloth, $2.75

REEVES. Bodily Deformities and
their Treatment. A Handbook of
Practical Orthopaedics. By H. A.
Reeves, m.d., Senior Ass’t Surgeon to
the London Hospital, Surgeon to the
Royal Orthopaedic Hospital. 228 Illus.

Cloth, $2.25
HIGGENS. Ophthalmic Practice. A

Manual for Students and Practitioners.
By Charles Higgins, f.r.c.p., Opthal-
mic Surgeon to Guy’s Hospital. Illus-
trated. 274 pages. Cloth, $ 1.75

The volumes of this series, written by well-known physicians and surgeons of large
private and hospital experience, embrace the various branches of medicine and surgery. They
are of a thoroughlypractical character, calculated to meet the requirements of the practitioner,
and present the most recent methods and information in a compact shape and at a low price.

Bound Uniformly, in a Handsome and Distinctive Cloth Binding, and
mailed to any address, on receipt of the price.
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POTTER. Compend of Anatomy, including Visceral Anatomy. Formerly pub-
lished separately. Based upon Gray. Fifth Edition. Revised, and greatly
Enlarged. With 16 Lithographed Plates and 117 other Illustrations. Being No.
1 ? Quiz- Compend? Series. Cloth, $1.00; Interleaved for taking Notes, $1.25

Compend of Materia Medica, Therapeutics and Prescription Writing,
arranged in accordance with the last Revision U. S. Pharmacopoeia, with
special reference to the Physiological Action of Drugs. Fifth Revised and
Improved Edition, with Index. Being No. 6 ? Quiz-Compend? Series.

Cloth, $1.00. Interleaved for taking Notes, $1.25

PRITCHARD on the Ear. Handbook of Diseases of the Ear. By Urban
Pritchard, m.d., f.r.c.s.,Professor of Aural Surgery, King’s College, London,
Aural Surgeon to King’s College Hospital, Senior Surgeon to the Royal Ear
Hospital, etc. 2d Ed. Illus. i2mo. Practical Series. See Page ig. In Press.

PROCTER’S Practical Pharmacy. Lectures on Practical Pharmacy. With 43
Engravings and 32 Lithographic Fac-simile Prescriptions. By Barnard S.
Procter. Second Edition. Cloth, $4.50

RALFE. Diseases of the Kidney and Urinary Derangements. By C. H. Ralfe.
Illustrated. i2mo. Practical Series. See Page ig. Cloth, $2.75

RAMSAY. A System of Inorganic Chemistry. By William Ramsay, ph.d.,
f.r.s., Professor of Chemistry in University College, London. Illustrated. 8vo.

Cloth, $4.50
REESE’S Medical Jurisprudence and Toxicology. A Text-book for Medical and

Legal Practitioners and Students. By John J. Reese, m.d., Editor of Taylor’s
Jurisprudence, Professor of the Principles and Practice of Medical Jurisprudence,
including Toxicology, in the University of Pennsylvania Medical Department.
Third Edition. Enlarged. Crown Octavo. 666 pages. Cloth, $3.00; Leather, $3.50

REEVES. Bodily Deformities and their Treatment. A Handbook of Practical
Orthopaedics. By H. A. Reeves, m.d. Practical Series. See Page ig. Cl., $2.25

RICHARDSON. Long Life, and How to Reach It. By J. G. Richardson, Prof,
of Hygiene, University of Penna. Cloth, .50

RICHARDSON’S Mechanical Dentistry. A Practical Treatise on Mechanical
Dentistry. By Joseph Richardson, d.d.s. Fifth Edition. Thoroughly Revised.
With 569 Illustrations. 8vo. Cloth, $4.50 ; Leather, $5.50

RIGBY’S Obstetric Memoranda. 4th Ed. By Meadows. 321110. Cloth, .50
RICHTER’S Inorganic Chemistry. A Text-book for Students. By Prof. Victor

von Richter, University of Breslau. Third American, from Fifth German
Edition. Authorized Translation by Edgar F. Smith, m.a., ph.d., Prof, of
Chemistry, University of Pennsylvania, Member of the Chemical Societies of
Berlin and Paris. 89 Illustrations and a Colored Plate. i2mo. Cloth, $2.00

Organic Chemistry. A Text-book for Students. Translated from the Fourth
German Ed., by Prof. Edgar F. Smith. Illus. New Edition. In Press.

ROBERTS. Practice of Medicine. The Theory and Practice of Medicine. By
Frederick Roberts, m.d., Professor of Therapeutics at University College,
London. Eighth Edition, with Illustrations. 8vo. Cloth, $5.50; Leather, $6.50

ROBINSON. Latin Grammarof Pharmacy and Medicine. By D. H. Robinson,
ph.d., Professor of Latin Language and Literature, University of Kansas, Law-
rence. With an Introduction by L. E. Sayre, ph.g., Professor of Pharmacy in,
and Dean of the Dept, of Pharmacy, University of Kansas. 12mo. Cloth, $2.00
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SANDERSON'S Physiological Laboratory. A Handbook of the Physiological
Laboratory. Being Practical Exercises for Students in Physiology and Histology.
By J. Burdon Sanderson, m.d., E. Klein, m.d., Michael Foster, m.d.,f.r.s.,
and T. Lauder Brunton, m.d. With over 350 Illustrations and Appropriate
Letter-press Explanations and References. One Volume. ‘Cloth, $5.00

SANSOM. On Chloroform. Its Action and Administration. By Arthur Ernest
Sansom, m.d. Illustrated. i2mo. Paper, .75; Cloth, $1.25

SCHNEE. Diabetes, its Cause and Permanent Cure. From the standpoint of ex-
perience and Scientific Investigation. By Emil Schnee, Consulting Physician
at Carlsbad. Translated from the German by R. L. Tafel, a.m., ph.d. Re-
vised and Enlarged by the author. Octavo. Cloth, $2.00

SEWELL. Dental Surgery, including Special Anatomy and Surgery. By Henry
Sewell, m.r.c.s., l.d.s., President Odontological Society of Great Britain. 3dEdition, greatly enlarged, with about 200 Illustrations. Cloth, $3.00

SMITH’S Wasting Diseases of Infants and Children. By Eustace Smith, m.d.,
f.r.c.p., Physician to the East London Children’s Hospital. Fifth London
Edition, Enlarged. 8vo. Cloth, $3.00

SMITH. Abdominal Surgery. Being a Systematic Description of all the Princi-
pal Operations. By J. Greig Smith, m.a., f.r.s.e., Surg. to British Royal In-
firmary. Illustrated. Third Edition. Cloth, $7.00

SMITH. Electro-Chemical Analysis. By Edgar F. Smith, Prof, of Analytical
Chemistry, University of Penna. 26 Illustrations. i2mo. Cloth, $1.00

STAMMER. Chemical Problems, with Explanations and Answers. By Karl
Stammer. Translated from the 2d German Edition, by Prof. W. S. Hoskinson,
a.m., Wittenberg College, Springfield, Ohio. i2mo. Cloth. .75

STARR. The Digestive Organs in Childhood. Second Edition. The Diseases
of the Digestive Organs in Infancy and Childhood. With Chapters on the
Investigation of Disease and the Management of Children. By Louis Starr,
m.d., late Clinical Prof, of Diseases of Children in the Hospital of the University
of Penn’a; Physician to the Children’s Hospital, Phila. Second Edition.
Revised and Enlarged. Illustrated by two Colored Lithograph Plates 'and
numerous wood-engravings. Crown Octavo. Cloth, $2.23

The Hygiene of the Nursery, including the General Regimen and Feed
ing of Infants and Children, and the Domestic Management of the Ordinary
Emergencies of Early Life. Second Edition. Enlarged. 24 Illustrations.
i2mo. 280 pages, Cloth, $1.00

See also Goodhart and Starr. Page 10.

STEWART’S Compend of Pharmacy, Based upon “Remington’s Text-Book of
Pharmacy.” By F. E. Stewart, m.d., ph.g., Quiz Master in Chem. and Theoreti-
cal Pharmacy, Phila. College of Pharmacy ; Demonstrator and Lect. in Pharma-
cology, Medico-Chirurgical College, and in Woman’s Medical College. 3d. Ed.
With complete tables of Metric and English Systems of Weights and Measures
and an elaborate Index. ?Quiz- Compend? Series. Cloth, $1.00

Interleaved for the addition of notes, $1.25
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STIRLING. Outlines of Practical Physiology. Including Chemical and Experi-
mental Physiology, with Special Reference to Practical Medicine. By W. Stir-
ling, m.d., Sc.d., Prof, of Phys., Owens College, Victoria University, Manchester.
Examiner in Honors School of Science, Oxford, England. 142 Illustrations.
309 pages. Cloth, $2.25

Outlines of Practical Histology. A Manual for Students. With 344 Illus-
trations. i2mo. Cloth, $4.00

STOCKEN’S Dental Materia Medica. Dental Materia Medica and Therapeutics,
with Pharmacopoeia. By James Stocken, d.d.s. Third Edition. Cloth, $2.50

STRAHAN. Extra-Uterine Pregnancy. The Diagnosis and Treatment of Extra-
Uterine Pregnancy. Being the Jenks Prize Essay of the College of Physicians
of Philadelphia. By John Strahan, m.d. (Univ. of Ireland), late Res. Surgeon
Belfast Union Infirmary and Fever Hospital. Octavo. Cloth, $1.50

SUTTON’S Volumetric Analysis. A Systematic Handbook for the Quantitative
Estimation of Chemical Substances by Measure, Applied to Liquids, Solids and
Gases. By Francis Sutton, f.c.s. Sixth Edition, Revised and Enlarged,
with Illustrations. 8vo. Cloth, $5.00

SUTTON. Ligaments. Their Nature and Morphology. By John Bland Sutton,
f.r.c.s., Lecturer on Pathology, Royal College of Surgeons; Assis. Surg. and
Dem. of Anatomy, Middlesex Hospital, London. Illustrated. i2mo. Cloth, $1.25

SWAIN. Surgical Emergencies, together with the Emergencies Attendant on
Parturition and the Treatment of Poisoning. A Manual for the Use of General
Practitioners. By W T . F. Swain, f.r.c.s. Fourth Edition. Illustrated. $1.50

SWANZY. Diseases of the Eye and their Treatment. A Handbook for Physi-
cians and Students. By Henry R. Swanzy, a.m., m.b., f.r.c.s.i., Surgeon to
the National Eye and Ear Infirmary ; Ophthalmic Surgeon to the Adelaide Hos-
pital, Dublin; Examiner in Ophthalmic Surgery in the Royal University of
Ireland. Third Edition. Thoroughly Revised. 158 Illustrations. 508 pages.
i2mo. Cloth, $3.00

SWAYNE’S Obstetric Aphorisms, for the Use of Students commencing Midwifery
Practice. By Joseph G. Swayne, m.d. Ninth Edition. Illus. Cloth, $1.25

SYMONDS. Manual of Chemistry, for the special use of Medical Students. By
Brandreth Symonds, a.m., m.d., Asst. Physician Roosevelt Hospital, Out-
Patient Department; Attending Physician Northwestern Dispensary, New York.
i2mo. Cloth, $2.00; Interleaved for Notes, $2.40

TAFT’S Operative Dentistry. A Practical Treatise on Operative Dentistry. By
Jonathan Taft, d.d.s. Fourth Revised and Enlarged Edition. Over 100 Il-
lustrations. 8vo. Cloth, $4.25 ; Leather, $5.00

Index of Dental Periodical Literature. 8vo. Cloth, $ 2.00

TALBOT. Irregularities of the Teeth, and Their Treatment. By Eugene S.
Talbot, m.d., Professor of Dental Surgery Woman’s Medical College, and
Lecturer on Dental Pathology in Rush Medical College, Chicago. Second Edi-
tion, Revised and Enlarged by about 100 pages. Octavo. 234 Illustrations.
(169 of which are original). 261 pages. Cloth, $3.00

TANNER’S Memoranda of Poisons and their Antidotes and Tests. By Thos.
Hawkes Tanner, m.d., f.r.c.p. Sixth American, from the Last London Edition.
Revised by Henry Leffmann, m.d., Professor of Chemistry in Pennsylvania
College of Dental Surgery and in the Philadelphia Polyclinic. i2mo. Cloth, .75

TAYLOR. Practice of Medicine. A Manual. By Frederick Taylor, m.d.,
Physician to, and Lecturer on Medicine at Guy’s Hospital, London ; Physician to
Evelina Hospital for Sick Children, and Examiner in Materia Medica and Phar-
maceutical Chemistry, University of London. Cloth, $4.00; Sheep, $5.00

TEMPERATURE Charts for Recording Temperature, Respiration, Pulse, Day of
Disease, Date, Age, Sex, Occupation, Name, etc. Put up in pads; each .50
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THOMPSON. Lithotomy and Lithotrity. Practical Lithotomy and Lithotrity ; or
an Inquiry into the best Modes of Removing Stone from the Bladder. By Sir
Henry Thompson, f.r.c.s., Emeritus Professor of Clinical Surgery in Univer-
sity College. Third Edition. With 87 Engravings. 8vo. Cloth, $3.50

Urinary Organs. Diseases of the Urinary Organs. Containing 32 Lectures.
Eighth London Ed. Octavo. 470 pages. Cloth, $3.50

On the Prostate. Diseases of the Prostate. Their Pathology and Treatment.
Sixth London Edition. 8vo. Illustrated. Cloth, $2.00

Calculous Diseases. The Preventive Treatment of Calculous Disease, and
the Use of Solvent Remedies. Third Edition. i6mo. Cloth, $1.00

Surgery of the Urinary Organs. Some Important Points connected with the
Surgery of the Urinary Organs. Illus. Paper, 75 ; Cloth, $1.25

THORBURN. Surgery of the Spinal Cord. A Contribution to the study of. By
William Thorburn, b.s., b.Sc., m.d., Lond., f.r.c.s., Eng. With Illustrations.
Octavo. Cloth, $4.50

THORNTON. The Surgery of the Kidney. By John Knowsley Thornton,
m.b. Edin. With 19 Illustrations. Cloth, $1.75

TIDY. Modern Chemistry, Inorganic and Organic. A Handbook for the Use of
Students. By Chas. Meymott Tidy, f.r.c., Prof, of Chemistry and Medical
Jurisprudence and Public Health at London Hospital; Medical Officer of Health
and Public Analyst of the City of London. 8vo. 2d Edition. Cloth, $5.50

TILT’S Change of Life in Women, in Health and Disease. A Practical Treatise
on the Diseases incidental to Women at the Decline of Life. By Edward John
Tilt, m.d. Fourth London Edition. 8vo. Paper cover, .75 ; Cloth, $1.25

TOMES’ Dental Anatomy. A Manual of Dental Anatomy, Human and Compara-
tive. By C. S. Tomes, d.d.s. 212 Illustrations. 3d Ed. i2mo. Cloth, $4.00

Dental Surgery. A System of Dental Surgery. By John Tomes, f.r.s.
Third Edition, Revised and Enlarged. By C. S. Tomes, d.d.s. With
292 Illustrations. i2mo. 772 pages. Cloth, $5.00

TRANSACTIONS of the College of Physicians of Philadelphia. Third Series.
Vols. I, II, III, IV, V, Cloth, each, $2.50. VI, VII, Cloth, each, $3.50.
Vol. VIII, 1886, Cloth, $3.75. Vol. IX, Cloth, $2.50.

TRANSACTIONS American Surgical Association. Illustrated. Royal 8vo.
Price of Vol. I, II, III, IV, V, each, Cloth, $3.00. Vol. VI, Cloth, $4.50. Vol.
VII, VIII, each, Cloth, $3.00.

TRANSACTIONS of the Association of American Physicians. Vols. I and II,
Cloth, $2.50 each; Vol. Ill, Cloth, $3.50. Vol. IV, Cloth, $3.00. Vol. V, Cloth, $2.50

TREVES. German-EnglishMedicalDictionary. By Frederick Treves, f.r.c.s.,
assisted by Dr. Hugo Lang, b.a., (Munich). i2mo. Russian, $3.75

TRIMBLE. Practical and Analytical Chemistry. Being a complete course in
Chemical Analysis. By Henry Trimble, ph.g., Professor of Analytical Chem-
istry in the Philadelphia College of Pharmacy. Third Edition. Enlarged.
Illustrated. 8vo. Cloth, $1.50

TURNBULL’S Artificial Anaesthesia. The Advantages and Accidents of Artifi-
cial Anaesthesia ; Its Employment in the Treatment of Disease; Modes of Ad-
ministration ; Considering their Relative Risks; Tests of Purity; Treatment of
Asphyxia; Spasms of the Glottis; Syncope, etc. By Laurence Turnbull, m.d.,
ph. G., Aural Surgeon to Jefferson College Hospital, etc. Third Edition, Re-
vised and Enlarged. 40 Illustrations. i2mo. Cloth, $3.00

TUSON. Veterinary Pharmacopoeia. Including the Outlines of Materia Medica
and Therapeutics. For the Use of Students and Practitioners of Veterinary
Medicine. By Richard V. Tuson, f.c.s. Third Edition. i2mo. Cloth, #2.50
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TYSON. Bright’s Disease and Diabetes. With Especial Reference to Pathology
and Therapeutics. By James Tyson, m.d., Professor of Clinical Medicine in
the University of Pennsylvania. Including a Section on Retinitis in Bright’s
Disease. By Wm, F. Norris, m.d., Clin. Prof, of Ophthalmology, in Univ. of
Penna. With Colored Plates and many Wood Engravings. 8vo. Cloth, $3.50

Guide to the Examination of Urine. Seventh Edition. For the Use of
Physicians and Students. With Colored Plates and Numerous Illustrations
Engraved onWood. Seventh Edition. Revised. i2mo. 255pages. Cloth,$1.50

Cell Doctrine. Its History and Present State. With a Copious Bibliography
of the subject. Illustrated. Second Edition. 8vo. Cloth, $2.00

VALENTIN’S Qualitative Analysis. A Course of Qualitative Chemical Analysis.
By Wm. G. Valentin, f.c.s. Seventh Edition. Illustrated. Octavo. Cloth, $3.00

VAN HARLINGEN on Skin Diseases. A Practical Manual of Diagnosis and
Treatment. By Arthur Van Harlingen, m.d., Professor of Diseases of the
Skin in the Philadelphia Polyclinic; Clinical Lecturer on Dermatology at Jef-
ferson Medical College. Second Edition. Revised and Enlarged. With Formulae.
Eight Colored and other full page plates, and New Illustrations. Cloth, $2.50

VAN NUYS on The Urine. Chemical Analysis of Healthy and Diseased Urine,
Qualitative and Quantitative. By T. C. Van Nuys, Professor of Chemistry
Indiana University. 39 Illustrations. Octavo. Cloth, $2.00

VIRCHOW’S Post-mortem Examinations. A Description and Explanation of the
Method of Performing them in the Dead House of the Berlin Charite Hospital,
with especial reference to Medico-legal Practice. By Prof. Virchow. Trans-
lated by Dr. T. P. Smith. Third Edition, with Additions. Cloth, $1.00

Cellular Pathology, as based upon Physiological and Pathological Histology.
20 Lectures delivered at the Pathological Institute of Berlin. Translated
from the 2d Ed. by F. Chance, m.d. 134 Illus. 8th Am. Ed. Cloth, $4.00

WALSH AM. Manual of Practical Surgery. For Students and Physicians. By
Wm. J. Walsham, m.d., f.r.c.S., Asst. Surg. to, and Dem. of Practical Surg. in,
St. Bartholomew’s Hospital, Surg. to Metropolitan Free Hospital, London. With
236 Engravings. New Series ofManuals. Cloth, $3.00 ; Leather, $3.50

WARING. Practical Therapeutics. A Manual for Physicians and Students. By
Edward J. Waring, m.d. Fourth Edition. Revised, Rewritten and Rearranged
by Dudley W. Buxton, m.d., Assistant to the Professor of Medicine, University
College, London. Crown Octavo. Cloth, $3.00; Leather, $3.50

WARREN. Compend Dental Pathology and Dental Medicine. Containing all
the most noteworthy points of interest to the Dental student. By Geo. W.
Warren, d.d.s., Clinical Chief, Penn’a College of Dental Surgery, Phila. Illus.
Bemg No. 13 ? Quiz-Compend ? Series. i2mo. Cloth, $1.00

Interleaved for the addition of notes, $1.25
WATSON on Amputations of the Extremities and Their Complications. By

B. A. Watson, a.m., m.d., Surgeon to the Jersey City Charity Hospital and to
Christ’s Hospital, Jersey City, N. J.; Member of the American Surgical Associ-
ation. 250 Wood Engravings and two Full-page Colored Plates. Cloth, $5.50

Concussions. An Experimental Study of Lesions arising from Severe Con-
cussions. 8vo. Paper cover, $1.00

WATTS’ Inorganic Chemistry. A Manual of Chemistry, Physical and InoTganic.
(Being the 14th Edition of Fowne’s Physical and Inorganic Chemistry.)
By Henry Watts, b.a., f.r.s., Editor of the Journal of the Chemical Society;
Author of “ A Dictionary of Chemistry,” etc. With Colored Plate of Spectra
and other Illustrations. i2mo. 595 pages. Cloth, $2.25

Organic Chemistry. Second Edition. By Wm. A. Tilden, d.sc., f.r.s.
(Being the 13th Edition of Fowne’s Organic Chemistry.) Illustrated.
i2mo. Cloth, $2.25
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WHITE. The Mouth and Teeth. By J. W. White, m.d., d.d.s. Editor of the
Dental Cosmos. Illustrated. Cloth, .50

WILLIAMS. Pulmonary Consumption. Its Etiology, Pathology and Treatment,
with an Analysis of 1000 Cases to Exemplify its Duration and Modes of Arrest.
By C. J. B. Williams, m.d. Second Edition. Enlarged and Rewritten. By C.
Theodore Williams, m.d. With Illustrations. Octavo. Cloth, $5.00

WILSON’S Text-Book of Domestic Hygiene and Sanitary Information. A Guide
to Personal and Domestic Hygiene. By GeorgeWilson, m.d., Medical Officer
of Health. Edited by Jos. G. Richardson, m.d., Professor of Hygiene at the
University of Pennsylvania. Cloth, $1.00

WILSON. Handbook of Hygiene and Sanitary Science. With Illustrations. Seventh
Edition, Revised and Enlarged. 8vo. In Press.

WILSON. The Summer and Its Diseases. By James C. Wilson, m.d. Cloth, .50
WINCKEL. Diseases of Women. Second Edition. Including the Dis-

eases of the Bladder and Urethra. By Dr. F. Winckel, Professor of
Gynaecology, and Director of the Royal University Clinic for Women, in Munich.
Translated by special authority of Author and Publisher, under the supervision
of, and with an Introduction by, Theophilus Parvin, m.d., Professor of
Obstetrics and Diseases of Women and Children in Jefferson Medical Col-
lege, Philadelphia. With 150 Engravings on Wood, most of which are original
2d Edition, Revised and Enlarged. Cloth, $3.00; Leather, $3.50

Text-Book of Obstetrics ; Including the Pathology and Therapeutics of the
Puerperal State. Authorized Translation by J. Clifton Edgar, a.m., m.d.,
Adjunct Professor to the Chair of Obstetrics, Medical Department, University,
City of New York. With nearly 200 Handsome Illus., the majority of which
are original with this work. Octavo. Cloth, $6.00; Leather, $7.00

WOAXES. Post-Nasal Catarrh and Diseases of the Nose, causing Deafness. By
Edward Woakes, m.d., Senior Aural Surgeon to the London Hospital for
Diseases of the Throat and Chest. 26 Illustrations. Cloth, $1.50

WOLFF. Manual of Applied Medical Chemistry for Students and Practitioners of
Medicine. By Lawrence Wolff, m.d., Demonstrator of Chemistry in Jeffer-
son Medical College, Philadelphia. Cloth, $1.00

WOOD. Brain Work and Overwork. By Prof. H. C. Wood, Clinical Professor
of Nervous Diseases, University of Pennsylvania. i2mo. Cloth, .50

WOODY. Essentials of Chemistry and Urinalysis. By Sam E. Woody, a.m.,
m.d., Professor of Chemistry and Public Hygiene, and Clinical Lecturer on
Diseases of Children, in the Kentucky School of Medicine. Third Edition.
Illustrated. i2mo. Cloth, $1.25

WYNTER and WETHERED. Clinical and Practical Pathology. A Manual
of Clinical and Practical Pathology. By W. Essex Wynter, m.d., Medical Reg-
istrar and late Dem. of Anat. and Chem. at the Middlesex Hospital, and
Frank J. Wethered, m.d., Asst. Phys. to the City of London Hospital for Dis.
of the Chest. 4 Colored Plates and 67 other Illustrations. 8vo. Cloth, $4.00

WYTHE. Dose and Symptom Book. The Physician’s Pocket Dose and Symptom
Book. Containing the Doses and Uses of all the Principal Articles of the
Materia Medica, and Officinal Preparations. By Joseph H. Wythe, a.m., m.d.
17th Edition, Revised and Rewritten.

Cloth, $1.00; Leather, with Tucks and Pocket, $ 1.25
YEO’S Manual of Physiology. Fifth Edition. A Text-book for Students of

Medicine. By Gerald F. Yeo., m.d. f.r.c.s., Professor of Physiology in King’s
College, London. Fifth Edition; revised and enlarged by the author. With
321 Wood Engravings and a Glossary. Crown Octavo. Being No. 4, New
Series of Manuals. Cloth, $3.00 ; Leather, $3.50.



New Series of Manuals.
FOR MEDICAL STUDENTS AND PHYSICIANS.

Demi-Octavo. Price of each hook, Cloth, $3.00; Leather, $3.50.

The object held in view in the preparation of this Series was to make books that should be concise and
practical, not burdened by useless theories and discussions, but containing all that is needed or necessary for
the student and practitioner. No pains have been spared to bring them up to the times, and the very low
price at which they have been published is an additional point in their favor. Full circular, descriptive of
the Series, will be sent upon application.
WALSHAM S PRACTICAL SURGERY. A Manual for Students and Physicians. By Wm. J.

Walsham, M.D., Asst. Surgeon to, and Demonstrator of Surgery in, St. Bartholomew’s Hospital; Sur-
geon to Metropolitan Free Hospital, London, etc. 236 Illust. 656 pp.

Cloth, $3.00 ; Leather, $3. 50
From the Polyclinic.

“ While evidently intended to be a text-book for students, and therefore small in size and compactly written, is neverthe-
less full enough for the use of those practitioners who desire a short account of thevarious surgical principles and operations
involved in the treatment of the ordinary run of surgical cases. The author seems to be a conservative and judicious surgeon
with advanced ideas. ’’

PARVIN’S-WINCKEL’S DISEASES OF WOMEN. Second Edition. A Treatise on the Dis-
eases of Women. Including the Diseases of the Bladder and Urethra. By Dr. F. WlNCKEL, Professor
of Gynaecology and Director of the Royal University Clinic for Women, in Munich. Revised and Edited
by Theophilus Parvin, m.d., Professor of Obstetrics and Diseases of Women and Children in Jeffer-son Medical College. Illustrated by 150 fine Engravings on Wood, most of which are new. 760 pp.

Cloth, $3.00; Leather, $3.50
GALABIN’S MIDWIFERY. A Manual of Widwifery. By Alfred Lewis Gaeabin, m.a., m.d.,

Obstetric Physician and Lecturer on Midwifery and the Diseases of Women at Guy’s Hospital, London;
Examiner in Midwifery to the Conjoint Examining Board of England. 227 Illustrations. 753 pages.

Cloth, #3.00; Leather, $3.50
From The Archives ofGynacology , New York.

“ The illustrations are mostly new and well executed, and weheartily commend this book as far superior to any manual
upon this subject.”
YEO’S MANUAL OF PHYSIOLOGY. Fifth Edition. A New Text-book for Students. By

Gerald F. Yeo, m.d., f.r.c.s., Professor of Physiology in King’s College, London. 321 Illustra-
tions and a Glossary. 758 pages. Cloth, $3.00; Leather, $3.50

From Prof. Lewis A Stimson, M.D., East 33dStreet , New York.
“ The brief examination 1 have given it was so favorable that I placed it in the list of text-books recommended in the cir-

cular of the University Medical College.”
GOODHARTAND STARR, DISEASES OF CHILDREN. Second Edition. By J. F. Goodhart,

m.d., Physician to the Evelina Hospital for Children; Assistant Physician to Guy’s Hospital, London.
Second American from third English Edition. Revised and Edited by Louis Starr, m.d., Clinical
Professor of Diseases of Children in the Hospital of the University of Pennsylvania, and Physician to the
Children’s Hospital, Phila. With many new Prescriptions and Directions for making Artificial Human
Milk, for the Artificial Digestion of Milk, etc. 760 pages. Cloth, $3.00; Leather, $3.50

From The New York Medical Record.
“ As it is said of some men, so it might be said ot some books, that they are ‘ born to greatness.’ This new volume has

we believe, a mission, particularly in the hands of the young members of the profession. In these days of prolixity in medical
literature, it is refreshing to meet with an author who knows both what to say and when he has said it.”
WARING’S PRACTICAL THERAPEUTICS. Fourth Edition. A Manual of Practical Thera-

peutics, considered with reference to Articles of the Materia Medica. Containing, also, an Index of
Diseases, with a list of Medicines applicable as Remedies, and a full Index of the Medicines and
Preparations noticed in the work. By Edward John Waring, m.d., f.r.c.p., f.l.s., etc. 4th
Edition. Rewritten and Revised. Edited by Dudley W. Buxton, m.d., Asst, to the Prof, of Medicine
at University College Hospital; Member of the Royal College of Physicians of London. 666 pages.

Cloth, $3.00; Leather, $3. 50
From The Kansas City Medical Record.

“ As a work of reference it excels, on account of the several complete indexes added to this edition. It was deservedly
popular in former editions, and will be more so in the one before us, on account of the careful arrangement of thesubjects.”
REESE’S MEDICAL JURISPRUDENCE AND TOXICOLOGY. Third Edition. By John

J. Reese, m.d., Professor of Medical Jurisprudence and Toxicology in the University of Pennsylvania:
late President of the Medical Jurisprudence Society of Philadelphia; Physician to St. Joseph’s Hospital;
Member of the College of Physicians of Phila.; Corresponding Member of the New York Medico-Legal
Society, etc. Third Edition. Revised and Enlarged. 666 pages. Cloth, $3.00; Leather, $3.50

From The American Journal ofMedical Sciences.—“ This admirable text-book.”
From CincinnatiLancet and Clinic.

“ We lay this volume aside, aftera careful perusal of its pages, with the profound impression that it should be in the hands
of every doctor and lawyer. It fully meets the wants of all students. . . . He has succeeded in admirably condensing into
a handy volume all the essential points.”

THE MOST PRACTICAL SERIES OF TEXT-BOOKS.



PHYSIOLOGY.
Landois. A Text-Book of Human Physiology. Third

Edition. 692 Illustrations. 1889.
INCLUDING HISTOLOGY AND MICROSCOPICAL ANATOMY,
with special reference to the requirements of Practi-
cal Medicine. By Dr. L. Landois, Professor of
Physiology and Director of the Physiological Insti-
tute in the University of Greifswald. Third Ameri-
can, translated from the Sixth German Edition, with
additions, by Wm. Stirling, m.d., d.sc., Bracken-
bury Professor of Physiology and Histology in Owens
College, Manchester; Examiner in Physiology in
University of Oxford. With 692 Illustrations. En-
larged, Revised and Improved. Royal Octavo.
One Volume. Cloth, $6.50; Leather, $7.50

The practical value of this book to the physician
can scarcely be over-estimated. It is not a text-book as
the term is generally understood, but a treatise on Phy-
siology in its relations to practical medicine, and in-
cludes much clinical information.

“ It is the most complete and satisfactory text-book on physiology
extant. The translator and publisher have each done something to
increase the value of the volume. Dr. Stirling has added numerous
useful annotations and a large number of new plates. . . . We
wish that every medical student and physician could be drilled on
these volumes.”—The N. Y. Medical Record.SPECIMEN OP ILLUSTRATIONS.

Yeo’s Manual of Physiology. Fifth Edition. 1891,,
A TEXT-BOOK FOR STUDENTS OF MEDICINE. By
Gerald F. Yeo, m.d., f.r.c.s., Professor of
Physiology in King’s College, London, Fifth
Edition. With New Illustrations. 321 Wood
Engravings and a Glossary. Crown Octavo.
Being No. 4, New Series of Manuals.

Cloth, $3.00; Leather, $3.50
*.£* This volume was specially prepared to furnish

a new text-book of Physiology, elementary so far as
to avoid theories which have not borne the test of
time and such details of methods as are unnecessary
for students. While endeavoring to save the student
from doubtful and erroneous doctrines, great care has
been taken not to omit any important facts that are
necessary to an acquirement of a clear idea of the
principles of Physiology. Such subjects as are useful
in the practice of medicine and surgery are treated
more fully than those which are essential only to an
abstract physiological knowledge. A book in every
way suited for student’s use.

“ Dr. Yeo’s manual has reached the position of being, we
believe, the best by far of the smaller text-books on Physiology.”
— Therapeutic Gazette. SPECIMEN OP ILLUSTRATIONS.



PRACTICE OF MEDICINE.
Taylor. Practice of Medicine. 1890.

a manualof the practice of medicine. By Frederick Taylor, m. d., Physician
to, and Lecturer on Medicine at, Guy’s Hospital, London ; Physician to the Evelina
Hospital for Sick Children ; Examiner in Materia Medica and Pharmaceutical Chem-
istry, at the University of London. Cloth, $4.00; Leather, $5.00
“ By consulting the most recent works, especially those of Fagge, Striimpell, Payne,

Ziegler, Gowers, M. Mackenzie, Douglas Powell, Ralfe, H. Morris and Crocker, to
whom I must express my indebtedness, I have sought to bring this book fully up to the
modern state of knowledge. I have not, however, devoted much space to the discussion
of theories, finding that the facts of medicine are amply sufficient to fill, and more than
fill, a volume such as this, and being cpnvinced that these facts require to be seized and
held fast by the beginners in medicine, not only for the sake of diagnosis and treatment,
but also for the right estimation of the various theories which are advanced. With a
brief statement, therefore, of such views I have in most cases been content.”

“ It is an entirely original work, by one accustomed to teach his subject both didactically and clinically,
who knows and understands how to present to the reader both the essential elements and the endless details
of the science and art ofmedicine. How well Dr. Frederick Taylor has performed his task, may be learned
almost ad aperturam. . . . The author has taken great pains to embody in this work the latest advances
in our knowledge of the nature and treatment of disease. We find, for example, accounts of actinomycosis
and the use of suspension, and even of the epidemic of Russian influenza which swept over Europe last
winter.

“ We have noted with particular care, and we will say with particular approval, the extremely sensible
remarks which Dr. Taylor has given us under the head of treatment. In some respects the sections on treat-
ment must have been the most difficult part to write ofa short treatise on the practice of medicine. Manifestly
the first and the chief end to be attained, is the inculcation of sound therapeutical principles. But in the
second place, the students and young practitioner must have something concrete supplied to them, in the
shape of details to w’hich they can refer, when they are either following the practice of their teachers or find
themselves face to face with patients of their own. Dr. Taylor has succeeded admirably in fulfilling both
these indications, if we may borrow what is itself a therapeutical phrase.”— The Practitioner, London, Sep-
tember, 1890.

“ Sedatives, Dr. Taylor further says, in speaking of capillary bronchitis, must be given with the greatest
caution, or entirely avoided, for the reasons given. In referring to the treatment of chronic bronchitis the
author recommends, among other good agents, turpentine, copaiba, and the more modern drug—terebene.
This will, on examihation, be found to abound in very many such practical observations, making the manual
of great service to the physician.”—MedicalBulletin, Philadelphia, January, 1891.

“ Dr. Taylor has given us a very valuable work. We are pleased to miss the long and interminable
dissertations on etiology and pathological anatomy, these subjects being clearly and briefly stated. On the
other hand, the pages of the book are mostly taken up with the subjects of symptoms, diagnosis, prognosis and
treatment, all of the utmost importance in actual practice. The work is up to date in all essential particulars of
medical advance. This is one of the books to buy for this season.”—Medical World, Phila., December, 1890.

“We have already spoken in warm praise of the book, and have only to add that it is just the one to put
in the hands of a student who wishes to read up a subject while he is listening to lectures on practice; it is
full enough to be clear, without being full enough to confuse.”— Medical and Surgical Reporter, Philadel-
phia, January, 1891.

“ The book is just such a one as may lead the student to regard the mastery ofmedical science as an easy
task, the subtle and obscure points having been placed in the background. It seems to us that in this the author
has acted well. We know of no wr ork that, while being satisfactorily full, addresses itself more readily to the
understanding than does this. When this is mastered, the student will feel encouraged for greater tasks,
instead of being disheartened and having his ardor disappointed at the very threshold of his studies.”—
American Practitioner and News, January 3d, 1891.

“ So far as we are informed, this is the first instance in which Dr. Taylor has come before the Medical
World as an author. His reputation as a teacher and practitioner has, for some time, been an enviable and
extensive one. Many candidates for degrees, and many now in the ranks of the profession, can testify to his
knowledge of medicine and his efficiency in his practice. His literary effort now just being presented deserves
respect and fair examination on account of the author’s record and position, irrespective of its intrinsic worth.
But the book, we are convinced, has merits that will gain for it recognition, even if its author were unknown
or nameless. It is a handbook on the practice of medicine, from which theory and superfluity have been
eliminated, and facts of practical utility alone recognized.”—Pacific Medical Journal, San Francisco, Feb-
ruary, 2d, 1891.

“ On the whole, we think it would be difficult to find another work on the same subject, which contained
in a similar space so much information. Dr. Taylor’s style of writing, too, is clear and readable, and we feel
sure that his book will be widely read and appreciated.”— The Dublin Journal of Medical Science.



NEW AND REVISED EDITIONS.

? QUIZ-COMPENDS. ?
A SERIES OF PRACTICAL MANUALS FOR THE PHYSICIAN AND STUDENT.

Compiled in accordance with the latest teachings of prominent lecturers
and the most popular Text-books.

Bound in Cloth, each $1.00. Interleaved, for the Addition of Notes, $1.25.
They form a most complete, practical and exhaustive set of manuals, containing information nowhere else

collected in such a practical shape. Thoroughly up to the times in every respect, containing many new pre-
scriptions and formulae, and over 300 illustrations, many of which have been drawn and engraved specially lor
this series. The authors have had large experience as quiz-masters and attaches of colleges, with exceptional
opportunities for noting the most recent advances and methods. The arrangement of the subjects, illustrations,
types, etc., are all of the most approved form. They are constantly being revised, so as to include the latest
and best teachings, and can be used by students of any college of medicine, dentistry and pharmacy.
No. 1. Human Anatomy. Fifth Edition (1891), including Visceral Anatomy, formerly pub-

lished separately. 16 Lithograph Plates, Tables, and 117 Illustrations. By Samuel O. L.
Potter, m.a., m.d., late A. A. Surgeon, U. S. Army. Professor of Practice, Cooper Med. College,
San Francisco.

Nos. 2 and 3. Practice of Medicine. Fourth Edition, Enlarged (1890). By Daniel E. Hughes,
m.d., late Demonstrator of Clinical Medicine in Jefferson Med. College,Phila.; Physician-in Chief, Phila-
delphia Hospital. In two parts.

Part I.—Continued, Eruptive and Periodical Fevers, Diseases of the Stomach, Intestines, Peritoneum, Biliary Passages,
Liver, Kidneys, etc. (including Tests for Urine), General Diseases, etc.Part II.—Diseases of theRespiratory System (including Physical Diagnosis), Circulatory System and Nervous System;
Diseases of the Blood, etc.

***These little books can be regarded as a full set of notes upon the Practice of Medicine, containing the Synonyms,
Definitions, Causes, Symptoms, Prognosis, Diagnosis, Treatment, etc., of each disease, and including a number of prescrip-
tions hitherto unpublished.
No. 4. Physiology, including Embryology. Sixth Edition (1891). By Albert P. Brubaker, m.d.,

Prof, of Physiology, Penn’a College of Dental Surgery; Demonstrator of Physiology in Jefferson Med.
College, Phila. Revised, Enlarged and Illustrated. In Press.

No. 5. Obstetrics. Illustrated. Fourth Edition (1889). For Physicians and Students. By Henry
G. Landis, m.d., Prof, of Obstetrics and Diseases of Women, in Starling Medical College, Columbus.
Revised Edition. New Illustrations.

No. 6. Materia Medica, Therapeutics and Prescription Writing. Fifth Revised Edition (1891).
With especial Reference to the Physiological Action of Drugs, and a complete article on Prescription
Writing. Based on the Last Revision (Sixth) of the U. S. Pharmacopoeia, and including many unofficinal
remedies. By Samuel O. L. Potter, m.a., m.d., late A. A. Surg. U. S. Army; Prof, of Practice,
Cooper Med. College, San Francisco. 5th Edition. Improved and Enlarged.

No. 7. Gynaecology. (1891.) A Compend of Diseases of Women. By Henry Morris, m.d., Demon-
strator of Obstetrics, Jefierson Medical College, Philadelphia. Many Illustrations.

No. 8. Diseases of the Eye and Refraction. Second Edition (1888). Including Treatment and
Surgery. By L. Webster Fox, m.d., Chief Clinical Assistant Opthalmological Dept., Jefferson Medical
College, etc., and Geo. M. Gould, m d. 71 Illustrations, 39 Formulae.

No. 9. Surgery, Minor Surgery and Bandaging. Illustrated. Fourth Edition (1890). Including
Eractures, Wounds, Dislocations, Sprains, Amputations and other operations; Inflammation, Suppuration,
Ulcers, Syphilis, Tumors, Shock, etc. Diseases of the Spine, Ear, Bladder, Testicles, Anus, and other
Surgical Diseases. By Orville Horwitz, a.m., m.d., Demonstrator of Surgery, Jefferson Medical
College. 84 Formulae and 136 Illustrations.

No. 10. Medical Chemistry. Third Edition (1890). Inorganic and Organic, including Urine Analysis.
For Medical and Dental Students. By Henry Leffmann, m.d., Prof, of Chemistry in Penn’a College
of Dental Surgery, Phila. Third Edition. Revised and Enlarged.

No. 11. Pharmacy. Third Edition (1890). Based upon “ Remington’s Text-Book of Pharmacy.” By
F. E. Stewart, m.d., ph.g., Professor of Pharmacy, Powers College of Pharmacy; late Quiz-Master at
Philadelphia College of Pharmacy. Third Edition. Revised.

No. 12. Veterinary Anatomy and Physiology. Illustrated. (1890.) By Wm. R. Ballou, m.d., Prof.
of Equine Anatomy, New York College of Veterinary Surgeons, etc. 29 Illustrations.

No. 13. Dental Pathology and Dental Medicine. (1890.) Containing all the most noteworthy points
of interest to the Dental Student. By Geo. W. Warren, d.d.s., Clinical Chief, Penn’a College of
Dental Surgery, Philadelphia. Ulus.

No. 14. Diseases of Children. (1890.) By Marcus P. Hatfield, Professor of Diseases of Children,
Chicago Medical College. With Colored Plate.

6®” These books are constantly revised to keep up with the latest teachings and discoveries.

From The Southern Clinic.—“ We know of no series of books issued by any house that so
fully meets our approval as these ? Quiz- Compends ? They are well arranged, full and concise,
and are really the best line of text-books that could be found for either student orpractitioner."



NERVOUS AND MENTAL DISEASES.
Gowers’ Diseases of the Nervous System. Second Edi-

tion. 1891.
A COMPLETE MANUAL OF THE DISEASES OF THE NERVOUS SYSTEM. By WlLLIAM R.
Gowers, m.d., f.r.c.p., Lond., Prof. Clinical Medicine, University College, London ;

Physician to National Hospital for the Paralyzed and Epileptic; late Physician
University College, London, etc. With about 375 Illustrations, including over 600
Different Figures. In Two Handsome Octavo Volumes. 1600 pages.

Vol. I, Nearly Ready. Vol. II, Ready September.
first American edition of this book, which was published in one rather

unwieldy volume, was completely exhausted within eighteen months. In printing the
second, it has been thought best to follow the style adopted by the English publishers,
and issue it in two volumes. In this form it will be much handier for reading and refer-
ence. Dr. Gowers has devoted a great deal of time and work in the revising; many
sections have been rewritten, and the new matter will amount to about 100 pages, includ-
ing an important chapter on Multiple Neuritis, of which no good account exists, and a
number of new illustrations.

SPECIMEN OF ILLUSTRATIONS—FLEXOR CONTRACTION OF LEGS IN MYELITIS OF THE DORSAL REGION.

A large number of the illustrations are original, having been made from special draw-
ings or from photographs of cases; they not only serve to illustrate the text, but will be
found of great value in the diagnosing ofobscure cases.

PRESS NOTICES OF FIRST EDITION.
“ It may be said, without reserve, that this work is the most clear, concise and complete text-book upon

diseases of the nervous system in any language. And when the large number of such works which has
appeared in Germany, France and England within the past ten years is considered, this implies high praise.”
—'The American Journal ofMedical Science.

“ Taken as a whole, it promises to be the most useful work on diseases of the nervous system which we
possess.”—The Dublin Journal ofMedical Sciences.

“ The student and practitioner will find in it a true friend, guide and helper in his studies of the diseases
of the nervous system. It is a most complete manual, presenting a thorough reflex of the present state of
knowledge of the diseases of the nervous system. The care and thought that have been bestowed on its pro-
duction are evident on every page. In the presence of such ability, learning and originality, criticism can only
take a favorable direction. The style and manner are accurate, studied and adequate—never diffuse. The
illustrations call for special notice. They are numerous, new and original. No better manual on nervous
diseases has been presented to the medical profession.”—The London Lancet.

“ Gowers’ manual is herewith recommended to the general and to the special student. It is not too
detailed for the former, while for the specialist it is explicit enough as a first-class book of reference. It is, on
the whole, an admirable treatise.” —The Jownalof Nervous and Mental Diseases, New York.

BY THE SAME AUTHOR.

Diseases of the Brain. Lectures on Diagnosis of Diseases of the Brain, delivered at
University College Hospital. Second Edition. Illustrated. 8vo. Cloth, $ 2.00



NOW READY FOR 1891. 40™ YEAR.

The Physician’s Visiting List.
(LINDSAY & BLAKISTON’S.)

CONTENTS.
Almanac for 1891 and 1892; Table of Signs to be used in keeping accounts; Marshall Hall’s Ready

Method in Asphyxia; Poisons and Antidotes, revised for 1890; The Metric or French Decimal System of
Weights and Measures; Dose Table, revised and rewritten for 1891; List of New Remedies for 1891; Aids
to Diagnosis and Treatment of Diseases of the Eye; Diagram Showing Eruption of Milk Teeth, Dr. Louis
Starr ; Posological Table; Disinfectants and Disinfecting; Examination of Urine, Dr. J. Daland, based
upon Tyson's “ Practical Examination of Urine ”; Incompatibility, Dr. S. O. L. Potter ; A New Complete
Table for Calculating the Period of Utero-Gestation; Sylvester’s Method for Artificial Respiration, Illustrated;
Diagram of the Chest; Blank Leaves, suitably ruled, for Visiting Lists, Monthly Memoranda, Addresses of
Patients and others; Addresses of Nurses, their references, etc.; Accounts asked for; Memoranda of Wants;
Obstetric and Vaccination Engagements; Record of Births and Deaths; Cash Account, etc.; Special Pencil
with Rubber Tip.

This Visiting List is published in November of each year.

SIZES AND PRICES.
PERPETUAL EDITION, without Dates.REGULAR EDITION.

No. I. Containing space for over 1300 names, with
blank page opposite each Visiting List page.
Bound in Red Leather cover, with pocket and
Pencil, #1.25

No. 2. Containing space for 2600 names, with blank
page opposite each Visiting List page. Bound
like No. x, with Pocket and Pencil, • . x.50

MONTHLY EDITION, without Dates.
No. 1. Bound, Seal leather, without Flap or Pencil,

gilt edges, 75
No. 2. Bound, Seal leather, with Tucks, Pencil, etc.,

gilt edges, 1.00

For 25 Patients weekly. Tucks, pockets and Pencil, $1.00
50 “ “ “ 1.25
75 “ “ “ i-5°

too “ “ “

2.00
Jan. to June )
July to Dec. J50 “ 2 Vols. < “ “

2.50
Jan. to June 1
July to Dec. J100

“

2 Vols. “ “

3.00

INTERLEAVED EDITION.
For 25 Patients weekly. Interleaved, tucks and Pencil, 1.25

50 “ “ “ i-So
Jan. to June'
July to Dec.50

“

2 Vols. “ “

3-°°

SPECIAL SIZES AND BINDINGS MADE TO ORDER.

PRESS NOTICES OF EDITION FOR 1891.
“ Nothing can seem better fitted to meet the purpose for

which they are designed than these Visiting Lists of
Messrs. Blakiston, and the forty years of patronage they
have enjoyed must have convinced public and publisher
alike of their value. We not only have the convenient
arrangement for keeping visiting accounts, but a fund of
useful information of all kinds, embracing dose tables,
weights and measures, posological tables, disinfectants,
urinary analysis, poisons and antidotes, etc., all arranged
for ready reference in a well bound leather book that can
at all times be carried in the coat pocket. These books
are complete, comprehensive, and convenient.”— The
Physician and Surgeon, Ann Arbor, Mich.

“ It has long been known to the profession, and needs no
further notice than to say that it maintains the standard
ofexcellence acquired by its predecessors.”—New Orleans
Medical and Surgical Journal.

“ This oldest and best known of the Visiting Lists
comes with the new year unchanged in form, and with
such alterations in contents only as were called for by
recent therapeutic advance. In compactness, neatness,and completeness it is a marvel.”—American Practitioner
and News, Louisville.

“ This is thethirty-ninth year of the publication of this
neat, compact, and universally-acknowledged-to-be the
best of its kind published. It has stood the test of time
and finds ready sale from a simple announcement that it is
ready ’ ’ — The Medical Brief, St. Louis.

“The best endorsement I can give of my appreciation
of the Lindsay & Blakiston Visiting List is, that I have
been using it from its first issue and find it is the best in
use.” — O. F. Potter, M.D., St. Louis.

“ This is the eleventh year that we are using this Visit-
ing List in our practice, and we can truly say that we
could not wish for anythiug better. It has saved us many
times its cost, and, besides, has furnished a permanent and
pleasing record of our daily work during the years that
have passed.”— Canada Medical Record.

Dear Sirs .-—We received the Visiting List for 1891. It is
the finest of all. We had five (5) sent us, from the same
number of firms, and must acknowledge it is the smallest,
neatest and most compact, as any physician can place it in
his side pocket with ease, while, if you have noticed or
seen the others, they will require the tailor to enlarge the
coat pocket. Very truly yours,

N. W. MedicalJournal,
Minneapolis, Minn.

11 The fact that this Visiting List has been published an-
nually for forty years is sufficient guarantee of its excellence
and popularity. In addition to the visiting list proper, it
contains easily-accessible suggestions upon many of the
emergencies that may arise in a physician’s practice, and
when he is too far from home to learn from his text-books
the antidote for a poison that may have been swallowed,
or the proper method of resuscitating a half-drowned per-
son. True, he should know these things, but who does not
occasionally forget, when he most wishes to remember?
There are also dose-tables, tables of the metric system, a
list of new remedies for 1890, rules for examining urine, a
table for calculating the period of pregnancy, and other
equally useful information. The arrangement for entering
patients, visits, consultations, etc., is exceeding simple,
and the whole makes a thin, compact, and easily-carried
volume.”—MedicalNews, Philada., January jd, 1891.

***P. Blakiston, Son & Co. wish to announce that the edition for i8g2, which is now being
manufactured, will contain several improvements that will, without making any radical changes,
greatly enhance its usefulness, compactness and durability.



SURGERY.
A COMPLETE PRACTICAL TREATISE,

WITH SPECIAL REFERENCE TO TREATMENT.
C. W. MANSELL MOU LLIN, M.A., M.D.. OXON.,

FELLOW OF THE ROYAL COLLEGE OF SURGEONS; SURGEON AND LECTURER ON PHYSIOLOGY TO THE LONDON HOSPITAL, ETC

ASSISTED BY VARIOUS WRITERS ON SPECIAL SUBJECTS.

FIVE HUNDRED ILLUSTRATIONS.
200 OF WHICH ARE ORIGINAL WITH THIS WORK.

ROYAL OCTAVO. 1190 PAGES.
Royal 8vo. Handsome Cloth, $7.00; Leather, Raised Bands, $8.00.

Extract from the Preface.—“ Modern Surgery has advanced with such rapid strides, and in so man]
different directions, that it is almost impossible within the space of a single volume to give more than at

epitome of its main principles. I have therefore touched but lightly upon controversial matters, and hav<
endeavored to make this book a practical one, in the hope that it may be of greater service to students anc
general practitioners. With this object, I have given special attention to the question of Treatment; and ihave included under the head of each organ a brief description of the malformations to which it is liable, anc
the various operations that may be performed under it, instead of relegating them to chapters by themselves
The General Pathology of Surgical Diseases is dealt with in Part I; that of Injuries in Part II. In Part III
the Diseases and Injuries of Special Structures and Organs are considered more fully. Throughout, I havi
endeavored to enforce the idea that the chief aim and object of Surgery at the present day is, to assist the
tissues in every possible way in their struggle against disease.

“ Of the five hundred illustrations, nearly two hundred were (with four exceptions) drawn from origina
specimens by my brother, Dr. J. A. Mansell Moulin (to whom I am also indebted for the article on Disease
of the Female Generative Organs), or myself.

“ I have to express my thanks to Mr. J. Hutchinson, junior, for his chapters on Diseases of the Skin anc
Eye; to Mr. T. Mark Hovell, for that on Diseases of the Ear and Larynx; and to Mr. F. S. Eve, for tha
on Tumors.”

OUTLINE OF CONTENTS.
PART I.—GENERAL PATHOLOGY OF SURGICAL DISEASES.

I. Injury and Repair.
II. Diseases due to Non-infective Organisms.

I III & IV. Diseases due to Infective Organisms.
V. Tumors.

PART II.—GENERAL PATHOLOGY OF INJURIES.
I. The General Effects of Injury. II. The Local Effects of Injury,

PART III.—DISEASES AND INJURIES OF SPECIAL STRUCTURES.
XV. Diseases of the Thyroid.

XVI. Injuries and Diseases of the Pharynx and
CEsophagus.

XVII. Injuries and Diseases of the Chest.
XVIII. Injuries and Diseases of the Abdomen.

XIX. Injuries and Diseases of the Rectum.
XX. Injuries and Diseases of the Kidney.

XXI. Injuries and Diseases of the Bladdei.
XXII. Diseases of the Prostate.

XXIII. Injuries and Diseases of the Urethra.
XXIV. Injuries and Diseases of the Male Organs.
XXV. Diseases of the Female Generative Organs.
XXVI. Diseases of the Breast.

XXVII. Amputations.
XXVIII. Anaesthetics.

I. Diseases of the Skin.
II. Injuries and Diseases of Blood-vessels.

III. Injuries and Diseases of Lymphatics.
IV. Injuries and Diseases of Nerves.
V. Injuries and Diseases of Muscles, Tendons, etc.

VI. Injuries and Diseases of Bonesand Joints.
VII. Injuries and Diseases of the Head.

VIII. Injuries and Diseases of the Back.
IX. Injuries and Diseases of the Eye.
X. Injuries and Diseases of the Face and Nose.

XI. Injuries and Diseasesof the Mouth and Jaws.
XII. Injuries and Diseases of the Tongue, Salivary

Glands and Tonsils.
XIII. Diseases of the Ear and Larvnx.
XIV. Injuries and Diseases of the Neck and Throat.

SAMPLE PAGES SENT FREE UPON APPLICATION



JUST PUBLISHED.

A NEW

Medical Dictionary,
BY

GEORGE M. GOULD, A.B., M.D.,
OPHTHALMIC SURGEON TO THE PHILADELPHIA HOSPITAL, CLINICAL CHIEF

OPHTHALMOLOGICAL DEPT. GERMAN HOSPITAL, PHILADELPHIA.

'ROM
PROF.
J.
M.

DaCOSTA.

,

„

“
I
find
it
an

excellent
work
,

doing
credit
to
the
learning
and

discrimination
of
the

author.

A compact, concise Vocabulary, including all the
Words and Phrases used in medicine, with their proper
Pronunciation and Definitions,

BASED ON RECENT MEDICAL LITERATURE.
It is not a mere compilation from other dictionaries.

The definitions have been made by the aid of the most
recent standard text-books in the various branches of
medicine, and it will therefore meet the wants of every
physician and student. It includes

SEVERAL THOUSAND WORDS NOT CON-
TAINED IN ANY SIMILAR WORK.

It is printed on handsome paper, made especially for
the purpose ; from a new type selected on account of its
clear, distinct face, and is bound so that it will lie open
at any page.

Small Octavo, 520 Pages, Half-Dark Leather, $3.25.
With Thumb Index, Half Morocco, Marbled Edges,$4.25.

It may be obtained through Booksellers, Wholesale
Druggists and Dental Depots everywhere.
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Gould’s New Medical Dictionary.

"Ihe
compact

size
of
this

Dictionary,
its
clear

type,
and
its

accuracyare
unfailing

pointers
to
its
coming

popularity.”

—John
B.
Hamilton,
Surgeon-General
U.
S.
Marine
Hospital
Service.There has been no dictionary accessible to the physician and

student that has kept pace with the coinage of new words and
terms during the past ten years. The growth of specialism in
itself has increased the vocabulary by some thousands of words;
and yet the busy practitioner or student has been offered no com-
pact, thorough dictionary to which he could turn for a definition
absolutely necessary to the proper understanding of the article
he might be reading.

This expressed want has led to the preparation of this work.
The aim has been to prepare a handbook of sufficient scope to
include everything of use to the general practitioner and student,
and at the same time to be a compact, handy volume, giving the
exact information desired at a quick reference. The wants of
the specialist have also been taken into consideration, and the
seeker after more extended knowledge will find much precise
information relating to his special branch, to the etymology and
meaning of words, etc.

IT CONTAINS TABLES
r. Of the ABBREVIATIONS used in Medicine, Prefixes and Suffixes

of Medical Words, etc.

2. Of the ARTERIES, with theName, Origin, Distribution and Branches
of each.

3. Of the BACILLI, giving the Name. Habitat, Characteristics of the
Cultures (upon slides, gelatin, gelose, potato and bouillon). De-
scription of the Cellules, the Influence of Oxygen and Heat, the
Physiological Action, and Sundry' Observations.

4. Of GANGLIA, with the Name, Location, Roots and Distribution of
each.

5. Of LEUCOMAINES, giving the Name, Formula, Discoverer, Source
and Physiological Action.

6. Of MICROCOCCI, giving the same information as in the case of the
Bacilli.

7. Of MUSCLES, with the Name, Origin, Insertion, Innervation and
Function.

8. Of NERVES, with the Name, Function, Origin, Distribution and
Branches.

9. Of PLEXUSES,with the Name, Location, Derivation and Distribution.
10. Of PTOMAINES, with the Name, Formula, Discoverer, Source and

Physiological Action.
11. Of COMPARISON OF THERMOMETERS; ofall the most used

WEIGHTS AND MEASURES of the world ; of the MINERAL
SPRINGS OF THE U. S., VITAL STATISTICS, etc., etc.

Some of the material thus classified is not obtainable by Eng-
lish readers in any other wr ork.

[over]



BLAKISTON’S ? QUIZ-COMPENDS ?

The following recommendations, which are but a few of those we have
received, show the high value set upon these books by Medical Journals
and Teachers

From The CincinnatiLancet and Clinic.
“ For the student desiring to review the lectures upon any subject, they are convenient,

briefand much more legible than notes taken in the Lecture room.”

From The Canadian Practitioner, Toronto.
“ Nos. 6 and 9 are excellent little compilations from the standardauthorities on the subjects,

and, owing to their very convenient shape and size, constitute admirable vade mecums and
remembrancers for students.”

From James M. French, M. D., late Assistant to Chair ofPractice, now Lecturer on Morbid
Anatomy and Pathology, Medical College of Ohio, Cincinnati.

“With carefully prepared compends like these, it seems to me, the student could entirely
do away with the customary taking of notes, which I hold is, at the best, of very doubtful ad-
vantage. Let the student modify the opinions of the author to agree with those of his
instructor, or underline the parts which agree while the lecture is fresh in his memory, and
he will find it more profitableThan writing during a lecture.”

From The Medical Register, Philadelphia.
“ They undoubtedly satisfy a demand of the student, and we can understand how they can

be a practical aid to him immediately prior to his examination, and a useful adjunct to his
quiz exercises.”

From The Dental Cosmos, Philadelphia.
“ These are good books of their class, well arranged and well condensed, the essentials

of each subject appearing to have been kept well in view.”

From The College and ClinicalRecord, Philadelphia.
“ These little books may be commended if we can judge of the series by this (Potter's

Anatomy) specimen volume.” * * * “ An excellent and popular series.”

From The CanadaLancet.
“ Some are utterly opposed to all compends, as tending to superficialityand cramming; and

while this remains true to some extent, yet the fact remains, that much may be gleaned from
small and convenient pocket companions, such as the compends before us.” * * * “Very
well adapted for the purpose intended.”

From The Southern Clinic.
“We know of no series of books issued by any house that so fully meets our approval as

these ? Quiz-Compends? They are well arranged, full and concise, and are really the best
line of text-books that could be found for either student or practitioner.”

*** A complete circular of these books will be sent, free, upon applica-
tion. They are for sale by all booksellers. Purchasers should be careful
to get latest editions, and should specify, in ordering, “ Blakiston’s Com-
pends.” Each Book is Bound in Dark Brown Cloth.

Price $1. 00; Interleaved, $1.25.
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NEW EDITIONS.

Blakiston’s PQuiz-Compends?
A New Series of Manuals for the Use of Students

and Physicians.
Price of each, Cloth, $1.00. Interleaved, for taking Notes, $1.25.

From The Southern Clinic.
“ We know ofno series of books issued by any house that so fully meets our

approval as these ? Quiz-Compends ?. They are well arranged, full and concise,
and are really the best line of text-books that could be found for either student
or practitioner.”

These Compends are based on the most popular text-books, and the lectures of
prominent professors, and are kept constantly revised, so that they may thoroughly repre-
sent the present state of the subjects upon which they treat.

4®* The authors have had large experience as Quiz-Masters and attaches of colleges,
and are well acquainted with the wants of students.

4®~ They are arranged in the most approved form, thorough and concise, containing
over 300 illustrations, inserted wherever they could be used to advantage.

4®» Can be used by students ofany college.
4®“ Theycontain information nowhere else collected in sucha condensed,practical shape.
SPECIAL. NOTICE. —These Compends may be obtained through any Bookseller,

Wholesale Druggist or Dental Depot, or upon receipt of the price, will be sent, postpaid, by
the publishers. In ordering, always specify ‘‘Blakiston’s ?Quiz-Compends ? ”.

No. 1. HUMAN ANATOMY. Based on “ Gray.” Fifth Revised and Enlarged
Edition. Including Visceral Anatomy, formerly published separately. 117 Illustrations
and 16 Lithographic Plates of Nerves and Arteries, with Explanatory Tables, etc. By
Samuel O. L. Potter, m.d., Professor of the Practice of Medicine, Cooper Medical
College, San Francisco; late A. A. Surgeon, U. S. Army.

No. 2. PRACTICE OF MEDICINE Part I. Fourth Edition. Revised, Enlarged
and Improved. By Dan’l E. Hughes, m.d., late Demonstrator of Clinical Medicine,
Jefferson College, Philadelphia.

No. 3. PRACTICE OF MEDICINE. Part II. Fourth Edition. Revised, Enlarged
and Improved. Same author as No. 2.

No. 4. PHYSIOLOGY. Sixth Edition, with new Illustrations and a table of Physiological
Constants. Enlarged and Revised. By A. P. Brubaker, m.d., Professor of Physi-
ology and General Pa thology in the Pennsylvania College of Dental Surgery ; Demon-
strator of Physiology, Jefferson Medical College, Philadelphia.

No. 5. OBSTETRICS. Fourth Edition. Enlarged. By Henry G. Landis, m.d.,
Professor of Obstetrics and Diseases of Women and Children, Starling Medical College,
Columbus, Ohio. Illustrated.

No. 6. MATERIA MEDICA, THERAPEUTICS AND PRESCRIPTION
WRITING. Fifth Revised Edition. By Samuel O. L. Potter, m.d., Professor of
Practice, Cooper Medical College, San Francisco; late A. A. Surgeon, U. S. Army.

No. 7. GYNAECOLOGY. A Compend of Diseases of Women. By Henry Morris,
m.d., Demonstrator of Obstetrics, Jefferson Medical College, Philadelphia. Illus.

No. 8. DISEASES OF THE EYE, AND REFRACTION, including Treatment
and Surgery. By L. Webster Fox, m.d., Chief Clinical Assistant, Ophthalmological
Department, Jefferson Medical College Hospital, and George M. Gould, a.b. With
39 Formulae and 71 Illustrations. Second Edition.

No. 9. SURGERY. Minor Surgery and Bandaging. Fourth Edition. Enlarged
and Improved. By Orville Horwitz, b.s., m.d., Demonstratorof Surgery, JeffersonCollege; Chief of the Out-Patient Surgical Department, Jefferson College Hospital;
late Resident Physician Pennsylvania Hospital, Philadelphia. With 84 Formulae and
136 Illustrations.

No. 10. CHEMISTRY. Inorganic and Organic. Third Edition. Including Urin-
alysis, Animal Chemistry, Chemistry of Milk, Blood, Tissues, the Secretions, etc. By
Henry Leffmann, m.d., Professor of Chemistry in Penn’a College of Dental Surgery,
and in the Woman's Medical College, Phila.

No.11. PHARMACY. Third Edition. Based upon Prof. Remington’s Text-book of
Pharmacy. By F. E. Stewart, m.d., ph.g.,Quiz-Master in Pharmacy and Chemistry,
Philadelphia College of Pharmacy; Lecturer at the Medico-Chirurgical College, and
Woman’s Medical College, Philadelphia. Third Edition, carefully revised.

No. 12. VETERINARY ANATOMY AND PHYSIOLOGY. Illustrated. By Wm.
R. Ballou, m.d., Professor of Equine Anatomy at New York College of Veterinary
Surgeons ; Physician to Bellevue Dispensary, and Lecturer on Genito-Urinary Surgery
at the New York Polyclinic, etc. With 29 graphic Illustrations. Just Ready.

No. 13. WARREN. DENTAL PATHOLOGY AND DENTAL MEDICINE,
containing all the most noteworthy points of interest to the Dental Student. By Geo.
W. Warren, d.d.s., Clinical Chief Pennsylvania College of Dental Surgery, Phila.

No. 14. DISEASES OF CHILDREN. By Marcus P. Hatfield, Professor of Dis-
eases of Children, Chicago Medical College. Just Ready.

Price, each, Cloth, $1.00. Interleaved, for taking Notes, $1.25.

P. BLAKISTON, SON & CO. 1012 Walnut St., Philadelphia.
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