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PREFACE.

In preparing for the press this, the Seventh, Edition of
the Laboratory Guide, it has again been carefully revised.
An additional Lesson on Soils has been introduced in
Part 1., while some improved quantitative methods have
been described in Part ITI. On the other hand, the
accounts of three processes, which are practically obsblete,
have beene removed from the volume. These are the
citpic-acid method for determining phosphorus pentoxide,
the old process of extracting fat from milk-residues, and
the sulphuric-acid method for the isolation of indigestible
fibre.
A.H.C.

Kew, April 1894,
kL



PREFACE

TO THE SIXTH EDITION.

TH1s little book of directions in Practical Chemistry differs
in several particulars from ordinary manuals of labora-
tory practice ; otherwise I should not have added to the
number, After the lapsc of nearly a quarter of a century,
it still remains the only English work in which a com-
plete course of laboratory practice is provided for the use
of agriculbural students.

[ 3

The elementary lessons on Manipulation are drawn
chiefly from familiar, important, or interesting materials
with which every one ought to be acquainted.

,In the Qualitative Part, not ounly all the rare elements,
but also nearly all those which are not important consti-
tuents of any agricultural material or product are omitted,
and thus many of the processes of analysis have been sim-
plified. As, however, this section of laboratory practice
is often felt to be irksome by agricultural students, a
judicious feacher may further reduce its complexity by
passing over, at least for a time, the less important parts
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of the “Preliminary Examination,” as well as those
“ Reactions”” and  Tables ” which include what may be
called non-egricultural clements, such asantimony, arsenic,
copper, mereury, tin, &c.

In giving Quantitative Methods, examples have been
selected from the most important substances likely to
engage the attention of the agricultural analyst. By
reference to the Table of Contents it will be scen that
the examination not only of soils, manures, and cattle-
foods, but also of dairy-produce, of bread, and of waters,
is included. The student who carefully and intelligently
carrics out the processes described, will be able to extend
their application to many materials which are not referved
to specifically in the following pages.

The various processes given in this volume for the esti-
mation of the several constituents of cattle-foods, manures,
&c., have been personally tested over and over again.
They will be found to yield trustworthy results with the
expenditure of such an amount of skill, attention, and
time as can reasonably be demanded of agricultural stu-
dents during their course of scientific training. The
rough and inaccurate methods of analysing manures which
were too often employed when this Guide was first pub-
lished, have been excluded from the present volume.

The notation and nomenclature used in the following
pages are nearly identical with those employed by the
majority of English scientific chemists—exceptional usages
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of terms are in most cases explained or justified. The
Centigradc thermometric scale and the metric system of
weights and mcnsures have been employed almost ex-
clusively ; but, in a few instances, wherce comparison with
other results, with existing data, or with common stan-
dards would have been rendered inconvenient, the grain,
the inch, and the gallon have been exceptionally retained.
Somctimes, for example, the weight in grams, or a
measured volume in cubic centimetres, of a substance
with which experiments arce to be performed, is followed
by a weight in grains, or by a measurc in ounces, which
is given as a suitable but by no means identical quantity.

In preparing the present edition of the Laboratory GGuide
for the press it has been once again subjected to revision
fuller explanations, directions, and tables have been in-
serted, and %ome new processes have becn introduced.
The %ection of ‘the work devoted to the analysis of milk
and dairy-products has been almost cntircly re-written.
In the previous edition I drew particular attention to the
various classes of nitrogen-compounds which oceur in
vegetable foods, and gave some suggestions as to their
discrjmination and separate estimation. The first process
published in this country for the determination of true
albuminoids was that which I called “The Carbolic-Acid
Method.” After much experimenting I still place more
confidence in the results of this process than in those
obtained by the use of tannin, ferric acetate, or lead ace-
tate—these reagents precipitating, along with the true
albuminoids, other nitrogenous bodies of no ascertained
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alimentary valuc. The method of separating albuminoids
by the use of moist copper hydrate is not faultless, for it
yields results which, in the presence of certain nitro-
genous acids, are decidedly too high, yet it presents the
advantage of permitting the filtrate from the precipitated
albuminoids to be tested and further analysed. The use
of phosphotungstic acid, as a precipitant for the peptones,
which arc now known to occur in many seeds, I have not
described, because my limited experience of this reagent
has not been satisfactory. T have introduced, in deference
1o the opinion of several correspondents, a slight alteration
in the factor used in caleulating the albuminoids from
the ascertained percentage of nitrogen. This is now
given as G625 instead of 6-33.

Some persons using this manual may regret the absence
from its pages of information which they expected to find
therein, And, on the other hand, I anticipate that ob-
jection will be taken to some of the Lessons in Part 1.,
and to some of the analytical directions given in the
succeeding scctions of the volume. Yet nothing has been
inserted and nothing omitted without careful consideration,
nor have I failed to appropriate to the utmost the advice
of those teachers who, in many parts of the world, have
been in the habit of using the book in their laboratory
classes. I trust that, on the whole, the volume as it now
stands will be found to merit the increasing favour with
which each successive issne has been received. From a
small privately printed pamphlet of some forty pages, the
Guide has grown, in six subsequent stages, to a volume
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of nearly seven times its original bulk. I have, however,
endeavoured to limit the expansion of the work by keeping
continually in view its original scope as set forth in this
Preface and in the Introductory Chapter.

The Guide was intended primarily for use in the Royal
Agricultural College, as a help in carrying out the system
of practical instruction of chemistry there pursued., Ex-
perience has confirmed my conviction that the publication
of the plan of laboratory practice which I had developed
at Cirencester would not only bhe helpful to my own
pupils, but would also render a wider service in extending
the study of practical chemistry in relation to agriculture,
The Laboratory Guide has heen adopted as the text-hook
not only in our Agricultural Colleges at home, but also in

Australia, India, Italy, and Japan.
*

It" was so long ago as 186Gt that my then assistant,
Mr. Robert Warington, drew up, at my request, some
directions in quantitative analysis which once formed a
considerable part of the third division of the Laboratory
Guide. During the twenty-four years which have passed
since that time, many new processes of analysis have been
developed or adopted, and many old processes simplified
or improved under my personal supervision. 1t would be
impossible to acknowledge specifically the source of each
analytical detail or method ; but the labours of many well-
known chemists have been utilized in the preparation of
my little volume, and in the improvement of each succes-
sive edition. I cannot, however, refrain from expressing



xii PREFALE,

the obligations which 1 am under for special help accorded
to mc in the preparation of the present issuc by Professor
Kinch of Cirencester and Dr. Munro of Downton, who
have furnished me with notes, hints, and emendations,
suggested by their expericnee in the use of the book. 1
am indebted to Mr. R. H. Harland and to the authors of
papers in receut volumes of ‘ The Analyst’ for improve-
ments in the section “ On Dairy Products ;” the Reports
issued by the United States Association of Official Clhemists
have also been laid under contribution.

A H.C.

Kew, June 1888,
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THE LABORATORY GUIDE

[P —

INTRODUCTION.

CneMmisTrY is essentially a scicnce of experiment. The Labora-
tory is as important as the Lecture-room. It is not sufficient to
have an experiment described, nor even to see it performed ; the
student must repcat it for himself. And he must apprehend all
the conditions of the experiment and the laws which it illustrates.
Thus only can the science be thoroughly learnt so as to be of
real service in practical life; thus only can be fully realized its
beneficial effects in training the mind to accurate observation
and close reasoning.,  Besides these chief advantages of practical
chemicul work others may be mentioned. For instance, actual
repetitions of 'lcading experiments give sharpness and precision
to thé memory ; and, at the same time, the unexpected results,
and even the mishaps that attend laboratory practice, afford a
certain amount of play to ingenuity in contriving new arrange-
ments of apparatus and new conditions of experiment. In this
way it has happened that the stimulus to original endeavour
which accidents give has resulted in discoveries of great scientific
or economic importance.

But ju’st as lectures may become too theoretical, so laboratory
work may become too practical. The student in the laboratory
must never forget that the experiment is the means, not the end,
An experiment rightly tried is a question properly put to nature;
and though its results may be striking or beautiful, it is to their
meaning or interpretation that we look. Merely to make a
coloured precipitate or a flash of bright flame is not the end of
experimenting, but to identify facts by means of phenomens is.
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‘Wo read in our text-hooks that sulphuric acid dissolves zine and
gives off o light and combustible gas ; but it is not till we have
watched the bubbles rise from the mixture, collected them, burnt
them, and otherwise tested them, that we realize the proporties
and relations of zinc and acid and hydrogen. But our books tcll
us something more about this experiment. Wenot only have to
learn how to make it, nnd the qualities of the materials taken and
of those formed, butl we see that we have to do with quantities.
We learn that 65 parts by weight of zinc will dislodge only 2
parts by weight of the gas hydrogen, yet that these two parts by
weight of gas will oceupy more than 2300 times the bulk of the
solid zinc used. These considerations enable us to divide the
work of practical chemistry into 3 sections :—

1. Manipulation, which includes the management of apparatus
and tests,

2. Qualitative Analysis, by which the constituents of sub-
stances are separated and identitied by appropriate methods.

3. Quantitative Analysis, by which the quantities of the several
constituents of the substance examined aro ascertained, either
by weighing or measuring.

These sections are found in practice not to be ‘ubsolutcly dis-
tinet ; indeed, the study of the first of them, Manipulatios, in-
volves both Qualitative and Quantitative work, while the third
necessarily includes tho other two. But it is, after all, not only
usual, but very convenient to divide Laboratory practice into
these sections, and the plan has accordingly been adopted in the
pages which follow.

For whatever occupation in life a student may be destined, the
foundations of his chemical knowledge must be laid in the same
way. Yet there is a mode, and a perfectly legitimate one, of
giving a special character even to early scientific instruction. In
& medical school the more elaborate illustrations of chemical facts,
both in lecture and lesson, may be selected mainly from substances
with which the physician or surgeon is more immediately con-
ocerned, and thus a medical dias be given to the whole course.
The great facte concerning the elements and their combinstions

>
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would be duly explained in all cases; but while a subject should
be illustrated by potassium iodide or magnesium sulphate when
addressing medical students, potassium chloride or ealcium phos-
phate should be specially dwelt upon in the case of agricultural
students. The latter, too, would have the laws of diffusion illus-
trated to him by the processes which go on in the soil and in the
plant; the medical student, on the other hand, would study the
same laws as they work in the liquids and gases concerned in the
functions of the humun body. The sgricultural student would
devote particular attention to those compounds of nitrogen which
are used as manure, while the medical student would make the
acquaintance of those which are of importance in the treatment
of discase. Both students follow the fortunes of nitrogen till it
appeary as ammouia, then the former combines it with sulpburie
acid, the latter with citric. Both will study analysis, one to
deteet and estimate phosphoric acid, and the other arsenic. But
as the whole of the present volume affords an illustration of this
method as applied to agricultural teaching, it is unnecessary
further to explain it here.

The student using this Guide will do so with the greatest effect;
if, while he is going through the experiments on manipulation
desCribed in Part I., he will attend a course of Lectures on
Inorganic Chemistry, and study the corresponding chapters of
a text-book of Chemistry. The lessons on Manipulation may
then be readily mastered by two or three hours’ practice in the
laboratory each week during a period of four months; an
additional hour or so each week will be requisite for posting up
the ¢laboratory book’ with the rosults of the practical work,
This tine is exclusive of that which lectures require. This Guide
can be used without the personsl help of a teacher; but the
progress of the student will then be less sure and rapid, especially
where, as in the processes of analysia, the operations described
are very delicate or complicated.

When the student has prepared and examwined the common
gases, hydrogen, oxygen, nitrogen, carbon dioxide, sulphur di-
oxide, &c., and has studied, by actual practice on suit;b]e {ofven

- B
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agricultural) examples, the processes of solution, evaporation,
distillation, precipitation, filtration, decantation, crystallization,
drying, ignition, and weighing, he must next acquire an exact
acquaintance with the various substances with which the analyst
is concerned.  More than this, he must become familiar with the
tests and reagents employed either to separate or discriminate
the several constituents of any ordinary solid or liquid matorial
schich may be submitted to analysis. By the use of these tests
or reagents different effects ensue: gascs are evolved, precipi-
tates are formed, or coloure are produced ; from these phenomena
definite inferences arc drawn as to the nature of the substance
or substances present.  These reagents do not, except in a few
instunces, separute a body in the clementary or uncombined state,
but in some characteristic and easily identified form of combina.
tion, As, however, the simple clement is occasionully climinated
in the free state, a list of the most salient propertics of cach
importunt element is given further on: a reference to this list
will enuble the experimenter to identify any particular element.
When the student has beecome familiar with the behaviour of
cach metallic or basic, and of cach acid constituent, when acted
upon by the reagents in use, he proceeds to the systematic part
of Quulitative Analysis. This, the method of analysis, consists
of the application, in a fixed order, of certain tests. But the
schemes which have to be here followed are often modified to suit
the particular state and nature of the material to be analysed.
When the schemes are mastered, and the student has success-
fully aualysed the various simple and complex substances that have
been selected as examples, he commences the study of the third
part of this work, which is devoted to Quantitative Analysis.
iy section of the Guide commences with minute directions for
the estimation of potassium, nitrogen, and other important con-
stituents of fouds, soils, and manures, and it then gives numerous
examples for the practice of quantitative a.ha.lysis. All these
examples are drawn {rom the produce of the farm, or from those

materials which are of the highest importance to the agricul-
turist.



PART L
CHEMICAL MANIPULATION.

Tue Lessons which follow have been so devised as to illustrate
and confirm some of the chief truths learnt during the course of
lectures on Inorganic or Mineral Chemistry, which they are
intended to accompany. The usual introductory lectures of
such a course will refer to Chemical Physics.  The corresponding
Lessons are devoted to Solution, Crystallization, Sublimation, and
so forth, Next in order, both at leceture and in lesson, come
hydrogen, oxygen, and other important non-metals and their
compounds ; afterwards the chief metals. Here and there
throughout the series it will be well to introduce one of the
special agriqultural lessons, in order to connect, even in the
early stages of instruction, chemical science with the commonest
and most familiar materials of life on the farm.

To show the made of carrying on a class of practical chemistry
in the most effective way a few words of general description are
necessary. Tho lesson having been selected, the teacher will
suspend in some conspicuous place in the laboratory a diagram
embodying the chief operations to be performed. He will read
this, commenting upon it as he reads, and illustrating apparatus
and mathods by sketches on the black-board, and in many cases
by going through the experiment, or making the apparatus to be
employed, before the class. This done, the class is told what
materials and apparatus will be required. Part of this will
belong to the student’s set, part will be found on the shelves
ahove his bench, and part will be specially provided for the use
of the class, according to the demands of each lesson. Work
may now be commenced.
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The student should bear in mind the great importance of (1)
cleanliness, (2) order, (3) quietness, (4) exactness,

All appuratus must be made clean before being used, and must
be kept clean. A test-tube washed out three times with a
little water is really clenner tham if washed once with much.
When work is over, put. the apparatus away, dry as well as clean.
Pour away all residues, unless the contrary be specially directed
at the time of the lesson : clean up all messes.

As to order, never have anyvthing ou the beneh which is not
required. but never omit anything that is. Arrange your appa-
ratus so as to be most convenient for work, so as not to prevent
your getting reagents from the shelves, and soas not to be liable
to be upset.

Hurry and noise prevent the successful performance of ex-
periments.  Give every experiment time. 1f you are told to let
a liquid cool, give it time to do so. 1f you ure told to heat a
substance till it becomes dry, give it time to get so.

By exactness, we mean the use of the right materials in the
right way. 1f you are directed to warm a liquid, don’t boil it.
If you are directed to add five drops of some test, don’tlet an un-
counted number tumble into vour test-tube : ecouo;ny is not only
better, it iz more successful than waste. Be careful to see that
you add the right test : don’t use ferrocyanide for ferricyanide, nor
sulphate for sulphite. If you are directed to use strong sulphuric
scid in any experiment do not spill it about, nor mix it suddenly
with any liquid, and above all never allow it to come in contact
with hot water, or, if it be itself hot, with hot or cold water.

But cleanliness, order, quietness, and oxactness will be of small
avail unless the student aocurately observe the result of each ex-
periment, grasp its meaning, and make a full record of all his
work. Rough notes should be taken in the laboratory, to be
afterwards copied into s book. In making and transferring such
notes, remember that the actual results of your own experiments,
mot the directions given you for carrying them out, are of the first
importance. Sec that you understand the reason of each step
taken, of each addition made, and of each change effected : write
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out the chemical equations for such changes. Be careful to spell
chemical words exactly as given in the lessons and on the labels
of the laboratory. The names of chemical substances and pro-
cesses have been formed (sometimes awkwardly enough) chiefly
from Latin and Greek words ; and their derivations as well as
meanings are obscured or lost when through inattention a letter
is omitted or altered. For instance, never spell chlorine without
an k, nor analyse with a z.

Seeing now what we have to do, and how to do it, we may
begin work. Each of the following lessous will require from
one to two hours for its successful completion,

LESSOXN 1.
SOLUTION AND FILTRATION.

Apparatus required.—Rotort stand; funnel; filter-papers;
gpirit-lamp ; porcelain bason ; two beukers; wash-bottle ; scales
and weights.

Ordinary reagent.—Dilute hydrochloric acid (HCI).

Special materials.—A mixture, in known proportions, of sand

and salt, to be labelled A ; a mixture, in known proportions, of
sand and chalk, labelled B ; a feather,

1. Weigh out 10 grams (or 100 grains) of a mixture (A) of
sand and salt. Tlace the weighed
substance on a filter fitted in a Fig. 1.
" funnel and pour water gently
into the funnel. The filter~
paper used above is folded first
into halves along the line a, a,
then  into quarters from the
centre to b,b. It is opened par-
tially when in the funnel, so as
to bring a and a together and to
leave b and b similarly placed.
When the liquid that drops from the funnel (called the filtrate)
no longer tastes salt, syringe out every particle of the sand,
which alone remains on the filter, into ‘a bason: this washing
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out the residue on the filter is easily done by the wash-bottle
jot being allowed to play upon it, the Fig. 2.

funnel being held npside down over the
bason. Pouroff the water, leaving the
sand in the bason. Turn the bason
about, so that the wet sand forms a thin
layer all over it : then heat it cautiously,
to avoid spirting, until the sand is dry 5
sweep it, when cold, with a featherinto
one of the pans of the seales, and weigh
it. Tts weight, multiplied by 10, if
grams have been used, gives you the
percentage of sand in the original mix-

ture.

2. Weigh ont 10 grams (or 100 grains) of a mixture (B) of
sand and chalk. Place the weighed substance in a beaker, and
pour upon it a little hydrochloric acid: shake the mixture.
Continue to add hydrochlorie ncid, drop by drop, till all frothing
(due to the escape of earbon dioxide, CO,) ceases; shake the mix-
ture from time to time. Add water to the residue that has not
dissolved, and gently decant it off again. This pouring on and
off of water is to be repeated twice, taking care to lose noné of
the sand at the bottom. The sand should now be syringed, as
hefore described, into & porcelain bason: it is to be dried and
weighed as in experiment 1,

The student learns by this lesson that substances differ in
solubility, some being soluble in water, some in ncids, some in-
soluble in both. He also learns that u filter separates solid
particles from liquids.

The only chemical change in these cxperiments occurs during
the solution of the chalk in the hydrochloric acid. It is
represented thus :—

CaCO, + 2HCl = HO -+ CaCl, + Co,
Chalk, insoluble  Acid. Water. Caleium chloride, Carbon di-
in water, dissolved in the oxide, goes
water, off as gas,
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LESSON II

CRYSTALLIZATION,

Apparatus required.—Furnace-support ; wire gauze; spirit-
lamp: wash-bottle ; two porcelain basons; porcelain crucible ;
triangle ; test-tubes ; scales and weights s filter-papers.

Special Materials.—Solutions of copper sulphate, sedium sul-
phate, caleium chloride, and potassium dichromate ; pioce of wire.

1. Evaporate } of a test-tube full of a solution of copper
sulphate over the lamp in a porcelain hason until the erystuls
which form round the margin of tho solntion ccase to dissolve
when pushed into it : set it aside to cool.

2. Add 30 drops of sodium sulphate solution to a test-tuho
about } full of caleium chloride solution. Tho white substance
which gradually separates from the mixture will be found to be
made up of emall crystals which can be seen with a pocket lens.
These crystals are calcium sulphate (=gypsum, CaS0,, 2H,0).

3. Weigh ont in a crucible of known weight 2 grams (or 30
grains) of crystals of copper sulphate (CuSO,, 5H,0), from expe-
riment 1. The erystals must first be pressed between filter-papers,
and then lighdy powdered in a mortar before weighing. Heat
the weighed salt and stir it with a wire ; continue to heat it until
its blue colour has entirely disappeared. When tho crucible is
cold weigh if again. The difference in weight will be the water
of erystallization lost by the salt,

4. A zolution of potassium dichromate, when evaporated as in
experiment 1 above, will deposit on cooling crystals (K. Cr,0),)
which contain no combined water.

LESSON III
SUBLIMATION,

Apparatus required.—Retort-stand ; triangle; spirit-lamp;
scales and weights; porcelain crucible ; test-tubes and stand.
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Special Materials.~Iodine ; pure ammonium chloride; adul-
terated ammonium sulphate.

1. Into a dry test-tube drop a crystal of iodine and gently
heat it. Purplish-violet vapours will be produced which will
condense on the cooler parts of the tube into small erystals of
iodine, This physical change of a solid into a gns, followed by -
the re-formation of the original solid, is unaccompanied by any
chemicul change : it is called ¢ sublimation.’

2. Tuke 1 gram (or 10 grains) of ammonium chloride (NH,C1),
place it in a poreelain crucible which has been counterpoised, or
the weight of which has been ascertained, and then heat it over
the spirit-lamp till no more fumes are given off. When the
crucible is cold weigh it again. The salt, if pure, will have left
no residue, having been entirely sublimed. A cold surface, say,
a test-tube, placed in the fumes will be covered with minute
crystals of sublimed and condensed ammonium cbloride.

3. Take 1 gram (or 10 grains) of adulterated ammonium sul-
phate and heat it exactly as above. ''he materials used to adul-
terate this valuable salt are generally non-volatile, and will be
Jeft behind.  The amount of adulteration will be Iearnt by finding
what weights have to be added to the counterpoise in order
that it may balance the crucible and the non-volatile residve in
it. The atudent must, however, remember that many substances
used as adulterations are volatile. Vegetable and animal sub-
stances and water itsclf are amongst these, and must be looked
for in making an analysis of any ammonia solt used as manure,

LESSON 1IV.

SPECIFIC GRAVITY.

Apparatus vequired.—Scales and weights; a large beaker
nearly full of water, .

Special materials,—Pieces of lead, glass, apatite, aluminium,
and iron ; thread; end a gold or silver cuin,
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1. Tie a piece of iron by means of a thread so that it shall
hang about 3 inches below one pan of the scales.  Place weights
in the other pan to counterpoise the iron, noting the number of
grams or grains required. Now lower the beam of the scales
until the piece of iron is wholly immersed in water comrtained in
s beaker, tuking care that the iron does not touch tbe sides or
hottom, and removing any air-hubbles that may adhere to it by
means of a small brush. Remove weights from the pan till
those left again balance the iron, Subtract the second weight
from the first; the difforence is the weight of the volume of
water displaced by the iron—that is, the weight of an equal
volume of water. To find the specific gravity of the iron,
water being taken as unity, divide the weight in air by the
above difference, the quotient will be the Fig. 8.
required specific gravity.

The following is an example of the
working of this problem :—

Weight in air of a piece of

gold (a sovereign)...... 7971 grams.
Weight in water of the
BAMIE. . vev v unersses 517,
Difference ...... 454 gram,

This difference, 454 of a gram, repre-
sents then the weight of the volume of
water displaced by the immersion of the
gold—that is, the weight of an equal
volume of water., We have now no- ,
thing te do but to divide the weight of
the gold in air by this difference; and -
the dividend will express how many times the welght of the
volume of gold contains the weight of an equal volume of
water ;~—

7971
0404
Or we may express the same faos in another form. We may

=2=17-58, spec. grav. of standard gold.
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say that the weights of equal volumes of water and gold are in
the ratio of 454 to 7-971; and then, assuming the specific
gravity of water to be 1, we have the following proportion :—

454 : 1 = 71 : x
[ A e ——— —t—— —t——
Weight of water dis- Spee. grav, Weight of Spee. grav.

placed by gold. of water, gold. of gold.

Ix7av
Y= o

700,

=1

The apecific gravity of standard gold, which contains 833 per
cent. of copper, is lower than that of pure gold, which is 19-3.

2. The same experiment is to he tried with a piece of lead,
and,

3, with a picce of glass; 4, with a silver coin; 5, with a
erystal of apatite; 6, with a piece of aluminium,

The specific gravity of a body is the ratio of the weight of any
volume of that body to the weight of an equal volume of water.
It is expressed by a number which shows how many times the
weight of any volume of the body contains the weight of an
cqual volume of water. e.g. A cubic foot of lead weighs 11,400
ounces ; a cubic foot of water weighs 1000 ounces: therefure the
specific gravity of lead is 11-4,

The following proposition expresses the principle involved in
the method of taking specific gravities above described. Every
body immersed in a liquid is subjected to an upward vertical
pressure, equal to the weight of the liquid displaced, and applied
at its centre of gravity: or, the weight of a body immersed in &
liquid is diminished by a weight equal to the upward pressure,
Strictly, we should take into account the weight of the air dis-
placed by the body when weighed in the usual manner ; but this
correction may generally be neglected : the temperature of the
water and of the body weighed is of more importance. We have
considered no case but that of solid bodies heavier than water,
and not dissolved or chemically affected by that liquid.
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LESSON V.

WASHING BY DECANTATION,

Apparatus required —Wash-bottle ; pestle and mortar; beak-
ers; scales and weights ; porcelain buson ; furnace-support and
wire gauze ; glass rod; spirit-lamp,

Special materiale.—Dried soil, or mixture of sand and clay;
guano adulterated with sand ; feather.

1. Take 10 grams (or 100 grains) of a dried soil containing
clay and sand, put them into the mortur and add a little water.
Stir the mixture without grinding it, add more water, and, after
a minuate's rest, pour off the turbid liquid (along a glass rod
applied to the lip of the mortar) into a beaker; take care that
none of the sandy sediment is poured off as well.  Continue to
wash the soil in this manner until the water that flows away is
no longer turbid. Gently crush any remaining lumps in the
mortar, and pour more water into it. If this water remains
clour the sand must now be syringed into a porcelain bason, dried
cautiously over the lamp, and, when cold, brushed
into one of the scale-pans und weighed. It is
well to cxamine the sediment from the wash-
waters in the beakers, and if any sandy grains
be seen in it, they must be rinsed out with water,
and added to the main bulk of sand in the bason
before drying it. )

2. Take 10 grams (or 100 grains) of adul-
terated guano and treat them exactly as directed
above, the treatment being continued till the
residual sand is uniform in appearance; any
white or brown lumps that remain are to be pressed with the
pestle, and then the washing is to be continued: the heavy
granular residue which remeins, if entirely freed from guano,
will not be altered by heat.

Fig. 4.
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LESSON VI
PREPARATION OF HYDROGEN.

Apparatus requived —Flask or bottle ; small funnel ; mortar ;
wash-hottle ; test-tubes; sheet india-rub-
ber or tubing ; rat-tail file; beaker; plati-
num wire.

Ordinary reagent.—~Sulphuric acid (di-
lute).

b’l)wc‘ial materinds and tests.—Granulated
zine 3 3 picees of quill tube, each ubout 6
inches long 5 cork : wide tube, open at both
ends ; splints of wool,

1. A cork is to be fitted to the flask or
bottle chosen for the experiment. Two
holes are to be bored in this cork. Into
one of these holes o straight tube is to be §
inserted, so as nearly to touch the bottom SN
of the flask: into the other hole an elbow-
tube (bent once at right angles) is to be placed the whole fit-
ting quite air-tight, To the upper end of the straight tube
previously mentioned, a fuunel is to be joined by wra}ming
round both a warmed etrip of sheet india-rubber, or by slipping
over them g piece of vulcanized tubing. Similarly, to the elbow-
tube, a second clbow-tube, bent into a shape somewhat like the
letter 7, is to be joined. A thistle-head funnel may be used
instead of the funnel and tube above deseribed.

2. Put a little granulated zine into the flask, insert the cork
with its tubes, then add a little sulphuric acid through the funnel.
When the gas has been given off for a fow minutes, collect some
of it in a test-tube filled with water, and standing, inverted, over
the end of the delivery-tube, which must be just under the water
of the pneumatic trough (a bason of water or the mortar will
answer). When the test-tube is full of gas remove it from the
water, closing its mouth with the thumb and applying a light to

Fig. 5.
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its contents, Collect two or threc tubes of gas thus, till it is
found to burn with a pale flame and without explosion: great
attention should be paid to this point, as if any air remains in the
flask, the mixture of air and hydrogen is sure to explode when a
light is applied in experiment 3. Observe that a lighted splint
of wood, though it sets fire to tho gas, is itself extinguished.

3. Remove the delivery-tube, and put another elbow-tube, ter-
minating in a jet, in its place. Wrap the flask round with a
cloth, pour in a little more acid, light the jot of gas, and hold a
dry beaker over the flame; observe the formation of dew. If a
good-sized tube, a few feet long and open at both ends, be lowered
over the flame, & musical note may be produced. Hydrogen may
be lighted by means of platinum sponge or a warm platinum
wire,

When zinc and sulphuric acid react the following is the final
change which occurs :—

Zn + HS0, = M, + Zuso,

3
When hydrogen burns in air, two volumes of hydrogen unite
with one of oxygen ; thus—
H2 - 0 = H,_,O.
Water.
As 100 measures of air contain about 21 measures of oxygen,

they will furnish enough oxygen to combine with twice that
unumber or 42 measures of hydrogen,

’ LESSON VIL

PREPARATION OF OXYGEN.,

Apparatus required.—Scales and weights ; spirit-lamp ; retort-
stand; test-tube; rat-tail file or rasp; mortar; litmus paper;
wash-bottle ; large beaker half full of water,

Special materials.—1 foot of quill tubing; corks; splint of
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wood ; red phosphorus; sulphur: a blue or purple flower; oxygen
mixture ® ; piece of iron wire with a loop at one end.

1. Seleet a stout, short, and dry test-tube. Knead a suitable
cork between the fingers
till it becomes soft and
clastic. Perforate the cork
very carcfully with the
round file, so thut a piece
of glass tube may be tightly
inserted into the hole.  This
tube is to be bent, in the
most luminous part of the

Fig. 6.

flame of a batswing burner,
in two places. One bend
should be made downwards, about 14 inch from one end of the
tube; the other bend should be upwards, as near the other end
of the tube as possible. The downwurd bend should then be
passed through the cork; from the opening at the extremity of
the other bend the gas will issue and be collected. The next
step is to weigh out 3 grams (or 40 grains) of the oxygen mix-
ture, chiefly potassium chlorate, to introduce them into the test-
tube, to insert the cork and bent delivery-tube, and to suspend
the apparatus on a ring of the retort-stand. Have ready a
beaker half full of water: also 4 test-tubes perfectly full and
placed close at hand in the test-tube stand. On applying a
gentlo heat by means of the spirit-lamp, oxygen gas will be
given off. The end of the delivery-tube should dip under some
water contained in the mortar. Allow a fow bubbles of gas to
escape, and then adjust, over the opening of the delivery-tube,
an inverted test-tube full of water till the gas has displaced its
contents. Fill the other test-tubes in the same way. Each
test-tube as it becomes full of gas should be removed (with its
mouth downwards, and closed, during removal, by the thumb) to
the beaker half full of water previously mentioned.

* The oxygen mixture is made of 10 parts of potassium chlorate in powder
and ] part of ferrio oxide {iewellers’ rouge).
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2. Light a splint of wood, blow out the flame, and insert the
glowing end into one of the test-tubes of oxygen.

3. Light alittle red phosphorus, placed on & loop of iron wire,
and quickly introduce it in a test-tube of oxygen. When the
combustion is over, pour a little water into the tube, and then
drop in a slip of blue litmus paper.

4. Light a bit of roll sulphur on an iron wire and introduce it
into oxygen. When the combustion is over, pour a little water
into the tube and drop in a blue flower.

5. Fix a small fragment of charcoal to the end of a piece of
iron wire, heat it in the flame of the spirit-lamp, then introduce
it into a test-tube of oxygen gas. Withdraw the wire when the
combustion is over, and test the gas in the test-tube for carbon
dioxide by pouring in = little lime water.

In the foregoing method of preparing oxygen, the final result
of the reaction which occurs may be expressed thus:—

KOO, = KCl + 30.

. LESSON VIIIL
PREPARATION OF SULPHUR DIOXIDE,

Apparatus required.—Retort-stand ; test-tubes; spirit-lamp;
wire gauze.

Ordinary reagent.—Ferric chloride (Fe,CL).

Special ‘materials and tests,.— Perforated cork; piece of quill
tube, about 10 inches long; strong sulphuric acid; charcoal;
hydrosulphuric acid (H_8) ; potassium ferricyanide ; blue flower ;
blue litppus paper ; chromic acid solution.

1. Fit a short, stout test-tube with a perforated cork, as in
Lesson VIL.: the delivery-tube used in the preparation of oxygen
may be employed, if its smaller elbow-bend be removed by means
of a stroke or two with the triaugular file. Introduce into the
selected test-tube a few fragments of charcoal and enough strong
sulphurie acid to half cover them; fit in the cork and delivery-

tube, and gently hcat the mixture. Conduct the evolved gas
¢
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into a flask onc-third full of distilled water. Shake the flask
occasionally: and when the water in it smells strongly of
sulphur dioxide, remove the flask and pour its contents into five
test-tubes,

2. Into one test-tube put a piece of blue litmus paper.

3. Into another test-tube put a blue flower and apply heat.

4. Into another test-tube pour a little solution of hydrosul-
phuric acid.  The following change (with others) oceurs :—

8O, + 2HS = & 4+ 2HO.
Precipitate.

5, Into another test-tube pour 5 drops of chromic acid solu-
tion ; note the change of colour due to reduction,

6. To another test-tube add one drop of ferric chloride (note
the darkening of the colour), boil (note the disappearance of the
colour). The ferric chloride has been reduced by the SO, to
ferrous chloride, and will now give a rich blue precipitate (Turn-
bull's blue) with potassium ferricyanide.

7. In order to show what reaction ensues when ferric chloride
(without 80,) and potassium ferricyanide are mixed, add to half
a test-tube of pure water, 2 or 3 drops of ferric ghloride and 5
drops of potassium ferricyanide ; instead of a deep blue precipi-
tate, a clear green colour only will be produced.

When charcoal and sulphuric acid are heated together, the
following change occurs :—

C + 2HS0, = CO, + 2HO 4 280,
Carbon dioxide. Sulphur dioxide,
But as water dissolves 44 times as much of sulphur dioxide as
of carbon dioxide, and as the latter gas does not interfere with
the experiments above given, our solution may be regarded as
one of 8O, only. Mercury or copper heated with H,S0, gives
off pure 80,.
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LESSON IX.

PREPARATION OF AMMONIA,

Apparatus required.—Retort-stand ; spirit-lamp ; wire gauze ;
seales and weights; wash-bottle; 3 narrow test-tubes: 1 stout
test-tube ; perforated cork ; mortar full of water; slips of tur-
merie paper and of reddened litmus paper ; glass rod.

Special materials and tests.—Ammonium chloride (NH C1);
slaked lime (CaH, O0,); strong hydrochloric acid; 8-inch picce
of quill tubing.

1. Fit a dry test-tube with a perforated cork and straight quill
tube 6 or 8 inches long. Weigh out 1'5 gram (or 20 grains) of
ammonium chloride and 3 grams (or 40 grains) of slaked lime
(=caleium hydrate CaH,0,): mix these materials on a piece of
paper, and introduce them into the tube. When the mixture is
heated ammonia gas (NH,) will be evolved ; it is to be collected
in dry narrow test-tubes, which are to bo suceessively placed
(mouth downwards, as NH, is lighter than air) ever the quill
tube, so that the open upper end of the quill tube may nearly
touch the inside of the rounded end of the test-tube.

2. Drop a pigee of turmeric puper, and also a piece of reddened
litmus paper, into a tube of the gas.

3. Remove a fube of the gas, tightly closed with the thumb,
to the mortar full of water, remove the thumb while the mouth
of the test-tube is immersed, and observe the absorption of the
gas by the water. 1 volume of water at 15° C. dissolves no less
than 783 volumes of ammonia,

4. Into a tube of the gas introduce a.rod, moistened with
strong hydrochloric acid ; observe the white fumes of ammonium
chloride’(NH (1) formed.

The reaction by which ammonia is separated in the foregoing
process is thus expressed : —

2NH,Cl + CaH,0, = 2NH, + CaCl, + 2H,0,

Ammonia may be detected in peat and other soils by warming
the soil with caustic magnesia and water, and holding a piece of
turmeric paper in the vapours evolved.
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LESSON X.
PREPARATION OF CARBON DIOXIDE.

Apparatus required.—2 flasks ; test-tubes; litmus paper.

Ordinary reagents.—Hydrochloric acid ; lime-water,

Special materials and tests.—Perforated cork, tube bent twice
at right angles ; marble or limestone in fragments; quill tube
€ inches long ; splint of wood,

1. Fit a flask with a perforated cork and a tube bent twice at
right angles, one of the bends being about 1inch from one end of
the tube, and the other about 4 inches from the opposite end.
Gently slip into the flask a few pieces of limestone or marhle
{CaC0,), and pour upon them dilute bydrochloric acid. The gas
evolved is CO,, or carbon dioxide: its separation is represented
by the equation CaCO,+ 2HCl=CaCl,+H,04C0O,. The gas
being heavier than air, is collected by downward displacement
in dry test-tubes, the mouths of which are directed upwards,

2. Into a test-tube of the gas drop a piece of wet blue litmus
paper.

3. Into a test-tube of the gas lower a lighted 8plint of wood.

4. Into a tube of the gas add some lime-water (CaH,0,) and
8 little distilled water; then allow the gas to bubble into the
mixture for some minutes ; observe whether the precipitate first
formed redissolves. If so, divide the clear solution into 2 portions :
to one add some more lime-water, drop by drop;—an abundant
and bulky precipitate separates. Thisiscalcium carbonate removed
from solution in accordance with the following equation ;—

CaCO,, CO, + CaHO, = 2CaCO, 4+ HO,

Caleium carbonate, dis-  Caleium hydrate Precipitate.
solved by carbon dioxide. in the lime-water.

This process of softening water is called Clark’s process. Boil
the other part of the solution, when the caleium carbonate comes
down, but in & more compact and less conspicuons form than in
the provious experiment. Here the precipitation is due to the
expulsion of carbon dioxide on boiling.. The fur on kettles and
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boilers, produced by boiling hard water, is formed for the same
reason.

5. Examine the air expired from the lungs for carbon dioxide,
by breathing through a tube into a small flask half filled with
lime-water.

6. Prove that the gas is heavier than air by carefully pouring
it from a test-tube full of the gas into an empty one, and then
testing for its presence in the latter with lime-water.

LESSON XI.
DISTILLATION OF NITRIC ACID.

Apparatus required.—Retort and stand ; scales and weights;
mortur; wire gauze; flask; filter-papers; spirit-lamp; silver
nitrate solution ; test-tubes; wash-bottle.

Special materials and tests.—Nitre (KNO,); sulphuric acid
diluted with its own bulk of water; concentrated sulphurie
acid ; ferrous sulphate, FeSO,, Taq., in crystals ; barium nitrate
(Ba2NQ,) solutton ; solution of indigo ; copper foil,

1. Weigh out 7 grams (or 100 grains) of potassium nitrate,
place them in a retort, and add carefully 60 cub. cent, (or 2
ounces) of moderately strong sulphuric acid: apply heat to the
retort, and collect the nitric acid which distils in a flask half-
immersed in water, and covered over with a wet filter-paper so
as to condense the nitric acid vapours (see fig. 7, p. 24). Reject
the first portion of the distillate. The action which takes place
in this egperiment is as follows :—

KNO HS0, = HNO KHS0
Potassium oitrete. +Bulphuﬂo s%id. Kitrie acid=distillate, Aud potassium poiphate.

2. When s sufficiency of the acid has been collected, it should
be teated and identified as follows :—

a. To one portion add 2 or 3 drops of silver nitrate sclution ;
if any chlorine be present as an mpunty, 8 white curdy precipi-
tate of silver chloride will fall,
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3. To another portion add 5 drops of barium nitrate solution ;
if any sulphuric acid be present, a fine white precipitate of bartum
sulphate will full.

¢. To another portion add a crystal of ferrous sulphate; after
a minute or two pour in gently 20 drops of strong sulphuric
acid, holding the tube in o slanting position; let the mixture
rest : a ring of purplish-brown colour on the sulphuric acid layer
shows the presence of mnitric acid (nitric oxide and nitrates pro-
duce the same offect).

d. To a few drops of the acid add concentrated sulphurie acid
and a little solution of indigo, then heat, Note the change of
colour, due to the oxidation of the blue indigo.

e. Slip a small picce of copper foil into a test-tubo containing
a few drops of the distilled acid. Pour the brown fumes given
off into a second test-tube containing a solution of green vitriol.
Note the colonr produced.

LESSON XII.

DISTILLATION OF ACETIC ACID.

Apparatus required.—Retort and flask ; retort-stand ; mortar;
spirit-lamp ; fuunel; wash-bottle ; filter-paper ; silver nitrate;
test-tubes; scales and weights ; test-papers.

Ordinary reagents,—Barium chloride (BaCl)); ammonium
hydrate ; ferric chloride (Fe,Cl,).

Special materials and  tests.—Sodium acetate (NaC,H,0,);
sulphuric acid mixed with an equal bulk of water; pure alcohol
(C,H,0).

1. Weigh out 7 grams (or 100 grains) of sodium acetate, put
them carcfully into a retort. Pour in with a funnel 60 cub.
cent. (or 2 ounces) of moderately strong sulphuric acid so as not
to soil the neck of the retort: distil. Reject the first part of
the distillate, and divide that which comes over afterwards into
three parts, a, b, and ¢.

a. To this part add some barium chloride solution: should a
white precipitate occur, it indicates that the acid is impure from
the presence of sulphuric acid.
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L. To this part add a few drops of silver nitrate solution:
should a white cloudiness or a curdy precipitate form, it shows
that the acid is impuro from the presence of hydrochloric acid.

¢. Into the third part put a picce of blue litmus paper.

2. To a fow crystals of sodium acetate add a little concentrated
sulphuric acid and a few drops of pure alcohol; warm, and
notice the apple-like odour of ethyl acetate evolved.

3. To a small quantity of a solution of sedium acetate add one
or two drops of ferric chloride; notice the deep brownish-red
colour due to ferric acctate. 1f a few drops of an acid, say dilute
bydrochloric acid, be now added, the colour will disappear,

The reaction in experiment 1 above is thus expressed :~—

2NaCH,0, + H, 80, = 2C,H,0, + Na80,.

LESSON XIII.

TESTING OF WATERS.

Apparatus  required. — Retort-stand ;  furnace-support and
gauze; spirit-lamp; porcelain bason; silver nitrate solution ;
test-tubes ; ﬂ.asks; retort ; mortar ; wash-bottle.

Ordinary reagents—Ammonium oxalate ; dilute nitric acid ;
dilute hydrochloric acid ; barium chloride ; dilute sulphuric acid.

Special materials.—Four samples of water; potassium per-
manganate solution containing ‘395 of a gram per litre; Nessler's
test,

Several of the following experiments (namely 2, 3, 4, and 5)
are to be tried with three or more sumples of water. In each
case it is better to place the same quantity of each of the waters
to be tested in separate vessels, and then to add the test to each
sample at the same time; thus an ides of the comparative purity
of the several waters is obtained.,

1. Evaporate 30 cub. cent. (or 1 ounce) of well- or river-water
just to dryness in a porcelain bason. Note the colour and other
characters of the residue left, as well as of any deposit which
may have occurred during evaporation. Now heat the residue
still more, and observe if it blackens, or gives off fumes or an

o L1
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2. To test-tubes half full of each water, add ammonium oxa-
late solution ; a white precipitate indicates fime.

8. To test-tubes half full of each water, add 20 drops of nitrie
acid and 5 of silver nitrate solution ; a white precipitate indicates
chlorides,

4. To test-tubes half full of each water, add 10 drops of
hydrochloric acid and 10 drops of barium chloride solution; a
white precipitate indicates sulphates.

5. To & test-tube half full of rain-water (or of water contami-
nated with sewage), add 5 drops of Nessler's test; a yellow or
brown colour indicates ammonia.

6. To 05 cub. cent. (or 2 ounces) of each water warmed till
the temperature of about 27° C. has been reached and contained
in flasks or beakers, add 60 drops, or 4 cub. cent., of pure dilute
sulphuric acid and 1 drop of potassium permanganate : if the
colour disappears, add more permanganate until the purple colour
is permanent after the lapse of 10 minutes: note how many
drops each water has required. The usual cause of the disappear-
ance of the colour is the loss of oxygen, or reduction, which
permanganate undergocs when in presence of organic matter,
Chalybeate waters and those containing nitrites ¢kert the same
effect upon this reagent.

7. Place 130 cub. cent. (or 4 ounces) of well- or river-water in
a retort and distil : the
figure shows how alarge
filter-paper kept con-
stantly wet may be made
to aid in condensing the
steam. Repeat experi-
ment 5 above with the
first portion of the dis-
tillate, and test some :
of that which comes over afterwards in the same manner for
ammonia ; also test another portion of this distillate for lime by
ammoniam oxalate, as in experiment 2.
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LESSON XIV.
DETECTION OF ARSENIC,

Apparatus required.—Spirit-lamp; test-tubes; wash-bottle ;
filter-paper ; blowpipe.

Ordinary reagent.—Ammonium hydrate.

Special materials and tests.—Solution of arsenic trioxide in
HC1; fine copper wire ; subliming-tubes ; mixture of dry sodium
carbonate and potassium cyanide; hydrosulphuric acid ; pure
sulphuric acid; pure zine.

1. Boil a little of the arsenic solution with two or three short
pieces of bright copper wire; after a few minutes a dark grey
compound of arsenic and copper will form on the wires. Remove
the wires from the tube, rinse them with water, and dry them
gently between filter-papers, The wires are now to be intro-
duced .into a small tube closed at one end and heated. As the
arsenic is driven off in vapour it unites with oxygen and forms
small brilliant crystals of arsenic trioxide, which will condense
upon the cooler part of the tube, and may be seen to be octahedra
under a lens.

2. Mix a vexy small quantity of arsenic trioxide with about
three times its bulk of a mixture of dry sodium carbonate and
potassium cyanide. Introduce the dry and slightly warmed
mixture into 8 bulb subliming-tube. This is best done by means
of a paper gutter. Hent the bulb gently at first ; and if moisture
comes off, sop it up with a slip of filter-paper rolled up so as to go

. into the tube. When the heat is increased, a dark but lustrons
ring or mirror of sublimed metallic' arsenic will be found in the
cooler part of the tube.

8. To { little of the arsenic solution add some hydrosulphuric
acid and warm; s yellow precipitate (of AsS8,), dissclved on
adding ammonium hydrate, indicates arsenic.

In addition to the sbove methods another and niost satis-
factory way of identifying arsenic exists. Fit up the hydrogen-
apparatus exactly as used in Lesmson V1., employing pure zino
and pure sulphurio acid. When the hydrogen has been evolved
freely for a few minutes, and all air has been driven out of the
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apparatus (see § 2 of the Lessou on Hydrogen, p. 14), light the jet
and depress into the flame for a few seconds one or two fragments
of clean hard poreclain; no stain should appesr on them. Now
introduce through the funnel tube a few drops of the arsenic
solution ; note the increased size and the altered colour of the
flame. This flame is due to the combustion of a mixture of hydro-
gon and hydrogen arsenide (AsH,). If pieces of porcelsin be de-
pressed for & few sceonds into the flame, so as nearly to touch the
orifice of the jet, durk-brown stains of arsenic will be deposited
upon them; for when the flame is cooled the hydrogen alone of
the AsH, burns, and an ersenic-soot, similar in mode of formation
to carbon-soot. from an ordinary candle, is formed upon the cold
porcelain,  Antimony produces quite similar staius: but :—

a. The arsenic stains dissolve in calcium hypochlorite solution ;
antimony stains do not.

b, The uarsenic stains do not dissolve in yellow ammonium
sulphide solution ; antimony stains do ; but the ammonium sul-
phide must not be very strong or contain much sulphur in excess,
or both stains will disappear.

Arsenic may be further identified by heating a tube through
which hydrogen arscnide (arsenietted hydrogen) is passing, and
experimenting with the black arsenic mirror which will be
formed in the tube ; or by allowing hydrogen arsenide to bubble

through acid silver nitrate solution.
L

LESSON XV.
EXAMINATION OF BRONZE COIN.

Apparatus required.—~Flask ; furnace-support ; spirit-lamp ;
bl(l)wpipe; funnel und filter; wire gauze; wash-bottle; test--
tubes,

_ Ordinary reagents.—Dilute nitric acid ; sodium acetate; potns-
sium ferrocyanide ; ammonium hydrate,

_Special materials and tests.—About } of a bronzo -halfpenny
piece; potassium cyanide; piece of charcoal; piece of bright
iron wire,

1. Slip & small piece of bronze gently into a flask, cover it }
of an inch deep with nitric acid, and heat it gently. When the
metal has been completely aoted upon, add a little water and

allow the white particles of tin dioxide (8n0,) to settle. Pass
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the blue solution through a filter, leaving as much as possible of
the tin dioxide in the flask, Test the filtrate, which will con-
tain copper nitrate (Cu2NO,), as follows :—

a. Pour one drop of the blue solution into a test-tube half
full of water, add a few drops of sodium acetate, and 1 drop of
potassium ferrocyanide: a purple-brown precipitate indicates
copper.

b. To a small quantity of the blue solution add ammonia in
excess : a clear deep blue colour indicates copper.

¢. Dip a piece of bright iron into a small quantity of the blue
liquid : a coating of metallic copper will form upon the iron,

2. As to the white residue (of 5n0,) mentioned above (1) ;—
rinse it from the Hlask into a porceluin bason, pour some water
on it, and when the particles have sabsided decant it off: repeat
this washing of the white residuc, then dry it, mix it with twice
its bulk of potassium cyanide snd place the mixture in a small
hole made in a piece of charcoal. Heat the mixture in the re-
ducing flame of the blowpipe: add water to the fused mass, and
extract and examine the globules of metal (tin) produced,

The bronze alloy of which English coins are made contains, in
100 parts, Y5 parts of copper and 4 parts of tin, with 1 part of
zinc.

LESSON XVIL
“EXAMINATION OF SILVER COIN,

Apparatus required.—Flask ; furnace-support; wire gauzoe;
spirit-lafap ; porcelain bason; funnel and filters,

Ordinary reagents.—Dilute nitric acid; dilute hydrochloric
acid ; potassium ferrocyanide,

Special materials and tests.—Silver coin ; strip of sheet zine,

1. Take a small silver coin (economists may be content with
half a threepenny piece), slip it gently into a flask, and cover it
half an inch deep with dilute nitric acid. Keep the flask warm
over the spirit-lamp, but do not boil the liquid. When the
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metal has completely disappeared, add hydrochloric acid to the
solution until it ceases to produce a precipitate.

2. Bhake the liquid and precipitate in the flask, allow the white
particles of silver chloride (AgCl) to aggregate together, and pour
the liquid, which contains all the copper of the original coin
(7'6 per cent.), into a wetted filter placed in a funnel. The
silver chloride should now be rinsed out of the lask on to the
same filter, Continue the washing of the precipitate on the
filter until the washings (the filtrate) no longer give a purple-
brown precipitate with potassium ferrocyanide and sodium
acetate (sce experiment a, Lesson XV.),

3. The silver chloride is now to be washed out of the filter
into a small dish,a drop of hydrochloric acid and a small piece of
sheet zinc added. When the silver chloride has become uniformly
brown, it is no longer chloride but pure metallic silver, and must,
when the piece of zinc has been taken out, be thoroughly washed,
by decantation, with much water. If pressed between pieces of
agate, it may be made to assume the beauliful white lustre
proper to pure silver. It may be dried and fused (after adding
a little borax) into a button on a piece of charcoal hefore the
blowpipe ; or it may be dissolved in a little nitric acid, evapo-
rated to dryness, and dissolved in a few drops of water; it
constitutes then a pure solution of silver nitrate,

The following are the chemical reactions which occur during
the foregoing experiments. The silver coin in dissolving forms
silver and copper nitrates. These salts on the addition of hydro-
chloric acid are differently affected, the copper remaining dis-
solved, for its chloride is soluble, the silver coming down because
its chloride is insoluble :—

AgNO + HCl HNO A
ilver nitrate, - ! +Whiu%€1wipihte.

_ The zine in the next stage of the experiment seizes the chlo-
rine of the silver chloride, either directly—2AgCl4-Zn=ZnCl,
© + Ag,—or indirectly i

UL MHO 4 Zn = ZCl, 4+ H;
@240 + H, = 2HC 4+ ag.
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In dissolving silver plate and coin in nitric acid, while the
silver and copper dissolve, a black powder geuerally remains
unaffected : this counsists chiefly of gold.

LESSON XVII.

EXAMINATION OF CAPSULE METAL,

Apparatug required.—Furnace-support ; wire gauze; spirit-
lamp ; flask; wash-bottle ; test-tubes; bason : funnel ; filters.

Ordinary rea(/enta ———Dllute sulphuric acid ; dllute nitric acid.

Special materials and tests.—Strip of capsule metal ; potas-
sium cyanide; hydrosulphuric acid ; piece of charcoal.

1. Warm a small piece of capsule metal with dilute nitric acid
in a flask. When nothing but a white powder remains in the
flask add water, and allow the white particles of the tin peroxide
(Sn0,) to subside. Pass the solution, which containe the lead of
the alloy, through a wetted filter, leaving as much as possible of
the tin peroxide in the flask. Test the liquid which runs through
for lead by div.'iding it into three parts (a, b, ¢), and adding to

a. A little dilute sulphuric acid: a white precipitate (PbSO,)
indicates lead,

b. Add some hydrosulphuric acid : a black precipitate (PbS)
indicates lead.

¢. Concentrate this portion; allow it to cool, and add a few
drops of hydrochloric acid : & white crystalline precipitate, soluble
in boiling water, indicates lead.

2. Rinse the white residue, obtained in (1) above, from the
flask int# a bason, wash it with water by decantation, dry it, mix it
with twice its bulk of potassium cyanide, and place the mixture
in a small hole made in a piece of charcosl. Heat the mixture
in the reducing blowpipe-flame. Add water to the fused mass,
and extract and examine the globules of metal (tin) produced.
~ Bee for identification of tin and lead Lessons XV. and XVIIL
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LESSON XVIIIL
EXAMINATION OF TYPE-METAL.

Apparatus required.—Flask ; furnace-support and gauze;
spirit-lamp ; funnels and filters ; test-tubes; wash-bottle.

Ordinmry  reagents.—Dilute nitrie acid : dilute hydrochlorie
acid; dilute sulphuric acid; sodium acetate ; hydrosulphuric
acid.

Special materials and tests.—Potassium dichromate solution ;
tartaric acid solution ; fragments of type-metal.

1. Place a small piece of the metallic alloy, which consists
chiefly of lead and antimony, in a flask, cover it 4 an inch deep
with dilute nitric acid, and heat it gently till nothing but a
white residue remains.  This residue will contain the antimony,
and the solution all the lead. Decant the solution on to a
welted filter, leaving the white residuc in the flask.

2. Test the filtered solution for lead by applying to separate
portions «, b, and ¢ the following tests :—

a. Add a little bydrosulphuric acid; a black precipitate (of
P1S§) indicates lead :—

Py2N0O, + HS = 2HXO, 4 PbS,

h. Add a little dilute sulphuric acid; a white ‘precipitate (of
Pb80,) indicates lead :—

Pb2XN0, 4+ H .80, = 2HNO, + Pb30,.

¢, Add a little potassium dichromate and some sodium acetate ;
a precipitate of chrome-yollow (PbCr0,) indicates lead.

3. Wash the residue in the flask several times with water, by
decantation, then add to it a little hydrochlorie acid, also some
tartaric acid, and warm ; finally filter the solution, and add to it
hydrosulphuric acid ; an orange-red precipitate (of Sb,8,) indi-
cates antimony,

LESSON XIX,
EXAMINATION OF A ZINC ALLOY,

Apparatus required.~ Flask ; retort-stand or furnace-support ;
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wirei gauze ; spirit-lamp ; funnel and filter; test-tubes; wash-
bottle,

Ordinary reagents.—Dilute nitric acid (HNO,); ammonium
hydrate (NHHO); dilute hydrochloric acid; sodium acetate
(NaCH,0,): potassium ferrocyanide (K,[FeCy,]); ammonium
sulphide (f\' H HS); sodium phosphate (Na,HPO,); acetic acid,

Speetal materials.—Zine alloyed with 5 or 6 per cent. of iron,
or clippings of galvanized iron. The former material is more
convenient, and is easily obtained from galvanized-iron manu-
factories. Potassium ferricyanide (K |Fe, Uy ,)); potassinm sul-
phocyanide (KCNS).

1. Dissolve a small fragment of the alloy in dilute nibric acid ;
a flask is best suited for the purpose, u gentle heat only being
employed. To the solution add ammonia solution in excess ; g
considerable quantity is required in order to re-dissolve all the
zine oxide which it at first precipitates. When enough ammonia
has been added, there will remain, after the mixture has been
thoroughly shaken, nothing of the original thick and pasty
precipitate but some reddish-brown flocks of ferric hydrate
(Fe,l1,0,). Filter these off, und divide the clear filtrate into
two parts, a, b. To

a add a little ammonium sulphide; ‘white zinc sulphide will

fall. To

b add & little sodium phosphate and a little acetic acid;

white zinc phosphate will fall.

2. In order to identify the éron in the alloy, the brown preci-
pitate (obtained in 1 above) is to be washed, while still on the
filter, with water, and then dissolved by pouring upon it the

“smallest quantity of warm hydrochloric acid that will effect the
purpose. Divide the solution into 4 parts, a, b,¢, d: to

a add ofhe drop of potassium ferrocyanide : to

b add one drop of potassium ferricyanide : to

¢ add one drop of potassium sulphocyanide: to

d add some sodium acetate.
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LESSON XX.
BEDUCTION AND OXIDATION.

Apparatus required.—Flask ; furnace-support and wire ganze ;
spirit-lamp; test-tubes ; wash-bottle ; funnel and filter ; silver
pitrato; methylsted spirit; platinum foil ; tongs.

Ordinary reagents.— Ammonia ; dilute bydrochloric acid.

Special materials and tests.—Potassium dichromate (K,Cr0,,
Cr0,); lead acetate (Pb2C,H,0,) ; aleohol ; sulphurous acid solu-
tion ; potessium nitrate in crystals.

The metal chromium affords a good illustration of the power
which many metals possess, of combining in several proportions
with oxygen or other non-metals. Some compounds of chro-
mium are green; the sesquioxide (Cr,0,) and its solutions in
acids are examples; other compounds of chromium containing
more oxygen, &e. are yellow, orange, or red; of these latter,
chromic peroxide (Cr0,) and the chromates may be mentioned,
We shull proceed to show how one series of these salts may be
changed, by addition or removal of oxygen, into the other. In
order to be able to identify chromic compounds, when obtained, it
is better to begin this lesson by trying the following experi-
ment ;:—

1. To two test-tubes, each half full of water, add a few drops
of potassium dichromate solution, then to one 6f the test-tubes
add a fow drops of lead acetate; yellow lead chromate falls: to
the other tube add a few drops of silver nitrate ; deep-red silver
chromate falls.

2, Put into a flask a little potassium dichromate solution,
a little spirit of wine, and about the same bulk of dilute by-
drochloric acid. Boil the mixture until it has become grass-
green; let it cool, and add ammouia in slight excess, <. ¢. until
the liquid, after shaking, just smells of ammonia gas. Filter off
the green precipitate, which is chromium sesquioxide (Cr,0,),
reduced by the aloohol from the higher oxide (Cr0,), which
may be regarded as present in the dichromate taken. The alco-
hol gains oxygen in the process, and is partly converted into
acetic acid. Potassium dichromate solution is changed from
orange to green when mixed with sulphurous acid eolution,
owing to the same reduction taking place.
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3. Scrape the green residue just obtained off the filter on to
platinum foil, add a few crvstals of potassinm nitrate, and hold
the foil over the lamp. The potassium nitrate will give up
oxygen to the green oxide, and turn it into the higher one, the
colour changing to ycllow. Wash the yellow mass off the foil
into a tube, divide the solution of it into two parts, and add to
ene a few drops of lead acetate, to the other n few drops of
silver nitrate. Exactly the same precipitates will be formed
now as in experiment 1 above; for the lower oxide has been
reconverted into the higher,

LESSON XXI
MANGANATES AND PERMANGANATES,

Apparatus vequired —Retort-stand ; spirit-lnmp :  triangle :
poreclain crucible ; wash-hottle; flusk; funnel and filter; scales
and weights.

Ordinary reageats.—~Dilute sulphuric acid; hydrosulphuric
acid.

Special materils and tests.—Mixture of equal parts of potas-
sium chlorate apd sodium hydrate ; oxalic acid solution; ferrous
sulphate in solution  Manganese dioxide (Mn0),).

The metal manganese forms numerous combinations with
oxygen and other non-metals. In consequence of the instability
of most of these compounds, it is found that those of them which
contain little oxygen may be easily made to tuke up more, while
those which contain much readily part with some. The first and
second experiments below show absorption of oxygen, while the
several reactions given under experiment 3 show how the loss of
oxygen which a manganese compound suffers in coutact with
organic mgtter or certain iron salts may be utilized in analysis,

1, Weigh out *7 of a gram (or 10 grains) of mangancse
dioxide, and 14 of a gram (or 20 grains) of a mixture of potas-
sium chlorate and sodium hydrate; mix the two substances,
and place them on a fragment of porcelain. Heat the mixture
gently at first, afterward increase the heat until the mass
acquires a green colour throughout.

6NaHO + KClO, + 8MnO, = 3NaMnO, + KCl + 3H,0,

»
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2. Dissolve the green mass in cold water, filter the liquid into
a flask, and add a very small quantity of dilute sulphuric acid to
it; warm. Observe the change from the green manganate to
the violet permanganate.
5Na MnO, + 4H, 50, = 4NaMnO, + MnS80, + 3Na 80, + 4H 0.
Manganate. Permanganate.

1f, as commonly occurs, brown manganic hydrate be pre-
cipitated, the liquid should be filtered again.

3. Add a little of the violet permanganate solution to the fol-
Jowing substances dissolved in water, and note the results :—

a, hydrosulphuric acid, in presence of a little sulphuric acid.

b, oxalic acid, in presence of sulphuric acid.

¢, ferrous sulphate, in presence of sulphuric acid.

d, ferrous sulphate, without addition of H SO,.

LESSON XXII.
BLOWPIPE EXPERIMENTS.—PART 1,

Apparatus required.—Blowpipe ; spirit-lamp ; litmus paper;
turmerio paper ; crucible tongs: triangular file.

Special materials,—Quill tubing; sawdust; hay; gelatin;
gypsum; mercuric oxide; red lesd; white arsenic; paper
gutters.

1. Take & length of quill tubing ; cut it, by means of the tri-
angular file, into four pieces, each about 5 inches long. Direct
the point of the blowpipe-flame upon the middle of one of these
pieces, rotating it at the same time. When the glass is softened .
draw the ends apart
quickly, and by fur-
ther heating close the
fused points so as to
make two tubes, each
closed at oneend. Eight tubes will be reqmred for the following
experiments, one of which should, however, be open at both

. ends, though drawn to a point at one end.
\, ' 2. Introduce, by means of & paper guiter, 8 little Jonger than
i

Fig. 8.

P
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the tube, some sawdust into one of the tubes: heat it, and
observe that it chars and gives off vapours of acetic acid (C,H 0,),
which redden blue litmus paper.

3. Heat a fragment of gelatin similarly in another tube; in-
troduce a piece of turmeric paper, which will be turned brown
by the ammeonia evolved.

4. Heat a little gypsum in a tube, and notice its change of
aspect and the appearance of water in the coolér part of the
tube. The change which gypsum suffers on moderate heating is
thus represented :—

2(CaS0,,2H,0) = 20a80,H,0 + 3H,O0.
Gypsum. Plaster of Paris. Water,

5. Heat = little mercuric oxide (HgO); observe its gradual
disappearance, and the formation of globules of mercury.

6. Heat half an inch of dry grass in a tube open at both
ends : obscrve the charring, the burning away of the charcoal,
and the residual fixed matter or ash, which consists in great
part of siliea (8i0,).

7. Heat a little red lead (Pb,0,) in 2 small tube ; observe the
altered colour of the residuo :—

2Pb,0, = 6Pb0 + O,
Red oxide.  Yellow oxide.

8. Heat a little white arsenic (As,0,) in a small tube; obscrve
the erystalline sublimate. ’

It is of great importance, in all the above oxperiments, that
the several substances used should be so introduced into the

. tubes as not to soil the inner walls of the tube. This is best
accomplished by means of a small paper gutter.

[

LESSON XXIII.
BLOWPIPE EXPERIMENTS.—PART 2,

Apparatus required.—Blowpipe; spirit-lamp; cobalt nitrate
wlugﬁ; platinum wire ; test-tubes and stand ; wash-bottle,

Ordinary reagent.—Dilute hydrochloric acid.

Qm'al wmaterials.—BSmall tubes closed at one eng, as used
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for Tesson XXII.; zine oxide (Zn0); chalk (CaCO)): alum
(AIK280,, 12aq.): zinc sulphate (ZnSO,, 7nq.); magnesium
sulphate (MgSO,, Taq.): Jead acctate (PHCH0,]): chareonl;
barium sulphate (BaS0,): a silver coin; borax; solutions con-
taining copper, iron, manganese, chromium, and cobalt; also
potassium, barium, strontium, and caleium.

1. Select s piece of charcoal free from bark and eracks ; cut
one end of it in a slanting direction, and make a small shallow
hole near the middle of {he sloping surfoce.  Into this hole put
a little zine oxide (Zn()), moisten it : note the colour it assumes
when hot.

2, Heat a small piece of marble or chalk (CaCO,) on chareoal
prepared as for experiment 15 note the brilliant light emitted ;
take the residue, which is now lime (CaO), and place it on a
piece of wet turmeric paper,

3. Heat a fragment of alum, which containg alumina (A10,),
on chareoal, moisten the residue with a drop of cobalt nitrute
solution, and heat it again.

4. Moisten a erystal of zine sulphate with a drop of cobalt
nitrate, and ignite it in the blowpipe-flame on charcoal : observe
the colour of the mass.

H. lgnite some magnesium sulphate on charcodil ; moisten the
residuc with cobalt nitrate solution, and ignite it again : observe
the colour of the mass. .

G. Heat a little lead acetate on charcoal. Observe the mal-
leable globules of lead separated, and the yellow ring of oxide.

7. Mix together a little barium sulphate, BaSO,, and powdered
charcoal. Heat the mixture, which should be just moistened
with water, on a picce of charcoal,in the reducing flanre. Allow
the ignited mass to cool, place it upon a silver coin, and moisten
it with a drop of dilate hydrochloric acid ; observe the efferves-
cence, caused by the escape of hydrosulphuric acid gas (H,S),
which may be rccognized by its characteristic odour, and by the
black stain (Ag,S) which it produces upon the silver.

In this experiment (7) the charcoal removes oxygen from the
Ba8O,, and makes it into BaS, This ecompound is then decom-
posed by HCl, thus ;—BaS +2HCl==H 8+ BaCl,.
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8. Muke a loop (about twice the size shown in fig. 9) near the
Fig. 9.

L
k>4

end of a piece of platinum wire, heat it to reduess, dip it into
powdered borax, and fuse the borax to & elear glass in the blow-
pipe-flume.

9. Dip the borax bead just made into a solution of copyer,
and heat it both iu the inner and outer blowpipe-Hames, Four
other beads are to be successively made, and dipped respectively
into solutions of sults of iron, manganese, chromium, and cobalt ;
and then oach is to be heated as in the first case.  Note, in each
instatice, the colour of the bead. 1o remove the bead aud clean
the wire plunge it red-hot into hydrochloric acid ; the bead will
then be loosened, and may be removed by pressure between the
fingers and washing with water.

10. Dip the end of the platinum wire (which must be so clean
as to give little or no colour when heated alone in the blowpipe-
ﬂumc) into a solution of potassium chloride, and heat it in the
blowpipe-flame : note the colour imparted to the flame. Repeat
the experiment with solutions coutaining barium, strontium,
copper, and sodium respectively, noting the colour in each case.
The wire must be cleuned between each experiment, by dipping
it in dilute hydrochloric acid and then heating it to redness and
* washing it with water. Repeat this treatmaent several times,
until the wire imparts no colour to the flame, and then try tho
next expefiment,

LESSON XXIV,
MANUFACTURE OF SUPERPHOSPHATE,

Apparatug required.—Spirit-lamp ; test-tubes; funnels and
filters ; wash-bottle ; scales and woights.
Ordinary y reagent.—Dilute nitric acid,
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Special materials and testg.—Bone.ash ; ground coprolites ;
ammonium molyhdate ; superphosphate of lime; sulphuric acid
of specific gravity 1-7.

1. Boil -2 gram (or 3 grains) of bone-nsh in water in a tube,
filter through Swedish paper, and to a few drops of the filtrate,
which must be perfectly clear, add & few drops of nitric acid,
and of ammonium molybdate; heat nearly to boiling. The
bone-ash consists chicfly of tricalcic phosphate, which is nearly
insoluble in water, so that the above test for phosphoric acid will
produee little or no effect in the watery extract of the bone-carth.

2. Boil *2 gram (or 3 grains) of dissolved bone-ash or super-
phosphate of lime in water in a tube, filter, and add to a few
drops of the perfectly clear filtrate a few drops of nitric acid
and the same quantity of ammonium molybdate ; heat nearly
to boiling; a yellow precipitate will be formed, indicating the
presence in the superphosphate of a soluble phosphate, which was
extracted by the water.

3. Weigh out ‘2 gram (or 3 grains) of ground coprolites (which
chiefly consist, like bone-ash, of insoluble tricaleic phosphate):
put it in a test-tube, and pour upon it a drop or two of moderately
strong sulphuric acid: warm the mixture. TFisally add water
to the tube, but not until it is nearly cold ; agitate the mixture,
and pour it on to a wetted filter. To ten drops of the clear
filtrate add a few drops of nitric acid and some ammonium
molybdate, and heat nearly to boiling; a yellow precipitate
shows that sulphuric acid converts the insoluble phosphate of
coprolite and bone-ash into a soluble one.

The change of the originally insoluble tricalcic phosphate into
the soluble monocalcic phosphate, which is one of the chief
changes ocourring in the manufacture of superphosphate and in
experiment 3 above, is thus shown :—

Ca,2P0, 4+ 2HS80, = CaH,2PO, <+ 2CaSO,
Insoluble tricalcic Soluble monocaloic
phosphate, phosphate,
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LESSON XXV.
EXPERIMENTS WITH LIME,

Apparatus required.—Test-tubes ; funnel and filters ; turmeric
and litmus paper ; piece of quill tubing ; flask ; wash-bottle and
distilled water. Corks.

Ordinary reagents.—Dilute hydrochloric acid; ammonium
oxulute solution ; dilute sulphurie acid ; barium chloride solution.

Special materials and tests.—Freshly burnt lime (that prepared
from Iceland spar is hest): copper sulphate solution; chalk;
earthenware plate or tile; powdered whito marble; gypsum
in coarse powder.

There are four common and important substances which con-
sist mainly of compounds of the element caleium-—the metallic
basis of lime. These four substances are :—

. Lime, quicklime or burnt lime = CaO.

Slaked lime or calecium hydrate = CaH, 0,

. Mild lime or caleium carbonate = CaCO,,

. Gypsum, selenite, alubaster or hydrated calcium sulphate
= CaS80,, 2H,0.

il ]

1. Put a hugd lump of freshly burnt lime upon a plate and
drop water upon it a little at a time until no more is absorbed.
The lime combines chemically with a definite amount of the water
(56 of lime combine with 18 of water) and produces calcium
bydrate :—

Ca0 4+ HO = CaHO,

Much heat is given out during this combination, and some of
the excess of water present is driven off as steam.

2. A small portion of the calcium hydrate, or slaked lime,
formed in experiment 1, should be placed in a test-tube with
some distilled water, corked, and then shaken up. Allow the
mixture to settle, and then pour the clear liquid through a filter,
A very weak solution of caleium hydrate in water, ealled lime-
water, is thus obtained : the presence of an alkaline earth in this
solution may be shown by dividing it into 8 parts and testing the
fBirst with & piece of red litmus or turmeric paper, the second
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with a few drops of copper sulphate solution, and the third with
a few bubbles of air from the lungs, blowing through a small
quill tube,

3. When sluked lime, that is caleium hydrate, is exposed to
the ordinary air it slowly parts with its water and combines with
carbon dioxide thus—

o, + €0, = CuCO, + HO.

The ealeium carbonate thus formed is identical in composition
with the chief constituent of chalk, Yimestone and marble—white
Carrara or statuary marble being almost pure caleium carbonate.
Two instructive exporiments may be made with some chalk or
powdered marble :—«. Shuke up a little powdered marble with
recently hoiled distilled water in a test-tube, filter the liquid, and
add to half of the perfectly clear filtrate a few drops of ammoniom
oxalate solution.  Owing to the almost complete insolubility of
caleium carbonute in pure water, no visible precipitate will be
formed, though a slight cloudiness may be observed after some
time. Into the other half of the filtrate drop a picce of red
litmus paper, its colour will not be perceptibly altered: these
negative results should bLe contrusted with those obtained with
lime-water in experiment 2 above.~—b, Dissolve & small picce of
chalk in dilute acetic uacid, filter the liquid and divide the cleur
filtrate into two portions. To one add a little ammonium oxalate
solution ; to the other a little dilute sulphuric acid.

4. Place some coarsely powdered gypsum in a bottle or flask
half full of distilled water and shake it for a few minutes. Pour
the liquid on to a filter und divide the clear filtrate into two
portions, to one of which ammonium oxalate solution, and to
the other barium chloride solution is to be added. One part
of gypsum dissolves in about 420 parts of water: the solution
is strong enough to give & decided precipitate with both these
tests, the insoluble caleium oxalate falliug in the first reaction
and barium sulphate in the second.
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LESSON XXVL
LIME IN S0ILS.

Apparatus required.—Scales and weights ; spirit-lamp; test-
tubes ; funuels ; wash-bottle ; cut filters.

Ordinary reagents.—Hydrochloric acid ; ammonium hydrate
(NH,110) ; ammonium oxalate ({NH ].C,0)).

Special materials.—Dried and powdered samples of four kinds
of soil.

1. Boil *5 gram (or 8 grains) of a calcareous soil (A) with a
little weuk hydrochloric acid in a test-tube until the effervescence
ccases. Add ammonium hydrate in excess to the mixture, shake
it—note whether, after shaking, the mixture stills smells of am-
monia, and if it does not, add more ammonium hydrate—and
then filter. The ammonium hydrate precipitates as hvdrates any
alumina and ferric oxide whieh huve been dissolved, and thus
the filtrate will contain scarcely anything suve salts of the
calcium and magnesium present in the soil.  The next step is to
add to the filtrate some solution of ammonium oxalate, when a
white precipitate of calcium oxalate will fall if lime was preseut
in the soil tested.

2. Try exactly the same experiment with a clay soil (B), a
loamy soil (C), and a peaty soil (D). Care should be taken to
obtain comparable results. The several filtrates should be made
up to the same bulk, and they should be treated with ammonium
oxulate in test-tubes of the same size.

" LESSON XXVIL
EXPERIMENTS WITH S0ILS.

Apparatus required.—Two beakers ; a flask ; spirit-lamp ;
funnels and filters ; test-tubes ; wash-bottle ; litmus paper ;
scales and weights,

Ordinary reagents—Ferric chloride (Fe,Cl,); sodinm hydrate
(NaHO); dilute hydrochloric acid; ammonium hydrate,
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Special materiale and tests.—Loam : peat; decoction of log-
wood ; two wide-mouth 4 oz. bottles.

1. Boil 2 grams (or 30 grains) of peat with water in a flask
or beaker. When the mixture has boiled five minutes, pour it
on a wetted filter, and divide the filtrate which passes through
into two parts, a and b.

«. To one part add a few drops of ferric chloride (Fe (l)); &
black colour or precipitate shows the presence in the soil of
organic acids similar to those of oak-bark and gall-nuts (tannie
and gallic acids).

b. Into the remainder of the filtrate drop a piece of blue
litmus paper ; if the blue colour becomes reddish, it is a sign of
the “wsournces” of the soil, and that the application of a base
such as lime will be beneficial to it.

2. Warm 2 grams (or 30 grains) of peat in a flask with enough
sodium hydrate solution to cover it. When the mixture has
been heated five minutes, add alittle water and pour the mixture
on a wetted fllter. If the filirate is dark brown and gives a
brown flocky precipitate when it is made acid with excess of
dilute hydrochloric acid, it is a sign of the presence of certain
organic acids (humic &c.), which are nearly insoluble in water,
but form soluble salts with alkalies. They are derived from the
decay of organic matter.

3. To about 3 or. of water add five drops of ammonium
hydrate; the solution will turn turmeric paper brown. Now put
into a 4 oz. wide-mouth stoppered bottle some loamy or peaty
soil, and add the weak ammonia solution prepared above : shake,
the mixture and pour it on to a wetted filter. Good soils have
80 strong an absorptive power for ammonia, that when such
a solution as that mentioned is allowed to remain in contact
with them, the ammonia is so far removed that the filirate
no longer smells of ammonia, nor turns turmeric paper brown.

4. Shake another portion of the same soil with a weak decoc-
tion of logwood (or other coloured liquid), and presently pour
the mixture on to a wetted filter. The filtrate will be colourless
or nearly so. Liquid sewage and the drainage of manure-heaps
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lose by the same treatment their colour and odour, owing to the
absorptive power of peat.

LESSON XXVIIIL.
ACTION OF SOTLS ON SALTS,

Apparatus required.—~¥urnace support ; spirit-lamp ; wire
guauze; porcelain bason ; test-tubes and rack ; funnels and filters ;
wash-boltle; turmeric paper.

Ordinary reagents.—Sodium hydrate ; sodium phosphate ; am-
monium oxalate ; barium chloride,

Special materials and tests.— Wide-mouth 4 oz. bottles ;
ammonium phosphate solution ; potassium nitrate solution ;
ammonium sulphate solution ; ferrous sulphate; oil of vitriol ;
air-dry sifted soil.

1. Into a wide-mouth bottle introduce some sifted soil, cover
it with water (about 3 oz.), add 5 drops of sodium phosphate
solution, and shake the mixture for 5 minutes. Pour the contents
of the bottle on to a wetted filter and test the clear filtrate for
phosphoric acid®by ¢« magnesia mixture.” The soil should have
withdrawn much of the phosphoric acid from the solution.

2. Repeat the experiment with ammopium phosphate solution :
test one part of the filtrate for smmonia by boiling it with sodium
hydrate solution, and the other part for phosphoric acid : much
of the base as well as of the acid will have been withdrawn by
the soil from the solution.

3. Repeat the exporiment with a very weak solution of potas-
sium nitrpte. Test one part of the filtrate (after evaporation)
for potash by tartaric acid and half of the remainder for nitrie
acid by means of ferrous sulphate and oil of vitriol : much of the
base, but little of the acid, will have been withdrawn by the soil.
The rest of the filtrate will be found to give a precipitate when
tested for lime by means of ammonium oxalate, showing that
the soil has yielded calcium while withdrawing potassium from
the solution.
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4. Repeat the experiment with a very weuk solution of am-
monium sulphate. Test one part of the filtrate for ammonia by
means of sodium hydrate ; another part for sulphuric acid with
barium chloride, and another part for lime with ammonium
oxalate, While much of the ammonia will have been withdrawn,
much sulphurie acid and some lime will be found in the filtrate.

LESSON XXIX,
STARCH AND SUGAR.

Apparatus reguired.—Retort-stand ; spirit-lamp; test-tubes;
two flasks: cut filters; funnels; pestle and mortar; wash-bottle.

Ordinary reagents.—Sodinm hydrate solution ; sulphuric acid
(H,S0,), concentrated and dilute.

Special materiuls and tests.—Starch ; a raisin; the * sogar
test”; tineture of iodine ; cane- or beet-sugar in crystals ; maltose ;
grapo-sugar ; milk-sugar ; solution of 40 grams of phenylhydrazine
and 40 grams of glacial acetic acid in 10 c. c. of water,

1. Crush » fragment of starch, shake it up in a test-tube half
full of water, and boil, constantly shaking the tube, Pour the
starch paste thus formed into threo test-tubes, a, b, and c.

To a, when cold, add one drop of tincture of {odine: observe
the production of a blue colour and its disappearance on warm-
ing the mixture.

To & add ten drops of the “ sugar test,” and boil carefully.

To ¢ add a few drops of dilute sulphuric acid and some water,
boil for ten minutes in a flask, then add ten drops of the “sugar
test ” and enough sodium hydrate to produco a clear blue colour ;
boil.

2. Place } of a small dry filter in & dry mortar, just moisten
it with strong sulphuric acid, and then grind it to a paste; add
water, pour the mixture into a flask, beil it five minutes, filter
it, udd ten drops of sugar test and emough sodium hydrate to
produce a clear blue colour; boil.

3..Cut a raisin in pieces, boil it in a flask with a little water,
filter, and then add to the filtrate twenty drops of the sugar
test; boil.
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4. Dissolve a little grape-sugar in water, and add the solution
to a mixture of pheuylhydrazine and acetic acid; boil and allow
to cool. The yellow crystalline precipitate which falls is phenyl-
glucosazone.

5. Dissolve a ervstal of cane- or beet-sugar in water, add ten
drops of “ sugar test”; boil.

6. Dissolve a erystal of beet- or cane-sugar in a little water,
add 2 or 3 drops of dilute sulphuric acid or o small erystal of
citric acid, boil for a few minutes, and then add sodium hydrate
in excess and apply the ¢ sugar test,”

7. Try tho action of the “ sugar test ™ when hoiled with milk-
sugar, and also with maltose, in the presence of water.,

By this lesson the student learns how to deteet and distin-
guish starch and sugar, and thereby to discover certain adulte-
rations in cattle foods; he also learns how to turn starch and
paper into sugar.  The **sugar test ” numed ahove gives a vellow,
orange, or red precipitate of copper suboxide (Cu,0) only when
certain sugars, as grape-sugar and milk-sugar, are present. The
sugar from the sugar-cane or beet-root gives no precipitate until
it has been treated as iu Expt. 6. The preparation of the « sugar
test ' is described further on amongst the * special reagents.”

-

LESSON XXX,
EXPERIMENTS WITH MILK, BUTSER, AND CHEESE,

Apparatus, §e. required.—Test-tubes ; funnels ; beakers ;
spirit-lamp ; wash-bottle ; filters ; porcelain buson ; retort-
stand ; ganze ; furnace-support; silver nitrate solution.

Ordinary reagents.—Dilute sulphuric acid ; sodium hydrate.

Special materials and tests—Milk; butter ; checsc; * sugar
test”; soga-lime.

1. To half a test-tube full of milk add five or six drops of
dilute sulphuric acid ; agitate the mixture well, and pour it on
a wetted filter; the curd will remain on the filter, while the
whey will pass through as the filtrate. Add to the filtrate a
little sodium bydrate solution and twenty dropa of the *sugar
test” ; boil. A yellow or red precipitate of cuprous oxide (Cu,0)
shows the presence of sugar (a particalar kind, called lactose).
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2, Take the curd which remains on the filter used in experi-
ment 1, place it in a porcelain bason, and warm it gently on the
top of a benker half full of hot water, supported on wire ganzo
over the spirit-lamp. As the filter-paper and curd get dry the
former will acquire greasy staine from the true fat or butter
melting out and leaving the true curd (casein).

3. Fill a beaker half full of water, warm it, and, before the
boiling-point is reached, plunge into it a narrow test-tube con-
taining a small lump of butter. The true fat or butter melts at
about 36°5 C. into a clear oil, while the casecin sinks below this
layer, the water remaining at the bottom of the tube. The salt
present may be detected by sdding a little cold water to the
tube, shaking the mixture, pouring out the aqueous part into
a clean test-tube, and then adding to it a few drops of silver
nitrate solution, when a white curdy precipitate of silver chloride
will fall.

4, The presence of nitrogen, the characteristic constituent of
easein or true curd, may be detected by mixing a grain or so of
grated cheese with a little soda-lime in a small tube, and heating
it strongly : amuwoniacal vapours will be given off.

LESSON XXXI,
DEXTRIN AND GUM,

Apparatus required.—Furnace-support and gauze ; spirit-
lamp ; bason ; wash-bottle ; test-tubes ; funnel and filter ;
retort-stand, '

Ordinary reagent.—Ammoninm oxalate.

Special materials and tests.—Starch ; gum-arabic ; piece of
wire; tincture of iodine.

1. Place & small quantity of starch in a porcelain bason, and
cautiously heat it, with constant stirring or shaking, until it has
all sequired a pale fawn-colour. Allow the bason to ool com-
pletely, and then pour half a test-tube full of distilled water upon
the roasted starch. Filter the cold-water solution of dexurin
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thus prepared, and divide the filltrate into two parts, a and 4.
To a add a few drops of tincture of jodine: a plum or brownish-
purple colour is observed if tho dextrin be free from starch:
this colour is produced by one of the two kinds of dextrin
(erythrodextrin) present in the above product. To the other
portion of the solution, b, add a few drops of ammonium oxalate:
the liquid remains clear.

2. Dissolve a few lumps of crushed gum-arabic in a test-tube
half full of boiling distilled water, Divide the solution, when
cold, into two parts, and test them exactly as in the case of @ and
b above. Jodine tincture produces scarccly any change, while
ammonium oxalate gives a white cloudiness, due to the presence
of calcium compounds in the gum-arabic.

LESSON XXXII.
EXPERIMENTS WITH BREAD.

Apparatus required.—Beakers ; furnace-support and gauze ;
" spirit-lamp ; scales and weights ; bason ; test-tubes ; wush-
bottle ; funnels and filters ; retort-stand.

Ordinary reagents—Acetic acid ; potassium ferrocyanide ;
ammonium hydrate ; ammonium chloride ; barium nitrate ; dilute
nitrie acid.

Special materials and tests.—Bread-crumb ; grated bread-crust;

bread adulterated with blue vitriol and alum ; iedine solution ;
sugar-test; linen filter; 49/, carbolic acid solution,
1. In order to ascertain roughly the amount of water present
in bread, weigh out 10 grams (or 100 grains) of bread-crumb,
put them jato porcelain bason, which is placed on the top of
a beaker containing hot water, and kept hot by the lamp. When
the bread is completely dried, it will be found to have lost about
38 to 40 per oent, of its total weight ; but it is mot possible to
complete the drying with the simple contrivance just mentioned,
the water-oven or even a temperature a little above that of boiling
water being requisite for this purpose.

2. To show that the heat of the baking-oven has changed one
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important constituent of the flour greatly, agitate a small quantity
of rasped bread-erust with cold water in a beaker for five minutes,
throw the mixture on a filter, and evaporate the clear filtrate
nearly to dryness over the lamp. A gummy and sticky residue
remains, which is chicfly dextrin or transformed starch. The
crumb of bread contains a much smaller quantity of dextrin
than the crust, while the original flour contains a still smaller
proport jon,

3. Boil a little bread in water, filter the solution, and divide
the fiitrate into two parts. To one of these add o few drops of
solution of iodine, to the other a few drops of the alkaline solu-
tion of copper tartrate and boil.  For the meaning of the results
ohtained refer back o Lesson XXIX, on Sugar and Starch,

4. Blue vitriol (copper sulphate, CuSO,, 5aq.), as well as alum
(potassium and aluminium sulphate [AIK280,, 12aq.7), have
heen often frandulently used Ly bakers, chiefly to enable them
to employ domaged flour in bread-making. FEven when the
quantity of blue vitriol in a quartern loaf does not exceed a
grain, it may be thus shown :—A large piece of the cramb is to
be placed in a porcelain bason containing distilled water, to
which & drop or two of acetic acid and of potass’um ferrocyanide
have been added. The rose- or purple-brown colour of copper
ferrocyanide will gradually make its appearance.

5. Alum may gencrally be detected in bread by agitating the
crumb for some time with a cold 4 ¢/, solution of carbolic acid,
pressing the mass in a linen cloth, and filtering through paper the
liquid expressed. Nitric acid and some barium nitrate should bo
added to half the filirate thus obtained; a white precipitate of
barium sulphate will usually be obtained if alum, itself a sulphate,
has been added to the flour. A precipitate of alumina may be got
from the rest of the filtrate by adding to it ammonium chloride
and hydrate : but the nature of the precipitate thus obtained must
be exactly ascertained by further experiment. Alumed bread
usually yields, when burnt, more ash than genuine bread: 100
parts of genuine bread will yield, on an average, 1'3 part of ash,
But the constituents, and not the quantity of the ash, are of
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importance in discovering adulterations, Naturally, wheaten
flour containg the merest trace of aluminium,

In order to obtain adulterated bread for the ahove experiments
(4 and 5), a quartern loaf may be made with the introduction of
3 of a gram (or 5 grains) of blue vitriol, and 3 grams (or 50
grains) of alum, Further and more precise directions for the
detection of adulterations in bread will be found in the Third
Part of this volume.

LESSON XXXIIL
ASHES OF PLANTS,

Apparatus required.—Spirit-lamp ; retort-stand ; platinum
foil and wire: triangle ; watch-glusses ; funnel and filter ; tup-
meric and litmus paper ; wash-bottle ; platinum tetrachloride.

Ordinary reagents.—-Dilute mnitrie acid; dilute hydrochloric
acild; acetic acid ; ammonium oxalate.

Special materials and tests—Ammonium molybdate ; dried
beech-leaves, hay, &e.

1. Roll up some dried beech-leaves, grass, or other suitable
vegetable matter, within a spiral of platinum wire, Place a
trinngle upon a ring of the retort-stand, and upon the triangle a
piece of platinum foil. Heat and set fire to the vegetable matter,
and continue the heating until nothing remains but a white or
grey ash, The substance to be burnt should be held over the
platinum foil in such a way as almost to touch it, and so as to

+avoid the loss of any of the ash that may drop out of the platinum
spiral. 'With the ash or mineral matter thus obtained the fol~
lowing experiments may be tried :—

2. Place a minute particle of the ash in a watch-glass, add one
drop of dilute nitric acid, and 10 drops of ammonium molyhdate ;
a yellow precipitate coming down on warming indicates the
presence of phosphates in the ash.

3. Place a minute particle of the ash upon a piece of turmeric
paper, and let a drop of water fall upon it; a reddening of the

paper indicates the presence of an alkaline carbonate,
E
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4, Add ten drops of water to the whole of the remaining ash,
pour the mixture upon a very small wetted filter, and collect the
filirate in a watch-glass; add to it 3 or 4 drops of hydrochloric
acid and the same quantity of platinum tetrachloride : a yellow
crystalline precipitate forming slowly proves the presence of
potassium compounds in the ash.

5. The residue on the filter will probably contain some char-
conl and caleium carbonate. Pour upon it ten drops of acetic
acid, collect the filtrate in a watch-glass ; add to it 3 or 4 drops
of ammonium oxalate : a white precipitate indicates the presence
of caleium compounds in the ash.

LESSON XXXIV.
VEGETABLE COLOURS,

Apparatug required —Spirit-lamp ; test-tubes ; mortar ; flask ;
funnel und filters ; bason ; retort-stand ; wash-bottle. :

Ordinary reagents.—Sodium hydrate ; dilute sulphuric acid ;
ammonium carbonate. .

Special materials and tests—Aleohol ; concentrated hydro-
chloric acid ; fragment of zine; cream of lime; solution of lead
acetate ; powdered madder-root; solution of indigo or sulphin-
digotic acid ; dahlia-flower ; turmerie root ; litmus ; wool ; bluck
paper,

1. Some leaves of grass, mangolds, or nettles, are to bo em-
ployed for the first experiment. They should have been dried-
as quickly as possible after having been gathered, but at a
lower temperature than 100° C. A small quantity of the dry
material having been crushed and placed in a test-tube, it is to
be warmed with aloohol till the latter has become a rich green
colour. This solution, which coutaine chioraphyll, the green
colouring-matter of leaves, should now be passed through s filter
which has been previously dried, and the clear filtrate viewed, in
sunlight if possible, with a piece of black paper behind the tube
containing it. It will exhibit, owing to the action of the
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chlorophyll in changing the refrangibility of some of the solar
rays, 8 beautiful red fluorescence, as it is called. 'When this effect
has been noticed, some water should be added to the solution;
the chlorophyll, being insoluble, will be precipitated.

2. Crush the petals or florots of any dark-red or purple
flower, such as a rich coloured duhlia, and warm them with
water in a flask.  Filter the liquid, and divide it into 3
parts. To one part add a drop or two of dilute sulphuric acid,
to another a drop of sodium hydrate, and to the third a drop of
lead acetate solution, The changes of colour in 1 and 2 thus
produced afford a convenient method of ascertuining whethor a
solution is acid, alkaline, or neutral,

3. Boil some powdered root of madder, Rubia tinctorum, with
water and some sodium hydrate, in a flask, filter the liquid,
and make the filtrate acid with dilute sulphuric acid. The
orange precipitate which fulls after a few minutes containg
alizarin (C,H 0)), the chief colouring principle of madder; this
important substance, however, has been made artificially from
anthracene (C,, 1), a constituent of coal-tar. Alizarin is used
in dycing Turkey-red ; and if a picce of cloth so dyed be warmod
in hydrochloricacid, washed, and then boiled in sodium hydrate
solution, its colour may be removed.

4. Pour a little sulphindigotic acid into a bason of distilled
water, warm the liquid, and immerse in it a few wet strands
of wool which have been thoroughly washed previously; the
colouring-matter present will attach itself to the wool. The

« wool is now to be removed, rinsed with water, and transferred
to a test-tube containing n little ammonium carbonate solution,
The coloufing-matter will now leave the wool.

5. Boil a little turmeric root, Curcuma longa, with water, filter
the liquid, and add to it first sodium hydrate, and then dilute
sulphurie acid.

6. Repeat experiment 5 with litmus instead of turmeric.
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LESSON XXXV,
EXPERIMENTS WITH BONE AND FLESH.

Apparatus required.—Flask ; funnel and filter; spirit-lamp ;
fest-papers.

Ordinary  reayeuts—Dilute hydrochloric acid; ammonijum
hydrate; sodium carbonate; dilute nitric acid; ammonium
carbonate.

Npecial materials and tesis.—Bone-meal ; uncooked lean beef ;
stroug nitric acid ; picce of muslin ; saturated solution of common
sult.

1. Put a small quantity of bone-meal into a flask and warm
it with dilute hydrochloric acid for ten minutes; decant the
liquid on to a wetted filter, and then add to the filtrate excess
of ammonium hydrute : a white gelatinous precipitate will sepa-
rate; this consists chiefly of tricaleic phosphate (bone-earth).
The residue in the tlask consists chicfly of ossein, the charac-
teristic nitrogenous matter of bone : wash it with abundance of
water, until the wash-waters no longer react acid with blue
litmus paper. It may be dissolved Ly long boiling with water,
especiully at an increased pressure, and is then turned into
gelatin,  Like other substances of similar origin and character,
it is turned yellow by the action of strong nitric acid; this ex-
periment should be tried with a few particles of the residue in
the flask. The presence of nitrogen in these particles of ossein
may be easily proved by heating £ or 3 of them in a test-tube
with soda-lime: ammonia will be given off and will turn red.
litmus paper blue.

2, By chopping up some raw beef, enclosing it in a muslin
bag and washing it in a stream of water until the liquid flows
away clear and colourless, a pale mass is left, consisting chiefly
of a kind of fibrin. It may be purified from fat &e. by dissolving
it in & 1 per cent. solution of hydrochloric acid, exactly neutra-
lizing the solution with ammonium carbonate, and collecting the
flocculent precipitate which forms. This precipitate, after washing
with water, consists of syntonin and myosin, the former sub-
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stance being an alteration-product of the chief constituent of
muscular fibre, and the latter being ready formed in it. A satu-
rated solution of common salt will dissolve out the myosin from
the mixture.

LESSON XXXVI.
EXPERIMENTS WITH BLOOD,

Apparatus required.—Threc beakers ; test-tubes ; spirit-lamy ;
test-papers.
Ordinary reagents—Dilute nitric acid; sodium carbonate

solution,
Sprcial materials and tests.—Fresh blood; coagulated blood ;

bundle of birch twigs ; spectroscope.

1. If perfectly fresh blood be violently stirred with 2 bundle
of clean birch twigs, a substance known as fibrin is gradually
formed, and separates, attaching itself to the twigs as an irregular
network of whitish filaments: the red liquid remaining consists
of the serum and the corpuscles.

2, If some bibod be allowed to curdle spentancously, it will
gradually separate into two parts, a yellow liquid or scrum, and
a red clot which contains both fibrin and corpuscles.

a. The serum may be proved to be alkaline by dipping a piece
of turmeric paper into it.

b. If some of the serum be heated to 60° or 70°, a separation

+of albumen will take place : nitric acid (not acetic) and motaphos-
phoriz acid produce the same result.

¢. A dildte cold solution of sodium carbonate readily extracts
the red colouring of the blood from the clot. This colouring-
matter, called hemoglobin, shows a spectrum characterized by
two dark absorption-bands, situated respectively about the solar
lines D and E.
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LESSON XXXVIIL
COTTON, WOOL, AND 8ILK.

Apparatus required.—Furnace-support 5 spirit-lamp:  wire
panze ; filters and funnels; porcelain bason ; wash-bottle; test-
tubes,

Ordinary veayents.—Sodium hydrate ; dilate sulphurie acid.

Special materials  and  tests—Cupric hydrate dissolved in
ammonia; sodium plumbate solution; concentrated nitric acid ;
oil of sitriol; concontrated bydroehloric weid; solution of
mageuta ; cotton ; wool ; &ilk.

1. Cotton, one of the forms of cellulose, a most important
constituent of plants, may be separated from wool by means of
an ammoniacal solution of freshly precipitated and moist cuprie
hydrate. This reagent dissolves cotton and linen fibres with great
ease.  This may be shown by shaking a piece of filter-paper in a
test-tube half full of this reagent till no more paper dissolves,
filtering the liquid through a double filter, and then adding dilute
sulphuric aeid to the clear filtrate ; flocks of celluloso will be re-
precipitated. In this experiment carded cotton may be substituted
for the paper with the same result ; or the cottor. fibres in a piece
of inferior cloth may be dissolved out and detected. Carded
cotton and some other forms of celluloso dissolve perfectly in cold
sulphuric acid of spec. grav. 1-53.

2. Wool and silk both dissolve when boiled with sodium or
potassium hydrate solution of specific gravity 1:05. Cellulose
is unaffected by this treatment. Wool, however, may be dis-
tinguished from silk by immersion in sodium plumbate solution
(made by adding to a solution of basiclead acetate enough sodium
hydrate solution to redissolve the procipitate first formed), which
turns wool brown, but does not change the colour of silk.
Rilk is readily dissolved by an ammoniacal solution of nickel
oxide; but the best solvent for it is cold concentrated hydro-
chlorio acid. Both wool and silk are coloured yellow by im.
Toersion in nitric acid ; cotton ond linen are not, A weak warm
solution of magenta dyes wool and silk permanently; butcotton



WINKE AND BEER. 556
or linen immersed in the same solution becomes nearly white
again when rinsed in water.

2. An instructive experiment consists in burning a single fila-
ment of wool or silk by the side of a cotton or linen fibre ; the
differences in the odours evolved and the cinders and ashes pro-
duced are quite characteristic.

4. Advantage may bo taken of the different solvents named
in paragraphs 1 and 2 above in order to separate from a mixed
fabric its constituent fibres and to identify them in succession.
The following plan answers well. A textile faubrie containing
cotton, wool. and silk, is first soaked in cold concentrated hydro-
chloric acid until the silk has been dissolved out. The acid liquor
is then poured off, while the remaining fibres, after a thomugh
washing with hot water, are boiled with a ten per cent, solution
of sodium hydrate, which dissolves the wool. The cotton now
alone remains, and may be recognized in the following manner :—
Wash and dry it, and then immerse it for five minutes in a mix-
ture of 2 mensures of o0il of vitriol and 3 measurcs of strong
nitric acid : this treatment converts cotton into gun-cotton, which
may be readily recognized when clean and dry.

LESSON XXXVIIL
WINE AND BEER.

Apparatus, &e. required—Retort and stand; spirit-lamp ;
flask ; test-tubes ; mortar ; porcelain bason ; blowpipe ; platinum
wire ; spitits of wine; glass rod. )

Ordinary reagents.—Hydrochloric acid ; sodium hydrate.

Special materiale.—Potassinm dichromate solution ; sugar
test ; glass measures ; wine, beer, and cider.

1. Pour 50 cub. cent. (2 ounces) of claret or other light red
wine into a retort and distil over about 10 cub, cent.: pour this
distillate into two test-tubes a and b.

a. Warm this tube and apply a lighted spill to ite mouth when
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the liquid begins to boil; the spirits-of-wine or alcohol vapour
will burn with a pale flame.

b. To this tube add a little hydrochloric acid and some potas-
sium dichromate solution; then boil it: the production of a
green colour is due to the reducing cffect of the alechol (sec
Lesson XX.).

2. Pour half the residue in the retort (from experiment 1)
into a flusk, add a little sodium hydrate and some sugar test,
and then boil: a red precipitate indicates sugar.

Evaporate the remaindor of the residue in a poreelain dish till
it is reduced to about 10 cub. cent. : then dip a platinum wire
into the remaining liquid and bhold it in the blowpipe-tlame, in
order to ascertain, by the lilac tinge, the presence of potassium.
The acid reaction of this residue is due to hydro-potassium
tartrate, which may be precipitated as cream of tartar by the
addition of strong alcohol and stirring.

3. The above experiments may be repeated with beer and
with cider.

Other very useful lessons in Chemical ]llanip‘ulalion may be
devised by the adoption of the same style of treatment as that
which has been pursued in the present Pavt of this work. The
analysis of atmospheric air ; the separation of colloids from crystul-
loids by dialysis ; the use of the spectroscope, und the tests for
wric acid, hippuric acid, wrea, with the artificial formation of the
latter compound, suggest themselves as suitable subjects for class-
teacking,



PART II.
QUALITATIVE ANALYSIS.

CHAPTER I
§ i. INTRODUCTION.

Tus object of qualitative analysis is the discovery of the con-
stituents of an unknown substance. By suitable treatment, any
compound can either be chemically dissected, or else be made to
yield such products as are easily identified or well known; for it
is not necessary that the actual elements themselves should be
obtained in a free state by tho processes of analysis; all we
usually require is to obtain some characteristic colour or odour
or precipitate or gas, which is, without doubt, due to one particular
element. There are various ways of accomplishing this resulf,
such as the action of heat upon the substance to be examined,
or its treatment with particular chemical tests. In the Lessons
contained in the First Part of this book many examples of both
these methods of analysing substunces have been given ; wo muy
here recall a few of them.

When mercuric oxide (Hg(), a compound of mercury and
oxygen, is heated, it splits up into its elementary constituents,
mercury (Hg) and oxygen (0), both easily identified by character-
istic properties. When, on the other hand, a substance like potas-
sium chlorate (KC10,) is heated, it does not split up so completely
as mercuric oxide ; but while its oxygen is wholly separated, and

*can be recognized as in the preceding case, its other constituents,
the potass}um (K) and the chlorine (Cl), remain united in the
form of a new compound, which, however, can be identified
almost as readily as either of its constituent elements, But heat
alone is not the chief means employed in gnalitative analysis, the
characteristio changes produced by the action of one substance
upon another are of far greater importance. Examples of these
changes or reactions may be guoted from the Lessons on Bilver
Coin and Carbon Dioxide. In the former case the silver was
identified in several ways, one of them being the reaotion between



b8 QUALITATIVE ANALYSIS,

its nitrate and hydrochloric acid, which in this case becomes the
reagent, while an eguation represents the change, thus
AgNO, 4+ HCI = HNO, + AgCL

Bilver nitrate, White pree\va\te

Now this white precipit 1to is easily ascertained to be silver ehlo-
ride, either by trenting it with another substance, say ammonia,
which dissolves it, and would not have dissolved any other com-
pound similarly precipitated by hydrechloric acid, or clse by
actually obtaining metallic silver from it by the action of zine.
In the preparation of carbon dioxide, again, we may use the re-
nction between the limestone and the hydrochlorie acid, in order
to ascertain the suhstance used really to be caleium carbonate—
not because we thus separate it into its three elements, but
heeause we obtain two of them in the definite and recognizable
form of carbon dioxide (CO,), and because the other element,
ealeium, exists at the end of the experiment in the very convenient
form of o soluble salt or compound, with which other reactions
belonging to calcium compounds only can be at once obtained.

Before the student can apply his knowledge of chemical
munipulation to the actual cxamination and identification of
nnkuown substances, hoe must mako himself thorou"hl) ac-
quainted with (1) the chief elements and their most common
eompounds, (2) tho reagents or tests which are actually em-
ployed in analysis, and (3) the reactions between these tests
and the substances to which they have to be added. Some in-
formation on these subjects will have been obtained already from
luboratory practice as well as from lectures and the study of a
text-book of chemistry. 1In the three following soctions of this
part of the Guide, the main facts relating to the chief Elements,
to Reagents, and to Renctions are presented in a compact form.
Then follows the description of the Meothod of Analysis; and
afterwards a complete series of Analytical Schemes is given, It
may be well to stute here that, as nearly all those elements have
been excluded which are not necessary or important constituents
of agricultural or common products- and materials, it has been
possible greatly to sxmphfy some of the anslytical processes in
ordinary use,
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§ii. OF THE ELEMENTS.

All the rare elements, and all those which are of liftle or no
importance from an agricultural point of view, have been excluded
from the analytical course about to be deseribed. OF the sixty-
seven elements bolieved to exist, nbont thirty have to be con-
sidered, on one account or another, in the present work ; of these
the greater number are metals. It is not very often, howerver,
that we find the metals or non-metals actually separated by a
process of analysis; still a knowledge of their chiof physical
and chemical properties is of importanee for several rensons,
Lspecially should the analyst learn the symbol and atomic weight
of every element which he will have to search for or to estimate.
Un this aceount the following condensed notes on the clements
are here given. The melting- and boiling-points are given on
the Centigrade thermometric seale, ’

. Hydrogen may be regarded from a chemical, and, to some
cxtent, from a physical stand-point, as the typical element of the
class of metals. Its occlusion in a highly condensed state by iron
or palladium, wjth which metals it scems to form alloys, and its
conductivity for heat, support this view. Ilydrogen also in acids
occupies the place which metals take in salts, so that ncids
may be viewed as hydrogen salts. Hydrogen is colourless,
odourless, and combustible : it is the lightest of all known gases,
and the unit of comparison as to density of gases and vapours.
If air, however, bo taken as unity, the density of hydrogen is
‘0692, Hydrogen gas has hitherto resisted all attempts to
liquefy ity 1In its combinations this clement is what is called a
monad, having only ene bond of attachment to other elements :
it may be seid to be univalent, or wnivinculant: its compounds
with other monad elements show this, the formula of its com-
pound with chlerine being, for instance, HCl. The single bond
or univinculance of un element may be denoted by & dash abave
ita symbol. Three of the other important monad metals are
potassium, sodium, and silver. It will, however, be found more
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convenient in practice to arrange the metallic elements in accord-
ance with their analytical relationships. Those metals which
are removed togother in groups during the conduct of an analysis
will be classified accordingly as follows :—

Group 1. Metals having insoluble chlorides :—Silver, Mercury
(mercurosum), and Lead. Silver is a malleable metal of great
brillirucy of lustre and showing a faint yellowish-white colour.
Its atomic weight is 1077, specific gravity 10-57, and melting-
point about T040°,  Mereury is a mobile, greyish-white, lustrous
liguid, of specific gravity 13-G; it becomes solid at —39°,  The
boiling-point of mercury is 357°, and its atomic weight 200,
Lead s soft and bluish-grey, having the atomic weight 206+4.
Iis specifie gravity is 11°86; it melts at 334°,

Group 11, Metals of which the sulphides are insoluble in
hydrochloric acid :—Copper, Tin, Arsenic, Antimony, Platinum,
and Gold.  Copper is red, aud has the atomic weight 63-3. 1Its
specific gravity is 8:95. Tin is soft, white, and erystalline. Its
atomic weight is 117-4, and its specific gravity 7°3. Arsenic is
o greyish-white semi-metal having the atomic weight 749, the
specific gravity 59, and volatilizing at 180°,  Antimony is bluish-
white, brittle and lustrous, having the atomic welght 120, specific
gravity -6 to 6-8, and melting-point 420°, Platinum is greyish-
white, and has the specific gravity 21-46.  There is some doubt
about its true atomic weight, but the value 194-5 has been
adopted in the present volume. Gold is highly lustrous, of an
orange-yellow colour, has the atomic weight 196-9, the specific
gravity 19-3, and the melting-point 1200°, ‘

Group 1I1. Metals of which the sulphides and hydrates are
soluble in acids, but ineoluble in water :—Iron, Manganese,
Aluminium, and Zinc. Iron is white to greyish-white, of density
varying, according to its method of preparation, from 77 to 81
its atomic weight is 56. Manganese is greyish-white ; its atomic
weight is 55, and its specific gravity 7:4: it melts at a white
heat. Aluminium is bluish-white, having the atomic weight 27,
and the remarkably low specific gravity 2-58, This is & psendo-
triad, being in reality quadrivinculant. Zine is bluish-white,
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hard and crystalline: its atomic weight is 65, its specific
gravity -9, and its melting-point 433°,

Group IV, Metals of which the carbonates are insoluble in
water and ammonium salts :——Caleium, Strontium, and Barium.
These are the metals of the alkaline earths, Calcium has the
atomic weight 40, strontium 872, and barium 136-8,

Group 1, Metals of which the carbonates are soluble in water
or ammonium salts. They are Magnesium, Potassium, Sodium,
and Ammonium. Magnesium is somewhat closely allied to zine :
it is hard and nearly white: its atomic weight is 24 and its specific
gravity 1-75. Potassium has the atomic weight 391 ; its specific
gravity is ‘875, and its melting-point 6275, Sodium is soft,
pinkish-white: atomic weight 23, specific gravity -97, and melting-
point 95°6. The supposed compound metal ammonium, NH ,
has not been isolated; its atomic weight is 18, Potassium,
sodium, and ammonium are the metals of the alkalies—all unite
with chlorine to form chlorides of the simple formula MC1L

The non-metals may he arranged, according to their vinculance,
into four groups. They are sometimes called acid. elements, or
stylous clements, in contradistinction to the basic elements,
Arsenic, antimoay, and tin, however, play the parts of metals
and of non-metals : they have been termed semi-metals. Even
the more distinetively metullic elements, such as iron and man-
ganese, are capable of playing the part of some non-metals, as
shown in the ferrates and manganates. In the course-of the
analytical operations deseribed in the present work we meet with
.ten non-metals—some of them being separated during analysis
in the uncombined or free state, the remainder in various forms
of combination.

Group 1. Acid or « chlorous ” elements or non-metals, which
are monads, that is, univinculant, and combine in the proportion
of 1 atom or 1 gaseous vol. to 1 atom or 1 vol. of hydrogen, yielding
2 vols. of an acid gas. Theso are chlorine, bromine, iodine, and
fluorine, all of which form with silver insoluble compounds.
Chlorine is a greenish-yellow gas, 35-4 times as heavy as hydro-
gen; 25 vols, of it dissclve in 1 vol. of cold water; it may be
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liyuefied by pressure. 1ts atomic weight is 854, It is a powerful
bleaching-agent.  Bromine is a red-brown liquid, boiling at
63°, and of specific gravity 3-19. Its vapour is red; its ntomic
weight is 789 ; it turns starch-paste orange. lodine is a bluish-
black solid, of specifie gravity 4-05, melting at 114°, and hoiling
at 185", Its vapour is violet. The atomic weight of iedine
is 1265 ; it turns starch-paste bluo. Fluorine has been isolated
as a colourless gas: its atomic weight is 19-1 ¢ its compound with
hydrogen, hydrofluoric acid, acts upon glass, etching it rapidly.

Group 1I. Dyad or bivinculant acid clements, which combine
in the proportion of 1 gascaus vol. to 2 vols. of hydrogon, yielding
2 vols. of o compound gas, in which the acid character is in-
distinet, These are Oxygen and Sulpbur. Oxygen is a colour-
less gas, 16 times as heavy as hydrogen ; its atomic weight is 16 ;
it is very slightly soluble in water; it relights a glowing splinter
of wood immersed iu it. It may be condensed inte a pale blue
liquid of specific gravity 1-124, which boils at —181°-4 under a
barometrie pressure of 742 mm. Sulphur is a yellow solid, of
specific gravity 2:05, melting at 115°, and boiling at 440°. It
yields an orange-coloured vapour; its atomie weight is 32,

Group 11, Triad or tervinculant non-metals br acid elements,
which combine in the proportion of 1 gaseous vol. or 1 atom to
3 vols. or 3 atoms of hydrogen, yiclding 2 vols. of a basic com-
pound. These are Nitrogen and Phosphorus (arsenic and anti-
mony also). Nitrogen is a colourless ges, 14 times as heavy as
hydrogen ; it has the atomic weight 14. It has been reduced to
the liquid state, when it has the specific gravity *885; liquid*
nitrogen boils at —194%4. It is incombustible, nor does it
support combustion. I'hosphorus has the atomic weight 31,
It is known chiefly in two forms:-—a colourless wax-like solid,
of specific gravity 1:82, melting under water at 44°, and
boiling at 269° (this variety may be crystallized); and a
chocolate-red powder, of specific gravity 2:24, which at 250°
melts, and is then converted into the ordinary form of the
element. Common phosphorus is very easily combustible, and
burns in oxygen with a splendid whxte light,
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Group IV, Tetrad or quadrivinculant non-metals or acid ele-
ments, which combine in the proportion of 1 gaseous vol. or 1-atom
to 4 vols. or 4 atoms of hydrogen, yielding 2 vols. of a neutral
compound gas. These are Carbon and Silicor. Cuarbon has the
atomic weight 12, Tt oceurs in three forms—diamond, graphite,
fumpblack. The diamond crystallizes in octahedra, of specific
gravity $:53; graphito is greyish-black, of specific gravity 2+,
while charcoal, lamphlack, &ec., varicties of amorphous curbon,
have a still lower specific gravity. All three forms, however,
yield the same quantity of carbon dioxide (CO,) when equal
weights arc burnt in oxygen. Silicon occurs in a somewhat
similar variety of forms; its atomic weight is 28-3.

Annexed is a list of the names, symbols, and atomic weights of
67 substances believed to be simple or elementary : until more is
known of them, the bodies designated, respectively, Decipium,
Philippium, Dysprosium, Samarium, Holmium, Thulium, and
several other bodies which have been announced as new elcmnents,
do not demand a place in the table.
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Atomic Weights and Symbols of the Elements.

(The more important elements are printed in capitals. Flements found
in all anunuls and plants are marked with an asterisk *.)

ALUMINIUM 4
ANTIMONY
AuseNic
Banrvx
Beryllium
Bismuth
Boron
Bromixe
Cadiplum
(wsium
*CanoItM
*(*srpoN
(Cerium
*(CHLORINE
Chromium
Cobalt
('orrER
Didymium
Erbium
*)LUORINE
Gallium
(iermanium
Govrp (Awrum)
*HyYDROGEN
Indium
Iopixe
Iridium
*Irox (Ferrum)
Lanthanum
LEeAp (Plumbum)
Lithium
*MaeNESIUN
*MARGANESE

Molybdenum Mo
Nickel Ni
Niobium Nb
. *NITROGEN N
Osmium Os
*OXYGEN (0]
Palladium Pa
*P108PILORTS r
PraTinvy It
*Porasston (Kalivm)K
Rhodium h
Rubidium b
Ruthenium Ru
Scandium Se
Selenion Se
*S1r1c0N Si
BiLver (Argentum) Ag
*Sop1vM (Nutrivm) Na
Strontium S
*SULPHUR S
Tantalum Ta
Tellurium Te
Thallium Tl
Thoriunm Th
Tin (Stannum) Sn
Titaninm Ti
Tungsten(@olframium)W
Uranium T
Vanadium v
Yiterbium Yt
Yttrium Y
Zmic Zn
Zirconium Zr

Al 27
Sb 1200
As 740
Ba 136:8
Be 91
Bi 2075
B 100
Br 799
Cd 1117
(s 1327
Ca 40
C 12
(e 140
(1 854
('r 524
(o O8T
Cu 643
D 144
Eb 166
¥ 191
GGa 69
Ge 723
Au 1969
H 1
In 1134
1 1265
Ir 1925
Fo 56
La 1382
Pb 2064
Li 7
Mg 24
Mn 55

MERCURY(HydrargyrunyHg 200

96:
586
94
14
190-3
16-
106-4
31
1045
39-1
1027
852
101-4
44
7
28-3
1077
23
72
32
182-
1277
203-6
2319
1174
48-
184
240+
51-1
173
896
65-
905
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§ iii. OF REAGENTS AND TESTS.

The following is a descriptive list of the reagents and tests
employed in the quulitative and quantitative procosses given in
the present work. The most important impurities are noted,
together with tho maost suitable strength for each solution. In
a few instances, however, solutions which are employed for
special purposes and of exact strength are described under the
headings of those quantitative methods in which they are used.

Merars.— Copper (Cu).  Copper foil or fine wire may be ob-
tained nearly pure, and may be rendercd still purer by ignition
to reduess in a stream of hydrogen.

Iron (Fe). Some kinds of steel and soft iron wire, notably
piano-wire, contain a very small percentage of impurities,

Zine (Zn). The most usual impurities of zinc are iron, lead,
and arsenic. By distillation it may be freed from lead and iron;
if the distilled zine be kept fused for some time in an earthen
erucible it may often thus be freed from arsenie,

Nox-Merars,— Chlorine (C1) may be prepared by gently warm-
ing strong hydaochloric acid with manganese dioxide, If a so-
lution be wanted, the gas is conducted into very,cold water until
the latter is saturated,

ITodine (I). A saturated aqueous solution of resublimed iodine
i8 to be used ; or the clement may be dissolved in water contain-
ing 4 per cent. of alcohol. .

Carbon (C). Charcoal for blowpipe experiments should be of
beech orfother compact wood, and should be free from bark or
knots. Pieces about 14 inch in diameter and 4 inches in length
should be sawn lengthwise in two ; the flat surface of the longi~
tudinal section thus made will be found adapted for most blowpipe
purposes ; occasionally a cross or slant section is to be preferred.

Porsserux Sarrs.— Potassium Todide (KI). Commercial iodide
often contains iodate, carbonate, and bromide. The two former im-
purities may be removed by digesting the powdered salt with hot
strong aloohol, when they will remain undissolved. Evaporate
: . ¥
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the alcoholic solution to dryness, and make a 10 per cent. (%))
solution of the residue,

Potussium  Chlorate (KC10,). The commercial salt may be
used ; it generally, however, contains sulphate, and occasionully
o trace of lead.

Potassrum Nitrate (KNO).  Refined nitre is pure enough for
ordinary use ; the chloride and sulphate which it generally con-
tains may be sepurated by repeated crystallizations,

Potassivm Cyawide (KCN).  The commercial salt, if kept dry,
UNSWETS CVOrY purpose.

Potasstn Sulplocyanide (KCNS),  The commercial salt may
be used: Ju ¢ .

Potassivn Ferrocyanide (K Fe('y 5 Buq.) occurs pure in com-
meree s 3V

Potussiwue Fervieyanide (K Fe (v ). This salt oceurs in com-
merce of sufficient purity ¢ dissolved in water, it suffers, after o
time, n partial decomposition ; the fresh solution only should be
used : Jo e/,

Dotassiwm Sulphide (K S).  The commercial salt may be
used : 4 ¢,

Potassivm Hydrate or Hydrovide (KIHO),  Commereial potash
answers well for most, analytieal operations, but it is well to
remember that it contains small quantities of potassium carbo-
nate, chloride, silicate, and sulpbate ; alumina is generally and
lead somotimes present. If the commercial hydrate be dissolved
in aleohol, and the clear liguor evaporated (in the absence of
C0,) in a silver dish, the hydrate is obtained nearly pﬁre: 5.

Lotasstwn and Sodiwm Carbonates (K,C0,4-Na,CO.). The dry
salts are mixed in atomic proportions,—about 13 parts of the
former sult to 10 of the latter.

Potassium Dichromate (K, Cr0.). The commercial salt may be
parified readily by recrystallization.

Potagstum Chromate (K,Cr0)). It may be prepared from the
dichromate, To 100 parts of this salt dissolved in water add 47
parts dry potossium carbonate (K,C0,): erystallize: 5 9/,

Potassium Permanganate (KMnO,). The crystallized com-
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mercial salt may be used : -395 gram is dissolved in 1 litre of
water.
Lotassivm Antinoniate (K,8b,0,, 7aq.). This salt is occasiou-
ally used as a test for sodium : it is troublesome to prepare.
Potassium Acetate (KC,H 0,) occurs nearly pure: 25 ¢/,
Sovres Sarrs.—Sodiim  Hydrate or Hydrowide (NaHO) is
used for the samo purposes as potassium hydrate. When re-
quired pure, that made from sodium should be employed : 5/,
Sodiwm Carbonate (Na C0)). The commerciul salt generally
contains sulphate and chloride, besides execess of CO,, Pure
sodium curbonate may be obtained by igniting precipitated and
N, (,0,=Na, CO,+CO; or by the

27 a

washed sodium oxalate,
ignition of the pure dicarbonate ; in the case of the lattor salt
magnesium should be first looked for: 10 27,

Sodium Phosplate (Na 1PO, 12uq.).  The ordinary phosphate
contains sulphate ; it may be purified by recrystallization. The
solution of this salt acts powerfully upon porcelain and glass,
tuking up impuritics and losing some of its phosphorie consti-
tuent: it should generally be prepared only when required : 109/,

Sodium Borate (N a, 1B, Yaq.), or borax, may be employed
as obtained in dommerce,

Sodiuin Acetate (NaC,H,0,, 3aq.). The commercinl salt may
contuin traces of culcium salts, but for ordinary purposes may
be used. 1t should be dissolved in five times its weight of water,

Axvoxtes Sants.~—Admmonium Chloride (NH Cl). The chiof
impurity of this salt is ferric chloride. To separate this, add a
few drops of ammonium sulphide, filter off the iron sulphide, add
slight efcess of hydrochloric acid to the filtrate. evaporate till all
odour of hydrosulphuric acid has ceased, neutralize with ammonia,
evaporate and crystallize: 20 ¢/,

Ammonium Sulphide ((NH,1,8). This salt is obtained in solu-
tion thus ;—Take some solution of ammonia, divide it into two
equal parts, saturate one with hydrosulphuric acid, and then
add the other part. Ammonia is known to be saturated with
the acid in question when it no longer occasions a precipitate in
magnesium sulphate, Yellow ammonium sulphide is prepared

r2
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by dissolving a little sulphur in the ordinary sulphide. The glass of
the bottles in which these reagents are kept must not contain lead.

Ammonia (NH,)). Ammonin-gas dissolved in water is supposed
to form ammoninm hydrate (NH,HO). Commercial liquor am-
monim, if it leave no residue on evaporation, may be used iun
analysis ; it may be diluted with 4 times its volume of water.

Ammonium Carbonate ((NH],C0,). The commereial  sesqui-
carbonate ” appears to yield a solution of this salt when disselved
in hot water. The commercial salt is pure enough for most
analvtical purposes: 10 ¢/,. A solution saturated in the cold, of
commercial sesquicarbonate, is also required in analysis.

Ammonium Aectate (NILC,H,QO,).  Acctic acid may be satu-
rated with ammonium carbonate, and warmed.

Ammonivm Owalate ((NH[),C0,, 20q.). The commercial salt
suffices for most purposes ; but if pure ammonium oxulate be
desired, it may be obtained by saturating liquor ammoniwe with a
solution of sublimed oxalic acid: 1 part of the erystals obtained by
evaporating the solution should be dissolved in 25 parts of water.

Ammontum Phosphate ((NH ) HPO,). This salt may be ob-
tained in commerce quite pure.

Ammonium Molybdate ([NH_,M00,). Dissolve*50 grams of the
commercial salt in 200 c. c. of ammonium hydrate solution (made
by mixing 1 vol. of ‘88 ammonia with 2 vols. of water); pour
this into 800 c.c. of dilute nitric acid prepared from equal
volumes of strong nitric acid and of water : keep the solution in
the dark, and decant it from any precipitate which may form. This
reagent may be made from molybdic acid by dissolving 1 part in -
4 parts of ammonia solution of sp. gr. -96, filtering the solution
and pouring it, with constant stirring, into 15 parts of nitric acid
of sp. gr. 1-2,

Stever 8ave.—Silver Nitrate (AgNO,). This is best obtained
by dissolving pure silver in nitric acid (HNO,) which has been
diluted with about its own bulk of water, evaporating the solution
to dryness, and gently fusing the residue. The fused mass may
be dissolved in water when cold, and then crystellized. It is
thus obtained quite free from acid. If silver coin (3. o, silver
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alloyed with copper) be employed, it is necessary, after dissolving
it in nitric acid, to precipitute the silver as chloride by the
addition of hydrochloric acid, to filter it off, and then to wash it
till it no longer contains u trace of the soluble copper salt. The
silver chloride may then be reduced into metal, either by fusing
it with twice its weight of dry sodium carbonute, or by placing
it in a dish together with water, a drop or two of hydrochloric
acid, and a strip of pure zine.  'When the reduction of the silver
is complcte, the remaining zine must be removed, the epongy
silver warmed with a little dilute hydrochloric acid, and then
thoroughly washed, dissolved in nitric acid, and the solution
evaporated to dryness. ‘The residue, if gently fused, will be
nearly pure silver nitrate; it may be further purified by
crystallization: 5¢/,.

Barsvy Ssprs—Buriwm Chloride (BaCl, 2aq.), This salt is
generally found in commerce of sufficient purity for ordinary
analytical operations. If it contain lead, it may be purified by
recrystallization : 109/,

Barium Oxide or Baryta (Ba0). Introduce finely powdered
barium nitrate,little by little, into a crucible maintained at a bright
red heat.  Aftdr cooling, the crucible is broken, and the fused
mass separated from foreign matters and preserved from the air.

Barium Hydrate (Ball 0,, 2aq.). Hoil the oxide in water,
filter into a large flusk, and allow the filtrate to cool. Crystals
of the hydrate will separate; one or two recrystallizations of
these will give a perfectly pure product. Or the commercial
crystallized hydrate may be similarly purified. A cold saturated
solution”may be used in testing : it should be preparcd and kept
out of contact with the air.

Barium Nitrate (Ba2NO,). The commercial salt may be used :
59,

Barium Carbonate (BaCO,). Precipitate a warm solution of
barium chloride with ammonium carbonate ; wash the precipitate
thoroughly. 1t should be kept moistened with water in & wide-
mouthed stoppered bottle.

Carcrux Saxrs,—Caloium Chloride (CaCl). This may be
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propared in the purest form by dissolving the finest white marble,
or, better still, small erystals of Iccland spar, in hydrochloric
acid, the scid not being in sufficient quantity to dissolve the
whole of the carbonate: 5¢/,.

Calcium Oxide ((a0).  Freshly burnt quicklime just from the
kiln should be taken, the white hard picces being sclected, and
preserved in a well-stoppered bottle, the stopper having been
lubricated with a little vaseline,

Caleivm Hydrate (Call0)), or Lime-water. A cold saturated
solution of enlcium hydrate is made by shuking some slaked Jime
with distilled water. The first water is poured away, and a
sccond quantity of water added to the residue : this liquid, when
clear, may be decanted for use: it is to be kept out of contact
with the air.

Caleium Sulphate (Ca80,, 2aq.). The well-washed precipitated
sulphate is shaken up with distilled water. The saturated solu-
tion (1 in 420 of water) is used.

Maonesivm Sarrs.—Magnesium Sulphate (MgS0,, Taq.). The
commercial salt (Epsow salts) is of sufficient purity for all ordi-
nary analytical purposes: 10 ¢/,

Ammoniacal Magnesium Chloride (magnesia mixture). 11grams
of crystallized magnesium chloride and 14 grams of ammonium
chloride are dissolved in 130 c. c. of water, and the solution made
ammoniacal by the addition of 70 c. ¢. of ammonium hydrate.
The addition of a few drops of chlorine-water, and digestion for
some hours in a warm place, will separate any manganese: a
little strong ammonia water is again added to the solution, which
is then filtered and preserved in bottles of hard glass.

Irow Savrs.—Ferrous Sulphate (FeSO,, Taq.). The best com-
mercial salt, known as copperas, green vitriol, and protosulphate
of iron, is generally of sufficient purity for use, it being very care-
fully prepared for photographic purposes, The crystals should
be dissolved in cold water. A piece of iron wire should be kept
in the bottle, and an addition of a few drops of dilute sulphuric
acid be now and then made to it. This reagent may thus be
kept free from ferric compounds any length of time.
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Ferrie Chloride (Fe,Cl,). The salt is also termed sesqui-
chloride and perchloride of iron. The commercinl preparation
may be used : or the solution may be prepared by dissolving pure
iron wire in dilute hydrochloric acid and then passing chlorine
through the solution till a drop of the liquid gives no precipitate
with potassium ferricyanide,

Iron Sulphide (FeS) is most conveniently made by heating a
bar of iron to whiteness in a blacksmith's forge and immediately
applying to it a roll of sulphur. The fused iron sulphide as it
drops from the bar should be received in a vessel of water.

Conavrt Sart.—Cobalt Nitrate (Co2ZNO,, Gaq.). This salt may
be purchased fit for use; 159/,

Correr Satr— Copper Sulphate (CuSQ0,, 5nq.).  The commer-
cial salt is uwsuully contaminated with iron and lead sulphates,
For analytical purposes, the metallic copper obtained by electro-
lysis may be dissolved in hot pure sulphuric aeid, or the pure
hydrate, oxide, or carbonate may be taken, and heated with
diluted sulphuric acid ; the sult should then be erystallized from
its solution : 10/,

Sedio-cupric Tartrate, or the Sugar test. Dissolve 34-64
grams of pure«xrystallized copper sulphate, dried between filter-
paper, in about 200 c. e. of water. In another vessol dissolve
173 grams of crystallized potassium and sodium tartrate (Ro-
chelle salt) in 450 c. ¢. of solution of sodium hydrate having the
sp. gr. 1-14,  Add the former solution to the latter and dilute to
1 litre. Keep the solution in a well-stoppered bottle to prevent
absorption of carbon diexide, which will interfere with the aceu-
racy of* the test: the bottle should be covered with black paper
soaked in melted paraffin, or else it shonld be kept in the dark,
The stopper shonld be lightly smeared with vascline.

Leap Sarr.—Lead Acetate (Pb2C,H,0,, 3aq.). The commer-
cial salt, known as sugar of lead, answers: 159/,

MercoRY Savs.—Mercurous Nitrate (Hg,2NO,)). This salt,
sometimes termed the protonitrate, may be prepared by keeping
pure mercury in contact with pure cold nitric acid. A saturated
aqueous solution may be used, some metallic mertury being kept
in the rearent-bottle.
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Mercuric Chloride (HgCl,), or mercury dichloride, is met with
pure in commeree as corrosive sublimate : 5 ¢

Potassio-mercuric Jodide, or Nessler's test This excessively
delicate test for ammonia i a solution of HgK,I, in potassium or
sodium hydrate. To prepare it take 35 grams of potassium
iodide and dissolve them in 10 c.c. of water: dissolve 1-7 gram of
mercuric chloride in 30 c. ¢. of water, and add the latter solution
to the former gradually, till a permanent precipitate is produced.
Then add & 20 per cent. solution of sodium hydrate till the liquid
measures 100 ¢. c. ; add more mercuric chloride solution drop by
drop until & permanent procipitate again forms ; allow the solu-
tion to rest, then pour off the clear part, and preserve it in a
well-closed bottle,

Mrreorie Oxioe (HgO).—This compound should be prepared
by precipitating a saturated solution of mercuric chloride with
an cxcess of sodium hydrate solution.  The yellow mercuric
hydrate at first thrown down passes, after thorough washing and
drying at 100° C., into the oxide.

Pattavion Sanr.—Palladions Chloride (PACl) is made by
dissolving palladium in hydrochlorie acid, to which a quarter of
its bulk of nitric acid hus becen added, evaporatingethe solution to
dryness on the water-bath, moistening the residue with hydro-
chloric acid, and again evaporating to dryness on the water-bath ;
this process is repeated twice or thrice: the residue is then once
more dissolved in water,

Unavion Savr.—Uranic Acetate may be purchased in a state
of purity. It should give no precipitate with hydrosulphuric
acid, or excess of ammonium carbouate,

Tix Sarr.—Stannous Chloride (SnCl,), or tin dichloride, may
be prepared in solution by digesting granulated tin in a mixture
of equal bulks of concentrated hydrochloric acid and water with
the aid of beat, the process being stopped before all the metal
and acid are consumed : the presence of a strip of platinum foil
aids the process of solution. Decant the clear solution into a
bottle containing granulated tin, and add a little dilute hydro—
chloric acid.
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Prativem Sarr.—Platinum Tetrachloride (PtCl). This salt,
which is also called platinic chloride, may be obtained tolerably
pure; but it is often purposely adulterated with sodium chloride.
1t may be prepared from the metal in the same way as palladious
chloride. 1t always contains 2HC] when dried at 100° C., and
w8 frequently contuminated with Iridium chloride. Gold terchlo-
ride may also be made by the same process.

Eruyr Conpounps.— Kthyl Ovide, or Ether ({C,H,],0). Com-
mercial methylated cther answers most purposes. 1t required
dry, it may be distilled in a water-bath from caustic lime. Ether
usually contains, besides water, a considerable quantity of alcohol,
from which it may be freed by contact with water in a bottle;
the washed ether may then be freed from water by means of lime.
The specific gravity of pure ether is 72,

Ethyl Hydrate, or Alcohol (C I 10). Rectified methylated
spirit may generally be employed : it may be obtained nearly
free from water by distillation from caustic lime.

Srarcn Warkr (C,H, 0,).—Mix finely powdered white starch
with a little cold water,and pour the mixture into boiling water.
Allow the liquid to cool before using it. A lump of camphor
will preserve stafeh solution from change for some time. Arrow-
root starch may be advantageously employed. 2 grams of starch
in 1 litre of water.

Hynrooen Bavts or Acios.— Hydrochloric Acid (HC1). Nitrie
and sulphuric acids, salts of iron, and arsenic trichloride are
common impurities of commercisl hydrochloric acid; it may,
however, be obtained pure in commerce. One part of tho strong
acid, sp. &r. 12, diluted with 4 parts of water is used s dilute
hydrochloric acid.

Nitric Acid (HNO,). The commercial acid generally contains
a little hydrochloric and sulphuric acid; it may, however, be
purchased pure. One vol. of strong acid, sp. gr. 1'42, is to be
mixed with 4 vols. of water to form the dilute acid.

Acetin Acid (HC,H,0,). This acid is often contaminated with
sulphuric acid. - The glacial acid prepared for photographic use
is pure. It has the sp. gr. 1-048: to make the dilute acid add
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3 vols, of water to the strong commercial, or 9 vols. to the glacial
acid.

Water (11,0).  This liquid, as it generally occurs, holds vari-
ous salts in solution—sulphates, chlorides, carbonates. Rain-
water colleeted in the open country is nearly pure. Water may
be completely purified by careful distillation after having been
rendered alkaline by a little sodium carbonate, the first part of
the liquid which comes over being rejected so long as it gives
a yellow colour with Nessler's test.

Hydrosulphuric Acid, or Sulpluretted Hydrogen (H,8).  Iron
sulphide s to be acted on with dilute sulphuric acid ; the evolved
gas is washed by passing it through a wash-bottle containing a
small quantity of water. A saturated solution of gas is much
employed in analysis: it should be kept in well-stoppered
bottles, the stoppers of which have been smeared with vaseline.

Sulphuric Acid (H,80)).  The commercial acid, or oil of
vitriol, generally contains lead, nitric acid, and arsenic. Lead
may be separated by diluting the acid.  Arsenic is more difficult
of romoval: addition of potassium dichromate and distillation is
said to yield a pure product. Nitric acid is expelled by heating
with oxalic acid or ammonium sulphate, To “make the dilute
acid, 1 vol. of oil of vitriol is very gradually and cautiously poured,
with constant stirring, into 5 vols. of water: after 24 hours de-
cant the clear liquid from the precipitated lead sulphate.

Oxalic Aeid (H,C,0,). The commercial acid usually contains
alkalies, lire, and sulphuric acid. It may be purified by subli-
mation. The sublimed acid has no water of crystallization ; its
formulu is given above: 5 ¢/,

Phenol or Curbolic Acid (HC H,0). The white crystallized car-
bolic acid of commerce muy be dissolved in distilled water : 4¢/,.

Sulphindigotic Acid. The solution of 1 part of indigo in 6
parts of fuming sulphuric acid is known by this name. The sul-
phuric acid must be free from nitric acid, The blue liquid is
diluted before use with 20 vols. of water,

Tartaric Aeid (H,CHO,). Thoe commercial acid is sufficiently
pure: 10 9/,
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Citric Aeid (H,C.H,0,, aq.) may be obtained sufficiently pure
in commeree : dissolve the erystals in their own weight of water :
filter the solution if it be cloudy.

Hydrofluosilicee Aeid (H SiF). A mixture of 1 part of sand,
1 part of caleium fluoride (fluorspar), und 6 parts of oil of vitriol
is heated in o flask or in an carthenware jar placed in hot water ;
the gas evolved is silicon fluoride.  If conducted into about 4
parts of water, silica will separate, and the liquid will eontain a
combination of hydrofluosilicic acid and silicon tetrstluoride,
known as hydrofuosilicic ucid. The tube which delivers the
gas into the water should just dip under the surface of a little
mereury, to prevent its opening becoming choked up with the
separated silica.  The solution is finally filtered for use through
a linen cloth. If hydrotluoric acid be required, it is to be made
from 1 part caleium fluoride and 6 parts of oil of vitriol, heating
the mixture and absorbing the HF cvolved in water. In the
preparation of this acid vessels entirely made of lead or platinum
must be used; its solution is generally preserved for use in
bottles of gutta-percha.

TrsT-PAPERS.

Vegetable bluds, or at least most of them, possess the peculiar
property of becoming red when moistened with an acid, 1. ¢. the
hydrogen salt of a simple or compound ncid-radicle ; while their
original colour is restored by an alkaline solution —that is, by the
solution of a substance whose basic properties are definite. Some
of the most delicate vegetable blues or purples even assume a
new col(;ur when submitted to an alkuline liguid, becoming a
brilliant green. Amn alcoholic tincture of dahlia-flowers or of the
stums of the Coleus verschaffelti may be uscd as a sonsitive test
colour. Vegetable yellows, when dipped into alkaline solutions,
become red-brown, but are not influenced by acids beyond the
restoration of their original colour (boracic acid being an excop-
tion, for it behaves with turmeric like an alkali). Theso indica-
tions, although very valuable, must not be too implicitly relied on,
since certain salts which are theoretically neutrul produce changes
of colour.
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Blue Litmusg Puper.—The litmus of commerce should be erushed
and mixed with water, and kept, with continual stirring, at a
temperature just under that of boiling water for some time.
Very dilute sulphuric acid is now added to the filtered solution,
until the colour has been changed to a reddish violet ; the blue
colour is then just restored by the addition of a small quantity
of the original solution. White wove writing-paper, not
highly glazed, is theun to be puinted with the blue liquid on
one side only; and the coloured picces, when dry, are to be
cut into narrow strips for use, and preserved in a well-stoppered
bottle.

Red Litmus Paper.—This may be prepared in the same way
as the preceding paper, the blue liguid being in this case first
slightly reddened with a drop of dilute sulphuric acid.

Turmeric Paper—An alcoholic extract of turmeric-root is of
an orange-vellow colour, and becomes reddish-brown when sub-
mitted to the action of alkuline solutions: the paper is prepared
as above.

Phenol-phthalein  Paper—Smooth unglazed writing-paper
is steeped in a solution of phenol-phthalein. This solution is
made by dissolving 5 grams of this substance iy 1 litre of proof
spirit.

Lead-ucetate Paper.-—Strips of paper steeped in a solution of
basio acid acetnte are very useful for the detection of hydrosul-
phuric acid (H,S).

§iv. OF REACTIONS.

By the use of the various reagonts and tests already described,
it is easy to identify or to separate the several constituents of
any common substance which may require examination. But
before the student can thus analyse (dvdAvous=separation) an
unknown substance successfully, he must make himself ac-
quainted, by actual experiment, with the effects of the reagente
or tests upon cach individual basic or acid radicle which the un-
known substance may contain, Those basic or acid radicles alone
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which arc common or important are included in our course,
The simplest substance, not itself elementary, contains of eourse
at least two elements, one of these heing termed the basic or
metallic constituent or radicle, and the other the acid or non-
metallic, or stylous constituent or radicle: common salt is a
compound of this order. Its formula, NuCl, indicates that it
contains, as its metnllic or basic radicle, one atom of the metal
sodium, and as its non-metallic or acid radicle, one atom of the
non-metal chlorine.  Our reagents or tests will not indeed
separate these two constituents for us in a free state; but they
will show us the presence of rodium and of chlorine respectively,
by signs or results which no other elements could give. But
many compounds which have to be analysed, themsclves contain
compound instead of simple radicles.  Nitro or potassium nitrute,
KNOQ,, while it contains a simple metal as its basic radicle, in-
cludes (according to the mode of viewing its constitution which
we here adopt) a certain transferable group, NO,, called the
nitrie radicle, for its acid constituent : thisis a compound radicle.
So ammoninm and magnesium phosphate, NH MgPO,, contains
2 basic radicles, one compound (NH,) and the other simple (Mg),
united to a compbund acid radicle (PO,).  As we limit the analy-
tical course to the important metals, so we shall include in it
only the common non-metals and compound acid radicles. The
tests used for the identification of radicles are of two kinds,
general and special. General tests, or general reagents, are
used to separate (commonly in new forms of combination) a group
of similar basic or similar acid radicles from a solution; special
tests, or special reagents, are used to identify or discriminate the
individual members of such groups. For the separation of basic
radicles there are four general or group reagents used; by their
means the basic radicles are classified in four principal divisions,
a ffth division being formed to include those basic radicles
which are not removed from solution (that is, precipitated) by any
general reagent. For the student to make himself acquainted
with the reactions of the basic or metallic radicles, the following
method of procedure should be adopted :—Separate solutions of
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salts containing each metal or basic radicle are to be prepared; a
swall quantity of one of these solutions is to be placed in the neces-
sary number of test-tubes, and one of the general reagents added
to each portion, exactly following the order in which they are
given below.  The first group test which produces a precipitate
in a solution containing a metal, shows the group to which
that metal belongs,  After the general or group tests have been
applied, the special tests are tried in a similar manner.  As an
illustration of this practical study of the reactions of the metals,
we will suppose that we have a solution of a salt of copper, copper
sulphiate ((uS0 ) being generally emploved,  Copper belongs to
group 2: wo shall require seven test-tubes, cuch containing
some of its solution ; a little of the dry and powdered salt should
ulso be at hand.

1. Add hydrochloric acid (JIC); the blue colour changes to
green, but no precipitute is formed; copper therefore does not
belong to group 1.

2. Add hydrosulphurie acid (H_S) and some HCL: a brownish-
bluck precipitate of copper sulphide (CuS); copper therefore
belongs to group 2.

3. Add ammonium sulphide ((NH,1,8); d brownish-black
preeipitate of copper sulphide.

4. Add ammonivm earbonate: a greenish-blue precipitate of
copper carbonate, soluble in excess of ammonium carbonate, with
a deep blue colour.

a. Add ammonium hydrate (NI, HO); a greenish-blue preci-
pitate of copper hydrate (CuH ))), which dissolves to a deep
blue liguid in excess of ammonia.

b. Add sodium hydrate (NaHO) ; a greenish-blue precipitate of
copper hydrate, which changes to the black oxide (CuQ) on beiling.

c. Add potassium ferrocyanide (K,FeCy,); a chocolate-red
precipitate of copper ferrocyanide (Cu,FeCy,).

d. Mix the copper salt with sodium carbonate (Na,CO,), and
heat the mixture on charcoal before the blowpipe. Red scales of
copper will be obtained.

6. With borax on platinum wire in the oxidizing flame, &
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green bead is obtained; and in the reducing flame a dull-red
bead ; CuCl, gives a bluish-green colour to the flame.

J- A picee of clean iron immersed in the solution becomes
coated with metallic copper, at onee recognized by its character-
istie pink tint.

Of these tests, 1, 2, 3, and 4 are general or group reagents,
while a, b, ¢, d, ¢, and f are special tests for the individual basic
constituent or metal present, namely copper, Some mectals or
basic constituents of salts, not being separable by any of the
regular group or general reagents, huve always to be specially
tested for.

As a general rule it will be found that when hydrochlorie acid
or other soluble chloride produces a precipitate in a metallic
solution, that procipitate is a chloride; when hydrosulphuric
acid or a soluble sulphide (as [NH | 8) produces a precipitate,
that precipitate is o sulphide; in like manner o carbonate pro-
duees a earhonate, a hydrate a hydrate or an oxide, a phesphate
a phosphate, and so on with the other reagents. This inter-
change of acid and basic radicle is represented by an equation,
such as the following, which shows the reaction between hydro-
sulphuric acid ard copper sulphate :—

CaS0O, + HS = 1,50, + CuS (brownish-black precipitate).

The student should express in o similar mode the action of
cach general and special reagent.

We here give an illustration of the mode of writing out such
equations, selecting the reactions of silver,.a metal of the first
group, for this purpose.

’ i)
Group Tests.

(1) 4gNO, + HCO = 1INQ, + AgClL
White ppt.

(2) 24gN0, + H,S = 21INO, + AgS.
R Black ppt.

(3) 2A¢NO, + (NH‘):,S = 2NH\NO, + AgS.
Black ppt.

(4) 2AgN0, 4+ (NH),C0, = 2NHNO, + AgCO,
White ppt,
sol. in excess,
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a mercurous salt gives a greenish-grey precipitate ; with sodium
hydrate a black ; and with stannous chloride, ou warming, a grey
precipitate (of fine globules of mercury ).

Grovp 11— Group Reagent, Hydrosulphuric Acid, precipitates
as sulphides in presence of an acid (HCL), Lead, Mercuric,
Copper, Arscnious, Arsonic, Antimonious, Autimonic, Stannous,
and Stannic (tin) salts.

Speciul tests.—Lrav ; see above, page 81,

Mercvricon : the chloride of dyad mereury is soluble in water ;
the sulphide is black ; potassium iodide gives with mercuric salts
a yellow precipitate changing to scarlet, and soluble in excess of
the reagent: sodium hydrate gives a reddish precipitate, chang-
ing to yellow when the reagent is in oxcess. Metallic mercury
may be obtained by the same mcans as those described for the
treatment of mercurous salts.

Corrkr : the special tests for copper have been already de-
scribed (see p. T3).

ArskN10s0M : its sulphide is canary-yellow and is soluble in
ammonia, in ammonium sulphide, and in the sesquicarbonate ; its
solutions give a yellow precipitute with silver nitrate, soluble in
nitrio acid. Metallic arsenic is obtained when an arsenious salt
is heated with potassium cyanide in a tube, a dark brown sub-
limate being formed and an odour resembling garlic evolved.
Arsenic may be further identified by the tests known as Marsh's
and Reinsch’s (seo pages 25 & 102).

AueenicuM: the reactions are similar to the above, save that
the precipitate by silver nitrate is brick-red ; soluble ursenic
salts also afford a white crystalline precipitate with an ammo-~
niacal solution containing a magnesium salt.

ANTiMON108UM : its sulphide, of an orange-brown colour, is
soluble in smmonium sulphide, but not in sesquicarbonate.
Heatod on charcoal with sodium carbonate, brittle metallic
globules are produced and a white incrustation of oxide,

AxriMoxicuM may be distinguished from antimoniosum by
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adding sodium hydrate to the solution till the reaction becomes
slightly alkaline, and then silver nitrate. The black precipitate
which forms is wholly solublein ammonia, while the similar pre-
cipitato obtained with antimonious sults is partially insoluble.
The other reactions are similar to those of antimonious salts.,
Sodium antimoniate is nearly insoluble in water.

Sransosuy : its sulphide is brown ; it is soluble in ammonium
sulphide. 'Treated with mercuric chloride, a solution of a stan-
nous salt produces s white precipitate, which (when mercuric
c¢hloride has not been added in excess) becomes grey on boiling.
Heated on charcosl with potassium cyanide and sodium car-
bonate, malleable globules of tin are produced ; the incrustation
of oxide is white.

Sraxsicoy : its sulphide is yellow, soluble in ammonium sul-
phide. Mercurie chloride produces no effect in its solutions.
Metallic tin may be obtained as described in the preceding
paragraph.

Grour 1T1L—Group Reagent, Ammonium Sulplidr (= H.8 in
an alkaline ligrid), precipitutes as sulphides, Ferrosum, Ferricum
(iron), Munganese, and Zinc, and, as hydrate, the metal Alumi-
nium,

Special tests.— FrrrosuM: its sulphide is black ; solutions of fer-
rous salts yield a greenish-grey precipitate with sodium hydrate,

also with ammonia if ammoniacal salts are not present in large .

quantity ; a pale blue precipitate with potassium ferrocyanide ;
a darl#blue precipitate (Turnbull’s blue) with a ferricvanide.
Frrricvy : soluble ferric salts give red-brown precipitate
with ammonia and sodium hydrate, and & dark blue precipitate
(Prussiah blue) with potassinm ferrocyanide ; with potassium
ferricyanide a grass or olive-green coloured liquid is produced.
Potassium sulphocyauide yields a blood-red solution,
MaxeaNesg : its sulphide is flesh-coloured; ite salts are pre-
cipitated by sodium hydrate white, changing to brown on ex-
posure to air. Ammonia produces no precipitate if aémmonincdl
]

.\

e ST
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salts be present. Fused on platinum foil with nitre and sodium
carbonate, they produce a brilliant emerald-green mass. Heated
with borax on a loop of platinum wire, an amethystine bead is
obtained.

Zixc: its sulphide is white; its solutions afford white pre-
cipitates with sodium hydrate and with ammonia, both readily
soluble in excess of the reagent. Heated on chareoal an in-
crustation is produced, yellow while hot, and white when cold.,
Salts of zine moistened with cobalt nitrate and ignited on char-
coal before the blowpipe become of a brilliant green.

ALUMINIUN i precipitated in this group as a white gelatinous
hydrate; its solutions aro precipitated by sodium hydrate, the
precipitate being soluble in excess ; ammonia affords a permanent
precipitate. Ignited before the blowpipe, moistened with cobalt
vitrate and again ignited, a brilliant blue colour is produced :
this reaction, taken alone, however, is not sufficient to determine
the presence of aluminium.

Grove IV.—Group Reagent, Ammonium Carbonate ; precipi-
tates as carbonates, the metals Barium, Strontium, and Caleium.

Special tests.—BARIUM : its carbonate is white; its solutions
afford an immediate white precipitate with solution of caleinm
sulphate—also a yellow precipitate, soluble in acids, with potas-
sium chromate. Barium salts colour the blowpipe-flame yellowish
green ; this tint is remarkably persistent.

SrroNTIUM : its carbonate is white ; solution of calcium sul-
phate produces with strontium salts a white precipitate, but not
immediately ; heat assists the precipitation. The blowpipe-
flame is coloured by strontium salts a vivid red ; the colour is
evanescent,

Cararvm: its carbonate is white ; ammonium oxalate produces
a white precipitate even in very dilute solutions of caleium ; the
precipitate is soluble in the stronger acids. Calcium salts im-
part a bright red tint to the blowpipe-flame.
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Grovp V.— No Group Reagent. This group includes the re-
maining bases: they are, Magnesium, Potassiam, Sodium, and
Ammonium, '

Special tests. —MaeNEsIUM @ its solutions are precipitated by
sodium-hydrogen phosphate in the presence of free ammonia
and some ammoniacal salt. Moistened with cobalt nitrate and
ignited, magnesium salts assume a pale pink tint,

Porassivy : with tartaric acid tolerably strong solutions of
potassium salts yield a white erystalline precipitate, the forma-
tion of which is aided by agitation and the addition of aleohol.
With platinum tetrachloride a bright yellow crystalline preci-
pitate is produced in strong solutions; its formation is greatly
assisted by the addition of aleohol. Potassium salts colour the
blowpipe-flame of a lilue tint.

Soprrm: tolerably concentrated neutral solutions of sodium salts
give a crystalline precipitate with potassium antimoniate ; precipi-
tation is aided by stirring and the addition of aleohol.  Sodium
sults impart a brilliant yellow colour to the blowpipe-flame,

AmyoxNtem: its salts give with tartaric acid, and with pla-
tinum tetrachloride, resctions preciscly similar to those of potas-
sium., Ammonium salts heated with calcium hydrate or sodu
cvolve ammonia gas, recognized by its pungent odour and its
alkaline reaction with test-paper.

The presence of fized organic matter will modify some of the
reactions described above: the metals of the first three groups,
for instance, are, as a rule, not precipitated by alkalies in the
presemce of citric or tartaric acid.

The reactions employed to detect the acid radicles are to a
certain extent the converse of those used for the basic; e. g.
instead of testing for a barium salt by sulphuric acid, we test for
sulphuric acid by a barium salt ; but the system is, on the whole,
less perfect. We have in fact to rely more upon special tests
for individnal radicles than upon their successive separation in
groups by a series of general reagents. Conoerning these special
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tests, the student will find all the necessary information in the
pext Chapter, under the heads of the Preliminary Examination
and the Detection of Acids, The recctions given below are
employed in analysis to separate and identify the chief acid
or non-metallic radicles, and should be tricd, together with the
special tests described on pages 90 to 96 and 113, for nitrates,
silicates, acctates, lodides, &e. In order that the metallic
or hasic radicle present may not interfere with the indications,
it is desiruble to employ for these reactions the potassium,
sodium, or ammonium salt of cach acid radicle to be studied.
The acid radicles of the following salts are sought for in the
present. course ;-

Chlorides. *Cvanides, *Phosphates. *Acetates.

Rromides. Sulphides. *Silicates. *Tartrates.
*Flnorides. *Sulphites, *Carbonates, *Citrates.
*lodides. Sulphates. Oxulates. *Nitrates.

Neutral solutions, each containing a suitable salt of one of the
above acid radicles, except the silicie and nitric, should be pre-
pared and severally submitted to the following tests :—

L. Calcium Chloride.~This reagent precipitates from a neutral
solution as calcium salts the following acid radicles :—
Carbonie, Phosphoric, Sulphurous, Sulphuric, Oxalic,
Tartaric, Hydrofluoric, and, on boiling, Citric. To the
several precipitates thus produced, each divided into
three portions, the following further tests should be
applied :—

a. Acetic acid will dissolve all the calcium precipitates
save the caleium oxalate and fluoride (and sulphate,
if much be present).

b. Nitric acid (dilute) will dissolve all the calcium
precipitates.

¢. Ammonium chloride will dissolve calcium tartrate
and citrate only,

+
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II. Barium Chloride—This reagent precipitates from a neu-

III.

iv.

[

tral solution as barium salts the same ucid radicles as
calcium chloride. To the several precipitates thuys pro-
duced apply the following further test :—

Nitrie acid (dilute) dissolves all the barium salts save
the sulphate.

Stlver Nitrate—This reagent precipitates from a noutral
solution as silver salts the following acid radicles : Chlo-
rine, Bromine, Todine, Cyanogen, Fluorine, Sulphur, Sul-
phurous, Phosphorie, Carbonic, Oxalie, Tartarie, Citrie,
and (partially) Acetic. To the several precipitates thus
produced, each divided into two portions, apply the fol-
lowing further tests :—

a. Nitrie acid (dilute) will dissolve all the precipitated
silver salts, save the chloride, eyanide, bromide,
iodide, and sulphide.

b, Ammonie will dissolve all the precipitated silver
salts, save the iodide and sulphide. .

Special tests are applied for the Nitrie radicle, which is not
precipitated by either ealcium or barinm chloride, or by
silver Rditrate, and for the Silicic radicle. All the ather
radicles marked in the list with a star give also special
reactions appropriate to each radicle under examination
(see pp. Y0 to 96 and 113), by which they may be more
exactly identified ; the experiments here referred to should
likewise be made by the student beforé proceeding to
the analysis of salts.
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CHAPTER II.
§i. THE METHOD OF ANALYSIS.

Wyex the etudent has fumiliarized himself by actual experiment
with the behaviour of eanch metal of the first group, he should
procecd to the analysis of a mixture containing two of the metals
of that group, leaving out of consideration for the time the acid
or non-metallic radicle present.  The same plan should be pursued
with the other groups, the study of the reactions of the members
of cach group being at once followed up by the application of the
information thus gained to the actual work of analysis.  When
the whole series of reactions has been completed, the analysis
of a simiple salt for its acid as well as its basic radicle should be
performed ; afterwards mixtures gradually increasing in com-
plexity, as well as insoluble substances and alloys, should be
subjected to complete examination. .

From the section * Of Reactious” some notion of the method
of analysing unknown substances will have been gained : butit is
desirable to express this netion in a very definito form. Confining
our attention, then, to the common metallic or ba#ic radicles, we
take a solution to start with which contains every one, and by a
rogular application of General Reagents separate from it group
after group of metallic radicles till none but four metals remain.

To such s solution we add in the first place hydrochloric acid.
It is well to repeat, at the outset, that these General Reagents or
Group tests usually act in the following way : they separate the
metals in the form of compounds with the characteristic acid
eloments or radicle which they (the group tests) severally contain.
Thus we find that hydrochloric acid precipitates chlorides, hydro-
sulphuric aoid, sulphides, and ammonium carbonate, carbonates.
Now, as the chlorides of all the metals present, save three, arc
soluble in water or acid, hydrochloric acid precipitates these three
alone. They aresilver, lead, and monad mercury. These consti-
tute, therefore, Group I., the group of the Insoluble Chlorides.

Next we add hydrosulphuric acid in the presence of hydro-
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chloric acid. Now, as the sulphides of all the metals remaining
in the solution, save five, are soluble in water or acid, hydrosul-
phuric acid precipitates these five alone. They are dyad mercury,
copper, arsenic, antimony, and tin, These constitute, therefure,
Group 11., the group of the Insoluble Sulphides.

Next we add ammonium sulphide in the presence of ammonium
chloride and ammonia. Now, as the sulphides of all the metuls
remaining in the solution, save four, are soluble in water or am-
monium salts, ammonium sulphide precipitates these fonr alone.
They are iron, zinc, manganese, und aluminium. These consti-
tute, therefore, Group I11., the group of the Soluble Sulphides.

Next we add ammonium carbonate in the presence of ammo-
niuw chloride and ammonia, Now, as the carbonates of sll the
wetals remaining in solution, save three, are soluble in water or
ammonium salts, ammonium carbonate precipitates these three
only. They are caleium, barium, and strontium. These consti-
tate, therefore, Group 1V,, the group of the Carbonates.

Finaily there remain in solution four metals which have to be
separately and specially tested for. These are magnesium,
potassium, ammonium, and sodium. They constitute Group V.

Each of the preceding group-precipitates hus-to be further
examined in accordance with the aunalytical scheme laid down
for the partioular group to which it belongs.

The examination for the acid radicles proceeds upon o similar
but less exhaustive plan.

Before, however, proceeding with the regular examination for
the basje and acid radicles of a substance, it is usual to submit it
to a series of simple tests, which are collectively known as the
Preliminary Exomination. Some of the results thus obtained not
only afford much information as to the proper course of analysis
afterwards to be pursued, but in some cascs of simple salts furnish
conclusive evidence as to the real nature of the substance under
examination. .

On account, then, of the several parte into which our plan of
analysis is divided, we usually find it expedient to divide our
material into four parts, one part being reserved for the special
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tests, another for the systematic search for the metals, another
for the systematic scarch for the acid radicles, and the fourth
for the Preliminary Examination. We will now direct attention
to the series of testings so designated. Let it be remembered,
however, that it is seldom necersary to perform all the XIII
experiments here described, and that in some cases the resnlts
of the preliminary examination will be cither negative or incon-
clusive,

§ii. PRELIMINARY EXAMINATION,

Note the colour, form, odour, density, &c. of the substance;
then reduce it to a fine powder and make the following experi-
ments, recording the result in three parallel columns headed
respectively ¢ Experiment,” ¢ Observation,” and *¢ Inference.”
1f the substance be in solution, evaporate a quarter of the liquid
just to dryness, stirring, if neccssary, to prevent spirting: care
must be taken that the heat does not rise higher than is sufficient
to get rid of the water present—indeed it is advisable to with-
draw the heat before the drying up of the residue is quite
complete.

L XPERIMENT, : OBRERVATIOR, i INFERERCE.
1. Hent & small | No change ...vveeeeevniieeens " Absence of H,0, orga-

stance in n small | Swbatance changes colonr. ter, and readily fusi-

tube closed at one ! Yellow whilst hot, white ble substances.

end——at firat gent- | whenecold.........oooiil

Iy, finally before ! Yellow-brown whilst hot, i

the blowpipe. l white or yellow when cold. | Bn. *
Reddigh-brown whilst hot, |

portion of the sub- 1 nic and volatile mut-
i
|

| Water condenses in tube ...... l’ IIydmtes and ealts con-
taining water.

| The water has an alkaline | NH saltsornitrogenous
‘ reaction to test~pa ge matter as golatine,

i The water ha# an aci

{ _ tion to test-papers ...... Salts of volatile acids,

| Substance tvolatilizes, and & | o HCl, HNO,, HF,
sublimate form- in eool HES0,, %80
part of tube .............. NB., As, Hg, Bb, Bn

mdu, oxalie umd
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EXPRRINENT. OBSERVATION,

1. (continued). | Yellow drops of sulphur ...
i Red sublimate ...
! Gases or fumes are evolved.

!« Reddish-brown acid fumes
i of NOy.
i B. Pungent and acid gas, S0,
{  which passed into K,0rO,
| eolutjon turns it green
i y. Gas, CO, which bums
i with a blue flume, the sub-
. stance not blackeniug
i 6. Gas, CO,, giving n white
i precipitate with Cull,0,
' rolntion
¢. Pungent odour of N1, .

[ §. Gas of peculinr odour,
I and burning with peach-
1‘ blossom flame ...............

\ Substance blackens with ani- |

t
| mal or vegetablo odour,
Smell of burning matter ...

!
|

|

RE

l

.
by
L

o ] 8

|

'z

9l

INPERENCE.

8 or sulphides.

1g8, Hgl,.

... | 3. Bulphates. sulphites,

and sulpliides.

Oxnlates.

. Carhonntes,

NH, and CN, and
other  nitrogenous
compounds,

. CN compounds,

! Organie matter,

Smell of burning sugar ...... { Turtratee and oitrates.
Acetates,

Smell of acetone, C,I1O ...

An ash ix loft ahick efferves
cer with UCL, the original
suhstanee not doing so.

a. The ash dissolves in water.

3. The ash is insoluble in

l
i
!
\
'
J

water .......ciieeaien..
Introduce amplin- | The wood glows or bursts
terofglowingwood | inte flawme ..................

into the tube in |
Experiment L.

Tf the substance |
prove partially or |
wholly yolatile in |
1. abovd, then,— |

(a) Heat a por- | (@) Strong odowr and ulkaline
tion with NaHO in vapour evolved
a short test-tube.

(b) Heat a por-
tion in a bulb-tube
with dried Ne,CO;.

(&) Metallic ring of small glo-
bules, which aggregate on
pressing with a glass rod.

Metallicdark mirror,which on
heating with acoess of air,
forms brilliant octahedra
of AB,Oy....ovvunvnnricences

White crystalline suwblimate
and depse fumes

a. Na or K tartrates,

citrates, oxnlntes,

B. On, Mg, Ba, or 8¢

aalts of same acids.

An oxide, chlorate, or

nitrate,

NH, compounds.

Hg.

As.
Oxalic acid.



EXPERIMENT., |
|
I1. Moisten a'
luop of clean Pt
wire with HCI and
dip it into the sub-
stance; heattheloop |
in a colourless gus-
flume.  Ifayellow
eolour only beseen,
examine the flume
through a picce of
durk blue glass,

|
|
\
IIT. Hent a por- |
tion of the sub- |
stance on chnrcoal
in the inner blow- |
pipe-flame.
]

If the residue in
IT1. be  white, |
moisten it with s
drop of cobalt ni-
trate and again ig-
nite,

IV. Mix & por-
tion of the sub-
stance. with KCy
and Nu,CO,, and
hieat on charcoal
in inner blowpipe-
flame.

V. Heat a amall
Fortion near, and
then in, the blue
coneofaclearblow-

QUALITATIVE ANALYSIS.
OBIERVATION. INFERENCE,

The flame is colowred —

Yellow ... i Na.
Tialae coooviiivinnn e
Yellowish-green ............ " Bu.
Crimson ... .1 Sr.
Orange-red ... ) Ca.

Bluish-green

CCa,
Blue-grey or lilac | As, b, Pb, Mg, CuCl,.

|
‘ Nitrates, chlorates,
sl As,

Substaner deflagrates
Garlic odowr i evalved

White fusible residne is l(:./‘l ... 1 K and Na saltx.
B hite ulfv/u/;/« residue......... i Ca, Ba, Sr, Mg, Al, Zn,
Kesidue s highly leninous

‘ bl()

when strongly heated Ca, Mg Sr, Zn.

I

Residue becomes blue ... ... i Al or earthy phosphates
i and silicates.

Residue becomes pale pink ... | Mg,

Residue becomes green ......... A

Residue becomes bluish-green | Sy.
A eoloured residue is left... | Fe, Mu,
(If wetallio glubulen ap- !
pear, see experiment IV )

§
Substance is reduced to the me- ’
tallic state . — !
Without incrustation : ]
|

White malleable bead ...... | 8n, Ag.
Red bead or scales ......... ) Cu.
With incrustation : [
White britile bead and |
white incrustation ...... ; Sh.
White malleable bead and |
yellow incrustation ...... | Pb.
Substance not reduced to metal, |
but yellow incrustation, |
white when cold ......... ' Zn.
Or garlic odour and white :

incrustation ......cccoo.e.s i Al
Or & sul J)hlde is left, which <

placed on a silver coin l

and wetted with HCY, |

blackens the silver |

Sulphur .. compounds,
wlpgiten, reduoed.

A sublimate ¢s obtained— O e
Coffee-brown  ......cceeeis 7
Pale yellow to white ......
Black to white ......... v

b, ,
]



PRELIMINARY EXAMINATION, 03

EXPERIMERT. ( OgBsERVATION, | INTERRNCE.
i

V. (continued).

pipe-lame — the | Faint and yellowish-white. | Sn,
substance  being i  Black to white, in part

placed on a thin | yellow while hot ......... [ za,
slive of charcoal in ' i
the angle of a Ross |
alnminium  plate '
about 4 inches long |
and 2 broad. ‘

V1. Heat a small [ The substance hecomies
portion with pow- | Black................ ... | Ag, Pb, Hg, Cu, Fe.
dered sodium thio- | Brown .......... .| sn,
sulphate and ﬂ[ Orange-red ... | Bb.
erystal of oxalie!  Yellow .. ... s Al
ucid in o small tube Green ... i M,
closed at one end, White .. oo Zn,
and 80 held that
the water evolved
does not flow back
into  the heated
mixture,

VII. Add the | The bead is coloured, whilst
substance by de- Hot, Cold,
grees to a clenr | Green. Blue. Cu.
borax bead, and | Brownish-red. Lightorange. | Fe.
heat in the outer # Amethyst-red. Violet. Mn.
blowpipe-flame. r

The remaining experiments, VIII-XIII, are more specially
designed to indicate the non-metallic or acid radicle contained in
the substance to be analysed. They constitute the

* ‘ PRELIMINARY EXAMINATION FOR ACIDS,

VIII. Heat gent- | Gases are evolved. o
Iy a emall portion | a. CO,; colourless; precipi-
of the substance tates CaH,0,, with which
with dilute H SO, 8 glass rod held in the gus
in a teet-tube. hasbeen previouslywetted. | . Carbonatee.
B. 80, ; smell of burning

sulphur, turna yellow solu-

tion of K,CrO, green...... A. Sulphites.
v-H,8; odour of rotten
eggs, blackens lead-paper. } Sulphides,
3.%&.0 ; red acid vapours . | . Nitrates or nitrites.
e. HCN; characteristic
0dour ..o.cerervernnne crveeees | €, Cyanides,




04

Exrerivext.

VIIL (continued).

IX, Heat (but
not so strongly as
1o volutilize the
reagent) o small
portion of the sub-
stanece with concen-
trated 11,80, no- !
ticing the gases or |
vapours evolved,

|
X. Add a erys- |
tal of FeSO, to|
a solution of the |
substance ; let n !
little dwwlve, and l
then pour strong |
H.S0, cauntiously
down “the side of |
the test-tube ko as 1
to form a layer at |
the bottow : the !
mixture must not
get hot.

XI. Mix a little
of the substaice
with strong H 8O
in n test-tube, udé
& little pure "nlco-
hol, warm,

XII. Add a amall

QUALITATIVE ANALYSIS,

OBSERVATION. InrErENCE, :
. Colourless gases of pun-
gent odour ... e Z. Chiorides, iodides,
y. HC,H,Q, ; smell of vine- und bromides.
gar ... cerereane e 7. Acctates,
f
a. Substance blackens, owing |
to separation of carbon, GO
is ovolved and odour of
burnt sugar ................ a. Tartrates and ci-
3. Noblackening, but CO and trates,
CO, are evolved ............ B. Oxalates.
y. truses are_evolved as i ex-
periment V1L e v- No further notice
need be taken of these,
as the due inferences

3. 4 heary suffocating gas is | willhave been already

evolved, which corrodes drawn,

glass Lo [ J. Fluorides.
e. Violet vapours of iodine, |

turning starch-paste blue. | e. Tudides.

L Red vapours of Br, turning ;
starch-paste orange ......... i % Browides.
0. Greenish-yellow fumes of C,

bleaching litmus or indigo !

sulphate ool eweer | 1 Chlorides, probably
| with a nitrate or
peroxide,

0. Reddish-brown fumesof NO, | 6. Nitrates.
A pink or brown coloration ;
between the two liquids, |
which disappears on warm-
ing withoul giving rise to

violet vapours ........eeeen. i Nitrntes or nitrites; but
I iodides give s similar
| colour.
{
Fragrant apple-like odour of
acetio ether ......... Aoetates.
Fragrant _odour like sweet
apmt. of nitre ............... | Nitrates.
An wndissolved skeleton (of
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XII. (confinned).

portion of the aub- 1 8i0,) floating in the fused

stanee to a olear | 19O O S | Silica or silicates.
bead  of  fused

microcosmic salt ;

heat.

EXvrERIMENT. | OBSERVATION, l InrerENCE.
3
1
|

XIIL. Tonwenk 4 fine white precipitate, in-
solution of thesub- | soluble in all reagents...... * Bulphates.
siance add dilute | !
T und' then {
Bal'l, solution. i

The experiments just described, excepting X and XII1, are
made with the original substance if it is solid. Besides the
preliminary examination already given, the following experi-
ments should bo tried with every liquid to be analysed :—Tost
it with blue and red litmus papers, and note whether any change
of colour bo produced : thus:—

1. No change: the reaction is neutral. —Only those substances
are present which are soluble in water; this solution is there-
fore ready for cxuminstion in accordance with the analytical
schemes given further on.  Water is the best solvent that can be
used, and entails Jess trouble than any other in the subsequent
treatment of the material.

2. The reaction is acid —1It is possible that compounds soluble
only in acids are present.  Many salts insoluble in water dissolve
in acids without apparent decomposition, and are reprecipitated
in their original form when the acid is neutralized by an alkali,
In the ordinary process of analysis this ocenrs when ammonium
hydra(e (with ammonium sulphide) is added to the filtrate from
the second group (p. 103). In the analytical scheme for tho third
group the ecourrence and detection of these reprecipitated salts
will be found described. :

Some acids in the free state are recognized by their odour.

3. The reaction is alkaline.—Free ammonia is recognized by
its smell The solution is acidified with nitric acid: if effer-
vescence take place, the nature of the gas cvolved is ascertained
(see p. 93, * Preliminary Examination,” Exp, VIIL). Ifneutral-
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ization of the solution produce a precipitate not dissolved on
hoiling with excess of acid, the clear liqnid is to be separated by
decantation or filtration, and its examination proceeded with
according to the following groups. If the insoluble matter, on
heating with concentrated hydrochlorie acid, does not dissolve, it
must be treated according to the directions given at page 114.

The precipitate obtained on acidifving the alkaline solution
with nitrie acid may he :—=Silicn, which appears as a gelatinous
precipitate ; Antimonie or Stannic oatdes, falling as a white
powder, the former soluble in tartarie acid ; Jodine, appearing as
a black precipitate or brown coloration, and dissolving in carbon
disulphide with a violet colour; or Sulphur, which yields a
white finely divided precipitate ; besides various salts, which,
like Silver chloride or Arsenious sulphide, are solable in alkaline
but not in acid lquids.

§ iii. PREPARATION OF THE SOLUTION.

If the substance under examination be a metal, it is to be
treated according to the dircctions given at p. 115 if a solid
but not a metal, a portion of it is to be powdered and boiled with
water,

1. It does not appear to dissolve.—A small portion of the liquid
is filtered, and a few drops of the filtrate evaporated to dryness ;
if the stain left be very slight, the substance must be considered
as practically insoluble in water; if a distinct residue be left, the
fluid is to be decanted from the undissolved portion, which is then
boiled with more water. This operation is repeated till all is
dissolved, or till the boiled liquid ceases to leave a stain on evapo-
ration. In the case of a finally undissolved residue, the original
substance probably contained at least two bodies of different
solubilities.

2. The substance is proved to be insoluble in water.—A small
portion of the original substance (or of the undissolved residue
mentioned above, in 1) is moistened with ammonium sulphide ;
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if no blackening ensue, the remainder is now boiled with dilute
hydrochloric acid; nitric acid is used instead, if blackening
occur, as silver, mercury, or lead may be present. If efferves-
cence take place, the gas must be examined (see p. 94). Should
diluto hydrochloric acid fail to effect solution, the concentrated
acid must be resorted to ; if this produce no effect, a little nitric
acid must be mixed with it. This acid should be added iu very
small quantity, and then the mixture should be boiled with the
substance until the greater part of tho mnitric acid has been
expelled or destroyed. If a watery and an acid solution have
been obtained in the manner just described, they may in most
cases bo mixed together before proceeding to add the group-tes's.
3. The substance is tnsoluble in acid.~—In this case, if th
rubstance be neither carbon, phosphorus, nor sulphur (recognizod
by their behaviour when ignited), it must be fused with the mixed
potassium and sodium carBonates according to the directions
given at pago 114,

§ iv. ANALYTICAL SCHEMES FOR THE METALS
OR BASIC RADICLES.

Supposing the solution, as just now dirccted, to be properly
prepared, the following Table will be found to present, in s con-
densed form, the general scheme for the separation from it of all
the basic radicles in groups. Fach group, when precipitated,

"must, then be further separated in.accordence with a special
analytical scheme to which the student must refer, not only for
the final separation and special testings to be adopted, but also
for precise directions and peculiar cautions as to the employ-
ment of the general test by which the group itself is to Le pre-
cipitated.
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General Analytical Scheme for the Basic Radicles.

Add HC), agitate, filter :—

A

P

| Precipitatr of Filtrate: add H.8, warm, agitate, filter :—
 Group 4. — N
i AgQ :
Yo | erecipitateof! Fittrate: (sce p. 103) nda N11,01, NILHO,
! Vglllfvﬂ(,‘“ﬁd tiroup {[,:—i (NH,).8, ngitate, filter:
examine by };h': ' A
Scheme L p. (‘ﬁé o 1 e
99, FnS Precipitateof . Filtrate: add (NH,),C0,,
' Sns (:rm(p]]l.:--—( filter :—
[l i b 2
AsS, FeS - ~ .
Sh S, VAL .
Wasly, and MnS Precipitate of | Filtrate.
examine by ALILO | Growp 117 :— 1 M
Scheme  IL ] (with phosg BaCO | Kg
p. 1oL, ph“mosl &c.)i ReCO." “ Nn salts.
y asli, ang e ey
exumine by W(B/:l(‘,():,"“d ‘ l\llt‘lk'uxrxixxe by
Nhl‘a'.“‘ 1. examine by . Scheme V.
. A Seheme TV, | p. 108,
p. 107. 1

Grorr L—THE INSOLUBLE CHLORIDES,

Hydrachloric acid gives a white precipitate, of the metallie
chloride, with Leap, SiLvER, and MErcurous salts.

ScupMe.—To the neutral, or acid, tolerably strong solution
(which must be cold) add a few drops of dilute hydrochloric acid.
It a precipitate be formed, agitate the liquid, adding a little
more acid, to see if further precipitation take place. When the
precipitation is complete, filter ; and, unless yot know all other
groups to be absent, reserve the filtrate for examination by the
next Table.

The precipitato may contain lead chloride, silver chloride, and
mercurous chloride; antimonious oxychloride may also be here
precipitated, but it redissolves in excess of hydrochloric acid :
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silica may also come down here; it is insoluble in ammonis. If
the solution be strong, barium and strontium chlorides may be
precipitated here, but they are readily dissolved again on adding
cold water. To distinguish between the three first-mentioned
motallic chlorides, collect the precipitute on a filter, wash it twico
with cold water, transfer it to a test-tube, and treat it as follows.

Tasre vor Grove L.

Boil the precipitate with much water ; if it entirely dissolve it
is lead chloride ; if it partinlly dissolve it contuins that salt.
The hot-water solution is decanted off, und, it not clear, filtered.,

- The undissolved residee is to be warmed with solu- |Pb, The f/lrah- |
' tion of ammonia if it entirely dissolves, it is | or solution is di- |
i silver chloride ; decunt or filter the solution in | vided into two !
| ammonin:— pets — !
3‘ L To one add
) | dilute su)- ! i
Ho The undissolved resi- | Ag, The filtrate s to be phuric ueid
dur if black or grey, in- | tested for silver by add- and a little i
dieates monad mercury | ing to it a slight excess uleohol © L
(miereurostn).  Place it 1 of nitrie acid: o white white preei.
i # test-tube with a little | precipitate  indicates pitate - indi-
strong hydrochlorie acid | silver.

caten lead. h

i and a slip of opper foil: 2. To the other |
I a silvery conting on the add potas- |
1

copper indicates mercury.
Or, gently dry it, mix it
with dry sodium carbo- |
nate, and heat it ina bulb |
ruhe, metallic mormryJ
mll subllme in globuhs i

Ggovy II.—-THE SbLPHIDES I\'SOI LBI E I\Y ACID,

Hydrosulphuric acid gives & coloured precipitate, of the me-
tallic sulphide, with Lrap (black), Mercuric (white, passing
through yellow and red into black), Correr (brownish black),
Arsenrova (bright yellow), AnrtimoNy (orange-red), and Tix
(stannous sulphide is dark brown, stannic sulphide ochre—ycllow)
salts. If an oxidizing substance be present (a ferric salt for
instance), a white precipitate of sulphur may be produced ; a sul-
phite produces the same effect.

d B2

i
|
| sivm chro- |
( mate: n yel- |
low pr«-cipi~]
tate indicstes |
Tead. i
|
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Bcxeme.—To the filtrate from the precipitate produced by
hydrochloric acid, a strong solution of hydrosulphuric acid is to
be added until no further precipitate is formed (arsenic and tin
require some time for complete precipitation), und the fluid, after
agitation, smells distinctly of the gas (the gas H 8 itself may be
pnssed through the above filtrate instead of using ite solution ; in
thie case some water must be added). The mixture is now to
be warmed and agitated ; if the precipitate settles well, it may
be washed by dcecantation; if not, it should be thrown on a
filter : the water used for washing this precipitate should have a
little H,8 solution added to it. The filtrates and washings from
this precipitate must. be reserved for examination by Scheme 11,
unless the metals of the third group are known to be absent.

Before treating the precipitate of this Group, as directed
below, with ammonium sulphide in order to separate it into two
subgroups, it will save much time and trouble if we ascertain
whether this treatment be necessary, whether, in fact, the
precipitate contains metals belonging to both subgroups. 1f
the precipitate is light-coloured, it usually can contain only the
_ metals of subgroup B, and should be examined according to the
special Table for the further analysis of that subgroup given on
p. 101. 1If, on the other hand, the precipitate is dark-coloured
or black, it may contain members of both subgroups. But, to
test this point, always warm a small quantity of the precipitate
with a fow drops of yellow smmonium sulphide, or sodium
hydrate *, and filter.

If a black residue remain, and on the addition of cxcess of
bydrochloric acid to the filtrate any precipitate save a white one
of sulphur be produced, it will be necessary to warm the whole
of the precipitated sulphides with a small quantity of yellow
ammonium sulphide or of sodium hydrate, to filter the mixture,
and to examine the black residue which remains on the filter
aceording to the scheme for subgroup A below.

¥ Ammonivm sulphide diasolves traces of CuS, while HgS is alightly
solublc in sodium hydrate.
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The yellow solution, filtered from the above black residue,
must then be made acid with hydrochloric acid, wurmed, and
filtered. The precipitate thus obtained will have to be examined
according to the scheme for subgroup B.

TasLe For Grour 11, Suscrour A.

The black precipitate (insoluble in ammonium sulphide or
sodium hydrate) may contain lead, copper, and mercuric sul-
phides. Wash it, by decantation, several times, using water
containing some H 8 solution and o drop or two of nitric acid ;
then beat it with moderately strong nitric acid, add water, and
filter :—

Hg", The residue insoluble | The filtrete may contain lead and copper.
it nitric seid, it black, is 1 Evaporate nearly to dryness to remove ex-
probably mercuric  sui- l, cess of free acid ; and then add dilute sul-
phide. To confirm this, | pluric acid and a little aleohol ; Blter :—
wash it, add to it a fow
drops of strong hydro-

chloric acid. and boil with | Pb, A white | Cu, Divide the filtrate into

s slip of bright copper] precipitate | two parts,

foil: & grey or silvery] (PbSO,) in-| 1. Add ammonia in ex-
couting on the copper | dicates leud. cess ; o blue colour in-
indicates meceury. dicntos copper.

2. Add sodium acetate in
excess, and Lhen a drop
of potassium ferrocya-
nide; a purple-brown
precipitate  indicates
cupper.

TasLE vor Group 1I. Susarour B.

The light-coloured or brown precipitate (soluble in ammonium
sulphide or sodium hydrate) may contain the several sulphides of
arsenic, antimony, and tin. Its colour will be a valuable indica-
tion, often decisive, of its nature when one motal‘only is present.
If it be bright yellow, for instance, heat a small portion of it on
a fragment of porcelain; if it entirely disappear, arsenic only is
present ; specially test for this element as directed in the note
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to the present group, below. Tt it he partially volatile or non-
volatile, the whole precipitate must be syringed out of the filter,
transferred to o test-tube, agitated with a saturated solution of
ammonium sesquicarhonate for five minutes, and then filtered.

| 1
| The residue (insoluble in annuoninm sesqui- + AR, The filtrate may '
| enrbonnte) will contain the antimony and tin | contain arsenic sul- '
sulphides: wash with solwtion of ammonium rhide, with, per-!
sesquicarbonate, amd then dissolve, with the aid wps, a little  tin
of hent, in a small quantity of strong hydro- sulphide. Add hy-
chlorie acid, trunsfer to a poreelain dish, and drosulphuric  acid |
dilute, Now add a little serap zine, and a piece and slight excess of
of platinum foil, and allow the wetion to continue hydrocblorie  acid:
tor some time ;- colleet  and  tho-
. o roughly  wash  any .
precipitate, and then
! Sn. Remove soine of the zine . 8b, A bluck stain ]  dissolve it in a little
und dissolve it together with | on the platinum | strong hydrochloric
any adhierent tin i hot HOL U foil - mdieates ] acid, dilute the solu-
Dilute, and add HgCl,: a' autimony. tion and boil it with
white or grey precipitute a small piece of ]
indicates tin, | copper foil.
{‘ (See Note, below.)

Note on the Detection of Adrsenic.

One of the most important elements of this group is arsenic;
the subjoined processes afford further means for its detection :—
Dry arsenious oxide (4s,0,) may be sublimed in brilliaut colour-
less octahedra ; if its vapour be passed through red-hot charcoal,
it yields a dark mirror of reduced, that is, metallic arsenic. This
experiment may be performed in a small tube drawn out to a
stout. closed eapillary tube at one end, the charcoal being placed
at the narrowing of the tube. If a solution of arsenious oxide
or chloride be introduced into an apparatus in which pure
hydrogen is being generated, hydrogen arsenide (AsH,) will be
evolved (Marsh’s test). This gas, if strongly heated, deposits its
arsenic as a lustrous mirror on the interior of the tube through
which the gas is passing. It burns with a bluish-lilac flame and
white smoke. If into this flame a fragment of white porcelain
be depressed, brown stains will be formed upon it. These stains
dissolve in caleium hypochlorite (the black stains of antimony
do not), and they give, after solution in nitric acid and drying,
8 yellow or red-brown precipitate with ammonio-silver nitrate.
Most arsenious compounds, when digested with hydrochloric
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acid, yield the volatile arsenious chloride, which may be distilled
off into & small lask and boiled with & small slip of pure bright
copper foil, or if the first slip become grey or black, two or three
more slips may be similarly treated (Reinsch’s test). Heated in
a narrow tube in presence of air, these slips will yield a bright
erystalline sublimate of arsenious oxide (As,0,).

Another and excellent method for the dcteetion of arsenic,
peculiarly dpplxcuhle in the presence of untimony, is known a8
¢« Fleitmann's test.” : it is tried as follows :—

To some fragments of pure granulated Zn, in a test-tube, add
some sodium hydrate, and heat nearly to hoiling, add a few
drops of the solution to be tested (as the sulphides dissolved in
HCH with a few drops of HNO,), place over the mouth of the
test-tube a piece of filter-paper, moistened with a drop of AgNO,
solution.  Again heat, taking care that the solution does not
spirt on to the paper. If As is present, the spot moistened with
AgNO, will become purplish-black, owing to the reduction of the
silver to the metallic state.

This reaction iz due to the fact that whercas As unites with
the hydrogen evolved from a caustic alkali and zine to form
AsH,, antimony only so combines with the hydrogen evolved
from an acid.

Grour I1I.—-THE SULPHIDES SOLUBLE IN ACID.

. [ . v . . - .

Ammonium sulphide precipitates from an alkaline solution, in
the presence of ammonium chloride and ammonium hydrate, iron,
manganese, and zinc as sulphides, and aluminium as hydrate;
the phosphates and oxalates of the alkuline-carthy metals, as well
as magnesium phosphate, may also occur in this precipitate. The
iron sulphide is black, manganese sulphide flesh-coloured, and
zinc sulphide white. Aluminium hydrate and the phosphates
and okalates are white.

The condition in which the iron exists in the substance under
examination, whether thaet of a ferrous or ferric salt, must
be ascertained by testing a portion of the original solution as
directed on page 83.

Before procoeding with the separation and recognition of the
metals of Group III., in accordance with the scheme given
below, it will be necessary to remove any silicic acid, and to
destroy any oxalic avid or other organic matters. that may be
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present in the filtrate from the precipitate produced by hydro-
sulphuric acid. These operations are performed thus. Firstly
ascertain that further additions of hydrosulphuric acid produce
no farther precipitate, even ou standing and warming. Then if
silicic acid or organic acids have been found in the Preliminary
Examination, evaporato the liquid to dryness and ignite the
residue. Dissolve the rolid matter remaining in a little strong
JINO, and warm ; if a white residue remains it is silicic acid.

Test n small portion of the acid liguid, after slight dilution
with water, and filtration if nocessary, for phosphates. This is
done by warming it with ammonium molybdate: if P,0, be
present a decided yellow precipitate will be produced : in this
case the first of the following schemes is to be followed ; but if
no precipitate be formed, owing to the absence of phosphates,
then the second scheme described further on (page 106).

Bouewi.—Jf P,0, be preseat. To the main portion of the
solution (which has been obtained as above directed, or which, in
the absence of silicic acid and organic matter, will Le the filtrate
from Group I1., boiled down to dryness to remove all H 8, tuken
up with water, and the solution then filtered) add o considerable
quantity of ammonium chloride solution to prevent the pre-
cipitation of magnesium hydrate on subsequently neurralizing
the solution with ammonium hydrate. Now add excess of
ammonium hydrate, filter, and to the filtrate add ammonium
sulphido. If a precipitate be produced collect it on a separate
filter : tho filtrate is reserved for Groups IV, and V. The two
precipitates are now to be mixed and digested with (NH,),S, and
then filtered, the filtrate being thrown away.

The reason for collecting the precipitate separately is that
when mectals of Group IV. or of Mg are present not as phosphates
they are not precipitated in this group: but had the (NH,),8
been udded at the same time with the NH HO, then ammonium
phosphate would have been produced (by the decomposition of the
phosphates of Fe, Zn. or Mn) in the prescnce of metals of Group 1V.
or of Mg, and would have caused them to be precipitated. '

The precipitate which has been digested with (NH,),8 as pre-
viously directed is now to be washed on the filter with a little H,8
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water, and then transferred to o test-tube and treated according
to the directions given in the following Table for Group II1,

TanLe ror Grove I11.

The precipitate is to be boiled with onough dilute hydrochloric
acid to dissolve it until all smoll of H 8 has ceased : the solution
is filtered to separate suspended sulphur. 1f the original pro-
cipitate was black, the filtered solution must now be boiled with
a small quantity of nitric acid to change ferrous into ferric
salts; the completion of this oxidation is tested by the reddish
precipitate produced by the addition of & little sedium hydrate to
a4 few drops of the solution in a test-tube. Sodium hydrate is
vow added in decided excess to the whole solution, and the
niixture boiled and filtered,

The precipitale may contain irom, manganese, and | The filtrate may contain gine, ah

phnup)m!.«-u of Ba, 8r, Ca, and My

in dilute HOL and add NH,C! and au excess of

NHHO; fiiter quickly.

The precipifafe may contain iron and
. Dissolve it in HCL (2),

phosphutes (1),
wdd  some citric sed,

excess of NH 10 ; fllter.

iThe precipitate in warhed
I and thr’;; diswolved ip o
few drops of HUIL.
Dilute the wolution snd |
1 add an excess of sodivm
| acetate and a little’
| ferric chloride till the
i liquid becomesreddirh;
i boil wnd fiiter. The'
| Yrecipimw conaists of ;
I basic ferric acetate and ;
i phosphate, and may be !
7 weglected: but to the,
| Altrute sdd NH,HO in/
! slight  excess, then;
{ ammoni carbonate, |
j #nd thén buil and
| fiter.
{The precipitate; The fli-
‘ is esamined | frate " is
i gor Bn".hg!r, ;«im»d I'ory
¢ Wy e R -
] i/ p.'ios. !

i for “Group
1 1V, p. 107.

Mn. The fil-
{rate may con-
tuin man-
gonese : add
ANH)WR  a
i flesh-coloured
Iprecipitate in-
dieates  man-
' ganese. Iden-
iufy it b
fusing it with
‘bug(‘();\, and
KNO; onpla-
( tinym fuil,
)“hen a green
| manganate
; will "be form-
led.
L

and then an

Pe. The fil-
Irufe uny con-
tain iron: just
acidily  with
HC, snd add
KiFeCyp i o
blue  precipi- ‘
tute indicates
irom.

!

Wash, dissolve |

minium and ntuminium phosphat
Acidify with HC), udd NHy
and a slight excess of NH H(
warm and filter,

Al, The precipitate] Zn. Thefl
mny  contain alu-{ frate may vot
minitm orits Yhog- tain zino: we
phate,  Wash iti (NH N
well: divide it into! whitish preo

two purts ; hest one! pitateindicat

on (-Lurvonl with ajzine. Confir
drop of gobalt ni- by blowpij
trate, s biue colour! test given

shows sluminivm,| p. 92

Heat the  other

part with HNG,, in|

s tube, and add

ammonitm moly b-

date: ayellow pre-

cipitnte  indicstes

Y04

Notes to Table for Growp I11,
(1) Test this precipitate for Mn aleo, by fusing a small part with Na,CO,
and KOIO, on platinum foil. . .
@I I!,O be abeent, this solution may bo at once tested for iron by
sdding K, Fey,, omitting the citric acid.
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If 1,0, be absent. To the main portion of the solution add
NH,Cl, NH HO, and then an excess of (NH,).S without filtering
oft the first precipitate as in the previous Scheme. The mixture
is warmed and the precipitate collected on a filter and washed
(if black, with weak (NH,),8). The filtrate is reserved for
Groups !V. and V., while the precipitate is examined for Fe,
Mn, Al, and Zn, according to the above Table for Group III.
As phosphates are ahsent, the precipitate produced by NaHO
contuing Fe and Mn only. (See note 2 to Table.)

A portion of the original solution of the substance may bhe
taken for this group if noe precipitate has been obtained in the
preceding groups.

Much may be learnt as to the metals present by carefully
noting the changes produced on adding ammonium hydrate after
ammonium chloride. If ammonium hydrate in excess produce
no precipitate, manganese and ferrous salts are the only members
of the group that can be present. If a white precipitate be pro-
duced soluble in excess of ammonium hydrate, zinc is present.
1f ammonium hydrate afford a permanent white precipitate,
either aluminium or phosphates or oxalates of the alkaline earths
are present. A red precipitato by ammonia indicates a ferric
salt, a dark green a ferrous salt, ferrous oxide boing partially
precipitated by ammonia when the amount of ammoniacal salt
present is small.  The knowledge thus obtained will serve greatly
to shorten the subscquent operations ; for instance, if no black
precipitate be obtained on adding ammonium sulphide, and iron
18 consequently absent, the precipitate by ammonium hydrate
containing manganese and phosphates need not be dissolved and
treated with citric acid. *

Grovr IV.—THE CARBONATES INSOLUBLE IN
WATER.

Ammonium carbonate gives a white precipitate of the metallic
carbonate, in neutral or alkaline solutions of calcium, strontium,
and barium salts.

Before adding ammonium carbonate, the filtrate from the
preceding group (that is, from the precipitate produced by
ammonium sulphide) is to be treated with hydrochlorio acid,
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and hoiled till all smell of hydrosulphuric acid has ceased ; it is
then, if cloudy, filtered,

H none of the preceding group-tests has producod a pre-
cipitate, the original solution, after addition of ammonium
chloride, may be treated at once as under.

Scremn.~To the solution add ammonium hydrate in slight
excess, then ammonium carbonate, warm and filter; reserve the
filtrate for examination by the Table for Group V., Wash the
precipitate, and then proceed thus:—

TasLe For Grove 1V,

The precipitate is to he dissolved on the filker in the smallest.
possible quantity of acetic acid ; then add potussium chromate in
slight excess, warm and filter : —

i
' Ba, The precipitate;  The filtrate may contain stroutium and enleium ;
1 barium chro-; divide it into two portions 1 —
mate. For special’
tests for barium
and the metals of
this group, refer

i
Sr. I To one portion “ Ca. 11. To the other por-
add a considernble | tion, (a) if strontium las

Examination, p.

|
?
{ to  Prehminary
)

k]

quantity of solution
of caleium sulphate:
a  white precipitute
coming down after a
time indicates stron-
tium.

(Ccimn sulphate solu-
tion produces no pre-
cipitate in solutions of
calciutu  salts  unless
they are very strong.)

not been found in L, ndd
ammwoniuin hydrate and
ammonivm  oxalate: a
white precipitate indicates
enleium. (5) 1f strontium
has been found in I, eva-
porate portion 11, with a
solution of potmsium snl-
phate and boil the dry
residuc with water. Filter
the extract thus uade; to
the filtrate add aimmoniun

i f) oxalate, as above directed.
J— e et e

Barium chloride is insoluble in alcobol, the strontium chloride
soluble : on this fact the following mode of separating barium
and strontium (in the presence of calcium)is founded. Add excess
of calcium sulphate solution to the hydrochloric acid solution
of the Group IV. precipitate ; boil, collect and well wash the
precipitated barium and strontium sulphates, then boil them for
some time with potassium carbopate solution, The sulphates
thue converted into carbonates are washed, and then dissolved
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in hydrochloric acid, and the solution cvaporated to dryness.
The residue, digested with a little strong alevhol, will yield a
solution of strontium chloride, which may be warmed and
iguited, and the crimson colour of the flame observed.

Grove V.—THE CARBONATES SOLUBLE IN AMMO-
NTACAL SALTS OR WATER.

The filtrate from the previous group may contain MaeNesivn,
Somtum, and Porassiun sults.  AMuoNiuM compounds must be
tested for in the original substance.  See Preliminary Examina-
tion, page Y1.

Concentrate the filtrate, add to it a few drops of ammonium
oxalate, and filter it if necessary.

ScneME~—The filtrate is divided into two unequal parts, and
thus tested :—

Mg. 1. Smaller portion.~—Add a little ammonium chloride and
ammonium hydrate and some sodium phosphate ; agitate well :
o white erystalline precipitate of ammonio-magnesinm phosphate,
which may form very slowly, indicates magnesium.

I1. Larger portion.—The larger portion is to be evaporated to
dryness in a platinum or thin porceluin vessel, and then ignited
to expel salts of ammonium. If magnesium has been found
in the previous experiment, moisten the residue with ammonium
carbonate, evaporate and ignite again. Dissolve the residue ina .
little hot water and filter: use the filtrate as follows :—

K. Moisten a platinum wire with it, and ignite in the blow-
pipe-flame ; a lilac tint indicates potassium. To another portion
of the same solution add an excess of tartaric acid and some
alcohol, and agitate well : if potassium be present, a white crys-
talline precipitate of hydrogen-potassium tartrate (KHCH0,)
will be formed. Platinum tetrachloride, a drop of hydrochloric
acid, and some alcohol added to another portion of the filtrate
will give, on standing, an orange crystalline precipitate of the
double chloride of platinum and potassium (K, PtClL). To obtain
the precipitates here indicated, it is easential that a concentrated
solution should be employed.
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Na. The presence of sodinm compounds is rccognized by the
bright yellow tint they impart to the blowpipe-lame. This is
80 intense as to obscure the violet potassium colour, unless the
flame be viewed through dark cobalt-blue gluss, which cuts off
the yellow sodium rays only. Sodinm in sufficient guantity to
give the flame reaction distinetly is sure to be present in the fil-
trate from the four groups of bases, It is iinpossible to ohtain
reagents free from it, or to prevent its introduction in other ways.

§ v. ANALYTICAL SCHEMES FOR THE DETEC-
TION OF THE NON-METALLIC OR ACID
RADICLES.

In the preliminary examination(see Fxperiments VITL, to XTIL)
much information will have been obtained in reference to the
acids. The exumination of basic radicles, just concluded, will
also frequently throw some light on the subject. Thus, if the
substance is found to be soluble in water, and to contain certain
basic radicles, it is evident that only those acid radicles can be
present which form soluble compounds with them: thns the
presence of barfum excludes that of the sulphuric radicle. With
substances insoluble in water similar reasoning will apply, The
student will therefore consult with advantage the Table of
Solubilities given at pp. 116, 117.

The search for the acid radicles may be divided into three
parts. We make first of all certain experiments on the original
substapce, constituting part of the preliminary examination ;
then we apply two or three reagents to a prepared solution and
examine further the precipitates formed ; and, lastly, we try the
action of u few special tests upon this prepared solution,

EXAMINATION FOR ACIDS IN A PREPARED SOLUTION,
1f silica in the soluble form be present, it must first of all be
separated by evaporation to dryness with excess of hydrochloric
acid; in this case chlorine, iodine, and cysnogen cannot be tested
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for in the redissolved residue, but must be specially sought for in
the original substance. The carbonic, hydrosulphuric, sulphurous,
nitric, and acetic radicles will have been detected already in the
preliminary examination, and would likewise be lost in the pre-
paration of the solution. The sulphuric radicle is sought for in
Experiment XIIL, p. 95, If no indications of any acid radicles
have been obtained in the preliminary examination, the only
acid radicles that need be sought for are the phosphoric and
oxygen.

Before proceeding to the following groups, all basic radicles
other than the alkaline metals must be separated. This may be
effected by boiling with an excess of sodium carbonate. Where
long-continued ebullition with a solution of sodium carbonate
does not effect a transference of acid and basic radicles, fusion
with the mixed sodium and potassium carbonates will be found
to answer the purpose in view (see p. 114). In this case, how-
ever, organic acids are, of course, destroyed.

If organic matter be present, together with metals of the first
throc groups, hydrosulphuric acid or ammonium sulphide must
be employed to separate these metals ; and if the alkaline earths
be also present, the solution, after removal of thé sulphur, must
be finally boiled with sodium carbonate. If hydresulphuric acid
be employed, the arsenious radicle will of course be removed
from the solution,

The prepared solution (or the original solution, supposing this
to contain only alkaline bases) is divided into three portious,
which are examined according to the following groups; if, how-
ever, the preliminary examination has proved the absence of
organic acids, examination for the third group is omitted. The
solution should not be too dilute.

Grovr L—CHLORINE AND OTHER MONAD ACID
RADICLES.
Scaexz.—To one portion of the solution add dilute nitric acid
till the solution is distinctly acid, and then solution of silver
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nitrate till no further precipitate is formed. The precipitate
may contain silver chloride, iodide, and cyunide. Wash the pre-
cipitate, and heat it gently with excess of ammonium hydrate
till no more dissolves ; filter.

I. The residue, in-
soluble in ammoni-

The filtrate may contain silver cyanide and chio-
ride*. Add nitricneid i in excess, agitate, wash the

i hydrats, is, if yel- precipitate by decantation, dry and heat it to
lowish, silver iodide, fusion on a pincn of poresiain.  Boil the residue
Confirm the presence : on the poreelain with nitric acid, dilute, filter,

of iodine by treating |

alittle of theoriginnl ' —- . e 2 e
substancewithatarch- . Cl. Any inso- N Cy. Uf the jfiltrate contain any
puste and a drop of | luble residur ‘, silver, its presence indieatos eyan-
chlorine water: a lﬂNIl\u‘('hl() agen, for silver cyanide is decom-
dark blue colour in- | ride. + posed by heat; and the residus,
dicates iodine. chiefly Of silver, which it len\‘es,

ix then soluble in nitrie neid,

* 1f evanogen has not been found in the pre-lumnm—\ exawination, further
trentment can, of course, be omitted, as the precipitate, on the addition of
nitric acid, can then be silver chloride only.

Grovr IL—FLUORINE AND THE PHOSPHORIC AND
OXALIC RADICLES.

To another peetion of the solution add acctic acid in excess,
and divide into two parts,

PO, (1) Add forric chloride solution, drop by drop. A
vellowish-white precipitate is ferric phospbate. Confirm by the
molybdate test, pages 38 and 104,

F. (2) Add calcium chloride solution. A white gelatinous
vrecipitate is calcium fluoride. Confirm by etching glass, as in
Preliminary Examination, page 94,

€0, A white crystalline precipitate on the addition of
calcium chloride is caleium oxalate. It may be distinguished
from calcinm fluoride by leaving calcium carbonate on ignition,
and then dissolving with effervescence on the addition of acetic
acid. If fluorine has been found by its action on glass, and the
calcium precipitate after ignition partially dissolves, with evolu-
tion of carbon dioxide, in acetic acid, both hydrofiuoric and
oxalic acids are present.
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Grovr IIT.—THE TARTARIC AND CITRIC RADICLES.

Another portion of the solution is made exactly neutral. This
is effected by udding dilute nitric acid until the solution is very
slightly acid, boiling to expel carbon dioxide, and then adding
very dilute ammonium hydrate until the solution is exactly neu-
tral to test-papers,

It is ahsolutely necessary that the least possible excess of
either ncid or alkali should be added, as the formation of am-
monium salts in any quantity interferes with the subsequent
reactions.  If ammonia has been found present in the substance
in the scarch for hases, it must be expelled by continued ebulli-
tion with caustic soda before proceeding to the examination for
the acids of this group.

To the ncutral solution add caleium chlorvide, shake well, and
filter.

C.H.0.. A white precipitate, soluble in C.H.0.. To the filfrate add

ammonimn chloride, is enleium tarrrte. a tew drops of ammonium
Culeium phosphate and oxalate, the acid hydrate, und buil; a white
radicles of which have been detected in crystilline precipitate. so-
the previous group, would also be pre- luble in ammontum chlo-
cipitated here, but may be distinguished ride, is"culciulu vitrate,

from the tartrate by being insoluble in |
awmoniam chloride. !

Owing to the great similarity between citric and tartaric acid
(which have been previously indicated, by blackening with sul-
phuric acid, in the Preliminary Examination), the following
points of distinction, in addition to the above, should be carefully
attended to,

Calcium tartrate is solublo in a cold solution of potassium
hydrate, and ia reprecipitated on boiling, whereas calcium citrate
is insoluble in either hot or cold caunstio alkali.

Bilver tartrate, heated with a little ammonium hydrate, pro-
duces a metallic mirror of silver in a few minutes, whereas silver -
citrate requires long boiling for reduction,

This experiment is performed as follows :—Remove the preci-
pitate of calcium tartrate or citrate (by means of a spatula) to a
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test-tube which has been thoroughly eleaned by means of caustic
soda and washing with distilled water. Then add a few drops
of silver nitrate solution, and only so much of s very weak
ammonia solution as shall suffice to dissolve part of the precipi-
tate which it first forms. If a mirror appear in the tuhe on
gently warming it, a tartrate was present; if the mirror form
only on boiling for some time, the presence of a citrate is indi-
cated.

A solution of a tartrate, strongly alkaline with sodium or po-
tassium hydrate, heated to boiling, and a few drops of potassium
permanganate added, first turns green ; and then a brown preci-
pitate falls, the solution becoming colourless.

An alkaline solution of a citrate so treated turns green, but no
precipitate is produced.

Srecian Teers vor Acip Rabrcres,

Acetates.—Bee Preliminary Examination, Experiment XI.,
p- 94.  Acetates in a neutral solution give, with ferric chloride,
& blood-red colour, destroyed by HCI.

Cyanides—Cyanogen is best tested for as follows :— Moisten
the substance in a watch-glass with hydrochloric acid ; imme-
diately invert over it another watch-glass, having its inner surface
moistened with & drop of yellow ammonium sulphide: warm
gently, remove the upper watch-glass, dry it on the water-bath,
add a drop of dilute hydrochloric acid and a drop of ferric chlo-
ride: a blood-red colour indicates & cyanide.

. Nitrates.—See Preliminary Examination, Experiment X.,
p. 94

Phosphates.—See pp. 38 and 105.

Silicatss.—See pp. 92 and 95. The silicic radicle present in
its soluble form may be recognized by evaporating the solution
to dryness with an excess of hydrochloric acid, heating the
residue for some time to a temperature of about 150° C., and then
digesting it in strong hydrochloric acid. An ineoluble residue,
volatiliging entirely when warmed in & platinum erncxble with

hydrofluoric acid, is silica.
I
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Sulphates.—Sce Preliminary Examination, Experiment XIII.,
P 95.

All the other acid radicles not included in the three acid
groups above will have been identified in the preliminary exami-
nation,

§ vi. ANALYTICAL SCHEME FOR THE EXAMI-
NATION OF SUBSTANCES INSOLUBLE 1IN
ACIDS.

An examination before the blowpipe will in many cases, espe-
cially if the substance be a simple salt, prove sufficient for its
identification. 1f the presence of sulphur, carbon, or phosphorus
be suspected, the substruce is first to be ignited; if it continue
unaltered, or a distinct residue remain, it is to be finely pow-
dered, mixed with four times its weight of the mixed potassium
and sodium carbonates, and the whole kept in fusion for a
quarter of an hour, a plutinum crucible being used unless the
preliminary examination has shown the presence of an easily
roducible metal, when one of porcelain must bbv employed; in
this case traces of silica and alumina will be unavoidably intro-
duced into the analysis. The crucible and its contents, when
cold, are to be boiled with water, and the solution filtered.

The solution in water may contain aluminium, tin, antimony,
the silicic radicle, &e. &c. Divide into two portions. To one add
nitric acid in excess and boil ; render the solution slightly alka-
line with ammonium hydrate, and filter if necessary ; the filtrate
is to be examined for all acids save nitric and the organio acids.
The other portion of the solution is to be evaporated to dryness
with an excess of hydrochloric acid. Heat the residue to about
150° C. for some time ; when cold, moisten it with strong hydro-
chloric acid, and allow it to stand twenty minutes; then add
water, and dissolve. An insoluble residue is probably silica:
confirm by special tests. Filter. Examine the filtrate for tin,
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antimony, arsenic, and aluminium, according to the schemes for
Groups IT. and IIL

The residue, insoluble in water, may contain silicic acid, the
alkaline-earthy metals as carbonates, lend oxide, metallic silver,
and ferric oxide. Wash thoroughly, and dissolve in dilute hydro-
chloric acid with the aid of heat, or, if the original substance wus
bluckened by ammonium sulphide, in nitric acid.

The solution is to he examined for basic radicles according’
to the plans already given.

T'he residue consists, probably, of silica, or of a portion of the
original substance which has escaped the action of the alkaline
carbonates.

1f it is desired to examine insoluble silicates for the alkaline
metals, the substance is to be fused with four times its weight of
barium hydrate in a platinum ecrucible, the mass dissolved in
dilute hydrochloric acid, and the barium and alkali metals sepa-
rated according to the schemes given for Groups IV, and V. Or
the finely powdered silicate may be treated with hydrofluoric
acid in a platinum or lead vessel, then with sulphuric acid, the
excess of that acid being volatilized by heat: the silica is thus
entirely removgd : the residue is to be examined in the ordinary
way for the basie radicles.

The construction and uses of the annexed Table of Solubilities
will be readily understood by the student who has followed the
instructions in Qualitative Analysis which have been given.

§ vli. ANALYTICAL SCHEME FOR THE EXAMI-
NATION OF ALLOYS.

The alloy is reduced to a fine state of division by cutting with
a kuife, filing, or, when brittle, by powdering in a steel mortar,
The portion taken for analysis is boiled with nitrie acid diluted
with twice its bulk of water, till all action ceases; the solution

is then diluted with water,
12
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The solution will contain all metals present in the alloy, save
gold, platinum, tin, and perhaps antimony. Examine it accord-
ing to tho foregoing schemes for the detection of basic
radicles.

The residue may contain gold, platinum (both greyish black),
stannic oxide, and antimony oxide (both white). If large quan-
tities of tin be present, traces of other metals may ocour in this
residue.

After thoroughly washing the residue, fuse it with three parts
of potassium cyanide in a porcelain crucible ; boil the mass with
water, and wash the mctallic residue by decantation ; then heat
it with concentrated hydrochloric acid.

8n. To a small portion of the clear solution add a drop or
two of mercuric chloride ; a white precipitate, becoming grey on
boiling, indicates tin,

Add a little nitric acid to the rest of the solution and residue,
and boil till complete solution is effected : divide into three
portions.

Au. A small portion of the liquid is considerably diluted, and
a little stannous chloride and ferric chloride added ; a purplish
or reddish coloration proves the presence of gold.'

Pt. A small portion is treated with ammonium chloride, eva-
porated nearly to dryness and treated with alcohol; a yellow
crystalline residue indicates platinum.

8b. The rest of the solution is treated w1th excess of
ammonium sesquicarbonate, and then well hoiled and filtered.
The filtrate is aciditied with hydrochloric acid, and hydro-’
sulphuric acid water added. An orange-red precipitate indicates
antimony.

In order that the student of qualmmve analysis may see how
the methods of examination which we have just described are
applied in practice, we proceed to givo

Ax Exanrie
of the Quarrrative ExamrmatioN of an unknown mixture of
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salts, this mixture occurring as a dull greenish solution with a
white residue or sediment,

First of all the solution and Yesidue (after filtration) were
separately divided into four portions, the former labelled 8 1,
$2,83,and 84, and the latter R 1, R 2, R 3, and R 4.

1. Preliminary Evamination for Bases.

8 1. This portion of the solution was cautiously evaporated
just to dryness, and tested in accordance with the directious
given in the Table of the Preliminary Examination for Bases
(pp- 00, 91, 92, and 93), when changes occurred in the follow-
ing experiments ouly:—1. « white sublimate in tube, and, on
further heating, fumes of NO,; IL. bluish-green flame; 111
substance deflagrated ; V. when hot, green; when cold, blue, From
these experiments wo infer that the following substances are
presen;:—NH_, Cu, and a nitrate or chlorate. Now, in the
first imstance we might have argued, from Experiment I., that
As and Hg were present as well as NH_ ; but this could not be
the cas, since neither globules nor metallic mirror was obtained
with the bulb-tube and Na,CO,, in Experiment I b.

R 1. This portion of the residue was tested in the same way
as the iolid matter obtained by the evaporation of 8 1: changes
occurred in the following experiments only :—I. a gas, CO,,
given (ff; 11. red flame; 111, luminous residue and bluish-
white nalleable globules of metal; 1V. globules as in IIL. From
these msults we infer the presence of Ca, Ba, Sr, or Mg, and
of Eb.

2. Systematic Evamination for Bases.

8 2. The second portion of the solution was submitted to the
action of the group-tests (p. 97) in order, each precipitate ob-
tainud being further examined according to the Table for the
groupto which it belonged. In Group IL. (pp. 99~103) s brownish-
black precipitate, proved by further treatment and special tests to
'be copper sulphide; in Group 1J1. (pp.103-108)a black precipitate
was thown to be iron sulphide (the iron was found to exist as s
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ferrous salt in the original solution); while no other base was
detected, save that in the Experiment I a of the Preliminary
Examination (p. 91) ammonia was dotected.

R 2. This portion of the original residue was found to be
altered, but not dissolved completely, by dilute HCl ; and so dilute
HNO, was employed instead, when escape of CO, took place.
The solution thus made could not be mixed with 8 2 above
without producing a dense precipitate; and therefore it was
analysed separately (though in most analyses such admixture
may be made); had it been wholly or partially insoluble in
acids, it would have been requisite to treat this residue accord-
ing to the scheme for the Examination of Insoluble Substances
(p. 114). When the HNO, solution of R 2 was duly examined
by the group-tests, precipitates were obtained-—in Group 1. of
lead chloride, in Group 1I. of lead sulphide, in Group IV. of
calcium carbonate; all these indications were duly confirmed by
special tests,

3. Preliminary Evamination for Acids.

8 3 and R 3. Small portions of the solution and residie were
mixed and evaporated just to dryness; with tle dry naterial
thus obtained the following Experiments (pp. 93, 94, and 95) were
performed : VIIL CO, evolved ; X. brown ring.

4, Systematic Examination for Acids.

84 and R 4. With the remaining portions of the sriginal .
solution and residue mixed together, a * prepared solutios ” was
made (p. 109). With this liquid the systematic examination for
acids was conduoted, a emall portion, however, being wed for
Experiment XIII. Preliminary Exemination, p. 95, wha sul-
phuric acid was found. In Group I of the acids chlorize was
jdentified, while no indications were obtained in the : other
groups. Among the special tests, those for nitric acid gave
positive results,

Thus from the resnlts of the prclxmmary and syutemntw exa-
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-~

minations, we conclude the unknown mixture of salts contained
the metals or basic radicles Pb, Cu, Fe, Cu, and NH, und the
acid radicles CO,, C], NO,, and 80,. From tho separute exami-
nation of the solution and residue, we conclude that the salts
actually present in cach were :(—
Copper, ferrouns, and
Lead carbonate, } in the re- ammonium chlo- | in the so-
Calcium carbonate, sidue, rides, sulphates lution,
and nitrates,



PART III. .

QUANTITATIVE ANALYSIS.

CHAPTER 1.
§ 1. INTRODUCTION.

Wurn the student has acquired some skill in recognizing and
detecting the common basic and acid radicles, the quantitative
estimation of various chemical substances will engage his atten-
tion. Scrupulous care and precision, together with manipulu-
tory adroitness, are here more than ever necessary.

The knowledge which he has gained is here applied to deter-
mine the quantity of tho various constituents of a compound
body. The course of practice under this head is necessarily
limited in its variety, from the greater amount of time required
for the operations of quantitative analysis. Attention is there-
fore at once turned to matters of agricultural importance—the
onalysis of manures, soils, feeding-materials, &e.

In following the schemes of analysis here descrihed, it should
always be borue in mind that they are intended only for the
particular case mentioned, and may consequently fail if otherwise
applied—if, for instance, other substances be present than those
here supposed. To describe processes available under every con-
tingency would demand a far larger work than the present. In
cases differing somewhat from those described, the student’s own
knowledge of chemistry must be brought to bear, and he must
endeavour to think out & modification of the process suitable to
the case.

Before proceeding to operate upon the various commereial and
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agricultural products which have been selected as suitable sub-
jects of quantitative analysis, the student will find it best to
make estimations of the constituents of certain definite and pure
chemical compounds. For the determination of water, a weighed
quantity of crystallized sulphate of copper may be taken; for
the sulphuric radicle and for calcium, crystallized calcium sul-
phate or sclenite; for magnesium, Kpsom salts; for potassium,
the pure sulphate of that metal; for iron, crystallized green
vitriol ; for aluminium, ammonia-alum ; and so on with the other
most important metallic and acid radicles. We proceed to give
full directions for the estimation of enleium, barium, magnesium,
potassium, and the phosphoric and sulphuric rudicles—the quanti-
tative determination of other ingredients of soils, food, manures, &e.
being duly described under the examples in which they severally
first occur, It will, however, be well to introduce a word or two
now concerning the names of chemical compounds, and concern-
ing weights and measures.

Chemical Nomenclature.—~The names assigned to salts and che-
mical compounds in this book are mainly those commonly adopted
by scientific chemists. But a very rigid adherence to one system
has not been o}mervod, and is indeed a matter of minor im-
portance, though of considerable difficulty. In the case, for
instance, of the substance which is correctly termed sodium
nitrate, the terms sodic nitrate and, still more commonly, nitrate
of soda, are often employed indifferently. It is of real import-
ance nevertheless to know that these three names signify the
same gompound (NaNO,), a combination of one atom of sedium,
one of nitrogen, and three of oxygen. In the case of this com-
pound, and of many other common substances, we shall in future
use the more familiar along with the aceurate names, or even
instead of them, on account of the special commercial or econc-
mical character of the subjects of which we treat in the third part
of this volume. We shall likewise adopt the expressions ammonia,
lime, magnesia, &o., and calenlate onr results into these forms on
acoount of the convenience of comparing our results with published
analyses. The acid constituente of salts will appesr, in a similar
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manner, as sulphur trioxide, phosphorus pentoxide, &c., instead
of a8 the corresponding acid rudicles, for the same reason,

Weights and Measures—The system of weighta and measures
now in almost universal use for scientific work is the French me-
tricul (decimal) system, founded on the metre or one ten-millionth
part of a quadrant of a meridian measured through the poles of
the earth, This unit of length, the metre,=39-37079 inches.

The unit of weight is a gramme, written in English gram,
which is the weight of a cube of distilled water at its maximum
density, viz. 4° C. (=30°2 F.), the edge of this cube being a
centimetre. It is equivalent to 15°432349 grains.

The unit of capacity is a litre, or the capacity of a cube whose
edge is a decimetre, and is thereforo =1000 cubic centimetres.
It equals 1-76133 pint.

The decimal multiples of these units are denoted by the Greck
prefixes—Deka, ten ; Hecto, hundred ; Kilo, thousand ; and the
decimal subdivisions by the Latin prefixes—Deci, one tenth ;
Ceuti, one hundredth ; Milli, one thousandth.

If this system be used, the following weights and measures
will be required in the work of quantitative analysis :—

1. A set of gram weights, from 50 grams to‘l gram in brass,
and downwards to 5 milligrams in platinum, with a centigram
wire “rider ” to weigh milligrams and parts of milligrams on
the divided beam of the balance.

2. A litre flask, whieh, filled so that the lowest point of the
meniscus coincides with a mark on the necck, containg 1 litre at
60° F. (1555 C.). A litre is 1000 cubic centimetres, ¢, ¢
strictly the volume occupied by (a kilogram or) 1000 grams of
water at 4° C.; measurements are, however, for convenience,
taken at 15%55 C. (60° F.); the actual difference thus made is
2 thousandth parts, equal to & deficiency of 2 grams.

3. A half-litre flask, or one which, filled to a mark on the neck,
will deliver 500 c. c.

4. A cylindrical measure gradusted to 100 or 200 c. c.

5. A Mobr’s burette (with Erdmann’s float), gradvated to
100 o. ¢., divided into iyths c. o,
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6. A pipette tohold 20 c. c., either graduated or simply marked
to show when it contains the desired quantity.

If, howover, the English system of weights and measures be
used, the student will require :—

1. A set of grain-weights, from 1000 to 10 graine in brass,
thence downwards to {4 grain in platinum or aluminivm, with
a yi;-grain wire rider.

2, A burette, graduated to 200 septems. A septem is the
volume occupied by 7 grains of distilled water at 62° F., and
barometer 30 in.; 10,000 septems therefore equal a gallon.

3. A cylindrical stoppered measure for mixing, graduated to
1 or 2 decigallons. A decigallon = 1000 scptems,

4. A cubic-inch pipette. A cubic inch of distilled water, at
standard pressure (30 in.) and tewperature (62 F.), weighs
£52-457 grains: 277-274 cubic inches make 1 gallon.

A Contigrade mercurial thermometer ranging from —107 to
300°, and having its graduations etched on the glass, will be of
service. The conversion of Centigrade degrees into Fahieunheit
and vice versé may be accomplished by means of these two equa-
tions :—

K1) (C° x 1-8) 4+ 32 = F.°;
(2) (F.° - 82) = 18= C.°

The balance should be kept in a place not subject to acid
fumes, and free from vibration ; a tall jar containing a stick of
caustic potash, or else two vessels, one containing oil of vitriol,
and the other a lump of quicklime, should be kept in the case
to absorb the moisture of the air, and to prevent the rusting of
the knife-edges and other steel parts of the balance. The balance
must be levelled by means of the three adjusting screws, two
spirit-levels laid on the floor of the balance-case (ome parallel
with, and the other at right angles to the beam) being employed
for this purpose. In order that the whole case may not shift
its position, the lower ends of the levelling screws may be made
to rest upon solid disks of vuleanized india-rubber permanently
fixed to the table; or three box-wood cups having flanges with
screws may be fastened in such positions on the table that their
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cavities may reccive the lower ends of the levelling screws.
These cavitics should be accurately turned and deep, though
rather narrow : they may be filled up with fine graphite powder.
When the balance has been made level, the perfect oquilibrium
of the beam must he sccured. When both pans are empty
and the beam is released, the pointer should coincide with the
zero of the ivory scale, or else it should swing an equal number of
degrees to each side. If this be not the case, the little vane over
the middle of the beam must be moved towards that end of the
beam which is lighter until the adjustment is complete.

The weights must next engage our attention. When supplied
by a good instrument-maker, they are usually sufficiently ac-
curate for all ordinary purposes, although when used in original
researches they must be severely tested : it is also advisable to
examine their condition from time to time. The large chemical
weights are usually meade of brass, the tenths of the gram being
made in platioum, while sometimes the centigrams and lower
weights are constructed of alumininm. Brass weights increase
by corrosion ; gilt and platinum weights slightly diminish by
wear.

The following set of weights “of precision ” is commonly
emploved in chemical laboratories :—

In Brass. In Platinum. In Aluminium.,
50 grams. ...... D gram.,  ...... ‘05 gram.
20 ,, ..., 2 ., .. 02 .
F L 1, . 01 »
10 ,, ... ‘1, . 01 s
5 4 eeeee e *005 ,,
2 e i 002 ,,
lgram. ...... ... *001 ,,
1, .. ceree. ®001
1, ... e e »=001 |,

The milligram weights (marked *) are seldom used, & * rider ”
of wire, weighing 1 centigram when in the pan, being em-
ployed instead. This rider is made to travel along the divided
arm of the beam, gradually diminishirg in effect as it approaches
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the fulerum. The arm is divided into ten parts, so that when
the rider is halfway it rests on division 5 and equals 5 milli-
grams or *005 gram ; when it has been placed three fourths of
the distanco from the extremity of the arm, it rests between
the division 3 and 2 and is equal to & weight of 2} milligrams,
or *0025 gram in the pan.

The following directions should be followed in weighing the
vessels and substances with which one has to deal in quantitative
analysis,

1. Open the balance-case without shaking or displacing the
instrument,

2. Relense the beam of the baslance (by means of the milled
head or key in front) gently and steadily, avoiding all jerking
motion,

3. Always use the same pan for the weights.

4. Never weigh any crucible &c. after heating until it has
cooled down, in the desiccator, to the temperature of the balance~
room.

5. The weights should be tried in regular order from the
heavier downwards until the object which is being weighed is
exactly balanced. The weights are to be read off when the
index swings an equal number of degrees on either side of the
zero of the scale.

6. Keep the balance-case closed as much as possible; this pro-
caution is particularly necessary when completing a weighing.

7. Bring the balance to rest, by supporting the beam, exacfly
at the moment when the index points to zero : this must always
be done before adding any thing to, or taking any thing from,
either pan. .

8. The watch-glass or crucible in which a substance is being
weighed should be removed from the pan whenever any thing is
to be added to it or taken from it.

9. Read off the weights unsed, not only from the marks upon
them, but by means of the vacant spaces in the weight-box : then
restore them to their places,

10, Particular care should be taken of the smaller weights; if
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one of these be lost, immediate search for it should be made, as it
would be irretrievably ruined if trodden upon.

11. Weights are to be moved only by the forceps provided for
this purpose : they must on no account be touched by the fingers.

In measuring liquids in the graduated vessels, the measure
must be placed perfectly perpendicular, and the eye must be on
a level with the surface of the liquid. The exact level can be
conveniently found by means of a small mirror placed close to
the vessel on the opposite side ; when the surface of the fluid is
in a straight line with the centre of the eye and its reflection, the
eyo is in the right position. The readings should be taken at
the lower line of the dark zone of the surface of the fluid; this
may be made more distinct by placing behind the tube a piece
of white paper, on which a strip of black paper is pasted, in such
8 position that the border line between the black and white is
just below the dark zone.

Besides the ordinary apparatus employed in qualitative analy-
sis, and the mecasures, weights, and balances just described, a fow
instruments or special contrivances are requisite for quantitative
work, Amongst the most important of these we may here
describe :— -

1. A platinum crucible, about 24 millimetres broad at its base,
34 millims. at top : its height may be 37 millims. ; and its weight,
with a flanged capsule cover (of 7 grams) to fit loosely inside the
rim, need not exceed 30 grams. The capsule cover or lid is
« dished ” to a depth of 3 millims., while the breadth of its flange
is 2 millims., exceptin one place, where it is formed into a broad
flat expansion. The greatest care must be taken of this erucible ;
it must never come in contact with zine, tin, silver, antimony, or
lead ; nor must any compounds of these metals be hested in it.
Even alkaline salts in the presence of carbonaceons matter may
injure it, For many purposes u erucible of hard Berlin porcelain
may be substituted for one of platinum,

2. A platinum spatula, spud-shaped at one end aund pointed at
the other, of the form and size shown in fig. 10, though not quite
so slonder towards the pointed end, will be found very usefal. The



QUANTITATIVE APPARATUS, 129

weight of this implement (which iy made from stout wiro) need
not exceed 4 grams,
Fig. 10.

———ecill

3. A desiceator, in which the crucible, dish, or other vessel to
be weighed is allowed to cool and carried from the laboratory to
the balance-room. This contrivance may be made with o
heavy thick finger-glass, the upper edge of which is first to be
ground on a corundum and shellac hone : a greased ground-glass
disk forms a convenient cover. To supgBrt the crucible in this
glass an iron wire triangle, raised on three legs and with pieces of
tobacco-pipe strung on its sides, is constructed : a little piece of
cork fixed to the extremity of cach leg prevents the triangle from
slipping about. The drying or desiccating material to be used is
dry calcium chloride in lumps; it is well to prevent this from
touching the bottom of the erucible by meana of a piece of mica
interposed between them. A still more convenient mode of
fitting up a desiccator is thus carried out:—The ground finger-
glass named above has the upper part of a beaker cemented by
means of marineglue to its interior : within this a neck from a
flask is similarly fixed. Into this a tubular support of tin-plate,
surmounted by a horizontal portion, drops, this part of the
arrangement being used for holding watch-glasses and such
drying-tubes as that described on p. 136. A moveable iron wire
triangle, mounted with pieces of tobacco-pipe, completes the
désiccator. Tumps of caleium chloride are nsed as the drying
muteriafl. The annexed diagrams (figs, 11, 12, and 13) will explain
the construction of this form of portable desiccator, and illustrate
its uses hetter than further verbul description.

A very convenient form of portable desiccator may now be
obtained of the dealers in chemical apparatus. In shape it some-
what resembles an hourglass, the slightly constricted part in the
middle being ocoupied by a horizontal perforated plate, on which
the objeet to be kept dry is to be placed. Below this, on the

X
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floor of the lower compartment, some lumps of calcium chloride
are arranged, while the upper compartment is closed with a
ground-glass plate.

Fig. 11.— Vertical section of Desiccator.

Support for
({

ivhes...... ...

Bupport for
watch-

glapses, ..

Ground-glass
cover.

- Caleium ehlo-
ride.

Tig. 13.—Moveable support for watch-glasses and tubes.
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4. An iron wire triangle covered with tobacco-pipe, or a plati-
nam triangle, or one of nickel-wire, is used to support crucibles
in a ring of the retort-stund when thoy are being heated.

5. Besides the ordinary wash-bottle with moveablo jet for cold
water, a tlask similarly fitted for hot water is required for wash-
ing many of the precipitates obtained in the processes of quanti-
tative analysis.  Small washing-flasks or bottles for dilute hydro-
chloric acid, for dilute ammonia, and for alcohol and ether should
also be at hand.

6. A few funnels having four internal ribs as suggested by
Messrs, Hehner and Richmond, will be found very useful for
rapid filtration.

Amongst the more important general apparatus and fittings of
the laboratory for quantitative analysis we may name the follow-
ing-—

1. The water-oven for drying substances previously to analysis
should be very capacious. 1t should be made of copper, and bo
divided into at least two cupbonrds. Iy means of sliding gluss
screens or shutters in these cupbourds the temperature of thowse
parts of them most distant from the doors may be maintained
within two or three degrees of 100°C.,  The steam which serves
to heat this water-oven may be advantageously condensed by
means of a worm of pure tin or tin-lined pipe, and so yield an
sbundant supply of distilled water,

2. A hot air- or oil-bath heated by a self-acting gas-regulator,

3. A gas combustion-farnace, constructed according to one or
other gf the various plans in use. With due care Griffin’s or
Erlenmeyer’s combustion-furnace answers well.

4. A table-blowpipe, fitted with double-bellows, and a Hera-
path blowpipe for glass-working. Fletcher's hot-blast blowpipe
and his gas-furnace and muffle will also be found useful.

5. A small hand-mill for grinding samples,

6. A set of cylindrical zinc sieves of graduated fineness, and
fitting into one another.

7. An apparatus for filtering under increased pressure.

* For farther details concerning laboratory apparatus and fittings,

- &B
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reference may be made to the works of Greville Williams, Thorpe,
and Dittmar: but some additional contrivances will be found
described further on in the present volume,

§ii. PRELIMINARY INSTRUCTIONS IN QUAN-
TITATIVE OPERATIONS,

The details of the quantitative cstimations which have to be
performed in the analysis of agricultural materials and products
are best learned by practice on pure substances of known com-
position. For this purpose standard solutions are most conve-
nient, for each analysis an accurately messured portion being
taken, The quantity to be employed, and the strength of each
solution, will be indicated further on,

Estemation of Lime.

Bolution employed, CaCO, in HC1 (=Ca(l,), containing about
3 a per cent.

The solution, about 60 c. c., is to be diluted with an equal
volume of water and heated nearly to boiling, then add excess
of ammonium oxalate and ammmonia until the liquid, after stirring,
smells strongly ammoniacal ; cover the beaker, and set it aside
for twelve hours in a warm place; decant off the clear liquid
through German or Swedish filter-paper, add hot water to the
Precipitate, allow it to subside, again decant, then add more hot
water, and transfer the precipitate to the filter, allowing all the
liquid to run through the paper before adding a fresh portion.
Remove every particle of the precipitate from the beaker with the
aid of a feather, or of a rod one end of which has an inch of
india-rubber tubing tightly fitted onto it. Wash the precipitate
on the filter with hot water, avoiding using a rapid stream, or some
of the precipitate may be driven through the pores of the paper :
the precipitate should be carefully washed down from the side
of the filter-paper so as to form a compact mass at the bottom
of the cone, Dry, transfor the precipitate to a weighed orucible,
leaving as little as possible adhering to the paper, which is to be
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tightly folded (in such a way as to bring the central portion of
the filter into the middle of the compact folded paper), and burnt
in & coil of platinum wire over a crucible standing upon a sheet
of glazed black paper; add the ashes of the paper and any
particles on the glazed paper to the precipitato in the crucible,
and slowly beat till the bottom of the crucible is just visibly
red in the dark, for about ten minutes. When cold, weigh, and
then moisten the precipitate with water, and test it with turmeric
paper; if an alkaline reaction be shown, it is due to caustio
lime, produced by the application of too strong a heat; add a
little (NH,),CO, solution, and evaporate very cautiously, at a
temperature below J0U° C., to drynces ; ignite as before, being
careful not to use too high a temperature. 1t may be necessary
to repeat this treatment.
Reactions :—
CaCl, + (NH)C,0, = CuCO, 4 2NHCI;
by heat, (aC,0, = CaCO, + CO;

the CaCO,, if heated too strongly, loses CO,, becoming Ca0, and
necessitating the ¢ carbonating ” with (NH,),CO,.

The resulting CaCO, should have the same weight as that
originally dissolved in the liquid.

Estimation of Magnesia,

Solution of magnesium sulphate (MgS0,7H,0) employed, con-
taining about 14 per cent.

To the solution (50 ¢. ¢.) add ammonium chloride (NH,Cl) and
ammonia (NH HO) ; if the addition of the latter causes a precipi-
tate, gnough NH,Cl has not been added; therefore add a fur-
ther quantity, sufficient to dissolve the precipitate formed. Then
add gradually sodium phosphate (Na,HPO,) in excess, and stir
the mixture, avoiding touching the sides of the beaker with the
stirring-rod ; cover the beuker, and let it stand twelve hours in
the cold. Collect the precipitate on a filter, and wash with
water containing: ammonia (NH HO) in solution (a mixsture of
1 part of strong solution of ammonia and 7 parts of water) until
a fow drops of she filtrate, evaporated on a watch-glass or pla-
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Preparation.—Having determined to make a certain volume
of the alkali (say 2 litres), calculate the amount of hydrate
required ; thus, if sodium hydrate be used, and the acid contain
exactly 49 grams H SO0, in a litre=-98 gram in 20 c. c., then,
since H 80, saturates 2NaHO,

Molecular weight. Molecular weight.  H,80, NaHO
1,80, 2NaHO in 20 ¢. c. in 100 ¢. e
98 : 80 = 08 : 8.
c.c. NeHO c. ¢. taken. NaHO required.
100 : 8 = a : @.

Weigh out the amount calculated, and add to it water to
about three fourths the volume it is intended to make ; dissolve
and well mix, and then ascertain by experiment how many c. c.
and fractions of e. ¢, are required to neutralize 20 c. c. of the
acid, a little litmus solution being added to the portion of acid
measured out in order that, by its change of colour to purple,
the point of neutralization, when enough soda has been added,
may be shown, duplicate determinations being made to exclude
error. The alkali should be rather strunger thauw is required ;
but, its volume being known, it is easy to dilute it to the re-
quired strength ; thus, if 90 c. ¢. neutralize the acid, and there
are 1848 c. c. made,

90 : 100=1848 : 2060,
the number of c¢. . to which the alkali must be made up. This
is then done and the strength again tested, when 20 c. c. of acid
should be exactly saturated by 100 c. c. of the alkali.

The solution should be kept in well-stoppered bottles in a cool
place, or in a bottle through the cork of which a tube containing
a mixture of equal parts of sodium sulphate and quicklime,
gently ignited together, is placed; it may then be kept a long
time without deteriorating.

The value of each c. ¢. of the alkali has now to be calenlated.
Since H 80, saturates 2NH,, if the strength of the acid and
alkali be as above,—

H.80, 2NH, HS80,in20¢c.0. KH,
98 s 34 = 93 s 34,



PREPARATION OF ACID AND ALKALI. 139

20 c. c. of the acid are neutralized by 100 c. ¢ of the alkali;
34
1gp="0034 gram

therefore each c. c. of the latter corresponds to
NH,, or -0028 gram N.

Suppose that, after a nitrogen combustion, the contents of the
bulb are exactly neutralized by 65 c. e. of the alkali, it is obvious
that the acid has absorbed ammonia during the combustion equal
in saturating power to 35 c. ¢. of the alkali, since 20 c. c. of the
acid were originally taken ; 35 x -0034=="119, the weight of NH_
obtuined, or 35 x -0028=098, the weight of N; from either of
which the percentage is obtained.

If the grain, septem, and cubic inch are the weight and mea-
sures used, a cubic inch of acid should contuain 85 to 9 grains
H_S0,, and 200 septems of alkali should neutralize a cubic inch
of acid; the calculation to find the amount of vitriol of, say, 96
per cent., required to make a certain number of cubic inches of
dilute acid, 9 grains per cubic inch, will then be :—

cub. in, grains H,SO,. cub. in. grains H 8O,.
1 ¢ = a : x
grains oil of
P.c. H,80, * Oil of vitriol. grains H,80,. vitriol required.
96 : 100 = x : y

Determine the exact amount of H, 80O, per cubie inch in the
same way as above given,

The calculations for the amount of sodium hydrate required,
and for the value of each septem, will be conducted in the
«wame manner as if grams and ¢. ¢. were employed.

Theé litmus solution used in these experiments to ascertain
when neutralization has been effected is made by digesting
crushed litmus in twenty times its weight of distilled water for
8 few hours, decanting, filtering, and dividing the fiitrate into
twa equal portions, adding very dilute nitric acid to one until
it is faintly red, and then mixing with the other portion ; the
whole will then be violet, neither blue nor red. It should be
mixed with alcohol and kept in a bottle, with an open bent glass
tube through the cork, as if tightly corked it loses part of ita
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colour and sensitiveness. Instead of litmus a solution of
¢ helianthin ’ (* methyl-orange ’) may be used. Thisis an orange-
coloured compound which becomes purple in the presence of a
trace of free acid.

Another very good example of a quantitative volumetric esti-
mation for practice is furnished by iron. Full directions are
given on pp. 154-150.

CHAPTER II.
§i. ANALYSIS OF MANURES.

Brrore beginning the several operations and analyses which
follow, the dircctions given should be carefully read over, in
order that a clear idea of the whole plan to be pursued may be
first obtained.

Boxe-Dust, Boxe-Suavings, Borrrp Boxes, &c.

These, and all other forms of unburnt bones, consist of cal-
cium phosphate, calcium carbonate, carbonaceous ‘and nitrogenous
matters commonly called organic matter, moisture, with sandy
impurities and minute quantities of other substances. The
anslysis for commercial purposes may be conducted as follows,
Too much care cannot be exercised in order to sccure & fair
average sample of the manure. Eight or ten portions from dif-
ferent bags are first taken : these are well mixed ; and a part is
then reduced, by grinding, sifting, and regrinding, to a moderately
fine powder.

MoisTuRE.—A convenient quantity, say 2 or 3 grams, is
weighed into & watch-glass, and kept in the water-oven, at the
temperature of 100° C., till it ceages to lose weight; the loss is
moistare, )

Oxoanic Matrer.—Weigh about 1-5 gram (or 25 gre.) into a
platinum erucible, cover it loosely with the crucible-lid, and
raise the temperature very graduslly to low redness. When
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the mass appears white, and no incandoscent particles are ex-
posed on gently stirring with a platinum wire, the whole is

lowed to cool, and then weighed; the loss is carbonaceous
or organic matter plus combined water and moisture. The
percentage of the latter constituent, having been determined in
the preccding operation, is to bo deducted from this loss (after
its conversion into a percentage)—the remainder will thea repre-
sent organic matter and combined water.

The heat employed should be as low as possible, to avoid the
expulsion of earbonic acid from the calcium carbonate. If it be
feared that this has occurred, moisten the whole with ammonium
earbonate solution, dry on the water-bath, heat to low redness
for a few seconds, and again weigh.

Sann.—The portion just calcined is removed to a beaker, and
digested in dilute hydrochloric acid till nothing but the sand
remains ; this is collected on a filter, washed, dried, burnt, and
weighed.

Prospuares.—The filtrate and washings from the sand are
now diluted to about 300 c. e. (or 10 o0z8.), & very slight excess
of ammenia added, the precipitated phosphates allowed to settle
and collected on a filter. After two or three washings, the pre-
cipitatc is rinsed from the filter into a beaker, the paper repeatedly
moistened with hydrochloric acid and washed, tho acid washings
being allowed to run into the beaker containing the precipitate.
The precipitate redissolves in the acid thus added (which should
be as small a quantity as possible); the solution is diluted to
about po0 e c, ammonia in slight exceas added, and the preci-
pitated phosphates collected, thoroughly washed with water
slightly ammoniacal, dried, burnt, and weighed.

The object of redissolving the phosphates is to separate the
lime mixed with the precipitate; ordinary washing would fail to
effect this: to lessen still further this source of error, precipi-
tation is effected in a cold and dilute solution, and with the
smallest possible excess of ammonia. These precautions are
necessary whenever the calcium phosphate is associated with
considerable amounts of other lime-salts, The ignited calcinm
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phosphate should not effervesce with acide; if it does so, it is
evidently contaminated with carbonate, and should be rodissolved
and again precipitated.

N.B. Culcium phosphate is not quite insoluble in water; in a
carcful analysis therefore it is well to concentrate the whole of
the filtrates and washings to about 150 ¢. ¢., add a littlo acid to
dissolve the calcium carbonate deposited, boil to expel carbon
dioxide, and finally precipitate with ammoniu, collect, and weigh,
The amount thus obtained is usually about § per cent.

Carcrom CarnoNate.—This may be estimated in the united
filtrate from the phosphates by boiling with ammonium oxalate ;
but for commercial purposes this determination is frequently
omitted, the amount of calcium carbonate present being suflici-
ently indicated by the difference between the sum of the per.
‘centage of the other ingredients and a hundred parts. The
precipitation of lime by ammoninm oxalate should always be
effected in a dilute and kot solution. In igniting the precipitate
the heat should not excced a very low redness, When long
burning has beeu necessary, it is advisable to moisten the residue
with ammonium carbonate, and again ignite it gently before
weighing ; soc page 133,

NrrwoatN 18 Oreawic Marrer.—Make a combustion for nitro-
gen with about 1 to 1'5 gram (or 15 to 25 grs.) of tho finely
powdered substance,

Lstimation of Nitrogen. :

All the more common nitrogenized substances likely to be met
with, give off, when heated with soda or sodu-lime, the whole, or
very nearly the whole, of their nitrogen in the form of ammonia.
While some of the oxygen of the soda-lime unites with the carbon
of the organic matter to form carbon dioxide, the hydrogen unites
with the nitrogen to yield ammonia. The nitrogen of substances
like hair, wool, albumen, &c. is less completely evolved as ammonia
in this way ; they should be mixed with ten times their weight
of pure dry starch and be burnt in a longer tube. The soda-
lime used may be prepared by adding 750 grams of freshly burnt
quicklime in small fragments to a litre of water in which 509
grams of good sodium hydrate and 5 grams of sodium thiosul~
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phate have been previously dissolved. The mixture is effected
in an iron pot covered with a sheet of tinned iron. Allow the
lime to slake in the sodu-solution, and then put the pot over a
fire and evaporate the eontents, constantly stirring them with an
iron spatula until they are apparently dry. The dry mass is next
transferred to an iron or Hessian crucible, and exposed to a dull
red heat for an hour or two.  When nearly cold the dry mass is
to be pounded up in a warm iron mortar, and then passed through
a wire-gauze sieve of 7 meshes to the linear inch.  Separate the
product into two grades by means of a sieve having 22 meshes to
the linear inch, and preserve separately the fine part or powdery
toda-lime and the coarse part or granulur soda-lime in a nuwber
of well-corked phials,

Before commencing an analysis heat a sufficient quantity bothe
of the fine and of the granular soda-lime in separate dishes till
dry ; then return the materials to the phials. The phials should
have small necks without flunges, and of less diameter than the
bore of the combustion-tube. The latter is mado from hard
combustion-tubing having a bore of about 14 millimetres and a
length of 25 to 50 centimetres (9 to 18 inches); one end is
drawn out obligmely to a strong point or tail,

The lower part of the tail of the tube is first of all loosely
plugged with & little freshly-heated ashestos ; then a little fine
soda-lime is introduced and another dry asbestos plug.  Pour in
a little more soda-lime, then add about half the substance to be
analysed from a previously weighed sample-tube, and introduce
some more fine soda-lime. Mix the substance and the soda-lime
in the’ tube by means of n clean brass or copper wire about
60 millimetres in length, twisted at one end like a corkscrew,
and with a ring at the outer end to serve as a handle. This
wire is pushed down and rapidly moved about in all directions,
until no particles of unmixed substance can be detected. Some
more fine soda-lime is introduced now, followed by the remainder
of the substance from the weighed sample-tube—the latter is put
carefully on ove side, to be afterwards weighed; the difference
between the original and the second weighing shows the amount
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taken ; this should vary from -7 to 2:7 grams, according to rich-
ness in nitrogen, More fine soda-lime iz added, and the mixing
process repeated. This done, another addition of fine soda-lime
is made, and the wire carefully withdrawn. Place the tube in
a vertical position and introduce a third plug of asbestos. Fill
up the rest of the tube with granular soda-lime unz a plug of
asbestos ; rap the tube gently on the bench. Fig. 14 shows the
arrangement of the combustion-tube when ready for heating, the
part of the contents marked A representing fine soda-lime, that
marked B indicating the mixture containing the substance, and
that marked C being the granular soda-lime; D is the last
asbestos plug : a small epace, I, is left frce. The tube.is finally
closed with the cork, F, through which passes the end of the
aitrogen bulbs, G.

The bulbs, containing 20 ¢. c. (or a cubic inch) of the standard
sulphuric acid, and attached to a sound perforated cork, should
be in readiness previous to the mixing of the substance with
the soda-lime, It should be stated here that the amount of any
nitrogenous substance taken for analysis must depend upon its
richness in nitrogen; with bone-dust not more than 1 gram (or
15 grains) should be employed. Unless the substance contain
ready-formed ammonia (like gnano and ammonium salts) the
soda-lime may be introduced warm into the tube. The bulbs are
filled by measuring the acid into a beaker, insorting the point of
the bulbs into the liquid, and applying snction at the otherend ;
then wash down the point with a jet from a wash-bottle into the
beaker, and set the beaker aside until the combustion is complete,

The combustion-tube -is now placed in the furnace; but
before being heated it should be ascertained if the apparatus is
perfectly air-tight : to prove this, gently heat the bulb nearest
the combustion-tube, and expel a fow bubbles of air, allow it to
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cool ; then if the acid rises to a higher level on the inside, and
remains 8o four or five minutes, the tube is air-tight ; other-
wise the acid in each bulb will return to the samo level.

The tube is now to be gradually heated, from end to end,
commeuncing at the end near the bulbs, care being taken that the
cork is neither scorched by too great a heat nor moistened by
the condensation of liquid upon it. A moveable plate of micu
enables one to regulate the temperature of the cork with exact-
ness.  Too high a temperature must be avoided, or the tube will
be fused or blown out; the operation is over when the closed end
has heen reached, and no more gas is evolved ; towards the end
of the operation the heat must be censiderably raised. When
the process is completed, the acid in the bulbs will begin to re-
cede towards the combustion-tube; when this occurs, and the
liquid in the further bulb is at a lower level than that in the
other bulb, the fine point of the tube is nipped off, and air, equal
in volume to about four times the capacity of the tube, drawn
through the apparatus. Or, in order to avoid this aspiration of _
air, about 4-centimetres in length of the combustion-tube, at the
closed end, may be charged with a mixture of equal parts of
zinc-dust and seda-lime. On hesting this, at the conclusion of
the experiment, hydrogen will be evolved, and will drive out
any remaining ammonia, The bulbs are now detuched, and the
acid liquid is emptied into the beaker containing the residue of
the measured quantity of acid, the bulbs being rinsed out re-
peatedly with distilled water. Some solution of litmus (or other
¢ indicator,” ae methyl-orange, corallin, or cochineal)is added, and
the neutralization of the acid completed with the standard alkali;
from the quantity required the amount of ammonia or nitrogen in
the substance burnt is calculated as before described (page 139).

When a gas-combustion furnace, consisting of a battery of 20
or 30 Bunsen burners, is employed, the flames must never touch
the tube itself, which may be further protected by being plsced
in a trough of brass-gauze, or of sheet-iron lined with a thin
layer of asbestos: perhaps asbestos-cloth affords the best protec-

tion to the tube.

*



148 QUANTITATIVE ANALYSIS,

It has long been known that the nitrogen of many organic
and inorganic substances wus not wholly and invariably obtain-
able in the form of ammonia by combustion with soda-lime.
Nitrates and compounds in which cyanogen or oxides of nitrogen
may be assumed to exist are striking examples of substances
which give discordant and imperfect results by the ordinary
method. But there are also some albuminoid bodies (some of
the nitrogenous constituents, for example, of East-Indian linseed-
cake) which do not yicld guite the whole of their nitrogen in the
form of ammonia when they are burnt with soda-lime. But thero
are twvo methods by which the majority of such bodies (and am-
monia-salts as well) may be satisfactorily analysed. One of these,
known us Kjeldahl's method, will be described further on (p. 233);
the other is a modification of the soda-lime process, and was intro-
duced by Ruffle.  We now proceed to describe the latter :—

Ruffle's Thiosulphate Method.—The combustion-tube muy have
the form adopted in ordinary soda-lime combustions, and should
be 20 inches long and of l-inch bore, A dry, loosely-fitting
asbestos-plug is first introduced, and then 1 inch of the thiosul-
phate mixture. This consists of equal weights of dry powdered
slaked lime and of finely-powdered crystals of sodium thiosul-
phate. The weighed portion of the substance to be analysed is
mtimately mixed with an equul weight of a mixture of equal
weights of pure flowers of sulphur and pure fincly-powdered
wood charcoal, and i8 then placed (in a maortarfr on a sheet of
glazed paper) upon enough thiosulphate mixture to fill 10 inches
of the tube. Mix thoroughly and introduce by means of a
funnel into the tube. Rinse the mortar or paper with a little
more mixture, and add the rinsings to the tube, and then fill up
the tube with granular seda-lime to within 2 inches of the
open end of the tube, Place a second plug of ignited asbestos
in the tube, and close the latter with a cork. Rap the tube,
held horizontally, so as to form a small chaunnel, along its
whole length, above the contents. Place the charged tube in
the furnace, withdraw the plain cork and attech the nitrogen-
bulbs previously cherged with the proper amount of standard
acid, Gradually heat the portion of the tube containing the
soda-lime, and then that containing the mixture—the evolved
gases should come off at the rate of 2 or-3 bubbles per second.
The rest of the operations are conducted as in the ordinary soda-
lime process, a solution of cochineal being used as an indicator in
the titration with the standard alkali. A blank analysis will serve
to show whether the materials themselves are free from nitrogen.
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The use of wrought-iron tubes for nitrogen determinations with
roda-lime has been adopted by some analysts. The screw cup
with which one ond is closed is sccured by moistening its thread
with hydrochlorie acid before serewing it on; the tube is then
heated once with sodn-lime alone. The absorption-tube for the
evolved ammonia is a U-tube having 3 bulbs, & constriction at
the base of the further limb, and a thistle-head prolongation at
its summit; part of this limb is filled with gluss beads, but these
cannot pass the constricted bend into the nearer Hmb. This
absorption-tube is attached directly to the open end of the iron
combustion-tube by means of a cork kept from charring by meaus
of a trickling stream of water directed on to some strands of tow
which are wonnd round it and the contiguous extremity of the
tube, and the ends of which hang down below to conduet the
excess of water away.

Nore.—Bone-dust ix not unfrequently adulterated with gyp-
st ; it is then requisite to determine the sulphur trioxide pre-
sent, from which the amount of gypsum may be calculated.

SuLPHUR TR1OXIDE,—Digest about 3 grams (or 50 gra.) of the
original sample with dilute hydrochlorie acid till the phosphates
are dissolved ; dilute to about 250 ¢, ¢., and boil tor half an hour;
filter, waush the residue till sulphur trioxide ceases to be found
in the washings, und precipitate the filtrate with barium chloride
in the usual way. The barium sulphate should, after ignition,
be moistoncd with a drop of strong nitric acid and agnin ignited,
in order to reconvert into sulphate any barium sulphide that
may have been formed by the reducing action of the organic
matter mechanically carried down with the precipitate.

Vegetable-ivory turnings have been found in bone-dust and
bone-shavings ; they are of no value as manure. They consist
chiefly of cellulose, and may be detected by their microscopic
structuge or by the action of H S0, of sp. gr. 1-53, which dis-
solves them without blackening, and forms a solution which, on
warming, diluting with water, and addition of ammonia, gives
no precipitate.

Boxs-Bracx, Axmar Cuancoay, &e,

Partially burnt bones are to be analysed in the same way as
fresh bone. They often contain a mere trace only of nitrogen.
If it be required to determine the carbon present, t;iu may be

T
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done by digesting 3 grams of the substance with dilute hydro-
chloric acid and collecting the residual sand and carbon on a
tared filter, and weighing it after drying at 100°C. The carbon
and filter-paper may then beburnt away in a crucible. The luss
will reprosent the carbon and filter,

BoxNg-Asg.

The organic matter, being very emall in amount, may be
neglected, and the whole volatile matter estimated together by
curefully heating to low redness some of the finely powdered
sample ; this should be doue in a covered crucible, us decrepita-
tion is apt to occur. The analysis is in other respects conducted
as with bone-dust. ’

Not more than 1 gram (or 16 grs.) should be taken for ana-
lysis,

A nitrogen combustion is unnecessary.

APATITE,

and its numerous varieties, known as phosphorite, osteolite,
staffellite, &c., contains a very large proportion of calcium phos-
phate associated with caleium chloride or fluoride, and minute
quantities of moisture, oxide of iron and alumina, insoluble
matter (which, in the case of some apatites, is partly a cerium
phosphate called eryptolite), and occasionally calcium carbonate.

Fluorine should be first tested for. Some of the powdered
minersl is placed in a platinum vessel, moistened with oil of
vitriol, and the vessel covered with a plate of glass thinly coated
with wax, through which a few fine lines have been traced with
a point of wood or bone: the platinum vessel is then very
slightly warmed. If on removing the wax the lines are found
etched on the glass, fluorine is certainly present. If fluorine is
found it must be expelled from the quantity taken for analysis
by evaporating the hydrochloric solution with sulphuric acid ;
the temperature used must not be such as to volatilize the sul-
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phuric acid. The residue is redissolved by boiling it with water
and hydrochloric acid.

The Carctum Puospuats, and the CanciuM of the calcium
chioride, fluoride, or carbonate, are determined oxactly as in
bone-dust ; 1 gram will be sufficient for an analysis.

CriLorivg is determined in 8 grams of the substance. It ie
reduced to very fine powder, dissolved in dilute nitric acid, care
being taken to warm the mixture, if at all, as slightly as possible ;
if necessary the solution is filtered. Silver nitrate is added to
the warm solution as long as it produces a precipitate ; the fluid
is briskly stirred, and, if necessary, left in a warm place till the
precipitate has thoroughly coagulated: the silver chloride is finally
collected on a emall filter, washed with cold water, dried, ignited,
and weighed.

The latter operations require some care ; they are effeoted as fol-
lows :—The precipitate is separated from the paper with a pen-
knife, and placed in a porcelsin crucible ; the part of the paper
to which the precipitate adhered is cut into several pieces, and
carefully burnt on the lid of the crucible. When cold, the ash
is moistened with strong nitric acid, and the crucible lid placed
on the water-bath; when nearly dry a drop of hydrochloric acid
is added, and évaporation allowed to continue: after drying,
gently ignite, place the lid on the crucible and heat the silver
chloride to incipient fusion, cool, and weigh.

CorroLirEs.

« Coprolites consist chiefly of ealcium phosphate and carbonate ;
they cbatain, besides, variuble and sometimes considerable
amounts of silica, ferrous silicate, pyrites, ferric oxide, and
alumina, also a little magnosia, carbonaceons matter, and mois-
ture, and frequently fiuorine. They are sometimes analysed for
commercial purposes in the same way as bone-ash ; the result,
however, is not equally satisfactory, chiefly owing to the much
larger amount of caloium carbonate present, and to the precipi-
tation of caleium fluoride with the phosphate : the percentage
of phosphate found is thus always excessive, ‘
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To acquire an accurate knowledge of their value, the phos-
phorus pentoxide present must be determined. This, with the
determination of lime, silica, and volatile matter, will be suffi-
vient for commercial purposes.

Fluorine may generally be detected according to the method
for apatite; this plan, however, may possibly fail if the coprolite
contain much silica : if therefore no etching is produced on the
glass, a second experiment should be tried in which the glass
cover is moistened on the underside in place of being waxed.
1f after the application of a gentle heat the wet surface becomes
opalescent from the deposition of gelatinous siliea, fluorine is
certainly present. The presence of fluorine in small quantity
is not prejudicial to the processes now to be described ; if, how-
ever, simple precipitation with ammouia be resorted to, it should
be previously removed (see Apatite).

If a complete analysis be desired, a determination of carbon
dioxide will be necessary ; for this purpose see Analysis of Soil
(p. 200).

Mowstore axp Orea¥ic MATTER are determined together, as
in bone-ask.

Bruiciovs MaTTER,—1 gram of the powdered® coprolite is di-
gested in a beaker with moderately strong hydrochloric acid.
The fluid is finally evaporated to dryness, and the residue gently
heated on a sand-bath for some time to render insoluble the
whole of the silica. If the sample contains any appreciable
amount of iron pyrites, the residue must now be warmed with a
little nitro-hydrochloric acid and again dried at a gentle heat.
The mass, when cold, is moistened with concentrated acid, and,
after standing about twenty minutes, treated with a little water
and warmed : more water is finally added, heat again applied,
and the insoluble matter (which should appear quite free from
iron) collected, washed, ignitéd, and weighed.

If ferric oxide and alumina are to be determined, it is beat to
take twice the amount of eoprolito here recommended, and after

removal of silica, as before directed, to divide the solution inte
two equal portions ; this division is most acourately effected by
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weight. For this purpose the filtrate and washings are collected
in a tared flask, diluted to 200 c. ¢., well mixed, and the Hask
with its contents weighed; it is then easy to transfer to another
vessel such a portion of the contents that the remaining part
shall be counterpoised by exactly half the weight of the original
Jiquid.

The phosphorus pentoxide and lime are now determined by
the following process. When, however, the greatest accuracy is
dosirable, and especially where the material to be analysed
contains much carbonaceous matter, the “ Fusion Method
deseribed under the head of Phosphatic Guanos (p. 156) should
be followed for the determination of the P,0,. This constituent
mey be very accuratcly estimated by means of the molybdic-acid
method (p. 192).

Oxalie-Acid Method.

Liue.—A few drops of very dilute ammonia are first added
to the solution, with constant stirring, till a slight permanent
opalescence is produced. A little oxalic ucid is then added, and,
after a few minutes, ammonium oxalate until it ceases to pro-
duce a precipitate. The whole is then warmed for some hours,
that the calcium oxalate may aggregate; the precipitato is col-
Jected on a filler, washed, dried, ignited for some time at a very
low red heat, and weighed. Any lime found in excess of that
necessary to form tricalcic phosphate with the phosphorus pent-
oxide present is calculated as calcium curbonate.

Puosruorus Penroxipe.—The fltrate and washings from the
lime precipitate are concentrated to about 60 c.e., some citric
acid is added, and then ammonia in decided excess, If a preci-
pitate be immediately produced, it is a sign of the presence of
lime, iron, or alumina. But if a slight crystalline precipitate
come down on standing, this is due to the presence of magnesia
in the material taken for analysis, and its presence will not in-
terfere with the subsequent operations. The next step is to
add, drop by drop, some “ magnesia mixture” : of this 10 e. c.
will be required for every decigram of P 0, present in the solution.
After standing twelve hours the precipitate is collected, washed
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with rather strong ammonia water, dried, ignited gently for
some time, and afterwnrds at a very high temperature before the
Herapath blowpipe, and finally weighed. The precipitate. ag
already pointed out, has the formula Mg,P,0, afler ignition;
its equivalent in Ca,2P0, is found by caleulation, 1 part of tho

former salt corresponding to 1:3964 of the latter.

Determination of Alumina, Ferric Oxide, &e.

Arvmina.—The neid solution of coprolite, freed from silics, is
precipitated by sodium hydrate, & considerable excess heing added
and the whole warmed for some time. The solution is next
diluted, the precipitute allowed to subside, aud the clear liquid
pourcd on to a filter ; the precipitate is washed with hot water
three or four times by decantation, the washings being passed
through the filter. The filtrate is warmed, and barium chloride
cautiously added till it ceases to produre a precipitate; this
preeipitate contains all the phosphorus pentoxide present in the
solution, A little sodium carbonate is next added to throw down
the excess of baryta, and finally some more sodium hydrate.
After digesting a short time, the solution is filtered. The preci-
pitate on the filter is washed with water contaiwing a drop or
two of sodium hydrate solution. The filtrate and washings are
then made distinctly acid with hydrochloric acid, a crystal of
potassium chlorate added, and the whole warmed for some time
to destroy any trace of organic matter. Ammonium chloride is
finally added, and a #light excess of ammonia; the precipitated
slumina is allowed to subside. It is to be thoroughly washed
by decantation before removal to a filter. It is finally dried,
ignited, and weighed.

Should the sodium hydrate contain either alumina or silica, this
will fall with the alumina of the analysis and occasion an excess.
The presence of impurities of this kind may be readily detected
by neutralizing the soda with acid, adding ammonium chloride
with a slight excess of ammonia, and allowing the liquid to stand
some hours. 1f the soda contain silica only, the alumina, after

weighing, may be dissolved in the platinum capsule with dilute
sulphuric acid, heat being applied till the exoess of acid has vola-
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tilized ; the residue is dissolved in water and hydrochloric acid; the
insoluble mattor is collected and weighed as silica. Should the
soda contain both silica and alumina, the total amount of impurity
nfust be estimated, and a known volume of soda employed in the
analysis. As caustic soda and potash when kept in solution
berome impure from their action on glass, it is best when s pure
article is at hand to use it in the solid state. The caustic soda
made from sodium is quite pure.

Ferric Oxmpe.—This is best determined by the volumetric
method presently to be described ; or the following plan may be
adopted. The original precipitate by soda is dissolved in hydro-
chloric acid, and excess of ammonia added, and, lastly, a consider-
able excess of acetic acid. The solution is allowed to stand for
some minutes in a warm place: the precipitated iron phosphate
having then subsided, the clear liquid is poured on to a filter,
and the precipitate well washed with warm water by decantation ;
a little ammonium acctate and a drop or two of acetic ucid may
be added to the water used in washing. The ferric phosphate
will still contain a little tricalcic phosphate ; it is therefore treated
as follows:—The paper-filter is moistened with dilute hydro-
chloric acid, and finally washed, the washings being added to the
precipitate in the beaker. Should the ferric phosphate fuil to
redissolve in the acid thus added, a little oxalic acid is
introduced ; neutral potassium oxalate is lastly added, and the
whole warmed to aggregate the calcium oxalate; this is finally
soparated by filtration. The clear solution is now treated with
a considerable excess of sodium hydrate and boiled for some time ;
the solption is then diluted, and the precipitated ferric oxide
thoroughly washed by decantation, the washings being filtered
as before. The ferric oxide is, lastly, redissolved in hydrochloric
acid, precipitated by ammonia, and after washing a few times by
decantation, collocted, washed, dried, ignited, and weighed.

If the operation has been successful, no truce of phosphorus
pentoxide will be found on redissolving the weighed precipitate
in nitric acid, and applying the molybdic-acid test.

The above process is the most strictly accurate ; good results
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muy, however, he obtained by simply redissolving the ferric
phosphate in hydrochloric acid, adding a few drops of sodium
phosphate, and treating with ammonia and acetic acid, exactly us
at first. The ferric phosphate thus reprecipitated is to be wash®d
a few times by decantation, and finally collected, dried, ignited,
and weighed. 1ts formula is Fe 2P0,

Live may, if desired, be determined in the acetic-acid solution
in the usual way ; the small precipitate of caleium oxalate ob-
tained on redissolving the ferric phosphate is weighed with the
main precipitate.

Maanesia. — The filtrate from the lime is concentrated to 60 or
70 ¢. ¢, sodium phosphate and excess of ammonia are then added.
The precipitate, after standing 12 hours, is collected, washed with
strong ammounia-water, burnt, and weighed.

Lime and magnesia need not, of course, be separated here,
unless duplicate determinations are desired.

Iron, Volumetric Method.

Irox is most speedily and accurately determined by means of a
standard solution of potassium permanganate. To effect this, the
iron is reducod to the ferrous state, and the permanganuate added
till the iron is exactly peroxidized, this point being known by the
purple colour of the reagent remaining undestroyed : the volume
of permanganate consumed indicates the amount of iron present.

10FeSO, + 8HSO, + 2KMnO,
= 5(Fe380,) + KSO, + 2MnS0, 4+ E&HO.

The reduction of the iron to the ferrous state and its subsequent
estimation are performod as follows :—

The solation of iron, in which not more than one gram of metal
per litre must be present, and ;vhlch must oontain a large excess
of free sulphuric acid, is pladed in a small long-necked flask,
fitted with a cork and tube bent at right angles; a few frag-
ments of pure zino are introduced, and the flask placed in an
inclined position on a retort-stand, the tube attached bending
downwards ; the flask is gently warmed to facilitate the action,
As the evolution of hydrogen procgeds, the fluid will become
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colourless ; when this is perfectly effected, and the zine sll dis-
solved, the operation is completed ; a drop of the liquid, if with-
qrawn on & glass rod and mixed with a drop of potassium sulpho-
cyanide in a porcelain dish, will give no colour if the reduction of
the iron is complete. The end of the bent tube is then immersed
in distilled water, and the flask allowed to cool; the water will
ascend the tube and enter the flask. When perfectly cold, the
clear solution is transferred to a beaker, diluted, if necessary, to
500 or BDD c. ¢. with recently boiled, cold, distilled water, some
sulphuric acid mixed with it, and the permanganate slvwly added
from a burette till the fluid is uniformly sliyhtly reddened, tho
whole being constantly stirred during the operation, The burette
used must be entirely of glass, no india~rubber or other organic
matter being allowed to come into contact with the permanganate,

The absence of iron in the zinc should slways be ascertnined
by experiment. For this purpose it is digestod with sulphurie
acid till eatirely dissolved ; tho solution, when cold, is diluted,
and a drop of permangunate added : if the red tint is destroyed,
the zinc certainly contsins iron. In this case a volumetric
determination of iron must be made in a weighed quantity of
zinc, and the zinc taken for each subsequent operation weighed
previously to use, and the amount of iron it contains calculated
and deducted from the amount found. In working with impure
zinc it i8 very necessary, to ensure constant results, that the
whole of it should be dissolved, as the impurities are generally
the last to disappear.

Preparation of the Permanganate Solution,

A guinquenormal solution is a convenient strength for the
purpose. Dissolve 3-162 grams of dry crystals of potassium
permanganate in a litre of water ; keep in stoppered bottle. 1t
will be seen by the equation, p. 154, since 2 equivalents of
KMnO, have 5 available atoms of O, thereby peroxidizing 10
moleonies of a ferrous salt, that 1 c. ¢. of this solution should
theoretically correspond to <0056 Fe, 0072 FeO, or 0080 Fo,0, :
in practice, as the permanganate is never quite pure, it is better
to take rather more than the above quantity—say, 3-2 grams
instead of 3:162.

Ita exsct strength may be ascertained by dissolving about
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1 gram of crystals of the double sulphate of iron and ammoninm
(FeS0,, Am_80,, 6H,0) in water, adding dilate sulphuric acid,
and titrating with the permanganate solution. The double sul-
phate contains exactly } of its weight of metalliciron : by dividing
this amount by the number of ¢. c. of permanganate used, the
value of cach c. ¢. in metallic iron is at once found. If scptems
be the measure used, 27 grains of potassium permanganate
should be dissolved in each 1000 septems (4%, gallon) of water :
the value of each septem will then be about -04 grain of metallic
. iron.

If a deposit should form at the bottom of the bottle containing
the solution of permanganate, it should be decanted, but never
filtered through paper ; the strength should also be determined at
intervals of a few mounths, as it is liable to weaken by keeping.

Prosraartic Guanos ; Basic CINDER.

Sombrero, or Rock Guano, Navassa and Rodonda Phosphate,
Carolina Phosphate, and many other similar materials are rich in
phosphates ; but these often consist in great part of those of iron
and aluminium., These substances may be analysed as coprolites,
but tho most satisfactory way of determining the phosphorus
pentoxide is by the molybdic-acid method, see page 192, in
a nitric-acid solution of about *5 gram of the material. The
substance should previously be treated with strong hydrochloric
acid and evaporated to dryness to render silica insoluble. The
phosphorus pentoxide may also be determined in thesc materials
. by the process given here, and entitled the

Fusion Method.

The following is a very accurate method of determining the
total phosphorus pentoxide present in phosphatic guanos: it may
also be successfully employed in the case of nitrogenous guanos.

Weigh out about 2'5 grams of the finely powdered and dried
sample, and mix them with 10 grams of a fusion mixture con-
taining 2 parts of dry sodium carbonate to 1 part of dry potassium
chlorate (or nitrate if much carbonaceons matter is present in
the phosphate to be analysed). The mixing of the sample with
the alkaline salt is best performed in a capacious platinum cru-
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cible by means of a gluss rod, the end of the rod bheing wiped
afterwards with a small strip of Swedish paper, which is thrown
into the crucible, A gentie heat from a small and rather distant
flame is first applied to the crucible, so that the oxidation may
proceed quietly and without loss, 'When the mixture has become
white, the heat is increased and maintained at full redness, so as
to keep the contents of the crucible in fusion for fifteen minutes.
The crucible, when cold, is placed in a beaker, with about 150 ¢. c.
of water, and covered with a clock-glass. Then 30 c. c. of nitric
acid (sp. gr. 1'25) are cautiously poured down the side of the
beuker. The mass dissolves easily and completely, unless silica
and silicates be present, in which caso these substances must be
removed in the way described under * Coprolites,” p. 149, The
solution containing the phosphorus pentoxide &c. is now diluted to
500 c. c., and a portion of it analysed by some appropriate process ;
the volumetric uranium method (p. 170), for instance, being
preferably employed if iron and aluminium be virtually absent.
The bases present may be determined in the remaining portion of
the solution by the processes described under * Coprolites.”

The manurial value of basic cinder (Thomas powder), as also
of phospho-guanos, is largely dependent on the fineness of the
particles. Basic cinder should be so finely ground that about
85 per cent. of it will pass through a sieve with 100 meshes to
the linear inch, i, e. 10,000 to the square inch.

SUPEKPHOSPHATES

]
contain considerable quantities of threo compounds not found in
bone-ash or coprolites, namely, phosphoric acid (H,I'0,), mono-
calcic phosphate (CaH 2P0O)) and calcium sulphate. The other
constituents of a superphosphate are insoluble calcium phosphate
(Ca,2P0,), dicalcic phosphate (CaHPO,), ferric and aluminium
phosphates, carbonaceous or organic matter, water, with small
quantities of alkaline salts and sand, and, possibly, a trace of
free sulphuric acid.
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If the sample is & dry one, it may be prepared for analysis by
lightly rubbing it in a mortar and sifting : if moist, it must be
passed throngh a conrse sieve and well mixed, and then a part
must be beaten into a smooth paste.

MosruRre is nsually determined by drying a few grams in the
water-oven for about 2 hours. DBut the really free water is
probably more nearly estimated by desiccation over a tray of
ignited calcium chloride in a fairly good vacuum. For this
experiment 2 to § grams are taken, spread out as much as possible
on & watch-glass, and ellowed to remain for 18 to 24 hours under
tho receiver of the air-pump.

Oreantc Marrer and Comnixep Warer.—About 1 gram is
gently heated over o burner. The loss, after deduction of the
‘ moisture,” represcnts approximately, but by no means exactly,
these constituents of the superphosphate.

Siticious MaTTER.—About 1 gram gently dried over a lamp,
but not ignited, is removed to a berker, digested with hydrochlorie
acid and slowly evaporated just to dryness, &c. in order to render
the silicn insoluble. If iron pyrites be present the evaporation
must be repeated with a little nitrohydrochlorio acid, and again
dried. The mass, when cold, is moistened with strong hydro-
chloric acid : after standing some time water is added, and the
whole warmed until nothing but the sand remains undissolved,
This is collected on a filter, thoroughly washed, dried, and
weighed. In the filtrate and washings the total lime and the
total phosphorus pentoxide are to be determined according to the
directions on p. 151, * Oxalic-Acid Method.” Ignition of the
superphosphate is avoided in these directions in order to prevent
any loss of the phosphoric acid.

SorLusLe ProspHorUs PeNToX1nE—Under this designation we
may include the P,0, existing in the monocalcic phosphate and
in the free phosphoric acid of the manure. Both these compounds
are produced from the trioalcium phosphate from which the
superphosphate has been made by the action of the sulphurie
acid, and both are freely soluble in water.  The phosphorie acid
is generally the more abundant of the two, and may be -written
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3H,0,P,0,or H PO, ; the monocaleic phosphate is expressed by
the formula 2H,0, Ca0, PO, or CaH 2P0,. In order to deter-
mine the proportion in which these two soluble compounds, the
most important constituents of a superphosphate, exist in a
saraple, they are estimated together by adopting the following
method :—

& grams of the well-mixed sample are taken ; } alitre of water
is measured into a wash-bottle ; the superphosphate is then
placed in a mortar and rubbed with a little of the water, grinding
being avoided; more watcr is then added, and, after standing
a few moments, the supernatant liguid is poured off into u
stoppered bottle (4), & large funnel being placed in the bottle
to prevent any loss.  The residue iu the mortar is rubbed with
the pestle, and the washing continued as before, the rubbing and
wushing being repeated until the Fig. 15.
whole of the superphosphate taken has
been transferred to the bottle. The
remainder of the 4 litre of water is
now added, and the bottle shaken at
short intervals during three hours.
The 100 c. ¢. required for the deter-
mination of monoculeic phosphato
may now be filtered off, or the mix-
ture may remain at rest 12 hours,
and then the 100 c. c. may be, if the
liquid is clear, removed from the
bottle by means of a pipette or of a
siphon, &s shown in fig. 15, The cork,
with its two tubes, having been fitted
into the bottle A, the pinch-cock at B o
is pressed, and enough air blown through the tube to fill the
siphon C. By keeping the pinch-cock open, the vessel D may be
filled with the clear solution up to the mark indicating 100 ¢, e.
It the solution be not clear, 100 c. ¢. must be filtered off throngh
German or Swedish paper. The 100 c. c. are proceeded with
exsctly socording to the directions given umder Coprolits, on
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page 151, and entitled the * Oxalic-Acid Method,” omitting,
however, the weighing of the calcium oxalate precipitate, The
magnesium pyrophosphate obtained has now to be calculated
into phosphorus pentoxide thus :(—

(a) As eq. of Mg,P,0,: eq. of PO, =ppt.: 2. Now, as100e.c.
yielding this amount of P,0, contained 1 per cent. of superphos-
phate, & multiptied by 100 is the percentage of P,0, in a soluble
form existing in the original manure. It is usual to turn this
into the corresponding percentage of monocalcic phosphate.
This may bo done by caleulating the following proportion :—

() Aseq. of PO, : eq. of CaH 2P0, =2/, of @ :¢/, of CaH 2P0,
1 part of this monocalcie phosphate corresponds to 1-33 part of
“ hone-phosphate rendered soluble,” or to ‘85 part of the so-
called ¢ biphosphate.” If, therefore, a sample of superphosphate
hus been found to contain, by calcwdation, 20 per cent. of mono-
calcie phosphate, this figure may bo entered in the column of
percentages when the analysis is written out, but, at the same
time, the quantity of tricalcic phosphate to which it corresponds,
and from which it has been made, namely, 26+6 per cent., should
be added. This latter figure, 26-6, should be enclosed in brackets
with its proper designation * bone-phosphate made soluble,” not
¢ goluble phosphate,” as it is vulgarly named. But as monocalcic
phosphate constitutes a part only, and often a small part, of the
soluble phosphorus pentoxide of a supcrphosphate, it is much to
be preferred thut the percentage of soluble P,0; should be
entored directly as such, adding in brackets the amount of
“ bone-phosphate made soluble” to which it corresponds: 1 part
of P,0, corresponds to 2183 parts of Ca 2P0,

Tricarcic Paosrrare.—The insoluble phosphates of a super-
phosphete are regarded as consisting almest entirely of unchanged
bone-earth, Ca 2P0, In order to determine them, the filtrate
and washings, obtained from one gram of the prepared sample in
the estimation of the silicious matter as before described, are to
be treated exactly in the manner given on p. 150 in the case of
coprolites, adopting the *oxalic-acid method,” and estimating
both the lime and the phosphorus pentoxide as therein direoted.
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The Mg,P,0, obtained represents the total amount of P,0, in the
superphosphate. In order to learn how much of it was in the
form of insoluble phosphates, calculate the Mg, P 0, found into
P 0, and then into a percentage, exactly as directed above, and
then subtract from the percentage of total P,0, the porcentage
of P,0, found in the soluble part (see p. 160); then calculate
the remainder into tricalcic phosphate, thus :—

As eq. of PO, : eq. of Ca 2P0 =residual °/, of P,0, : Ca,2PO0,.
But a simpler plan may be adopted ; in this tho residual percent-
age is not converted into its squivalent of Ca 2P0, but directly
entered in the tabulated results.d

Carcivn Svrrnate.—The whole of the ealeium present in the
superphosphate will now have been weighed in the form of car-
bonate, It really exists in the manure in the three states of
monocaleic phosphate, triculcic phosphate, and calcium sulphate.
If it be desired to ascertain what amount of this last compound
exists in the sample, it is best to make u direct determination of
80, in a small separate portion of the manure, by means of
barium chloride in the presence of hydrochloric acid. The
barium sulphate obtained is calculated into its eyuivalent of
calcium sulphate. This ingredient in a superphosphate is
entered in the anhydrous form, but it exists for the most part
in combination with 1 molecule of water (Ca80,, H,0). and not
as gypsum, CaSu, 210,

ALxALISE Sarts.—Evaporate the filtrate from the ammonio-
magnesium phosphate to dryness and ignite till all fumes have
oceased ; let the residue cool, dissolve it in water; precipitate the
mgne‘sium present with barium hydrate, filter ; then precipitate
the excess of barium with ammoninm carbonate and ammonia ;
filter, evaporate the filtrate to drynees, and heat the residue very
gradually to low reduness; it should be tolerably white.

The alkaline salts thus obtained are by no means pure, but
their quantity is generally too small to be important. In cases
where common salt and sodium nitrate have been added to the
superpbosphate, snd the amount of alkalies is therefore com-
paratively large, it is necessary to treat the ignited residue with

x
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a little sulphurie acid, to ignite strongly, then to add a few
drops of ammonium carbonate solution, and finally to evaporate
and ignite the residue again: thus the definite composition of
the substance weighed may be ensured. If qualitative testing
prove that the superphosphate contsin much chlorine, the
sodium sulphate obtained should be calculated into sodium
chloride.

Revvcep or ReTroGRADE PHOSPEATES.—Under this name are
included those phosphates which are believed to have once been
in the soluble econdition, but which are no longer dissolved by
water.  They consist chiefly of ferric and aluminium phosphates
and dicalcic phosphate, and may be approximately estimated in
superphosphates made from coprolites in the residue of 2 grams
of superphosphate which have been exhausted with water, as in
the determination of monocalcic phosphate.  This residue is to
be collected on a filter, care being taken to secure every particle
of it. A neutral solution of ammonium citrate is used to extract
the reduced phosphates, This solution is prepared by dissolving
370 grams of pure citric acid in 1050 c. ¢. of water ; then nearly
neutralize with commercial ammonium carbonate, heat to expel
carbon dioxide, cool, and add ammonia to exact neutrality. Make
up the volume to 2 litres, or so that the ap. gr. of the liquid is
1:09 at 20°C. Of the liquid thus prepared 100 ¢. ¢. are intro-
duced into a 150 ¢. c. flask, and then the filter and contents are
dropped in. The flask is corked and digested in a water-bath
for 30 minutes at 65° C. with frequent shaking. Filter the warm
solution quickly and wash the residue with cold water. Dry the
filter and contents at 100°, ignite them till the organic matter is
destroyed : add 10 to 15 c. c. of concentrated hydrochloric acid,
and digest until the phosphate is dissolved, dilute to 200 o. ¢.,
mix, and pass through a dry filter. Take an sliquot part of the
filtrate (usually 50 . c.) and determine in it the P,0, by the
“molybdic-acid method,” or by the * oxalic-acid method.”
Calculate the smount found into Ca,2P0,, add this to the * bone-
phosphate made soluble” and subtract the sum from the total
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phosphate ; the remainder represents the amount of ¢ reduced ”
or * citrate-soluble ” phosphate expressed as Ca,2PO,.

NiTrosEN.—A combustion with soda-lime is made, using about
2 grams of the superphosphate. If the superphosphute be a
moist one, the quantity weighed out must bo partially dried in
the water-oven before mixing it with the sodu-lime. Super-
phosphates made entirely from bone-ash, apatite, coprolites, &e.
contain no nitrogen.

A few notes on the composition of superphosphates may be
found useful in arranging and appreciating the results of an
analysis, We name the ingredients which have been determined
in the order previously adopted.

Water.—1f a superphosphate be dried at 100° C. the loss
represents not only the hygroscopic moisture of the sample, but
also a portion of the water of crystallization of the ealeium sul-
phate present. At 170° (. it appears that all the water present
in apy form in the superphosphute is driven off, save, indeed,
the constitutional water of the monocalcic phosphate, and of the
phosphoric acid.

Moxocarcic ProspaaTe &e.—If the superphosphate be a poor
one, orif it contain much aluminium or iron, it should not remain
longer than three hours in contact with the 500 c. c. of water,
but. should then be filtered off without waiting for the settling
of the suspended matter. In fact, it is better in such cases to
extract the superphesphate continuously with very small portions
of cold water, filtering after each addition, and washing the
residue on the filter so long as any phosphate is dissolved: the
mixed filtrates may be cleared, if necessary, with a drop or two
of dilute nitric acid. Hot water must on no sccount be used in
extracting the last traces of the monocalcic phosphate and phos-
phoric acid, It often yields higher results, but their accuracy
and constancy may be seriously impaired. Both dicalcic and
tricalcic phosphates are altered by boiling water; and eo en
extract of a superphosphate which has been made first with cold
water and then with boiling water will represent not only the
amount of monocaleis phosphate and phosphorio acid, but a part
of the other phosphates present, notably of those which have
been called “ redaced.” :

Repvorp Prosprites.—A process for eetimating these hias
been previously given, but the results are not quite ;o acourate

: X
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as one would wish, It is a mistake to regard reduced phosphates
as of equal value, in a manurial sense, with those which have
been made (and which remain) soluble. They lack that initial
diffusive power into the soil which monocaleic phosphate pos-
sesses. For, although it may be said that nll soluble phosphates
do ultimately become * reduced ” in tho ground, yet, owing to
their solubility in soil-water, they will travel further and fertilize
more earth before this change has been completed.

Nitroary. —As ordinary superphosphates contain either no
nitrogen or mere traces of so-called nitrogenous organic matter,
we may defer any further directions, as to the determination of
nitrogen in manures which bave been enriched by artificial
additions of ammonia-salts or nitrates, until the process for
analysing phospho-guano, &c., be discussed.

Statement of Results.

There are in use two ways of stating the results of an actual
analysis of a superphosphate. The simpler of these involves
fewer agsumptions and is sufficient for all practical purposes,
the figures inserted being those which were obtained in the exami-
nation of an actual sample : —

In 100 parts,
MOISTURE  ceviiiiinniiiiiieiiiiter e iereiet e n s eenr i e 18468
CoMRINED WATER AND ORGANIC MATTER, containing nitrogen
equal to'84 BmMmMOnIa ......iiiii s 1662
ToraL PHOSPHORUR FESTOXIDE ¥, including—
*Soluble’ PO, ..ovviiiiiiiiaaiiiiiiiiiiiiiniinean 1303
‘Reduced” P,O; .ovvininiiininasnininieeiiinenn 106
¢ Insoluble’ PO ...cooviiivianniiiennciiiinnacnaias . 2562
— 1661
Cavcrud suLPHATE, CaSO, ..o 29-38
ALRALINE sALTs, &c., undetermined ......covniiiierivnnininns 262
BILICIOUS MATTER oieiivnneeniiisinsanens SN . 372

The more common wky of tabulating the analytical results is
given below ;— i

i

" * Often dascribod as * Phosphorio soid” or s  Phosphoric shydride.”
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In 100 parts,
Moisture, or loss at 100° C. ...cecveiiniiiniininnenns TSR 1846
*ORGANIC MATTER AND COMBINED WATER ...vveevenrnoernnainnnes 1662

Moxocarcic pnosenate, CaH P,0,, equal to 18'18 biphos- 1

phate or Y840 bone-phosphate made soluble ............... § 21039

Tricarncic PuosriaTs, Ca,P,0,, of which 2:31 was “re-} ..
duced” phosphates ... } 781
Caverom suneiatk, CaBO, o 20-38
ALKALINE SALTE, &e., undetermined .........occvieiviiirnnnnns 262
SILICIOUS MATTER 1\ oveiiniriiiiinnninessssesssssoreeermmsssininnna, 372
10000

* Containing nitrogen equal to ‘34 ammonia.

Buer Manure. Torxir Mavure, Corx axp (Grass MavOrE,
Puosprao-Goano., Svueratep Guaso. DissorLvep (iuano, &e,

All manures containing soluble phosphates are analysed as &
superphosphate. In some cases mnitrogen and potassium com-
pounds are present in considerable quantities and must be esti-
mated, the nitrogen being usually determined, as before directed,
by & combustion according to Ruffie’s sodium thiosulphate method,
In the case of superphosphates and other manures which can be
easily reduced to a paste it is a good plan to grind a weighed
quantity of the sample with an equal weight of sodium thiosul-
phate crystals, to dry the paste at 200° C., to weigh it again, and
to takg about 3 grams for the combustion. This is conducted as
described on page 146. The potassium is determined as follows: —
Make a hydrochloric solution of about 1 gram of the manure
which has been previously gently ignited to char any organic
matter present, Evaporate the hydrochloric-acid solution to
dryness, and heat the residue slightly on a sand-bath to render
insoluble the whole of the silica. The mass, when cold, is
moistened with concentrated hydrochloric acid, treated with
water, warmed and filtered. To the filtrate add ammonia and
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ammonium carbonate in excess, warm and filter. Evaporate the
filtrate to dryness, and ignite the residue till all fumes cease.
Dissolve the residue in the smallest possible quantity of water,
filter, and add HC1 and PtCl, in excess to the solution : the rest
of the operations have bheen described under the head of the
« Estimation of Potash,” p. 135.

In analysing dissolved and sulphated guanos, the plan appro-
priate to superphosphates will answer well if the determina-
tions of nitrogen and potassium montioned in the preceding
paragraph be also made. There is one other determination, that
of sulphur trioxide, which will serve to reunder the analytical
results more satisfactory. This estimation may be made by
weighing out & convenient quantity of the manure (not more
than 1 gram if dissolved Peruvian guano be under examination),
and boiling it with dilute hydrochloric acid. Then the liquid is
filtered off, und the residue in the beaker or flusk again boiled
with water and some dilute hydrochloric acid, and the liquid
poured through the same filter as before. This process is re-
peated until a drop of the filtrate no longer gives any cloudiness
with barium chloride; the sulphur trioxide is then estimated in
the united filtrates by the process described on page 137. The
amount of BaSO, obtained is calculated into a percentage of SO,,
which is set down in that form when the results of the analysis
are tabulated, Or, if the nitrogen existing in the manure in
the form of ammonia be separately determined in the manner
described further on under Guano, it may be presumed to oxist as
ammonium sulphate; and then any surplus 8O, may be written
down as calcium sulphate. 1t must be remembered that, on ig-
niting dissolved guano for the purpose of determining its volatile
matter and combined water, the greater part of the sulphur
trioxide is usually volatilized ; a separate determination of 80O,
in the ash and residue is therefore requisite, or else some part of
this constituent of the manure would be entered twice over.
‘The difference between the total 8O, and that found in the ash
muset he deducted from the total volatile matter lost on ignition,
and the residue only entered as volatile matter.
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Peruviax Guavo,

This valuable manure consists chicfly of the more or less
altered excreta and carcases of sea-birds and of seals, It con-
tains a large quantity of so-called organic matter rich in nitrogen
together with ammonium carbonate, oxalate, phosphate, and
urate, Calcium, magnesium, and alkaline phosphates are also
present, together with moisture and & small quantity of silicious
matter. The Peruvian guanes now imported are much poorer
in nitrogen compounds and more variable in composition than
the old Chincha Islunds guano: occasionally cargoes damaged
with sea-water are imported; this injury may be detected by
the high percentage of moisture found, and by the presence of
commen salt, the amount of which may be determined by the
process for chlorine given under apatite, p. 149. The adultera-
tion of guano with ochre may be detected by the red colour of
the ash it leaves ; while the admixture of peat, cluy, or sand may
be ascertained by the increases in the normal percentagos of
volatile matter, of ash, or of silicious matter which they respec-
tively cause.

Great care must be taken in order to secure a fair average
sample of guano for analysis. Several portions should be taken,
well mixed and powdered, aud then preserved in & bottle having
a good stopper.

Moierurk is determined at 100° in the usual way. Occasion-
ally, especially if the guano be damp, this determination is apt
to yigld results which are too high, from the volatilization of the
ammonium carbonate present, along with the water.

The smount of ammonium carbonate lost in the water-bath is
easily found by waking & second nitrogen combustion in the
guano after it has been dried. The percentage of nitrogen (oal-
culated from the weight of the guano before drying) is subtracted
from the total nitrogen found in the fresh guano; and the dif-
forence, calculated as 2(NH,),0, 3CO,, gives the amount lost in
the water-bath ; this of course, when deducted from the actual
loas, gives the true mt:iatnre.
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Onroavic MarreR is determined in about 2 grams, exactly ss
in bone-dust, A genuine guano gives a perfectly white ash,

Saxp anp Carorvy aNp MacNEsIUM PHosPHATES are determined
as in bone-dust.

As caleium salts other than phosphate are seldom present in
the ash of a genuine guuno, it is unnecessary to make the solu-
tion dilute before precipitating by ammonia: the re-solution of
the phosphates is for the same reason omitted.

Avganies.—These are for commercial purposes determined hy
difference ; the phosphorus pentoxide they contain should, how-
ever, be estimated, as it is of equal importance with that of the
soluble monecalcic phosphate.

Pnosrnorus Punroxine IN Arkartes.—The filtrate from the
phosphates is concentrated, and a little ammoninm oxalate added.
Should a decided precipitate be formed, phosphoric pentoxide
can be present only as a mere trace and need not be further
locked for; the calcium oxalate is in this case collected, burnt,
and weighed, the amount found being placed in the analysis as
calcium carbonate or sulphate, as a qualitative examination may
indicate. If ammonium oxalate produces no precipitate, or a
mere opalescence, the solution, filtered if necessary, is treated
with a little magnesium sulphate and a considerable excess of
ammonia; the precipitate of ammonium magnesium phosphate
is collected, washed, burnt, and weighed. The Mg,P,0, is cal-
culated into phosphorus pentoxide.

Torar Nitroeex.—A combustion is made with about -7 gram
of the substance. The undried guano should be weighed in a
small corked tube, and mixed with the soda-lime as speedily as
possible, in the combustion-tube jtself, by means of a wire ter-
minating in a corkscrew twist: the bulbs filled with acid should
be then at once attached, If these precautions be neglected,
ammonia will be lost (see p. 143).

Nirroorn Exmrixe a8 AMwoxia Sarzs.—If it be desired to
ascertain what proportion of the nitrogen in a guano exists in
the form of compounds of ammonia, the following plan may be
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adopted :—1Into a small retort having its beak directed upwards,
introduce about 1 gram of the guano, a little pure water, und
rome caleined magnesia. The beak of the retort is fitted with a
cork and bent delivery-tube, which latter is connected with a
nitrogen bulb containing 20 c. c. of the standard sulphuric acid
used for nitrogen-determinations, After boiling for some time
all the ammonia present in the guanoe will have been disengaged
and then absorbed by the acid in the bulb, which is then titrated
with standard alkali solution in the usual way (p. 1:39).

NirroaEN  existive a8 NitawTrs. — Some guanos contain
traces of nitrates, while sodinm nitrate is often added to mixed
manures. In the former case the determination of total nitrogen
and of that existing as ammonia will always suffice ; but in the
latter cnse we must determine the totsl nitrogen by means of a
combustion of the manure by Ruffie’s thiosulphate mixture as
described on p. 146, or by a modification of Kjelduhl’s process,
We then proceed to the determination of the nitrogen existing
as nitrate by washing out the contents of the retort (as used
in the ammonia estimation described in the preceding paragraph)
into & beaker, filtering the mixture, and then determining the
ammonia which will be formed from it, as deseribed further on
under the head of water-analysis (p. 214), by means of a zine-
copper couple.  Care must be taken to use no more of the nitrate
solution than ean be completely reduced to ammonia by the
quantity of copper-zinc couple present : abont ‘05 gram of
NaNO, and no more, may be emploved. Before nesslerizing,
the ammonia may have to be distilled off into pure water.

Gravimetric Uranium Method,

The following is a speedy and accurate wethod for the separa-
tion of phosphoric acid from lime, magnesia, and the alkalies,
It angwers well for the aualysis of bone, guano, and other
phosphates free from iron or aluminium. As the uranium
precipitate is of great bulk, no more of the substance than will
contain about *3 gram of calcium phosphate should be taken for
analysis.

l’i‘iospnonvs Pexroxmor.~—The clear and dilute solution of the
phosphate is treated with ammonia in slight excess ; dilute acetie
acid is then added in small portions at a time till the precipitate
is entirely redissolved. Any great excess of acetic acid is to be
avoided. A residue, insoluble in acetic acid, is probably iron
or aluminjum phosphdte, and must be removed by filtration,
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Uranium acetate is now added to the solution, and the whole
boiled ; sufficient uranium has been employed when & fresh
addition produces no further precipitate. The uranivm phos-
phate is allowed to subside, and then washed by decantstion,
boiling water containing ammonium acetate heing employed.
The washings are carcfully filterod, and the phosphate tinally
collected on the same paper, dried, separated from the filter as
far as possible, the paper being incinerated alone first, and then
the whole is ignited. Before weighing, the uranium phosphute
should be moistencd with strong nitric acid and again ignited.
Its colour after ignition should be a bright canary-yellow. The
composition of the ignited precipitate is such that one gram
coutaius 1991 of P,0,.

Lime anp Maenrsia.—The filtrate is concentrated, and the
uranium precipitated by ammonia in the cold, the vessel being
kept covered.  The precipitate is washed twice by decantation,
then boiled with a solution of ammonium chloride and collected
on a filter. The lime and magnesia are determined in the
filtrate in the usual manner.

Volumetric Uranium Method.

Instead of weighing the uranic phosphate precipitated in the
preoeding process, 2 method of determining the point at which
the whole of the phosphorus pentoxide present has been removed
from solution has been devised. 1t is based upon the reaction
which occurs between an uranic salt and potassinm ferro-
cyanide-—namely, the produstion of a reddish-brown coloration,
a coloration which occurs only when no P,0, remgins in the
liquid.

Three solutions must be made specially for this process:—
1. The standard uranium solution is prepared by dissolving
about 85 grams of crystallized uranium acetate in 900 c. c. of
water : add 25 ¢, o. of glacial acetic acid. Uranium nitrate
(after having been purified by solution in ether, filtration and
evaporation of the ethereal solutien) may be substituted for the
acetate : in this case an addition of 8'5 grams of sodium acetate
{instead of acetic aoid) should be made to the solution. The
liquid should be allowed to rest for & few days before its strength
is determined, as a deposit. containing uranium slowly forms,
£. A sodium acetate solution is made by dissolving 100 grams of
that salt in Y00 c. a. of water, and making up the bulk to 1 litye
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by means of strong acetic acid. 3. The third solution requisite
is a standard one of caleium phosphate. To prepare this,
dissolve 4:366 grams of pure caleium phosphate in the smaliest
guantity of nitric acid necessary to effect solution: then make
up to $U0 c. ¢. This solution must be standardized by a direct
determination of the phosphorus pentoxide in it by the molybdic-
scid method, not by weighing the reprecipitated phosphate.
Before using this nitric-acid solution, however, the free nitric
acid must be removed by adding s little sodium-hydrate solution
until a slight opalescence is produced : then add 10 ¢. c. of the
acidulated sodium-acetate solution, which will clear up the slight
precipitate formed, provided no aluminium or jron (or only small
quantities) be present. Finally muke up the solution to 1 litre
with distilled water,

Now it is necessary to dilute our uranium solution until
20 ¢, c. of it are exuctly precipitated by 50 e. ¢. of the phosphate
solution. To do this, pour 50 ¢ c. of the phosphate solution
into a beaker, add 5 c. ¢. of the sodium-acetate solution, and then
warm it on the ¢ steamer ” to about 8u°, and maintain it during
the process at about that temperature. Now ran in, with con-
stant stirring, about 10 c. ¢. of the uranium solution. Next add
the uraninm solution more slowly in quantities of 1 c. c.or "5 ¢. c.
at a time, testing the liquid as follows after each addition :—
Bring a few drops of the turbid but nearly colourless liquid from
the beaker on to a porcelain slab which has been previously
covered with a number of annular grease marks, made by a
tallowed cork ring about 1 inch in dismoter. Now add a small
fragment of a crystal of potessium ferrocyanide; a reddish-
brown colour indicates that excess of uraninm solution has been
sdded, and the operations must be recommenced. But if no
coloration oceur, continue the addition of the uranium, solution
to the liquid in the beaker until a drop or two of the solution,
whep tested with ferrocyanide, just indicates excess, by the pro-
duction of the characteristic colour: this testing should be
repeated in five minutes to see whether the process is complete.
It will now be eusy to ascertsin how much water must be added
to the uranium solution in order that 20 e. c. of it shall be
exactly equivalent to 50 c. c. of the phosphate solution. This
streugth corresponds to ‘005 gram of P,0, for 1 c. c. of the
standard uranjum solution.

- In applying this volumetric process to the estimation of PO,
in a guano, either the filtered acetic acid solution of the ash of
the guano may be directly used, or the ash may be treated with
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hydrochloeric acid, &c., in order to render any silica insoluble, and
then the acid solution may be first rendered faintly alkaline with
soda, and finally acid with aceticacid. In operating then upon a
solution however obtained, no free acid save acetic must, be present,
while the rest of the treatment is conducted with 50 c. ¢, of the
solution in gquestion, exactly as described above. It is scarcely
necessary to add that the uranium solution must be standardized
by means of repeated trisls, and that two or more volumetric
estimations should be made in separate portions of each phosphatic
solution to be tested. It is necessary that about the same quantity
of sodium acetate solution be used in each experiment. Any ferric
phosphate which may be precipitated on removal of the free
nitric acid from the solution of the guano, &c., by means of sodium
acetate may be collected on a filter, wasbed thrice with boiling
water, dried, ignited, and weighed. The P,0, in it may be cal-
culated from its formula, which is approximately Fe, 0, I',0,.
The amount thus found must be added to that obtained in the
volumetric determination to represent the total.

NirraTe o Sopa or Porasn.

The proportion of real sodium or potassium nitrate in a sample
is ususlly determined by difference, the impurities only being
cstimated; these are generally moisture, sand and insoluble
matter, sodium chloride, and sodium or calcium sulphate, The
sample is prepared by the usual processes of powdering and
mixing,

Moisture is determined by heating about 5 grams to 130° C.
till the weight is constant.

Saxp ANp InsoLvBLE MaTTER.—About 7 grams are dissolved
in water, the residue collected on a counterpoised or weighed
filter, thoroughly washed, dried, and weighed. The result is
total insoluble matter. The filter may then be burni; the in-
organic residue is sand.

Svrruor Trioxive.—The filtered solution obtained from the
previous operation is to be largely diluted, beiled, and preci-
pitated with barium nitrate, nitric acid being also added. The
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weight of barium sulphate obtained will be calculated as ealcinm
or as sodium sulphate, according to the amount of calcium found,

Determanation of Chlorine.

Tho chlorine is best dotermined by a standard solution of
silver nitrate, which is added from a graduated vessel to the
filtered solution of 7 grams (or of a smaller quantity if much
sodium chloride be present) with which a few drops of a solution
of peutral potassium chromate have beon mixed, till the orange
tinge produced by each drop of the silver solution remains just
percoptiblo after stirring.

Preparation of the Standard Solution of Silver Nitrate,

The most convenient strength is a decinormal solution, Dis~
solve 16-97 grams of pure silver nitrate in water, and make up
to a litre, Preserve in a stoppered bottle. This solution now

contains 4% of the molecular weight of AgNO, in a litre:
1

therefore 1 ¢. c. should correspond to ;- the molecular weight
of Cl='00354 gram, or of NaCl=-00584 gram, &o. Titrate
with pure sodium chloride to find the exact strength,

If septems be used, 169'7T grains of silver nitrate should
be dissolved in 1000 septems of water; 1 septem will then
=-0354 grain Cl.

The silver solution must be neutral, and the solution to be
tested either neutral or very slightly alkaline with a fixed alkali ;
the process may also be worked in the presence of a small
quantity of acetic acid. The potassium chromate must also be
neutral and free from chloride ; it may be conveniently made so
by adding nitrate of silver till the red precipitate becomes per-
manent, and then filtering.

Line is determined in the usual way, in the filtered solution
from 7 grams,’

N.B.—Where the necessary appliances are at hand, it is simplest
to dissolve 35 grams of the nitre in water, pass the whole
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through the counterpoised filter, and then divide the filtrate by
weight or measure into five equal parts, in which the several
determinations are made,

Actual Determination of Nitrogen Pentoxide.

Tho amount of nitrogen pentoxide may, if desired, be found
with some approach to acouracy as follows, in the absence of
organic matter :—

Mix 1 gram of the finely powdered sample with six times its
weight of finely ground silica or quartz ; place the mixture in a
platinum capsule, and dry in the water-oven, or, preferably, at
130° C., till it coases to lose weight; then raise the temperature
to a low red heat for half an hour: the whole of the N,0, will
be expelled, and its amount found by the loss of weight which
the mixture has sustained subsequent to its desiccation in the
water-oven,

The silica may be prepared by igniting flints, plunging them
while red-hot into cold water, and pulverizing the residue.

Nitrogen pentoxide may be exactly determined in nitrates by
means of the copper-zinc couple method or by the aluminium
method as given further on (pp. 217 and 218), or by gas analysis
by Schloesing’s method, or with the aid of a Lunge's Nitrometer.

Porasm Sarrs, KainirE, &ec.

Besides potassium salts, the articles sold under this name are
likely to contain salts of sodium, calcium, and magnesium. As
their value depends entirely on the amount of potash present,
its determination is all that will generally be required. The
methods here described are equally suited for the analysis of the
commercial “ sulphate ’ or * muriate.”

. The sample must be powdered and cuefully mixed before
analysis.
Direct Method of Determining Potash,

Weigh out 10 grams of the ealt, boil for ten minutes in
200 c. o of water, and after cooling the solution, hut without fil-
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tering it, make up the bulk to 1000 ¢. ¢. and run it through a dry
filter, If the sample contain 10 to 15 per cent. of K,0 (kainite),
take 50 c. e. of the filtrate, but if less than 5 per cent. K,0 be
present 100 c. c. must be used. In any case make up the volume
to 150 ¢. c., heat to 100° and add, drop by drop, with constant
stirring, slight excess of barium chloride solution: without fil-
tering, add in the same manner baryta water in slight excesa,
Hent, filter, and wash the precipitate until it is free from
chlorides, Add to the filtrate and washings 1 c. c. of strong
ammonia-water, and then a saturated solution of ammonium
carbonate until the excess of barium is precipitated. Hoat. Add
now, in fine powder, ‘5 gram of pure oxalic acid or ‘75 gram of
ammonium oxalate. Filter, wash free from chlorides, evaporate
filtrate and washings to dryness in a thin porcelain or platinum
bason. Hold the dish with crucible tongs over a nuked flame,
but below a red heat, until all volatile matter has been driven off.
When cold, the residue is digested with hot water, filtered
through a small filter, and washed with successive small portiona
of water until the filtrate amounts to 30 ¢. ¢. or more. To this
filtrate, contuined in a porcelain bason, two or three drops of
strong hydrochloric aeid are added, and then 10 c. c. of & ten
per cent. solution of platinic chloride. The rest of the opera-
tions are conducted precisely as described under the heading
“ Estimation of Potash,” p. 135. But if thero be the slightest
appearance of white foreign matter in the orange-coloured double
chloride of potassium and platinum, it should be washed on the
filter w1th a 20 per cent. solution of ammonium chloride which
has béen saturated with all the X, JtCl, it will take up. 10 c.c.
of this solution are first run through the filter, and then 10 ¢. ¢.
more are poured on and returned 5 or 6 times : 10 c. ¢. more are
then used in the same way. Finally, the washings with alcohol
and with ether are conducted oxactly as described on p, 133,

In the analysis of Kaxvrrz the following determinations should
be made :—
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Motsrune in 2-3 grams, in the usual way.

Loss on Taxtrioxy in 3-4 grams heated very gently and care-
fully over a Bunsen burner for 5 minutes, cooled and weighed.

Insortsre Marrer in 10 grams dissolved in about 200 c. c.
of water, and filtered through a paper which has been previously
dried and tared. The residue on the paper is thoroughly
washed, the filtrate being collected in a litre flask, made up
to a litre and well mixed. The filtor-paper with the residue
is then dried, placed in a stoppered tube, and dried in the
water-oven until constant in weight.

Porasu is determined in 50 e. ¢. (=5 gram of the mineral)
of the filtrate by the method given on p. 174,

Liug is determined in 100 c.c. (=1 gram of the mineral)
of the filtrate. To this about 50 c. ¢. of solution of ammonium
chloride is added, a small quantity of ammonium hydrate, and

. ammonium oxalate in excess; after heating for some time
the precipitate of calcium oxalate is collected, washed, dried,
and ignited in the usual way. From the CaCO, weighed the
percentage of CaO is calculated.

Maenesia is determined in the filtrate from the lime, which
is concentrated to about 100-150 c. ¢., made ammoniacal, and
sodium phosphate added, gradually, in excess. After standing
in the cold for twelve hours, the precipitate is collected, well
washed with ammonia-water, dried, ignited, at first gently and
finally before the blowpipe, and weighed. The precipitate
aftor this ignition is Mg, P,0,, from which the percentage of
MgO is caloulated.

Svrerur Trroxioe is estimated in 100 c. ¢. (=1 gram) of
the solution by adding a little hydrochloric acid, heating nearly
to boiling, adding & solution of barium chloride as long as
a precipitate forms, heating until the precipitate subsides,
filtering and treating the barium sulphate as on p. 137.
From the weight of BaSO, found the percentage of 80, is
calculated. ’

Cavrorins is determined in 10 ¢. c. (=°1 gram) of the solution
by the volumetric process described on p. 173.
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In calculating the results the K,0 is usuully converted into
K S0, the Ca0 into CaS0,, and any residual SO, into MgSO,.
The residual MgO is calculated as MgCl,, and the residual Cl as
NuCl. The final results appear as follows :—

Moisture.
Combined water and orgaric matter,
Insoluble matter.
Potassium sulphate
(containing potash, K 0).
Calcium sulphate,
Magnesium sulphate.
Magnesium chloride.
Sodium chloride.

The oxalic acid and the ammonium oxalate used must be quite
free from sulphuric acid and from potash. Potash may be tested
for by igniting a portion, treating the ash (if any) with water,
tiltering, and examiniug the filtrate with platinum tetrachloride
as above. Oxalic acid may be purified from sulphuric acid by
means of barium chloride, and from alkaline salts by crystal-
lization, the first crystals being the most impure.

Indirect Method of Determining Potash.

Not more than ‘5 gram of the potassium salt is to be taken.
Precipitation with barium chloride &c., and ignition with oxalic
acid &c., are to be followed exactly as in the previous process.
The residue left on ignition is treated with water, filtered, some
ammonium chloride added, the solution evaporated to dryness in
o platinum or porcelain vessel, the dry mass continnously heated
till all ammoniacal salts are expelled, and the residus weighed.
It consists of mixed potassium and sodium chlorides. This is
next dissolved in water, and the chlorine it contains estimated
by the volumetric method described at page 173. The potassium
chloride present is then discovered by the following calcalation :—
The amount of chlorine found is multiplied by 2:1029; from
the product is deducted the weight of the mixed chlorides;
the difference is multiplied by 3:65662. The product is the

x .
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emount of sodium chloride present ; the remainder is potassium
chloride.

Perchloric-Acid Method of Determining Potash.

Potash may be conveniently determined in the form of per-
chlorate. The solution to be analysed must be first freed from
sulphuric acid by means of the addition of a slight excesx of
barium nitrate ; the mixture is then evaporated nearly to dry-
ness, und the residue moistened with nitric acid, these processes
of evaporating and moistening with nitric acid being repeated
until all hydrochloric acid has been removed. The mixture,
having now a volume of about d e. ¢., may receive the necessary
addition of pure perchiloric acid and then be evaporated to dryness,
To the residue a few c. ¢. of water are added, and the whole ouce
more brought to dryness.  Some spirit of wine is now poured on
the residue : the perchlorates of barium, calcium, magnesium, and
sodium are dissolved, while the barium sulphate and perchlorate
rewain behind.  More alcohol is poured on these, and the mixture
is rubbed with the end of a glass rod to break down the potas-
sium perchlorate crystals. The alcoholic washings are poured
off, aud the residue once more moistened with water, evaporated
to dryness, and taken up with alcohol. The whole is thrown on
u filter ; and when the alcohol has drained away, the residue on
the filter is treated with boiling water, which dissolves the potas-
sium perchlorate. The filtrate and washings are now evaporated
to dryness, heated to 100°, and weighed.  If the weight found be
multiplied by -3398, the corresponding amount of K,0 will be
the product.

Coxmox Sarr,

The amount of real sodium chloride is dotermined, as in the
previous analysis, by difference. Tho impurities present are
usually moisture, insoluble matter, and calcium sulphate, with
magnesium chloride and sulphate in traces; these are estimsted
by the processes already given: the moieture heing driven off at
130°. The sulphur trioxide found is combined with the lime;
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if an excess remains this is considered to be in union with soda.
In waste salt which has been used for curing bacon, potassinm
nitrate may oceur ; its amount may bo determined by one of the
processes given on pp. 217 and 218,

AMMONIACAL SArLTs.  (iAS-AMMONIA.

The ammonia present in these substunces is usually in the form
of sulphate. The impuritics are very varied both in nature and
amount: they may be roughly clussed as water, organie and
volatile matters, and iron compounds,

In preparing the sample for analysis, it should be reduced to
a fine powder, and well mixed,

Moisture is determined by drying in the wuter-oven in the
usual way.

Onrcanic AND Vorating Marters are estimated by loss of weight
on ignition, The ferric oxide, with other inurganic matter pre-
scnt, remains as a dark-red powder.

Aumoxia.—A combustion is made with a quantity not exceed-
ing 7 gram, all possible precuutions to prevent the loss of
ammonia during the mixing with soda-lime being carefully
attended to, The ammonia found may be caleulatedinto sulphate
(NH,),80,.

As the whole value of the substance depends on the ammonia
which it contains, its determinution will be all that is generaily
required. But if s qualitative examination indicates the presence
of sulphocyanogen, the re«l ammonia should be determined as
PtCl,ENH,Cl, the operation being conducted exactly as in the
estimation of potash (p. 135), except that the precipitate is to be
washed with mixed alcohol and ether.

Soor.
Ordinary soot consists mainly of finely divided carbon ; it con-
tains, besides, a small quantity of ammonium sulpbate and cum-

plex nitrogenous compounds, with various inorganic substances,
w92
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such as constituents of the fuel-ash or fragments of broken
masonry ; its value depends on the amount of available nitrogen
present.

Torar Inorcaxic Marrers.—An ash-determination is made
in about 3 grams of the sample; the loss on ignition includes
the carbonaceous and nitrogenous matters and the water.

NitroGEN.~—A combustion ie made with about 1 gram. The
nitrogen is usually calculated as ammonium sulphate, but part
of the nitrogen in soot exists in the form of nitrogenous bodies
having but a low manurial value.

§ii. ANALYSIS OF SOILS.

The constituents of soil may be looked at from a physical or
from a chemicul point of view.

It will conduce to the clear understanding of the problems
which the analysis of soils presents if their physical or mechanical
constituents be first enumerated :—

. Water, interstitial, hygroscopic, and combined.
. Air, both interstitial and absorbed or oceluded.
. Stones, remaining on a sieve of 5 mm.

. Gravel, remaining on a sieve of 3 mm.

. Gravelly sand, remaining on a sieve of -6 mm.
. Coarse sand.

. Fine sand.

Clay.

. Organic matter,

It should be noted that the four last-named soil-constituents,
associated with much weater and air or gases, make up the true
goil or ¢ fine earth ” in which plants find their immediately avail-
able supplies of nourishment. The terms clay, sand,and gravel,
as here used, are, however, not to be understood as implying any
apecial chemioal characters; they express simply oertain me-
chanical conditions.. On the proportions in which the several
physical constituents above named are present in. a s0il depend

LT DO W
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many of its most important physical properties. Not only so, but
as the several mechanical constituents differ from each other in
chemical composition, the results of the chemical analysis of a soil
will be greatly affected by the proportion in which the mechanical
constituents ocour. As a rule, the * fine earth ” alone is submitted
to minute qualitative chemical examination ; but if it be desired
1o ascertain what reserve of plant-food bo present in any soil, then
the gravelly sand, the gravel, and even the stones, as separated
during the mechanical analysis, may be likewise analysed,

Thus it will be scen that there are many reasons for desiring
a mechanieal as well as a chemical analysis of a soil. Unforta-
nately most of the physical constituents can never be absolutely
determined, it being impossible, for instance, to define where
gravel ends and sand begins : the amounts found will be much
influenced by minute variations in the plans of analysis adopted,
and will not be exactly comparable when soils of different origins
are treated even by the same method.

MEecnarNicat Axavnysis or Soits,

SaurLING.—Where the soil of a field is uniformly and distinctly
marked out from thesubsoil, three or four parcels of earth may be
taken from different parts of an acre. The surface vegotation and
accidental foreign matter are first cleared from the selected spota ;
then a trench is dug down te tho subsoil, 8o as to leave a square
block, 12 or 18 inches square, of the surface-soil intact; from
this vertical slices are cut until 5 kilograms (or 10 lbs.) of earth
have Been obtained. This material is then placed on a piece of
sacking on & wheelbarrow. The same operations are repeated on
the other selected spots, and from the united quantities of soil
thus obtained, after thorough mixing with the spade, a final
sample of about 4 or 5 kilos. is taken. This should be trans-
ported to the laboratory in a wooden box, not in & closed metaliie
or glass vessel, A sample of the subsoil may ba obtained from
the apots opened in the above operations, the depth to which the
subsoil is excavated being at least equal to that of the sail, ,
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When the surface of the land shows any kind of inequnlity to
exist in the texture, colour, or other character of the surface-
soil, it will be necossary to take a number of representative
specimens from places which rescmble one another closely, and
to mix them together. Then a sccond series of samples is secured
from other places in the field differing from those first selected,
but also resembling one another. Of course, if three sorts of
soil exist ulongside of one another, a third series of samples will
be required.

In order to prepare the soil for most of the operations of
analysis, whether mechanical or chemical, the sample should be
spread out in a warm place on a board or on smooth brown paper
to dry slowly; a sample of 100 grams may, however, be at once
taken for the determination of moisture. This should be dried
till constant at 100° C. and then at 150° C.

The main bulk of the soil, when in a fit state, neither too moist
nor too dry, must be passed between the fingers, the clods and
lumps being crushed from time to time as the drying proceeds.
If by any chance the lumps become too dry, they may be mois-
tened with the spray of distilled water, and then again left until
thoy are ready for crushing. When the whole sample has been
broken down and reduced to & uniform condition, so far as hand-
pressure is capable of achicving this result, then the following
operations are oarried out.

Sroxus.—If large stones bo present, the sample of air-dried
anil is weighed, the stones (which will not pass through a sieve of
5 mm.) are picked out, weighed, then dried in the water-oven,
and again weighed. The remaining soil is then well mixed, and
transferred to a stoppered bottle.

Motstore is determined in the usual way. As the sample
ia sure to be somewhat rough and uveven, 50 grams should, if
possible, be taken for thie determination.

OgeaNic Marree.—As large a portion of eoil as ecan con-
veviently be taken is heated gradually to low redness, and thus
maintained till stirring with a platinum wire fails to reveal any
black particles. - The residue, when cold, is moistened, with ams
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monium carbonate, dried, again ignited for a minute,
and weighed; the loss is organic matter plus
moisture,

GRaveL.—About 600 grams (or 10,000 graius)
are sifted through a wire sieve, the meshes of which
have u diametor of 3 millims.*, the siove being fitted
with a flat circular revolving brush above, and with
a drum below to receive the sifted portion, The
gravel remaining in the sieve is examined ; if lumps
of soil are visible, these are broken, and the sifting
resumed, The sieve, with its contents, is finally
placed in a bason of water ; and after sonking awhile,
the still adhering soil is washed from the gravel,
which is then dried in the water-bath and weighed,
If it be mixed with roots or other organic matter,
gentle ignition must precede the weighing. The
muatter removed by washing is to be preserved.

GRrAVELLY SaND.—The portion of sand which pussed
through the first sieve is now placed in a second,
the meshes of which have a diameter of 0-6 millim.
The sifting and subsequent washing are conducted
exactly as before. The wmatter removed in washing
the gravel is added to the contents of the sieve before
washing is commenced. The fine gravel, or gravelly
sand, when quite clean, is dried, gently ignited, and
weighed.

0ARsE Sanp,—30 grams (or 500 grains) of the
soil which passed through the last sicve are perfectly
dried at 100°C., and then weighed. Another similar
quantity is gently ignited, and then weighed. The
sample which has been dried at 100° C. is placed
in a bason, four or five times its bulk of distilled

* The scale at the side of this page will enable the analyst
to substitute the corresponding English measures of length
for those of the metric systeia given in the text.
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water added, and the whole hoiled for half an hour, with frequent
stirring. The last is especially necessary if the soil be of a clayey
nature, the object in view being the B
n . g 17.

perfect disintegration of the mass. Tho
contents of the bason are then removed
1o the glass vessel A in fig. 17 (depth 20
centims., width at top 7 millims.), fitted
at top with a narrow brass ring. provided
with an exit-tube, 2. The cistern, C, is
now filled with distilled water, and the
funnel-tube B(length of tube 40 centims.,
diameter 7 millims., drawn outat theend
to a small orifice, diameter 1} millim.)
attached to the cock with a picce of
twine. 'When all is ready, open the
cock of the cistern slightly, and, while
water is passing through the funnel,
introduce the latter into the vessel A, the height of which is to
be so arranged that the point of the funnel is about 3 millims.
from the bottom of the vessel. The issue of water from the
cistern is now regulated so that the height of water in the funnel
is kept 20 contims. sbove that in the elutriating glass, A. The
stream should issuc steadily against the side of the funnel. The
water with suspended matter overflowing from the tube a is
collected in a large beaker or bason and preserved. The opera-
tion is completed as soon as the water from the discharge-tube
runs almost clear. The funnel is then removed, the fluid in A
rapidly decanted from the solid matter, which is then rinsed into
a bason, dried, ignited, and weighed. The resnlt is coarse sand.

The apparatus here described admits of easy construction. An
ale-glass of the required height will form a goed elutriating
vessel. This (in the absence of the brass ring and tube) may bo
placed in the midst of a large, bason, which, when full, can be
connected with other vessels by a small glass siphon.

Fixg Banp.—The washings from the previous operations are
allowed to stand an hour or two, the liquid then poured off, and
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the solid residue returned into the elutriating gluss. The pro-
cess above described is then recommenced ; this time, however,
the column of water in the funnel is only 3 cm. above that in
the glass. The washing 18 coutinued till the water passes off
¢lear. The residue is then collected, dried, ignited, and weighed.

CLav.~—This is found by difference, and should be entered as
“clay, so-called, ignited,” but it cannot be regarded, in the
mujority of cascs, as consisting entirely of true cluy.

A method of washing soils by means of the upward flow of
a constant stream of water has been employed by several conti-
noutal chemists. The essential portions of the improved form of
the apparatus cmployed m carrying out this operation are repre-

Fig. 18.

sented in the annexed figure 18. A reservoir of water kept nf
a constant level by means of a large vessel and fube inverted
over the reservoir, in the manner of a bird-fountain, is required;
this is not shown in our illustration. The water enters the
special washing-apparatus st A, pssses downwards through a
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small glass tube with a stopcork B, the end of which, expanded
into a small funnel, and covered with fine cambrie, passes first
into the cork C, with which the “separator” D is closed: this
separator is best made of a paraflin-lamp glass inverted. The
upper end of the separator D is closed with a perforated cork
through which an equal-limbed siphon, E, passes. That end of
the siphon which is in the sepurator has a sinall upward bend at
its extremity. The method of using this arrangement for sepa-
rating clay, fine sand and coarse sand, is exactly like that just
deseribed, the boiled mixture of soil and water being poured into
the vessel I and then o stream of distilled water turned on from
the reservoir, so that the water flowing from the siphon shall
run by drops and not in a continnous thread into the beaker F.
When the difference of water-level in the reservoir and the
eeparator is about 57 centiws., and the distance hetween the
inflow and outflow in the separator is 13 centims., the fine sand
and the clay will both be found completely driven over into the
receiver F after u short time and the use of & comparatively
small volume of water. Then the coarse sand should be rinsed
out of the separator, dried at 100° C., weighed, gently ignited,
and again weighed. The fine sand and clay will have to be
removed from the heaker F, placed in the separstor, and washed
by means of a more gentle current of water, If the difference
of water-level between the reservoir and the point C be reduced
to 35 centims., the clay will be washed out while the fine sand
will remain in the separator, and can be removed to a dish, dried
at 100° C., weighed, ignited, and again weighed. The clay is
found by difference.

In using the process just deseribed, it is a good plan to make
a few preliminary trials as to level, rates of flow, and sizes of
tubes and vessels ; for different classes of soils demand modifi-
cations of arrangement. We may add that a lamp-glass
measuring 7 centims, across its breadest part, and having an
extreme length of 22 centims., forms a good separator, while
‘the siphon should be so arranged as to admit of being lowered
more or less into the liquid in this vessel, which may be $ full,
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Culeulation of Results.

1f the soil is one contrining large stones or pebbles, it is best
to put down the amount of these scparately, it being essentially
a variable quantity, and to calculate the other ingredients on the
soil remaining after their removal.  The percentages are all
cafculated for the dry soil; this is casily done, the moisture
present having heen determined by experiment ; as, however,
this determination is made subsequent to the separation of the
stones, the percentage of these must be caleulated as follows : —

Subtract from the weight of sample the weight of undried
stones ; find the amount of dry soil the remainder is equal to;
add to this the weight of dried stones, and calculate from this
total the percentage of dry stonos.

The percentages of organic matter, gravel, and gravelly sand
are found in the usual way. The organic matter mny perhaps
present. a difficulty. The loss in the experiment consists of
organic matter plus moisture; if, however, we calculate the
amount of dry soil that the quantity taken is equal to, and
deduct from this the weight after ignition, the difference is
organic matter only; this is then calculated on the dry soil.
(Of course the term ‘organic matter’ here includes combined
water.) The amounts of organic matter in the coarse sand and
in the fine sand having been already determined, the quantity in
the clay mny be ascertained by subtracting the sum of these
amounts from the total quentity.

The higher its percentage of the more finely divided ingre-
dients, the better adapted for the growth of plants the soil will
prove, taking for granted, of course, the presence in thege fine
earthy particles of all the necessary ingredients of plant-food in
adequate proportion and in suitable condition,

Other physical characters of soil may readily be determined
by experiment. Such are the amount of moisture which 70
grams of perfectly dried soil oan absorb from the air, when
spread out in a thin layer and shaded from the san, on an ordi-
nary summer day; the amount of water which the same quan-
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tity of soil can hold when made perfectly wet by dropping water
upon it contained in a funnel ; the rapidity with which the wet
#0il dries; and the power which the soil has of withdrawing
such substances as ammonia, potash, phosphorus pentoxide,
colouring matter, &c. from their solutions. The interstitial air
of a soil may be extracted by means of a Sprengel pump, mea-
sured, and submitted to analysis.

Cremicat ANaLYsis oF Sorvs.

Soils, as we have just seer, are really mixtures of stones,
gravel, and sand of various kinds, with more perfectly disin-
tograted mould ; each of these physical constituents will possess,
to a greater or less extent, a different chemical composition ;
a complete statement of the chemical constitution of a soil will
therefore include an account of the composition of each of these
ingredients. An analysis in such detail, however, will seldom
be required; the directions here given will therefore apply
directly to the analysis of the finer portion of the soil. The
processes described will neverthcless, in most cases, be equally
applicable to the examination of the stony matters; occasional
hints will be given having espccial reference to this part of the
subject.

The sample is prepared by drying, breaking the clods by the
hand, and sifting to remove stones and gravel, the sieve finally
employed being that mentioned above, having meshes of 6 of a
millimetre in diameter.

The prepared sample should be preserved in a tightly closed
bottle.

If an analysis of the stony ingredients is desired, they are to
be freed from the finer parts of the soil by washing, then dried
and pulverized—the last operation being best effected, when the
gravel is of & silicious nature, by first crushing in an iron mortar,
and afterwards completing the pulverisation in one of agate. It
is particularly necessary that a very fine powder should be
obtuined. 1f the stones wro evidently flint or other simple
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mineral of known composition, their analysis may certainly he
dispensed with, while, should they be evidently calcareous, the
directions for the analysis of limestone may be made use of. It
is always well to ascertain qualitatively of what the stonos,
gravel, and sand mainly cousist, even when quantitative results
are not required,

The results are best arranged 8o as to exhibit the composition
of the perfectly dry soil. The prepared sample will generally
contain a little moisture; the amount of this is to be dotermined
by drying a small weighed quantity at 100°; it is then ensy
to calculate all the results as if obtained in a porfectly dry
sample,

PARTIAL CAEMICAL ANALYSLS,

For most agriculturul purposes a partiul chemical analysis will
sufice. The constituents determined quantitatively are organic
matter, matters soluble in water, nitrogen, potash, lime, and
phosphorus pentoxide, Qualitative testings are likewise made
for sulphur trioxide, chlorine, nitrogen pentoxide, and iron in
the ferrous condition.

Oreaxic Marrer.—About 4 grams are heated gradually to
low redness, aud thus maintained till all blackening has disap-
peared ; the residue, when cold, is moistened with ammonium
carbonate, again heated for a minute or two, in order to dry it
and drive off excess of ammoniacal salt, and then weighed.
The loss is organic matter and combined water.

SorusLE SaLts.—About 10 grams are boiled with 200 ¢. ¢. of
wated in a flask and kept at a boiliog temperature, with occa-
sional shaking for a quarter of an hour. The mixture may then
be allowed to subside, and the supernatant liquid decanted off :
this process of boiling is repeated with the residue and another
portion of water, The second portion of liquid is decanted off
when nearly clear; snd then both it and the first portion are
fltered through = cerefully washed Slter. The filtrate will
probably still be turbid ; if so it should be boiled and then again
filtered. Finally the clear filtrate thus obtained is evaporated
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to dryness, in a weighed dish or beaker, on the water-bath,
dried at 100° C. and weighed. If the dry residue amounts to
more than ‘2 gram (2 per cent.), it indicates a rather excessive
and possibly injurious amount of saline matters in the soil. The
residue should be tested qualitatively for phosphates, nitrates,
sulphates, and chlorides.

Nitroser.—The nitrogen present in soils is commonly pro-
portionate to the amount of organic matter they contain. It is
not usually convenient to burn a quantity of the soil containing
more than '8 or ‘9 gram of organic matter; but within this
Timit the largest possible amount should be taken ; if & sufficiently
long tube be employed there is no difficulty in using 25 or even 30
grams of earth : the Ruffle thiosulphate method should be adopted.
Determinations of nitrogen existing as smmonia and as nitrates
may be made separately if desired.  For this purpose 2 watery
extract of the soil must be specially prepared as follows. A
fuunnel 44 inches wide is made by cutting off tho top of a Win-
chester quart-bottle. This is inverted and a dise of copper-
gauze laid over the opening, and on this two discs of filter-paper,
the upper one slightly wider than the lower. The filter is
moistened and then the soil (previously dried at about 55° as
quickly as possible) is carefully spread upon it, from 200 to 300
grams being taken according to the supposed richness of the
sample in nitrates and nitrites. The neck of the Winchester has
been previously fitted with an india-rubber stopper and glass
tube. The latter is put into communication with a strong flask
m which has been inserted an india-rubber stopper having two
openings. Into the second opening of the latter is fitted a bent
glass tube communicating with an exhausting syringe or a pump,
Water is poured on the soil, and the air in the flask is partially
exhausted. When 100 c. c. of water have passed into the flask
it may be conoluded that all nitrates and nitrites have been
extracted from the soil. Their amount may be determined in
an aliquot part of this liquid by means of the ¢ copper-zine
method ” given on page 217. If there be any ammonia-salts
present they must first be removed by distillation with sodium

hodvata
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The ready-formed ammonia in a soil may be determined by
distilling a suitable quantity of the dried soil with pure magnesia
and water (see page 169),

P'nosporus PENTOXIDE.—About 10 grams of the soil are
employed for the determination of the phosphorus pentoxide
and the potassium. The weighed quantity is to be gently
ignited for a few minutes, the heat being scarcely raised to
visible redness, as the object is merely to carbonize the organie
compounds, and as an intonse heat is prejudicial,  The soil,
when cold, is removed to a beuker und digested with moderately
streng hydrochloric acid (the coneentrated acid diluted with its
own bulk of water). The digestion should be carried on in a
covered vessel, at a temperature a little below boiling, for an
hour, or, in the case of a ferruginous soil, until the undissolved
residue ceases to appear of a red colour. The whole is then
evaporasted to dryness and the residue heated for some time at
a temperature above 100” C. to render the whole of the silica
insoluble.  The mass after cooling is to be moistened with con-
centrated hydrochloric acid and allowed to stand 15 minutes or
longer ; a little water is then added and the whole warmed. 1f
the residue be grey or white, or black through the presence
of much carbon, the liquid mway be diluted with more water,
boiled, and filtered. The residue on the filter, when dried
and ignited, consists of silica and silicates, and may be weighed
with the usual precautions. The filtrate and washings of this
residue are treated as follows :—

The liquid is precipitated by a slight excess of ammonia, the
precipitate washed with hot water and collected on a filter. In
the filtrate the potassium is contained; in the precipitate the
phosphorus pentoxide. To estimate the latter the precipitate is
redissolved in a small quantity of nitric acid, and the under-
mentioned process adopted for the treatment of the solution thus
obtained. Should the soil contain but little ferric oxide and
alumina it is preferable to use the solution of 10 grams freed as
above described from silica, but without precipitating the liquid
with ammonia.
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Molybdic-Acid Method.

The suceess of this process is not interfered with by the pre-
sence of much ferric oxide or alumina ; it is peculiarly applicable
in cases where the amount of phosphorus pentoxide present is
very small, but is the method to be generally preferred in all
cases.

To the solution about 30 c. ¢, of an acidified solution of ammo-
nium molybdate are added ; the mixture is evaporated to a small
bulk on a steamer or water-bath ; the bright yellow precipitate is
collected on a filter and slighly washed with a few drops of a
solution of ammonium nitrate, The filtrate is then treated with
a further quantity of ammonium molybdate, and submitted to a
second digestion on the water-bath. Should more of the yellow
precipitate be formed, it is collected on tho same filter as that
first obtained : digestion with ammonium molybdate is repeated
until no further formation of a yellow precipitate occurs. The
formation of a permanent white precipitate of molybdic acid is
a proof that the solution is saturated with that body, and that,
consequently, any further addition of the reagent is unnecessary,
digestion in the water-bath being all that is required. The white
as well as the yellow precipitates are collected on the same filter.

The precipitate is to be washed while on the filter with small
quantities of the acidified solution of ammonium molybdate, or
with a strong solution of ammonium nitrate. It is then treated
on the filter with just enough hot dilute solution of ammonia to
dissolve it completely ; to the clear solution, which contains the
whole of the phosphorus pentoxide, a few drops of citric acid are
added, and finally some magnesia mixture. After 12 hours the
precipitate of ammonium magnesium phosphate is collected and
treated exactly as before described, p. 135. In all determina-
tions of P,0, by meuns of this salt, a small loss occurs, owing to
its solubility in water ‘and saline solutions, An approximative
allowance for the error thus introduced may be made by adding
to the weight of the magnesium pyrophosphate obtained -001
gram for every 200 c. c. of washings collected. The phosphorus
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pcutoxide is calculated from the weight of Mg, P,0, obtained ; it
is usually regarded as existing in the soil as tricaleic phosphate,
although, in fact, it is much more probable that it ocours wholly,
or almost wholly, in the state of alumininm and ferric phosphates.

The following modification of the molybdic-acid method may
be adopted. Concentrate to o small bulk the nitric acid solution
(see page 191) which contains the phosphoric acid. ‘When cold,
add excess of the acid ammonium golution and allow the mixture
to stand, in the cold, for 48 hours. Decant the liquid through a
smnll filter, wash the yellow precipitate with small quantities of
dilute nitric acid by decantation, and then transfer it to the
filter. Wash the precipitate on the filter with small quantities
of cold water till the Altrate is free from acid. Dissolve the
precipitate on the filter with ammonia, collecting the filtrate and
washings in a tared platinum capsule. Fvaporate justto dryness
the contents of the capsule, und dry tili constant in the water-
oven. 1 part of the residue will contain 035 part of P,0,.

Lime.—The filtrato from the ammonia procipitate  (sce
page 191, line 30) is boiled and treated with pure ammonium
oxalate as long as 8 precipitate is produced ; the whole is
Gltered : the lime may be determined, if necessary, by washiug,
drying, igniting, and weighing this precipitate of caleium oxalate,
the usual precautions being taken.

Porasm.—The filtrate from the caleium oxalate i8 evaporated to
dryness, and the residue gently ignited to expel ammonium sults.
The mass is then treated with pure oxalic acid (in such quantity
as to convert all the buses present, viewed as potash, into the salt
known 88 ¢ quudroxulnte "), some water added, and the whole
once more evaporated to dryness and jgnited. The residue is
dissolved in 8 small quantity of hot water, and filtered : the
filtrate, if clear,i8 treated with hydrochloric acid in slight excess,
evaporated to dryness, and gently ignited. Insa complete analysis
of soil this residue is to be weighed; the weight is that of the
mixed potassium and sodium chlorides. In the present case the
mixed chlorides are dissolved in the smallest possible quantity of
water, some platinum tetrachloride added and a drop of hydro-

: °
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chloric acid, and the whole evaporated noarly to dryness on the
water-bath, If the solution lose its orange tint during evapora-
tion, more of the platinum salt must be added. The moist residue
is treated with &0 per cent. alcohol, transferred to a very small
weighed or counterpoised filter, and washed with aleohol till
the washings aro colourless. The precipitate is dried at 100°
and weighed. For its composition see¢ p. 135. The potassium
in a soil may be calculated, according to circumstances, into
K,0, KCl, or K80,

By means of the standard silver solution employed in the
estimation of chlorine (see p. 173), we may likewise determine
the proportion of potassium to sodium in the dry mixed chlorides
which have been weighed as above described. 'We mercly rinse
out the chlorides into a flask with water and titrate the solution
with silver solution and potassium chromate in the usual manner.
Thus we obtain the weight of chlorine present; and as we
already know the weight of the mixed chlorides, we have now
merely to caleulate in what proportions the potassium and
sodium must exist in the total salts in order that the quantity of
chlorine found should be combined with its proper proportion of
these two metals,

Let 8 = the weight of mixed chlorides,

and A = the weight of chlorine found ;

let o stand for the potassium present, and y for the sodium.
A

Now as the ratio of chlorine to sodium, or 1%—11, is expressed

by the number 1:54, and the corresponding ratio, %’ by ‘905,

we may arrive at the values of « or the potassium, and of y or
the sodium present, by means of the following equations : —
‘905 x4 1564 y=A,
x4 y=8-—A,
154 2— 905 a=154 (S~ A)-—-A,
154 y— -905 y=A—905 (8—A4A),
1:54 (8—A)—A
&‘s———"fg.s—s——,
A —~+908 (8--A)
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A few qualitative testings form a valuable addition to the
partial quantitative analysis of a soil just described.

A small quantity of the soil is heated with a little water and
stirred ; & piece of bluc litmus paper is then left on the top of
the pasty mixture to sece if the reaction of the soil is acid ; car-
bonic acid may redden the paper, but in that case the blue tint
will reappear on warming the paper. A small quantity of the
soil should be gently warmed with dilate nitric acid, filtered, and
nitric acid and silver nitrate added to one half the filtrate, the
other half being tested for sulphates by tho addition of a few
drops of barium chloride.

1t is of great importance to ascertain the condition in which
the iron of a soil exists. This is accomplished to some extent in
the following manner :—About 2 grams of the soil, which must
not have been dried artificially, are shaken with moderately
strong hydrochloric acid in a small flusk for some minutes;
water is added, and the mixture allowed to rest. The super-
natant liguid is to be poured through a filter, and tho clear
filtrate divided into three portions. To one part add a fow
drops of potassium permanganate solution: an instantaneous
disappearance of the violet colour indicates iron in the state of
a ferrous salt, the protoxide. To another part of the solution
add sodium ncetate and potassium ferricyanide; a dark blue
precipitate indicates a ferrous, a green colour a ferric sali. To
the third part of the solution add sodium acetate and potassium
ferrocyanide; a blue precipitate indicates a ferric salt.

ComprLEere CHEMICAL ANALYSIS,

The complete chemical investigation of a soil is seldom neces-
sary, and involves, when properly conducted, a very large
amount of tedious and difficult work. It would unduly extend
the size of the present volume were we to attempt to give full
directions for the quantitative analysis of soils. We shall
thereforo only describe such determinations of their usual con-
stituents as are most easily and advantageously made. The
directions already given, and those with which we now proceed
to supplement them, may, however, be applied to what may be
called the ¢ fractional analysis” of & soil, as well as to that of

02
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the sample prepared as before directed. In the fractional ana-
lysis of a soil, 200 grams are taken in a finely divided state,
but without artificial drying, and shaken up at intervals with
two litres of & one per cent. solution of citric acid for seven days.
Then the liquid is filtered and 500 c. c. evaporated to dryness,
the residue being incinerated, in a platinum gdish. The residue
is dissolved in hydrochloric acid, the solution evaporated to dry-
ness, and the residue again dissolved, the solution being once
more filtered. In the filtrate the potassium is determined.
Another portion of 500 c. c. is similarly treated, only that nitrie
acid is substituted for hydrochloric acid: in this portion the
phosphorus pentoxide is determined by the molybdic-acid method.
When & soil contains much calcium or magnesium carbonate this
process is not applicable, but in the majority of cases it may be
regarded as showing how much of the potassium and phosphorus
in the soil is immediately available for plant-food : the residue
on the filter is then analysed exactly as directed in the case of a
sample of prepared soil. But if it be desired to effect a further
classification of the states in which the various kinds of plant-
food exist in the soil, the above residue should be boiled in a
flusk for half an hour with pure hydrochloric acid of spec. grav.
1'16. The liquid is then filtered off, the residue washed, and
then the united filtrate and washings are analysed as herein-
after directed.

The constitucnts determined in the more complete analysis
of a soil are organic matter, nitrogen, soluble silica, insoluble
silica, ferric oxide, alumina, lime, magnesia, potash, soda, sulphur
trioxide, phosphorus pentoxide, carbon dioxide, chlorine, and
also, in some cases, manganese dioxide,

Oxneaxic Marrer may be determined as in a partial analysis;
or that part of it which is of tho greater agricultural significance
may be dissolved out of 10 grams of the soil (previously deprived
of CaCO, by means of dilute HCI) by the action of a solution
of ordinary ammonia diluted with its own bulk of water. The
liquid is filtered through glass wool after 4 hours’ contact
with occasional agitation. The filtrate aud washings are united,
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evaporated to dryness in u platinum dish, and weighed. The
dish is then heated strongly, and the ash of the organic matter
deducted from the first weighing: the differcnce ropresents the
soluble Aumus of the soil with some approach to accuracy. The
ash of the organic matter always containe some phosphorus
pentoxide : this may be estimated in the nitric acid extract of the
ash by meuns of ammonium molybdate.

NiTrogEN, in its several states of combination, is determized
exactly as in the purtial analysis,

InsoLveLe Sivica a¥p SiLicates.—About 13 grams of the
soil are very gently ignited, and subsequently digested in hy-
drochloric acid, precisely as directed in the partial analysis
under the head of Phosphorus Pentoxide, p. 141. The acid
solution is filtered, the insoluble matter collected, thoroughly
washed, dried, ignited, and weighed : it is roserved for further
examination.

SorusLe Sivrca.—The filtrate is evaporated to dryness, the
residue heated for some time, and then redissolved (see p. 101);
the insoluble matter, which should be perfectly white, is col-
lected, washed, ignited, aud weighed : it geuerally represents a
considerable part of the soluble silica of the soil.

The filtrate and washings from the above are well mixed and
divided by weight or measure into two portions, one containing
about twice as much as the other: the larger portion is reserved
for the determination of phosphorus pentoxide and alkelies, as
already described (p. 191). The smaller is employed for the
determinatinn of ferric oxide, alumins, manganese dioxide, lime,
and’ magnesia,

SuarLcer Porriox.

Muthod employed in the absence of Manganese. ‘

Frarre Oxipe.—The solation is boiled with a little nifric acid ;
when cold it is diluted, some ammonium chloride added, and &
slight exoess of ammonia : the precipitate is washed by decauts-
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tion, the washings being filtered ; it should then be redissolved
and precipitated again, exactly as before, to free it entirely from
adhering lime. The mixed ferric oxide and alumina is next dis-
solved in a small quantity of hydrochloric acid, brought to boil-
ing, and precipitated by an excess of pure sodium hydrate. The
solution is filtered, and the precipitate of Fe O, washed by decan-
tation, redissolved in hydrochloric acid, reprecipitated by cxeess
of ammonia, and finally collected, washed, dried, ignited, and
weighed.

ArvmiNa.—The filtrate and washings from the precipitate by
sodium hydrate are treated with hydrochloric acid in slight ex-
cess, a crystal of potassium chlorate added, and the whole boiled ;
an excess of ammonin is next added, and the boiling continued
for some time, until all but a trace of the ammonia has been
volatilized : the precipitate is then allowed to subside, thoroughly
washed by decantation, and finally collected, dried, ignited, and
weighed.

The taustic soda or sodium hydrate used should be that made
from sodium, and must be free from silica and alumina. The
precipitate weighed as alumine will contain all the phosphorus
pentoxide present in the * portion ” operated on: its amount is
to be calculated when the phosphorus pentoxide determination is
finished and subtracted from the gross weight of the alumina
precipitate ; the difference will be the alumina itself.

N.B. The ferric oxide and alumina may also be very accurately
determined by means of the volumetric iron method before de-
scribed. For this purpose the ferric oxide and alumina precipi-
tated by ammonia are collected, gently ignited, and weighed;
they are then digested in concentrated hydrochloric acid till dis-
solved, and a determination of iron in the solution is made
aceording to the directions previously given at page 154. The
alumine will then be found by difference.

Liux and Magxesia are estimated in the concentrated filtrate
and washings from the original precipitate produced by ammonia.
The lime is precipitated by ammonium oxalate; and in the filtrate
and washings from the calcium oxalate the magnesia is deter-
mined in the usual way, and with the usual precautions,
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Method employed in the presence of Manganese.

The presence or absence of manganese is easily ascertained in
the hydrochlorie solution of a soil (prepared from a portion which
has been gently ignited) by adding ammonium chleride and ammeo-
pia, filtering rapidly, and mixing some chlorine-water with the
filtrate. The mixture is kept for some time in a warm place; if
a brown precipitate or coloration appear, manganese is present,

Ferrre Oxivr and Avvmina.—The solution is peroxidized by
boiling with a little nitric acid; ammonium carbonate is then
slowly added with constant stirring, till the liquid is neutralized
as far as possible without producing & permanent precipitate ; the
whole is then diluted to 300 or 350 . c., an excess of ammonium
acetate added, and the solution well boiled. The precipitate,
which contains all the ferric oxide and alumina, is first washed by
decantation, and is best brought to the boiling-point after the
addition of each washing water, to which a little ammoninm
acetate has been added ; it is finally collected, washed with hot
water, dried, ignited, and weighed. The weighed precipitute
is digested in concentrated hydrochloric acid till dissolved; the
ferric oxide is then determioed by the volumetric method: the
difference is alumina.

Maxeanusg Dioxipe.—The filtrate and washings from the
above are concentrated to about 180 e. ¢., a considerable amount
of chlorine-water or bromine-water added, and the whole digested
for some hours, at a temperature of about 55°C. When the preci-
pitafe has subsided add some more chlorine-water, and observe if
any further darkening takes place ; if this is not the case, the pre-
cipitated manganese dioxide may be at once collected. It should
be thoroughly washed, first by decantation, warm water being
employed. When ignited it is converted into Mn,0, ; for this
purpose a high temperature is required. In many soils the man-
ganese exists in the form of MnO,.

Lixze and Maaxzsta are determined in the usual manner in
the filtrate from the manganese precipitate.
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Larckr PortioN.

Puosprorus Pexroxipe and ALKALIEs are determined, exactly
as directed in the Partial Analysis, in the larger portion of the
filtrate and washings (from the silica determination) reserved for
that purpose. When in the esthnation of the alkalics there de-
scribed the amount of potassium chloride present has been ascer-
tained, it is only necessary to subtract this amount from the total
weight of the mixed alkaline chlorides to find the amount of
sodium chloride : this salt may then be calenlated into soda.

SuLpror Trioxine.—10 grams of the dried but unburnt soil are
digested in dilute hydrochloric acid, and the whole of the siica
rendered insoluble by evaporation to dryness ; the residue is re-
dissolved in a small quantity of hydrochlorie acid, the solution
diluted, boiled, and filtered. The clear filtrate is brought to the
boiling-point, and precipitated by barium chloride. The barium
sulphate, when burnt, is to be moistened with a drop of strong
nitric acid, dried, again ignited, aud weighed.

CHLORINE.—13 grams of the soil are gently ignited as before
directed, and digested with distilled water slightly acidulated
with nitric acid, the whole filtered, and the soil washed a few
times on the filter. The clear solution is treated with silver
nitrate, and the whole allowed to stand twelve hours in a warm
place. The silver chloride is collected on a very small filter, and
washed with water containing a few drops of nitric acid ; the last
few washings, however, should be with plain water. Its wecight
is determined either by heviog the filter counterpoised, or By
ignition in 8 small porcelain crucible; the latter operation is
conducted according to the directions given at p. 149.

CarsoN Dioxipk is determined by the loss of weight which
occurs an its expulsion ; the dried, unburnt soil is operated on;

_the quantity taken must depend on the amount of carbonates
present. The soil is introduced into & small wide flask, and
moistened with a little water. A short test-tube, ¢, is two thirds
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filled with hydrochloric acid, and carefully introduced so that its
top rests against the shoulder of the flask, and that no acid
escapes. A perforated cork with two tubes is then attached.
One of these tubes reaches to the bottom of the flask, passes
through the cork, and extends 4 or
5 centims, above it; it is closed
by a small cork, . The other ¥z
tube, which does not oxtend much a ﬁ
below the cork of the flusk, is bent f"&—_ﬁi -4
thrice at right angles, and is

finally fitted into a wider tube, «a, .
6 or 8 centims. long and drawn to
& point at its further end, d.
This tube has & plug of cotton
at either extremity, the interme-

Fig. 19.

n

/7

diate space being filled with small v
fragments of mneutral caleium & N Faa
chloride which hus been well dried il
over a Bunsen-burner. The T

apparatus is now weighed. After weighing, the apparatus is
slightly inclined, so that a little acid flows out of the tube; it is
afterwards mixed with the soil hy gentle agitation ; this is re-
peated from time fo time till the soil ccases to effervesce. The
flask is then warmed, but not boiled ; when nesarly cold, the
small cork is removed, and air slowly drawn through the appara-
tus, by suction applied to a piece of india-rubber tubing attached
to the open end of the calcium-chloride tube; this is continued
until the air no longer tastes of ecarbon dioxide; the little cork
is then replaced, and the spparatus, when quite cold, weighed ;
‘the loss in weight is carbon dioxide. Some practice is needed to
get fairly exact results with this carbon-dioxide apparatus, Other
contrivances, in blown glasa, may be substituted for the fitted flask
"shown in fig. 19; the forms devised by Schrotter and by Rohrbeck
leave nothing to be desired.
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ANALYSIS OF INSOLUBLE SILICATES.

N.B. The analysis of the stones and gravelly portion of the
soil will fall chiefly under this head, unless, indeed, they arc of a
calcareous nature, in which case they will be eusily decomposed
by acid, and are analysed us a limestone,

The matter insoluble in hydrochloric acid is examined care-
fully; if it appear to be pure quartz-sand, further analysis is
superfluous. To make the matter quite certain, a small portion is
very finely powdered in an agate mortar, and treated in a pla-
tinum vessel with hydrofiuoric acid; a gentle heat is applied
till tho whole of the fluid has evaporated. If aresidue remains,
it is once more treated with hydrofluoric acid ; should this fail
to volatilize it, the substance is not pure silica, but must be sub-
mitted to further analysis. If the insoluble silicates are appa-
reutly argillaceous, they may be analysed by the following simplo
process; if otherwise, tho hydrofluoric-acid method, or fusion
with baryta, must be resorted to.

Sulphuric-Aeid Method,

The substance is reduced to an impalpable powder in an agate
mortar. About 2 grams are treated with an excess of sulphuric
acid (oil of vitriol plus its own bulk of water) in a platinum or
porcelain capsule; heat is then applied, and continued till the
acid has been almost entirely volatilized.

Si1t1ca.—When cold, dilute with water ; collect and thoroughly
wash the insoluble matter; dry, ignite, and weigh. The sand
and silica are left; and the mixed silica may then be partly dis-
solved by digestion with a strong solution of sodium carbonate,
The sand when obtained should be tested for purity with hydro-
fluoric acid.

Arvmrza, Femric Oxipg, Lime, Maewrsia, Porasm, and
Sopa are determined in the filtrate from the silica by the pro-
cesses previously described ; the magnesia is to be precipitated
by ammonium phosphate. The excess of phosphoric acid may
be removed by adding to the filtrate from the magnesia preoipi-



COMPLETE ANALYSIS OF 80ILS, 203

tate a little ferric chloride, boiling and filtering. The alkalics
are obtained as sulphates on ignition.

Ifydrofluorie-Actd Method.

13 gram of the finely powdered silicate is placed in a platinum
vessol and gradually mixed with rather coneentrated hydro-
fluoric acid till a thin paste iy obtained. The wholo is digested
at a gentle heat for some time; oil of vitriol diluted with its
own bulk of water is then added, drop by drop, in quantity suf-
ficient to be in excess of the bases present. The vessel ia then
carefully heated till the whole of the acid has volatilized and a
dry residue remains; this is treated with concentrated hydro-
chloric acid, and sllowed to remain af rest one hour; water is
then added, and the whole warmed. If the operation has
been successful, a clear solution, devoid of solid particles, will
result ; should a residue remain, it must be separated by de-
cantation, and treated again with hydrofluoric acid, exactly as
before.  Silica is by this method determined as Joss, being vola-
tilized as silicon tetrafluoride. Before using the hydrofluorie
acid for this process its purity should be tested by evaporating
in & platinum vessel the quantity required for an snalysis,
weighing the residue and, if necessary, submitting it to quan-
titative analysis.

Avvmina, Ferric Oxioe, Line, Macxesia, Porasu, and Sopa
are determined as in the preceding method.

If the alkalies only should be required, the solution is preci-
pitated with a little barium chloride, the filtrate evaporated, the
residue ignited, treated with pure oxalic acid, ngain ignited, and
the alkalies estimated as chlorides, exactly according to the
directions already given.

Fusion with Baryta.

Fither harium hydrate, free from water of crystallization, or
barinm chloride may be used for this purpose. The purity of
the harium salt should always be ascertained by experiment.
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8 grams, or more, are dissolved in water, the barium precipi-
tated by sulphuric acid, the perfectly clear solution evaporated
to dryness in a platinum vessel, and gently ignited : no residue
should be left ; if any appears, the dish may be weighed, and the
amount of impurity thus found.

1'3 gram of the finely powdered substance is intimately
mixed with four times its weight of the barium salt, intro-
duced into a platinum crucible, which it should not more than
one third fill, & little pure barium carbonate being spread over
the surface of the mass. The crucible is covered, and its con.
tents brought to a state of fusion, and thus maintained for a
quarter of an hour: the barium chloride will require a higher
temperature for fusion than the hydrate; the heat of a good
gas furnace will, however, suffice; if this be not at hand, the
platinum vessel is to be placed in a Hessian crucible, which it is
prevented from touching by being imbedded in a little magne-
sium carbonate, and the whole exposed to a full red heat in any
convenient fire.

The fused mass when cold is dissolved in dilute hydrochloric
acid; solution is most conveniently effected by placing the
platinum vessel in a beaker,

SiLica,—When the fused mass is completely disintegrated, the
crucible is removed and washed, the whole fluid evaporated to
dryness, and the residue heated to render all silica insoluble. The
mass is finally redissolved, and the eilica collected and weighed.
It should be tested for purity with hydrofluoric acid; if found to
contain other matters, the fusion has been imperfect.

Avvmixa, Fernic Ozxiog, Liug, Maoxzsia, Porasm, and
Sopa.—The whole of the baryta is thrown down by sulphuric
acid, and the bases estimated as before directed.

Esrmuarion or Augavnies.—Another good method for separating
the alkalies from insoluble silicates is to heat the powdered
mineral with its own weight of pure ammoniam chloride and
eight times its weight of pure calcium carbonate, at first gently
and then at & bright red heat for about three quarters of an hour;
.when cold the residue is digested in water, filtered, and the
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lime in the filtrate separated by ammonia and ammonium car- .
bonate. On filtering, evaporating, and igniting, the residue
consists only of alkaline chlorides.

Linestone, MarL, AND SHELI-SixD,

Tho chief constituent of limestone is calcium carbonate (car-
bonate of lime); in magnesian limestone or dolomite a consider-
able quantity of magnesium carbonate is also present. The
other constituents are silica, ferric oxide, iron pyrites, alumina,
with, in most cases, traces of alkalies, manganese dioxide,
sulphur trioxide, phosphorus pentoxide, and organic or bituminous
matter.

The sample is prepared by being fincly powdered.

Morsrore and Oreaxic Marrer are estimated by heating to
low redness. If the heat, in consequence of the presence of
organic matter, is necessarily prolonged, moistening with ammo-
nium carbonate must be resorted to. The crucible should be
well covered, as decrepitation is apt to occur.

Sturca.—~About 1 gram is dissolved in dilute hydrochloric
acid in a covered beaker, and the silica estimated by the usual
process of evaporation to dryness. See Partial Analysis of Soils
(p. 191). If iron pyrites be present it will remain with the
silica unless nitro-hydrochloric acid be used as the solvent.

In analysing tolerably pure limestones, the best plan is to dis-
solve two or three times the amount here directed, and, after
separating the silica and ferric oxide, to dlvxde the solution, and
determine the lime in a part only.

Ferygo Oxivor and ALuMINa are precipitated by ammonia in
the filtrate from the silica; the precipitate is to be collected and
washed, and must then be redissolved in acid, and again preci.
pitated by ammonia, to free it from adhering lime. It must be
remembered that the precipitated ferric oxide and alumina will
generally retain all the P,0, of the substonce. This ingredient
may be determined by the methods deacribed below, while the
ferric oxide and alumina may be separately estimated as in the
analysis of soils.
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greatly increases the decomposing and solvent action of the
water on the rocks and soils through which it passes.

Great care must be taken in order to obtain a fair sample of
the water to be analysed. Stoppered Winchester quarts which
have been thoroughly cleansed may be used for collecting the
water: the vesscls should be first rinsed out with some of the
same water. The quantity of water required will vary greatly
according to the object in view: two Winchester quarts will
cuffice for the partial analysis which is generally requisite.
When the dissolved gases of the water are to be determined,
suitable arrangements should be made at. the spring, where also
the ovaporation of large quantities of any water for the purpose
of obtaining the salts should be conducted, if rare substances
present in minute quantities are to be identified and estimated.
The description of the processes of gas-analysis, and of the search
for rare substances, does not fall within the scope of the present
work.

The foreign or intruding substances usually occurring in

waters may be classed as (1) Mechanical Impuritios ; (2) Soluble
Tmpurities.
* MECHANICAL IMPURITIES, or suspended matters, if any, must
be separuted hy filtration before proceeding to the analysis of the
water. Collect them, from a measured quantity of water, on a
tared filter, drying it at 100° and then weighing. The nature
of the impurities may then be ascertained in the matter thus
separated by submitting it to analysis, but it is usually sufficient
to burn the filter and residue. The weight thus obtained repre-
gents the mineral impurities suspended in the water. Their
amount is to be subtracted from the total, the remainder repre-
gents organic matter suspended. oo

Sovsie Inpumrries.—These are usually calcium and magne-
sium salts or hardening impurities ; alkaline salts or non-harden-
ing impurities ; organic matter; and inorganic matter derived
from organic and especially from animal substances: among
these latter impurities are ammonia, and salts of nitrous and
pitric acids. The acid constituents of the salts occurring in
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waters arc the sulphuric, carbonic, silicie, and chlorine, with
oceasionally the phosphoric radicle.  Alumina, ferrous earbonats,
and, rarely, arsenic, barium, lead, copper, manganose, zine, &e.,
are found in some waters,

Arsenic, Lead, Copper, Zine, and Manganese may bo testod
for qualitatively in a litre or more of the water evaporated to u
small bulk, If these metals bo present in more than mere
traces, they ought to be separated by appropriate reagents
{H.8, &c.) before the other ingredients nre estimated,

The taste and smell of a water may be best observed by warming
to about 40 C, some quantity of it, about 100 ¢. ¢., in u porfectly
clean covered wide-mouth bottle standing in a water-bath,

The colour of a water should be indistinguishable, or nearly
so, from the faint bluish tinge of distilled water. 1o observe the
colour of water two struight tubes of colourless glass are used.
These tubes should be ahout 5 centims. in  diasmeter, and
60 centims. in length.  The lower ends are closed with discs of
colourless plate glass, covered with white enamel on the upper
surface: these discs are cemented on to the ground ends of the
tube by means of marine glue or Canada balsam.  The tubes are
suspended side by side in a well-lighted place ; one is filled with
the water under examiunation, the other with distilled water for
comparison.

In the clear water the principal matters to be quantitatively
estimated are i—

1. Total solid contents, or fixed solid residue,

2. Organic matter.

. Oxygen taken from permanganate.

. Chlorine.
. Ammonia, ready-formed,

. Ammonia producible from organic nitrogen compounds.
. Nitrogen existing as nitrates and nitrites,

Total and permanent hardness.

3
4
5
6
7

[s ]
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1. ToraL Sorip CoNTENTS.

Evaporate 4 litre (or %; gallon) of the water to dryness in a
platinum dish over the water-bath,dry the residue in an oil- or air-
bath at 130° C. and weigh. It is as well to evaporate a second
4 litre, in order to obtain a residue in which qualitative testings
for P,0, by ammonium molybdate may be made. This second
residue sbould be first moistened with nitric acid and evaporated
to dryness to render the silica insoluble. 'Then it should be
taken up with a little nitric acid, water being added, and lastly
it should be filtered through a filter-paper which has been washed
with nitric acid. The fltrate, which should measure 3 ¢. c., is
mixed with its own bulk of the molybdic test and gently
warmed for 15 minutes. A yellow colour may be regarded us
indicating traces of phosphales, a yellow turbidity or actual pre-
cipitato being respectively reported as heavy traces or very
heavy traces.

2. Onoeaxic MarTerk.

The dry residue is heated to low redness until all blackening
has disappeured, a clear mica plate being placed over the dish at
the commencement of the heating. The residue is treated with
ammonium carbonate, dried, gently ignited, and again weighed ;
the loss gives approximately the amount of organio matter. Tbe
loss on ignition does not, indecd, in any case, give the exact
ponderal expression of the organic matter; but it offers a
valuable criterion of purity. On this point, however, much may
be learnt by noting the appearance of the dry residue, and
especially its changes during the progress of the heating described
above. Bad signs are the deliquescent character or yellow colour
of the residue, ite considerable blackening when heated, or the
sudden disappearance with slight deflagration of the black par-
ticles. If any sublimate appears on the mica plate, ammonia
salts are indicated : the nature of the faumes and odour evolved
should also be obeerved.
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If 250 ¢. c. of the water, to which a few drops of sulphuric
acid have been added, destroy in fifteen minutes, at 27° C., the
colour of more than 2or 3ec.c.of a solution of potassium per-
manganate containing ‘395 gram of that salt per litre, organic
matter is probably present in large quantity. Whether this
organic matter is likely to be injurious to health or not is a
problem that can bo answered with tolerablo certainty only when
a large number of the indications afforded by analysis aro
favourable or the reverse. The decolorization of pormanganate
solution by & water may arise from the presence not only of
oxidizable organic matter, but of ferrous carbonate and several
other substances.

3. OXYGEY TAKEN FROM PERMANGANATE.

If it be desired to obtain more exact notions concerning the
a.uh%unt of organic matter present in a water, through the osti-
mation of the vxygen sbsorbed from permanganate, the following
plan may be used. The five solutions needed are :—

1. 895 gram potassium permanganate dissolved in 1 litre of dis-
tilled water : each c. ¢. contains 0001 gram of available oxygen.

2. 10 grams pure potassium iodide, recrystallized from alcohol,
dissolved in 100 c. c. distilled water.

3. 100 cub. cent. pure sulphuric acid mixed with 300 e. c. of
distilled water : then potassium permanganate solution is
dropped in until the whole retains & very faint pink tint after
warming to 27° C. for four hours.

4, 1 gram of sodium thiosulphate crystals diesolved in 1 litre
of distilled water.

5. 1 gram of pure white starch, ground up into a croam with
a littlewater, is to be poured into 500 ¢. c. of boiling distilled
water, kept boiling for 5 minutes, and then filtered. This con-
stitutes the * starch water” used in the recognition of free
jodine in the titration of the permanganate with sodium thiosul-
phate, as mentioned below. .

" Two separate determinations have to be made, viz. the amount

of oxygen absorbed during fifteen minutes, and that absorbed

during four hours; both are to bs made at & temperature of

o7° ¢, It is convenient to make theso determinations in 12-0z,

stoppered bottles, which have been rinsed with sulphuric acid and

then with water, Put 250 c. o. into each bottle, which must be
r2



212 QUANTITATIVE ANALYSIS,

stoppered and immersed in a water-bath or suitable air-bath
until the temperature rises to 27° €. Now add to each bottle
10 c. ¢. or 100 grains of the dilute sulphuric acid, and then
10 c. ¢. of the standard potassium permanganate solution,
Fifteen minutes after the addition of the potassium perman-
ganate, ane 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 colour. At the end of four hours remove the
other bottle, add potassium jodide, and titrate with sodium
thiosulphate (hyposuiphite).  Should the pink colour of the water
in the bottle diminish rapidly during the four hours, further
measured quantities of the standard solution of potassium per-
manganate must be added from time to time so as to keep it
markedly pink.

The thiosulphate solution must be standardized, not only at
first, but (since it is linble to change) from time to time, in the
following way :—To 230 ¢, ¢. of pure redistilled water add two
or three drops of the solution of potassium iodide, and then
10 c. c. of the standardized solution of potussium permanganate.
Titrate with the thiosulphate solution. The quantity used @l
be the amount of thiosulphate solution corresponding to 10 c. e.
of the stundardized potassium permanganate sclution, and tha\
factor so found must be used in calculating the results of the'
thiosulphate titrations to show the amount of the standard per-
manganate solution used, and thence the amount of oxygen
absorbed.

The difference between the quantity of thiosulphate used in
the blank cxperiment and that used in the titration of the
examples of water, multiplied by the amount of available oxygen
coutained in the permanganate added, and the product divided
by the volume of thiosulphate corresponding to the latter, is equal
to the amount of oxygen absorbed by the water. After thorough
admixture, run from a burette the standard solution of sodium
thiosulphate, which way be made of & strength of about 1 in
1000, uutil the yellow colour is nearly destroyed, then add a few
drops of starch water, and continue the addition of the thiosul-
phate until the blue colour is just discharged. If the titration
hae been properly conducted, the addition of one drop of potas-
sium permanganato solution will restore the blue colour,

If it is desired to estimate the minerul matters other than
chlorine and nitrogen-compounds, it may sometimes be necessary,
if the water is tolerably pure, to evaporate a larger quantity
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than } a litre to dryness. When intended for the determination
of other matters, the residue, after ignition, is treated us follows,

Siuica.—The residue is treated with hydrochloric acid in
slight excess, loss from cffervescence being guarded against ; the
whole is evaporated to dryness, and the silica separated iu the
usual way.

Ferric Oxipe, Arovamixs, Live, and Maevesia are estimated
in the same way us in soils, the magnesium being precipitatod
by ammonium phosphate. The ferric oxide, if much be present,
will require re-solution to remove adhering lime.

Avkarntes.~ The filtrate from the maguesium precipitate is
evaporated to dryness and the residue gently ignited ; it iy then
dissolved in a little water, a slight excess of baryta-water added,
the whole boiled and filtcred : the filtrate is hoiled, a little sul-
phuric acid added, the barium sulphate separated by filtration
thygpugh Swedish paper, and the clear solution evaporated to
dfyriess, ignited, and weighed. The nlkalies are here weighed

4~88 sulphates ; for their separation, sce p. 193.

Svrraur Trioxivr is determined by precipitation with harium
chloride in 4 a litre of the water, which should ho first acidified
with a little HCl and then concentrated to 100 c. c.

4. CarorINg

is determined by the volumetric method (see page 173) in from
100 c. ¢. to 4 a litre of the water,

Waﬁﬁrs containing an abnormal quantity of chlorine have
generally obtained it by contamination with sewage, and must
therefore, if intonded for domestic purpoees, be looked upon
with suspicion. But it must not be forgotten that two additional
and pertfectly innocuous sources of chlorides exist, namely :—(1)
the ses spray, which is occasionally carried forty miles or moro
inland, finding its way ultimately to water-bearing strata; and
(2) the occurrence of saliferous rocks or saline springs. But
such local conditions, influencing the amount of chlorides in
well-waters, are easily ascertained. The amount of chlorine in
the purest waters scarcely exceeds 1 gram in 100 litres; in
London sewage about 1 gram in 10 litres occurs, ,
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5. Ammoxia, ready-formed,

is determined by distilling a measured quantity of the water
rendered alkaline with sodium carbonate and testing the dis-
tillate with Nessler's solution against a solution containing
a known quantity of ammonia. The comparison is made by dif-
ference in colour ; but it is well to determine roughly the amount
of ammonia before distillation ; this may be done in the follow-
ing way. Take 50 c. c. of the water and place it in a colourless
glass oylinder about 18 centims. in height and capable of Lolding
100 ¢.e. Now add 2 e¢. c. of Nessler's solution, and mix well
with a glass rod. A second eylinder of similar dimensions is to
have 50 c. c. of distilled water run into it (this water should
have beon proviously freed from ammeonia by distillation from a
retort with a little sodium carbonate, the distillate having been
collected when no coloration was produced in it with Nessler's
test : if many estimations of ammeonia are being made, it will he
found convenient to have a few litres of this water kopt in well-
stoppered bottles at hand), and then 5 c¢. ¢. of standurd ammo-
nium chloride solution. This solution, which contains 00001
gram of ammonia (NH,) per c. c., is to be mixed well with the
pure water by stirring. Place the two cylinders upon a sheet
of white paper, and compare the colonr by looking down through
the liquids ; should the colours appear about the same in cach,
500 o. c. of the water are to be taken for the estimation; but
should it be more intense in the cylinder containing the sample
of water, then a proportionately smaller quantity should bhe
taken, but its bulk should be made up to 500 c. c. with pure
distilled water, A measured quantity of the water, not less than
4 a litre, is now placed in a 40-oz. stoppered retort, and 1 gram,
or enouygh to render the reaction of the water alkaline, of re-
cently ignited sodium carbonate added. Distil rapidly, and
collect the distillate in one of the glass eylinders mentioned above
until it contains 50 o. c. (which may be easily known by pre-
viously marking upon them the level to which they will be filled
by 50 ¢. c.). This cylinder is now set on one side, and suother
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put in its place and allowed to fill to the same extent, the lamp
being then removed from the retort, The second portion has
2¢. c. of Nessler's test addod to it, and is then to be well mixed.
A third cylinder is now taken, and as much of the standard
ammonium chloride solution added as it is thought will produce
about the same tint (thie can be ewsily found with a little prac-
tice), the cylinder filled up to the mark with pure distilled water,
and the Nessler test added. If it be found that the two do not
sgree in tint, the cylinder is to be emptied and well rinsed out
with water free from ammonia, and the same operation gone
through with a different quantity of ammonium chloride until
the right tint has been obtained; if the quantity of ammonia
does not exceed 001 wmilligram, tho distillation need not be
continued ; but should it be more than this, another 50 ¢. o. are
to be distilled over, and so on until it does not contain more than
this amount. If the amount of ammonia in the second distillate
d8es not exceed 2 ¢. c. of the ammeonium chloride solution, then
the first quantity of 3 c. c. that was collected may have its
ammonia estimated in the samo way ; but should the second be
found to contain more than this amount, then the first mnst be
measurcd and a portion only taken at a time, as it would other-
wise bo so strong that a very dark colour or precipitate would
be produced with the Nessler’s test. When tho amounts of
ammonia in all the distiliates are known, they are to be added
together, from which total tho quantity in 100,000 parts i easily
culculated ; it should not exceed -O1 Part in 100,000 in river
waters ; sewage may contain 1000 times as much. The standard
ammohia solution is made by dJissolving 3147 gram of pure
ammonium chloride in a litre of pure distilled water ; from this
the working solution is made by taking 100 ¢. ¢. and diluting it
to 1 litre, when 1 c. ¢, will be equal to 06001 gram of ammonia.
The retort used in distilling the ammonia should be connected
with & Liebig’s condenser, both it and the retort having heen
thoroughly cleaned with water free from ammonis, If the
nock of the retort is of such a small size that it will easily slip
_into the tube of the condenser, it will be easy to make the con-
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nection between them quite tight by means of a round india-
rubber ring, previously cleansed in soda solution, and a band of
tinfoil wrapped round the junction. The standard ammonium-
chloride solution should always be added before the Nessler
test, otherwise a turbidity will be produced ; of course all the
operations must be performed in 8 room free from ammonincal
fumes.

The presence of ammonia in any quantity is indicative of con-
tamination of the water with decaying or refuse animal matter,
such as sewage, or with the farmyard manure &c., which has
heen applied to the arable land in the arca of country from which
the water has been derived,  The same origin may be assigned
to a large part of the nitrates in deep-well waters,

The amount of ammonia in Thamoes water, as supplied to
London, is abeut ‘002 part per 100,000, and of N as nitrates
and nitrites about *2,

6. Ammox1a producible from organic nitrogen compounds
in the water.

A good deal of the combined nitrogen occurring in impure
waters may exist in the form of nitrogenous organic matter:
about § of this nitrogen may generally be obtained in the form
of what is called ‘*albuminoid smmonia” by the following
Process :—

Prepare an alkaline solution of potassium permanganate by
dissolving 4 grams of potassium permanganate and 100 grams of
potassinm hydrate in 550 e¢. c. of pure distilled water. Boil the
solution until it has been reduced to 4 a litre, and keep it in a
well-stoppered bottle.

As soon as the distillation of the water for ¢ ready-formed
ammonia ” has been commenced, about 25 c. c. of this permen-
ganate solution are to be placed in a flask diluted with 100
¢. ¢. of distilled water and kept boiling during the whole time
that the sample of water is being distilled.

To the liquid remaining in the retort, after the distillation
with sodium carbonate slready described, add of the above
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diluted permanganate solution enough to make up about 500 ¢. ¢
of liquid and distil again. Collect the distillate in portions ol
50 c. ¢., a8 in tho estimation of ready-formed ammonia, and
ascertain their strength by means of Nessler's test. Stop the
distillation when the last 50 ¢. c. coming over contain less thar
*000001 gram of NH,. The amounts of ammonia in all these
distillates are to be added together and entered as  albuminoid
awmonia,” a term which, though inexact, is generally under-
stood,

The bumping or excessive violence with which alkaline liquids
often boil may be mitigated by the addition to the retorts of
clean pumice or of a few short pieces of capillary glass tube, each
sealed at ono cnd.

7. NITROGEN Ag NITRATES AND NITRITES.

Nitrates may be detected by evaporating a fow ounces nearly
to dryness, and applying the iudigo or sulphate-of-iron tost (sce
P- 22); nitrites, by adding to the concentrated water a clear
mixture of potassium iodide, starch-paste, and acetic acid: an
indigo-blue tint indicates nitrous acid ; care must, however, bo
taken that the iodide contains no iodate.

The nitrogen present in g water in the forms of nitrates and
nitrites may be estimated quantitatively by several processes,
most of these demanding a good deal of skill and patience.
The mercury and oil-of-vitriol method, Warington's improved
indigo method, the aluminium method, and the copper-zino
method are all in use. The last-named process is, however, so
simpley easy, and exact that it is generally to be preferred.

Copper-Zine Method.

The determination of nitrates and nitrites by this process is
to be accomplished in the following way.

A wet copper-zino couple is first of all prepared by washing
a slip of clean zinc foil, about 2 inches wide and 3 inches long,
with sodium-hydrate solution and then with distilled water, to
remove groase, and then placing the metallic strip in a solution
of copper sulphate containing 3 per cent. of the pure erystallized
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salt. In 3 or 4 minutes, when an adherent coating of spongy
copper will have formed upon the strip, the latter is to be removed
from the liquid and thoroughly washed with abundance of distilled
water, and then finally with & small quantity of the water to
be analysed. The oouple is now to be placed in a wide-mouth
stoppered bottlo of 6 or 8 ounces capacity, together with a care-
fully measured quantity of the water under examination ; abont
100 to 150 ¢. c. will generally suffice. A small addition of pure
oxalic acid to precipitate the lime and quicken the action should
be made before inserting the stopper; 2 decigrams of osalic
acid will be ample. The water remains in contaet with the
couple all night in & warm place; on the following morning
the conversion of the nitrates into ammonia will be found to bo
complete. )

The next step in the process is the determination of the
ammonia present in the liquid. A measured portion is drawn off
by a siphon if clear, or, if turbid, is poured through a washed
filter. If the liguid be colourless and give no precipitate with
the Nessler test, then it may be Nesslerized without further treat-
ment, exactly as described on p. 214 ; only it may need dilution
with pure distilled ammonia-frec water. But should the liquid
show any decided colour in the Nessler glass, or should it become
turbid on the addition of the Nessler reagent, then a measured
portion must be rendered alkaline with sodium carbonate and
submitted to distillation with all tho precautions given on pages
214-217. The ammonia found must be calculated into its
equivalent of nitrogen ; from this the amount of nitrogen exist-
ing in the water as ready-formed ammonia must be subtracted ;
and then the remaining nitrogen should be translated into
N 205'

Aluminium Method.

Another method for the estimation of oxidized nitrbyn
conzists in the conversion of the nitrogen into ammonia by the
getion of wluminium in an alkaline solution. For this purpose
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100 c. ¢. of the wator are introduced info a non-tubulated rotort,
and 50 c. c. of a 10 per eent, solution of pure sodium hydrate
added ; about 50 ¢. ¢. are then distilled off, or until no ammonia
is found in the distillate by Nessler's test. Tho retort is cooled,
and a piece of sheet aluminium introduced, the neck of the retort
inclined upwards, and closed with & cork fitted with o small glass
tube containing glass beads moistened with dilute hydrochloric
acid. This is connected with a sccond similar tube, containing
glass beads moistened with strong sulphuric acid, to prevent
ammouia from the air entering the apparatus, whieh is now
sllowed to stand for a few hours. The first tube is then rinsed
into the retort with pure water, the retort fitted to a purified
condenser, and about half its coutents distilled into pure water,
the end of the retort dipping just below the surface of the water:
the distillate is made up to a known volume, and the ammonia
estimated by Nessler's test, as sbove. The soda used must be
free from nitrates; it may be rendered so by dissolving a little
aluminium in it and boiling. 1f more couvenient, a litre of the
water may be concentrated, and treated in the same way, except
that the distillate is to be received into standurd acid, and the
amount of ammonia found by means of atandard alkali.

The nitric acid in potassium and sodium nitrates may be
conveniently estimated by this last method, the liquid being
preferably first distilled into a small flask, from which it is again
distilled into the standard acid, thereby retaining any trace of
soda which may have first distilled over. This process is also
appligable to the estimation of the nitrates existing in turnips,
swedes, beets, and other vegotables. A mixture of zinc and iron
filings may be substituted for the aluminium,

Nitrites.
. If the nitrates and nitrites in a water have heen detormined
together by means of onc of the ebove-described processes, it is

possitile to learn by means of another analytic process the amount
of nitrites present. This is done by the use of Griess’s meta-
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phenylene-diamine method. This substance gives no colour with
nitric acid, but n yellow with nitrous acid.

100 c. c. of the water are poured into a glass eylinder and
then 1 c. c. of dilute (1 of acid to 2 of water) pure sulphuric
acid and 1 c. ¢. of metaphenylene-diamine solution are added.
The latter reagent is made by dissolving 5 grams of this base in
1 litre of water and then acidulating the solution with sulphuric
acid: the liquid must be colourless. 1f a red coloration be at
once produced, a fresh and smaller portion of the water must be
taken and diluted with pure distilled water to 100 c. c. The
colour should take one or two minutes to make its appearance.
It is now pecessary to compare the colour produced in the water
with that obtasined in a precisely similar manner in a standard
solution of pure potussium nitrite : this comparison must be made
simultancously, as the coloration increases on standing. The
standard potassium nitrite solution contains -00001 gram of
N0 in lec. c. Itis prepared by taking 400 gram of pure dry
crystallized silver nitrite, dissolving it in hot water and decom-
posing it with a slight execss of potassium chloride solution.
When cold the solution is made up to 1 litre, and the silver
chloride allowed to settle. The clear supernatant liquid is
docanted off, and each 100 ¢, c. of it made up to 1 litre: this
solution must be kept in well-stoppered botties completely
full,

Coloured waters, previously to being tested in the above manner
for nitrites, must be decolorized by alum and sodium carbonate
or by a mixture of sodium hydrate and carbonate ; the precipitate
formed is to be filtered off.

If the N,0, found by Griess’s method be translated into its
equivalent of NH,, and this amount be deducted from the amount
of NH, produced from the associated nitrates and nitrites (in,
say, the copper-zine method), the remainder will represent tho
NH, due to nitrites alone, and may be converted into its equiva-
lent of N O, or Ca2NO,.
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The hardness of a water is determined by means of Clark's
test, which is a solution of soup in weak spirit (equal parts of
spirit of spocific gravity *833 and water), of which 14:25 ¢. ¢,
just suffice to produce a permanent lather when shaken with
50 c. c. of water containing 2 gram of culeium carbonate per litro
229 oram calcium chloride).

The soap test is used as follows :—50 ¢. c. of the water under
examination are placed in a stoppered hottle of about four times
this capacity, well agitated, and the carbon dioxide given off is
sucked out by means of a glass tube, A burette gradaated in
c. ¢ i8 then filled with the soap solution and 1 ¢. ¢, added at a
time. After each addition the stopper is to be pluced in tho
bottle, which is then to be well shaken @ towards the end of the
operation smaller quantitics should be added, the estimation
being finished when an unbroken lather remuiny permanently for
five minutes, the bottle being pluced upon its side.  The number
of ¢. ¢, of soap solution i3 now to be read off, and the hardness
found by inspection of the Table on p. 222, Should the water
not yield a permanent lather with 16 ¢. ¢. of soap test, a fresh
experiment is commenced with a smaller portion of the water
made up to 50 ¢, ¢. with fresh-boiled distilled water, and the
number showing the hardness multiplied by the fraction of
50 c. c. used; thus if 25 c. c. were used, multiply by 2, &c.
If magnesium salts are known to be present in considerable
quautity in any water, the sample should be so diluted as to
requize not more than 7 c. c. of soap test for 50 c. c. of the
diluted water.

The method given above shows the total hardness; the per-
manent hardoess is determined by boiling } a litre of the water
in a flask of rather largo size, and having a long but broad neck.
The ebullition is allowed to go on gently for half an hour, a little
boiled distilled water being added now and then to replace in
part that lost by evaporation ; then the flask is rapidly cooled,
the mouth being covered with s watch-glass, and the volume of
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water in it again made up, with boiled distilled water, to § a
litre, filtered, and the hurdness estimated iu 50 c. ¢, as before.

Table of Harduness,
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The temporary hardness is the difference between the total
and permanent hardness.

It will be evident from the preceding Table that 50 c. c. of
distilled water require nearly § of a ¢. c. of soap test to produce
u permanent lather.

Tor the determination of hardness in water two solutions are
necessary—one of 80ap, the other of calcium chloride or sul-
phate.  The modes of preparing these solutions may be thus
conducted.

PREPARATION OF STANDARD Soar Trar—Take 9 grams of
lead-plaster ( Kmplastrum Plumbi, B. P.) and 2:6 grams of dry
potassium carbonate : rub these materials together in a mortar
with a few drops of rectified spirits of wine of spec. grav. 835,
till a perfect mixture, having the consistence of cream, has been
effected. When the mass has stood some time, exhaust it with
repeated additions of spirit, filter the spiritnous solution, and
add more spirit till the whole liquid is of the bulk of 600 ¢. c.;
lastly, add 400 c. c. of distilled water, which has beeu recently
boiled to expel carbon dioxide.

The strong soap solution thus obtained will now require
standardizing by means of a solution of calcium chloride, which
is prepared as follows. Weigh out 2 gram of Iceland spar into
a clean porcelain or platinum dish, having a clock-glass for &
cover, and add dilute hydrochloric acid, o little at & time, until
the substance is dissolved. Evaporate the solution, together with
the washings from the cover, carefully to dryness, and heat the
residue till no more acid fumes are given off. Redissolve the
residue in water and again evaporate as helow. Now to the
residue, which must be wholly soluble in water, add enough pure
boiled water to make up the volume to 1 litre. The caleium so-
lution may mow be used to standardize that containing soap.
Pour 50 c. c. of the former liquid into a bottle, and run into it
from & burette a fow drops of the strong soap solution proviously
described. This operation is repeated with the usual precautions
until & permanent lather is obtained. The soap test will be
found too strong and must be diluted with proof spirit until its
strength has been lowered to the proper standard : this point is
reached when 14-25 c. ¢. produce a permanent lather with 50 . c.
of the standard calcium chloride—a strength which co nds
to 20 parts of CaCoO, in 100,000. The diluted soap test .Eoum
be allowed to stand some time, and then filtered, before its
strength is finally adjusted to the point just named.
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The soap solution may bo prepared with pure white curd soap ;
the eanlcium solution may be made with an equivalent weight of
pure crystallized calcium sulphate, CaS0,, 2aq.

STATEMENT OF RESULTS.

We have hitherto assumed that all the results of a water
analysis are referred to parts in 100,000 ; if it be desired to
convert these into grains per gallon, multiply them by 7. To
convert grams per litre into grains per gallon, multiply by 70,

The total solid residue left on evaporating a water seldom
agrees closely in amount with the total amounts of the several
ingredients which have been specially determined. One source
of this discrepancy lies in the reactions which occur amongst. the
salts of a water as the liquid becomes concentrated ; another in
tho partial loss of wator of crystallization suffered by the cal-
cium sulphate and other salts at the tempernture of drying the
residue.

It is impossible to ascertain the manner in which each sub-
stance is combined in the original water ; the best plan therefore
is to sct down all the items, as deduced from the several analyses,
scparately, subtracting from the total an amount of oxygen
equivalent to the chlorine found, that clement being supposed to
be combined with the sodium. The total, thus amended, will
be less than the solid contents found, by the amount of carbonic
acid present. The sum of the saturating power of the acid
oxides should of course be equal to the sum of the saturating
power of the bases, if the analysis be correct.

The most usual mode of placing the results, however, is
to combine the acids and bases; this is generally done as
follows :—

The sulphur trioxide is combined with lime, the remainder of
the caleium being set down as carbonate: the chlorine is com-
bined with sodium ; if chlorine still remasins, it is combined with
potassium ; if still in excess, with magnesium. Magnesia, potash,
and soda (when their metals are not combined with chlorine) are
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united with carbon dioxide. Nitrogen pentoxide, if present, may
be combined with lime or potash, ammonium with chlorine.
Silica remains uncombined, while ferrous oxide ir united with
earbon dioxide. Some of these arrangements of acids and
bases are known to be meroly conventional or artificial, and in
particular cases thore may be found good reasons for modifying
them. For instance, there are natural mineral or medicinal
wuters in which such compounds as magnesium sulphate, ferrous
sulphate, forric chloride, and even barium chloride are known to

oecur.

In order to render a wator analysis more complete and in-
structive it is desirable to examine under the microscope the
deposit which settles down from the freshly drawn sample of
water when left to rest for 12 hours; a } and then a } objective
being employed. The action of the water on strips of tarnished
and untarnished lead should also be tried. This experiment is to
be made in 20-ounce bottles hulf full, the strips rising above the
lovel of the water. The liquid is to be poured off after 24 hours’
contact with the metal and tested for lead in solution. A third
experiment consists in ascertaining the number of colonies of
organisms which grow in a given time on a nutritive jelly which
has been mixed with 1 c. c. of the sample of water. All the
apparatus used must be completely sterilized, and every pro-
caution taken during the course of the experiment to prevent the
entranco of extrancous organisms. For the details of the method
reference must ho made to special works in which this biological
method of examining water is fully described. The precise
value of the indications afforded by this process has scarcely
been determined; it requires very cluborate precautions, and the
most expert manipulation in order that trustworthy results may
be seefred. It was devised by Dr. Koch, modified and improved
by Dr. P. F, Frankland.

When the whole of the above-described qualitative and quan-
titative results have been obtained, the figures, which have been
calculated into parts per 100,000, or into grains per gallon,
together with the miscellaneous observations made, should be
recorded in order., The following data at least should always be

given :—
Description and origin of sample.
Date when drawn.



228 QUANTITATIVE ANALYSIS,

rendcred easier and more complete. The operation is repeated
eight or nine times : then, while the solvent is returning through
the cake into A, the apparatus is disengaged, and a drop falling
from the lower end of tube C reccived on a watch-glass and
evaporated by a gentle warmth. 1f no stain be left, or if, at
least, no oil-globules appear, the extraction is complete ; if other-
wise, the procoss is repeated as before. When the oil is all ex-
tructed, as much solvent as possible is distilled over into B, the
oil with a little solvent remaining in the flask A. This flask,
which should be short (7 centims. high), wide-mouthed, strong,
and not over 18 grams in weight, is then kept for a short time in
a warm place (say, on the top of the water-oven), and finally is
heated to 100° until its weight 1s constant. The drying should
be conducted without unnecessary delay, in order to avoid the
oxidation of the oil and consequent increase of weight. But,
on the other hand, the oil from some meals may be found to di-
minish seriously in weight in the water-oven. For instance,
the oil from palm-nut kernel mcal contains some volatile con-
stituent, which will be lost unless the drying be conducted
at the ordinary temperature of the air, in vacuo and over oil
of vitriol. Where but a small quantity of material is available
for an oil determination, it may be mixed with coarse but
perfectly pure silicious sand before introduction into the oil-
extractor. The whole scale of the apparatus may also beslightly
reduced in such cases. The traces of chlorophyll and resin
which accompany the oil and fat may gencrally be disregarded.
Bometimes a cylinder of fine platinum gauze, fitting exactly into
the tube C, may be used to contain the oily material: this en-
ables the exhausted substance to be readily withdrawn without
loss at the close of the experiment.

A very convenient form of extraction-apparatus has been in-
troduced by Soxhlet. A vertical section of itg main portion is
shown in fig, 21, of one fourth the real size. To complete the
- apparatus, an upright glass tubular condenser, through which a
current of cold water passes, is attached by means of a sound
perforated cork to the digesting-tube A. The end of the inner
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condensing-tube ghould protrude a little below the entrance of the
vapour-tube B, To the base of the apparatus at E a short stout
flask, of about 100 ¢, c. capacity and not weighing more than 20
grams, is fitted by means of a good perforated cork. When the
apparatus is thus completed the whole may be slung, by wire or
cord, in such & way as to admit of being easily raised or lowered.

1n order to commence a quantitative estimation of oil in an oil-
cake, about 15 c. c. (or half 4 fluid ounce) of the selected solvent
are put into the flask (mentioned in the

foregoing paragraph), which is then Fig. 21.
attached to the Soxhlet extractor, A A

weighed quantity of the powdered oil- ﬂ

cake, contained in & Swedish filter-paper

so folded as to loosely fit the tube, is -\
now dropped into the extractor at D F B

(care should be taken that no particles
of the powder can escape- from this
paper packet), The solvent is now in-
troduced in quantity nearly suflicient to
rise to the upper curve of the siphon-
tube C at the side. The vertical glass j
condenser above is now attached and the | D
current -of cold water permitted to flow
into it. The flask below is placed in
“or upon & bath of warm water so as Y
to allow the solvent to boil, The vapour \W
will rigg through E, passing into B and
thence into the vertical condenser, from
which it will drop into A as a liquid.
The oil will be dissolved out from the R

cake, and the solution of it will gradually

accumulate until the siphon C can act. When this occurs the
extractor will be emptied, the liquid passing through the quill
tube which terminates the longer limb of the siphon inside E.
By the continuous warming of the receiving flask below E the
solvent will repeatedly ascend as vapour through B und descend
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as liquid through C, until a drop, tested as it falls from E, will
no longer contein a trace of oil. The romaining operations are
conducted cxactly as in the case of the employment of the
apparatus represented in fig. 20, The dofect of the Soxhlet
apparatus, as commonly made, consists in the large quantity of
ether or other solvent which is required to work it. But this
imperfeetion is remedied by making the place of exit of the
siphon-tube C much lower down the extraction-tube : this change
is particularly expedient when but a small bulk of material is
to be employed for an oil-determination.

% Fsre.—The terms fibre and collulose are often used very
vaguely, and include the various compounds containing carbon,
hydrogen, and oxygen (other than oil), which are insoluble in
cold or hot water. Pure cellulose itself may vary a good deal in
its chemical deportment, according to its stage of development
and its physiological rile. The fundamental cellulose of plants
is much altered in chemical and physical properties by those in-
filtrations and deposits which go on in the tissues of the plant.
Thus while pure cellulose, represented by purified cotton, is soluble
in oil of vitriol of sp. gr. 1'53, cuticle, cork, and lignin or lignose,
the chief constituent of hard woods, are nearly insoluble in this
reagent. On the other hand, these latter substances may be readily
acted upon by means of a mixture of weak nitric acid and potas-
sium chlorate, which leaves the cellulose almost untouched. The
boiling of & mixed vegetable tissue with weak acid and then
with weak alkali alters and dissolves some of the softer cellnlose,
and at the same time removes some of the lignin, &c., of which
we have before made mention. As the primary object of making
an analysis of an oileake is to ascertain its feeding value, wo
may be content with processes which do not effect absolutely
perfect soparation of the comstituents of the tissues known as
ocellulose and fibre. It mightindeed have been assumed that the
materials which resist the chemical treatment which has been
mentioned, and which we are about to describe, cannot have
much alimentary value. But this is not the case, for ruminating
snimals often digest half the so-called *indigestible Sbre” of
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their food. We give two methods for determining cellulose or
fibre : the first process is troublesome in manipulation, yet yielda
tolerably constant residues, and is that usually adopted in com-
mercigl analyses. The sccond process merely determines the
celiulose; and so the residue in this case cannot be entered as
* indigestible fibre,” particularly as we know that differont farm-
animals are able to digest such cellulose, in some of its forms,
more or less completely.

As the presence of oil in considerable quantity interferes
with the determination of fibre, it is advisable to use for this
purpose that portion of the sample which has beon employed for
the estimation of oil, or else to exhaust the dry fibre obtained by
oue of the processes deseribed below with petroleum spirit or
ether und again to dry it.

Aeid and Alkaly Method,

3 grams of the conrsely powdered sample are placed in a
large beaker (orin an Erlenmeyer flask), 150 ¢. c. of water added,
and the whole brought to a boiling hent, with frequent stirring
or agitation to prevent burning : 50 c.c. of dilate sulphuric acid
containing 5 per cent. of H SO, are then added, and the boiling
continued for 4 an hour, the mormal volume 200 c. c. (best
marked by an ink line on the beaker) being maiutained through-
out the operation by the addition of a little boiling water. Collect
the residue from the acid digestion on a fine calico or linen filter,
after’having siphoned off the clear supernatant liquid. The
residue is to be thoroughly washed on the filter with hot water,
and then syringed off the linen into the beaker with about 100
¢. c. of hot water. 50 c.c. of a 5 per cent. of potassium hydrate
(KHO) solation are next added, and the beaker filled up with hot
water to the mark indicating 200 ¢. c. The mixture is boiled for
4 an hour, some cold water added, and the whole allowed to rest,
When the supernatant liquid is clear it is siphoned off and the
residue collected once more on the calico fillter, washed with a
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1 per cent. solution of ammonium hydrate until the filtrate is
colourless, and then syringed out of the calico into a paper filter
which bas been dried and weighed previously. Now moisten the
filter and its contents with dilute hydrochloric acid, and wash
with hot water until a few drops of the filtrate leave no residue
on evaporation, Dry the filter and weigh it. Or, when the
fibre has been perfectly washed on the calico filter (the 0id of an
air-pump 18 often serviceable here), it is transferred to a platinum
or porcclain dish, dried on the steamor and then at 100° till
constant, and weighed. Afterwards it is ignited, and again
weighed : the second weight of dish and ash having been sub-
tracted from the first gives the weight of fibre.

Potassium-Chlorate Method.

2 grams of the dried substance (frem which the oil has been
extructed) are placed in a wide-mouthed stoppered bottle with
1'6 gram of finely powdered potassium chlorate, and 25 c. c. of
pitric acid, having the specific gravity 1-10: the mixture is
allowed to remain at a tempersture not exceeding 18° C. for 14
days. Then the contents of the bottle are mixed with cold
water, transferred to a filter, and thoroughly washed, at first
with cold, and then with hot water. When all the soluble matters
have heen thus washed out, the fibre is syringed off the filter
and treated with a 1 per cent. ammonium hydrate solution in a
beaker, being allowed to digest in a warm place for one hour.
The fibre is now transferred to a paper filter which has been
previously dried and weighed : the remainder of the operations
are to be conducted as in the preceding method.

Cellulose prepared as above may be rendered still purer by
washing with alcohol and ether, but still retains some nitrogen
compounds and ash : if it be desired to make corrections for

" these impurities, determinations of them must be made in the

usual mannera'

AvrpuMinoips.—A nitrogen combustion is made with about
*8 gram of the finely powdered cake : in the case of cakes very
rich in nitrogen (such as decorticated cotton cake) not more than
*5 gram should be taken; the tube used should be a tolerably
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long one. The percentage of nitrogen found is multiplied by
6-25; the product is regarded as representing the percentage of
slbuminoids in the cake; for the albumineids of plants contain
as an average about 16 per cent. of nitrogen, and 16x 625
equals 100,

In the case of some cakes it has been found that the ordinary
combustion with soda-lime fuils to convert the whole of the
nitrogen present into ammonia. East-]ndian linsced cake affords
an cxample of this peculiarity. It would seem that the use
of Ruffle’s thiosulphate mixture as described on page 146 affords
results nearly as satisfactory as those obtuined when the more
troublesome and tedious absolute method of determining nitrogen
devived by Dumas is employed.

But there is a more recently-invented method of determining
nitrogen in organic substances easier of execution and probably
quite as accurate as that of Dumas. It is known as

Kjeldahl's Method.

In this method the nitrogen present is converted into ammonis
by diggeting the substance with strong sulpburic ecid, the
ammonia formed being afterwards liberated by means of caustic
soda, distilled off and estimated by a titration-process.

One gram of the substance to be analysed is brought into a
flask of about 250 c.c. capacity and then 20 c. c. of the strongest
sulphuric acid free from nitrogen compounds are added. The
flask, placed in an inclined position, is gently heated until violent
frothing bas ceased, then the temperature is raised until the
boiling-point of the acid is reached. When its contents, though
quite black, are free from solid particles, the flask is placed in the
vertical position and about 8 grams of dry powdered potassium
sulphate introduced ; this done, the flask is at once inclined as
before. The K SO, dissolves in the acid and raises its boiling-
point so considerably that, at the hipher temperature which the
mixture now reaches on the continued application of heat, the
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carbonaceous matter present is oxidized and the liquid becomes
less and less dark in hue. When it has lost all or nearly all its
colour, the flask is allowed to nool. During the operations above
described it will be found that an Argand burner with an iron
chimney affords a convenient source of heat, as the light it
gives enables the operator to watch the process of the gradual
clenring of the solution.

The next step to be taken consists of the liberation and con-
densation of the ammonia which has been formed and which is
now present in the form of sulphate. These ends are accom-
plished by passing a current of steam through the liquid pre-
viously rendered alkaline, the ammonia being carried forward
into a Liebig condenser. The steam must be generated from
water which has been proved to be absolutely free from ammonia,
while the condenser must be so constructed (with a small reflux
adapter) that no spirting of the alkaline liquid can occur to
vitiate the result.

The operations are conducted thus :—Take 2 glass flask of about
1750 c. c. capacity and fitted with an indiarubber stopper having
three perforations. Through one of these a tube passing nearly
to the bottom of the flask is inserted ; this is for the supply of
steam. In the second perforation the tube of a cylindrical funnel
having a glass stop-cock is adjusted, while the third receives the
neck of the reflux adapter, which is itself connected with a
Liebig condenser, The other end of the condonser communicates
with the receiver for the ammoniacal distillate, which should be
an Erlenmeyer flusk of 250 c. c. capacity. In order to provent
any loss of ammonia, a wide tube should be fitted to the beak at
the lower end of the condenser and should pass to the bottom
of the Erlenmeyer flask. When the apparatus is quite ready,
and a current of cold water is passing through the condenser,—

(1) Pour about 100 c. c. pure distilled water into the large
flask, and then add the acid liquid in which the substance to be
analysed has been decomposed. Rinse out the small flask thrice

with water and add the rinsings to the contents of the large
Hask. o
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(2) Deliver 20 c. ¢. of dilute standard sulphuric seid from a
pipette into the recciving flask.

{3) Run 100 c. c. of strong sodium hydrate solution (357 grams
NaIfO, free from nitrate, per litre) through the funnel into the
lurge flask, and close the stop-cock.

(4) Pass steam for half-au-hour through the large flask, then
light a rose-burner under it and continue the pussage of the
steam for five minutes longer.

(5) Detach the delivery-tube from the condenser, leaving it in
the receiving flask ; add a few drops of methyl-orange aclution,
und then titrate the unneutralized acid in the contents of the
flusk with standard sodium hydrate solution ; exactly inthe same
manner as in the ordinary soda-lime process described on p. 143,

Asu is determined in about 4 grams of the sample. A good
linseed cako will not leave quite 7 per cent. of ash; and of this
35 per cent. will be phosphorus pentoxide precipitable by
ammonium melybdate from the nitric-acid solution of the ash.
The phosphorus pentoxide in the nsh may also be estimated by
the process described further on under the heading ** Analysis of
Ashes of Plants.” But determinations of the percentage of total
ash end of the amount of sand and insoluble silicious matter
present will suffice for most purposes.

Saxp axp Sruiciovs Marrer.—The ash is digested with dilute
hydrochloric (or nitric) acid, and the insoluble matter collerted,
washed, burnt, and weighed.

MuociLaer, &c.—The various non-nitrogenous combustible
consthtuents (other than oil and fibre) of cukes are usually
determined by difference. They include mucilage, digestible
cellulose, pectose, and other less important carbonaccous sub-
stances.

N.B. A genuine linseed cake contains no starck; if this be
present, bran, rice-dust, or some similar substance has been
mixed with the cake, Starch may be tested for by boiling some
of the powdered ssmple in water till it forms a thin paste,
filtering thie through fine muslin (which has been previously
eleansed bv boiling with water. &e.). and addinz to the filtrate
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when quite cold a few drops of tincture of iodine; the forma-
tion of a blue colour indicates the presence of starch,  Sugar,
likewise, does not occur in genuine cakes; its presence may he
ascertained thus :—hoil -2 or -3 of a gram of the powdered cake
in water, filter the solution, and add to the clear filtrate a small
quantity of the sugar test and a few drops of a solution of
sodium hydrate. On boiling the mixture, cuprous oxide (Cu,00)
will be more or less rapidly deposited, in greater or less quantity,
and with a colour varying from yellow to red, according to the
nature and proportion of the sugar present.

A very rmnll trace of starch or of sugar may sometimes be
duo to amylaceous or saccharine weed seeds, which, in the pro-
portion of a few per cent., occur in all samples of linsced, how-
ever good ; indeed, linsecd-scllers reckon upon the presence of
4°¢/, of secds other than linseed, regarding such admixture as
representing the standard of commercial purity. The various
kinds of cereal refuse, such as bran, rice shudes, oat husks, which
are found in adulterated linseed cakes, lower the normal per-
centages of oil and albuminoids, and increase the prcportion of
indigestible fibre ; on the other hand, the addition of raccharine
substances like locust beans, largely increases the soluble non-
nitrogenous matters.  But it must be recollected that the range
of vuriation as to oil and albuminoids in unmixed cakes is con-
siderable, and that the quantities of the adulterating materials
added may be so adjusted as to imitate very closely, even as to
albuminoids and oil, the composition of the pressed linseed itself.
The analyst who wishes thoroughly to master this intricate
subjeot, must not rest content with the indications afforded by
chemical analysis. Hc should learn to identify, by the use of the
microscope, the surface markings, colours, &c. of the various
vegetable products which are introduced, through accident or by
design, into oilcakes. Such observations should be made first of
all with the several adulterating and foreign substances them-
selves; it becomes then easy to recognize the fragments of the
same substances when present in oilecakes. There are also special
experiments which may be made with different species of cakes
in order to discover some particular material likely to render them
huriful to animals. One may search by appropriate methods in
any particular instance for poisonous alkaloids and for purgative
substances, and for essential oil of mustard in the case of rape-
seed and Indian lineeed. The thick black husks of the castor-oil
bean, the curcas bean, and eroton seeds can be readily detected
after treating the cake with solution of bleaching-powder and
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dilute hydrochloric acid, which bleach all the integuments of
ordinary seeds. There is also one test for the goodness of linsced-
cake which affords fair indications of quality : it is thus per-
formed :—Pour 130 cubic centimetres of boiling water upon
10 grams of finely ground linsecd-cake contained in a tall beaker,
and stir the mixture. In one hour the whole will have set into
8 kind of jelly, plensant in odonr and taste, of a straw-colour, and
neutral to test-papers.

Grain, Stuaw, Har.

Most kinds of grain, flour, bran, and mecal, as well as straw,
hay, and other dry fodder, may be anulysed as an oilcake.
Further on a hint or two as to the case of green fodder will be
found. If it be desirable to detormine separately the atarch
contained in any of the ahove products, one of the following
plans may be adopted.

Srtanca.—A quantity of the material is tuken for the analysis,
80 that about 1 gram of starch is present in it: it must be
finely ground or in a fine state of division. 100 c. ¢. of water
and 1 c. c. of pure hydrochloric acid (of 1-125 sp. gr.) are placed
in a flask and the weighed substance introduced. The mixture
is kept on the water-bath at a temperature of 70° C. until a drop
of the liquid no longer shows a blue tint when tested with iodine
solution. The whole is then thrown on to a filter (previously
freed from starch) and the filtrate and washings made np to
150 e. ¢. This liquid must now be further treated with rather
stronger acid to convert any dextrin present into glucose. For
this purpose add 20 c. c. of strong hydrochloric acid, and heat
the mixture on a boiling water-bath for three hours : an upright
condgnser should be attached to the flask in which the digestion
is carried on. At the expiry of the three hours the flask is
allowed to cool, and its contents exactly neutralized with sodium
bydrate solution. Finally, the liquid is made up to an exact
volume, say 200 c. ¢., and the glucose in it determined by means
of the copper teat for sugar, as described further on under the
heading— Analysis of Roots— Estimation of Sugar. 1t must be
recollected that “05 gram of glucose corresponds to *045 gram of
starch., The defects of this process with acids are two—the
sugars already existing roady-formed in the vegetable matter
analysed are not discriminated from the sugar which the starch
is made to produce, but the whole are determined together ; and
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any dextrin or other bodies capable under the circumstances of
vielding sugar will be reckoned also as starch. The former of
these defects ie obvinted by first making a determination of ready-
formed sugar in the cold-water extract of the material to be
analysed, previously Invorting the sugar in this extruct by means
of acid. Of course in this case the dextrin and any other bodies
soluble in cold water and capable of yiclding sugar will be reckoned
as starch in the second extract.

Another method of determining starch involves the conversion
of starch into sugar by means of malt extract: in this process
ulso the dextrin will accompany the starch and be converted
with it into sugar. The operations are conducted thus:—Tho
weighed substance, containing about 1 gram of starch, is boiled
with 50 c. ¢. of water until all starch 1s dissolved ; the action is
more easily completed in half an hour in a closed vessel heated
to 115° C. The extract of ground malt has been previously
prepared with 100 grams in 1 litre of water, the mixture being
shaken at intervals for two hours, and then thrown on a double
filter. 50 c. e. of the filtrate (which must be perfectly clear)
arc now added to the prepared starch solution, and the liquid
maintained at 65° C. for one hour, or until no starch ean be
detected in a drop of the solution by means of the iodine test.
The contents of the flask are to be filtered and then made up to
250 e e 50 c. c are taken and heated with 20 c. ¢. of 57/,
sulphuric acid for five hours in a closed vessel at a temperature
of 110° to 120° C. Then 50 ¢, ¢. of the clear malt extract,
diluted with 50 ¢. c. of water, are similarly treated with sul-
phuric acid. Nothing remaing but to neutralize the two inverted
solutions with sodium hydrate, dilute them to the desired volume,
and titrate 10 c. c. of the sugar test with each of them. It then
remains to subtract the sugar due to the malt extract only from
the larger amount due to the mixture coutaining the starch also.

A third method of determining starch has been devised by
Asbith.  The starch is dissolved by boiling with water, and then
precipitated as a baryta-compound (along with any dextrin
present) by a measured quantity of standard baryta-water.
Some proof spirit is then added, and then the excess of free baryta
is titrated by means of decinormal hydrochloric acid, using phe-
nolphthalein as indicator, in an aliquot part of the clear liguor
from the baryta-starch precipitate. This precipitate, when dry,
contains about 20 per cent. of BaU, so that each milligram of
BaO withdrawn from the baryta-solution used corresponds to
4 milligrams of starch and dextrin. A second experiment, in
which the cold-water extract of the material is used, will give the
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dextrin.  In employing this method for the examination of roots
and tubers the material should be dried at 50° C., the amount of
water retained at this temperature boing uscertuined by expe-
riment. (See, for details of the method and of the special
apparatus needed, the Analyst of 1887, p. 135 ; also Chen, Zeit,
xvii. p. T25.)

A fonrth method for estimating starch in tubers and certain
roots will be found on page 243,

Brewers’ grains require great care in the determination of the
water, which often constitutes more than 75 per cent. of their
weight, and which escapes rapidly ; a sample for analysis should
always be secured at the place und time of delivery. In ana-
lysing them such amounts for the various estimations must be
tuken as have reference to the small quantities of solid and
uutritive matters they contain,

Tumvu's, MaNcorps, Stcar-BEES, &c.

The chief constituents of these plants are water, cellulose,
pectose, gum, sugar, albuminoids, and mineral matters ; thero
are also present smull quantities of fatty, colouring, and other
substances.

A separate analysis should be made of leaf and root.

If it is wished to ascertain the composition of a erop, plants
must be taken from several parts of the field, and ell the deter-
minations in the analysis made from a mixed sumple. The
analysis of a single plant will be here described, with occusional
hints for the management of a larger quantity.

Axavysis of Roor.

After the removal of the leaves, and washing to separate ad-
hering soil, and wiping, the root is cut through the middle, from
top to bottom, into quarters or other convenicut parts,
~ WATER-DETERMINATION.—A segment obtained as above, and
representing therefore (if cut as directed) the average composi-
tion of the root, is weighed (a piece of 130 grams will answer
well), cut into thin slices, and then strung on a wire and sus-
pended in & warm place ; the whole is dried finally in the water-
oven till it ceases to lose weight. The dry matter is reduced
to s fine powder and preserved in a well-closed bottle. As the

. ’
. . B
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complete drying of these slices is a tedious business, it is better
to operate upon two separato portions: a small one of 20 grams
being dried, preferably in a hot air-oven at 100° or 105°, till
fairly constant, for the water determination; while a larger
quantity of 100 grams is partially dried and used for the other
determinations. Of course a calculation must be made to show
what relation subsista between the partially dried and wholly
dried samples. It must, moreover, be remembered that powdered
dry residues of roots are extremely absorbent of water, so that
oven the partially dried sample used for the several determinu-
tions is sure to gain water after a time.

Fig. 22,

A very convenient arrangement for drying slices of roots and
tubers, and also succulent leaves, is shown in fig. 22. This
apparatus consists of a turned open base of mahogany, having
two short pillars screwed into it opposite one another. Each
of theso pillars has a narrow slit at its summit to receive a
platinum wire on which the materials to be dried are strung.
It is bost to have all the platinum wires for this purpose of
such stoutness as to remain unbent with the weight of the slices.
They should be pointed at each end, and all of the same weight;
a convenient counterpoise is thus always at hand. The whole
apparatus may be introduced into the water-oven during the
Inst stages of the drying process. A clock-glass of suitable size
placed below the wire will receive any fragments which may
fall during the drying. As the dried substance is very hygro-
soopio it will be found a good plan to weigh it, still on the
wire, in a beaker, which is allowed to cool in a desiccator of
suitable form. In operating on many roots at a time, an eighth
or other like part of each may be taken, the whole yeighed, cut
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into thin slices, the slicos threaded on a picce of twine, and
hung up in a warm place, the drying being finished in the
wuter-oven.

AvBUMINOIDS,—A nitrogen combustion is made in about
‘8 gram, and the percentage of nitrogen multiplied by 6-25;
the produet, though usually regarded as the percentage of
albuniinoids, requires a correction for that portion of the nitrogen
which exists as nitrates, amides, ammonin sults, and other non-
albuminoid forms in the root. The nitrates may be estimated
in the duly prepared watery extract of the root, by converting
their nitrogen into ammonia by the copper-zine couple (see p. 217).

Other plans of obtaining a fuirly accurate approximation to
the amount of nitrogen reully existing as albuminoid or flesh-
forming substances in roots, &c. ure the two that follow,

Phenol Method,

The root is dried in the usual manner; a weighed quantity,
about 2 grams, being then reduced to s moderately fino powder,
is covered with & warm 4 per cent. aqueous solution of phenol
(carbolic acid), to which a few drops of a freshly-mude watery
solution of metaphosphoric acid have been added. After 15
minutes a little boiling carbolic solution is added, the mixture
being stirred and allowed to cool. The whole is then peured on
to a small filter, which is washed with more of the sume liquid
but cold. The filter and its contents are then thoroughly dried,
the dried material being afterwards mixed with soda-lime, and
a nitrogen combustion made with the whole of it, the filter-paper
itsclf #being cut up into fine shreds and introduced into the
combustion-tube,

In this process the albuminoids, being coagulated and rendered
iusoluble, remain on the filter, while the nitrates, alkaloids, and
other nitrogenous matters, which cannot be regurded as pos-
sessed of the characters of true flesh-formers, pass into the
filtrate. In the case of starchy meals, &c., an sleoholie solu-
tion of carbolic acid may be advantageously substituted for an

squeous one in the first instance.
»
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A solution of tannic acid yields similar but less satisfactory
results.

Copper-Hydrate Method.

Moist copper hydrate unites with albuminoid substances to
form insoluble compounds: it unites also with a part of some
nitrogenous acids, but it permits nitrates, ammonia salts, and
amides to be washed away. The action of copper hydrate upon
peptones scems somewhat variable.  The copper hydrate to be
used is prepared by dissolving 100 grams of crystallized copper
sulphate in 5 litres of water to which 3 e, c. of glycerin have
been added. To this solution 13 litre of very dilute sodium
hydrate solution is added, so that tho resulting mixture has a
fuint alkaline reaction.  The resulting precipitate is thrown upon
a filter, allowed to drain, transferred to a dish or beaker, and
washed by decantation with distilled water, containing 5 c. c.
glveerin per litre, until the wash-waters are free from the least
trace of alkali. The moist mass is now to he transferred to a
well-stoppered bottle, syringing it out of the containing vessel by
means of a 10 ¢/, solution of glycerin: this liquid helps to
preserve the copper hydrate from change for a few weeks.
When a nitrogen-determination is about to be made, a sufficicnt
quantity of the moist copper hydrate is withdrawn from the store,
washed by decantation to free it from the glycerin, and added
to the weighed-out substance, which has been just heated to
100° C., with 100 c. e. of water. About ‘8 gram. or, roughly,
one teaspounful of the copper-hydrute paste, suffices for 1 gram of
dried and powdered residue of a root. A very brief further
warming of the mixture will usually suffice to render the whole
of the albuminoids insoluble ; the mass is then thrown on to a
filter, which, after washing and drying, is cut up and burnt with
roda-lime, exactly as in the phenol method just described: or the
Kjeldahl method may be used. In the case of seeds or other
substances rich in alkaline phosphutes a few c. ¢. of a strong
solution of potash-alum should be mixed with the material taken
previous to the addition of the copper hydrate.

If the total nitrogen in a sample of a tuber like the potato,
or a root like the mangold, be determined by the Ruffle method,
and then the nitrogen actually existing in the albuminoids, the
latter will often amount to no more than half, or even but one
third of the former,
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MweraL MaTreR.—An ash-determination ik made in 2 groma
of the dry powder. Some ashes containing much alkaline salt sre
difficult to-prepare. In such cases, char the substance at low
redness, cxtract with boiling water, und separately ignite the
black residue and the evaporated extract. Add their weight
together for total ash,

CerLrLose.—A segment of the ront, precisely similar to that
taken for the water-determination, but of about 65 to 100 grams,
is reduced to the coudition of pulp by rubbing (best from end to
end) on a clean grater.  The pulp is transferred to 8 beaker, and
weighed ; it is then treated with its own volume of tepid water,
well stirred, and poured on to a ealico filter.  The cellulose left
on tho filter 1s folded in the cloth and well squeezed ; it is then
returned to the benker and treated with hoiling water ; after o
short time it is again transferred o the filter; and squeczed as
before: the operation is once more repeated.  Tho cellulose is
pressed together on the tilter, removed to a capsule, and dried till
it ceases to lose weight ; the result is erude cellulose, from which
the greater part of the albuminoids, the pectose, and the salts of
the root have been removed.  This shonld be eurefully powdered,
and nitrogen and ash-determinations made in it. The amounts
of albuminoid and mineral matters present heing thus known,
are subtracted from the weight of crude cellulose ; the difference
is regarded as cellulose, but does not represent a pure and definite
substance. 1t is better to regard it as 2 mixture of most of the
innutritious ingredients of the root which arc insoluble in water,
and in the severul reagents used.

If a number of roots are operated on, the pulp from all might
be mixed, and auy convenient quantity taken for analysis,

Estimation of Sugar.

The “ sugar test,” made as described at page 71 is used. It
should contain ‘3464 gram of copper sulphate in 10 c. ¢., corre-
sponding to ‘05 gram of grape-sugsr, C.H,,0,; 0475 of cane-

sugar, C,H,.0, ; or ‘045 of starch, C,H,0,. .
B
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Previously to use the exact strength of the solution must be
found by titration, with a solution of pure sugar diluted to about
4%/, The analytical process is conducted as follows:— 10 c. ¢. of
the copper solution are measured into a white porcelain bason
of about 300 c. e. or 10 oz capacity, dilnted with abtount
40 c. ¢. of water, and brought nearly to boiling. The sugar
solution, previously inverted by boiling with sulphuric acid, made
alknline with caustic soda, and diluted to a known volume, 8o as
to contain between 4 and 1°/, of suzar, is then delivered from a
burette, the heat being continucd, and the whole stirred well
with a glass rod ; when the precipitated cuprous oxide appears of
a bright red colour, remove the flame, and allow the precipitate
to settle as much as possible in one part of the dish; hold the
dish on one side, and if any bluish-green tinge remains some
more sugar solution must be added ; if not, filter o few drops of
the hot mixture through a very small wetted Swedish puper;
make one portion acid with acetie acid, and add a drop of po-
tassium ferrocyanide; a brown colour shows that the copper has
not been all precipitated, thercfore some more sugar solution
must be added ; if no brown colour is produced, test a few drops
of the filtered liquid with a drop of the copper solution, and boil,
to sce if excess of sugar has been added. It is difficult to arrive
at the exact point on the first trial ; but it affords a good guide
to exact titration the second time., From the amount of the sugar
solution required to precipitate exactly the copper in the 10 c. c.
of sugar test taken, the total amount of sugar and its percentage
are easily calculated.

Before using the copper solution, 10 ¢. ¢. of it shonld be diluted
and boiled alone; if any precipitate occur, it may generally be
remedied by adding more sodium hydrate.

In order to maintain the copper solution in good condition, it
is better to keep it in the form of two liquids, one containing the
copper sulphate, the other the Rochelle salt and the sodium
hydrate. The solutions are mixed in due proportions when
wanted, diluted to the proper point, and titrated against a pure
sample of the sugar to be sought for.

A caution is peeded as to the conditions for securing constant
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results with Fehling's copper solution. If the copper solution
or the saccharine liguid be decidedly weaker or decidedly stronger
than those here recommended, strictly comparable results will
not be obtained. If the Fehling solution be diluted with +
volumes of water, and the sugar solution do not contain more
than 1 per cent. of sugar, while the mode of operating is, in all
cases, as far as possible identical, then fairly accurate and
constant results are sceured.

It may be wentioned here that a series of experiments by
Soxblet as to the reducing power of different kinds of sugar upon
10 c. c. of Fehling’s solution has given fignres which do not
exactly correspond with those named above. The differences are
not large; their importance is moreover diminished by the ease
with which the resuits of any given mode of working with the
Febling solution may be checked by direct appeal to specinl
titrations against solutions of pure sugurs of known strength,
In the experimeuts just referred to, Soxhlet found, with 19/,
sugar solutions, and with Fehling diluted with 4 vols, of water,
that 10 e. ¢. of the Jatter corresponded to :-—

(a) 04950 gram deatrose.

(6) 05155 ,, nvert swyar, from cane-sugar.

() ‘05376 ,, levulose, caleulated from a and b.

(d)-06757 ,,  wmdk-suyar.

(e) 07353, maltose.

It will be seen, on glancing at these figurcs, that 10 c. ¢. of
Fehling's solution required -00135 gram more (sbout 14 milli-
gram) of the grape-sugar or invert sugar to cffect complete re-
duction than is usually assumed to be needed. This grape-sugar
is made up of equal parts of dextrose and levnlose, and is the
sugar with which, in the estimations described in this manual,
we have to deul.  If the correction which this difference involves
‘be secepted, it will correspond to a gain of 3 per cent., that is,
20 c. ¢. of Fehling equal 103 milligrams of grape-sugar, glucose,
or invert sugar, and not 100 only as is commonly stated. When,
however, a 4 per cent. solution of invert sugar is employed, and
the Fehling liquid is not diluted at all, 20 c. c. of the Iatter do
really correspond almost exactly to 100 milligrams of invert
sugar, or 10 c. c. to *05 gram.

A few words may bore be said as to the method of preparing
the extract of & root, 8o as to obtain the whole of the sugar pre-
sent in a convenient form for estimation.
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The selected and weighed averago slices, cut as hefore directed,
may be rasped on a grater, and the juice squeczed from the pulp
in a cloth : the residual pulp is then repeatedly exhausted with
hot water. The juice and washings are then heated to the beiling-
point for a few minutes and filtered. The filtrate is treated as
above directed.

A more cxuct method involves the use of a Sprengel pump
filter, or other contrivance, by which the atmospheric pressure
or the weight of a column of liquid is tuken advantage of to
hasten the otherwise tedious process of filtration. This more
effective method is thus conducted :—The selected and weighed
segments of root are cut into very small and thin pieces, or pulped
on a grater and placed in a long funnel which may conveniently
be made out of the neck and beak of a large retort; or an
ordinary small paraffin lJamp-glass may be used. The nurrow
lower end of this funnel is fitted with a perforated india-rubber
. cork ; upon it is placed a pioce of muslin and 12 millims. of
clean sand ; through the perforation a glass tube passes into a
receiver below.  This receiver (which may be a wide-mouth
Winchester quart, with ground neck and having an india-rubber
stopper) is kept partially oxhausted of air by being placed in
suitable connexion with an exhausting syringe. The funnel is
kept supplied with Lot water till all the sugar has been thus ex-
tracted from the root; by this means a litre of water will extract
the whole of the sugar from 100 grams of beet-root. The whole
filtrate is then boiled, when a coagulum is formed, and many im-
purities with colouring-matters thus rendered separable by filtra-
tion. About 15 c. c. of dilute sulphuric acid are then added, the
whole evaporated to a small bulk, boiled for a short time to com-
plete the inversion of the sugar, filtered if necessary, sodium
hydrate in excess added, and the solution diluted to a known
volume.

A convenient weight of beet-root to take is 120 grams, one
half the evaporated extract from which cun then be diluted to a
litre ; this will give a solution containing the sugar from 6 parts
of beet in 100 of water, and gencrally the right strength for
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titration. The remuinder of the operations have been already
described.

The starch in potato tubers, parsnips, &c. may he estimated by
rasping & weighed portion of the fresh materials and then wash-
ing and squeezing the pulp in a picce of fine cambric. When
the water flows through clear, a little sodium hydrate solution
may be added, and then the starch be allowed to settle, washed
by decantation, collected, and dried tn vacuo first, then at 100°,

In tho case of the potato it is possible to obtain an approxi-
mation to the percentage of starch present in any sample of this
tuber by first determining the specific gravity of an averago well-
grown snmple free from discuse, and then referring to a previously
constructed table in which the relation between certain specific
gravities and the corresponding starch-percentages is shown,
The specifie gravity is casily ascertained for this purpose by
sclecting 20 average tubors washed clean and wiped dry, and
placing them in a solution of common salt containing about 350
grams per litre at a temperature of 16°C.  Water is added with
thorough agitation until half the tubers float, and then the specific
gravity of the liquid is ascertained by means of a hydrometer.

The following table gives the mean results of a large number
of experiments with several different varicties of potato, Bug
these figures cannot be accepted as more than rough approxima-
tions to the truth, since the same specific gravity, so far from
corresponding in all cases to the same starch-percentage, does not
by any means always invelve even the same percentage of total

dry residue.
’ Starch in Potatoes.

Specific | Percentageof  Specific . Percentage of f

!
|
Gravity. | Starch. Gravity, Starch. !
! :
1075 | 129 TR 6 U5 T 19-2
1080 139 1’10 203
1085 149 ;‘ I 214
1090 160 I 1120 ( 225
1005 17:1 i 12y 256
1100 182 1130 248
i I3
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In many roots there occur considerable quantities of the sub-
stances known as pectose, pectin, and pectic acid. It is rarely
necessary to determine them separately ; but they may be converted
into pectic acid and precipitated as calcium pectate. The opera-
tions to he carried out for this purpose are these:-——A convenient
quantity of the material to be analysed is cut up and immersed in
strong methylated spirit for 12 hours. Then it is thrown on to
a cambric filter, dried partially, and ground. The ground
substance (from 5 to 10 grams in weight) is treated with methy-
lated spirit to whick one fourth its volume of strong hydrochloric
acid has been added,  When all caleium has been dissolved out
of it, it is washed with methyluted spirit to remove every trace of
HCL The next step consists in a treatment with 150 ¢ c. of
rpirit containing 1 gram of potassium carbonate dissolved in a
little water, the digestion being prolonged with constant agitation
for half an hour at a temperature of 75° C. : the flask used should
bo fitted with a condensing-tube, The next step consists in
throwing the contents of the flask on to a filter and washing
tho matter on the filter with alcohol. The whole of the solid
substance is then syringed out of the filter with about 700 c. c.
water into a litre flask. The addition of 2 grams of ammonium
oxalate for each gram of pectic acid presumed to be present in
the substance taken is now made, and the mixture is digested for
2 hours at 35° C. Then the whole is filtered and the residue on
the filter washed. Tho filtrate and washings are made up to 1
litre, and 100 to 300 c. c. tuken for the purpose of analysis. The
pectosq, pectin, and pectic acid are now all in the form of
alkaline pectate dissolved in water; this salt is precipitated along
with the oxalate by the addition of a solution of calcium acetate
in slight excess. The caleium pectate and oxalate thus thrown
down are collected on a weighed filter, washed with water, then
with aleobol, dried at 100°, weighed, burnt, and the lime
weighed as carbonate. As the quantity of pure ammonium
oxalate used per 100 c. ¢. is known, the amount of calcium
oxalate which it will yield can be ascertained. Call this a; let
the residual Ca0, in excess of that required for the oxalate, be
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called b; let A be the total weight of the mixed precipitate of
caleinm oxalate and pectate from 100 ¢, e, and dried at Jou (.,
Then a, or the weight of the pectic acid, may be found by the
cruation
A —-((l +0)=.r.

Note that caleium oxalate, after treatment with aleohol and dry-
ing at 100°, is expressed by the formula € (a0,, H,0; and thut
the pectic acid represented by a is calcium pectate minus lime, and
not the true acid or hydrogen pectate. A simpler process for
getting at the weight of the pectic acid in the mixed precipitate
is to dissolve out ull but the pectic aeid by means of alcohol
rendered strongly acid with hydrochloric acid, and then to wash,
dry, and weigh the residue.

Anavysis oF Leaves, Greex Fovner, Sitaor, &c.

The constituents of the leaf will be for the most part the samo
as those of the root; the sugar, however, will be less in amount,
while the matters soluble in ether, including fatty and waxy sub-
stances with leaf-green, may prove by no means an insignificant
quantity. Oxalates, though not absent from the root, sometimes
exist in the leaf to the extent of § to } a per cont.: they are
accompanied in all plants by salts of other organic acids —acetic,
citric, malic, or tartaric—sometimes in considerable quuntity.
Tannic acid is another constituent oceurring in important amount
in certain leaves, while organic bases or alkaloids (such as
nicotine) are found in others. It does not fall within the scope
of this clementary manual to describe processes for the quanti-
tative estimation of organic acids and bases : the jnstances given
below refer to the more easily determined constituents only. But
an outline of what may be called the *fractional” analysis
of plants may be here given. In this method of treatment,
which has been elaborated more particularly by Dragendorff, a
weighed quantity of the substance to be analysed is exhausted
with a number of solvents applied successively in the following
order : —

1. Petroleum-spirit, boiling at 45° or under. This extracty
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919 per cent. When a sample of spirit
2 rer proof, it is meant that 100 measures
‘ with water, would measure 130 of proof

' under proof contains in 100 measures

wres of proof spirit.  The last column of

_.=anle serves to show the volumes of proof spirit to

Moverul pereentages of alcohol correspond.

T The detection of the higher aleohols (or fusel oil) of potato and
grain spirit is casy by tho simple test of the odour produced
when a few drops of the distilled spirit are allowed to evaporate
on the hand or in a 3-foot length of wide combustion-tuhe;
their estimation is a difficult matter.

Tarar, Non-Vouarine Marrer.—By evaporating a given weight
of the sample of wine, &e., the water, uleohol, acetic acid, and
traces of cthers present are volatilized, while the sugars, the
glyeerin, albnminoids, colouring-matters, gums, peetin, &e., with
all the organic and inorganic salts, remain behind. The pro-
cesses already given in this volume may be casily adapted to the
estimation of the sugar, the potash, and the albumineids in such a
residue @ of course the fota/ mineral matter or ash may be ascer-
tained by mere incineration. Any free acid (save carbonic) in
wine, beer, or vinegar, provided it be unmixed with any other
acid or acid salt, may be estimated by the standard soda solution
used in nitrogen-combustions, and litmus (or methyl-orange, or
phenolphthalein, or cochineal, or alizarin). Vinegar, for instance,
should always be tested for sulphuric acid before an estimation is
attempted of its acetic acid. The following data will be useful in
showing the quantities of various acid substances which 1 c. c. of
the standard soda solution previously referred to will neutralize :—

00766 gram H SO,,  sulphuric acid.

00038 ,, CH0,, acetic acid.

02040 ,, C,KH"),, hydropotassium tartrate.
‘01172 ,, CH,0,, tartaric acid,

00703 ,, CH,O, Ilactic acid.

01047 ,, CHO,, malicacid.
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AsHES ox PraxTs,

The chief substances to be estimated in the ashes of plants are
silica, phosphorus pentoxide, sulphur trioxide, iron and manga-
nese oxides, lime, magnesia, and potash.  Suitable methods for
the determination of all these ingredients have been given under
the beud of Boil Analysis.” These methods may be easily
adapted to suit the present materials : but a fow words as to the
incineration of vegetuble products may be here given,

The material to be burnt should be carefully cleansed from all
adhering dirt, dried, and reduced to small fragments, but net to
powder.  If not too bulky, it may be heated in a platinum or por-
celain crucible laid obliquely, and with its cover so adjusted as
to send a current of air over the heated mass ;. stirring is seldom
advisable, and the heat must not be so high as to fuse or volatilize
the alkalies present: the less botiom heat the better, provided
only that the surface of the muss attains o sufficient temperature,
When the bulk of material to be used is rather large, it may be
burnt on a tray of sheet. platinum, having its edges turned up and
cnclosed in a muffle.  This muflfe is supported on a fire brick,
and heated in a suitable furnace: a pipe ut the further end of
the muffle passes through the furnuce back, and leads away the
gascous products of combustion.  The heat. whether from wolid
fuel or gas, is made to play upon the sides and top of the mutle ;
the incineration takes place casily and at a low temperature.
The ash, however prepared, is collected together, ground and
mixed, once more heated to low redness, and preserved in a
stoppered weighing-tube for the scveral estimations. In one
portion a determination of carbon dioxide (sec page 200) may be
made : in a quantity of 3 or 4 grams the silica (and carbon if
any) may be estimated, while the filtrate from the silica (which
has been rendered insoluble by the usual treatment with HCI,
and subsequent taking up with HNO,) may be treated as fol-
lows :—1t is divided, by weighing or measuring, into three por-
tions, in one of which the sulphur trioxide is determined by
means of precipitation with a barium salt; in another portion
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the phosphorus pentoxide is estimated by the ammonium
molybdate process ; while from the third portion the bases are
separated by the procosses recommended in the case of soils. Tt
should be remembered that some of the sulphur in a vegetable
product is always lost during incineration.

In calculating percentages from the results of an ash-analysis,
any carbon and carbon dioxide found are first deducted.

The best: process for preparing ashes of plants, so 68 to avoid
to o great extent loss of ulkalies or chlorine, involves the use of
a tube-furnace and a current of carbon dioxide followed by one of
oxvgen.  The substance is weighed in a platinum boat contained
in a sliding glass weigh-tube. A small combustion-furnace with
six air-burners will suffice. The combustion-tube should be a
wide one of hard porceluin. Near the end where the gas enters
is a plug of ashestos, then the boat, und then a caoutchoue
stopper and exit-tube, leading under the water in a small bottle
or tube serving as an indicator of the rapidity of the current:
this end of the combustion-tube inclines somewhat downwards,
The operation is commenced by filling the tube with carbon dioxide,
previously washed with water and passed through sodium bicar-
bonate. Then, in a steady current of this gas, the platinum
boat is heated gradually and gently till empyreumatic produets
cease to distil off. When inflummable guses aro no longer
emitted from the end of the tube, the current of carbon dioxide
is replaced by a slow one of oxygzen. When oxygen only passes
out at the extremity of the tube, then the combustion is tinished.
The burners are turned out, and perfectly dry air is passed
through the tube as it cools, A triple tube with three stopcocks
enables the carbon dioxide, the oxygen, and the dry air to be
successively passed over the boat, When the apparatus has
cooled sufliciently the boat i8 withdrawn with a wire hook, in-
troduced into the sliding weigh-tube, and the weight of ash
ascertained. A determination of carbon will not be nceded;
but the CO, in the ash may be estimated in the usual way before
proceeding with the further analysis. It is sometimes convenient
to char the vegetable matter in the boat at 8 very low temperature
before introducing it into the tube aud passing the CO, over it.
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Mivx.

Genuine cows’ milk (to which the following remarks and
instructions refer, unless otherwiso stutod) varios somewhat in
composition. The decrease in temperature during the night,
and the lessened activity of the animal, often cause the morning
milk to be a little more aqueous than that of the evening. The
length of timo that has elapsed since calving, the character of the
food given, the temperature and moisture of the air, as well qas
individual peculiarities in the animals, are umong the chief ¢ir-
cumstances upon which depend variations in the amount of solid
matter in milk, as well as variations in the nature of that solid
matter. The whole day’s milk of cows to whose ordinary daily
ration a moderate addition of oilcake is made, commonly gives
about 13-5 per cent. of solid residue as against 123 per cent.
when that or a similar addition of rich food has not been made.
1t may be uscful to mention here that 100 c. c. of good milk will
weigh about 1032 grams,

The quality of milk may be best determined by means of
chemical analysis, the indications of the lactometer and creamo-
meter being too often fallacious. With quito fresh milk fairly
aceurate results, so far at least as regards the percentage of fat,
may, however, be obtained by the use of an instrument known
as the lactoscope.  One of the forms of this instrument consists
of an arrangement of two sliding tubes closed by gluss plates,
The opacity of the milk to tho light of a standard candle forms
the test of quality; the better the milk the less is the thickness
of the Atratum required to exclude the light. In Fener’s lacto-
scope 4 c. ¢. of milk are introduced and then such an amount of
water as shall suffice so to lessen the opacity of the milk that the
black marks on a scale can just be read.

Milk contains matters in suspension and matters in solutxon.
Of the former, butter or fat, in the form of globules, is the most
important; the latter include casein, lactose or sugar of milk,
and mineral matters rich in phosphates. Some of the casein of
milk appears to be in suspension, while the phosphates are inti-

s
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mately associated with this constituent, being partly precipitated
with it when the milk is curdled. Most important indications
of the quality of milk are deduced from the determination of
water and of milk-fat. When we speak of casein as the nitro-
genous constituent of milk, we refer to a mixture of albuminoids
and not to a single substance: on this point a note will be found
at the end of the directions for the analysis of milk, which we
now proceed to give.

Watkk.—As it is impossible to secure the perfect desiceation
of n considerable quantity of milk, it is hest to adopt the plan
(first proposed by Doycre in 1851) of using a very small quantity
for the purpose of ascertaining the amount of water and of total
solids present. 5 c.c. of the well-mixed sample of milk are
accurately measured from a pipette into a flut platinum or poree-
lain bason 2 inches in diameter. (ireat care must be taken to
ensure the delivery of the full measure of milk in this as well as
in all other quantitative analyses where milk is measured and
not weighed. The bason is placed on a hoiling water-bath or
« steamer,” where it remains for sixty to ninety minutes, Then
it is removed to the water-oven, where it is dried for at least an
hour. It is now to be placed in the desiccator and weighed when
cold : another hour in the water-oven, followed by another
weighing, will enable the experimenter to make sure that the
milk residue is really dry. The weight of this residue may be
calculated into a percentage ou the volume of the milk, or on the
weight, if the weight of 5 c. ¢. be determined. 1t will average
13 ¢/,, and will rarely full below 12 ¢/, in a genuine milk,
while, if the cows be properly and liberally fed, it may even
excoed 13:5 %/, These numbers represent respectively 87, 88,
and 865 per cent. of water,

Sorips-vor-Far.—The determination of the solids other than
fat in the dry residue of a milk furnishes an important means of
learning whether the milk has becn watered. This determina-
tion may be most accurately made by Adams’ Paper-Coil
Method, to be described presently. By this method the milk-
‘fat in 5 ¢. c. is ascertained. This amount is deducted from that
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of the total solids—the remainder is known as “ solids-not-fat."
If the milk be of good quality this remainder should amount
to 93 up to 96 ¢/, It may usually be concluded that the
milk has been watered should the figure fall as low as ¥,
But, as under certain rarc or exceptional conditions, genuine
milk would appear occasionally to contain no more than 85
per cent. of solids-not-fat, it is pot usual to condemn a
milk unless this degree of poverty is reached. Then the
amount of added wuter is calculated on the supposition that
genuine milk should contain at least =73 ¢/, of solids-not-fat.
Bappose, for example, that the analysis of a sample has given
but 62 ¢/, of solids-not-fat; wo multiply that figure by 100 and
divide it by &75, and so obtain 70-5 us the quotient, representing
the percentage present of real milk :
G2x100
= TS,

- =
575 !

The sample is therefore calculated to contain 20-2 per cent. of
added wuter.
Fat.—0Of all the methods of determining the fat in milk that

of Adams, in which a coiled strip of bibulous paper is used,
appears to yield the most preciso results. It is conducted as

* follows :—

Adams’ Puper-Coil Method,

Deliver exactly 5 c. ¢. of the milk, by means of s suitahle
pipette, on to a strip of white blotting- or filter-paper, 22 inchces
long dnd 24 inches wide. This strip should have been previously
rolled up in the form of s helix, which, if not too tightly coiled,
will have a diameter of rather less than one inch. To make this
roll, lay the strip on a sheet of glass, and upon it, lengthwise, a
piece of thread, ene end of which projects 6 inches beyond the
further end of the paper-strip. Roll up the strip and tie it up
with the free end of the thread. This coil is to be placed upon
a sheet of glass ; after a little practice it is easy to secure the

abeorption of every drop of mitk by the paper, the glass plate
s2
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showing no sign of any loss. The coil, after having been dried
in the water-oven for an hour, is introduced into a Soxhlet tube
and extracted by ether—twelve siphonings atleast being necessary.
Boil off the ether and place the flask (asmall and light one should
be used) in the water-oven in a horizontal position. When the .
flask and contents are dry, cool the flask in a desiceator for ten
minutes and weigh. Deduct the tare of the flask, the remainder
reprosents the milk-fat in 5 c. c. of the milk taken. As the
weight of 5 ¢. c. has been previously determined, it will be easy
to caleulate the percentage of fat present in 100 parts by weight
of the milk. DBut before proceeding with this calculation it 1s
necessary to deduct from the fat found the small quantity of
matter soluble in ether which is naturally present in the paper-
coil. This is done by introducing, with their pieces of thread,
2 coils of the regulation size and cut from the same sample of
blotting-paper, and dried at 100° into a Soxhlet tube and ex-
tracting them with ether, in the manner above described: half
of the small quantity of fatty or waxy substance thus obtained
is to be deducted from the total amount found in the experiment
with the miik. Coils of sufficiently absorbent paper from which
all fat has been previously coxtracted can now be purchased
ready for use. Or a suitable paper may be purified by soaking it
in scveral changes of strong alcohol containing 10 per cent. of
glaciul acetic acid. Some analysts prefer to remove the fat
present in cach coil before using it.

Werner-Schmid's Method.

To carry out this method, which is peculigrly useful in tne
case of sour-milks, special calibrated tubes are made by Mcssrs.
Cetti. One of these tubes is first weighed, then about 10 grams
of the milk, after having been well shaken, are introduced by
means of a funnel: the tube is again weighed that the exact
quantity of milk taken may be ascertained. Now add 10 e. c.
of concentrated hydrochloric acid and heat the tube in a water-
bath until its contents assume a dark brown colour, Cool the
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tube thoroughly and add such an amount of washed ether (ahout
30 c.c.) that the upper level of the ether corresponds to the top of
the graduations on the tube. The contents of the tube are then
mixed by gentle shaking and left for about half an hour to allow
the layers to separate. The volume of the ether-layer having
been read off, 10 c. o. of this are pipetted into a weighed bason
or flask, After evaporation of the cther the fat left is dried for
20 minutes at 100° C., and weighed. Tho weight of fat thus
obtnined must be calculated on the total volume of the ether-
layer in order to ascertain the amount of fat in the quantity of
milk taken.

An improvement on the above process was introduced by
Messrs. Leflmann and Beam. 1n this the whele of the cther-
layer is evaporated down and all measurements are consequently
avoided. A test-tube of about 30 c. ¢, is reqnired. It is fitted,
like a wash-bottle, with & perforated cork, a blow-tube, and a
delivery tube. The last-named tubo is of such a length as to
descend down the test-tube to about two thirds of its entire
depth; its end is turned slightly upwards. A known quantity
——say 5 ¢. ¢. or about 5 grams—of the milk is heated with ¢, c.
of concentrated hydrochloric acid, as just described. 20 c¢. o. of
washed ether are added to the cooled mixture, the tube closed
with a sclid cork, and the whole shaken, When the separation
of the two layers is complete, the double-tube arrangement is
fitted in place of the solid cork, and the up-turned extremity of
the delivery tube so adjusted as to be just above the lower layer
in the fest-tube. The whole of the ecther-layer is then blown
into a weighed flask. Now 10 c. 0. more of ether are added to
the tube, shaken, and blown out as before into the flask : these
operations are repeated with 10 additional c. c. of ether. The
original ethereal solution of fat and the washings are evaporated,
and the residual fat weighed after it bas been dried at 100° C,
for half an hour.

. If the total solids and the specific gravity of a milk of fairly
normal composition have been ascertained, it is easy to caleulate
from these date the approximate percentuge of fat present, The
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calculation is based upon the fact that, in accordance with their
percentage, the fat present depresses to a definite degree, and the
solids-not-fut raise to a definite degree, the gravity of the milk.
Let, then, T represent the ascertained percentage of total solids,
G the figures of the gravity beyond 1000, and F the fat, then
the simplest and most eusily worked expression fur the formula

becomes—
5 (T - ') =F.
6 4

Thus a milk which gave 12:36 ¢/, of total solids and had the
specific gravity 1032-2 yielded experimentally 3:62 ¢/, of fut,
while by caleulation it was estimated to contain 358, For

Q0.0
701936 — S22 2 a3.50.
6 i

Another formula for caleulating the percentage of fat gives
results which average *26 ¢/, too low: it is this :—

B33 x T — (0 99 5 - 1008 — 100) —F

Here T represents the percentage of total solids, S the specific
gravity of the milk (water=1), and F the percentage of fat.

The specific gravity of milk must be taken with considerable
accuracy. For this purpose a lactometer is inferior to a specific-
gravity bottle or a Sprengel-tube. But another plan may be
adopted, namely, the use of Westphal’'s Hydrostatic Balance,
which affords & ready and accurate method for ascertaining the
specific gravity of a sample of milk, In this instrument a
counterpoised thermometer, suspended by a piecce of thin plati-
num wire, is attached, as a plummet, to one end of a graduated
lever. On immersing the thermometer in a liquid it loses a
certain weight. The equilibrium is restored by ‘hanging on the
lever a series of riders which are so adjusted in weight as to
make the reading of their values very simple. The plummet
displaces exactly 5 c. ¢. of liquid, and hence the weight required
to restore equilibrium oquals that of 5 c. c. of the fluid of which
the density is required. A counterpoised glass rod of known
displacement, say 10 ¢. ¢., may be used in a similar manner
with an ordinary equa]-nrmed balance. On immersing the rod
in a liquid it will of course lose a portion of its weight equal to
4hat of its own volume of the liquid employed. Add weights to



MILK. 263

the pan, below which the rod is hung, so as to restore the oquili-
brium ; and divide the weight in grams thus required by the
volume of the plummet in cubic centimoters—the figure thus
obtained will represent the specific gravity of the liquid used.

Having obtained, by one of the preceding processes, the per-
centage of milk-fat present in the sample of milk under exami-
nation, it may be used, should it full below 3%, to calculnte the
amount of milk-fat or of ecream which has been abstracted from
the milk. Assuming that the percentage of milk-fat found is
1:75, then the calculation will bo—

1-75 x 106

=35,

The sample is thus estimated to have lost by skimming 46-5 por
cent. of its cream.

Mrik-Proteips or Avrvmixoins—The casein aud other albu-
minoids of milk may be best determined in the dry residue of
5 ¢, ¢. of the milk by the Kjeldahl method, or by burning with
soda-lime in the usual way. A long combustion-tube should be
used. The percentage of nitrogen found may be multiplied by
the usual factor, 6-25, Some chemists, however, employ the
figure 63, and others 6-43, on the supposition that the milk-
albuminoids contain less than 16 per cent. of nitrogen, nnmely,
1587 or 155 /. It is probable that the fuctor 63 yields
results which are very near the truth.

An casier and more rapid but less accurate method of ascer-
taining the amount of casein and other albuminoids in milk may
now be described. Take the milk residue which has served for
the determination of total solids; transfer it carefully and com-
pletely to a small filter which has been dried end weighed at
100° C., washing out the last traces of tho residuc in the dish by
means of a mixture of ether and alcokol. Wrap the filter in a
prece of filter-paper in cartridge-form, and introduce it into s
Soxhlet extractor. After extraction of the fat by means of
ether, open out the filter and place it in & funnel. Wash the

% The limit 2'5 is, however, that adopted by the Bomerset House
authorities.



264 QUANTITATIVE ANALYSIS,

substance on the filter, first with boiling alcohol of 75 per cent.
to which 4 per cent. of phenol and a trace of metaphosphorie acid
have been added : the washing is to be completed with a much
woaker spirit, also boiling and containing phenol. By this
treatment the sugar or lactose is dissolved along with the soluble
salts, while the albuminoids with their associated phosphates are
loft behind. The filter and contents, dried at 100° till constant,
must now he weighed: the weight, after deduction of the tare of
the filter, represents the amount of crude casein, &c., present in
the quantity of residue taken : from this number the percentage
in the milk itself may be readily calculated. By carefully burning
the filter and contents, the ash may be found ; its amount is to be
deducted from that of the crude casein; the remnainder will
represent the albuminoid matter itsclf.

Mirg-Svear.—A known weight of the milk, say 10 grams, is
to be precipitated with 5 or G drops of an acid mercuric nitrate
solution, prepared hy dissolving mercury in twice its weight of
nitric acid of specific gravity 1-42 and adding to the liquid its own
bulk of water. After the addition of this mercurie nitrate solution
to the milk, the mixture is to be thoroughly shaken and then
diluted so 88 to measure 200 c. ¢. In this manner the albu-
minoids and fat are completely separated, and a clear liquid
containing all the milk-sugar is obtained. The precipitate is col-
lected on u filter and washed with water until all the milk-sugar
has been removed. The filtrate and washings (after having been
rendered alkaline by a few drops of sodinm-hydrate solution, and
filtered, if necessary) are used for the determination of the sugar,
an aliquot part, representing 1 or 2 grams of the milk, being
titrated with Fehling’s solution as dirccted on pp. 243 to 246,
It should be remembered that 10 c. ¢. of the standard copper-solu-
tion used in sugar-determinations correspond to -06757 gram of
sugar of milk in its ordinary state (C;H,,0,,, H.O), but to -06419
gram of anhydrous milk-sugar, in which form this body exists in
all milk-residues which have been dried at 100° C. The copper-
solution used should be titrated with a standard solution of pure

. lactose.
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Asn.—Milk yields between -7 and 8 part.of ash in 100. The
proportion in any sample may be determined by incinerating the
total residue from 10 grams of milk, or solids-not-fut. The
incineration should "be conducted at as low a temperature as
possible, preferably in a muffle. The alkaline chlorides in the ash
will be in great measure, if not entirely, driven off by half-un-
hour's exposure to a bright red heat. As there is some difficulty
in producing a white ash at a dull red heat from an ordinary
milk-residue, it is safer to char the residue at first, then to
extract the charred mass with water, and finally to burn off the
charcoal from the insoluble residue. In this way we divide the
ash into two portions, insoluble and soluble, for the latter is
obtained by evaporating and igniting the watery extract of the
charred residue. The two united constitute the total ash. Its
percentage should lie somewhere between *72 and -82, a figure
lower than this minimum tending to show dilution, and a figure
higher than this maximum indicating the probubility that
common salt, sodium earbonate, borax, boracic acid, phosphoric
acid, or some other so-called preservative substance has been
added to the milk. ‘

It is desirable to test the milk-ash for alkalinity, ard to
determine the amount of chlorine present. Wush the whole of
the ash, obtained as previously directed, from the dish into a
beaker by means of a little distilled water: test a drop of the
solution with litmus paper; it shonld give a barely alkaline
reaction ; an acid reaction indicates the addition of some foreign
substange. To the solution add one or two drops of necutral
potassium chromate solution and titrate with decinormal silver
nitrate (p. 173). Calculato from the silver nitrate used the
amount of chlorine, which should not excced one tenth of the
weight of the milk-ash. If any cxcess over ‘082 per cent. be
found it may fairly be inferred that common salt has been added
to the milk.

Whey, butter-milk, and skimmed milk may be analysed as
miik, but for the milk-fat determinations larger quantities must
be taken,



266 QUANTITATIVE ANALYSIS,

Milk which is not fresh will have undergone alterations vari-
able in character and degree, which render & comparison with the
same milk in its original state impossible. No system of allow-
ances for such alterations can bo applied with success. But milk
may be preserved in a state less unsuitable for analysis by adding
to it when fresh a known volume of ammonia solution.

The Werner-Schmid method described on page 260 is capable
of yielding far more satisfuctory results with stale milks than
the Adams’ method.

Nore o¥ tar Avpuminorps or Mirnk.—Almost the whole of the
nitrogenous matters in milk exists in the form of albuminoids.
But casein so-called is not the only albumineid present, although
it. constitutes rather more than three fourths of the total. Albu-
men is present, while there is a third substance of the same
group which remains in solution when the casein and albumen
have been removed. The albumen may be separated by concen-
trating the clear whey from a known weight of milk which has
been curdled by a few drops of acetie aeid. To the evaporated
liquid a little metaphosphoric acid solution is added, the mixture
heated to the boiling-point and the small curd of coagulated
albumen collected on a tared filter, dried at 100° and weighed.
In the filtrate, further concentrated to a small bulk, a few drops
of an alcoholic solution of phenol or of tannin will produce a
small precipitate, which is to be collected on a small tared filter,
washed with spirit, dried at 100° and weighed.

CrEAM,

Cream varios much in percentage composition; when made
from milk which is becoming sour, more casein is present than
when the milk and the cream both remain sweet. 1t, however,
consists essentially of minute globules of milk-fat intimately
mingled with small quantities of the other constituents of milk.
1t may be analysed as milk, determinations of water, of solid
residue, of fat, and of ash being generally alone necessary, the
albumincids and sugar being neglected. The quantities of cream
taken for the several determinations should be regulated by the
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proportions of each ingredient usnally present. Thus for solid
residue and fat less cream will suffice than in the case of milk,
but for ash more will be nceded. In drying cream it is better to
pour small quantities at a time into the evaporating-dish. But
& more exact method involves keeping the weighed quantity of
cream upon the steamer for 24 hours.  Weigh into an evaporating-
dish 25 grams of pure dried sand, pour & weighed quantity of
cream, about 5 grams, ou to the saud, mix thoroughly by the
aid of a stiff platinum wire, which must be left in the dish.
After drying for some hours, the dish is removed from the
steamer, and the mass of cream and sand carefully broken up by
the wire. The dish is now placed in the water-oven for somo
hours. When taken out, any fragments of sand and crenm-
residue are detuched from the wire, and the dish with its contents
weighed. The solid matter contained in the cream is deduced
from the total weight by subtracting the weight of the sand and
of the dish.

Burrer.

Butter contains, hesides milk-fut, a considerable quantity of
water and a little salt: traces of milk-sugar, of casein, and of
phosphates will likewise be found init. The percentage of water
in genuine fresh butter varies between 5 and 15, the percentage of
salt between °1 and -3. 1Insalt butter the range is more extensive,
the salt sometimes rising to 8 per cent., and the water to 28 per
cent. : it has been stated that even 50 per cent. of water may be
incorpovited with butter: a percentage higher than 20 may be
regarded as savouring of fraud.

WateR.—2 or 3 grams of the butter are weighed into a small
dish, preferably of platinum, and containing some clean dry sand.
The dish and contents are dried in au air-oven at 105° C. and
weighed. The loss is water.

8anr.—A separate quantity of butter, varying in amount
according to whether the sample is fresh or salt, is employed for
the estimation of common salt. The weighed quantity is trans-
ferred to a flask of about 250 c.c. capacity, and then about 100 c.c.
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of boiling distilled water are added. The flusk is to be corked,
and the contents briskly agitated with a rotary motion, care being
taken to prevent the melted butter-fat from touching the cork.
After 2 or 3 minutes’ shaking, more boiling distilled water is
added, s0 as to fill the flask up to the buse of the meck. The
flask is allowed to cool, and, when cold, a genile shake will
detach from it the solid cake of fat; the solution containing the
salt can now be decauted through a filter into & beaker. The
cake of fat and the flask should be rinsed with a small quantity
of cold distilled water, which is added to the original filtrate. The
filtrate or an aliquot portion of it can now be titrated with a
decinormal solution of silver nitrate, as described on page 173,
1 c.c. of which solution corresponds to 00584 gram of sodinm
chloride or common salt.

It is advisable to test this filtrate for alkalinity before titrating
it, as small quantities of alkaline carbonates are occasionally found
in impure samples of butter.

Asua—1Is determined by the ignition of a separate portion of
about 5 grams of the sample; the ignition should be as slow as
possible. The ash of genuine butters will frequently be found
by titration to be rather lower than the percentage of salt; this
is duc to the volatilization of sodium chloride during the com-
bustion of the fat ; if tho ash readily fuses in the crucible it is
probable that borax, or boracic acid, or phosphoric acid has been
added to preserve the butter. A genuine butter leaves no ash
other than common salt, with a trace of alkaline or earthy phos-
phates: any ash insoluble in water indicates the presence of such
an adulterant as soapstone or steatite, o hydrated magnesium
silicate.

CasErn.—Probably the simplest plan for determining the casein
in butter, when it is not desired to make a direct determination
of nitrogen by combustion with soda-lime, is the following:—

5 grams of butter are weighed into a tared filter contained in
a funnel supported by a triangle on a beaker. The arrangement
is placed in a liot drying chamber, when most of the fat will
soon filter into the beaker, Then the filter is removed from the
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funnel, folded so as to prevent loss of curd, and placed in a Soxhlet
extractor, where it is exhausted with ether or petroleum spirit,
"The filter and contents are dried in the water-oven until constunt
and then weighed. Deduct the tare of the filter from the gross
weight, the remainder will be the casein and mineral matter.
The filter and contents are to be ignited st ns low a temperature
as possible; the loss in weight multiplied by 20 gives the per-
centage of casein.

Far may be caloulated from the amount required to make up
100 parts when the ascertained percentages of water, casein, snlt,
and other mineral matters, if any, are added together. It is, how-
ever, much more difficult, although at the same time much more
important, to ascortain whether this fat is genuine butter-fat or
the fat known as margarine. As the fatty part of butter is
not only its chief constituent, but that in which reside the chief
differences between the genuine and the spurious kind, it is to
this constituent that our attention is chiefly given. Of all tho
processes for ascertaining whether the fat of a sample of butter
is milk-fat or some other kind, the most certain is known as
the saponification process. In this, as in other experiments
having the same object, the first requisite is a supply of pure,
dry, clarified butter-fat ; to secure this a small quantity of the
sample of butter is melted in a beaker on a steamer, and then
filtered through dried Swedish paper, the filtration being per-
formed in a water-oven. Sometimes a perfectly clear sample of
fused butter-fat may be obtained without filtration ; but in all
cases the fat should not be heated for any length of time,ortoa
temperhture more than a few degrees above its melting-point.
When o sufficient supply of the clarified butter-fat has been pre-
pared it may be weighed in a small boaker containing a pipette.
The quantity required for cach experiment may then be removed by
the pipette, the beaker, pipette, and remaining fat being after-
wards weighed again ; the second weight deducted from the first
gives the amount of fat taken for one experiment.

We give four methods of applying the saponification process to
the detection and estimation of the foreign fat in samples of



270 QUANTITATIVE ANALYSIS,

butter, so-called. The first process, devised by Koeltstorfer, is
a purely volumetric ane : the second process (Hehner's simplified)
may be quickly performed and gives the percentage of * insoluble
fatty acids ™ very accurately, Iu the third process, originally
devised by Reichert and subsequently modified by Meissl and
Wollny, the volatile acids are alone determined, The fourth
process is that invented by IHehner.

Koettstorfer's Suponification Method.

25 grams of clarified butter-fat are weighed into a small wide-
monthed flask and 25 c.c. of seminormal aleoholic solution of
potassium hydrate added.  The mixture is boiled on a water-bath
under a vertical condenser for half an hour, 1 e. ¢, of phenol-
phthalein solution added and the solution titrated in the flask,
while hot, with seminormal hydrochloric acid, care being taken
to avoid access of air, as carbonic acid interferes with the accuracy
of the result.

The quantity of seminormal hydrochloric acid required to
exactly neutralize 25 c. c. of the alooholic solution of potassinm
hydrate is ascertained by a blank exporiment made under pre-
ciscly similar conditions.

The number of ¢. ¢. of seminormal hydrochloric acid used by
the hutter-fat under examination, deducted from the number of
¢. c. used in the blank experiment, will give the quantity of semi-
normal potassium hydrate solution required for the saponification
of the 2-5 grams taken; this figure divided by 2 will give the
number of c. ¢. of normal alkali, therefore :—

as No. of ¢. c. normal alkali : 1000=2'5 : .

a=the saturation- or saponification-equivalent, or the number
of grams of fat capable of being saponified by 1 litre of normal
alkali. The range in butter-fat varies from 241 to 253, in mar-
gurine from 285 to 200. The result may also be expressed in
grams of potaseium hydrate required to saponify 1000 grams of
fat, thus :-—

as 2-5 ;: 1000 = No. of ¢.c. normal KHO x 056 : a.

Butter gives from 2215 to 232-4; margarine from 1935 to

196+5.
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Rapid Saponification Method.

5 grams of the clarified fat are weighed into a glass hason
4} in. in diameter and melted on the water-bath.  About 1 gram
of stick sodium hydrate is ndded and then shout 1 c. ¢, of water.
After the lapse of a minute or two 4 c. ¢. of 60 O.P. alcohol aro
poured in, and then the contents of the bason are well stirred
with a glass rod until the fat has assumed a gelatinous appear-
ance. The resulting soap is evaporated to complete dryness with
occasional stirring, to free it from alcohol.  The saponification
and subsequent evaporation will occupy nbout half un hour.

The soap is dirsolved in the bason with boiling distilled water:
the solution should be perfectly cloar,  Dilute sulphurie acid s
added, in quantity suflicient to completely decompose the soap,
The insoluble fatty acids will rise to the top in a white semi-solid
condition : after a short time theysbecome liquid and ure to Le
decanted on to a tared Swedish filter previously well wetted with
boiling distilled water. Ureat care must be tuken to wash the
bason and rod free from fat: this is readily done if abundance of
boiling distilled water be used.  The washing of the falty acids
on the filter with boiling water is continued until 6 ounces of the
filtrate, to which a few drops of phenol-phthalein solution have
heen added, are coloured by the addition of not more than -2 ¢. c.
of a decinormal solution of sodium hydrate. Usually more than
a litre of water is required for the complete washing of the
insoluble fatty acids obtained from 5 grams of the clarified fat,
They are now allowed to cool in the filter, and then the filter
with itg contents is removed to a small tared glass bason aud
dried on the water-bath uniil the melted fat sonks into the filter-
paper. To assist in expelling the last traces of water about 4 to
8 c.c. of absolute alcohol are poured over the paper, and the
heating is continued on the water-bath until the alcohol has
evaporated. The bason and contents are dried in the water-oven
until constant in weight, and then they are finally weighed.
From this weight is deducted the tare of the bason and filter;
the result, multiplied by 20, gives the percentage of Insoluble
Fatty Acids yielded by the clarified butter-fat.
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The Reicheit-Meissl- Wollny Method.

2:5 grams of the clear fused batter-fut are accurately weighed
into a 250 c. c. flask of conical form and having a neck about 2 or
3 centims, long and about 3 centims. wide ; 1 c. ¢. of a 50 per cent.
sodium hydrate solution (which must be preserved and drawn
from so that not a trace of carbonic acid can be absorbed) together
with 5 c. ¢. of 96 per cent. aleohol are added to the butter-
fat and the mixture is heated, in connection with a reflux con-
denser, for 15 minutes on a water-bath. The alcohol is then
distilled off, the flask being heated for at least half an hour.
With every precaution 100 c. c. of boiling water are added, and
the flask is heated until the soap which has been formed is
completely dissolved. A fow small fragments of tobacco-pipe
and 20 c¢. c. of sulphuric acid (25 ¢. ¢. H, S0, in 1 litre of water)
are added ; the flask is at once connected with a condenser by
means of a glass tube 7 miflims. wide, and having, at a distance
of 1 centim. above the cork, a bulb of 3 or 34 centims, in dia-
mecter. The tube is bent immediately above the bulb upward at
an oblique angle, and extends in this direction for 5 centims. ; it
is then bent downward, also at an oblique angle, and then is
connected with a condenser by means of an india-rubber
tube. The flask is heated, by means of a very small flame, until
the insoluble fatty acids are completely fused : 55 ¢. ¢. are then
distilled off into a graduated flask, the distillation lasting
30 minutes ; the distillate is mixed by agitation and 50 c. c. of
it are filtered off and transferred to a beaker. 1 c. c. of phenol-
phthalein test solution (‘5 gram to 1 litre of proof spirit) is
added and the titration with decinormal baryta solution proceeded
with. To the volume of baryta solution used one tenth is added
and the figure obtained in & corresponding blank experiment
subtracted-—the latter should not exceed 33 c. c.

-It is necessary in order to secure accurate results in this
process that carbonic acid should be excluded, particularly from
the strong sodium hydrate solution, and that the distillation of
the volatile acids should proceed at the same rate and occupy the
same time in all experiments,

re
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Hehner's Saponification Methodl,

This process is conducted thus:—3 grams of the clarified fat
are weighed into a glass bason, melted on the water-bath, and
50 c. c. of a seminormal solution of sodium hydrate in aleohol
added. The contents of the buson are stirred with a gluss rod,
until the fat has assumed a gelutinous appearance and has become
asoap. This soap is then treated with enough distilled water to
fill the bason two thirds. The mixture is now allowed to evapo-
rate on the water-bath. The soap thus freed from aleohol, but con-
taining an excess of alkali, is dissolved in hot distilled wator, and
transferred to a flask of about 500 c.c. capucity, Evory particlo
of soap must be rinsed from the bason and rod ; but the total
volume of soup solution and washings should not exceed 300 c. o,
The soap solution is hented most conveniently by holding it
under a vertical condenser, using an Argand burner as the source
of heat, and protecting the hand by a thick glove. When the
solution is almost boiling, 27'5 c. ¢. of normal sulphuric acid are
added, and the heating continued, with constant rotatory agitation
of the contents of the flask, uatil the decomposition of the soap is
complete : the insoluble fatty acids will now have risen to the
surfuce, and will form a layer above the acidulated liquid.
When this oily layer is continuous and complete, the flask
is filled up to the beginning of the neck with boiling distilled
water, rotated so as to bring the oily matter together, and sat
aside to cool. When cold, the insoluble fatty acids will be found
as a wax-like cake, which ean be detached from the walls of the
flask by,a slight shake. The soluble fatty acids (characteristic
of true butter or milk-fat) and the glycerin are found in the
watery liquid. This is decanted through an English filter-paper
into & Winchester quart. To wash the cake of solid acids & small
quantity of cold distilled water is first poured into the flask, which
is to be rapidly, but not violently, shaken for a few seconds; then
this water is to be decanted through the same filter into the large
bottle. To the flask containing the greater part of the solid
acids soms boiling distilled water is now added, and the contents

thoroughly agitated, the flask being heated to 80° or 90° C. over
T
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a flame. Then the flask is once more filled up with boiling dis-
tilled water, allowed to cool, the cake of solid acid detached as
before, the water poured off and added to the filtrates, and, finally,
the cake rinsed once more with cold water. The insoluble fatty
acids will now be partly in the flask and partly on the filter: the
flask, which contnins the greater proportion, is placed in the
drying chamber or water-oven. It should be withdrawn about
every hour, and a small quantity of air sucked through the neck
by means of a bent tube, so as to remove the watery vapour.
After 3 or 4 hours it may be weighed ; and the tare of the flask
being deducted, the weight of the larger part of the insoluble
acids will be obtained. The flver, with it fatty acids, must be
allowed to dry in the air, or over oil of vitriol in vacue. Then
it is placed on a triangle over a small beaker and put into the
water-oven. This beaker serves to catch any drops of melted
fatty acids which may pass through the filtcr. When the filter
is quite dry, it is removed from the oven, very thoroughly
washed with ether, and the ethereal solution, together with any
melted fatty acids that may have previously dropped iuto the
beaker, evaporated at a gentle heat, and the residue and beaker
weighed. When from his gross weight the tare of the beaker
has been deducted, the weight of the fatty acids caught on the
filter will be obtained. This weight, added to that (previously
ascortained) of the bulk of these acids in the flask, and the sum
multiplied by 20, gives the percentage of insoluble fatty acids
yielded by the clarified butter-fat. If this percentuge be above
888, or at most 89, it is clear that margarine or some similar
body has been present in the sample of butter examined. If the
proportion reach 93 to 95 the fat must have consisted wholly, or
almost wholly, of margarine or of other adulterants.

It has been found that 100 parts of the glycerides of which
pure milk-fat consists yield, after saponification, from
878 to 888 parts insoluble fatty acids, and
6 to 8 parts soluble acids,
The insoluble acids are stearic, palmitio, and oleic ; the aolnble
are hutyrie, caproio, caprylic, and ocapric,~—the last three in
smaller quantities. The soluble acids can be got in mere traces
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from olcomargarine, groundnut-oil,and the other fatty adultorants
of batter, which, on tho other hand, yield no less than 94 to 93
per cent, of the insoluble ucids. There are, however, two reasous
why this process, though it yields cxact results when due care is
taken, must not be held to decide authoritatively as to admixtures
or percentages of margarine of less than 109/, One of
these reasons lies in the natural variations (due to season, food,
breed, &c.)in the composition of true milk; the other depends upon
the variations in the composition of the adultorants. Nor should
it: be forgotten that the manufacturers of ¢ butterine,” ** bosch,”
and other artificial butters usually add to the clarified animal
fat, prepared in New York, Vienna, Paris, and other centres .
of production, a not insignificant quantity of genuine butter
and of milk. By churning together 60 parts of oleomargarine,
28 of milk, 10 of genuine butter, and £ of earthnat-oil (from
Arachis hupogeea), n * bosch” is obtained, the clarified fat of
which contains between 11 and 12 per ceut. of genuine milk-fat.
For this cause the clarified fat of artificial butter frequently yields
1 por cent. Jess solid fatty acids than simple oleomargarine.

1f the solid fatty acids obtained in processes 2 or 4 above have
been thoroughly washed so as to be free, not only from the
eusily soluble butyric acid, but from the difficultly soluble caproic,
caprylic, and capric acids, we shall find thom to amount to 878
to 888 parts from 100 parts of pure butter-fat.  Anything
about 89 per cent. is very suspicious, and indicates probuble
adulteration: 89-5 is certainly bad. We may take 8585 as the
uverage percentage of insoluble fatty acids obtainable from the
fat of genuine butter, and 95 as that of margarine, the difference
between these numbers equalling 6-5. This figure, divided into
the difference between 885 and the percentage of insoluble fatty
acids found in an actual experiment, gives, when multiplied by
100, the percentage of margarine :—

r
"‘}‘6_“5‘}} x100=C,

A =9/, of Insoluble Fatty acids in sample under examination.
B=¢/, of Insoluble Fatty acids in pure butter-fat.
3=/, of Margarine in the clarified fat.

‘We may now return to the filtrate (in Hehner's method) con-
taining the soluble acids, which, however, need not be dirently
determined if the previous resuits have shown the sample to
be genuine.  If not, the filtrate is mado up to & deﬁn::e volume,
' T
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and an aliguot part, say 3, titrated to find the total acidity. A
quantity of the alcoholic solution of sodium hydrate, exactly
corresponding to that which was used for the saponification
analysis, must be mixed with the same quantity of the same acid
as that which was used for decomposition of the soap, beiled and
titrated. The figure thus found represents the excess of acidity
due to the acid added. Deducting this from the result obtained
by the titration of the filtrate, we get an amount of acidity
corresponding to the proportion of soluble fatty acids.

This may be caleulated to butyric acid with an equivalent of
88, and should not fall below 6:5¢/,.

Samples of pure butter kept in well-corked bottles undergo
very little change ; but if the butter has been exposed to the air
for 6 or ® months considerable chunge sometimes takes place.

A second process is as frequently used for testing butter-fat as
that just deseribed, but it is not so trustworthy. It consists in
taking the specific gravity of the clarified fat at a temperature of
37°-8 C. (100° Fahr.). 1t is necessary to use a pear-shaped xp. gr.
bottle provided with a very aceurately fitting thermometer-stopper.
When the exaet capacity of the bottle in c. c. of distilled water
at 37°-8 C. has been ascertained, it is dried and filled with the
clarified butter-fat to be tested, which should have been previously
melted and raised to a temperature of 35° C. The thermometer-
stopper must be loosely placed in the bottle, which is to be
plunged up to its neck into a water-bath at a temperature of
about 39° C., and to be kept in gentle movement until the tem-
perature reaches 378 C. Then the thermometer-stopper is pro-
perly inserted, the excess of fut at once removed by filter-paper,
the bottle dried, and weighed while warm. The observed or
“actnal density ” (as the figure obtained in this determination is
called) is found by dividing the weight of the fat by the weight of
the water which the same bottle has been ascertained to hold at
37°8. The term actual density, instead of specific gravity, is
adopted, because the comparison is made with water at 37°8 in-
stead of with water at 15°°5. Clarified butter-fat has an actual
density of from 910'5 to 911'5, assuming water to be 1000,
whereas oleomargarine and most other fats likely to be used as
adulterants have actual densities varying between 904 and 907.
It may be added that the specific gravity of pure butter-fat at a
temperatare of 15°5, averages 930-7 when compared with water
at the same temperature, The specific gravity of butter-fat, at
any temperature above its melting-point, may be taken by means
of Westphal's hydrostatic balance (see p. 262). : :
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Borax and boracic acid are frequently found in samples of
fresh butter., They are best tested for in the ash contained in a
poreelain buson. To this a little concentrated sulphuric acid is
added, and then about 10 c. c. of 60 por cent, aleohol. The
bason is warmed on the water-bath, and the flamo of a Bunson-
burner of steatite is brought down upon the surface of the mix-
ture: if boron compounds he present, the characteristic green
flame-coloration will be produced. Or the boric ether evolved
may be condensed in the form of a white sublimate upon a
clock-glass placed upon the bason as a cover,

Curgse

contains the same ingredients as milk,—sugnr, howevor, being
present in very small proportions.  Cheese contains aleo a variable
quantity of common salt, a notable pereentage of phosphates, and
a little colouring-matter. 'When undergoing the process of deeay,
many additional compounds are formed, chicfly from the breaking
up of the casein. The only determinations which are necessary
in ordinary cheesc-analysis arc those of water, fat, easein or
albuminoids, and ash or mincral matter. Full dircetions for these
estimations will be found on previous pages devoted to the ana-
Iysis of milk, cream, and butter ; but a few speeial notes and hints
specially applicable to cheese may be servicoablo.
Warer.—About 5 grams of the cheese, cut, before weighing,
into thin shavings, or else grated, are dricd in a small tared
platinum dish in the water-oven till pructically constant in
weight. ; It has been found that o small quantity of ?heese can
be more completely dried than a large one, and that it is better
to dry several portions of 5 grams scparately for the determination
of different constituents rather than attempt to prepare at once a
considerable amount of dry residue. In order to obtain the
residue ‘in a satisfactory condition for the subsequent operations,
it is a good plan to pour about 5 c. ¢. of absolute alcohol upon
each quantity of 5 grams of checse weighed out, and to leave the
mixtuare for 4 an hour before drying it in the water-oven.
Far.—b grams of the cheese, prepared and treated exsctly as
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described in the last paragraph, are used for this determination ;
enclose the weighed quantity in a filter-paper properly folded,
and place it in the extractor of Soxhlet’s apparatus. Dry cther
should be used, the operation of extractiug the fat being
conducted in the usual manner; the ether is finally distilled cff
from the flask, the residue dried in the water-oven and weighed.
If petroleum-spirit be used, it should have been redistilled
under 60° C.

Casery.—The albuminoids in checse are estimated in most
analyses merely by difference, but they may be determined as in
a milk-analysis or else by meens of a nitrogen-combustion with
soda-lime, not more than -3 gram of the dried substance being
taken, In decayed cheese, however, the nitrogen exists in other
forms than the albuminoid; it may therefore be desirable to
adopt the phenol-method (see p. 241) for determining the true
or albuminoid nitrogen.

Bvear.—The amount of milk-sugar in ordinary checsecs is not
important, but it may be useful to determine its percentage in
cream-cheeses, For this purpose the residue remaining in the
Boxhlet extractor, after the removal of the fat, may be employed.
It should be transferred to a bason, warmed and agitated with
water and the whole poured on a plaited filter and washed. In
the unitod filtrate and washings, the lactose is determined by
Fehling's solution, as described on p. 243, It has been recom-
mended in this case to weigh the copper suboxide produced.

Lactic anp Buryric Acip.—The acidity of a sample of cheese
may be determined by triturating 5 grams with 10 c. c. of
alcohol and o few drops of aleoholic solution of phenol-phthalein
and then titrating with the sodium hydrate solution employed in
nitrogen determinations until a faint pink colour is produced :
1 ¢. c. of that solution corresponds to 00703 gram of lactic acid.
The acid present is assumed to be lactic although butyrie acid is
also present in old cheeses.

Auxoxia,—Besides the albuminoids and certain organic com-
pounds derived from them (leuncine &e.), various salts of ammonis
oceur in old, and especially in decaying cheese. The smmomis
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in them may be approximately estimated by distilling with
magnesia and distilled water a small quantity of the original
undried cheeso after grating it. The ammonia in the distillate
is determined by the Nessler reagent according to the process
given under the hend of the Analysis of Waters (p. 214).

Asu.—The residue from 5 grams of cheese, dried, as previously
described under ¢ Water,” is gently ealcined until the mass is
thoroughly charred. 1t is then exhausted with hot water, the
liquid being afterwards filtcred, evaporated to dryness, gently
ignited and weighed. The residue consists of the soluble part of
the ash., The insoluble part may be obtained by igniting the
charred mass and the filter until they have beeome quite white,
The total ash is obtained by adding together the amounts of the
soluble and of the insoluble ash.

Prosrrares.—The most important of the natural constituents
of the ash of cheese are the phosphates. Thesc ure best deter-
mined by the molybdic-acid method in the entire ash of 5 grams
of cheese, which, for this purpose, may be directly burut to a
white ash.

Couumon Sart.—The soluble ash, obtained as previously de-
scribed, is dissolved in wator, and the solution, after having heen
stirred up with a little calcium sulphate to remove soluble phos-
phates, is filtered and titrated with decinormal solution of silver
nitrate, using potassium chromate as the indicator (see p. 173).

The addition of oleomargarine (now legally termed margarine
in this country) is frequently made to the curd from which
certain Awmerican cheescs are manufactured. This adulteration
can be detected, aud its amouut estimated, by a modification of
Koettstorfer's method. The first step is to sepurate, in a pure
state, a few grams of the fat from the sample of choese under
examination. To effect this, abont 45 grams are melted in a
bason on the water-bath, and 8 grams of pure warm sand stirred
in. The free acid present is then exactly neutralized with the
calculated amount of decinormal sodinm-hydrate solution—this
amount being ascertainablo from the datum derived from the do-
termination of free acid previously made. 8 grams more of sand
sro now added, and the whole mixtare dried in the water-oven
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with frequent stirring.  'When dry the contents of the bason are
transferred to a Soxhlet extractor, and the fat extracted with
dry ether in the usual way. With the pure dry fat thus
obtained a saponification experiment is made. 2 grams of this
melted fat are dropped carefully into a tared wide-mouthed flask
of rather more than 200 c. ¢, capacity—the fat must all fall on
to the bottom of the flask. A blank experiment, without any
fat, 1s made in all respects in the same manner as hereinafter
dirceied.  Into cach of the flasks (one with, and the other with-
out fat) 25 c¢. c. of a normal solution of potassiumn hydrate in
uleohol of -835 spec. grav. (H0'1 grams per litre) are very
nccurately measured, taking care to drop the alkali straight on
to the bottom of the flasks. The mouths of the flasks are closed
with watch-glasses, and the contents brought to the boiling-point
and kept in gentle ebullition for 15 minutes. 10 c.c. of aleohol
with a few drops of aleoholic phenol-phthalein solution arc addedto
each flask, and the contents titrated with seminormal hydrochlorie
acid (182 grams of real HCI per litre) until the colour just
changes from pink to yellow. The amount of real KHO con-
sumed in saponifying the fat is obtained and expressed in milli-
grams for cach gram of fut taken—the correction derived from
the blank experiment having been made. Genuine cheese-fat,
that is ‘milk-fat, should consume not less than 22-2 milligrams
of KHO per gram of fat. If, however, the KO consumed lies
within this limit, then the soluble and insoluble acids in another
portion of the oxtracted fat should be determined by Hehner's
process. This should not yield more than 89 per cent. of inso-
luble acids; but if that limit be distinetly passed, the caleulation
as to the amount of adulteration should be made upon a basis of
88:5 per cent. (see p. 274).

The colouring of cheese is almost always accomplished by means
of annatto (from Biva Orellana); to this no objection can he
taken. Chrome-yellow (lead chromate) has been occasionally
used for colouring the outside of American cheeses: but it is ex-
tremely rare to find it in the bedy of the cheese, at least in this
‘country.

Brean.

The principal adulterants found in bread are alum, rice, and
potato-starch. Rice is frequently used in small quantities in order,
ancording to the bakers, to improve the character of the crust;
it is seldom used in excessive quantity.
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Potato-flour and potato-starch are used to increase the amount
of moisture which is retained in the baked bread. It is im-
possible to detect an sdmixture of any small percentage of rice or
potato by chemical means after the flour has been made iuto
bread. These adulterations must be scarched for by the micro-
scope; and even with this instrument it is often impossible to des
tect them, hecause the churacter of the starch-granules is greatly
altered by heat.

The only adulterant of any serious importance is alum ; and the
proportion of this which has heen used Las to be cestimated by
the determination of one of its coustituents, alumine. The
quantitative estimation of uluming in bread is a tedious proccws,
especially when only small proportions have been used ; and it
is therefore desirable to employ the following qualitative process
whenever possible.

Qualitative process by logwood. —This process aims simply at
proving the absence of alum. 1n orderto carry it out, a tincture
of logwood is made by steeping logwood chips or cuttings in GO
(.P. aleohol or methylated spirit, ju the proportion of 5 parts of
logwood to 100 paris of spirit.  This tincture can be kept with-
out change if carefully stoppered. To nge the test, one part of
the tincture is mixed with three parts of a saturated solution of
ammonium carbonate, and the mixed solution diluted with 3 times
its bulk of water. The diluted solution is pourcd over the hread
to be examined ; this should be free from crust, or if the sample be
vvery small the crust should be carefully scraped. 1If the Lread
contains alum even in such a small proportion as 4 grains to the
4-pound loaf, the sample will, after standing for half an bour,
assurne & dark violet-blue tinge, If salts of magnesia or certain
. other earthy salts which are ocessionally ndded te bread be pre-
sent the sample will assume a more purple tint; while if the
bread be free from alum and these foreign salts the colour will
remain of a full reddish plum-colour, gradually fading to a very
dirty pink without any trace of purple or blue.

In applying this process to flour it is more convenient to make
s small proportion of the flour into a thick cream with cold water
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and then add the logwood tincture and solution of ammonium
carbonato so as to reduce the whole to the consistency of thin
cream.

When it becomes necessary to determine the proportion of alum
present, the following process must be adopted :—100 gramsof the
bread are carefully burnt to ash in a platinum dish. This ash
is fused with 3 or 4 times its weight of white flux (mixed car-
bonate of soda and potash) which has been previously tested for
alumina; the fused mass, when cold, is moistened with hydro-
chloric acid and evaporated to dryness, the residue is redissolved in
acid and the silica filtered off. The filtrate is treated with ammonia
until a slight permanent precipitate is produced, which is then
redissolved by a few drops of hydrochloric acid. Ammonium
acetate having been added, the filtrate is set aside overnight to
precipitate, and is then filtered ; the precipitate eontains all the
alumina freed from a large proportion of the foreign matters
which would have rendercd the estimation untrustworthy: this
precipitate after having been washed is redissolved on the filter
in hydrochloric acid. The solution is boiled for & fow minutcs
with a solution of sodium bisulphite, caustic soda is added in
excess, and the solution boiled again. By this process the iron
is separated in the form of magnetic oxide, which is separated by
filtration, while the alumiua contained in the alum (if any has
been added) is retained in solution ; the filtrate is acidified again
with hydrochloric acid, ammonium acetate added in slight excess,
and the solution allowed again to stand overnight. If any alu-
mina is present, 8 precipitate will form, which will consist of pure
aluminium phosphate, formed by the combination of the phos-
phoric. acid present in the flour with the traces of alumina con-
talned in the wheat and the alumina contained in any alum added.
This precipitate is filtered off, washed, dried, ignited, and weighed.
By multiplying the weight of the precipitate thus obtained by 542
we obtain the number of grains of potash-alum contained in two
pounds of the flour examined, or by multiplying by 1084 we obtain
the number of grains of potash-alum contained in & 4-pound loaf,
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which is the mode in which the results of the analysis are usually
reported in this country.

The first multiplier (542) is more suitable to flour, and the
second (1084) to bread.

Note.—As & small quantity of alumina is sure to be present in
the reagents employed, while further traces will be derived from
the glass and porceluin vessels used in the analysis, it is better to
make a blank analysis as nearly as possible with the same ma-
terials, quwatitics, and vessels as those employed in the actual
analysis. The alumina found in the former determination is
deducted from that of the latter: the difference is that due to
alum. Note, however, that traces of alumina may be derived from
carthy matters adherent bo the original corn, or from mineral
dust from the attrition of the mill-stones; hut since the general
introduction of steel-rollers into flour-mills the last source of
aluminous impurity has generally ceased to exist.  As, however,
the percentage of AL O, in such impuritics is very low, any con-
siderable truce of this body thus originating will involve the
presence of several times its own weight of other mineral matters,
which will therefore notably increase the percentage of ash,
other than salt, in the bread. It is customary to deduet, from
the alum found as above described, 6 grains per 4-lb. loaf,
reporting the remaindor as added alum. This deduction probably
suffices to cover any usual natural or accidental aluminous im-

urity.

Ne)wly baked bread, when cold, seldom contains less than 40
per cent. of water, often more. The moisture, dextrin, sugar,
starch, cellulose, alcohol, and true albuminoids in bread may
be readily determined by processes already given in the Guide
(see pp. 4649 and 226-254).
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» examined, 46,
Chemical dissection, 57.
Chlorides in water, 34, 213,
Chlorine, 81, 65.
estimation of, 149, 173,
Chlorophyll 50, 251.
Ohlorous elemanta 61,
Chromates, 32
Chromium eompounds, 82,
Qitric acid, 75,
Clay heated, 185,

” ”»
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Clay in soils, 185, 186.

. separated Trom sand, 13, 184,
Cobalt nitrate, 71.
Coin, bronze, 26.

.« silver, 27,
Coloured flames, 37, 92.
Combustion for nitrogen, 142,

Comunon salt analysed, 178.
. » in butter, 267.
b in cheese, 279,

Copper 60, 65.
,»  ammoniacal solution, 54,
»  hydrate method, 242 ),
" w  prepared, 242.
»  reactions of, 7K.
»  special tests for, 78,
»  8suboxide, 45.
,  sugar-test, 45, T1.
s  sulphate, 9, 71
zinc-couple method, 217,
Coprohws analysed, 149-156.
0 made soluble, 38, 157.

" auperphosphuw from, 48,

157,
Cotton examined, 54.
Cream analysed, 206.
Crucible, 128,
Crystallization, 9.
Cubie centimetre, 124,
» inch, 126

Dahlia-flowers, 50.

Dacnnmtmn washing by, 13.

Density, 1

Dealceutors, 129,

Dextrin, test for, 46, 47,

Diamond, 63.

Dissolved bones tested, 38.

Distillation of aleohol, 252.
water, 24,

Doubtful elefnents, 64.

Dyad non-metals, 62,

Elements, 59-65.
” atomic weights of, 84.
. symbols of, 64,
" table of, 64.
Elutriation, 183.
Equations, 58.
” modes of writing, 58, 79.
Ether, 73.
Ethyl acetate, 81,

!
|
|
|
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Ethyl hydrate, 73,

w  oxide, 78.
Experiments, uses of, 1.

Fehling's solution, 71, 243, 264,
Ferrie chloride, 71,

»  oxide determined, 153.
volumetri.
cully, 154,

» » »

Ferricum, &3,
Forrosum, 83.
Ferrous compounds in svils, 195.
»  sulphate, 70,
" nu n test, 22, 04
hbm estimated, 2
Fibres (lmtmgulshed 53,
Filtration, 7
Fine earth, 183,
.. sand, 1RG.
Flesh examined, 52,
Fluorine, 82,
" detected, 04,111, 148, 150.
" expelied, 148.
Fur in boilers, 21.
Furion wethod, 156,
,»  with alkaline carbonate, 114,
»  Wwith barvta, 203,

Galvanized iron, 31,
Gas-ammonia, 179.
Gelatin heated, 35,
Qold in eilver coin, 29.
»  cvin, specific gravity of, 11.
Grain analysed, 237,
,»  measures, 125,
. weights, 12!
Gram weights, 126.
Graphite, 63.
QGravel in soils, 183,
Griess's method for nitrites, 219,
Group 1. Acid radicles, 86, 110,
i
s HIL " 7, 111,
B8pecinl tests for, 87, 90-0(!
Group 1. Basic radicles, 81, 99.
II. 82, 99,

»” ” ”

” III ”n ” w' losn
wo IV, w 84,106,
85, 1

” Y. ” 2
Group-tests, use of, 78, 88, 98,
Guano snalysed, 1

» fusion method for, 158.
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G uide, mode of usinz this, 3,
Gum-arabic tested, 47
Gypsum, 4, 40.

' heated, 50.
Hemoglobin, 53.
Hardness of waters,
Hay analysed, 237.

. heated, 30,
Hehner's saponifiention method, 273,
Hour-glass desicentor, 124
Hydrofluorie-neid method, 203,
Hydrogen, dY.
as reducing agent, 1hH4.
prepared, 14,

i)

-,

i

Indigo, dyeing with, 51,
" test for nitrates, 22,
Yodine, G2, 65, 4, 111,
Trom, 60, 65, 83, 105,
detected, 31, 83, 105.
salts, T0.
sulphate, 70.
sulphide, 71.
tubes for combustions, 147.

Kainite, 175.

Kilogram, 124

Kjeldahl's nitrogen method, 238,

Koettstorter's saponification wethod,
270,

Lead, 60, 81, 99.
,, acetate, 71,
" »  heated, 3G.
,»  action of water on, 225,
,» Getected, 3V, 99.
,» salts of, 71, 99.
» tests for, 81, 99.
Leaves, analysis of 249,
ash of, 49, 251, 255,
»  drying of, 200.
Lime, ex}wrtments with, 39,
estimation of, 132, 142,
. in soils, 41, 193, 199 206.
o in water, 24, 213.
Limestone, analysis of ’05.
Iaquors, fermenmd
Litmus paper, 76,
»  solution, 76,
»  tested, 51.

[

volumetric estimation of, 154,

l
|

INDEX.,

Litre, 124,
Loam, 42,

Madder examined, H1.
Magnesin, estimation of, 133, 154,
" mixtare, 70.
Magnesium, 61, 85, 108,
and nmnmmum phos-
phate, 133, 135,
' pyrophosphate, 133.
" sulphate, 70.
" heated, 36.
Malt e\tm('t. 235,
Manganates, 33.
Manganese, 70, 83, 105.
dioxide, 1419,
" bydrate, 34.
Mangolda, 23,
Manures, analysis of, 140-180.
Margarine, 2!;‘.? 274, 276,
Mensuring, precautions in, 123,
Mercuric chloride, 72,
. oxide, 72
Mercaricum, 82, 101,
Mercurosum, 81, 99.
Mereurous nitrate, 71,
Mercury, 60,
Metuls, 60, 85.
Method neid and alkali, 281,
Adams’ Cuil, 259,
anmmonium eitrate, 162,
chlorine, volumetric, 173,
baryta fusion, 203.
coppel-h)drutc 242,
copper-zine couple, 218.
' direct potash, 174.
,»  fusion, 156,
Griess's nitrite, 219,
Hehner'ssupunification, 273
w  hydrofluoric acid, 203.
,  indirect potash, 177.
iron, volumetrie, 154,
Xjeldsh!'s nitrogen, 233.
Koettstorfer's  saponifica-
tion, 270.
»  molybdic-acid, 192.
. oxalic-acid, 151.
perchloric.acid, 178.
»  phenol, 241,
' mtnsmum-chlora(e, 232.
' ichert'’s saponification

”
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INDEX,

Method, Rufile’s nitrogen, 146,
»  sulphuric-acid, 202,
' uranium gravimetrie, 169,
" »  volumetric, 170.
" Worner-Sclimid, 260
Metre, 124,
Milk, adulteration of, 258.
» slbuminoids of, 257, 263.
» analysis of, 2567-2006.
, ash of, 200,
,» examined, 45,
. fat of, 254, 260,
» solids-not-fat, 258,
., sugar of, 264,
total solxds 208,
Modes of identification, H7.
Molybdio-ncid method, 1912
Monad metals, 61.
»  non-metals, Gl.
Monocalcie phosphate, 38, 1567, 163.
» esnmnted 108,
Mucnlage in linseed, 23
Myosin, 52,

Navassa guano, 156.
Nessler's test, 24, 72, 214,
Nesslerizing, 214.
Nitrate of potash, 172,
» soda, 172,
Nitrates in soils, 190.
waters, 217.
Nitrio acid prepared, 21,
) " teswd, 21.
Nitrites determined, 219,
Nitrogen, 62.
» estimated, 142, 190.
" in guano determined, 168,
" pentoxide determined,
174, 190, 218.
Nomenclature, 123.

Oileake, 226, .
»  albuminoids in, 23

” ash i lﬂ, 235,

, fibrei in, 230.

" lmpurmeo in, 235.

»  oil in, 226.

starch and sugar in, 235.

Orglmo matter in soils, 187.

” ” * 2] 210’

211,

QOueein, 52,

Oxaliceacid method, 151.
Oxidation, 32, 3.
Ozxygen, 62,
. mixture, 16.
»  prepared, 16,
. taken from
24, 84, 211

permangunate,

Palladious chloride, 72,
Paper-coiln, 204,

Peat examined, 42,

Poctose determined, 243,
Perchloric-acid mothod, 178,
Poruvian gunno, 167,
Phenol method, 241,

¢ Phenolphthalen, 76, 271,
" Phosphates, nvailable, in soils, 106,

estunated, 185, 141, 151,

156, 162,

“ in ruilk, 207.

" monocaleie, 38, 150,
144.

" of alkalies, 164,

' roduend, 162,

soluble, 158,
Phouphat.lc guanos analysed, 174,
Phospho-guano, 165.

. Phosphoric acid, 158,

Phosphorus, 62,
» pcuwx:de estimated,
135, 151, 156, 158, 160,
168, 169, 191, 192,
193, 206,
Plants, analysed, 244,
.  osh of, aml}ywd. 255,
Plaater of Paris, 31, 40,
Platinie chloride, 7d
Platinum, 60. )
" and potassium chloride,
85, U8,
" atomio weight of, 60.
" crucible, 128,
tula, 129,
Powh eltlmnmg;i‘ of, 136, 174, 176,
1 ’

, in loill, 163.

., malts of, 65-67,
Potuamm, 61 85, 160&
” 7

- md sodiam carbonates,
66,

”» antimoniate, 67.
v
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Water, 23, 207,
, ammonia in, 214,
»  analysis of, 207,
» bath, 181,
biological test of, 225,
»  chlorine in, 213.
distilled, 24, 131,
hardness of, 221,
,,  in soils, 180, 182,
metals in, 200,
nitrates in, 217,
nitrites in, 219,

oven, 131,
silica in, 213,
,»  8olid contenta of, 210,

organic matter in, 210,

INDEX,

Water, tested, 23,
Weighing, precautions in, 127,
. tubes, 1306.
Woeights and measures, 124-128,
Wine, analysis of, 252,
»  examined, b5,
Wood, heated, 3b.
Wool exumined, 4.
» and silk distinguished, 54.
Work, rules for successful, 6.

Zine, 61, 84, 106.
,» uction of acids on, 15,
»  alloy with iron, 30.
,, detected, 31, 36, 105,
» sulphate, heated, 36.



APPARATUS,

Besides the water-oven, blowpipe-table, sand-bath, accurate
balance and gram weights, large glass measures, combustion-
furnace, sieves, and a small mill for preparing samples, together
with & number of pieces of apparatus and tools of differont
kinds, mentioned in the pages of this (iuide (for the common
use of the luboratory), ench student will require at the back of
his bench a set of urdinary reagents, of which the following is
a list :—

Acetic acid. Ammoniam carbonate,
Hydrochloric acid, . Ammonium hydrate.
Hydrosulphuric acid. ©  Ammonium oxalate.
Nitrie acid. © Ammonium sulphide.
Sulphurie acid. i Potassium ferrocyanide.
Sodium acetate, i Calcium chloride.
Sodium carbonate. Calcium hydrate.
Sodium hydrate. " Calcium sulphate,
Sodium phosphate. . Barium chloride.
Ammonium chloride. Ferric chloride.

"The spocial reagents, tests, and materiala should be arranged
80 a8 to be readily ncoessible when required for use. They will
be found described on pp. 65 to 76 of the Guide, or under the
head of the several operations in which they arc employed.

Each student will require, for his individual and sole use, the
apparatus, reagents, &e. comprised in the following lists, which
correspond to the three parts into which the Laboratory Guide
is divided :—

PART L
Chemicdd Manipulation.

Wedgwood mortar and pestle. j Funnels (4).
Earthenware furnace-support. | German glass flasks (4),
Berlin porcelain basons (3). Watch-glasses (2).

Berlin porcelain crucibles (3). | Beakors, nest of 5, small.

Test-tube rack. Wash-bottle,
Test-tube cleaners (2). Glase etirring-rods (2).
Test-tubes (12). Glass spirit-lamp.
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