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PREFACE 

THE course of instruction described in this book has ueen 
in use for some years ~t University College, Nottingham. 

It is suited to the requirements of those commencing 
the study of Agriculture. 

The experiments are so arranged as to give a scientific 
acquaintance with the substances commonly met with em 

the farm. 
It is hoped that this elementary manual may be of assist­

ance to the teachers and ~tudents of the numerous agii-
cultural ciasses recently instituted throughout the country, 

The matter is divided into the following sections :­
Section I. treats of simple chemical manipulation arid 

the preparation of apparatus. 
Section II. describes the preparation and properties of 

. the constituents of air and water. 
Section 111. conta·ll1s a numoer 01 experiments mus­

trating the properties of soils, manures, feeding materials, 
and dairy produce. 

Section IV. gives the chemical tests for the bodies 

commonly occurring in soils, Immures, and ashes of plants, 

and describes the qualitative analysis of these bodies. 
It will be seen that only those substances are treated of 
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that enter into the composItion of the various agricultural 
products. For the analyses of minerals and other occa­
sional constituents found in the earth, works on qualit;ltive 

analysis should ue consulted. 
Section Y. contains a list of apparatus and chemicals 

required for performing the experiments described in this 
book, together with instructions for preparing the vat'iaus 

solutions. 
After working through this course, students are recom­

mended to consult Addyman's 'Agricultural Analysis.' 
Our acknowledgments are due to Professor F. CLOWES, 

D.Sc. (Lond.), for permission to use woodcuts and other 

material from his text-book on Qualitative Analysis. 

UNIVERSITY COLLEGE, N'OTTINGIIAhl' 

August 1893. 

J. B. C. 
F. T. j\. 
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PRACTICAL 

AGRICULTURAL CHEMISTRY 

SECTION I 

CHEMICAL MANIPULATION AND APPARATUS 

'll,e studellt ",I lOse time is vel)' limited, on wotkillg through the 
exferilllents described in tllis book, //lay omit those faragrap"s marked 
witll all asten'sk. 

I. The Bunsen Burner.-Where gas can be obtained 
the Bunsen burner (fig. I) will be found the most convenient 
lamp for heating purposes. Before 
use the coal-gas is mixed with air, and 
when ignited burns with a feebly 
luminous flame, which deposits no soot 
when a solid object is held in the 
flame. For this reason the Bunsen 
or some other atmospheric burner is 
nearly always employed for chemical 
work in place of the luminous flame­
burner. The Bunsen burner (fig. I) 
consists essentially of a gas-jet (a), 
which is surrounded by an outer tube 
(c), in which the air passing through 
two inlets (b) mixes with the gas, 

FIG. I 

The mixture of air and gas is burnt at the top of the 
outer tube (c). Over the air-holes fits a ring, which by 
turning round will cut off either wholly or partially the supply 

B 
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of gas. 'Vhen the flame is turned down it is necessary to re­
duce the supply of air, or the gas will take fire below, which 
then gives off unpleasant-smelling products, and may melt 
the rubber tubing attached to the burner. If the bUTner 
should thus take fire belO\,", at once turn off the gas, rcduce 
llle air supply by turning the ring, and relight. 

For heating a large surface a 'rosc-top' may be used. 
It consists of a metal cap perforated with holes to distribute 
the gas. The cap is slipped on to the tor of the burner 
when it is required for use. 

2. The Spirit-lamp.--\rhere gas is not available the 
spirit-lamp (fig. 2) forms a convenient heating-lamp. Like 

FIG. 2 

the Bunsen burner the flame is 110n­
luminous, and does not smoke; but the 
temperature is not so high, and the 
flame cannot be so conveniently regu­
lated. It consists of a rescrvoir con­
taining methylated spirit, into the neck 
of which passes a wick-holder which 
supports the cotton-wick. \Vhen not 
in use the spirit-lamp should be covered 

,,,ith the ground-glass cap (a) to prevent evaporation of the 
spirit. 

3. The Blowpipe.-The mouth 1>lcl\vpipe shown in 
fig. 3 is useful for obtaining a high temperature. On Glowing 
a stream of air by means of this apparatus through an ordinary 
luminous flame a small hot flame is obtained. In order to 
produce this effect turn off the air supply in the llunsen 
burner (fig. I), so as to obtain the luminous flame. Next 
turn down the gas supply until the flame is nC:1rly two 
inches in height. Now place the jd of the bk)\\ pipe just 
over the orifice of the burner and 1>10\\' J. gentle current of 
air into the flame. The flame will then lose its luminosity 
and appear as a fmel), pointed tongue of flame (fIg. 4). In 
the use of the blowpipe tbe student should practise so as 
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to produce a continuous blast. This is acquired by first 
inflating the cheeks with air from the lungs, keeping them 

• inflated until the lungs are exhausted of 
air; then when inhaling---i.e. refilling the 
lungs-the air in the cheeks should be ex- Ii 
pelled gradually, and thus keep the blast \' 
continuous. After a little practice the stu- II \1 
dent will be able to breathe through the I 
nose during blowpipe-work, whilst he is I \ 
employing his cheeks and lungs to keep up I II 

a steady blast. \ 
4. For heating large vessels to a high I I 

temperature the table blowpipe is usually I 1 
used. In this blowpipe the air is forced I ( 
through the flame by means of afoot-bellows. II I \\ 
Since both hands are at liberty it is usually 1LlF~=p 
used in glass-working (paragraphs 5, 6, 
and 7). FIG. 3 

5. Cutting and Bending Glass Tube and 
Rod.-Glass tube (or rod) may readily be cut by first 
making a deep cut with a sharp triangular file, then holding 
the tube on either side of the cut, and finally applying a 

.C 

FIG. 4 

strain partly between a pull alld a break. The rough edges 
should either be filed or held for a short time in the BUllsen 

burner, so as to fuse the edges, and thus prevent the jagged 
edges from cutting the hands. 

Glass tube (or rod) is readily bent by holding the tube 
in the upper part of a fish-tail burner (fig. 5), const;:[ntly 
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rotating the tube so as to heat it uniformly. When the 
glass becomes soft it may be bent at any desired angle 

FIG. 5 

When cold the soot may be wiped off with a duster. If 
bent as described the bend will be rounded and of uniform 
bore throughout. If bent in a Bunsen flame the tube is 
usually flattened out at the bend and very liable to break. 

6. Making Closed Tubes.--Select a piece of glass 
tube about 6 in. long and 1:~ in. internal diameter. Heat 
it in the middle portion by means of the blowpipe flame. 
When quite soft draw it out, as shown, fig. 6. Next heat 
the portion (a) in the tip of the flame, so that on drawing 

a_ .... : ~----·--T 
-..,,_ \, 

FIG. 6 

FIG. 7 

out again a tube closed at one end (fig. 7) is formed. The 
closed end of the tube may then be rounded by heating it 
strongly and blowing gently into the open end, so as to 
slightly expand the softened portion. Or, if required, a 
bulb may be formed by again heating the closed end and 
blowing into the tube more strongly. 

7. Mounting Platinum Wire.-For a number of 
purposes (paragraphs 26 and 27) a piece of platinum wire, 
about two inches long, and fused into a piece of glass tube 
to act as a lwldcr, will uc relluired. Dra\\" out a piocce of glass 
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tube, as described above, break off the tube at a (fig. 6), 
place one end of the wire in the thin tube so left, and heat 
until the glass fuses round the end of the wire. Allow to 

T o 
F1G. 8 

cool. The glass tube will form a convenient handle for 
holding the wire during heating. Bend the free end of the 
wire into a loop, when it will be ready for use (fig. 8). 

8. Boring Corks.-Corks are readily bored by means 
of sharpened brass tubes. Select a borer slightly less in dia­
meter than the size of the ghss tube to be inserted. Press 
the cork against a wooden surface and gently rotate the borer 
until a clean hole is 
cut (fig. 9). To make 
the hoie smooth a 
round file should be 
used, which will also 
increase the dia· 
meter of the hole. 

9. In boring rub­
ber corks a very sharp 
borer should be used, and the borer 
with glycerine. 

FIG. 9 

should be moistened 

The cork borers can readily be sharpened by a special 
kind of knife sold for the purpose, or they may be filed in 
the interior by a round file, and on the exterior by a tri­
angular file. 

10. Fitting up Wash-bottle.-Select a thin 18 oz. 
conical flask (fig. 10). Procure a good, sound cork, free 
from flaws or cracks, slightly larger than the inner diameter 
of the neck. Soften the cork by rolling it backwards and 
forwards under the sole of the foot on the floor: this will 
somewhat lessen the diameter of the cork and ensure a 
flood fit. 
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Bore two holes through the cork, as described in para­
graph 8. NeAt bend a piece of glass tube at an angle of 
120", as shown in fig. 10 (b), taking care that the ends of the 
tube are roundt?d (paragraph 5). Force one end just 
through the cork. Now bend ~m()ther piece of glass tube 
at an angle of 60° (a) and pass it through the second hole 
in the cork, so as to nearly touch the bottom of the flask. 
If the tubes h:l1'c been c:lrefully :ldjusted they 'rill fit 
t~r:1ttl.)' into the: cork, so tlut when the cork is pl::tced in the 
neck of the ihsk, and one tube is closed ,,"itll the finger, no 

F](;. 10 

air should escape when air is blown 
into the flask from the mouth by 
means of the other tube. 

Upon the end of the larger 
tube (a) a small piece of rubber 
tubing is placed, into which is pushed 
a short piece of glass tube drawn 
out into a jet (c). 

Now fill the fl:l,sk with distilled 
water. It may either be used for 
propelling a fine jet of water through 
the jet (c) by blowing into the larger 
tube (b), or a larger stream may be 

obtained by inverting the bottle and pouring Ollt of the 
tube (b). If hot water is required the fbsk may be placed 
on wire gauze on a tripod stand, :lnd the contents of the flask 
heated over the Bunsen flame. 

A rubber cork may be substituted for tile wooden one, 
and will be found to last much longer. 

II. Solution.-Most solid substances dissolve in some 
bnd of liquid. ,Yater is the most common solvent. The 
amount dissolved varies according to circumstances; hence 
some substances are very soluble, others less so, and some 
only slightly soluble. 

Solution usually takes pl:lce most rapidly when the 
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substance is in a fine powder. Heating and sh~lking also 
promote solution. 

Solution may be of two kinds: (I) simple, when the 
body dissolved docs not change in its chemical composition, 
and is therefore left behind on evaporating off the liquid; 
(2) chemical, when '1 body of different composition is left 
on evaporating off the liquid. 

o. Simple Soluliol:. - Place a little alum in a 3-in. 
evaporating dish, nearly fill the dish with water. Heat over 
the Bunsen burner until the solid dissolves. R.eserve the 
solution for future usc. 

Fr:. If 

b. Chell/ical Sdl!!iN!.-Pbce a few pieces of marble 111 

a t~st-tLlbe, add a little diluk hydrochloric acid (HCl). 
The marble, which is insoluble in water, will gradually 
dissolve, carbon dioxide gas bcil1<i given 0[[ (paragraph 39). 

I2. Evaporation.- On beating a solution of a sub­
stance the liquid portion is drivcn off -em/orated-the solid 
being left behind. 

E.cfcrilllozt.- Heat the liquid from para:.;nph I I b, in 
a small evaporating dish until the liquid is all expelled; 
white solid calcium chloride (Cael,) will he left behind. 
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Care must be taken that the flame is lessened, as the 
liquid in the dish becomes reduced, or the liquid ,,·ill spirt, 
i.e. jump out of the dish. 

13. A yery convenient form of apparatus is the stea1Jl­
bath shown in fig. I r. It consists of a copper b::lth, on the 
upper side of which are cut a number of holes to fit yarious­
sized evaporating-dishes. The b::lth is three parts filled 
with water, and heated until the water just boils. The 
dishes containing the liquids to be evaporated can thus 
be kept nearly at a temperature of 1000 C., and ioss of 
the liquid by spirting is avoided. The water which is 
driven off from the bath when in use should be replaced 
from time to time, so as to keep the ievel of the water 
constant. 

FIG. 12 

I4. Crystallisation.-Take the solution (paragraph 
rra) and heat over the Bunsen flame until about one-quarter 
of the liquid is left, allow to cool, when crystals of alum 
will form. If the solution is too dilute, and no crystals 
form, further evaporation will be requisite. Most salts are 
more soluble in hot than in cold water; hence the salt 
usually crystallises out on cooling. 

IS. Precipitation.-Two clear solutions when added 
together frequently give rise to an insoluble solid, which 
gives a turbid appearance to the mixture. A body so formed 
is termed a precipitate. 

Experiment.-To a little calcium chloride solution in a 
test-tube add a little ammonium carbonate solution; a 
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white precipitate of calcium carbonate will be formed. 
Reserve the test-tube and contents for use in par:tgraph I j. 

16. Filtration.-Yery often it is necess:try to sep:trate 
a precipitate from a liquid in which it is suspended. This 
operation is performed by filtration or dec:tntation (para­
graph I9). In the former case the liquid and solid are 
thrown upon porous paper, the liquid passes through the 
paper, the solid being retained. Unsized paper, known as 
filter-paper, is used for this purpose. It is usually supplied 
cut into circular pieces. 

17. Fit a filter-paper 
into a funnel (fig. 13) by 
folding it across twice at 
right angles (fig. 12), so as 
to form a conical bag as 
shown at 3. Press this 
bag into the dry funnel, 
and then moisten the paper 
with distilled water. The 
precipitate and liquid from 
paragraph 15 may then be 
poured into the funnel, 
when the liquid passing 
through will be quite clear, 
the solid remaining on the filter-paper. 

FIG. 13 

18. Washing Precipitates.-Precipitates may be 
washed free from adhering solutions either by decantation or 
on the filter-paper, or by a combination of the two processes. 

19. Washing by Decantation.-Prepare a little 
more precipitate, as described in paragraph 15; allow it to 
stand until the precipitate subsides, then pour off the clear 
supernatant liquid. Add a little distilled water, shake up, 
allow the solid to again subside, and pour off the clear 
liquid. Repeat this operation four or five times, when all 
~he soluble matter will be washed out. 
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20. Washing on the Filter-paper.-The precipi­
tate on the filter-paper (I7) can be readily washed by pouring 
into the tIlter distilled water, allo\\-ing it to drain away, and 
repeating the operation four or fi\'(' times. Hot water is 
he,t for tbis purpose, since it filters more rctpidly than cold. 
The stream of water from the jet of the wash-bottle should 
be used for this purpose. 

FIG. 14 

21. In order to ascertain whether a precipitate is 
thoroughly washed, it is necessary either to evaporate a 
few drops of the water which has passed through the filter, 
or to test for some constituent present in the liquid which is 
to be separated. In the present case, since the liquid will 
be alkaline, the washing should therefore be continued 
until the wash-water ceases to turn turmeric paper brown 
(paragraph 28). 

22. Drying Precipitates.-Precipitates are usually 
dried in a stealll-oz'en (fig. 14), i.e. a copper oven hollow-

'II 
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I 
cased so as to contain water. The latter on being boiled 
keeps the interior of the oyen approximately at a tempera­
ture of 100

0 C. 
, A more rapid ,,-a), of drying precipitates is to open out 

the filter-paper containing the precipitate on a piece of \,"ire 
gauze, and hold it some distance a!JO\-e the Bunsen flame. 

23. Ignition.-Frequently substances require to be 
heated strongly or ignited. This is best performed in a 
small test-tube c:.111ed an ignition-tube (6) or on :.1 piece of 
platinum foil 2 in. X I in., the baer being held in the 
flame by means of crucible tongs. 

Experiment.-Heat a little solid manganese sulphate in 
an ignition-tuhe; the substance will turn black, due to the 
production of the oxide. 

24. Fusion.-On ignition some substances melt or 
fuse; occasionally other substances are added before 
fusion. 

Experillle1Zt.-Heat a mixture of sodium carbonate and 
potassium nitrate with a trace of manganese dioxide on 
platinum foil; a green mass will be produced. 

25. Sublimation.-On heating, some substances go off 
;n vapour, but condense again on a cool surface. 

Experilllent.-Heat a little ammonium chloride in an 
ignition-tube held in a horizontal position. The salt will 
totally sublime and condense again as a \,"hite solid in the 
cold part of the tube. 

26. Flame Colorations.-Certain substances when 
heated in a colourless flame, such as the Bunsen or blow­
pipe flame, give a distinct coloration to the flame. 

Experillltnt.--Clean a piece of mounted platinum wire 
(7) by heating it in the blowpipe flame, mo'istening it with 
hydrochloric acid, reheating, and repeating the operation if 
necessary. Take up a little c:.1lciul11 chloride by means of 
the loop and hold in the flame. A red coloration will be 
givcn to the flame. 
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• 
27. Borax Bead.-Fusealittle borax on the loop ofa 

platinum wire until it becomes like a Lead of colourless 
tmnsparent glass. Now take a z'e!'}' little manganese dioxide, 
and heat in the outer blowpipe flame; a port-wine tint will't 
Le imparted to the bead. Next heat in the inner flame; 
the bead will become colourless. It will thus be seen 
that the two flames may give rise to different coloured 
beads. 

28. Use of Test-papers.-Certain vegetable colours 
are affected by the addition of certain chemicals. The 
test-papers in common use are made by soaking paper in 
litmus or turmeric solutions. They are usually purchased 
in little books. 

Litmus occurs normally as a blue substance. Its 
solution in water or alcohol is at once turned red by acid 
bodies. This reddened litmus is then sensitive to alkalies, 
which give the original blue colour again. 

Turmeric is normally of a yellow colour. Its solution 
is turned brown by alkalies, the yellow colour being 
restored by acids. 

29. Experillleltt.-Try the effect of solutions of hydro­
chloric acid, ammonium hydrate, and ammonium chloride 
on blue and red litmus and turmeric papers. It will be 
found the first gives an acid, the second an alkaline, and 
the third a neutral reaction. 

Thus by means of test-papers we have the means of 
ascertaining when a reagent is added in excess, provided 
that reagent give a different reaction to the liquid to which 
it is added. 
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SECTION II 
THE CONSTITUENTS OF AIR AND WATER 

PREPARATION AND PROPERTIES OF OXYGEN 

30. Place a few crystals of potassium chlorate in a per­
fectly dry test-tube and heat in the Bunsen flame. The 
substance first crackles, then melts and gives off bubbles 
of oxygen gas. When this appearance is noticed light a 

FIG. IS 

splinter of wood, and when it is fairly alight blow it out 
again, then whilst the end still glows introduce it into 
the mouth of the test-tube. The splinter will burst into 
flame. This behaviour of the glowing splinter is a test for 
the oxygen which is given off from the heated potassium 
chlorate. 

The following equation represents the chemical action 
that takes place: KCl03=KCI+03• 

31. In order to investigate the properties of oxygen gas 
a much larger quantity of the gas is required than can be 
pn:f.Jared by the abO\-e method. 
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Choose a dry test-tube and fit a sound cork into the 
mouth of the tube. Bore the cork, and fit it with a 
bent tube of the shape shown in fig. IS. Next powder in, 
a mortar about as much potassium chlorate as will fill a 
small watch-glass, together ,yirh about one-fifth as much 
manganese dioxide. One-third fill the test-tube with the 
mixture and place it in a retort-stand, as shown in the 
figure. Next place a beehive cell in a larger vessel and add 
\Yater until it reaches about one inch higher than the top of 
the beehive cell. Before commencing to heat the tuLe, fill 
one of the jars in which the gas is to be collected with 
water, cover its mouth with a ground-glass plate. Inyert it 
and place it on the beehive cell, as shown in the figure, 

FIG. 10 

removing the glass plate when the mouth of 
the ja.r is under the wa.ter See thJ-t the enrl 
of the deliyery-tube is directly beneath the 
opening of the jar. Now heat the part of 
the oxygen mixture (potassium chlorate and 
manganese dioxide) nearest the cork with a 
Bunsen flame. Oxygen will come off more 
readily than in the former case (30), and, 
passing through the delivery-tube, will be 
collected in the jar. As soon <lS one jar is 
filled with the gas, close it with a glass plate 

and remove it from the earthenware dish, replacing it by 
another filled with water and inverted in the same manner. 
When three jars have been filled in this way remove 
the delivery-tube from the water and discontinue heating. 

32. One of the properties of oxygen has already been 
shown, i.e. its power of rekindling a glowing splinter of 
wood. All substances which burn in ;:Iir burn still more 
readily in oxygen. 

33. Burning Sulphur in Oxygen.-Place a small 
piece of sulphur on a defl<lgrating spoon. Heat it in a 
Bunsen burner until it ignites, then plunge it into a cylinder 



31-30) PRl,'P,\RATION OF NITROGEN 
~ 

15 

of the gas, as shown in fig. 16. It will burn brilliantly. 
When the sulphur has ceased burning withdraw the de­
iiagrating spoon and pour a little water coloured with a few 
drops of blue litmus solution into the bottle. The sulphur 
dioxide formed by the combination of the sulphur with the 
oxygen will be dissolved, and the litmus will be turned red, 
showing that all acid body has hecn formed. 

34. Burning Charcoal in Oxygen.-Burn a piece 
of charcoal in a jar of oxygen, just as tbe sulphur was 
burned in the last experiment. It will glow brightly but 
will give no flame. After all burning has ceased pour 
lime-water into the jar and shake up. The lime-water will 
turn milky owing to the presence of carbon dioxide, which 
is formed when charcoal is burned in oxygen. The action 
of carbon dioxide on lime-\\·aler is more fully explained in 
paragraph 42. 

PREPARATION AND PROPERTIES OF NITROGEN 

35. The most convenient source of nitrogen is the air, 
which consists chiefly of a mixture of the two gases oxygen 
and nitrogen in the proportion of four volumes of the latter to 
one of the former. To prepare nitrogen 
it is only necessary, then, to remove 
the oxygen from a portion of the air. 

36. Eo'CpcrillIellt.-Half fill a stone­
ware dish with water and float on its 
surface a small evaporating dish. In 
the dish place a piece of phosphorus 
about the size of a pea. Care mUot 
be taken not to ignite the phosphorus. 
It should be cut under "",Iter and dried 
as rapidly as possible by means of 
nIter-paper. Next place a stoppered 
bell-jar over the basin, as shown in figure 17. Ignite the 
phosphorus by touching it with a hot wire. Quickly withdraw 
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the wire and stopper the bell-jar. The interior will first fill 
with white fumes, then the phosphorus will go out, and finally 
the white fumes will disappear, leaving the interior clear 
again. As the fumes disappear the water will rise in the" 
bell-jar, showing that the volume of gas inside has con­
tracted. 

37. The explanation of this is as follows: As the 
phosphorus burns it combines with the oxygen of the air to 
form phosphorus pentoxide, which is a white solid body, 
and hence appears as a white cloud. Whcn all the oxygen 
has been used up the phosphorus goes out. Next the 
phosphorus pentoxide dissolves in the water, and so 
nothing is left in the bell-jar except the nitrogen, which 
only occupies four-fifths the original volume of the oxygen 
and nitrogen together. 

38. Experiment.-Nitrogen neither burns nor does it 
support combustion. To test this add water until the level 
is the same outside as it is inside the bell-jar, open the 
stopper and plunge the lighted taper into the gas; the taper 
will at once be extinguished. 

PREPARATION AND PROPERTIES OF CARBON DIOXIDE 

39. Fit a Woulffe's bottle with thistle-funnel and 
delivery tube as in fig. 18. Place in the bottle a few 
pieces of marble. Pour down the thistle-funnel enough 
water to cover the marble, then add a little strong hydrochloric 
acid. A brisk effervescence will take place, and carbon 
dioxide will be evolved. 

40. Place a cylinder under the end of the delivery 
tube. Since the gas is so much heavier than air it will 
fall to the bottom. After the apparatus has been work­
ing for about half a minute hold a lighted taper just over 
the mouth of the jar. When the jar is full the gas will come 
in contact with the tapcr and put it out. 
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41. Carbon dioxide gas resembles nitrogen in that it 

will extinguish a flame as shown in the last experiment, but 
it differs from it in several ways. To show that it is much 

.heavier than air pour the gas from one jar into another, 
as shown in figure 19. As the gas is invisible, nothing will 
be seen to pass. Now plunge a lighted taper into each of 
the jars. In the one which originally contained the gas, the 
taper will go on burning, showing that no carbon dioxide 
remains, whilst in the other the taper will be extinguished, 
showing that the gas has been poured out from the first jar 
into the second. 

42. Another property by which carbon dioxide may be 
recognised is its actiull 011 lime-water. Half fill a small 

FIG. IS 

beaker with lime-water 
and place it so that the 
delivery-tube of the ap­
paratus (fig. IS) dips into 
the liquid. Allow the gas 
to pass through the lime­
wakr for a few minutes. 

FIG. 19 

First the li(IUid becomes milky, because the lime has 
combined with the carbon dioxide to form carbonate of 
lime or chalk, which is not soluble in water. In a short 
time, however, the liquid becomes clear again: this is 
because the chalk, although insoluble in pure water, is 
soluble in water which contains carbon dioxide gas dissolved 
in it. 

c 
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PREP.U:'.\TIO"'l ,\:\D PIWI'ERTIES OF A~DlONL\ 

43. Ammonia is generally prepared Iy~' hc:ating togctiltor 
slaked lime and ammonium chloride. Grin,l togdher in a \ 
mort:u equal parts of ammonium chloride and slaked lime, 
place a little of the mixture in a kst-tuoe and heat it. 
Notice the strong smell of the ammonia which is formed. 

44. To obtain larger quantities of the gas it is much 
more convenient to prepan: it from its solution in water. 
If strong ammonia solution is warmed the gas comes off 

in a rapid streaJl1. 
Set up the apparatus 

sbown in fig. 20, placing 
a small quantity of the 
strongest amlllonia in the 
flask. Since ammonia is 
lighter tban air it may IlC 

collected by upward dis­
placement. To do tbis 
place a jar oZ','r the em­
lution-tube and warm the 
flask cautiously. Thc 
gas will ascend into the 
jar. Now dip a glass 
rod into strong bydro-

FIG. 20 cbloric acid and hold it 
near the mouth of tbe jar. When the jar is full the 
ammonia gas coming in contact with the hydrochloric acid 
will form dense white fumes around the moist part of the 
rod. Discontinue heating and remo\"e the jar. 

45. One of the most striking properties of ammonia gas 
is its extreme solubility in water. l)lace a ground-glass plate 
over tbe mouth of a jar filled \vith the gas as in the last 
experiment. TheIl hold tbe jar so that its mouth dips under 
the surface of the water contained in an e:uthenware dish. 
Remove the glass plate. The water will rush up into the jar. 
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46. Another property of ammonia is its action on tur-
meric paper, which it turns browll. Take a few drops of 
strong ammonia in a test-tube. :\foisten a strip of turmeric 
paper and hold it over the mouth of the test-tube. It \I'ill 
Jrobably become brown at once from the ammonia II'hich 
~scapes from the solution. If it doe,; not alter its colour 
warm the liquid slightly; the paper will immediately be­
:ome dark Lrown. 

EXPERIMENTS ON AIR 

47. It has already been stated that atmospheric air 
:onsists chiefly of oxygen and nitrogen. Besides these two 
~ases it also contains several others in small quantities, viz. 
:arbon dioxide, water-vapour, and traces of nitric acid and 
11111nonia. 

48. Carbon Dioxide in Air.-Pour a little clear 
lime-water into a saucer or shallow evaporating-basin and 
allow it to stand for an hour. At the end of that time it 
will be covered by a thin film of carbonate of lime or chalk. 
This is produced by the action of carbon dioxide, as ex­
plained in paragraph 42, and shows the presence of t}Jat 
gas in the air. 

49. Water-vapour in Air.-Place 011 a dry porce­
lain tile a few lumps of dry calcium chloride and allow 
them to stand for an hour. At the end of that time the 
lumps will have become quite wet. The moisture which 
has been thus attracted can only have come from the air. 
This experiment, therefore, shows that the air contains 
water-vapour. 

EXPERIMENTS ON WATER 

50. Distillation of Water. -The water obtained 
from the general supply of a town is seldom sufficiently 
pure for use in a laboratory, ;is it contains several substances 
in solution. It may lie freed from these impurities by the 

c 2 
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process known as distillation. The apparatus required for 
this operation is shown in fig. 2 I, and consists of a retort 
whose neck leads into a flask which is kept as cool as ) 
possible by being immersed in a vessel of water. Half fill 
the retort with water and heat it with a Bunsen flame, prefer­
ably with the flame from a rose burner. The water will boil, 
and the steam will pass over until it comes into the cool flask, 
where it will condense. In this manner pure water will be 
collected in the flask, whilst the impurities are left behind 
in the retort. 

5r. For the tests described ill the next eight experi­
ments three kinds of water should be used, i.e. distilled water, 

FIG. 21 

ordinary water as supplied to the laboratory, and some 
sample of really impure water, such as drainage water. 

52. Solid Matter in Water.-Half fill three evapo­
rating-basins with the different waters under consideration 
and evaporate each to dryness. Notice the residue, if any, 
left in each case. When the residue is quite dry hold the 
dish in a Bunsen flame for a minute or so. Should there 
be any organic impurities in the water, such as are derived 
from decomposing animal or vegetable matter, the residue 
in the dish will become discoloured and blackened. The 
distilled water will be found to leave no residue. The 



53-.56] EXPE~IMENTS ON WATER 21 

laboratory water \vill leave a residue which will probably 
remain white on further heating. The drainage water will 
leave a residue which blackens on heating. 

• 53. Lime in Water.-Half fill three clean test-tubes 
with the three samples of water. Place them side by side 
in the test-tube rack and add to each a few drops of am­
monia and a little ammonium oxalate solution; allow to 
stand a few minutes. The distilled water will suffer no 
change, whilst the other t\\'o will become cloudy. Notice 
which gives the thickest cloud, as that one will contain 
most lime, and will probably be the hardest water. 

54. Salt in Water.-Half fill three test-tubes with the 
waters as directed in the last experiment and add a drop 
of dilute nitric acid and ten drops of silver nitrate to each. 
The distilled water will not change in appearance. That 
water which gives most cloudiness contains most salt. 

55. Sulphates in Water.-It is very seldom that a 
natural water contains sulphuric acid in the free state, but 
most spring waters contain it in combination with lime or 
magnesia. Add to portions of the different kinds of water 
in three test-tubes a drop of hydrochloric acid and ten drops 
of barium chloride. A cloudiness, which may require a few 
minutes to form, shows presence of sulphuric acid. The dis­
tilled water contains no sulphuric acid, whilst tbe other two 
contain it in varying quantities, as shown by the milkiness. 

56. Ammonia in Water.-Take three test-tubes half 
filled with the different kinds of water as before, and to each 
add ten drops of Nessler's Solution. This is one of the most 
delicate tests known to chemists, and should the smallest 
trace of ammonia be present, the water to which the Ness­
ler's Solution (265) has been added will become coloured 
yellow or brown, according to the amount of ammonia 
present So delicate is the test that distilled water, unless 
it has been specially prepared, will contain sufficient ammo­
nia to show it. After the test-tubes have stood two or three 
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minutes notice their colour by holding tAem over a sheet 
of white paper and looking down through the length of the 
tube. The drainage water will be much more coloured 
than the other two. As the most probable source of am­
monia in a natural water is decaying animal matter it will 
be seen that it is very necessary that drinking water shall con­
tain as little of this substance as possible. 

PREPARATION AND PROPERTIES OF HVDROGEN 

57. Fit up the apparatus for this experiment as shown in 
fig. 22. Place a handful of granulated zinc at the bottom of 

the Woulfft!s bottle and pour sufficient water down the thistle­
funnel to cm'er the zinc. N ow add some strong hydro­
chloric acid, when a brisk effervescence will ensue. Do not 
collect the first portion of gas, but after it has been in action 
for two or three minutes fill a test-tube with water, invert it 
in the water, and allow the gas to pass into it. When it is 
full of gas close it with your thumb and bring it close to a 
lighted burner. Remove your thumb and apply the light to 
the tube. If the gas be pure it will burn steadily; if it con­
tain air it will explode with a sharp squeak. Continue 
testing until it is quite free fron' air, then collect a few 
cylinders as described in paragraph 3 J. 
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58. Hydrogert burns but does not support combustion. 
As soon as a cylinder is full of hydrogen remove it from 
the trough, keeping its open end downwards, and thrust a 

I lighted taper into it. Tbe taper will be extinguisbcd, but 
tbe bydrogen itself will Lurn \Iith a flame \Ihicll is scarcely 
visiLle. 

59. Hydrogen is the lightc:it sulJstance known. Fill an­
other cylinder with hydrogen and pour the gas lIp7c'anis into 
a cylinder which contains nothillg Lut air. Then te:it each 
cylinder with a lighted taper. The aile which formerly con­
tained the gas will have no effect on the taper, \yhilst the 
one which formerly contained no hydrogen will give a sharp 
explosion, showing that hydrogen is lighter than air. 

60. Fill a short thick cylinder with watcr, then invert it 
in a dish of \y~,ter. Displace about two-thirds of the water 
with hydrogen and the rest witb oxygen. Allow the gases to 
stand for a fcw minutes to mix thoroughly, then apply a 
lighted taper; a loud explosion will take place. 
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SECTION III 
EXPERIlIfENTS ON SOILS, MANURES, FEEDING 

MATERIALS, AND DAIRY PRODUCE 

EXPERIMENTS ON SOILS 

61. Arable soils consist principally of four substances­
sand, cby, limestone, and humus or organic matter-­
and the varieties of soil are named according to the pro­
portions in which the above constituents are present. Thus, 
certain soils are known as sandy soils, clay soils, limestone 
soils, and peat soils. Besides these are loams, which 
contain both sand and clay in large quantities; marls, 
which consist lJrincipally of limestone and clay; and cal­
careous soils, in which sand and limestone occur together. 

62. Separation of Sand and Clay.-Place in a 3-in. 
evaporating-basin about as much dried loam as will cover a 
penny. Half fill the basin with distilled water, and boil it for a 
few minutes. Stir up and pour out the whole of the contents 
into a small beaker. Allow the beaker to stand for a few 
minutes, then pour off the cloudy liquid into another beaker, 
leaving the sedin1ent behind. Now hold the beaker contain­
ing the sediment over a sink and allow water to run into it 
for a few minutes. The fine particles of clay will be washed 
away, and very soon the water will run off quite clear. The 
residue in the beaker is sand. 

63. Action of Lime on Clay.-Frequently lime is 
added to a clay soil to make it more open and sandlike in 
its properties. To illustrate this action pour into two test­
tubes a little of the clay-water prepared in the last experiment. 
To one of these add a thimbleful of lime-water and allow 
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them to stand fdr an hour or so. The clay will scarcely 
have settled at all in the one to which no lime-water has 
been added, whilst the other will have become almost clear 
owing to the clay having fallen to the bottom of the liquid 
as though it were fine sand. 

64. Limestone in Soi1.-In paragraph 39 it was shown 
that when hydrochloric acid is added to marble (which is a 
form of limestone) effervescence takes place, and carbonic 
acid gas is evolved. Take a small quantity of soil in a 
test-tube and moisten it with water. Fill the test-tube 
about half full of dilute hydrochloric acid. If the soil 
contains considerable qu:mtitics of limestone the effer­
vescence will be seen at once. Should only traces be 
present the effervescence may be detected by holding the 
mouth of the test-tube close to the ear, when the sound 
caused by the gas coming off will be distinctly heard. 

65. Test for Lime.-Lime is oxide of calcium; for a 
full set of tests for that metal see paragraphs 178-181. 
To test for lime in a soil: boil the mixture of soil and 
acid described in paragraph 64 for a minute, then add 
ammonia to it until it is alkaline, and filter. To the clear 
liquid so obtained add a little ammonium oxalate and allow 
the liquid to stand for a few minutes. A white precipitate or 
cloudiness shows that the soil contained lime. 

66. Test for Organic Matter (Humus).-Place a 
little soil on a piece of platinum foil and hold it with a pair 
of crucible tongs just over the top of a Bunsen flame. The 
soil will first of all darken in colour until nearly black, then 
it will become lighter again until it is of much the same colour 
as it was before heating. The reason of these changes is that 
the organic matter (which always contains carbon) becomes 
charred, and the carbon so formed gives a dark colour to 
the substance. After a while the carbon itself burns, and 
leaves the soil as it was before the experiment, except that 
the organic matter has been burned away. 
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* 67. The Nature of Humus.-'!'he organic mattcr 
or humus in a soil consists principally of certain acids, 
which, like all other acids, combine with caustic potash to 
form salts. The soil acids themselves are not soluble in III 
water, but the compounds which they form with caustic potash 
are soluble. To show this, place a small quantity of peat soil 
at the bottom of a test-tuhe and fill the tube about one-third 
full of caustic potash solution. "'arm for a few minutes, 
then fill up the test-tube with ,Yater, shake well, and 
filter. The liquid which comes through will be coloured 
brown by the potash compounds in solution. Take a 
little of the solution in a test-tube and add an excess 
of dilute hydrochloric acid. The liquid will become cloudy 
because the soil acids will be again set free from the 
potash, and, as they are not soluble in water, they will form 
a precipitate. 

EXPERIMENTS ON MANURES 

68. T lle most important constituents of manures are 
lime (CaO), potash (K"O), phosphoric acid (P 205), and 
nitrogen (N). Most natural manures, such as farmyard 
manure and guano, contain all these substances. Artificial 
manures are generally made by mixing substances which 
contain one or more of the above constituents in a concen­
trated form. The experiments described in paragraphs 69, 
70 are to show the properties of the various simple manures 
before mixing. 

Lnm MAKURES 

69. Slaking Lime.-PJace a lump of freshly prepared 
lime, about the size of a small nut, on a tile and pour a few 
drops of water on to it. When this water is soaked up, pour 
a few more drops, and continue this process as long as the 
lime will continue to absorb it and still remain dry. The 
lime will become hot and fall into a fine powder, showing 
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that chemical act:Cn has taken place, and the quicklime bas 
combined with the water to form slaked lime. 

70. Solubility of Lime.-Although limestone (car-
• bonate of lime) is not soluble in pure water, slaked lime 

(hydrate of lime) is. Place a little powdered marble in a 
test-tube, and in another place a little of the slaked lime 
obtained in the last experiment. Add to each half a test­
tube full of waler and shake up. Allow both to settle and 
pour off the clear liquid into two other lest-tubes. Filter 
if necessary. To each of these two clear liquids add a few 
drops of ammonium oxabte. The one in which the marble 
has been shaken will remain clear, showing that none has 
been dissolved; whilst the other will give a white precipitate, 
showing that some of the slaked lime has entered into 
solution.! 

7I. Action of Air on Lime.-"Vhen lime is exposed 
to the air it absorbs carbonic acid and gets converted again 
into carbonate of lime, which is known as mild lime. Pom 
a little lime-water (a solution of slaked lime in water) into 
an evaporating-dish and leave it exposed to the air for an 
hour or two. At the end of that time it will be covered 
with a thin scum. This is because the lime in the solution 
has been turned into carbonate of lime, \yhich, being 
insoluble in the water, forms a scum over the surface. 

72. Action of Lime on Acids.-Lime is not only 
useful as a food for plants, but it improves the soil in many 
other ways. One of these has already been pointed out in 
paragraph 63. Another use of lime is to add it to 'sour' 
soils, or soils which contain such quantities of acid that they 
will not grow good crops. To show this action, one-third fill 

1 Distilletl water is seldom perfectly free from carbon dioxide; 
hence a trace of the marhle is often c1i"oIYed, giving a faint precipitate 
with ammonium oxalate. 'Yhen this is the case the student should 
notice the great difference Let ween the precipitate obtained after using 
lime and that obtained by using marble. 
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a test-tube with distilled water, then a~d a few drops of 
hydrochloric acid and a few drops of litmus solution. The 
acid will colour the litmus red. Now add a few drops of 
lime-water and shake up. If the liquid be still red (i.e. if I 
it be still acid) add a few more drops of lime-water and 
shake up again. Continue doing so until the colour 
changes to blue. When this takes place all the acid will 
have been neutralised. 

* 73. Action of Lime on Saltsof Iron.~SoluLle salts 
of iron are often injurious to crops. Lime has the property 
of rendering these salts insoluble. Dissolve a crystal of 
ferrous sulphate (copperas) in half a test-tube of cold water. 
Add a little lime-water. The iron in the solution will be 
rendered insoluble and a dark-coloured precipitate of fer­
rous hydrate will be formed. 

74. Sulphur in Gas-lime.-Lime which has been 
used in the purification of coal-gas, called gas-lime, is some­
times used as a manure and insecticide, but unless it is 
exposed to the action of the air for a considerable time it 
acts as a plant poison, as it contains calcic sulphide. To 
show the presence of a sulphide, place a little gas-lime in a 
test-tube and add a little dilute hydrochloric acid. Effer­
vescence takes place and the calcic sulphide is decomposed, 
forming sulphuretted hydrogen, which may be recognised 
by its offensive smell. 

* 75. Sulphur in Gypsum.-Gypsum (sulphate of lime) 
contains sulphur, but as a plantfood. Treat a little gypsum 
as in the last experiment. No sulphuretted hydrogen will 
be given off. Mix a little gypsum in a mortar with twice its 
weight of powdered charcoal. Place a little of this mixture 
on a piece of platinum-foil and heat over a Bunsen flame 
until all the charcoal is burned off. Allow to cool, then place 
the mass in a test-tube and add a little dilute hydrochloric 
acid. Sulphuretted hydrogen will now be evolved, showing 
that sulphur was present in the gypsum. The action of the 
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air on gas-lime is tc} turn the calcic sulphide (CaS) to gypsum 
(CaSO~). The heating with charcoal brings about the 
)pposite effect, i.e. reduces the gypsum to calcic sulphide. 

POTASH MANURE 

76. Potash in Kainit.-Kainit is the most common 
potash manure. To show that it contains potassium, place 
a little kainit on a watch-glass and moisten it with dilute 
hydrochloric acid. Test this substance in the flame as 
directed on page 1 I. The flame will appear yellow, due to 
sodium present as an impurity. Now observe the flame 
through an indigo prism or a piece of cobalt-blue glass. It 
will appear crimson. This is a distinctive test for potash 
(189). 

PHOSPHATIC MANURES 

77. Phosphoric Acid. -This generally occurs in 
artificial manures as a phosphate of lime. These phosphates 
are four in number, and each has its own distinctive 
properties. Their chemical names and formulre are as 
follows :-

a. 1Ionocalcic phosphate 
b. Bicalcic phosphate 
c. Tricalcic phosphate 
d. Tetracalcic phosphate 

Their commercial names are-

a. Superphosphate of lime. 
c. Bone or mineral phosphate. 

CaO.(H 20)2· P "O;; 
(CaO)". H 20.P "05 
(CaO)a.P"O;; 
(CaO) •. P 20" 

b. Reverted phosphate. 
d. Slag phosphate. 

The properties of slag phosphate are very similar to 
those of reverted phosphate, so in the .next three experi­
ments reverted phosphate is not considered, but it is referred 
to in paragraph 81. 

78. Action of Water on Phosphates. - Into three 
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test-tubes introduce equ:lI qU:lntities respehively of coprolite 
powder (which cont:lins bone phosph:lte), b:lsic slag (which 
contains slag phosphate), and superphosphate. About as" 
much as can be held on a sixpence will be sufficient. Half 
fill each test-tube with distilled \\":lter and shake up. Filter 
each one into a clean test-tube through separ:lte filters. If 
the solutions do not come through clear, pass them through 
the filters again. Now test each solution for phosphoric 
acid. This is done by adding an excess of ammonium 
molybdate solution and boiling; a yellow precipitate 
shows that phosphoric acid is present. It will be found 
that the liquid from the superphosphate contains phos­
phoric acid, but that the others do not, sbowing that 
superphosphate of lime is the only one of the three 
substances that is soluble in water. 

,~ 79. Action of Ammonium Citrate on Phos­
phates.--Place small quantities of superphosphate, slag 
and coprolite powder in separate test-tubes, as in paragraph 
78. Shake up ,,,ith ammonium citrate solution. Filter 
and test with ammonium molybdate as before. This time 
the liquids from both the sl::!g and the superphosphate will 
he found to contain phosphoric acid, whilst that from the 
bone phosphate will not, showing that both superphosphate 
and slag phosphate are soluble in ammonium citrate, whilst 
bone phosphate is not. 

80. Action of Dilute Nitric Acid on Phosphates. 
Proceed exactly as in the two previous experiments, 
treating the different phosphates with dilute nitric acid. 
Filter and test as before. All three phosphates will be 
found to be soluble in nitric acid, and will therefore give 
the molyhdate test. 

8r. Reversion of Superphosphate.-When a super­
phosphate is placed on the soil the rain dissolves the soluble 
substance and thoroughly impregnates the soil with it. If 
it were to remain soluble, a quantity would eventually be 
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washed away into' the drains. This, however, does not 
occur, as seyeral suustances in the soil cause it to 'revett,' 
or turn into reverted phosphate, which, like slag phosphate, 

-is inooluble in water. The principal substances which 
bring about this rcv-crsion arc lime, oxide of iron, and 
alumina. This reversion is shown in the next experiment. 

82. Action of Lime on Superphosphate --Mix a 
little superphosphate in a mortar with twice its weight of 
freshly slaked lime. Grind them well together and intro­
duce a small quantity into a test-tube. Add distilled water 
and sh::lke wcll, then allow to settle. When the liquid has 
become n2arly clear, filter and test the clear liquid with 
ammonium molybd::ltc. No phosphoric acid will be found. 
The lime has revcrted the supcrphosphate and rendl'rcd it 
insoluble. 

*, 83. Action of Ammonium Citrate on Reverted 
Phosphate.-Take a little more of the mixture of lime 
and superphosphate made in the last experiment in a test­
tube and treat it with ammonium citrate solution. Filter, 
and test with ammonium molybdate. The reverted phos­
phate will be found to resemble slag phosphate in that it 
dissoh-es in ammonium citrate. 

The vegetable acids in soil act very much in the same 
way as ammonium citrate, so that the reverted phosphate, 
which has been formed and thoroughly mixed with the soil 
by the action of rain, lime, &:c., on superphosphate, is slmyly 
redissoh-cd and given lip to the plants as food. 

NITROGENOUS MANURES 

84. The nitrogen in manures occurs in olle or more of 
three forms kno\yn chemically as O1:;;wli( nitrogen, aJIIlll()­

lIia(al nitrogen, and lIitric nitrogen. In whatever form it 
may occur, the action of the organisms in the soil is to turn 
it into the last of the three, as this is the only forn1 in which 
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It IS fit for plant-food. The following .three experiments 
show how the different forms may be recognised. 

85. Test for Organic Nitrogen.-l\Iix together in a 
mortar about as much shoddy (which has been cut up very" 
fine with a pair of scissors) as can be heaped up on a shil­
ling with about four times its weight of soda lime. Heat a 
little of this mixture strongly in an ignition-tube (6). Am­
monia gas will be given off, which may be recognised by its 
smell, and also by the fact that it turns moist turmeric 
paper brown. 

Treat a little sulphate of ammonia in exactly the same 
way as the shoddy. Ammonia will be given off more 
readily than in the former case. 

Treat a little nitrate of soda in the same way. No am­
monia will be given off. 

Shoddy contains organic nitrogen, sulphate of ammonia 
contains ammoniacal nitrogen, and nitrate of soda contains 
l1ltnc nitrogen. From the experiment just performed it will 
be seen that the organic and ammoniacal forms are similar 
in that they both give off ammonia when heated with soda 
lime. They arc distinguished from each' other by the 
experiment described in paragraph 86. 

86. Test for Ammoniacal Nitrogen.-Take three 
test-tubes: in the first, place a little shoddy, cut up fine; 
in the second, a little sulphate of ammonia; and in the 
third, a little nitrate of soda. Half fill each test-tube with 
potassic hydrate solution, and boil each in turn. The one 
containing sulphate of ammonia will giye off ammonia, which 
may be recognised as before, whilst the other two will 
not. Ammoniacal nitrogen may always be recognised in 
this way. 

87. Test for Nitric Nitrogen.-Take separate small 
portions of sulphate of ammonia, shoddy, and nitrate of 
soda in test-tubes and add water. Filter each and to the 
clear liquid add a few drops of indigo solution; then pour 
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in strong sulphmic acid until the volume of liquid is 
about doubled. In the case of shoddy and sulphate of 
ammonia no change will take place. With nitrate of soda 

' the indigo will be bleached. This operation may be used 
as a test for nitrates in manures. 

THE MIXING OF MANURES 

88. In mixing manures care must be taken not to mix 
two substances which act chemically upon each other. 
Attention has already been called to the fact that lime acts 
upon superphosphate (82), rendering the phosphoric acid 
insoluble in water; and since basic slag contains a certain 
quantity of lime it should not be mixed with super­
phosphate. Other substances which should not be mixed 
are shown in paragraphs 89 and 90. 

89. Action of Superphosphate on Nitrate of 
Soda.-Mix equal quantities of superphosphate and 
nitrate of soda in a mortar. Notice the peculiar smell of 
the mixture. Heat a small quantity in an ignition-tube. 
It will give off brown fumes. The reason is that super­
phosphate contains a certain amount of free sulphuric acid 
which is used in its manufacture, and this acts upon the 
nitrate of soda, setting free nitric acid, which is recognised 
by its smell and the brown fumes formed when it is heated. 
Now since nitric acid contains nitrogen, and is volatile, it 
will pass off into the air, and so nitrogen will be lost. 
Further, nitric acid is a very corrosive substance, and will 
attack the bags in which manure is stored. Hence super­
phosphate and nitrate should never be mixed before ap­
plying them to the land. 

90. Action of Slag on Sulphate of Ammonia.­
Mix a small quantity of sulphate of ammonia with about 
six times its bulk of basic slag in a mortar. Notice the 
smell of ammonia. Heat a little of the mixture in an 
ignition-tube, and hold a piece of moist turmeric-paper over 

D 
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the end of the tube. The paper will betome brown. This 
experiment teaches that when these two substances are 
mixed ammonia passes off into the air and is lost; ann, 
since ammonia contains nitrogen this loss is a serious one. 

TESTING MANURES 

91. To filld the exact value of a manure it is necess:ny 
to make a full quantitative analysis. There are, however, 
.1 few simple tests by which the purity of a manure or the 
composition of a mixed manure may be recognised. These 
are detailed in paragraphs 92-106. 

92. Ammonia in Guano.~No single test can be 
applied which will guarantee the purity of a Peruvian guano, 
but the one described in this paragraph, together with those 
in the next two experiments, will give a fair idea of its 
genuineness. 'fake a little guano in a test-tube, and treat it 
with potash exactly as was described in the case of nitrogen. 
ous manures (86). A genuine guano contains ammoniacal 
nitrogen, and hence :unmoni::t will be evolved, which will 
turn turmeric-paper brown. 

93. The Ash of Guano.--Pbce a little guano on 
a piece of platinum foil, and hold it by means of a pair of 
crucible tongs in the flame of a Bunsen burner. The 
guano will first darken in colour, then catch fire and flare 
up. When it ceases burning a black mass of charcoal will 
be left. Continue heating until all the charcoal is burned 
off. The mass now left on the foil is known as the ash of 
the guano, and should be quite white. If it is brown the 
guano has been adulterated. 

94. Soluble Phosphoric Acid in Guano.-Trcat 
a small quantity of gU:1ll0 with water in a test-tube as 
described in paragraph 78. Filter and heat the liquid with 
excess of ammonium molybd:!te solution. A yellow pre· 
::ipitatc will be formed, showing that the guano contained 
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phosphoric acid in a soluble state. The guano may be 
distinguished from superphosphate by moistening a small 
~uantity on a tile and laying a piece of blue litmus over it. 
The litmus will not change. If this be tried with super­
phosphate the litmus-paper will be reddened. 

95. Volatility of Sulphate of Ammonia.-Place 
a few crystals of pure sulphate of ammonia on a piece of 
platinum foil, and heat over a Bunsen flame. The crystals 
will first of all melt, then white fumes will rise from the 
substance, and finally it will v:.ll1ish entirely, leaving no 
trace whatever on the foil, Repeat the experiment with a 
few crystals of cOlllllltrcial sulphate of ammonia. Exactly 
the same series of changes will take place, exccpt that a 
slight film of impurity will be left on the foi]. The smaller 
this film, the purer the sulphate will be. 

96. Thiocyanates in Sulphate of Ammonia.­
Occasionally sulphate of ammonia contains a powerful plant 
poison, known as thiocyanate of ammonia, which should 
always be tested for. Add to a solution of ammonium 
thiocyanate a few drops of ferric chloride solution; a blood­
red liquid will be formed. Now make a solution of com .. 
mercial sulphate of ammonia in water and treat in the same 
way by adding a drop of ferric chloride. Should the lc:lst 
red coloration occur, the sulphate is unfit for use. 

97. Action of Heat on Bones.-Samplcs of bones 
can usually be recognised by their appearance, except when 
in the state of bone-flour. Bone-flour may be recognised 
by the following test. Heat a little of the substance on 
platinum foil as in paragraph 93. The bones will give off 
an offensive smell, which is easily recognisable. The sub­
stance \yill next blacken from the formation of carbon, 
and finally become quite white again, owing to the organic 
matter being burnt away and only ash left. 

98. Action of Acid on Bones.-Place a small 
quantity of bOlle-nOur at the bottom of a test-tube and add 

D2 
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a small quantity of dilute hydrochloric "acid. The liquid 
will effervesce, owing to the fact that bones contain carbonate 
of lime. 

COMPOUND MANURES' 

" 99. The following set of experiments (paragraphs 100-

J06) should be performed on several mixed manures. The 
object of the experiments is to find out what are the principal 
constituents of the manures . 

.. 100. Test for Acidity.-Place a little of the mixed 
manure on a watch-glass, moisten it thoroughly with water, 
and lay a piece of moist blue litmus-paper upon it. Should 
the litmus-paper immediately become red, the manure con­
tains some acid, and most probably contains superphosphate 
of lime. 

'" 101. Test for Soluble Phosphate.-Place about 
as much of the manure as could be held on a penny in a 
mortar, cover with cold distilled water, and grind into a paste 
with the pestle. Allow the liquid to settle for two or three 
minutes, then filter it, washing the mud into the filter-paper 
with hot water. Save the residue for the next experiment. 
Divide the filtrate into two portions in test-tubes. Test one 
portion for phosphoric acid by boiling II"ith excess of ammo­
nium molybdate solution. 

Should a yellow precipitate occur, then the manure con­
tains soluble phosphoric acid, and should the manure haye 
been proved by the last experiment to be acid then we may 
consider that it contains either supcrphospbate or dissolved 
bones. 

To the second portion of the filtrate add ammonia; a 
white precipitate of phosphate will be formed. Allow this 
to settle and notice the colour of the liquid. If it be quite 
colourless, then the soluble phospbate was mineral super· 

I Two or t1uee mixtures of the more important manures should be 
provided and the student allowed to discover their constituents. 
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phosphate; if the' liquid be at all brown then the soluble 
phosphate was most probably dissolved bones. From this 
experiment, therefore, we learn first, whether the manure 
contains soluble phosphate, and secondly, whether that 
phosphate was prepared from bones or from a mineral 
phosphate. 

* 102. Test for Insoluble Phosphate. - Should 
soluble phosphate have been found in paragraph 101, we arc 
pretty certain to find insoluble phosphate also. This is 
tested for in the substance saved on the filter-paper from 
the last experiment. Scrape the mud off the filter-paper 
and place in a 3-inch evaporating-dish; just cover the 
substance with strong hydrochloric acid and warm for a few 
minutes. When as much has dissolved as is possible fill 
the dish nearly full of distilled water and stir well. Filter. 
The residue will be the sand which was present in the 
manure. Divide the liquid which comes through into two 
portions. Boil one portion with ammonium molybdate. 
Should a yellow precipitate form, then insoluble phosphate 
was present. To the other portion add ammonia, and 
notice the colour of the precipitate. If the insoluble phos­
phate has been derived from bones the precipitate will be 
quite white. If it has been derived from mineral phosphate 
the precipitate will probably contain phosphate of iron, and 
be more or less brown. From this experiment we learn 
whether the manure contains insoluble phosphate, and, if so, 
whether it is made from bones or mineral. 

* 103. Test for Organic Nitrogen.-Boil up a small 
quantity of the manure with water in a 3-inch evaporating­
basin. Filter and wash with the spray from a wash-bottle; 
.l{eep the liquid for paragraph roS. When the liquid 
and washings have all run through, take the filter and its 
contents out of the funnel and place them in a dry evapo­
rating-basin, and put this to dry in a steam-oven. (Whilst 
the substance is drying proceed with the next experiment.) 
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When quite dry, remove the substance frnm the filter-papcr 
to a mortar, and there mix it with about three timcs it~) 

weight of soda-lime. Heat some of this mixture in an 
ignition-tube and test the evolved gases with turmeric-paper. 
A brown coloration given to the paper indicates organic 
nitrogen. The reason for the preliminary washing with 
water is to remove any sulphate of ammonia or other sub­
stance which might contain ammoniacal nitrogen. 

* 104. Test for Ammoniacal Nitrogen.-Warm a 
little of the manure in a test-tube with caustic-potash 
solution; test the vapour which comes off with turmeric­
paper as directed in paragraph 86. Should the paper turn 
brown, ammonical nitrogen is present in the manure; and 
since sulphate of ammonia is the principal substance in 
manures which contain nitrogen in this form, we may 
usually assume that the brown coloration indicates that 
sulphate of ammonia was present in the manure. 

* 105. Test for Nitric Nitrogen.---Nitric nitrogen is 
generally added to manures in the form of nitrate of soda, 
but many natural manures contain nitrate of lime. This is 
especially the case with bat's guano. For this test use the 
clear liquid saved from paragraph 103. Follow out exactly 
the test described in paragraph 87. Should the indigo be 
bleached the manure contains nitric nitrogen. 

'" 106. Test for Potash.-Heat a little of the manure 
on platinum foil in the Bunsen flame until all the carbo­
naceous matter is burned off. Remove the ash which is left to 
a watch-glass and moisten it with hydrochloric acid. Test the 
substance in the flame on a loop of platinum wire, viewing 
the colour through an indigo-prism or a piece of cobalt-blue 
glass. Should the flame, when viewed thus, appear crimsun, 
the manure contains potash. The most usual forms in 
which potash is added to mixed manures are sulphate of 
potash, muriate of potash, and kainit, which is a double 
sulphate of potash and magnesia. 
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EXPERIMENTS ON FEEDING MATERIALS 

107. The experiments here described as showing some 
of the properties of feeding materials are divided into f()l![ 
sets, viz. experiments on oil-cakes, experiments on grass, 
experiments on turnips, and experiments on flour. 

OIL-CAKES 

108. The principal kinds of oil-cake arc lillseed cake and 
cottOll cake, but many other substances arc used in the 
form of cake, such as rape, palm-nut, and compound cakes. 
The chemical constituents which affect the feeding value of 
oil-cakes are much the same, whatever the seed used. 
The constituents are water, oil, albuminoids, carbohydrates, 
"'oody fibre, and sand, the last two forming the indigestible 
part of the cake. The meaning of the above chemical terms 
is explained as far as possible in the following experiments. 

109. Water in Oil-cakes.-- Grind up a piece of lin­
seed-cake in a mortar and place a little of the powder in a 
bulb-tube with a neck about eight inches long. Boil some 
water in a small beaker standing on a wire gauze. N OIY 

hold the bulb containing the cake just beneath the surface 
of the boiling water in a slanting position, so that the bulb 
and cake may he heated up to the boiling-point of water, 
whilst the rest of the tube is kept cool. In a very short 
time water-vapour will come off from the apparently dry 
cake and condense in the cooler part of the tube, where it 
may be seen to dim the inner surface of the glass tube. 

IlO. Oil in Oil-cakes.-Spread out a little linseed­
cake, which has been ground up in a mortar, on a piece of 
filter-paper. Lay the paper on ::t clean white tile and just 
moisten the cake with ether. After it has stood for a minute 
exposed to the air, the greater part of the ether will baye 
evaporated. Place the paper for five minutes in the stea111-
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oven; after this time brush the dry linseed-powder from its 
surface. Grease-marks will be found on the paper, showing 
that the cake contained oil. This oil not only helps in ,. 
forming the fat of the animal feeding on it, but it also helps 
in the development of animal heat. 

III. Albuminoids in Oil-cakes.-Albuminoids are 
essentially the flesh-forming compounds in the cake, and 
they are distinguished from other constituents by the fact 
that they contain nitrogen. Mix a little powdered linseed­
cake with soda-lime and heat some of the mixture in an 
ignition-tube. Ammonia will be given off, and may be tested 
for with moist yellow turmeric· paper as described in para­
graph 85. This ammonia is formed by the action of soda­
lime on the nitrogen of the albuminoids. 

* II2. Carbohydrates in Oil-cakes. - The name 
'carbohydrate' is given to a large class of bodies containing 
the three elements, carbon, hydrogen, and oxygen. Starch, 
sugar, and dextrin are examples of carbohydrates. Most of 
these bodies, on being heated for some time with dilute sul­
phuric acid, are converted into grape-sugar. Half fill an 
evaporating-basin with dilute sulphuric acid (the ordinary 
dilute acid used in the laboratory must be mixed with twice 
its volume of water for this experiment). Throw on to the 
surface of the acid liquid as much powdered linseed-cake as 
can be held on a penny. Boil gently over a Bunsen flame, 
supporting the basin on a tripod and pipeclay triangle. Add 
a little hot water from time to time as the liquid evaporates, 
to prevent the acid becoming too strong. When it has boiled 
for five minutes remove from the flame, allow to cool, and 
filter. Grape-sugar must now be tested for in the clear 
solution. This is done by adding potash to the acid solution 
until it is slightly alkaline, then a few drops of Fehling's 
Solution (266), and heating. The blue colour of the 
Fehling's Solution will be destroyed, and a light-red or yellow 
precipitate of cuprous oxide will be formed. 
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'" II3. Woody Fibre in Oil-cakes. --The woody 
fibre and the sand are the indigestible portions of oil-cakes . 

• Woody fibre may be shown to be present in oil-cake in the 
following way. 

Take as much ground linseed-cake as can be held on a 
sixpence, place in a test-tube, and fill the test-tube about one­
third full of glycerine. Now heat very cautiously in the 
Bunsen flame until the glycerine just boils. Keep it hot 
for about a minute, then allow it to cool. Nearly fill 
the test-tube with water, warm again, and filter. The sub­
stance left on the filter will be nearly pure woody fibre. 

* II4. Sand in Oil-cake.-Burn a little oil-cake powder 
on platinum foil over the Bunsen flame, in the same way as 
was described with bones in paragraph 97, until the ash is 
quite light-coloured. Empty the ash into a clean test-tube 
and fill it about an inch deep with dilute hydrochloric acid. 
Boil for a minute or so, then filter. Spread out the filter on 
a glass plate j grains of sand, if present, will be seen on the 
paper. This experiment may not always succeed on the 
first attempt owing to the small amount which can be 
burnt at once on a piece of foil. Two or three attempts will 
usually give some sand, especially if the same filter be used 
for all the experiments. 

IIS. Linseed-cake.-All the above tests are applicable 
to any kind of oil-cake, but some few tests may be per­
formed with special kinds of cake. A pure linseed-cake 
may generally be recognised from two of its properties. It 
is highly mucilaginous, and it does not contain starch. 

II6. Mucilage in Linseed-cake.-Place about a 
teaspoonful of ground linseed-cake in a 4-ounce beaker and 
half-fill the beaker with boiling water. Stir vigorously with 
a glass rod j allow to cool. It will be found that the linseed 
has swollen up into a gummy mass. The better the cake, 
the more mucilaginous the mass will be; whilst a very 
poor cake will not swell up at all, but settle quickly to the 
hottom of the liquid. 
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:,' II7. Testing Linseed-cake for·Starch.-Pour a 
little of the gummy substance prepared in the last experi­
ment into a test-tube and boil it. As soon as it has boiled »' 
cool it down by allowing the cold water from a tap to run 
over the outside of the tube. When quite cool add a few 
drops of a solution of iodine in pota:isium iodide and shake 
up. If the cake assume a greenish colour it is pure and 
free from starch; if it turn deep blue or black it shows the 
presence of starch, and therefore it has been adulterated. 

!I8. Cotton-wool in Cotton-cake.-In the pre­
paration of cotton-cake it is necessary to free the seed from 
cotton-woo!' If this be badly done the value of the cake 
will be much impaired. 

Break up a piece of undecorticated cotton-cake, weighing 
n.bout two ounces, as fInely as possible in a mortar, then place 
it in a wire 5ie\'e having from twenty to thirty llleshes to the 
linear inch. Shake the sieve until all the finer portion has 
passcd through, and examine the husk which is left. Should 
the cake be an inferior one a small quantity of cotton-wool 
\\"ill usually be found adhering to it. The \\"001 may often 
be seen \\"ithout this preliminary sifting. 

Gl,ASS AND I-Lw 

II9. Grass and Hay.-AII the substances which have 
been shown to occur in oil-cakes may be found in grass. 
Some of these, however, such as oil, occur in such small 
quantities that it would require far more delicate experiments 
than those detailed in these pages to show their presence. 
The following experiments, hO\yever, are instructive and 
should be performed. 

120. Albuminoids in Grass. -~ Cut up a little grass 
(or hay) as finely as possible with a pair of scissors and 
grind it up in a mortar \yith a little sharp sand. This will 
render it sutticiently fine to mix readily with soda-lime. 
Mix it with an equal quantity of soda-lime and heat a little 
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of the mixture in 'an ignition-tuhe. The alblIminoids will 
give off ammonia. See paragraph 85. 

) 121. Chlorophyll in Grass.--Chloruphyll is the green 
colouring matter which occurs in grass. Cut up a handful 
of grass with scissors and place it in a mortar; just cover 
the grass with methylated spirit and grind it gently with the 
pestle for a few minutes. Now fdter the substance through 
a piece of linen stretched loosely over the top of a beaker 
and tied. The liquid which comes through will he quite 
green. Pour a little of this liquid into an evaporating-basin 
and leave it on a steam-bath to evaporate. Do not evaporate 
over a Bunsen flame, or it will catch tire. When all the 
spirit has evaporated a 111m of green chlorophyll will be 
found at the bottom of the dish. Now squeeze all the 
spirit out of the substance left in th~ linen and wash it with 
a little ether. The residue left in the linen will be found to 
be light-coloured, and if the washing be continued will 
eventually become colourless. 

122. Ash in Grass.-Place a handful of hay, or gras~, 
dried in the steam-oven, on a porcelain tile and light it with 
a match. When it has stopped burning gather all the ash 
on to a piece of platinum foil and heat it until it loses its 
Llack colour. Sometimes the ash thus left will be green: 
this is due to the presence of manganese, but 1110re often it 
will he white or light-brown. Keep the ash for the next 
experiment. 

:r, 123. Alkalies in Grass. -The ash of gras:i contains 
both potash and soda, which will probably fuse in the 
Bunsen flame, and so cause the ash to adhere to the 
platinum foil. Roll up the foil, with the a"h adherillg to it, 
and place in a test-tube. Just cover it with distilled water 
and boil. Now take a drop of the solution thus prepared, 
on the end of a glass rod, and touch a piece of red litmus­
paper with it. Where the liquid touches the paper the red 
will be turned to blue, showing the presence of an alkali. 
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Keep the test-tube containing the platimrm foil and liquid 
for the next experiment. 

* I24- Phosphates in Grass.-To the water in the 
test· tube (paragraph I23) add an equal volume of dilute 
nitric acid and warm. Decant the liquid into another clean 
test-tube, leaving the platinum foil behind. To the clear 
liquid so obtained add an excess of ammonium molybdate 
solution and boil; a yellow precipitate will appear, showing 
that the grass contained phosphates. 

ROOTS 

I25. Turnips.--Roots, such as turnips, swedes, and 
mangels, differ from the foods which have been considered, 
in that they contain a very much larger proportion of water 
and a greater quantity of sugar. When the water is squeezed 
out of the roots it brings the sugar and other soluble sub­
stances with it. Hence the components of a turnip may be 
divided into two kinds: the soluble, which with the water 
constitute juice, and the insoluble, which go by the name of 
crude fibre. The crude fibre is very much like hay in its 
constitution; therefore the experiments here described are 
intended only to show the properties of the juice. 

126. Juice in Turnips.-Cut a turnip up into six 
sections with a large knife. Grate up one or two of these 
sections on a bread-grater, allowing the pulp to fall on to a 
piece of linen stretched over a porcelain tile. When a good 
handful of pulp has been thus prepared, fold it up in the 
clot~ and squeeze out the juice into a beaker. Throwaway 
the fibre left in the cloth and with the juice perform the 
experiments described in paragraphs I 27 and 130. 

I27. Sugar in Turnips.-Taste a little of the juice. 
It has the flavour of raw turnip, but is nevertheless very 
sweet. Pour sufficient juice into a clean test-tube to fill 
about half an inch of the tube. Dilute this with about four 
times its volume of water, then add about an equal volume 
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of strong lead acetate solution. Shake up well and allow 
to stand for quarter of an hour to settle. Whilst it is settling 

.go on with the next experiment. At the end of the quarter 
of an hour the liquid in the test-tube will have become quite 
clear, except for a thick deposit of white material at the 
bottom. Pour off a little of the clear liquid into another 
test-tube and add caustic potash solution; a white precipi­
tate will be caused. Add more caustic potash until the pre­
cipitate is redissolved; then add a little Fehling's Solution, 
and boil. A yellow or bright red precipitate will be formed, 
which shows the presence of sugar. 

'" 128. Cane Sugar and Grape Sugar.-The sugar 
found in swedes and turnips is a different substance from 
the sugar which we use for sweetening purposes. The former 
is glucose or grape sugar, the latter is cane sugar. The 
properties of these two kinds of sugar are best studied by 
using the pure substances. Dissolve a little cane sugar in 
water in a test-tube. In another test-tube make a solution 
of glucose; to each of these add a little Fehling's Solution 
and boil. The glucose will give a reddish precipitate, whilst 
the cane sugar will not. 

* 129. Inversion of Cane Sugar.-Make a solution 
of cane sugar in a test-tube half full of wa.ter; add a few 
drops of strong hydrochloric acid and boil well. After 
boiling add a little potash to neutralise the acid, then a little 
Fehling's Solution, and boil again. A precipitate will now 
be formed, showing that the cane sugar has been changed 
to glucose by boiling with the acid. 

* 130. Albuminoids in Turnip Juice.-One of the 
properties of albuminoids is that they are rendered insoluble 
by carbolic acid. Pour a tablespoonful of turnip juice into 
a beaker and add two drops of strong carbolic acid solution 
(80 per cent.) Allow the beaker to stand overnight. The 
albuminoids will settle, leaving the liquid clear, 
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FLOUR 

13I. The principal food constituent of wheat flour is .. 
starch, but its peculiar property of kneading with water 
depends upon another constituent, which is called gluten. 

132. Starch in Flour. -The test for starch has already 
been given (117). Wet a little flour with water so as to make 
a thin cream. Boil a little water in a test-tube, and when 
it is boiling briskly add a drop of the cream, then boil for a 
few seconds. Cool the liquid by allowing a current of cold 
water to flow from a tap round the outside of the test-tube, 
and when quite cold add a drop of iodine solution. An 
immediate deep-hlue coloration indicates the presence of 
starch. The colour will appear almost black, but if a drop 
of the dark liquid be mixed with a large quantity of water 
it will be seen that it really is of a dark-blue colour. 

133. Gluten in Flour.-l'.Iix a handful of flour with 
enough water to form a stiff paste. Knead it well in the 
fmgers, then wrap it up in a small piece of muslin and hold 
it in a gentle stream of water from a tap, kneading it all the 
time. The starch will be gradually washed away through 
the muslin, leaving a dark-coloured indiarubber-like mass. 
This is gluten, \,-hich gives a mixture of flour and water its 
peculiar adhesiveness. 

DAIRY PRODUCE 

MILK 

134. Action of Acid on Milk.--Half fill a test-tube 
with milk. Add about six drops of dilute sulphuric acid 
and shake. Allow the tube with its contents to stand for 
five minutes. At the end of that tIme the milk will be seen 
to have curdled. The acid has coagulated the soluble 
albuminoids, rendering them insoluble, and thus forming 
clots which separate out from the milk. 
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135. Fat in Milk,-Filter the curdled milk and save 
the clear filtrate (137). Spread out the filter-IXlper which 

I contains the 'curd' on a ghss plate and place it in the 
steam-oven to dry. When it has got quite dry the fat wit! 
melt out of the oud, and form grease stains on the filter­
paper. 

136. Albuminoids in Milk.-The residue left on the 
filter-paper, after the fat has been melted out as described 
in the last experiment, is principally albumen and casein. 
Doth these substances contain nitrogen, which may he 
tested for by scraping this residue off the filter, mixing with 
soda-lime, and heating in an ignition-tuhe as described in 
paragraph 85 ; amlllonia will be given off. 

137. Sugar in Milk. -The clear liquid which has 
been saved (135) contains sugar. This sugar is different 
from either cane sugar or glucose, and goes by the name 
of lactose, or milk sugar. It has an action, however, on 
Fehling's Solution silllilar to that of glucose. Add to 
the clear liquid in the test-tube (135) a little potassium 
hydrate solution until the liquid is no longer acid, then add 
Fehling's Solution and boil; a yellow precipitate will be 
formed, indicating the presence of sugar. 

BUTTER 

138. Dutter consists principally of the fat of the milk, 
but it also contains portions of curd, salt, and water. 

139. Water in Butter.-Place as much butter as 
you comeniently can in a test-tube. Then hold the tube in 
hot water until the butter is completely melted. Note the 
appearance of the tube. The pure butter-fat will form a 
clear top layer. Beneath this will come a cloudy layer con­
taining the curd and salt, and benea,h this, again, will be seen 
drops of water. 

qo. Curd in Butter.-Whilst the butter is still hot 
pour it on to::t dry filter-paper in a funnel. Place the funnel 
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in the neck of a 4-OZ. conical flask aoo place the whole 
arrangement in the steam-oven (22). This will serve to 
keep the butter melted whilst it is filtering. In a few 
minutes nothing will be left on the paper but the curd and­
salt with a little water. The curd may be shown to contain 
nitrogen by heating with soda-lime as described in para­
graph 85. 

I4I. Salt in Butter.-Hold the greasy filter-paper 
prepared in the last experiment, together with its contents, 
by means of a pair of crucible tongs over a porcelain tile, 
then light it with the flame of a Bunsen. When it has 
quite burned, and the ash has fallen on to the tile, sweep it 
up into a test-tube. Half fill the test-tube with water and 
boil for a minute or two, then filter. The clear liquid which 
comes through will contain any salt which was present in 
the original butter. To test for salt add a drop of dilute 
nitric acid and a few drops of silver nitrate solution. A 
white precipitate will be formed (see paragraph 201). 

CHEESE 

I42. Cheese contains exactly the same constituents as 
butter, but in different proportions. Thus whilst the butter 
consists principally of fat the cheese consists chiefly of curd. 

I43. Fat in Cheese.-Place a few cheese-parings on 
a piece of filter-paper and heat in the steam-oven (22). The 
fat in the cheese will melt and stain the paper. 

I44. Albuminoids in Cheese.-Heat a little of the 
cheese with soda-lime as described in paragraph 85. The 
presence of nitrogen is shown by the evolution of ammonia. 
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SECTION IV 
\ QUALITATIVE ANALYSIS OF THE BODIES 

C~jJ.f/vIONLY OCCURRING IN SOILS AND MANURES 

INTRODUCTORY REMARKS 

I45. This section treats only of those bodies which 
occur in soils, manures, and agricultural products, namely, 
the carbonates, sulphates, chlorides, nitrates, nitrites, sili­
cates, and phosphates of the metals aluminium, iron, manga­
nese, calcium, magnesium, potassium, sodium, and ammo­
nium, together with organic carbon, nitrogen, chlorine, and 
sulphur. 

Chemical formul::e are freely used, but not unless the 
name of the compound has already been mentioned in the 
same paragraph. 

In some instances the chemical changes are expressed 
by equations. 

I46. In naming a substance the usual nomenclature is 
adopted, i.e. each salt has a double name, the metal forming 
one portion, and the acid (called the acid-radical) the other 
portion of the name. Thus sodium on being added to 
sulphuric acid would form sodium sulphate: -

SoJillm Sulphuric 
acid 

Sudium 
sulphate 

Hydrogen 

Hence in naming that body both names, or some modifi­
cation of them, are included in the compound. In analysis 
it is found convenient to test for the metal and the acid 
radical separately. In the abo~'e case of sodium sulphate, 

.' 
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the sodium (Na) would first be tested lor by the sodium 
test (186), and then the acid radical (804) would be tested 
for by the sulphate test (194). ) 

I47. It will be noticed that the name of a suitable sub­
stance for performing the tests upon is given at the head 
of each series of reactions. Thus, when testing for sodium, 
the most suitable substance to use is sodium chloride 
(NaCI). The reagent to be added is given immediately 
after the paragraph number. 

I48. Entry in Note-book.-A note-book of quarto 
size should be used. A concise account of each experiment 
or test should be entered directly it is made. Neat pencil 
entry will suffice. The entry should not be considered 
complete until after it has been examined and initialled by 
the teacher. 

The following tests for sodium will serve for an example 
of entry ;-

Sodium (Na). Used NaC]' 

Dipped a platinum wire into the solution and held in Bunsen flame: 
golden·yellow flame·coloration; not seen through prism. 

Heated the solid in ignition-tube: decrepitated and finally fusee! ; 
no sublimate formed. 

GENERAL RULES TO BE OBSERVED WHILST 'VORKING 

I49. Before commencing work see that the reagent­
bottles are full; filter any liquids that require it. Clean the 
apparatus if necessary. It is far better to put everything 
away clean. Keep the bench scrupulously clean during 
work. 

ISO. In cleaning apparatus, glass and porcelain can 
usually be cleansed by washing with a brush. If this fails 
caustic alkalies or acid may be requisite. Failing these, 
rubbing or shaking with a little sea-sand will usually suffice. 
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Metal vessels are 'best cleaned with a little moistened sea­
sand. 

lSI. When using a reagent bottle the bottle should be 
Jrasped by the right hand, and the stopper taken out by the 
left hand. After use replace the stopper and put back the 
bottle on the shelf. In this way the bottle is not placed on 
the bench at all, and much time saved. 

152. Brass crucible tongs must not be used for holding 
vessels containing acid liquids, or the brass may be dissolved 
and 1ntroduced 1nto the liqu1d. Plat1nurn crucibles must 
not be handled by brass tongs when red-hot. 

153. When heating liquids in porcelain or glass the 
flame should never reach higher than the level of the liquid, 
or the vessel will break. 

154. Liquids only are to be poured down the sink; 
solids and filter-papers should be placed in boxes or baskets. 

ISS. Crucibles or vessels containing solids are best 
heated on pipeclay supports, flasks containing liquids on 
wire gauze. 

156. When an operation is unfinished the vessels con­
taining the substances should be labelled before putting 
them away. jVever trltst to memory in these matters. 

157. Before commencing any operation read carefully 
through the wllOle of the description. 

REACTIONS FOR THE METALS 

ALUMINIUM (AI).--Use alum, AIK(S04h-1ZH20, or 
ammonia-alum, AlNH 4(SO'lh. I zH 20, solution. 

ISB. Ammonium Hydrate (NH 40H) gives a white 
gelatinous precipitate of aluminium hydrate, AI2(OH)G' 
This precipitate is somewhat soluble in a larger excess of 

&2 
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NHqOH; hence this rea.gent should only 'be a.dded in slight 
excess. AI"(OH)(, is readily soluble in hydrochloric acid 
(HCI) and in acetic acid (HA). 

I59. Potassium Hydrate (KHO) or Sodium 
Hydrate (NaHO) when added drop by drop gives the 
same precipitate as NH,OH, but it is readily soluble in 
excess of these reagents. By adding ammonium chloride 
(NH4CI) in large excess to this solution, and boiling, the 
precipitate will be thrown down again. 

160. Ammonium Sulphide, (NHq)"S, gives the 
same precipitate as NEIOH with evolution of sulphuretted­
hydrogen gas. This precipitate is insoluble in excess of 
the reagent. 

IRON (Fe).-Use ferrous sulphate (FcSOq.7H"O) and 
ferric chloride (FezC!r.) solutions. 

161. NOTE.-lron form, two classes of compounds, known respec­
tively as ferrous and ferric compounds. It is often necessary that the 
analyst should ascertain whether one or both of these two classes are 
present in a suhstance c<mtaining iron. Tests are here gi,'en for both 
classes. 

FERROUS SALTS.-Use ferrous sulphate 
(FeS0 1·7 H 20 ). 

162. Ammonium Hydrate (NH 40H) or potassium 
hydrate (KHO) gives a dingy green precipitate of ferrous 
hydrate, Fe(OH)2' which becomes brown on exposure to 
the air. It is soluble in hydrochloric acid (Hel), and in­
soluble in excess of KHO. 

163. Ammonium Sulphide, (N H 4)zS, givcs a black 
precipitate of ferrous sulphide (FeS), soluble in hydro­
chloric acid (HCl). 

164. Potassium Ferrocyanide, K 4Fe(CN)G, gives 
a light· blue precipitate, becoming dark on ('xpllsnre to the 
air, 
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165. Potassi.um Ferricyanide, K3Fe(CN)6' gives 
a dark-blue precipitate, soluble in HCI. 

166. Potassium Sulphocyanide (KCNS) produces 
110 change in ferrous solutions if free from ferric salts. 

FERRIC SAL TS.-Usc ferric chloride (Fc2Clr,). 

167. Ammonium Hydrate (NH 40H) or Potas­
sium Hydrate (KHO) gives a reddish-brown flocculent 
precipitate of ferric hydrate, FeAOH),;, soluble in hydro­
chloric acid (HCI), insoluble in excess of AmHO and KHO. 

168. Ammonium Sulphide, (N H IhS, gives a black 
precipitate of ferrous sulphide (:reS), which contains white 
sulphur (8). The black FeS hides the white S from view. 

169. Potassium Ferrocyanide, K1Fe(CN),;, give:; 
a dark-blue precipitate of Prussian blue, soluble in oxalic 
acid, turned brown by potassium hydrate (KHO). 

170. Potassium Ferricyanide, K3 Fe(CN),;, gives 
no precipitate, but the liquid darkens in colour. 

171. Potassium Sulphocyanide (KCNS) gives a 
blood-red coloration, which may be destroyed by the addi­
tion of mercuric chloride (HgC12). 

172. By heating a small portion of solid ferric or 
ferrous salt on the borax bead (27) in the outer blowpipe 
flame a reddi"h-brown colour is obtained Ivhilst the bead is 
hot, which fades on cooling. The inner flame gives an 
olive-green bead both hot and cold. 

MANGANESE (Mn).- Usc manganous sulphate 
(MnSO j ) solution. 

173. Ammonium Hydrate (NHjOH) gives a Ivhitc 

precipitate of manganous hydrate, Mn(OH)2' which quickly 
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turns brown in the air. This is best seel4 by pouring the 
precipitate on to a filter-paper. If, however, ammonium 
chloride (NHtCl) has been added before the NH40H, the 
precipitate will not be formed. 

174. Potassium Hydrate (KHO) gives the same 
precipitate as ammonium hydrate, even in the presence of 
AmC!. 

175. Ammonium Sulphide, (NH 4)zS, gives a flesh­
coloured precipitate of manganous sulphide (l\InS). This 
precipitate often appears yellow from the excess of the 
(NH4)2S, which has been added. On filtering off this li(lUid 
the true colour may be seen. The colour of the precipi­
tate darkens on standing in the air. 

176. If a solid substance containing manganese be 
mixed with three times its weight of sodium carbonate 
(Na:lC03), and a third as much potassium nitrate 
(KN03), and the mixture fused on platinum foil, a bluish­
green mass is obtained on cooling. 

177. Borax Bead (27).-1n the outer flame violet 
whilst hot, amethyst when cold. In the inner flame colour­
less both hot and cold. 

CALCIUM (Ca). --Use calcium chloride (CaCl~·6H~O) 
solution. 

178. Ammonium Carbonate, (NH4)2C02, added 
after ammoniulll chloride (NH 4Cl) gives a white precipitate 
of calcium carbonate (CaC0 3), soluble in acetic acid. 

179. Ammonium Oxalate, (NH4)2C20.j, gives a 
white precipitate of calcium oxalate (CaC~04) soluble in 
hydrochloric acid (HC1), and insoluble in acetic acid (HA). 

180. Sulphuric Acid (H 2S04) gives a white preci­
pitate of calcium sulphate (CaS04), which forms at once in 
strong solutions, but only on being boiled, in dilute solutions. 
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This precipitate is ,slightly soluble in water, but less so in 
alcohol. If the precipitate is not formed on boiling, it will 
come down on cooling and adding excess of alcohol. 

18I. Flame Coloration (z6).-If a clean piece of 
platinum wire is dipped into the liquid, and then held 
in the BUllsen flame, a bright reddish-yellow colour will 
appear. 

MAGNESIUM (Mg).-Usc magnesium sulphate 
(MgS0 4• 7 H 20) solution. 

182. Sodium Phosphate (Na2HP04) added after 
ammonium chloride (NH 4CI) and ammonium hydrate 
(NH.OH) gives a white crystalline precipitate of magnesium­
ammonium phosphate (MgNH 4 P04.6H20), soluble in 
acids. 

183. Potassium Hydrate (KHO) gives a white 
precipitate of magnesium hydrate, Mg(OH)2, soluble in 
acids. 

184. Ammonium Hydrate (NH 40H) gives the 
same precipitate as potassium hydrate; but if ammonil1m 
chloride (NH4Cl) be added previously, this precipitate will 
not form. 

18S. Ammonium Carbonate (NH4)~C03 give~ a 
white precipitate of magnesium carbonate (MgCO:!) in strollg 

solutions. Ammonium chloride (NH4 Cl) prevents the for­
mation of this precipitate. 

SODIUM (Na).-Vse sodium chloride (NaCl) solution. 

186. Flame Coloration (26).-Intense yellow. This 
colour is almost invisible when viewed through the indigo 
prism or a piece of cobalt-blue glass. 

187. Solid sodium chloride heated in an ignition-tube 
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.;enerally decrepitates and flies out of th~ tube; but if it is 
perfectly dry it will fuse, giving off no fumes. 

POTASSIUM (KJ.-Usc potassium chloride (KCI) 
solution. 

188. Platinum Chloride (PtCl4) added to some 
of the potassium chloride in a watch-glass and stirred with 
a glass rod, gives a yellow crystalline precipitate of 
potassium platinum chloride (K 2PtCIG). The precipitate 
forms only in moderately strong solutions, and is hastened­
by the addition of alcohol. 

I89. Flame Coloration (z6).-Pale violet. When 
viewed through the indigo prism or cobalt-blue glass the 
colour appears crimson. This colour is seen through the 
prism in the presence of sodium salts. 

190. Potassium chloride healed on platinum fuil behaves 
exactly like sodium chloride. 

AMMONIUM (NH,).-Use ammonium chloride 
(NH 4CI) solution. 

191. Potassium Hydrate (KHO) lJoured either into 
the solution or on to some solid ammonium chloride in a 
test-tube and heated, gives off ammonia gas (NH 3), which 
may.be recognised by its smell, or by holding a piece of 
moistened yellow turmeric-paper over the mouth of the test­
tube, when it will be turned brown. 

192. Platinum Chloride (PtCl1) stirred in a watch­
glass with the solution gives a yello\\' crystalline precipitate. 

193. Solid ammonium chloride, if heated in an ignition­
tube, volatilises, and forms a white sublimate on the cold 
part of the tube. 
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REAC'rIONS FOR THE ACIDS 

SULPHATE rS04).-Use sodium sulphate 
(Na 2S04.12H20) solution. 

57 

, 
194. Barium Chloride (BaCI2 ) gives a wbite precipi~ 

tate of barium sulphate (BaSO,j), insoluble in acids. ' 

CARBONATE ("Co,.}.-Use sodium carhonate 
(~a2C03.IOH20) solution. 

195. Hydrochloric Acid (HC!) causes carbo II dimic.:lc 
gas (C0 2 ) to come off with effervescence. This gas mill' 
be recognised either by dipping a glass . 
rod into lime-water and holdmg the ~ 
wet end of it just inside the test-tube, -
the adheriJl!,' lime-water will be ren-
dered milky from the forlllation of cal- Fie;. 23 
cium carbonate (CaC0 3) ; or better by 
pouring the CO2 gas into another test-tube contallllllg a 
little lime-water (fig.23), and then shaking up, ,,,hen the lime­
water will become milky. 

NITRITES ('NO").-Usc potassium llitrite (KNO~) 
solution. 

196. Dilute Sulphuric Acid (H 2S04) on warlllil1g 
gives off brown nitrous fumes. 

197. Potassium Iodide (KI) Solution and sevcr'a1 
drops of starch solution on addition to the liquid made acid 
with acetic acid gives a deep-blue coloration. 
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NITRATE ('NO").-Use potassium n;trate (KN03 )· 

I98. Ferrous Sulphate (FeS04) Solution when 
added to the above solution, and then strong sulphuric acid 

FIG. 24 

poured slowly down the side of the test-tube, 
so as to form a separate layer at the bottom 
of the tube, will form a brown ring where 
the two layers join (fig. 24). This brown 
colour is destroyed by heat; hence the tube 
must be kept quite cold during this test. 

I99. Copper Turnings (Cu) added, after 
acidifying with strong sulphuric acid (H 2SO I), 
gives off brown fUllles either at once or on 
warming the tube. 

200. Heated with indigo and sulphuric acid 
the indigo is bleached. The most accurate 
method of applying this test is deocribed in 
paragraph 87. 

CHLORIDE ('Cl).- Use sodium chloride (NaCI) solution. 

20I. Silver Nitrate (AgN03) gives a pure white pre­
cipitate of silver chloride (AgCl), soluble in ammonium 
hydrate (NH 40H), insoluble in nitric acid (HN03). 

Filter off a little of the precipitate and expose the filter­
paper containing the precipitate near a window: it will be 
darkened by the action of the light. 

202. Strong Sulphuric Acid (H 2S04) warmed with 
solid sodium chloride gives off fumes of hydrochloric acid 
(HCl), which redden blue litmus-paper. 

203. The solid mixed with maganese dioxide (MnOs) and 
strong sulphuric acid gives off a green gas, chlorine (Cl), 
which bleaches moist litmus-paper. 



20~-2l0] TESTS FOR ACID-I~AJ)ICALS 59 

PHOSPHATE ("'PO,).-Use sodium-hydrogen-phosphatc 
(Na~HPOI.I2H20) solution. 

204. Magnesium Sulphate (Mg2S0 4) to which 
has been added ammonium chloride (NH ICl) and a 
little ammonium hydrate (NH40H), gives a white crystal­
line precipitate of magnesium - ammonium phosphate 
(MgNH4P04.6H 20), soluble in acids. 

205. Ferric Chloride (FezClr,) added after acetic 
acid and sodium acetate gives a pale yellow precipitate of 
ferric phosphate (FeP0 4), soluble in hydrochloric acid. 

206. Ammonium Molybdate (NH 4 HMo04 ) when 
\yarmed with a little phospbate solution gives a yellow 
preclpllate. The ammonium molybdate should be in large 
excess, and the solution should be acidulated with nitric acid. 

207. Silver Nitrate (AgN0 3) gives a yellow precipi­
tate, soluble in ammonium hydrate (NH40H) or in nitric 
acid (HNOa). 

SILICATE (""SiO.).-Usc sodium silicate (Na 1Si03) solu­
tion for liquid, and finely ground sand (Si0 2) for solid. 

208. Hydrochloric Acid (HCl) gives a gelatinous 
precipitate of silicic acid (H 4Si0 4). This, however, some­
times remains in solution, in which case the licluid should 
be evaporated to dryness in a basin, moistened with strong 
hydrochloric acid, and boiled with water. An insoluble 
residue of silica (Si0 2) will remain. 

209. If solid silica (Si0 2) be fused into a bead of sodium 
carbonate it causes the melted bead to froth, from the 
liberation of carbon dioxide. 

210. If solid silica be fused into a bead of microcosmic 
salt (NaNR1HP04) it is not dissolved, but floats about in 
s~mi-transparent particles. 
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TESTS FOR CARBON, NITROGEN, CHLORINE, 
AND SULPHUR IN ORGANIC COMPOUNDS 

CARBON (C).-Use sugar. 

2II. Heated on platinum foil, carbonaceous substances 
generally blacken, from the separation of carbon. On con­
tinued heating the black substance burns away. 

2I2. Copper Oxide (CuO), when heated with any 
SUDstance containing carhon, sets free carbon dioxide. To 
perform this experiment mix a little sugar with three times 
its bulk of copper oxide and place at the bottom of a dry 
test-tube; cover with a little CuO. Fit a tuLe bent twice 
at right angles through the cork; let this tube dip into 
another test-tube containing lime-water, and heat the mix­
ture. The lime-water will become milky. 

NITROGEN (N).-Usc urea, CO(NH~h. 

2I3. Soda-lime, on heating with most nitrogenous 
substances, lioerates ammonia, which may be recognised 
by its smell and its action on turmeric-paper. 

2I4. Sodium (N a) forms sodium cyanide when heated 
in a test-tube with most organic nitrogenous substances. 
On extracting with water, fIltering, and adding a solution of 
ferrous sulphate containing a drop of ferric chloride and 
Jinally hydrochloric acid in excess, a precipitate of Prussian 
hI ue is left. 

CHLORINE (CI).- Use chloral hydrate. 

2I5. Lime (CaO) when heated in a test-tube with an 
organic-chlorine compound forms calcic chloride (CaCI 2). 
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On dissolving in <dilute nitric acid (HNO:!), filtering, and 
adding silver nitrate (AgN03), a white precipitate is formed. 

SULPHUR (s).-Use albumen. 

216. Boiled with dilute hydrochloric acid (HCI) and 
potassic chlorate (KCIO:!) until the solution is colour­
less, sulphuric acid is formed, which may be tested for by 
barium chloride, when a white precipitate will be formed 
(194). 

TABLES FOR QUALITATIVE ANALYSIS 
TIle jollowing Tables give tIle order in which tile tests s}lOuld 

be applied for the metals and acid-radicals treated 0/ i1l 
the preceding pages 

TABLE I.-PRELIMINARY EXAMINATION OF 
SOLID SUBSTANCES FOR METALS 

217. Carefully nole the appearance of the solid, such as shape, 
(0101/1', smell, hardness, &c. 

218. If a solution is being analysed it will be necessary, before 
proceeding with this examination, to evaporate a portion of the liquid 
to dryness and to use the dry residue. 

219. Before applying the following tests finely powder some of 
the substance, using an agate mortar if il should be very harel. 

Experiment 

220. Ex}t. 1.- Heat 
in a small test-tuhe 
or ignition-tube 

22I.~Confirm by heating 
with potassium hydrate 
solution 

Observation 

I. The substance fuses 
and solidifies on cool­
ing 

2. It suhlimes 

Ammonia gas i:; given off which 
turns moistened turmeric· 
rJ:lper urown 

3. Water is given off 

4. It blacken., 

Inference 

Salts of K and 
Na or cer­
tain salts of 
Ca and Mg 

Ammoniulll 
sallS 

Ammonium pre­
sent 

Presence of 
combined 

water 
Presence of 
organic matter 
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--

I 
Experiment Observation Inference 

222. Expt. 2. ~ Take 1. Intense yellow colora- Sodium 
a little of the I tion Potassium also up , 

i 
I 

substance on a loop I A crimson flame is seen present 
of platinum wire, 

I 
when viewed through 

moisten with strong cobalt glass or indigo 
lICI, and hold in prism 
the Bunsen flame i 2. Pale violet, crimson Potassium 

I through indigo prism 

I 3. Orange-red coloration Calcium 
-~---- ---------- ---- -----~ 

223. Ex}t. 3·~Heat Colour 0/ Beads 
a small quantity of ' 

I""", Outer the substance in a 
borax bead first in r. Brown, Olive Iron 
the outer then in hot and green, hot 
the inner blowpipe yellow cold I and cold 
flame 

2. Reddish I Colourless, Manganese 
purple, hot hot and 
and cold cold 

I I 
I 

If organic matter is present the following additional 
tests should be performed :-

224. Carbon.-Heat with CuO (212). Evolution of 
CO2 shows presence of carbon. 

225. Chlorine.-Heat with lime (215), dissolve in 
dilute HNOa, and test with AgNOa solution; a white pre­
cipitate indicates presence of clzlorine. 

226. Sulphur.-Heat with dilute hydrochloric acid 
and KCl03 (2I6); filter, and add BaCl2 solution; a white 
precipitate shows presence of sulphur. 

227. Nitrogen.-If ammonium salts are absent (221) 
heat the substance with soda-lime; the evolution of 
ammonia gas (2I3) indicates crganic nitrogen. 

If ammonium salts are present heat the substance with 
KHO solution until ammonia gas ceases to be evolved; 
filter, mix the residue with soda-lime, and heat in an 
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ignition-tube; evolntion of ammonia indicates presence of 
, organic nitrogen. 

WET EXAMINATION FOR METALS 

228. If the substance be a solid it is first of all necessary 
to bring it into solution. 

Finely powder the substance in a mortar. If the sub­
stance is very hard an agate mortar must be used. 

229. Process of Solution.-Boil up as much of the 
powdered solid with distilled water as will cover a shilling. 
If the substance dissolves proceed with the analysis. If 
some remains undissolved heat another portion of the solid 
with dilute hydrochloric acid for several minutes. If all 
dissolves proceed with the analysis. If all does not dis· 
solve heat a fresh portion with strong hydrochloric acid to 
which has been :ldded a little strong HNOa ; dilute, filter 
if necessary, and proceed with the analysis. If any residue 
is left it will require treating :lS an insoluble substance by 
paragraph 250. 

NOTES TO TABLE II. 

230.~If th,~ temperature of ignition be too high, insoluble AlP, 
and Fe,O, will be formed which will not redissolve when treated with 
HCI. If organic matter is present the dish should be gently heated 
with a small flame until the black carbonaceous matter is burnt away. 

23I.- If AmC! is added in insufficient quantity .Mn and Mg may 
be precipitated with AmRO. If AmC! is added in very large quantity 
MnS is prevented from precipitating when Am,S is added. 

232.--Since traces of Mn may be precipitated with AmHO, it is 
as well to test a portion of this residue for Mn by fusion on platinum 
foil with Na,CO, and KNO., when a green mass will be formed. 

233.-Since RN03 has been added in an earlier part of the 
rtnalysis, the iron at this stage will be in the ferric state. A small 
quantity of the original substance dissolved in RC! should be tested 
for ferrous and ferric iron by paragraphs 165 and 171. 

234.-CommerciaIKRO and NaRO frequently contain AI. These 
reagents should be tested by acidulating and adding AmRO. 

235.~Potassium may also be detected at this stage by adding :l 

small quantity of strong platinum chloride solution and stirring with" 
glass rod; a yellow precipitate of K,PtCl. will be formed if K is 
present. 
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236. - T ,a.BLE II. FOR THE 

Test for ammonium by heating the original solid with KHO solution .• 
original solution (229) if not already acid add HC} in excess. Add a few 
ignite over the Bunsen flame (230). Treat with a little strong HCI, waAn, 

Residue is I The filtrate maY,contain AI, l 
I 

SiO" I Add a few drops of this solution to some ammonium-
This resi- are present; if not, phosphates are absent. 

due should, To the rest of the solution add AmCI in moderate quantity 
be quite I phate is present, examine this precipitate by Table III. ; if 
white examined as below. 

Precipitate may contain Fe,(HO)" AI,(HO). (232) 
If the precipitate is quite white, aluminium only 

will be present; if coloured, iron will probably be present. 
Dissolve the residue in hot dilute Hel, add pure KHO or 
NaHO in excess, then add more KHO so as to have con­
si(lerable excess. ~r ann and filter 

Residue will be FejOH), I 
Dissolve in hot dilute I 

Hel and add KCNS, a 
Llood-red coloration shows 

Presence of Fe (233) 

Filtrate will contain 
Al.iOH)6 dissolved in ex­
cess ofKHO 

Add strong lICI until 
the solution is distinctly acid, 
then add AmIlO very 
c:llltiously until the solution 
is faintly alkaline. A white 
gdatinolls precipitate shows 

Presence of Al (234) 
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SEPARATION OF 'fHE METALS 

'ammonia gas will he evolve,l which tluns turllleric.p~per hrown. To the 
dr,o],s of strong II :'\0" eYa)lorate t,) dryness in a porcelain dish, apr! very gentl)" 
aod wa!er and tilter. 

Fe, Mn, Ca, Mg, K, Na 
molybdate solution al1<\ warm; if a yellow precipitate forms, phosphates 

(231), heat to boiling, o.n,\ then ao,l AmlIO in e,cess; filter. If a ph(),­
absent, examine the precipitate ,b lwlow. In any ca'ie \he jiilrate must he 

Filtrate may contai'} Mn, Ca, Mg, K, Na 
Add .\.lllzS until the solution has a distinct yell()w tinge. Warm an(l tilter 

-.-.-~._~-.~-~~-

Buff precipi­
tate will 

Filtrate may contain Ca, Mg, K, Na 

be MnS \' 
Ad,l aJllJllOrllUll1 oxable (AIll,C,O.i solution ill [,ir 

exccs,. tilter 
C()ntirm by , 

heating OIl 1-
platinum foil: White 
with Na,CO, 'precipibte 
anel KN0 3 ; a will be 
green mas, CaC,O I 
shall s showing; 

Presence presence 
of Mn of Ca 

---~.~-~--~--_--------~~ 

Filtrate may contain Mg, K, Na 
Evaporate the filtrate to dryness in a 

porcelain dish, scrape out the residue on to a 
piece of platinum foil, ignite until all fumes: 
cease to be e,·oh'eci. 11oi1 the foil in a wry 
small quantity of water containing a few 
drops of HCl. Divide into two portions. 

Examination 
for Mg 
Add A111Cl, 

AmHOin excess, 
and Na.,HPO. 
and shake well ; 
a white crystal. 

,line precipitate, 
: shows I 

I Presence of Mg i 

Examination for K 
and Na 

Take up a little of the 
solution on the loop of 
platinum wire and hold in 
the Bunsen flame. 

(r) A pale violet fbme 
sho\vs 

Presence of K and 
absence of Na 

(2) A hright yellow 
fbme ,hows presence of 
Na. Examine this flame 
through the indigo prism 
or cobal t glass; a crimson 
flame shows 

Presence of K (235) 
I ___ ~ ____ ~~ ___ I 
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237. TABLE Ill.-FOR THE EXAMINATION OF 
THE PHOSPHATE PRECIPITATE 

The AmHO precipitate may contain FePOjl AIPO" 
Ca,P,o" MgNH,P,O, 

Dissolve the precipitate in hot dilute Hel. To the solution adll 
Am,CO, solution, drop by drop, until the precipitate first formed rc­
dissolves with difficulty (238). Add a fair quantity of a mixture of 
acetic acid and ammonium acetate solution, and then add Fe,CI, nntil 
the liquid becomes reddish; warm ancI filter. 

I Filtrate may contain I Precipitate may contain FePO, 

AddAmHO in exee,s, ~Iter Hcat precipitate \\'ith KHO so]u-

I 
Ca and Mg and AIPO, 

and add AmzCzO, solutIOn; tion; filter 
warm and filter 

I 

IJ-~reci;i_-!. -Filtrat: rna; 
tate will', contain Mg 

be CaC,O,' Add NazHPO, 
I showing solution and 
'presence shake; a white 

of Ca crystallineprecipi-
tate shows 
Presence of Mg 

,-----------, 

Filtrate may I Precipitate will 
contain AIP<;l, ' contain FePO" 
dissolved 1fl \\ hieh reject, since 
KHO I iron will always 

Add HCI in cx- i be found. at this 
cess then AmHO ,stage owmg to 
ln ' very slight i Fe2C16 haying 
excess; a white been added (239) 
gelatinous precipi-
tate shows 
Presence of Al 

EXPLANATION UF TIlE pnOSI)HATE TABLE 

238.- The separation of thc abo\'c phosphates depends on the 
following facts :-

The phosphates of iron and aluminium are insoluble in acetic acid, 
whereas those of calcium and magnesillm are soluble. Hence the 
Bel solution of the phosphates is altered by the addition of lIA and 
AmA. into an acetic acid solution, when AIPO, and FePO, precipitate. 
The FezCl. is added for the purpose of precipitating the remainder (if 
any) of the pbosphoric acid as FePO" am! so leaves the Ca and Mg as 
acetates, which are then tested for by the usual reagents. 

239. - This precipitate of Fel'O, is neglected here, since F"Cl,; has 
been added. I ron should be tested for in the original solution by 
tests (165 and 171). It should be n(\ted that the metals ea an!l ]\lg 
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may also be present. not as phosphate,' and of course will be founll il1 
Table II. 

The four metals, Fe. AI, Ca, and Mg, should be returned (a. 
phosphate' or 'not as phosphate,' nactly as they are founel. 

TABLE IV.-PRELIMINARY EXAMINATION 
FOR ACID-RADICALS 

In the following tests either the solid or a strong solution may be 
used :-

\ 

Test 

---------- -

Ob"ervation Infprence 

\ 

: 
I 

240. Ex}t.l.--Treat 
a little of the substance 
with dilute HCI and 
heat gently 

241. Expt. n.-Heat 
a little of the substance 
with strong H,SO, 

242.-Confirm by heat­
ing another portion with 
11n02' free from chloride, 
and strong sulphuric acid 

I. A colourless gas is 
given off which turns 
lime· water milky 

CO .. from a 
carbonate 

2. Red fumes I . ~,Oa from a 
I mtnte 

- ---- ,-------
1. A gas with a pun- I HCI from a 

gent acid smell is given , chl"t ide 
df which fumes in the ' 
air and turns a drop of i 
silver nitrate solution ' 
milky 

A pale yellow gas is given ~ Cl from a I 
off with choking smell, and I chloride 
whi.ch bleachc5 test-papers II 

2. An acid gas is Presence of 
given off, occasionally a nitrate 
reddish in colour I 

243·--Confirm by drop. Red fumes' given off NO from a 
ping a few eu turnings into I nitrate 
~~l~id a~~~~a~ ag~_in_ ~ _____________ 1 ________ _ 

TABLE V.-FURTHER EXAMINATION FOR ACID­
RADICALS 

244. Sulphate.-Boil a little of the original substance 
with dilute Hel, filter, and add barium chloride solution; 
a white precipitate of BaS04 shows presence of a sulphate. 

245. Chloride.-Boil a portion of the original sub­
stance with dilute HNO.1, filter, and add AgNOa solution j 
a white precipitate denotes prl'sence (if fl chloride. 

1<'2 
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246. Nitrite.--Boil with water, filter, 'and test with K1 
solution, starch, and HA (197) ,: a blue coloration will 
appear. 

247. Nitrate.-Boii the original substance with water; 
filter, cool under the tap, and add very cautiously an equal 
bulk of strong sulphuric acid; cool in water. When quite 
cold add slowly down the sides of the tube a little of a cold 
solution of FeSO t • Where the liquids come in contact a 
brown ring will be formed. 

248. Phosphate.-A phosphate, if present, will 
usually have been detected in Table II. (230). It is readily 
detected by boiling the original substance with dilute 
HN03 and then adding a few drops of this solution to 
ammonium molybdate solution; a yellow precipitate forms 
on warming. 

249. Silicate.-A silicate will usually be found in 
Table II. (236). It may be readily detected jf a little of the 
finely powdered substance is fused with Na 2C0 3 on plati­
num foil, and then treated with HCl. On evaporating to 
dryness the SiOz will be rendered insoluble, so that on 
treating with HCI and water the SiO 2 will be left as a white 
powder (:w8). 

ANALYSIS OF SUBSTANCES INSOLUBLE IN 
WATER AND ACIDS 

250. The insoluble substances usually associated with 
agricultural products are silica, silicates, and phosphates. 

251. Mix the finely powdered substance with six times 
its weight of fusion mixture (268). Place in a porcelain 
or, preferably, a platinum crur.ible. Heat gently at first, 
then strongly over the blowpipe. Continue the heating until 
all effervescence ceases. Allow to cool and place the 
crucible and contents in a beaker, and gently heat with 
dilute HCI until the residue is all dissolved, or only gelati-
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nous silica is left-. Transfer to a porcelain dish, ('autiou~Jy 
evaporate to dryness, and ignite gently. Now cover with 
strong HC1, warm, and dilute with water. The silica will be 
left in an insoluble form, and may be filtered off. 

252. The solution is then examined for metals by 
Tables II. and III. (236 and 237), and for acid-radicals by 
Taules IV. and V. (240-249). 

253. Since HCI has been added, a portion of the original 
powder should be boiled with sodium carbonate solution, 
the solution filterecl, and then tested for chloride by adding 
dilute HNOa in excess, and afterwards AgNO;1 solution, 
when a white precipitate or' silver chloride will form if 
chloride is present. 

254. Nitrates are not found in insoluble bodies, as all 
nitrates are soluble in water. 

255. Since Na and K cannot be tested for in the solu­
tion obtained after fusion, owing to the fusion mixture 
consisting of Na~C03 and K~C03' it is necessary to lise a 
separate portion for the detection of these metals. 

256. The most convenient method is that of L:l1Yrcnce 
Smith. Mix the powdered substance with six times its 
weight of a mixture of one part pure solid AmCl and six parts 
pure precipitated CaCO J' Place in a crucible, and heat to 
redness for twenty minutes. Allow to cool, boil up with 
water, and filter. The filtrate will contain the alkalies 
together with excess of calcium hydrate. Precipitate the 
calcium by adding AmHO, Am:!C0 3, and a few drops of 
Al11 2C:!O; solution; filter, evaporate to dryness. and 
ignite. 

257. Dissolvc in a vcry small l[uantity of water; test 
for sodium by holding a little of thc solution in the Bunsen 
flame on a platinum wire, when the goldcl! flUlilC coloration 
will be seen if Na is present. 

258. Potassium may be detected by vicwing the flame 
through an indigo prism or cobalt glass, whcn the crimson 
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coloration will be seen if K is present. ' Potassium may 
also be detected by platinum chloride (188). 

259.-ExAM1'1.E OF METHOD OF ENTERING Tim Rt::SULTS OF 

AN ANALYSIS IN THE N01'E·BOOK 

Examination of p,,-Ic brown cctrthy substance 

Preliminary Examination for Metals 

---E:;~-ill-,e-n-t---~-_"-\ ===_O_b_5_~_;_a_ti_on .. ~~ I-_-_-_-_I_~~r_e_"c_e __ _ 

I. Heated in an ig- Little water given I H,O present, 0[-

nilion-tube off; no charring ganic matter absent 

2. Heated on Pt wire Yellowish - red Trace Na; Ca 
in Bunsen tbme after {lame prescnt 
moistening with He! 

3. Healed ill uura" 
bc"d 

Nu result Fe, ?lIn pruuauly 
absent 

Wet Examination 

Boiled suuslance with water; did not dissolve. Treated with 
dilute Hel, all dissolved. Evaporated to ,lryness, moistened with 
HCI, added water, filtered off trace of SiO" and tested filtratc for 
metals. 

Heated a few drops of solution with atlltnoniutlllllulybdate, outainc,l 
no precipitate; hcnce phosphates were absent. To bulk of solutiun 
added AmCI and AmHO. 

No pre­
cipitate; 

.'. Fe 
and Al 
aLsent 

White pre- Evaporated to dryness, ignited, dissolvecl 
cipitate residue in dilute Hel, divided into two 

Ca present i~!~ur~ion~ __ ~~ _ 

I I. Added AmHO, 2. Tested on Pt wire 

I 
and Na)IPO,,: in Bunsen flame, faint 
whil~. crystalline yellow flamc, no crimson I 
precipitate : colour through prism 

j Mg present :. Trace Na present 
-----~ --_ - -~--
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Preliminar>y Examination for Acid-radicals 

I 1. Heated with 
dilute HCI 

2. I-Ieateu with 
strong H"SO, 

Gas given off with 
effervescence, which 
turllcd lime· \Vatu 
milky; no red fumes 
evolveu 

Ditto 

Pres~~c~ ~~f car· I 
bonate 

Nitrite absent 

Probable a b,ence I 
~ftra~ehloride and I 

____ ~ ___ ~ _~t 

Wet Examination for Acid-radicals 
----~------- ----~ ---~---- -~, 

I. lIeated substance with Faint white 
dilute Hel, filterell, added precipitate 
BaCl" and warmed 

2. Heated substance Irith Faint nlilki· 
dilute llNO,,, tlltcret1, ami ness 
added AgNO, 

Nv bruwn ring 3. lIeated substance with 
water, filtered, added strong 
JI,SO,., cooled, aDd tben I 
added cold 1<'e50 I solution 

- ----'------

Trace of suI· 
phate 

Trace 
chloride 

of 

Nitrate aosent 

Phosphate waS shown to be absent in the wet examination for the 
metals. 

Found: Ca, Mg, water, carbon3.te, traces of sodium 
chloride, silicate, and sulphate 
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SECTION V 

APPARATUS, CHEMICALS AND REA(r'ENTS 

LIST OF BDICH Ap],,\RATUS FOR EACH STUDEIYJ 

260. A list of the apparatus which should be kept in 
each bench-locker is given here. The Bunsen burner, with 
its indiarubbcr tube, may be left attached to the gas-tap on 
the bench. All the other apparatus should be locked up 
in the bench-locker when not in use. 

I Bunsen burner about 5~ inches high, with ~-jllch 

tube, and meallS of closing the air-holes. 
I Rose-top to ftt burner. 
I Piece of black indiarubbcr tubing, ~r.tl inch internal 

diameter and r6 inches long, to supply gas to the lJurncr. 
1 Test-tube stand with twelye holes, two of which are at 

least an inch across. 
I Test-tube brush. 

I;Z Test-tubes, 5 inches long by ~. inch diameter. 
2 Boiling-tubes, 6 inches long by I inch diameter. 
2 Round glass plates, ground on one side, 3 inches across. 
z Berlin porcelain evaporating-dishes with spouts, glazed 

inside and out, and 3 inches in diameter. 
2 \Vatch-glasses, 2 inches across. 

Conical flask, 4 oz. capacity. 
T \Yedgwood mortar, 4 inches across, and pestle \yith 

wooden handle. 
I Iron tripod stancI, 7 inches high, with round top 

4 inches across. 
I l'iece of coarse iron wire gauze,s inches square. 
3 Glass funnels, two of them zt inches across, OlJe 

:z inches across. 
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3 Beakers, widp, form of I, 2, and 3 oz. capacity. 
3 Glass rods, rounded at the encl;.:, 7, G, and 3 inches 

lin length. 
I Piece of plat;IlUIl1 foil, I X 11 inch. 
2 Pieces of platinum wire, mounted (7). 
I Black's blowpipe, japanned tin. 
I Pipe-clay triangle, 2 inches along the siele. 
I "'ash bottle, to be made from 18 oz. flask (10). 
I Retort stanel. Upright rod 17 inches, foot 6 x 3 inches, 

with three brass rings, the largest 3 inches across. 
I Wooden filter-stand, 12 inches high, with two rings. 
1 Pair polished brass crucible tongs, 6 inches long. 
I Small horn spatula, 3~ inches long. 
I Ond wicker draining basket, 10 x 8 x -+ inches. 

Cut filter-papers, 4h 3}, and 21 inches across. 
1 White porcelain tile, 4~ inches square. 

LIST OF SPECIAL APARATUS FOH SEC'JlONS 1., n., ,\ND III. 

261. This apparatus need not oe supplied to each 
student, but several sets should Le kept. 

I Nest of three or four small brass cork-Lorers. 
I Triangular fIle. 
I Thin round file. 

Several lengths and pieces of hard glass-tubing, about 
~ inch internal diameter. 

I Gross ignition-tubes, 3 inches long, ~ inch across. 
I Gross corks, as free as possible from holes or cracks, 

varying from ~ to 1 inch acro:;s. 
I Small metal clamp in a bo~s fitting the retort stand 

(fig. 15). 
I Stoppered bell-jar, 30 oz. capacity. 
4 Glass cylinders on feet with ground edge at top, 

8 inches high, I~ inch across. 
4 Similar cylinders, 6 inches high, I t inch across. 
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I Round brown stoneware trough,. 12 inches aCloss. 
5 inches deep. 

I Metal deflagrating-spooll. 
2 Two-necked Woulffe's bottles, 8 oz. caI,acity. 
I Tubulated retort, 6 oz. capacity. 
2 Thistle funnels, 8 inches long. 
4 Pieces of black indiarubbcr tubing, i'G inch ill internal 

diameter, I~ inch long. 
Wooden spills. 
Wax tapers. 

I Pair of scissors. 
I Brass wire sieve, 20 meshes to the inch. 

1.1';1' OF ApPARATUS FOR GENERAL USE IN A:\ALYs:s 

262; The following apparatus should be kept ill the 
laboratory for the general llse of students. One set will I 

suffice for about twelve students. 
I Spirit-lamp, 4 oz. capacity, with earthenware wick­

holder and ground glass cap. 
If gas is not available a set of these lamps will be requireJ in place 

of Bunsen burners (26o). 

4 Berlin porcelain crucibles, I ~ inch across, with covers. 
I Iron mortar, 8 inches across, with pestle. 
I Fletcher's foot-bellows and blowpipe table covered 

with sheet zinc or lead. 
I Fletcher's ulowpipe with central blast and 2 taps. 
I Indigo prism, stoppered, nearly filled with solution of 

indigo in strong sulphuric acid. The indigo solution is 
made by mixing commercial sulphindigotic acid with ten 
times its measure of strong sulphuric acid, leaving to settle 
for several days and decanting into the prism. 

N.H.-Cobalt-blue glass m~y be substituted for the 
above. 

I Agate mortar, 3 inches across, and pestle. 
I Copper water-b~th, with several openings (fig. II). 

When in use it should be two-thirds filled with water, and 
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more water added froln time to time to make up for evapo­
, ration. 

I I Steam-O\'en (fig. 14), made of copper. The water 
should two-thirds fill the oven, and should be kept just 
below boiling. The loss uy evaporation should be made 
good from time to time. 

CHEMICALS AND REAGENTS 

263. In the following lists will be found the reagents 
and test substances required in the course. In the first 
column stands the name; in the second the chemical 
formula of the substance. The subsequent columns give 
directions for their preparation for laboratory use. 

264-REAGE:-I'!'S REQUIRED FOR EACH BENCII 

Name Formula 

I Prul'0r- \ 
I \Veight of solid tion of 
I in grams to be solid by 
" db:mlved in one \veight(w)[ 

winchester of or liquid 
water by mea- I 

sure (rn) 1 

to water 

Sulphuricacid--.-. -. -.1 11.,SOI .. .1------1' I' 5 ~'i 
Nitric acid _ . . . .' 0:>10, ., . , I' 3 m 
Hydrochloric acid . _ HCI . .. i I: 3 m I 
Acetic acid _ ... '1 HC2H,0" or IL\. ! I ry: I III 

Ammonium chloride. . NH.Cl . . 300' ~; 8 w 
AmmoniulIl hydrate. . NH.,HO ' i: 3 m I 
Ammonium sulphide. . (NH.bS I: I m I 
Ammouium carbonate (NH,hCOo 400 I I: 6 w 

(note x) 
Ammonium oxalate. (NH4hCc0 4.H,o. 
Potassium hydrate . . KHO '.' 
Potassium ferrocyanide. K4Fe(CN)u.3H~0.: 
Potassium ferricyanidc .: K)<'e(CN)ti (1l0IC2) 

, ~odium phosphate . . I NazHPO.,.12iL,U 

IOO 

300 

200 

200 

200 

600 

: I: 24 w 
'I I: 8 \1/ 
I: 12 w 

I I: 12 'y' 

I I : 12 \V 

I: 4 w Sodium carbonate . I ~a<CO;;.IoH~U . 
Calcium sulphate. . i CaS04 . . . . Saturated 

Barium chloride . 
Sodium carbonate 
Borax. . . • . 
Potassium chlorate 
Test-papers. 

~o- I 

Illtion 
BaClz·2H,U ., 200 , I: 12 w 
NazCO;; . . . i Solid 1 
Na2B .. 01' roHzO . I Solid 
KCIO;; 'Solid, 

, Blue and red lit-' , , 
.mus and yellow I 
turmenc-papers, 
I in small strips I 

--------------'---- , _____ .J ____ _ 
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Note I.-- Thc soli,l (NH.LCO" i:; dissolv;d in cold wa(cr, out in 
diluting, one-fourth of the 'winchcskr' 111(,,1 be filled with 1trong 
NH,HO. 

Note 2. - This reagent undergocs dccomposition j,r exposure '0 

light, an,l must not he kept ncar a window: it is Gdter to dissolve a 
fragment of the solid each tillle it is required. 

265. -CI!E~IICAl.S HE(!UIKED ',JH SECTJOJ\S I. AND II. 

With the excl'ption of the bench reagents the whoie of the su],­
stances required for these sectiuns arc enumerated heluw ;--

Kame 

Alum. 
AmmoniulIl chloride 
Calcium chloride 
]\[anganese sulphate 
Potassium nilrate 
Marble 
1\1 anganese dioxick 
\y ood charcual 

Lime-water 
Sulplll1r 

Phosphorus 
Granulated zinc 

Hydrochloric acid 
Sulphuric acid 
Nitric acid . 
Potassiu", iodide. 
Starch powder 
Slakecllime 
Ammonia, 
Sih-er nitrate 
1\1 elhylated spiri t 
M crcmic chlori,]e 
Potassium hydrate 
Nessler's SoIl! tion (note I! 

Formula 

Ca(UII\ 
S ' 

l' 
! In 

lIel 
: II.SO, 
, IlXO, 
l~I 

, Ca(Oll)., 
l\'Il,(OIJ) 

: ;\gNO" 
C,ll"O 
fIgCI., 
KIlO 

]lUre 
Slrong 
Strung 
-"(rung 
Sulid 

Solid 
Strong 
Solution 

I Free from coal-oil 
: Soli,l 
l Solid 

Note I.-Dissoh·e 33 grarm; ui KI an,; 13 grams Qf HgCl" in 
800 c.e. of waler, add strung HgCl, solution until a bint permanent 
precipitate is formed, then add 160 grams of solid KHO. Allow to 
cool and make "p to one litre with water. Usc the clear supernatant 
liquid. 
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Name Formula Remarks 

I-~~------ ---~-- ----- ------1-- -

\ 
Solution 
Air-drierl 

1 
\ .Loam . 
lLime-w~lcr 
Clay 
Marble . 
Peat soil 
(2uicklime 
Lhnlu~ ~()luti()n 

Ferrons sulphate 
Gas.lime 
Gypsum 
Charcoal 
Kainit. 
Cnprolite powder 
lb-;ic slag 
Superphosphate of lime. 
Citrate of ammoniulll I lIO/,' 1'1. 

Sulphate of amll1'llli:l ' 
Nitrate of sorb 
Shoddy. 
Soda-lime 
Indigo carmine 
Sulphuric acid 
Peruvian guano 
Ammonium l1lolyh,hte (nole 2) 
Ferric chloride 
Potassium sulphocranidc 
Bone-meal 
Linseed cake 
Cotton cake, decorticated 
Cotton cake, undecorticatc,l 
Glycerine 
Ether. 
Fehling's Soi1ltiun (llole 3) 
Solution of iodine in po\"s,i\1ll1 

iodide 
Alcohol 

Hay 
Turnips 

Cane sugar 
Glucose 
Carbolic aciel 

Flour 
Milk 

t ~~~~e;e ~ __ , _______ _ 

Ca(OIl), • 

CaCO" 

CaO 
I Ground line 

Air-dric,1 I 

I ::~;(~IY lmrncrll, 

Fresh 
CaSO,.2IIp Solid 

C Powder 
K2"Mg(SO,)".611_0 COll1ll1crcial 

CaH,(r:9.), 
(NH,lJCi 
(NH,),SO, 
NaNn, 

II,SO, 

NlI,Hl\foO, 
Fe,C16 

KC:s'S 

I and KI . 
C,HoO 

Commercial 
SollHion 
Commerchl 
Cnmmerci"i 

GranulateJ 
Solution 
Strong 

Solution 
Solution 
Solution 

Ground fine 
Gronnd fine 
Ground fine 

Free from coal­
o~! 

Provided fresh 
when wanted 

Crystallised 

So % solntion 
B.P. 

Wheaten 
Fresh 
Tiresh 
Fresh 
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Note I.-Made by rendering a strong sohltion of citric acid dis· 
tinctly alkaline with ammonia. 

Note 2.-Measure 100 c.c. water into a large flask, add 50 gra~ 
molybdic acid or 70 grams of ammonium molybdate, then 100 c.c. of 
strong ammonia; stir until dissolved. Pour the solution into 720 c.c. 
cold nitric acid, sp. g. 1·20, stirring whilst adding. 

Note 3.-Best kept as two solutions, A and B: A contains about 
35 grams of copper sulphate dissolved in 500 c.c. of water, B contains 
173 grams of J(ocbelle salt (sodium potassium tartrate) and 160grams 
of Fotassium hydrate in 500 c.c. of water. For immediate use equal 
quantities of each are mixed. 

I 

267.~-REAGENTS FOR GENERAL USE FOR TIlE DETECTION 

OF METALS 

Name ( Formula 
Proportion by weight of 

solid to water 

--_- ---~~-

I 

Sulphuric acid I-I,SO, Strong pnre 

Hydrochloric acio RCI Strong pure 

Nitric acid RNO" Strong pnre 

Platinum chloride PtCl, I : 30 

Methylated sl,iri! C2I-I.O . Strong 

Slaked lime Ca(HO), Solid 

Potassium sulphocyanicle. KCNS. j I : 100 

Potassium nitrate KN03 I Solid 
! 

Silver nitrate. AgN03 
I 

I 
1 100 

I 

Magnesium sulphate MgSO,·7 HP I 12 

I 
.-~-~~-. 
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I 

268.-REAGE:-.'TS FOR GENERAL USE FOR THE DETECTION OF 

AClD·RADICALS 

Name Formula 
Prop'ortion by 
weight of solid to 

water 

\---~~---

I Lime·water 
Ferric chloride (note I) 
*Ferrous sulphate 
Potassium iodide 
'Starch 
Indigo carmine solution 
l\langanese dioxide (Jlote 2). 
Ether (methylated I 
*Potas..,iunl njtrite 
Ammonillm roolyl1date (ll. 3) 
Microcosmic salt 
"Vax or paraffin. 
Distilled water • 
Pure sor1ium hydrate 
Fusion mixture (llote 4) 
Solution of sodium acetate in 

dilute acetic acid (note 5 \. 
Calcium carbonate, pure 
Ammonium chloride, pure 
* Potassium ferricyanic!e 

Ca(OH)" 
Fc,CI •• 
F~SO.·7H,O 
K1 

Saturated 
, I : 24 

Solid 
I : 60 

Solid 

",NO., . Solid 
NlI,}{l\loO, 

NaNH,HPO"4II •. O Solid 

H .. O 
NaHO 
K,CO.! + Na,CO,. 

NaAand HA 
CDCO,. 
NH,CI 
K,Fe(CN), 

Solid 

I : 10 

Powder 
Powder 
Solid 

* These solids do not keep in solution . 

.ll'oIc 1. -The solution should not contain any free acid. To remm'e 
this AtnHO is adde(1 until the further addition of a single (hop gi\'es 
a reddisb·brown precipitate. Filter off this precipitate, and the solu. 
tion is ready for use. 

Note 2.- Should be kept in fine po\\(Jer; it must 110t e\'ol"e Cl or 
CO., when warmed wilh strong H 2SO •. 

J{o/e 3,- See nO/e 2, paragraph 266. 

1\,,(e 4.- Dry finely powdered Na"CO" and K"CO" are mixed in 
proportions of 53 : 69 by weight and kept in a stoppered hottle. 

Note 5.-Dissoh'e 20 grams NaA in 60 C.c. of distilled water and 
add to the solution 40 c.c.of strong Ill\. 
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269.--S0LUTIONS FOR THE REACTlO=-S OF THE :METAtS 

Name 

Potassium chlorirk 

Ammonium ch10ride 

SodiulU chloride 

:.\bgnesium wlph:1te . 

Calcium chloride 

Alum. 

Ferric chloride 

Ferrous sulphate 

Manganese sulphate. 

-- I ----, 

~Yeight ofsoliJ I Proportion" 

FOrlllUb 
l~l grams .to be by Wei" ht I 

(lis;ulveJ 111 olle I ofsolitilO 
wlIlchester of w 

water ,Her I 

I I ____ _ _ ___ _ __ ~_ _I 

KCl IOO 

iNII,Cl 200 

iNau .. 50 

IMgSO'.7IllO . 50 

I
caClo.6HzO . 200 (111 crystal,) 

IAIR(SOril . IoIl,O 200 

rezClu. 25 

FcSO!.7Il·lO 25 

iMnso• 23 
! 

t : 2.) 

I : 12 

I: 50 

I: 50 

I : 12 

I : 12 

I: 100 

I: 10) 

I: 100 

I 
I 

27). ---SOl,UTIO=-S FOR THE REACTlOXS OF THE ACIll-RAIlICALS 

N=-:tme 

Sodium sulphate 

Sodium carbomtc 

Potassium nitrite 

Potassium nitrate 

Sodium chloride 

Sodium phosphatv 

/ Sodium silicate. 

L~lica (white s:1n{~ 

Formula 

N:1.2SO •. IOII,O 

]'\a/:O., 

K~Oc 

K:\O;; 

NaCl . 

Na2IlPO,.T2H/) 

Na·zSiO,j 
SiO, 

Weight of ,olid 
in grams to Le 

dissolveu in one 
winchester of 

water 

25 

laO 

100 

50 

50 

roo 

--I 

Proportioll i 
by \veight 
of solid to 

Water 

I : 100 

SQlid 

I: 25 

1: 25 

I: 50 

I: 50 

I : ~5 

S"lid 

NOTE.-The above substances (269, 270) will also be req\lired in 
the solirl form for many of the tests. 
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21I.-LIST OF C'IU';,IICAL EUDIENTS, WITH THEIR SYMBOLS 

AND ATOMIC WEIGHTS 

The words in brackets are the Latin names of the elements from 
which the symbols have been derived. 

Name S b I! Atomic ,I Neb II Atomic I 

-A-I-u-m-i-m-'u-m--.-~. :;~I: \~:i:htl ~rOIYbden~:e ----- '-::0 0 _w_:~_g_h_t I 
Antimony (stibiuUl) . Sb 120 ?\ Ickel . Ni 59 
Arsenic As II 75 I ~!obium • Nb 94 
Barium Ua I 137 '~ltrogen. N 14 
Beryllium. BHe, I 9 Osmium. as 19° 
Bismuth . f 209 Oxygen 0 16 
Boron. B II I I Palladium Pd 107 
Bromine . Dr 80 Phosphorus P 3 [ 
Cadmium. Cd 112 Platinum. . • Pt IlJ6 

C.esium Cs I 133 Potassium (kalium). "- 39 
Calcium ea 40 Rhodium. Rh 104 

8:;~~~~ ~e I J~~ ~~~l~~~li~~n ~~ 85 
Chlorine Cl 35'S Selenion 
Chromium Cr 52 Silicon 
Cobalt " Co 59 Silver (argentltm) 
Copper (cuprlllll) eu 63'S Sodium (natrium) 
Didymium D 142 Strontium. 
Erbium E 166 Sulphur 
Fluorine • F 19 Tnntalull1 . 
Gold (aurum) Au 197 Tel1urion . 
Hydrogen H I Thallium . 
Indium In 113 '4 Thorinum. 
Iodine I 127 Tin (stannum) 
Iridium • Ir 193 Titanium. 
Iron (ferrum) Fe 56 Tungsten (wolfra- I 
Lanthanum La 138 millm) . f 
Lead (plumbum) Pb 207 Uranium. 

I Lithium, • L 7 Vanadium 
l\fagnesmffi . . Mg 24 Yttrium 

/

Manganese . . :\In 55 Zinc. • 
l\lercury (hydrar- I Zirconium. 

gyrum) . . J Hg 200 

--~- -~- --- .-.-~--' 

272.--THER~Im!ETRIC SCALES 

Se 
Si 
Ag 
Na 
Sr 
S 
Ta 
Te 
TI 
Th 
Sn 
Ti 
W 

U 
V 
Y 
Zl 
Zr 

79 
23 

108 

There are two different thermometric scales in use in this country, 
the Centigrade and Fahrenheit; the former of these is rapiclly becom­
ing universal for scientific purposes. The two scales are mutually 
convertible by the following formu":e, in which F.o represents a tem­
perature on the Fahrenheit scale, C. 0 a temperature on the Centigrarle 
scale :-

~ (F.o - 32 ) = C.O 

~ C.o + 32 = F.o 

The temperatures occasionally referred to in this book are given on 
the Centigrade scale. 
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273.-ENGLISH WEIGHTS AND MEASURES 

APOTHECARIES' WEIGHT AVOIRDt;I'OlS WEIGHT 

lb, 07. , = 12 , 

gallon 

cirrus. 

96 
8 

scruples 
288 
24 
J 

pints 
8 

grains I lb, OZ, 

'760 16 
480 

60 
20 

IMPERIAl. MEASURE 

fluid oz. 
160 

drms. grains 
256 7000 
,6 437'5 

1 = 27'343 

fluid drms. 
1280 

160 

8 

I .~al1on 70,000 gr:tins of water at I6'7°C 
1. Huid ounce = ~'J.lfj pint = 437'5 n " 
I gallon = 277'280 cuhic inches 
I fluid ounce 1'733 

274,·-DEClMAL WEIGHTS AND MEASURES 

MEASl'HES OF LE!\GTH E;>;GLTSH 

metre inches I mile 
Millimetre 0'°3937 = 1 . 

furlong yards feet inches 
-

Centimetre 
I 

Decimetre 
~I l\fetre 

Decametre = l 
Hectometre = 
Kilometre =} 
1.Iyrjometre = 

0'001 =1 

o'ot 
0" 
"0 

ro'O 
100'0 

I ()()¥'O 

10000'0 

~I 
=1 

0'3937 1 = I ' 
3'93708 =[ . 

39'37°79 = . 
393:7°N0 = . 

3~~~~~~= ~\ : 
393707'900,)0 ;;= i 6 

I inch = '0254 met t c. 
I foot = '3°48 

l\lEASURES OF CAPACITY 

1 litre = J cubic decimetre 

4 

lilre cubic inches 

'0 
109 
21 3 
156 

~ 1Ilillilitre, or l _I 
I Cubic centimetre (c.c.) j -, 

Centmtre o'or 0'61D27 

Decilitre 0'1 6'1027 
Litre 
Decalitre 

1'0 61'027 

10'0 610'27 

Hectolitre 100'0 6102'7 
Kilolitre 1000'0 61027'0 

Myriolit .... 10000'0 610270'0 

I cubic inch = 0'01639 litre. 
I cubic foot = 28'31531 litres. 
, gallon = 4 '54336 

0 

0'03937 
0'39371 
3 '937 1 

3'37 1 
9'7 

H.:2 

6 

pints 

0'001 76 

0'01 761 
0'17608 
1'76077 

'7'60773 
176'07734 

'760'7734
' '7607'73414 
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flIEAStIIH£S OF WEIGHT 

1 gram = the weight of 1 cuuic centimetre (coc.) vf \ .... aler at 4" C. 

grammes glains Avoirdupois 
illilligram o·oo[ 0'01 543 
Centigralll o'Ot 0'15432 
Decigram 0·' 1'5432 3 
Gram '·0 15'4;235 lb. oz. dTlns. 
Decagranl 10'0 154'32 344 0 0 5·65 
Hectogram 100'0 1343 '23488 0 3 S·S 
Kilogram 1000'0 '5432.34880 3 5 
l\lyriogram l00c.o'O 154-323'48800 2. 

I grain 0'0649 gram. 
I oz. (Tror) 31'1°35 gl~ms. 
I lb. (Avolrdl1poi;) = 452'5:)3 



INDEX 

ACIDITY of compound manures, 36 
Acid-radicals, examination for, 67 
Acids and alkalies, 12 

- action of lime on, 27 
- action of milk on, 46 
- reactions for, 56 
Air, action on lime, 27 
- carbonic acid in, 19 
- experiments on, I9 
- water in, 19 
AJbllminoids in chce~l', -t3 
- in gras~, 4:2 
- in milk, 47 
- in oll-cakes, 40 
- in turnip juice, 45 
Alkalies and acids, 12 

~ in grass, 43 
- in insoluble 5ubstaw.:es, 69 
) ... luminiulU, tests fOf, 51 
.Ammoniacal nitrogen, tc.:st for, 32, 38 
Ammonia in guano, 34 
- ill water, 21 

- preparation of, 18 
- properties of, 18 
- sulphate of, 35 
All1l110niulll citrate, action on phus~ 

phate,30 
- - action on reverter! phosphate, 3' 
- molybdate, preparation of, 78 
- tests for, 56 
Analysis of insoluble substances, 68 
- qualitative, 49 
- qualitative, tables for, 6I 
Apparatus, cleaning of, So 
- for each student, 72 
- for general use, 74 
- for Sections 1., I1., and Ill., 73 
Ash in grass, 43 
- in guano, 34 
Atmospheric bUrn"l", 1 
Atomic weights, 81 

i H.\TJi, steam, 8 
Gellows, foot, 3 
Bending glass tube 't\lll rOIl, 3 
Blowpipe, 2 

-1uouth,2 
- table, 3 
BOIlC, actioll of heat 011, 35 
- action of acid on, 35 
- phosphate, 29 
Borax head, IZ 
Boring corks, 5 
Bunsen burner, I 

Burner, atmospheric, I 

- Bunsen, I 

- fish-tail, 4 
Burning carbon in oxygen, IS 
- sulphur in oxygen, 14 
Butter, 47 
- curd in, 47 
- salt in, 48 
- water in, 47 

C.\K.E, cotton, 42 
- linseed, 4' 
Calcium, tests for, 5·t 
Cane sugar, 45 
- - inversion oC 43 
Carbohydrates in oil cake, 40 
Carbonate, tests for, 57 
Carbon dioxide, in air, 19 
- - preparation of, 16 
- - properties of, 17 
- organic, test for, 60 
Cheese, 48 
- albuminoids in, 48 
- fat in, 48 
Chemical elements, S, 
Chemicals and reagents, 75 
- for Sections I. and II" 76 
Chloride, tcs!s for, 58 
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Chlorine, organic, tests for, S9 
Chlorophyll, 43 
~Iay in soils, 24-
treaning apparatus, So 
~losed tubes, 4 
Cobalt-blue glass, 28 
Coloration of borax head, 12 

- of flame, II 
Compound manures, 36 
Constituents of manures, 25 
Cork-borers, 5 
- boring, 5 
Cotton-cake, 42 
Cotton-wool in cotton-cake, 42 
Crystallisation, 8 

. Cnrd in butter, 47 
Curdling of milk, 46 
Cutting glass tube ami rod, 3 

DAIRY produce, 46 
Decantation, 9 
Decimal system of weights and mc,,-

sures,82 
Distillation of water, 19 
Distilled water, 20 

Drying precipitates, 10 

ELEMENTS, chemical, 31 
English weights and mea,ures, 82 
Entry in note-book, So, 70 
Evaporation, 7 
Explanation of phosphate table, 66 

FAT in cheesc, 48 
- in milk, 47 
Feeding materials, experiments on, 39 
Fehling's solution, preparation of, 76 
Ferric salts, tests for, 53 
Ferrous salts, tests for, S2 
Fibre, WOOdy, in oil cakes, 41 
Filter paper, 9 
- folding, 9 
Filtration, 9 
Fish-tail burner, 4 
Fitting wash-bottle,s 
Flame eo[orations, I I 

Flour, 46 
- gluten in, 46 
- starch in, 46 
Folding filters, 9 
Foot-bellows, 3 
Funnel,9 
Fusion, II 

GAS-LIME, sulplllll' in, 28 
Glass rod, bending and cutting, 3 
- tube, bcnding and cutting, 3 
Gluten in flour, 46 
Grape sugar, 45 
Grass, 42 
- albuminoids in, ~." 
- alkalies in, 43 
- ash in, 43 
- chlorophyll in, 43 
-- 1,llOsphoric acid in, 43 
Guano, ammonia in, 34 
- ash in, 34 
- soluble phosphates ill, 34 
GypSUIJl, sulphur ill, 28 

lL\Y,42 

- albuminoit1s in, 012 
- alkalic; ill, 43 
- ash in, 43 
- chlorophyll in, 43 
- phosphoric acid in, 43 
Hcat, action on bones, 35 
lIumlls, nature uf, 26 
- tcst for, 25 
Hydrogen, preparation of, ~2 
- propertic:. of, 23 

IGNITION, } 1 
- tubes, 4 
India-rubber corks, S 
Indigo-prism, preparation of, 74 
-- use of, II 
Insoluble phosphate, tcst for, 37 
- substances, analysis of, 68 
Inversion of cane sugar, 4S 
Iron, action of lime on, 28 
- tests for, 52 

JurCh in routs, 44 

KAINIT, putaoh in, 29 

LAMP, spirit, 2 
Lime, action On acids 2 
- action on air, 27 
- action on clay, 24 
- action on salts of iron, 28 
- action on superphosphate, 3' 
- nlanures, 26 
- slaking, 26 

85 
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Lime in soil, 25 
- solubility of, 27 
- tests for, 25 
- in water, 21 

Limestone soils, 25 
Linseed cake, 4 r 
- - adulteration of, 4 I 
- - mucilage in, 4I 
- - starch in, 41 
Litmus paper, 12 

Loam, 24-

MAGNESIUM, tests for, 55 
Manganese, tests for, 53 
Mangels, H 
!'v[anures, acidity in, 36 
- compound, 36 
- experiments on, 26 
-lime, 26 
- nlixing, 33 
- nitrogenous, 31 
- phosphatic, 29 
- potash, 29 
- testing, 34 
1\1 easurcs, 82 
J\Ietals, preliminary cXd..lllin<ltioll fOf, 

61 
- reactions of. 5 I 
- separation of, 64 
- wet examination for, 63 
Milk, 46 
- action of acids on, 46 
- albuminoids in, 47 
- fat in, 47 
- sugar in, 47 
Mineralpho'ph,\te, 29 
Mixing manures, 33 
Mounting platinum \I ire, 4 
Mouth blowpipe, 2 

1\1 ucilagc in linseed cake, 41 

NESSLER'S solution, preparation of, 
76 

Nitrates, action on superphosphate, 
33 

l':itrate, test for, 58 
Nitric acid, action on phosphates, 30 
- nitrogen, 32, 38 
Nitrite, tests for, 58 
Nitrogen, amnloniacal, 32 
- ammoniacal, test for, 32, 38 
- in albuminoids, 39 
- in curd, 47 
- nitriL:, 32 

Nitrogen. ritric, tests fUf, 32, 38 
~itrogenous manures, 31 
Nitrogen, organic, 32 
- organic, test for, 32, 37, 60 
- preparation of, '5 
- propertks of, 16 
;'\omendature, 49 
l':ote book, 49 
- entry of analysis, 70 
~ otes on sep:lration of metals, 63 

OIL-CAKES, 39 
- :tlbuminoids in, 40 
- carbohydmtcs in, 40 
- o~l in, 39 
- sand in, 4' 
- water in, 39 
- woody fibre in, 4' 
Oil ill oil-cakes, 39 
Organic carbon, test for, 60 
- chlorine, test for, 60 
- matter, test for, 25 
- nitrogen, tests for, 32, 37, 60 
- sulphur, test for, 6, 
Oven, steatl1, 10 
Oxygen, preparation of, 13 
- properties of, I.j 

PEAT, 23 
Phosphate, bone, 29 
- mineral, 29 
Phosphates, action of ammonium 

citrate on, 30 
- action of dilute nitric acid on, 30 
- action of ,yater on, 29 
- in grass, 44 
- insoluble, tests for, 36, 37 
- of lime, 29 
- soluble, tests for, 36 
- table, explanation of, 66 
- table for separation of. 66 
- tests for, 59 
Phosphatic manures, 29 
Phosphoric acid, 29 
- - in guano, 34 
Platinum wire mounting, -1 
Potash in kainit, 29 
- manures, 29 
- manures, tests for, '18 
Potassiulll, tests [01', 56 
Precipitates, drying, 10 
- washing, 9 
Precipitation, 8 
Preliminary examination for acids, 67 



INDEX 

Preliminary examination fo~ metals, 61 
['rocess of solution, 63 
lure ,vater, 20 

• 
QUALlTATIVF. analy;;is, 49 

REACTIONS for acid-rctc!icals, 56 
- for metals, 51 
Reagents and chemicals, 75 
- for e"ch bench, 75 
- for the acids, 79 
- for the metals, 78 
Results, statement of, 70 
Reversion of superphosphate, 30 
Reverted phosphate, 29 ' 
- - action of ammonium citrate on, I 

31 
Roots, 44 
Rose-top for bunsen, 2 

Rubber corks, 5 
Rules for working, 50 

SA LT in butter, 48 
- in water, 2I . 

S"nd and clay, separation of, 24 
Sand in oil-cakes, 41 ' 
- in soil, 24 
Separation of metals, 64 
- - - note.; on, 63 
Shoddy, nitrogen in, 32 
Silicate, test for, 59 
Slag I action on sulphate of ammonia, 

33 
- action on supcrphosph'ltc, 33 
- phosphate, 29 
Slaking lime, 26 
Sodium, tests for, 55 
Softening corks, 5 
Soil, limestone in, 25 
Soils, experiments on, 23 
Solids in water, 20 

Solubility, 6 
- of lime, 27 
- of the phosphates of lime, 29 
Soluble phosphates in gU'lno, 34 
- - test for, 36 
Solution, 6 
- chemic"l, 7 
- simple, 7 
~olutions for reactions of acids, ?:J 
Solutions for re'lctions of metals, 80 
Solvent, 6 
Spirit-lamp, 2 

St:uch in flour, 46 
- in linseed cake, 42 
Steam bath, 8 
Stea.m oven, 10 
Sublimation, II 
Substances for Section IlL, '17 
Sugar, cane, 45 
- grape, 45 
- in milk, 47 t 
- in roots, 44-
- inversion of, 45 
Sulphate, in water, 21 

- of ammonia, action of slag on, 33 
- of ammonia, testing, 35 
- of ammonia, volatility of, 35 
- test for, 57 
Sulphur in gas lime, 28 
- in gypsum, 28 
- organic, test for, 61 
Superphosphate, 29 
- action of lime on, 31 
- action of nitrates on, 33 
- reversion of, 30 
Swedes, 44 
Symbols, 81 

TABLE blowpipe, 3 
Tables for examination for acids, 67 
- for preliminary examination for 

metals, 61 
- for qualitative analysis, 61 
- for separation of metals, 64 
- for separation of phosphates, 66 
Test for carbon dioxide, 17 
Testing manures, 34 
Test papers, 12 

Thermometric scaks, S[ 
Thiocyanates, 35 
Tubes, closed, 4 
- ignition, + 
Turmeric paper, 12 

Turnips, 44 
- juice in, 44 
- sugar in, 4-.f. 
Turnip-juice, albuminoids in, 45 

VOLATILITY of sulphate of ammonia, 
35 

W ASH bottle, 5 
Washing precinit"tes, 9 
- precipitates, "y decantation, 9 
- precipitates, by filtration, 10 
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\Vater, action on phosphates, 29 
- ammonia in, 21 

- bath, 8 
- distillation of. 19 
- experiments on, ?:() 

- in air, 19 
- in butter, 47 
- in oil-ca:kes, 30 

i \Vater, Jill{1e in, 21 

, - salt in, 21 

- sulphates in, 21 

\\'eights, atomic, 81 
\I'eights and measures, 82 
\Vet examination for metals, 6. 
\V oody fibre in oil-cakes, {I . 

Working, rules for, 50 

JRT~TRn BY 
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