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PREFACE

Tazr following exercises in Practical Agricultural Chemistry are de-
signed primarily for the use of students teking the course for the
Degree in Agricultural Beience at Cambridge University., Volume I
in intended to cover the first year's course on the Chemistry and
Physics of the Sei1l, while Volume I1 covers the second year's course
on the Chemistry of Foods. The latter is divided into two parts:
Part 1 dealing with such exercisea in Pure Organic Chemistry as are
essential for agricultural students, and is entirely qualitative, whila
Part IT deals with quantitative estimations and technical analyses of
food atufis. This division has been considered desirable, as students
who have slready taken a course in Organie Chemistry will find it
unnecessary to work through Part I of Volome I1. Volume 11T deals
with the special advanced Chemistry of Insecticides and Fungicides,
Food Preservatives, ete. It is hoped that this division into convenient
booklete will make them useful to teachers. The exercisea are de-
signed to illustrate most of the essential points in Agricultural
Chemistry and to require the minimum of apparatna,

A Course of Praciical Work was compiled by Professor T. B. Wood
some years ago for the uese of his classes, and this forms the fonndation
of a portion of the present exercises. The sincere thanks of the authors
are due to Profesaor Wood and the Syndica of the University Press
for their permission to utilise that material. 1

In addition to the directions for practical work a series of notes
has been added to each day’s work to explain just the points which
considerable experience in teaching in a laboratory haa shown to be
thoee on which the student usually needs sssistance from the demon-
gtrator to explain the reason and reactions of the experiments as
they are being carried out.

It is fully recognised that many of the experiments and accom-
panying notes could have been elaborsted with advantage, but the
necessity of restricting apparatos to the limits which it is possible to
supply for the use of large classes, and the fact that the notes are only
intended as laboratory guides, and not to supersede lectures, have

determined the present scope of the volutnes.

H.A DN
L. F. N,
1 October 1919,
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i §
GDH.PO'BITIGN OF ORGANIC COMPOUNDS

1. Ina smail in cructble ignite in turn small quantities of
(a) L {B) sba aml (n} nap?lmalme. Note that in all three casea
the su firat and afterwards burns away completely,

leavingnomdm [Bmma}

2. Repeat Expt. 1 using thiz time small quantities of () casein,
{b) hay and (¢} oil cake. Note that in these cases, while the greater

tion of the material bmmnﬂy,namaﬂqumhtyolaﬂhtﬂl&fb
Penind. (Sea note a.)

3. Weﬂmsmnﬂqumﬁtyuim with copper oxide and place
the mixture in a dry test-tube. Fit the test-tube with a cork and a
emall ha&mhe bent once at nght angles. Holding the test-tube
obliguely, a small quantity of ankydrouws copper sulphate in
the upper part of the tube near the cork and, having replaced the
cork and leading tube, allow the latter to Elp into hme-water con-
tained in a second test-tube, With the tubes in the position indicated,

_ strongly heat the mixture of augar and copper oxide. Note that water
18 formed and collects in the couler parts of the first test-tube, where
it turns the white anhydrons eup})ar sulphatc blue, while, at the same
time, the ime-water in the test—tubahlrmmz]lry {Beenoted.)

4. Bal with dilute caustic soda solution in & test-tube small
quantities of (¢} oxamide and {b) casein, Test the steam evolved with

litmus paper and by the smell, and note that while smmonia is
evolved from the oxamide, ne ammonia i evolved from the casein,
{See note o.)

5. Eepeat Expt. 4 but instead of nsing caustic soda solution nse
dry powdered soda-lime intimately mized with the organic substance.
Note that in thia case ammonia i8 evolved from both enbstances.
{Bee note ¢.)

6. In o amall test-tube heat up a small quantity of casein with
two or three very small pieces of metallic sodium. When all reaction
has finished, remove the test-tube from the flame, allow to cool
ullghﬂyhﬂ, while still hot, ﬂnrptheheattnbemtomldvatumn

small porcelain dish. (Stend well back from the dish while this
of the wﬁmﬂgﬂm}'ﬂmmﬁ-tnbeunbuuuhng
water will crack and is then broken up into small pleces with the helg
of a rod, so that the water comes into contact with all the
mixture in the tube. Filter the m{it;hon in the d.mhﬂrnd Elrﬂda into
two rtion 7, treat the other parti
oitbmaufouawm Eﬂai&wdmpeoﬂenmau[phatesﬂuhnn
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. ,&n;i-_;i‘afé qiroﬁeoiierﬁcch]nﬁdamluﬁnn and boil. Cool and acidify
*+ "with dilite hpdrochloric acid. Note the greenish-blue or blue colora-

tion or precipitate produced. (See note d.)
7. Using the second poriion of the filtrate obtamed in Expt. 6,

divide it into three parts and carry out the following testa:

{z) Place a small quantity of the first part on & clean silver
coin and note the black stain produced on standing.

{t) To the second part add acetic acid until acid and then lead
acetate aolution. Note the black precipitate produced.

it} To the third part add & few drops of sodinm nitroprusside
solution and note the violet coloration produced. (See note e.)

B. In a porcelsin crocible place & small quantity of & mixture of
egual portions of potassium earbonate and potassium nitrate. Heaf
the mixture over the bunsen flame until fused and add to the fused
mass, in emall portions st s time, a small quantity of casein. When
all the casein haz been added, allow the masa to cool and dissclve
out the mixture from the crucible by boiling erucible and contents
in & beaker containing enough water to just cover the crucible.
Filter the eolution obtained and test the filirate for sulphate and
phosphate by the methods described in Volume I. Note the presence
of both sulphate and phosphate in the liquid. (See note 1)
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NOTES
Note a. Most piire organic bodies burn away com y on bei
“ignited y. In the first 8 of the ignition & black residue

carbon may be produced, but er ignition will remove this as
the carbon ia oxidized to carbon dioxide. Naturally oceurring m?nic
substances will, in almost all cases, leave a varying amount of ash
and examples of this are the substances mentioned 1 Expt. 2. This
ash is generslly an impurity but in a few cases may be an essemtial
constituent of the organic body. An extreme case of this is where a
metallic salt of an organic acid is under examination. Hers the amount
of ash may be quite large and will generally consist of the oxide or
carbonate of the metal concerned.

Note b, In this experiment the sugar on ignition reacts with the
mpg:; oxide, The hydrogen of the sugar forma water and the carbon,
carbon dioxide, the neceasary exygen supplied by the copper oxide
which breaks np leaving metallic copper. The production of water
iz demonstrated by the white anhydrons copper sulphate CuS0,
taking up water and passing to the blue hydrated aalt g 5HL0.
The carbon dicxids produced reacts with the Lime-water to form
calcinm carbonate s explained in Volume I.

Note ¢. While & faw or‘lfnn.ic compounds containing nitro of
which oxsmide iz an example, liberate nitrogen as ammonia on beilin
with aqueous soda, tha;.] grester number do not, and thel;sl:mm
bihy n only be shown atrmglyﬁmn' iting the su ce with
sﬂm. Hemj'iy all m'gag{: bodies agricultural importence
give off their nitrogen in the form of ammonia when heated with
soda-lime, This test is not of universal gpplication and the only
satisfactory genersl test is the one deseribed in Expt. 6.

Note d. This experiment depends on the production of sodium
cyanide formed by the union of the sodinm with the carbon and
]:ydmﬁ in the organic substance. The cyanide so formed reacts
with farrous hydroxide, formed when the ferrous sulphate is
added to the alkaline solution, to give sodium, ferro-cyanide which in
turn reacta with the farric chloride to give ferric-ferro-cyanide which
18 Prussian bloe,

Fel0, + 2NaOH = Fe(OH), + Na,80,
Fe(OH), + 6NaCN = Na,Fe(ON), + ZNaOH
SNagle(CN), + 2Pe,Cly = FeFe(CN)y), + 12NaCl
{Prussian blua)

The depth of th&ﬁuulmlr pmdﬁued will de;:fncl on the ai.lmount. tr’
nitrogen present. very smagll quantity nitrogen frequently
gives o\nlg ahdg:emn'sh-hlue coloration, a larger qunnt.it?' & blus
coloration, while a considerable quantity gives a blue precipitate,
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Notee. anusmgmthmdlmnny hnrmnt&madmmorpm

compound is converted into mdl Iphide. This will react with
silver to form black silver » mth lead acetate to form
black lead sulphide, PbB, nitroprusside to give a

purple colouring matter. The lul-nameﬂ teat is particularly delicate.

Note f. An organic body containing sulphur or phosphorus reacts
with the fused salts. The sulphur is oxidized to sul and the
phosphorus to phosphate. These are then tested for in the ordinary
WAY.

General note. Thepmamo[hnlagem{—chlonm bromine,
iodine or fluorine) in organic componnda can be shown by banhugﬂm
substance with metallic sodinm aa in the test for nitrogen snd testing
the solution for chlorides, bromides, etc. As however halogens con-
taining organic substances are not often met with in- agricultural
chemistry, this experiment is not described in detail.



