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AUTHOR’S PREFACE TO THE FOURTH 
EDITION. 

The impossibility of learning chemistry by the study of 
text-books only, and the necessity for laboratory practice, 
are admitted universally. A student new to the science 
derives most benefit from a laboratory course of inorganic 
preparations, simple quantitative experiments, and qualitative 
inorganic analysis; for it brings him into contact with work 
closely conncc;ted with the text-books and lectures on inorganic 
chemistry, and facilitates comprehension of the subject much 
better than any other method. 

At one time it was the normal practice to limit the stu¬ 
dent commencing the study of organic chemistry to text¬ 
books and lectures, and it was exceptional for the beginner 
to have opportunities of handling the compounds studied. 
This procedure obviously involved the existence of a defect 
in the methods adopted by the Universities in teaching the 
elements of organic chemistry. 

Many years have elapsed since a course of laboratory work 
in organic chemistry was introduced into the Universities of 
the Netherlands, mainly through the influence of Professor 
Franchimont of Leyden, It is complementary to the lectures, 
and has proved to be very satisfactory. This book is based 
on the Dutch laboratory manual written by me for this 
purpose, but for this edition the whole of the text has been 
revised, and some new experiments have been incorporated. 
Certain reactions, either obsolete or too difficult for the 
average student, have been omitted. Normally, the weights 
or volumes suitable for the reactions are given, for experience 

V 



vi PREFACE 

throughout many years has revealed the tendency of students 
to employ quantities much larger than necessary. The 
amounts prescribed are approximate, and the su(x*ess of the 

experiments is not contingent on great accuracy in weighing 
or measuring. 

This manual is related intimately to my ^‘Text-book of 

Organic ('hemistry,^’ and constitutes an appendix to it, the 
references printed in bold-face typo in the text being to the 
paragraphs of that work. Not only is it an introductory 

guide to laboratory work in organic chemistry, but it fur¬ 
nishes also a compendium of experiments suitable for lecturcv 
table illustration. It supplements the standard works on 

organic preparations by bridging a gap between theory and 
practice beyond their capacity to span. An initial study, 
with the aid of the text-book, of the experiments described, 

followed by their performance in the laboratory, will enable 
the student to obtain the maximum advantage from the course. 
No other method would make it possible for him to attain to 
a thorough comprehension of his laboratory work. 

A. F. Holleman. 

Amsterdam, December, 1925. 

NOTE 

Textual references to ‘^Inorganic Chemistry” indicate the 
relevant section of the author^s text-book on that subject. 



TABLE OF CONTENTS 

Light figures refer to pages, bold-face figures to the author’s “ Text-book of Organic 

Chemistry.” 

PAGE 

I. Qualitative Analysis of Carbon Compounds (3-5). 1 
Detection of Carbon and Hydrogen (3).. 1 

Carbonization, 1. Oxidation with copper oxide, 1. 
Detection of Nitrogen (4). 2 

Lassaigne’s method, 2. Will and Varrentrap's 

method, 2. Kjeldahl’s method, 2. 
Detection of the Halogens (5). 3 

Beilstein’s test, 3. Calcium-oxide test, 3. 
Detection of Sulphur (5). 3 

Carius’s test, 3. Caustic-alkali test, 3. Ignition with 

sodium, 4. 

II. The Allotropic Modifications of Carbon (16). 4 

Graphite, 4. Wood-charcoal, 4. Bone-charcoal, 4. 

Decolorization of solutions by bone-charcoal, 4. 
Absorption of lead salts by bone-charcoal, 5. De¬ 

odorizing action of bone-charcoal, 5. 

III. Laboratory Methods (17-26). 5 

Fractional distillation, 5. Steam distillation, 6. Ex¬ 
traction with solvents, 6. Determination of the melt¬ 
ing-point, 6. Determination of the boiling-point, 6. 
Crystallization, 7. 

IV. Saturated Hydrocarbons (28-38). 7 
Preparation of methane, 7. Distillation of petroleum, 

8. Inflammability of petroleum-vapour, 8. Stabil¬ 
ity of the saturated hydrocarbons, 8. 

V. Alcohols, CnH2n+i’OH (39-50). 8 

Action of sodium upon alcohol, 8. Fusel oil, 9. Wine, 
9. Heat developed by mixing alcohol and water, 9. 
Tests for water in alcohol, 9. Separation of water 

from alcohol, 10. Oxidation of ethyl alcohol, 10. 



TABLE OF CONTENTS viii 

PAGB 

VI. Alkyl Halides, Esters, Ethers, and Mercaptans (51-60).... 10 

Ethyl chloride, 10. Ethylsulphuric acid, 10. Diethyl 
ether, 11. Ethylmercaptan, 12. 

VII. Amines and Nitro-compotinDvS (61-70). 12 

Amines (61-67). 12 

Methylaniine, 12. Carbylamiue-reaction, 12. Mustard- 

oil reaction, 12. Reaction with copper salts, 13, 

Nitrous-acid test, 13. Nitrosoamines, 14. Dimethyl- 
amine and trimethylamine, 14. 

Nitrocompounds (68-70). 14 

Sodium nitromethane, 14. Nitrolic-acid reaction, 14. 

Reduction of nitro-compounds, 14. 

VIII. Nitriles and isoNitriles (76-78). 15 

Preparation, 15. Hydrolysis of nitriles, 15. 

IX. Saturated Acids, CV H2n02; and Esters (79-88; 91-95)— 15 

Formic acid, 15. Decomposition of mercuric formate, 

10. Acition of (concentrated sulphuric acid on formic 

acid, 10. Oxidation of formic acid by potassium per¬ 

manganate, 17. Cacodyl-test for acetic acid, 17. 

Stability of acetic acid towards oxidizing agents, 17. 

Silver acetate, 17. Te.st for acetic acid, 18. Oxidation 

of ethyl alcohol to acetic acid, 18. Action of caustic 

alkalis on sodium acetate, 18. Saponification of butter, 

18. Calcium and lead salts of the higher fatty acids, 19. 

Volatile fatty acids, 19. Higher fatty acids, 19. Soap, 
20. Emulsifying action of soap, 20. Cleansing action 

of soap, 20. Ethyl acetate, 20. Velocity of saponifica¬ 

tion of ethyl acetate, 21. Solubility of ethyl acetate in 

water, 21. 

X. Aldehydes and Ketones (98-111). 21 

Aldehydes (98-109). 21 

Acetaldehyde, 21. Silver-mirror test, 22. Aldehyde- 

resin, 22. Schipf's reaction, 22. Production of 

formaldehyde, 22. Action of formaldehyde on proteins, 
22. Non-resinification of formaldehyde, 22. 

Ketones (98-103, no, and in). 23 

Acetone, 23. Tests for acetone, 23. Addition-product 

of acetone and sodium hydrogen sulphite, 23. Sepa¬ 
ration of acetone from aqueous solution, 24. Oxida¬ 
tion of acetone, 24. Sulphonal, 24. 



TABLE OF CONTENTS IX 

PAGE 

XI. Unsattjrated Hydrocarbons (i 12-127). 24 

Olefines (i 12-120). 24 

li]th34eiic, 24. Luminosity of the ethylene flame, 24. 
Action of hromine on ethylene, 25. von Baeyer’s 

test for the double bond, 25. Explosive mixture of 
ethylene and oxygen, 25. Unsaturated hydrocarbons 

in coal-gas, 25. Double linking in amylene, 25. 

Acetylene (126). 25 

Preparation of acetylene, 25. Copper acetylene and sil¬ 
ver acetylene, 25. 

XII. Unsaturated Monobasic Acids (134-138). 26 

Double bond in almond oil, 26. Oleic acid from almond 
oil, 26. Elaidic transformation, 26. Fusion of oleic 

acid with caustic alkali, 27. Lead olcate, 27. 

XIII. Chloroform and Iodoform (144-146). 27 

Preparation of chloroform, 27. Formation of chloroform 
from trichloroacetic acid, 27. Action of potassium 
hydroxide on chloroform, 28. Conversion of chloroform 
into potassium cyanide, 28. Chloroform and silver 
nitrate, 28. Iodoform-test for alcohol, 28. Iodoform 
from acetone, 20. 

XIV. Glycerol (151-155, 163). 20 

Preparation of allyl alcohol, 29. Test for glycerol, 29. 
Action of alkalis on copper salts in presence of glycerol, 
29. Baumann and Schotten’s test for hydroxyl- 

groups, 29. 

XV. Saturated Dibasic Acids (161-168). 30 

Oxalic Acid (162 and 163). 30 
Preparation of oxalic acid from wood, 30. Conversion 

of formates into oxalates, 30. Calcium, lead, and cop¬ 
per oxalates, 30. Decomposition of calcium oxalate 
by heat, 31. Decomposition of lead and copper oxa¬ 
lates by heat, 31. Action of concentrated sulphuric 
acid on oxalic acid, 31. Complex oxalates, 31. Action 
of light on Edek^s solution, 32. Dimethyl oxalate, 32. 

Diethyl oxalate, 32. Oxamide, 33. 

Succinic Add (166). 33 
Barium succinate, 33. Basic ferric succinate, 33. Suc- 

cinimide, 33. 



X TABLE OF CONTENTS 

PAGIB 

XVI. Htdroxy-acids (179-197). 34 

Lactic Acid (182). 34 

Decomposition of lactic acid by dilute sulphuric acid, 
34. Decomposition of lactic acid by concentrated sul¬ 
phuric acid, 34. Oxidation of lactic acid, 34. 

Tartaric Add (188-195). 34 

Potassium tartrates, 34. Iron ammonium tartrate, 34. 
Fehling’s solution, 34. Action of heat on tartaric 
acid, 35. Relative solubility of calcium tartrate and 
calcium racemate, 35. Microchcmical method of dis¬ 
tinguishing tartaric acid from racemic acid, 35. '' Tar¬ 
tar emetic,*^ 35. 

Citric Acid (197). 36 

Preparation from lemons, 35. Action of concentrated 
sulphuric acid on citric acid, 36. Formation of acetone 

from citric acid, 36. 

XVII. Chloral Hydrate (201). 36 

Action of water on chloral, 36. Action of alkali hydroxide 
on chloral hydrate, 36. Silver-mirror test for (chloral 
hydrate, 37. Action of sodium hydrogen sulphite on 

chloral hydrate, 37. 

XVIII. Aldehydo-alcohoi^s and Keto-alcohols or Carbohy¬ 

drates (202-228). 37 

Properties of the Monoses (203). 37 
Silver-min*or test, 37. Kesinification with caustic alkalis, 

37. Reduction of Fehlino’s solution, 37. Trommer^s 

test, 37. Osazones, 38. 

Methods of Formation of the Monoses (206). 38 

Inversion of sucrose (cane-sugar), 38. Glycerose, 38. 

Pentoses (207). 38 
Furfuraldehyde-test, 38. 

Hezoses (208). 39 

Hydrochloric-acid test, 39. 

Dextrose (208). 39 
Calcium alkoxide of dextrose, 39. Glucosesulphuric acid, 

39. Detection of dextrose in urine, 39. Oxidation of 
dextrose by nitric acid, 39. 



a:ABLE OF CONTENTS XI 

PAOB 

LsdvuIosc (209). 40 

Aktoholic character, 40. Teyt for kevulosc, 40. 
d-Chilactose (210). 40 

Oxidation of d-galactose to mucic acid, 40. 
Hexodioses (213-220)... 40 

Lactose (215). 40 

Dete(;tioii of lactose in milk, 40. Lactosazone, 41. 
^‘Sand-sugar,’’ 41. 

Sucrose (216-220). 41 
Properties distinguishing sucrose from the monoses, 41. 

Action of heat on sucrose, 41. Tricalcium saccharate, 
41. Inversion, 41. 

Polyoscs (224-228). 42 
Starch (226). 42 

Starch-paste, 42. Proi)crties distinguishing starch from 
the monos(^s, 42. C/onv(‘rsion of starch into dextrose, 
42. Iodine-test for starch, 42. Barium alkoxide of 
starch, 42. Conversion of starch into dextrin, 42. 

Potato-starch, 43. 

Cellulose (227 and 228). 43 
Hydrolysis of (cellulose, 43. Parchment-paper, 43. 

Solubility of cellulose in Schweitzer’s reagemt, 43. 

Nitrocelluloses, 43. Detection of lignin in paper, 44. 

XIX. Proteins (246-254). 44 

Detection of nitrogen and sulphur in the proteins, 44. 
“Salting-out” proteins with ammonium sulphate, 44. 

Coagulation of proteins by ak^ohol, 44. Coagulation 
of proteins by nitric acid, 45. Biuret-reaction, 45. 
Millon’s reagent, 45. Xanthoprotein-reaction, 45. 

Adamkiewicz’s reaction, 45. Decomposition-products 
of keratin, 45. 

XX. Hydrogen Cyanide and its Simple and Complex Salts (256 

and 257). 45 

Hydrogen cyanide, 45. Prussian-blue test, 46. Silver 

cyanide, 46. Hydrolysis of potassium cyanide, 46. 
Conversion of ammonium formate into hydrogen 
cyanide, 46. Double ferrocyanide of potassium and cal¬ 
cium, 46. Ferrocyanic acid, 46. Action of concen¬ 
trated sulphuric acid on potassium ferrocyanide, 46. 

Action of heat on potassium ferrocyanide, 47. Potas- 



XU TABLE OF CONTENTS 

PAGE 

siurn ferricyanide, 47. Reduction of potassium ferri- 
cyanidc, 47. Oxidation of potassium ferrocyanide by 
potassium pemianganate, 47. 

XXI. Potassium Cyan ate and Potassium Thiocyanate (258-260) 47 
Potassium cyanate, 47. Potassium thiocyanate, 48. 

Silver thiocyanate, 48. 

XXII. Deuivatives op Carbonic Acid (263-270). 48 
Carbon Dimlphide (264). 48 

Inflammability, 48. Volatility, 48. Solvent power, 48. 
Barium trithiocarbonate, 40. Potassium and copper 

salts of xanthic acid, 49. 
Urea (266 and 267). 49 

Wohler's synthesis, 49. Urea oxalate, 49. Urea 

nitrate from urine, 49. ‘ Knot's method for the esti¬ 
mation of urea in urine, 50. Bunsen's method for 
the estimation of urea in urine, 50. Liebig's method 
for the estimation of urea in urine, 50. Action of heat 
on urea, 50. Cyanuric acid, 50. 

Carbarn,ic Acid (268). 51 

Calcium carbamate, 51. Ammonium dithiocarbamate, 51. 

XXIII. Uric-acid Group (271-273). 51 
Ammonium urate, 51. Di-potassium urate, 51. Mu- 

rexide-test for uric acid, 51. Reduction of silver 

nitrate by uric acid, 52. Murexide-test for caffeine, 52. 

XXIV. Benzene and its Homologues (281-288, 290, 291). 52 
Stability of benzene towards the halogens, 52. Absence 

of double bonds in benzene, 52. Nitrobenzene, 52. 
Benzenemonosulphonic acid, 52. Friedel and Craj'ts's 

reaction, 53. Formation of benzene from calcium ben¬ 

zoate, 53. Oxidation of side-chains, 53. 

XXV. Monohalogen Compounds (289). 53 
Stability of monochlorobenzene towards alcoholic potash 

or soda, 53. 

XXVI. Monohydric Phenols (292-294). 54 
Preparation of phenol by fusion of sodium benzenesul- 

phonate with sodium hydroxide, 54. Preparation of 

phenol from calcium salicylate, 54. Sodium phenoxide, 
54. Tribromophenol, 54. Ferric-chloride test for 
phenol, 54. Depression of the freezing-point of phenol, 

55. Action of nitric acid on phenol, 55. Cresol, 55. 



TABLE OF CONTENTS xiii 

FAQ® 

XXVII. Monoamjnocompounds and their Derivatives (296-301) 55 
Aniline, 55. Neutral reaction of aniline, 55. Aniline 

salts, 56. Tribroinoaniline, 56. Bleaching-powder test 
for aniline, 56. Potassium-dichromate test for ani¬ 
line, 56. Acetoanilide, 56. Carbylamine-reaction, 56. 
Diphenylamine, 56. Test for nitrates in drinking- 

water, 56. Nitrosodimethylaniline, 57. Liebermann's 

test for aromatic nitroso-compounds, 57. Azobenzene, 
hydrazobenzene, and benzidine sulphate, 57. Diphenyl- 

urea, 57. 

XXVIII. Diazo-compounds and Hydrazines (305-310). 68 

Benzenediazonium chloride, 58. Replacement of N2- 
group in benzenediazonium chloride by hydroxyl, 

58. Gattermann’s reaction, 58. Diazoaminobenzene, 
58. Aminoazobenzene, 58. Oxidation of phenylhy- 

drazine by Feeling's solution, 59. 

XXIX. Benzoic Acid and its Derivatives (311-313). 59 

Benzonitrile and benzoic acid, 59. Benzoic acid from 
gum-benzoin, 59. Volatility of benzoic acid with steam, 

60. Solubility of benzoic acid in water, 60. Ethyl 

benzoate, 60. Benzanilide, 60. Benzamide, 60. 

XXX. Benz aldehyde (314 and 315). 61 

Silver-mirror test, 61. Benzaldehydephenylhydrazone, 
61, Sulphite compound of benzaldehyde, 61. Action 
of alcoholic potash on benzaldehyde, 61. Oxidation of 

benzaldehyde, 61. 

XXXL Benzene Homologues with Substituted Side-chains (321- 

325). 62 
Saponification of benzyl chloride by pota.ssium or sodium 

hydroxide, 62, Benzyl iodide, 62. Action of light on 
toluene in presence of bromine, 62. Resinification of 
benxyl alcohol, 62. 

XXXII. Compounds with an Unsaturated Side-chain (328)_ 63 

Oxidation of cinnamic acid by potassium permanganate, 63. 

XXXIII. Polysubstituted Benzene Derivatives (329-350). 63 

Reactivity of the halogen atom in halogen nitro-com- 

pounds, 63. w-Dinitrobenzene, 63. Reactivity of 
one nitro-group in 1:3:5-trinitrobenzene, 63, Nitro- 
phenols, 64. Coloured salts of p-nitrophenol, 64. Picric 



XIV TABLE OF CONTENTS 

PAOB 

acid, 64. Potassium jMcrate, 04. Taste of picric acid, 
64. Dyeing with picric acid, 64. uo-I^urpuric acid, 
64. Chloropicrin, 64. Ionization of picric acid in 
aqueous solution, 65. Tests for catechol, resorcinol, and 
(juinol, 65. Reducing power of the dihydroxybenzenes, 
65. Pyrogallol, 65. Benzoquinone, 66. Quinhydrone, 
66. Difference in basicity of the three nitroanilines, 66. 
Reactivity of the amino-group in picramide, 60. p-dia- 
zob(inzenesulj)honic acid, 66. Oxidation of amino- 

j)henols, 66. Test for nitrous acid with m-phenylenedia- 
inine, 66. Dyeing with ami noazobenzene, 67. Reduc¬ 
tion of aniinoazobenzene, 67. Taste of “saccharin,’^ 
67. Salicylic acid, 67. Action of bromine-water on 
sali(^ylic acid, 67. Identification of salit^ylic acid and 
phenol, 67. Calcium salicylate, 67. Manufactun' of 
ink, 68. Action of tannin on gelatin, 68. 1\‘st for 
tannin, 6S. Action of tannin on (juinine, 68. Inter¬ 
action of })rotc4ns and tannin, 68. Decomposition of 
anthranilic acid, 68. Phthalic anhydrid(‘, ()H. Fluor¬ 
escein, 68. Phenol}dithalein, 68. Red anion of phe- 
nolphthalein, 69. 

XXXIV. Hydrocylic Compounds (365-370). 69 

Artificial camphor, 69. Volatility of canqdior with 
steam, 69. Camphor and water, 69. Camphoric 

acid, 69. 

XXXV. Benzene-nuclei in Direct Union, or Indirectly United 

BY Carbon (371-373). 70 

Rosolic acid, 70. Magenta, 70. Action of concentrated 
hydrochloric acid on a solution of magenta, 70. C'olour- 

base, 70. Leuco-base, 70. 

XXXVI. Condensed Benzene-nuclei (377 -385). 71 

Action of he&t lb' naphthalene, 71. Naphthalene picrate, 
71. Naphthalenemonosulphonic acids, 71. a-Nitro- 
naphthalene, 71. Crude naphthol, 71. Martius’s 

yellow, 71. Naphthylamines, 71. Congo-red, 72. 
Naphthionic acid, 72. Oxidation of anthracene by chro¬ 
mic acid, 72. Test for anthraquinone, 72. Potassium 
salt of alizarin, 72. Formation of alizarin, 72. 



TABLE OF CONTENTS XV 

PAGE 

XXXVII. Heterocylic Compounds (387-399). 73 
Pyridine, 73. Action of pyridine on ferric chloride, 73. 
Action of pyridine on mercuric chloride, 73. Test for 
pyridine, 73. Action of the alkaloid-reagents on pyri¬ 
dine, 73. Stability of pyridine towards von Baeyer’s 

reagent, 73. Stability of pyridine towards oxidizing 
agents, 73. Pyrrole-red, 73. Indophenin-reaction, 74. 
Tests for antipyrine, 74. 

XXXVIII. Condensation-products of Benzene and Heterocylic 

Nuclei (400-405). 74 

Skraup’s synthesis of quinoline, 74. Quinoline hydro¬ 
chloride, 74. Quinoline picrate, 75. Quinoline di¬ 

chromate, 75. Volatility of indigo, 75. Solubility of 
indigo in nitrobenzene, 75. Indigosulphonic acid, 75. 
Oxidation of indigo to isatin, 75. “Vat-dyeing,'^ 75. 

XXXIX. Alkaloids (406-416). 75 

Alkaloid-reag(Tits, 75. Nicotine, 76. Pluorescencc of 
quinine-sulphate solution, 76. Action of chlorine on 
quinine salts, 76. Test for strychnine, 76. Test for 
brucine, 76. 

Index 77 





A LABORATOP.Y MANUAL OF 
ORGANIC CllEMlSTBY. 

I. QUALITATIVE ANALYSIS OF CARBON COMPOUNDS. 

(3-6.) 

DETECTION OF CARBON AND HYDROGEN (3). 

1. Carbonization.—A small quantity of suj2:ar is heated in a 

crucible covered with a lid. IiiHainmable ^ases are evolved, 

leaving a residue of charcoal. I'his is proved to he carbon 

by heating it in a hard-glass tube about 15 cm. long sealed 

at one end, and slightly inclined, the tube being first filled 

with oxygen, and closed with a loosely-fitting cork. Car¬ 

bon dioxide is fornKnl, part remaining in the tube. After 

cooling, lime-water is agitated with the gas, and becomes 

turbid owing to the formation of calcium carbonate, CaCOs. 

The presence of carbon in coal-gas is shown by the soot 

deposited when a cold surface, sucti as that of a porcelain 

crucible-lid, is introduced into a luminous fiame. 

2. Oxidation with Copper Oxide.—10 g. of finely-powdered 

copper oxide—a hygroscopic substance—are dried by heat¬ 

ing in a dish or crucible. While still warm it is mixed care¬ 

fully with a small quantity of sugar, and the mixture placed 

in a hard-glass tube sealed at one end; the open end of the 

tube is then closed with a cork, and a delivery-tube leading 

into lime-w^ater. On heating, the sugar is oxidized by the 



2 LABORATORY MANUAL OF ORGANIC CHEMISTRY [i. 

copper oxide; the carbon dioxide evolved makes the lime- 
water turbid, and the water formed condenses in drops on the 
cool part of the tube. 

DETECTION OF NITROGEN (4). 

3. a) Lassaigne’S Method.—A piece of dried albumin—a 
substance containing nitrogen—and a piece of sodium are 
placed in a narrow tube sealed at one end. The tube is then 
gradually heated to redness, and maintained at this tem¬ 
perature for a few minutes. The hot end of the tube is placed 
in 2“ 3 c.c. of water, whereupon it cracks, and the sodium 
cyanide formed dissolves. After filtering through a small 
filter-paper, and washing the residue with a few drops of 
water, a drop of a solution containing iron in the ferrous and 
ferric state is added to the filtrate, and the mixture acidified 
slightly with hydrochloric acid to dissolve the precipitated fer¬ 
rous and ferric hydroxides. If sodium cyanide was present, 
there remains a blue precipitate, due to the formation of 
Prussian blue. 

b) Will and Varrentrafs Method.- Small pieces of dry 
albumin arc mixed with five times their bulk of soda-lime, and 
the mixture warmed in a test-tube. A strip of moist, red 
litmus-paper held at the open end of the tube is turned blue by 
the evolved ammonia, and the characteristic odour of the 
gas can also be detected. 

c) Kjeldahl’S Method.—0*1 g. of acetamide is heated with 
2 c.c. of concentrated sulphuric acid in a test-tube. After a 
short interval, the reaction-mixture is poured carefully into 
25 c.c. of water, excess of sodium hydroxide added, and the 
beaker covered with a glass plate having a moistened strip of 
red litmus-paper adhering to its lower surface. In a few 

minutes the litmus is turned blue by the evolved ammonia, 
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DETECTION OF THE HALOGENS (5). 

4. a) Beilstein’S Test.—Copper oxide is introduced into 
a loop at the end of a piece of platinum-wire by dipping the 
moistened loop into finely-powdered copper oxide, heating 
in the flame, and repeating these operations several times. 
A piece of copper-oxide wire held by the platinum-wire can 
also be used. The copper oxide is then heated to redness 
until the flame is no longer coloured, cooled, moistened with a 
drop of chloroform, CHCI3, by the aid of a capillary pipette, 
and again introduced into the flame. The va])Our of the copper 
halide (chloride) formed imparts a fine green colour to the flame. 

b) Calcium-oxide Test.—A lump of quicklime is heated in a 
test-tube to a high temperature, and, while still hot, two drops 
of chloroform arc added. When cold, the contents of the 
tube are treated with water, and the lime dissolved by dilute 
nitric acid free from hydrochloric acid. On addition of silver 
nitrate to this solution, a precipitate of silver chloride is 
obtained, proving the presence of chlorine in the chloroform. 

Chloroform is agitated with silver-nitrate solution, but 
no precipitate of silver chloride is formed. 

DETECTION OF SULPHUR (6). 

5. a) CariuS’S Test.—0*1 g. of ammonium thiocyanate, 
NH4CNS, is warmed with 5 c.c. of nitric acid of 1*2 specific 
gravity till the reaction begins; to prevent the oxidation be¬ 
coming too violent, the heating is then discontinued. After 
dilution of the cold solution with 25 c.c. of water, barium 
chloride is added, the resulting white precipitate of barium 
sulphate indicating that the sulphur has been oxidized to 
sulphuric acid. 

b) Caustic-alkali Test.—^A small quantity of egg-alburnin 
is warmed with a concentrated solution of sodium hydroxide 
(1:2), in which it dissolves, forming sodium sulphide among 
the products. This can be proved either by adding a few 
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drops of lead acetate, resulting in the formation of black lead 

sulphide, PbS; or by bringing a drop of the liquid into con¬ 

tact with a bright silver coin, with prodindion of a brownish- 

black stain of silver sulphide, Ag2S; or by addition of two 

or three drops of a solution of sodium nitroprusside to the 

alkaline mixture, when a deep-violet coloration results, some 

minutes elapsing before the colour attains its maximum 

intensity. Traces of sulphur can be detected by this reaction. 

c) Ignition with Sodium.—A piece of albumin is ignited 
with sodium as described in 3, a, and the hot tube is placed in 
2 c.c. of water. After filtration, the presence of sodium sul¬ 
phide in the solution can be detected by means of lead acetate 
or sodium nitroprusside (5, 6). 

II. THE ALLOTROPIC MODIFICATIONS OF CARBON. 

(16.) 

1. Graphite.—0*1 g. of graphite is mixed with 5 g. of 

finely-powd(^red copper oxide, and heated to a high tem¬ 

perature in the apparatus described in I., 2. The evolved 

carbon dioxide renders the lime-water turbid. 

2. Wood-charcoal.—A piece of wood-charcoal is gently 

heated in a test-tube; the water occluded in the pores of the 

charcoal evaporates, and condenses in drops on the cool parts 

of the tube. 

A piece of wood-charcoal is placed in water, and the mixture 

warmed. The air pre^sent in the pores of the charcoal escapes, 

forming bubbles in the Avater, 

3. Bone-charcoal,—Pieces of bone are placed in a crucible 

fitted with a lid, and heated in a fume-cupboard. Vapours of 

disagreeable odour are evolved, the residue in the crucible 

consisting of bone-charcoal and the mineral constituents of 

the bones. The bone-ash is freed from mineral matter by 

heating the residue with dilute hydrochloric acid. 

4. Decolorization of Solutions by Bone-charcoal.—20 c.c. of 

a very dilute solution of magenta—a red dye—are agitated 
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with a teaspoonfiil of horuM-harcoal, arul filtered. The filtrate 

is colourless Inorgani(t Chemistry/’177). 
5. Absorption of Lead Salts by Bone-charcoal.—20 c.c. of a 

very dilute solution of lead ac(‘tate are tested for lead by 

addition of an aqueous solution of hydrogen sulphide. The 

solution must be so dilute that it gives a brown turbidity, 

but no precii^itate. 

A like volume of the lead-acetate solution is agitated for a 

short time with a teaspoonfiil of bone-charcoal, and then 

filtered. On addition of hydrogen sulphide solution, no 

turbidity or brown coloration is developed in the filtrate In¬ 

organic Chemistry,” 177). 
6. Deodorizing Action of Bone-charcoal.—A dilute aqueous 

solution of hydrogen sulphide, having a perceptible odour 

of the gas, is agitated with ])one-chareoal, and filtered. An 

odourless filtrate is obtained. 

III. LABORATORY METHODS. 

(17-26.) 

I. Fractional Distillation.- 50 c.c. of 50 per cent, alcohol 

diluted with 50 c.c. of water are placed in a 200 cc. fraction- 

ating-fiask fitted with a thermometer and connected with a 

condenser, and gently heated with a small flame. The liquid 

begins to boil about 78°, and the distillate is collected in two 

fractions, the first passing over below 88°, and the second 

above that temperature. After the distillation is complete 

the first fraction is returned to the flask, and slowly distilled 

till the thermometer again reaches 88°. The burner is then 

removed, the second fraction poured back into the flask, 

and the distillation continued without changing the receiver 

till the temperature has again risen to 88°. A different 

receiver is now employed, and the process continued till dis¬ 

tillation is complete. 

The first fraction contains most of the alcohol, and can be 

ignited; the second is chiefly water, and is incombustible. 
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2. Steam Distillation.—10 c.c. of petroleum are placed in a 

200~c.c. flask d (22, Fig. 17) connected with a condenser. 

Water is boiled in the can a, which is fitted with a safety- 

tube h and a delivery-tube c, the evolved steam being passed 

into the flask d through a glass tube reaching to the bottom, 

and bent as in the illustration. The flask is inclined at an 

angle to prevent the petroleum being carried over mechanically. 

The distillate is a mixture of petroleum and water. 

3. Extraction with Solvents.—10 c.c. of a five per cent, 

solution of urea and 10 c.c. of ether are introduced into a sepa- 

rating-funnel, and the mixture vigorously shaken. When the 

liquid has separated into two layers, these are removed, and 

each is evaporated to dryness in a porcelain dish on the water- 

bath. Only a trace of urea is obtained from the ether, this 

substance being very soluble in water, and almost insoluble 

in ether. 

A saturated solution of salicylic acid is prepared by vigor¬ 

ously agitating 1 g. of the acid with 25 c.c. of water, and filter¬ 

ing. The filtrate is extracted with 10 c.c. of ether as described 

in the last paragraph. Almost all the salicylic acid dissolves 

in the ether, being very soluble in this solvent, and but slightly 

soluble in water. 

4. Determination of the Melting-point.—A little naphthalene 

is placed in a narrow glass tube sealed at one end, several 

of these being obtained by drawing out a test-tube. The 

capillary tube is fastened with an india-rubber ring to the 

stem of a thermometer, so that the part containing the naphtha¬ 

lene is about half-way up the mercury bulb. The end of the 

thermometer carrying the tube is then immersed in a melting- 

point flask or beaker containing water, which is slowly heated 

Muth a small flame. When the substance melts, the tem¬ 

perature (80'^) of the thermometer is observed. 

5. Determination of the Boiling-point.—A small quantity 

of benzene is placed in a fractionating-flask having a high 

side-tube connected with a condenser. The flask is closed with 
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a cork fitted with a thermometer, the bulb being placed sev¬ 
eral centimetres below the side-tube. The benzene is heated 
with a small flame to ebullition, and the temperature at 
w^hich the mercury becomes stationary noted. This is the 
boiling-point. 

6. Crystallization.—3 g. of crude oxalic acid are dissolved 
in 10 c.c. of hot water, and the impurities present in the acid 
removed by filtering the turbid solution. On standing, the 
clear filtrate deposits crystals of oxalic acid. The mother- 
liquor is poured off, the crystals are drained on a funnel, and 
dried on a porous plate or between sheets of filter-paper. 

IV. SATURATED HYDROCARBONS. 

(28-38.) 

I. Preparation of Methane, CH4.—5 g. of aluminium carbide 
are placed in a fractionating-flask, and covered with 100 c.c. of 
water. The mouth of the flask is then closed with a cork, and 
the methane evolved through the side-tube collected in thick- 
walled cylinders. One of these cylinders is closed with a glass 
plate, and turned mouth upwards. On removal of the cover, 
and ignition of the gas with a burner or taper, it burns with a 
flame of feeble luminosity. When combustion ceases, some lime- 
water is poured quickly into the cylinder, the cover is replaced, 
and the contents are agitated. The carbon dioxide formed 
by the combustion of the gas renders the lime-water turbid. 

A thick-walled explosion-cylinder is filled about one-third full 
with methane by displacement of water, oxygen being introduced 
subsequently until most of the residual water has been expelled. 
The cylinder is closed with a glass plate and agitated, the 
retention of some water ensuring thorough mixing of the gases. 
On ignition, the mixture explodes with a loud report. 

A cylinder is filled with chlorine by downward displace¬ 
ment, and over it is placed an inverted cylinder full of methane, 
closed with a glass plate. The plate is removed, and the gases 
mixed by inverting the cylinders several times, care being taken 
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to prevent loss. After insertion of two p;lass plates Ixitween 

the cylinders, one is placed mouth downwards in a saturated 

solution of common salt, and the cover removed. In diffused 

daylight the liquid slowly rises, the colour of the chlorine dis¬ 

appears, and oily drops of the substitution-products—methyl¬ 

ene chloride, CH2CI2; chloroform, CIK./I3; and car})on tetra¬ 

chloride, CCI4—are depositeni on the sides of tlu^ cylinder. 

The mixture must not be exposed to direct sunlight, or there is 

danger of an explosion. On ignition of the contents of the 

other cylinder, hydroc>hloric acid is produced, and soot de¬ 

posited. 

2. Distillation of Petroleum.—Petroleum is distilh'd slowly 

from a flask connected with a condenser and titled with a 

thermometer. The boiling-j)oint rises gradually, proving the 

liquid to be a rnixturi'. 

3. Inflammability of Petroleum-vapour.—5 (^.c. of p(‘troleiim 

are poured into a porcelain dish. A lighted match plunged 

into the liquid is extinguished. If, however, the ]^etroleum 

is carefully heated to 40° on a wat(T-bath, the inflammable 

vapour evolved is ignited by the application of a burning 

match. 

4. Stability of the Saturated Hydrocarbons.—Samples of 

petroleum and of paraffin-wax are agitated with concentrated 

sulphuric acid and with concentrated nitric acid. Being 

mixtures of saturated hydrocarbons, they are neither acted 

on nor dissolved. 

V. ALCOHOLS, CJTan+rOH. 

(39-50) 

I. Action of Sodium upon Alcohol.—0*5 g. of sodium is 

introduced into a small fractionating-flask containing 10 c.c. of 

absolute alcohol, and fitted with a delivery-tube for collecting 

gas over water. The mouth of the flask is immediately closed 

with a cork, and an energetic evolution of gas takes place. 
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The gas is collected in a cylinder, and proved ])y ignition to be 

hydrogen. 

2. Fusel-oil.—A small quantity of crude spirit is evaporated 

slowly on a water-bath. After th(‘ volatilization of the ethyl 

alcohol, the odour of fus(‘l-oil is vc^ry mark cal. It is also per¬ 

ceptible* when a few drops of the spirit are placed on the ]:)alm 

of the hand, and rubbed with the* finger to promote the evapo¬ 

ration of the ethyl alcohol. 

3. Wine.—25 (ac. of wine contained in a fractionating- 

flask (‘onnected with a condeaiser an'. h(‘at('d on a water-bath. 

Alcohol distils, and can be recognized by its odour and 

inflammability. 

4. Heat Developed by Mixing Alcohol and Water.—10 c.c. 

of absolute* alcohol and 10 c.c. of wat(T are poured into two 

small ])eakers, and tlu'se immersed in a large vessel of water 

to bring them to the sanu* tempe'rature. This is not(*d, and 

after reanoval of th(' beakers from the water their contents 

are? mixe'el quickly anel sfirre?el with the thermometer. A rise 

in te*mpe'rature is obse'rveei. 

5. Tests for Water in Alcohol.—a) Copper-sulphate Test.— 

3 g. of blue e*rystallize‘d ce)ppe'r sulphate, ('uS()4,5H20, are 

gently heat eel in a }K)rcelain crucible till anhydrous, the salt 

being convt*rted into a white powde?r. When cold, the residue 

is transferred to a test-tube or small flask containing 15 c.c. 

of aqueous alcohol; the ce3p])er suli)hate soon regains its original 

blue ce)le)ur, on account of the formation of the hydrated salt, 

CuS04,5H20. 

b) CrismeR’S Test.—2 c.c. of petroleum are added to a 

like volume of alcohol of al)out 95 pc'r cent, .strength, and a 

thermometer is introduced into the liquid. At first, the two 

liquids do not mix completely, but the application of slight 

heat renders them wholly miscible. Tlu? liquid is allowed 

to cool, and the temperature is noted at the moment of 

appearance of turbidity. One drop of water is then added, 

and the liquid again heated until it becomes homogeneous. 
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On cooling, turbidity reappears at a temperature some degrees 

higher than on the first occasion. 

6. Separation of Water from Alcohol.—Alcohol of about 50 

per cent, strength is agitated with solid potassium carbonate, 

and, if enough of the salt has been added, two layers are 

obtained. These are separated by means of a ta{>funnel. 

The upper layer is alcohol of 91*5 per cent, strength, and burns 

on ignition; the Iowct layer is a concentrated, acpieous solu¬ 

tion of potassium carbonate, containing only a trace of alcohol. 

7. Oxidation of Ethyl Alcohol.—A cold, saturated solution 

of potassium permanganate is added to 5 (;.c. of ethyl alcohol 

until gentle heating fails to discharge the colour, reduction 

of the excess of pennanganate being effecfiid through the 

addition of a few more drops of ah^ohol. During the opera¬ 

tion manganese dioxide is precipitated: without filtering, the 

mixture is acidified with sulphuric acid and distilled. An 

acid distillate with an odour of acetic acid is obtained. 

The iodoform-test for ethyl alcohol is given in XIIL, 6; 

the benzoate-test in XXIX., 5. 

VI. ALKYL HALIDES, ESTERS, ETHERS, AND MER- 

CAPTANS. 

(51-60.) 

1. Ethyl Chloride.—A mixture of 10 c.c. of alcohol and 5 c.c. 

of concentrated sulphuric acid is added to 5 g. of common salt 

contained in a 50-c.c. fractionating-flask connected with a 

condenser in a fume-cupboard. On warming, gaseous ethyl 

chloride, C2H5CI, is evolved, and dissolves in the condensed 

alcohol. When ignited, this distillate burns with a green- 

tinged flame—a phenomenon characteristic of many chlorine 

derivatives. The presence of a chlorine compound can be 

demonstrated also by Beilstein^s test (I., 4 a). 

2. Ethylsulphuric Acid.—About 2 c.c. of concentrated sul¬ 

phuric acid are poured carefully into an equal volume of absolute 

alcohol, the mixing being accompanied by rise of temperature. 
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The mixture is heated gently for a short time, cooled, and poured 

into 25 c.c. of water. This solution is stirred, and barium 

carbonate added till the liquid is no longer acid to litmus. 

Carbon dioxide is evolved, with formation of insoluble barium 

sulphate and soluble barium ethylsulphate, Ba(C2H5S04)2* 

After filtering, dilute sulphuric acid is added to a portion of 

the filtrate; the priMapitab^ of barium sulphate formed proves 

the presence of a barium salt in solution. 

On warming the rest of the filtrate with dilute hydrochloric 

acid, barium sulphate is precipitated. This is due to the 

decomposition of the liberated ethylsulphuric acid into alcohol 

and sulphuric acid, followed by the interaction of the latter 

with the barium ions present in the solution. 

3. Diethyl Ether, ((^2H5)20-—A fractionating-flask is fitted 

with a cork carrying a tap-funnel and a thermometer, both 

arranged nearly to toucli the bottom. After 50 c.c. of alcohol 

of ninety per cent, strength and 50 c.c. of concentrated sul¬ 

phuric acid have been poured into the flask, 5 g. of anhydrous 

aluminium sulphate are added, and the flask is connected to 

a condenser with a rapid current of water flowing through its 

jacket. Heat is then applied till the thermometer indicates 

a temperature between 130° and 140°. As soon as the distilla¬ 

tion of ether begins, 100 c.c. of alcohol are introduced slowly into 

the flask from the tap-funnel, and the distillation is continued 

with a small flame so as to maintain the temperature constant. 

The distillate is agitated in a separating-funnel with a like volume 

of water, which dissolves most of the alcohol, leaving a layer of 

ether floating on the surface of the solution. After separation 

from the aqueous liquid, the ether is dried by agitation for a 

few minutes with fused and finely-powdered calcium chloride. 

A small quantity of the ether (2 c.c.) is agitated with a large 

excess of water <"50 c.c.). The operation induces solution of 

the ether. 

A mixture of 5 c.c, of ether and 5 c.c. of water is shaken in a 

separating-funnel, and the ethereal and aqueous layers are sepa- 
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nitod (carefully. Anliydrous copiK.T sulphate added to this 

ether turns blue, proving that the (dlu'r has dissolved some of 

the water. On gently warming the aqueous layer in a por¬ 

celain dish, ether-vapour is evolved, and can be recognized 

by its odour and by its combustion with a bright, luminous 

flame. This proves that the water has dissolved some of the 

ether. 

Th(^ absorption of heat caused by the evaporation of ether 

can be demonstrated by placing a small quantity in the' palm of 

the hand, and blowing on it. A se'iisation of cold is fe'lt imme¬ 

diately. 

4. Ethylmercaptan.—On warming 2 c.c. of a saturated 

solution of potassium ethylsulphate with a like' vedume of a 

thirty-three per cent. solutie)n of potassium hydrogen sul¬ 

phide, KHS, the odour of ethylmercaptan at once becomes 

perceptible. 

VII. AMINES AND NITRO-COMPOUNDS. 

(61-70.) 

AMINES (61-67). 

1. Methylamine.—A thin paste of bleaching-pow^der is ren¬ 

dered strongly alkaline by addition of slaked lime, and mixed 

with an aqueous solution of 5 g. of acetamide, CH3-CONH2. 

On distillation, an aqueous solution of methylamine, CIT3*NH2, 

is obtained (259). 

2. Carbylamine-Reaction.—A portion of the solution thus 

obtained is warmed gently with one or two drops of chloroform 

and a small quantity of alcoholic potash. Owing to the forma¬ 

tion of methylcarbylamine, CHa-NC, the odour characteristic 

of 7Sonitriles is perceived (77). 

3. Mustard-oil Reaction.—A mixture of carbon disulphide 

and absolute alcohol in like proportions is added to another 
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portion of the di.stilhite obtained in i, till solution is com¬ 

plete, and the liquid is wanned for a short time. On addi¬ 

tion of ferric chloride, a !)lack precipitate of sulphide of iron is 

formed; and, on furtlu'r luxating, the odour of methyl-mustard- 

oil, (.'Pla'NCR, becomes perce])tible (260). 

4. Reaction with Copper Salts.—The remainder of the dis¬ 

tillate of I is added drop by drop to 1 c.c. of a dilute solution 

of copper sulphate. At first a ])recipitate of copper hydroxide 

is formed, and on further addition of the amine-solution redis¬ 

solves, with ])roduction of a d(‘ep-blue colour. The reaction, 

therefore, is analogous to that between ammonium hydroxide 

and copper salts Inorganic (diemistry,” 244). 

5. Nitrous-acid Test.- A concentrated aqueous solution of 

1 g. of ethylarnine hydrochloride, C2H5NH2,HC1, and 1 g. of 

Nitkous Acid Test for Primary Amines. 

potassium or sodium nitrite is poured slowly through a thistle- 

funnel into a 50-c.c. fractionating-flask a, containing 20 c.c. 

of glacial acetic acid (Fig.). The evolved nitrogen is freed 

from ethyl nitrite by passing it through a small wash-bottle 6, 

containing concentrated sulphuric acid. The gas is collected 

over water in a cylinder c, and proved to be nitrogen by its 

extinguishing a lighted wood-splint or taper. By means of 
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the iodoform-test (XIII., 6), the presence of alcohol in the 
fractionating-flask can be shown. 

6. Nitrosoamines.—To a cold, saturated, aqueous solution of 
1 g. of potassium or sodium nitrite is added 1 g. of solid diethjd- 
amine hydrochloride, (C2H5)2NH,HC1, and one drop of dilute 
sulphuric acid. On gently heating the liquid, diethylnitroso- 
amine, (C2H5)2N*NO, collects on the surface as a yellow oil 
of characteristic odour. 

7. Dimethylamine and Trimethylamine.—A small quantity of 
sodium-hydroxide solution is added to herring-brine contained 
in a distilling-flask connected with a condenser. On heating, a 
distillate is obtained; this is alkaline, owing to the presence of 
dimethylamine and trimethylamine. Like ammonium hydrox¬ 
ide, it precipitates ferric hydroxide, Fe203,nH20, from a solu¬ 
tion of ferric chloride. 

NITRO-COMPOUNDS (88-70.) 

1. Sodium Nitromethane.—A solution of 3 drops of nitro* 
methane in 1 c.c. of absolute alcohol is prepared. To this are 
added a few drops of a solution of sodium ethoxide, obtained 
by dissolving small pieces of sodium in 10 c.c. of absolute 
alcohol. The white precipitate of sodium nitromethane is 
filtered off, and, while still moist, is dissolved in a small 
quantity of water. It must 7iot be dried or a dangerous explo^ 
Sion may result. When moist, it is innocuous. 

2. Nitrolic-acid Reaction.—The liquid thus obtained is 
mixed with a few drops of a concentrated aqueous solution of 
sodium nitrite, and carefully acidified with dilute sulphuric 
acid. The blood-red colour of the sodium salt of methyl- 
nitrolic acid is produced. It is discharged by adding more 
acid, but returns on addition of a dilute solution of sodium 
hydroxide. 

3. Reduction of Nitro-compounds.—^3 drops of nitromethane 
are added to potassium-hydroxide solution and granulated 
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zinc contained in a test-tube. The characteristic odour of 
methylamine at once becomes perceptible, and a strip of red 
litmus-paper held in the vapour is turned blue. 

Vni. NITRILES AND isoNITRILES. 

(76-78.) 

1. Preparation.—A mixture of 10 g. of potassium ethyl- 
sulphate and 10 g. of dried potassium fcrrocyanide is sub¬ 
mitted to dry distillation in a retort connected with a con¬ 
denser. The distillate has the isonitrile odour, due to the 
presence of ethylcarbylamine. Agitation with dilute sulphuric 
acid for a short time removes this smell, whereupon that of 
the nitrile—propionitrile—formed in the reaction becomes 
perceptible, although it was previously wholly masked by that 
of the isonitrile, a by-product. 

2. Hydrolysis of Nitriles.—The liquid of i is made alkaline 
with potassium hydroxide, and boiled in a test-tube. The 
evolution of alkaline vapours can be detected by means of 
a strip of moistened, red litmus-paper. 

The reaction-mixture contains potassium propionate. On 
acidifying with dilute sulphuric acid and distilling, propionic 
acid passes over, the distillate turning blue litmus red. 

K. SATURATED ACIDS, CoHanOg; AND ESTERS- 

(79-88; 91-95.) 

I. Formic Acid.—^A mixture of 10 g. of glycerol and 10 g. of 
crystallized oxalic acid is heated in a fractionating-flask con¬ 
nected with a condenser. Carbon dioxide is evolved, as can be 
demonstrated by holding a test-tube containing lime-water at 
the outlet of the condenser so that the gas enters the tube. 
After an energetic evolution of gas has continued for some time. 
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5 g. of crystallized oxalic acid are added, and the heating 
renewed. Formic acid distils (163) 

2. Decomposition of Mercuric Formate.—A portion of the 
distillate of i is agitated with a small quantity of finely-divided 
mercuric oxide, prepared by triturating the powder in a mortar 
with a little water. The resulting solution of mercuric for¬ 
mate is filtered from the excess of mercuric oxide, and heated. 
At first, carbon dioxide is evolved, and white mercurous for¬ 
mate precipitated. On further heating, the mercurous salt is 
decomposed with evolution of carbon dioxide, and precipita¬ 
tion of metallic mercury: 

Hg 
OOCH HCOO 
OOCH+H|C6o1 

Mercuric formate 

Hg = 2HgOOCH + CO2 + HCOOH; 
Mercurous 

formate 

Hg|OOCH+H|COOjHg = 2Hg + CO2 + HCOOH. 
Mercurous formate 

The liquid now contains free formic acid, and, therefore, 
turns blue litmus red. It is filtered, and the filtrate is neu¬ 
tralized exactly with sodium or ammonium hydroxide; on 
addition of silver-nitrate solution, silver formate is precipitated. 
When this is heated, it decomposes with evolution of carbon 
dioxide, liberating half the formic acid and precipitating metallic 
silver, analogously to the mercury salt. The reaction of the 
liquid, therefore, again becomes acid. 

3. Action of Concentrated Sulphuric Acid on Formic Acid.— 
Another portion of the distillate of i is neutralized with 
sodium carbonate, and then is evaporated to dryness. The 
residue is introduced into a small distilling-flask having its 
side-tube connected with a rubber tube dipping below the 
surface of water in a pneumatic trough. After the introduction 
into it of concentrated sulphuric acid, the distilling-flask is 
closed without delay. Carbon monoxide is evolved, and is 
collected in a cylinder. On ignition, it burns with its char- 
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acteristic blue flame; and agitation of the contents of the 
cylinder with lime-water produces turbidity, proving the 
formation of carbon dioxide by the combustion. 

4. Oxidation of Formic Acid by Potassium Permanganate.— 
The remainder of the formic acid obtained in i is heated with a 
small quantity of potassium permanganate and dilute sulphuric 
acid in the apparatus employed in 3, the end of the delivery- 
tube being immersed in lime-water contained in a test-tube. 
The permanganate solution is decolorized, and the carbon 
dioxide produced by the oxidation of the formic acid renders 
the lime-w^ater turbid. 

5. Cacodyl-Test for Acetic Acid.—On distilling sour beer 
(200 C.C.), an acid distillate is obtained with an odour of acetic 
acid. The distillate is nearly neutralized with a few’ drops of 
sodium-hydroxide solution, a slightly acid reaction being 
maintained. It is then evaporated, the last traces of water 
being removed by heating over a free flame. A portion of 
the anhydrous sodium acetate thus obtained is mixed with 
arsenious oxide, and the mixture heated gently in a test- 
tube. The excessively disagreeable odour of cacodyl oxide, 
(CH3)2As—0—As(CH3)2, is soon perceived (73). This sub- 
stance being extremely poisono'uSj great care must be exercised 
in carrying out the experiment, and the heating should be dis¬ 
continued as soon as the odour has been detected, 

6. Stability of Acetic Acid towards Oxidizing Agents.—Small 
quantities of dilute potassium-permanganate solution and 
dilute sulphuric acid are added to 5 drops of acetic acid. 
Unlike formic acid, the acetic acid does not decolorize the 
permanganate solution. 

7. Silver Acetate.—1 g. of sodium acetate is dissolved in 

10 c.c. of water, and a solution of silver nitrate added. At 
the ordinary temperature the precipitate of silver acetate 
formed is only slightly soluble in water. It is collected on a 
filter, and a saturated solution is prepared by transferring it 
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to a beaker containing 50 c.c. of boiling, distilled water. On 
cooling, the salt crystallizes in long, silky needles. These 
are filtered off, spread on a porous plate to remove as much 
of the mother-liquor as possible, and dried in a dish on 
the water-bath. On carefully heating the salt in a porcelain 
crucible, it decomposes, leaving a residue of metallic silver. 

8. Test for Acetic Acid.—A few drops of ferric chloride are 
added to a dilute solution of sodium acetate. Owing to the 
formation of a complex aceto-ferric acetate, the liquid turns 
blood-red. On boiling this solution, a reddish-brown, flocculent 
precipitate of basic acetate of iron is formed. If allowed to 
stand for a short time, it sinks to the bottom of the test-tube, 
leaving the supernatant liquid colourless. After filtration, 
the freedom of the liquid from iron is proved by the addition 
of a solution of potassium ferrocyanidc. 

9. Oxidation of Ethyl Alcohol to Acetic Acid.—A mixture of 
6 g. of potassium dichromate and 10 g. of concentrated sulphuric 
acid is introduced into a 100-c.c. distilling-flask connected with 
a condenser, and a solution of 2 c.c. of alcohol in 10 c.c. of water 
added drop by drop from a tap-funnel. On heating, acetic 
acid distils, and can be recognized by its odour, or, after careful 
neutralization with sodium carbonate, by the ferric-chloride 
test (8). 

10. Action of Caustic Alkalis on Sodium Acetate.—A sample 
of sodium acetate is fused, and then is reducea to fine 
powder. An intimate mixture of 4 g. of the product with 32 g. 
of soda-hme is heated in a hard-glass retort of 100-c.c. capacity, 
fitted with a delivery-tube for collecting the gas in cylinders 
over water. The gas is collected in a thick-walled cylinder 
and ignited (IV., i). 

Methane thus prepared always contains some hydrogen, 
and to obtain a product of maximum purity, it is best to keep 
the temperature as low as possible. 

11. Saponification of Bulter.—About 5 g. of butter are 
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saponified by boiling in a porcelain dish with 20 c.c. of a 
solution of 1 part of sodium hydroxide in 2 parts of water, the 
mixture being stirred constantly. The addition of a small 
proportion of alcohol or of glycerol accelerates the saponifica¬ 
tion, both the fat and the alkali being soluble in these liquids. 
After the lapse of a few minutes, the liquid begins to foam. 
The heating is continued for twenty minutes, and then a 
small sample is introduced into water. If the saponification 
be complete, a clear solution will be formed; but should there 
be turbidity, the heating is resumed and continued until a test 
portion dissolves entirely. At this stage, the contents of 
the dish are allowed to cool. The liquid separates into two 
layers—the lower an aqueous solution of glycerol and sodium 
hydroxide, and the upper the fused sodium salts of the fatty 
acids, which are insoluble in concentrated sodium-hydroxide 
solution. When cold, the upper layer is semi-solid. It is 
separated from the aqueous solution, and is dissolved in water 
to free it from any unsaponified fat. Filtration through a 
moistened filter-paper effects almost complete removal of 
such fat. 

12. Calcium and Lead Salts of the Higher Fatty Acids.—A 
part of the soap solution obtained by the method described 
in II is neutralized with dilute acetic acid, and calcium chloride 
and lead acetate respectively added to separate portions. Pre¬ 
cipitates of the calcium and lead salts of the higher fatty acids 
are formed. 

13. Volatile Fatty Acids.—The rest of the soap solution is 
poured into a 100-c.c. distilling-flask connected with a condenser, 
and excess of dilute sulphuric acid added. On heating, water 
and the volatile fatty acids of the butter distil, chief of the latter 
being ti-butyric acid. They can be detected by their odour 
and acid reaction. 

14. Higher Fatty Acids.—After the distillation of the vola- 
^tile fatty acids, the residue in the flask consists of the solid 
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higher fatty acids. It is transferred lo a porcelain dish, allowed 
to cool, and the solid layer of fatty acids triturated with 
water several times to remove adhering sulphuric acid. To 
prove that the mixture has an a(*id reaction, it is dissolved in 
alcohol, and the solution added drop by drop to a very dilute 
solution of sodium hydroxide coloured red by a drop of phenol- 
phthalein. The colour disappears, and the acids dissolve, 
proving that the alkali has been neutralized. 

15. Soap.—A few drops of an alcoholic solution of phenol- 
phthalein are added to a concentrated, neutral soap solution. 

On dilution with a large excess of water, the colourless liquid 
becomes red, owing to the liberation of free alkali by the 
hydrolytic dissociation of the salts of the fatty acids. 

A solution of calcium sulphate is added to one of soap, 
whereupon the calcium salts of the higher fatty acids are pre¬ 
cipitated. 

16. Emulsifying Action of Soap.—About 2 g. of soap are 
dissolved in sufficient water to render the solution alkaline, 
a few drops of oil are added, and the solution vigorously 
agitated. An emulsion is produced. 

17. Cleansing Action of Soap.—A mixture of soot and 
water is decanted into a filter. The filter-paper is then removed 
from the funnel, refolded with the black surface outward, and 
replaced in the funnel. Water poured into the reversed 
filter remains clear during percolation; but filtration of a soap- 
solution renders it black, and cleanses the paper completely. 

18. Ethyl Acetate.—Dry hydrochloric-acid gas is passed 
into a mixture of 10 c.c. of glacial acetic acid and 15 c.c. of 90 
per cent alcohol. The gas can be prepared by gently heating 
dried common salt with concentrated sulphuric acid in a flask, 
or can be obtained from a Kipp generator charged with lump 
ammonium chloride and concentrated sulphuric acid* The 
mixture is heated for an hour under a reflux-condenser, and 
then poured into brine. Drops of ethyl acetate separate, 
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a liquid characterized by its pleasant and refreshing 
odour. 

19. Velocity of Saponification of Ethyl Acetate.—A small 
quantity of ethyl acetate is dissolved in water, and like 
volumes of the solution transferred to two test-tubes fitted 
with corks. One portion is agitated with a few drops of 
potassium or sodium liydroxick', and the other with a like 
volume of dilute sul])hnric acid. Since the saponification is 
effected much more rapidly by the caustic alkali than by the 
acid, the odour of the est(T vanishes from the first tube much 
sooner than from the second. 

20. Solubility of Ethyl Acetate in Water.—An excess of 
ethyl acetate is vigorously agitated with 25 c.c. of water at 
the ordinary temperature till saturation is complete, and the 
aqueous solution is separated from the imdissolved ester. 
When warmed, the solution becomes turbid from the separa¬ 

tion of ethyl acetate, which is more soluble in cold than in hot 
water. 

X. ALDEHYDES AND KETONES. 

(98-111.) 

ALDEHYDES (98-109). 

1. Acetaldehyde.—A mixture of 60 g. of water, 20 g. of 
concentrated sulphuric acid, and 15 g. of ninety per cent, 
alcohol is added to 13 g. of potassium dichromate contained 
in a 200-c.c. fractionating-flask connected with a condenser. 
Sometimes the oxidation begins spontaneously; should it 
not, however, the flask is gently heated on a sand-bath, with 
a rapid current of cold water flowing through the condenser. 
A mixture of water, alcohol, acetaldehyde, and acetal distils, 
and can be used in carrying out the aldehyde-reactions 
described in 2, 3, and 4. 



22 LABORATORY MANUAL OF ORGANIC CHEMISTRY [x. 

2. Silver-mirror Test.—A small portion of the distillate is 
diluted with water in a clean test-tube, and a few drops of an 
ammoniacal silver solution added. This is prepared by 
adding a small excess of a solution of sodium hydroxide to 
one of silver nitrate, and then ammonium hydroxide drop by 
drop in exactly suflScient quantity to redissolve the precipitate. 
After being shaken, the test-tube is immersed in water heated 
almost to its boiling-point. If the tube is thoroughly clean, 
the reduced silver is deposited on its sides as a mirror; if not, 
a black precipitate of the metal is obtained. 

3. Aldehyde-resin.—Potassium hydroxide is added to another 
portion of the distillate, and the mixture warmed. A yellow 
coloration is produced at once, and, on further heating, a 
precipitate of aldehyde-resin is formed. 

4. SCHIFF’S Reaction.—Another portion of the distillate 
is added to a solution of magenta decolorized with sulphurous 
acid—ScHiFF^s reagent The red colour of the dye is restored. 

5. Production of Formaldehyde.—A red-hot copper spiral 
is placed in a test-tube containing 1 c.c. of methyl alcohol, 
and a cork is loosely inserted in the mouth of the tube. When 
cold, the spiral is removed, and the presence of formaldehyde 
detected by the reduction of Fehling^s solution (XVL, 6). 

6. Action of Formaldehyde on Proteins.—a) Egg-^olk,—The 
yolk of an egg is introduced carefully into formalin.'' After 
the lapse of some time, it will have acquired the consistence 
of an india-rubber ball. 

b) Gelatin,—The addition of 2 c.c. of formalin to a 
solution of 2 g. of gelatin in 100 c.c. of warm water will be 
found to produce an insoluble comnound of gelatin and form¬ 
aldehyde. 

7. Non-resiniheation of Formaldehyde.—A few drops of 
formalin are diluted with water, and a solution of sodium 

hydroxide is added. Heating the liquid produces no resinifica* 
tion. 
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KETONES (98-103, 110, and 111.) 

8. Acetone.—About 50 g. of dried calcium acetate are 
heated to a high temperature in a retort connected with a 
condenser. Acetone is the principal constituent of the dis¬ 
tillate, to which the by-products present impart an empyreuma- 
tic odour. On addition of water, most of the liquid dissolves; 
the insoluble tar-like products arc separated by filtration 
through a moistened filter-paper. 

9. Tests for Acetone.—a) Mercuric-oxide Test.—The filtrate 
obtained in 8 is added to a solution of mercuric nitrate 
rendered strongly alkaline by means of a solution of potassium 
hydroxide in alcohol, and the mixture is agitated. The acetone 
dissolves a part of the suspended mercuric oxide, and repeated 
filtration will yield a clear liquid. The presence of mercury in 
this filtrate can be demonstrated by the addition of ammonium 
sulphide, a precipitate of mercuric sulphide being formed. 

(6) Blanksma^s Test. — A ten per cent, solution of 
p-nitrophenylhydrazine in 30 per cent, acetic acid is prepared, 
and to it are added a few drops of a dilute solution of acetone 
in methyl alcohol A yellow precipitate of the corresponding 
hydrazone is formed. 

(c) Deniges^s Test.—A drop of acetone is introduced into 
10 c.c. of water, and five or six drops of a freshly-prepared ten 
per cent, solution of sodium nitroprusside are added, followed 
by three or four drops of sodium-hydroxide solution. After 
the liquid has been stirred, the addition of ten or twelve drops 
of glacial acetic acid produces a crimson coloration. This 
test is applicable to other ketones also. 

io« Addition-product of Acetone and Sodium Hydrogen Sul« 
phite.—5 c.c. of acetone are agitated with a like volume of a 
very concentrated solution of sodium hydrogen sulphite; a 
crystalline addition-product is precipitated, being almost 
insoluble in the concentrated sulphite solution. On addi¬ 

tion of water, it dissolves. 
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11. Separation of Acetone from Aqueous Solution.—5 c.c. of 
acetone are added to a like volume of water, with which the 
ketone is miscible in all proportions. On addition of solid 
potassium hydroxide to the mixture till saturation is complete, 
the liquid separates into two layers, the upper one being 
chiefly aceton(‘, and the lower an aqueous solution of potassium 
hydroxide containing traces of acetone. 

12. Oxidation of Acetone.—An aqueous solution of 2 c.c. of 
acetone is prepared, and a dilute solution of potassium per¬ 
manganate added till the pink colour of the liquid persists. 
After removal of the manganese dioxide by filtration, the 
filtrate is acidified with dilute sulphuric acid and distilled, 
After careful neutralization with sodium carbonate, the 
presence of acetic acid in the distillate can be proved by the 
ferric-chloride test (IX., 8). 

13. Sulphonal,—One-tenth of a gramme of sulphonal is 
heated with iron-powder in a test-tube. The odour of mer¬ 
captan becomes perceptible. 

XI. UNSATURATED HYDROCARBONS. 

(112-127.) 

OLEFINES (112120). 

1. Ethylene.—A mixture of 20 c.c. of alcohol of eighty per 
cent, strength and 120 c.c. of concentrated sulphuric acid is 
allowed to stand for some time. It is then heated in a large 
flask on a sand-bath, the tendency to foam being checked by 
the addition of 7 g. of anhydrous aluminium sulphate, or a 
quantity of sand. The ethylene evolved is collected over 
water in cylinders, being thereby freed from most of the car¬ 
bon dioxide and sulphur dioxide generated along with it. 

2. Ltuninosity of the Ethylene Flame.—One of the cylin¬ 
ders is turned mouth upwards, and its contents ignited; the 
ethylene bums with a luminous flame. 
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3. Action of Bromine on Ethylene.—A small quantity of 
bromine-water is added to another cylinder, the open end 
closed with a glass plate, and the contents agitated. The 
red colour is discharged, and oily drops of ethylene bromide, 
C2H4Br2, collect on the sides of the cylinder, the character¬ 
istic odour of this compound also becoming perceptible. 

4. VON Baeyer’S Test for the Double Bond.—The gas in a 
third cylinder is shaken up with mixed aqueous solutions of 
potassium permanganate and sodium carbonate. The violet 
colour of the solution is discharged, and a brown precipitate 
of hydrated manganese dioxide, Mn()2,nH20, formed. 

5. Explosive Mixture of Ethylene and Oxygen.—A thick- 
walled cylinder one-quarter full of ethylene is filled up with 
oxygen, the contents mixed by shaking, and a light applied. 
The mixture (explodes with a loud report. 

6. Unsaturated Hydrocarbons in Coal-gas.—Two cylinders 
are filled with coal-gas by disjdacement of water. By the 
application of the tests described in 3 and 4, the gas can be 
shown to contain unsaturated compounds. 

7. Double Linking in Amylene.—The presence of a double 
linking in amylene can be demonstrated by the reactions 
described in 3 and 4. 

ACETYLENE (126). 

8. Preparation of Acetylene.—A piece of calcium carbide 
is dropped into water contained in a 100-c.c. fractionating- 
flask fitted with a delivery-tube dipping under water, and the 
neck of the flask quickly closed with a cork. A vigorous 
evolution of acetylene ensues. The gas is collected in cylin¬ 
ders, and submitted to the tests described in 2, 3, and 4. Much 
soot being produced by the combustion experiment, it should 
be performed in a fume-cupboard. 

9. Copper Acetylene and Silver Acetylene.—An ammoniacal 
solution of cuprous chloride is prepared by adding ammonium 
hydroxide to a mixture of cuprous chloride and water till solu^ 
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tion is complete. On addition of a portion of this liquid to a 
cylinder containing acetylene a red precipitate of copper acety¬ 
lene is formed, readily soluble in hydrochloric acid with evolu¬ 
tion of acetylene. 

An ammoniacal silver solution—prepared by adding ammo¬ 
nium hydroxide carefully to a solution of silver nitrate until the 
precipitate first formed has jmt redissolved—gives with 
acetylene a white precipitate of silver acetylene. 

XII. UNSATURATED MONOBASIC ACIDS. 

(134-138.) 

1. Double Bond in Almond Oil.—5 c.c. of almond oil, con¬ 
sisting principally of glyceryl oleate, are diluted with 10 c.c. 
of ether or carbon disulphide. A portion of the solution is 
agitated with bromine-water, the colour being discharged. To 
another portion is added a solution of potassium permanganate 
and sodium carbonate; a brown precipitate of hydrated man¬ 
ganese dioxide is obtained. 

2. Oleic Acid from Almond Oil.—5 c.c. of almond oil are 
saponified by the method described in IX., ii, the heating 
with sodium hydroxide being continued for not less than an 
hour. Periodically, water is added to replace that lost by 
evaporation. The resulting sodium-soap is dissolved in water 
and the solution is acidified with dilute sulphuric acid. The 
liberated oleic acid forms a liquid layer on the surface of 
the aqueous solution, from which it is removed by the 
aid of a separating-funnel. The tests for double linkings 
described in XI., 3 and 4, are carried out with portions of this 
acid. 

3. Elaidic Transformation.—Some of the liquid oleic acid is 
poured in 2 or 3 c.c. of a concentrated solution of sodium 
nitrite, a small quantity of dilute sulphuric acid added, and 
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the mixture is allowed to stand for some time. Owing to 
its transformation into elaidic acid, the liquid oleic acid 
gradually becomes solid. 

4. Fusion of Oleic Acid with Caustic Alkali.—5 g. of sodium 
hydroxide are heated to fusion with a few drops of water in an 
iron crucible, and 2 c.c. of oleic acid are added. The mixture 
is stirred, and is maintained for some time in the fused state. 

After cooling, it is dissolved in water, and excess of dilute 
sulphuric acid added. On distillation from a fractionating- 
flask, an acid distillate is obtained, containing acetic acid. 

5. Lead Oleate.—5 c.c. of almond oil, 25 c.c. of water, 
and 10 g. of lead monoxide are boiled in a porcelain dish, 
with constant stirring, until the red colour of the lead 
oxide has disappeared. The operation requires at least an hour. 
Water is added periodically to replace that lost by evapora¬ 
tion. After cooling, the water is poured off, and the plaster¬ 
like lead oleate (so-called lead-plaster formed is triturated 
thoroughly with ether by the aid of a pestle. After filtering, 
and distilling the ether, the lead oleate is left in the semi-solid 
state. Addition of hydrogen-sulphide solution proves the 
presence of lead, a black precipitate of lead sulphide being 

produced. 

Xm. CHLOROFORM AND IODOFORM. 

(144-146.) 

1. Preparation of Chloroform.—26 g. of fresh bleaching- 
powder, 10 c.c. of alcohol of eighty-five per cent, strength, and 
10 c.c. of water are heated gently in a litre flask on a sand- 
bath till the reaction begins; the flame is then removed. 
There is much foaming, and water and chloroform distil, the 
latter constituting the lower layer of the distillate. 

2. Formation of Chloroform from Trichloroacetic Acid.—An 
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aqueous solution of 1 g. of trichloroacetic acid is boiled in a frac- 
tionating-flask. Carbon dioxide is evolved, and can be identified 
by its action on lime-water. When the mixture has cooled, the 
presence of chloroform in the flask can be detected by the odour. 

3. Action of Potassium Hydroxide on Chloroform.—A few 
drops of chloroform are heated in a test-tube with a small 
quantity of dilute potassium hydroxide, potas>sium chloride 
and potassium formate being produced. The mixture is 
neutralized so as to maintain a slightly alkaline reaction, 
and heated with a solution of mercuric chloride. Reduction 
to mercurous chloride, and then to metallic mercury, proves 
the presence of dissolved formate (IX., 2). 

4. Conversion of Chloroform into Potassium Cyanide.—1 c.c. 
of chloroform is heated in a test-tube for a short time with 
5 c.c. of concentrated alcoholic ammonia and 1 c.c. of con¬ 
centrated alcoholic potash. The liquid is transferred to a 
porcelain dish, and evaporated to dryness on a water-bath. 
The presence of potassium cyanide in the residue is detected 
by the method employed in Lassaigne^s test for nitrogen 

(I., 3 a). 
5. Chloroform and Silver Nitrate.—1 c.c. of chloroform is 

agitated three or four times with w’^ater in a test-tube, using 
about 10 c.c. for each operation; traces of hydrochloric acid, 
if present, are thus eliminated. More water and 2 or 3 drops 
of silver-nitrate solution are then added. A precipitate of 
silver chloride is not formed. 

6. Iodoform-Test for Alcohol.—To 1 c.c. of alcohol in a test- 
tube are added 10 c.c. of a moderately concentrated solution of 
iodine in potassium-iodide solution, and potassium hydroxide 
drop by drop till the brown colour of the iodine is discharged. 
A yellow, crystalline precipitate of iodoform is obtained, dis¬ 
tinguished by its characteristic odour. Under the microscope, 
the crystals are seen to be six-sided, dichroic (reddish-green) 

plates. 
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7. Iodoform from Acetone.—In experiment 6 the alcohol 

can be replaced by acetone, the only effect being to increase 

the velocity of the reaction. 

XIV. GLYCEROL. 

(161-155; 163.) 

1. Preparation of Allyl Alcohol.—10 c.c. of glycerol and 

12 g. of crystallized oxalic acid are heated in a retort connected 

with a condenser. At first, formic acid distils (IX., 1), and 

soon oily streaks of allyl alcohol are seen on the sides of the 

retort. The distillation is continued with another receiver, 

this alcohol passing over. It is characterized by an irritating 

odour. On heating it with chromic-acid solution, the powerful, 

penetrating odour of acraldehyde is perceived. 

2. Test for Glycerol.—1 c.c. of glycerol is heated in a dish 

with 5 g. of sodium pyrosulphate, Na2S207; the odour of 

acraldehyde is soon manifested. 

3. Action of Alkalis on Copper Salts in Presence of Glycerol.— 

5 c.c. of dilute copper-sulphate solution are added to 1 c.c. of 

glycerol. On addition of potassium hydroxide to this mixture, 

copper hydroxide, Cu(OH)2, is not precipitated. Instead, a 

soluble copper alkoxide of glycerol is formed, imparting a deep- 

blue colour to the .solution. 

4. Baumann and Schotten’s Test for Hydroxyl-groups.— 

To 10 c.c. of a one per cent, aqueous solution of glycerol are 

added 5 c.c. of benzoyl chloride and 35 c.c. of ten per cent, 

sodium-hydroxide solution, and the mixture is agitated for 

twenty minutes. After the lapse of some time, glyceryl 

tribenzoate separates. It is filtered, and washed with water; 

and then it is crystallized from sixty per cent, alcohol until 

the product melts at 74°. 
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XV. SATURATED DIBASIC ACIDS. 

(161-168.) 

OXALIC ACID (162 and 163). 

1. Preparation of Oxalic Acid from Wood.—A concentrated 
solution of potassium (not sodium) hydroxide is mixed with 
10 g. of sawdust so as to form a thick paste, a small piece of 
potassium hydroxide is added, and the mixture is heated 
on a shallow iron dish with constant stirring. After the 
water has evaporated, potassium formate is produced; and 
on further heating it loses hydrogen, yielding potassium oxalate 
(2). The effect of the heat is to cause the evolution from the 
mass of large bubbles of hydrogen, which can be ignited. The 
heating is continued until the liberation of the gas has ceased 
almost completely, and then it is stopped to prevent decom¬ 
position of the oxalate formed. When cold, the reaction- 
mixture is lixiviated with water, filtered through a folded 
filter, and acidified with dilute acetic acid. On addition of 
calcium-chloride solution, calcium oxalate is precipitated, 
insoluble in acetic acid, but soluble in cold, and more readily 
in warm, hydrochloric acid. 

2. Conversion of Formates into Oxalates.—2 g. of dried 
sodium formate are heated to a high temperature in a test- 
tube. Hydrogen is evolved, and can be ignited after all the 
air has been expelled from the tube. The white residue is 
proved to be sodium oxalate by dissolving it in water, and 
adding a solution of calcium chloride; a precipitate of calcium 
oxalate, insoluble in dilute acetic acid, is formed. 

3. Calcium, Lead, and Copper Oxalates.—These oxalates are 
prepared by adding solutions of calcium chloride, lead acetate, 
and copper sulphate respectively to a ten per cent, solution of 
ammonium oxalate till precipitation is complete, 50 c.c. of the 
ammonium-oxalate solution being used for each experiment. 
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The salts are collected on filters, washed thoroughly with 
water, and spread on porous plates to dry. The last traces 
of moisture are eliminated by heating them in porcelain dishes 
on the water-bath. 

4* Decomposition of Calcium Oxalate by Heat.—3 g. of cal¬ 
cium oxalate are heated in a hard-glass test-tube fitted with a 
delivery-tube. When the temperature has risen above 200*^, 
water of crystallization condenses on the sides of the tube; 
on further heating, carbon monoxide is evolved. The gas is 
collected in a cylinder, and its identity established by the 
method of IX., 3. The residue in the tube is calcium carbonate; 
when cold, it is treated with hydrochloric acid, causing a vigor¬ 
ous evolution of gas. This is proved to be carbon dioxide by 
its action on lime-water. 

5. Decomposition of Lead and Copper Oxalates by Heat.— 
The experiment described in 4 is carried out in separate tubes 

with 3 g. of lead oxalate and a like weight of copper oxalate. 
Both evolve carbon dioxide, as proved by the lime-water 
test; lead and copper remain in the tubes. 

6. Action of Concentrated Sulphuric Acid on Oxalic Acid.— 
A 100-c.c. distilling-flask is connected with a wash-bottle con¬ 
taining a mixture of potassium-hydroxide solution and lime- 
water and fitted with a delivery-tube. In the flask are placed 
5 g. of oxalic acid and 10 c.c. of concentrated sulphuric acid. 
The flask is closed with a cork, and heated gently. Gas is 
evolved; partly carbon dioxide, which renders turbid the 
lime-water in the wash-bottle; and partly carbon monoxide, 
which is not absorbed. The latter is collected in cylinders, 
and identified by the method of IX., 3. 

7. Complex Oxalates.—a) A solution of ammonium oxa¬ 
late is added carefully to 2 c.c. of a five per cent, solution of 
copper sulphate. Copper oxalate is precipitated, and, on 
further addition of the ammonium salt, redissolves, forming 
copper ammonium oxalate. ^ ^ 
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(6) 2 g. of salt of sorrel/' KHC204,H2C204,2H20, are 
dissolved in 10 c.e. of water. To this solution is added 
freshly-precipitated ferric hydroxide, obtained by adding 
ammonium hydroxide to a boiling, dilute solution of ferric 
chloride, allowing the precipitate to subside, and washing it 
by decantation. On warming, the ferric hydroxide dissolves, 
yielding potassium ferric oxalate, K3Fe(C204)3. The green 
colour of this solution should be noted: it points to the absence 
of Fe’'‘-ions, and to the presence of complex [Fe(C204)3]'''- 
anions. Exposure of this solution to sunlight causes the 
evolution of carbon dioxide, and the development of a yellow 
colour (compare 7, c). 

c) A like solution of ^'salt of sorrel" is added to 5 c.c. of 
a ten per cent, solution of ferrous sulphate^Stil the pre¬ 
cipitate first formed redissolves. This solution reduces pla¬ 
tinum chloride. Its yellow colour is due to the complex 
[Fe(C204)2]"-anion. 

8, Action of Light on Eder»S Solution.—A mixture of 2 
volumes of a 4 per cent, solution of ammonium oxalate and 1 
volume of a 5 per cent, solution of mercuric chloride (Eder's 

solution) is divided into two equal parts, and a few drops of 
eosin solution are added to one of them. After exposure to 
light for several hours, both of the liquid samples contain 
a precipitate of mercurous chloride, the amount of this salt 
deposited in the solution containing the sensitizer eosin being 
much larger than in the other solution. 

g. Dimethyl Oxalate.—Oxalic acid is dried at 100°, and 3 g. 
of the dry acid are dissolved in 10 c.c. of boiling methyl alcohol. 
On cooling, dimethyl oxalate crystallizes out. Some of the 
ester is dried by pressure between sheets of filter-paper, and its 
melting-point taken. M. P. 54°. 

10. Diethyl Oxalate.—A mixture of 7 g. of anhydrous oxalic 
acid and 10 c.c. of absolute alcohol is heated slowly in a 50-c.c. 
fractionating-flask connected with a condenser till the temper¬ 
ature rises to 110°. The distillate is then returned to the flask, 
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and the heating continued till the thermometer reaches 180°. 

The fraction distilling between this temperature and 190° is 

collected separately, and is principally diethyl oxalate. 

II. Ozamide.—The esters obtained in experiments 9 and 

10 are dissolved separately in alcohol, and ammonium hydr¬ 

oxide added to each solution. From both a precipitate of 

oxamide is obtained, insoluble in water, alcohol, and ether. 

SUCCINIC ACID (166). 

12. Barium Succinate.—Ammonium hydroxide is added to 

10 c.c. of a cold, saturated solution of succinic acid till neutrali¬ 

zation is complete. On addition of barium chloride, a white, 

crystalline 0Wpita,te of barium succinate is formed, the 

precipitation being facilitated by the presence of alcohol. 

As barium chloride also is precipitated by alcohol, it is im¬ 

portant not to add excess of the salt. 

13. Basic Ferric Succinate.—10 c.c, of a cold, saturated 

solution of succinic acid are neutralized carefully, and ferric 

chloride is added. A brown, gelatinous precipitate of basic 

ferric succinate is formed. 

14. Succinifflide.—A solution of 10 g. of succinic acid in 

ammonium hydroxide is evaporated in a porcelain dish on a 

sand-bath, and heated till the temperature of the fused mass is 

about 200°. The residue is transferred to a small fractionating- 

flask, and is distilled as rapidly as possible, the distillate being 

succinimide. It can be crystallized from alcohol, and melts 

at 125°. 
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XVI. HYDROXY-ACIDS. 

(179-197.) 
LACTIC ACID (182). 

1. Decomposition of Lactic Acid by Dilute Sulphuric Acid.— 

5 c.c. of lactic acid are heated with a mixture of 5 c.c. of con¬ 

centrated sulphuric acid and 10 c.c. of water in a retort con¬ 

nected with a condenser. The distillate contains acetaldehyde 

and formic acid. They can be identified by the silver-mirror 

test (X., 2), and the mercuric-oxide test (IX., 2), respectively. 

2. Decomposition of Lactic Acid by Concentrated Sulphuric 

Acid.—A mixture of 5 c.c. of lactic acid and a like volume of 

concentrated sulphuric acid is heated in a retort fitted with a 

delivery-tube. The gas evolved by the decomposition of the 

formic acid first produced can be proved to be carbon monoxide 

by the method described in IX., 3. 

3. Oxidation of Lactic Acid.—Dilute sulphuric acid is 

added to a solution of 0*5 g. of lactic acid, and the mixture 

gently heated with a 2 per cent, solution of potassium perman¬ 

ganate. The odour of acetaldehyde soon becomes perceptible. 

TARTARIC ACID (188-195). 

4. Potassium Tartrates.—Potassium hydroxide is added 

drop by drop to 5 c.c. of a twenty per cent, solution of tar¬ 

taric acid. A precipitate of potassium hydrogen tartrate is 

first formed, and, on further addition of potassium hydroxide, 

redissolves, with production of the neutral tartrate. 

5. Iron Ammonium Tartrate.—A solution of 9 g. of ferrous 

sulphate is added to 15 c.c. of a solution of 1 part of tartaric 

acid in 2 parts of water; excess of ammonium hydroxide pro¬ 

duces no precipitate with this mixture. When agitated in 

presence of air, this liquid absorbs oxygen, becoming light- 

green, then dark-green, and finally brown. The absorption 

of oxygen can be demonstrated by carrying out the process in a 

flask closed with an air-tight cork; on immersion of the neck 

in water and removal of the cork, the water rises in the flask. 
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After replacement of the cork, the flask is withdrawn from 

the water, and an ignited wood-splint introduced into the 

residual gas; the flame is at once extinguished. 

6. Fehling’S Solution.—a solution of copper sulphate is 

added to one of tartaric acid, and then potassium hydroxide 

in excess. The dark-blue liquid formed is known as Fehling’s 

solution, 

7. Action of Heat on Tartaric Acid.—When heated in a test- 

tube, tartaric acid becomes brown, and acquires a caramel¬ 

like odour. When heated on platinum-foil or nickel-foil, it 

chars. 

8. Relative Solubility of Calcium Tartrate and Calcium Race- 

mate.—A solution of calcium sulphate is added to solutions 

of tartaric acid and racemic acid respectively. On the follow¬ 

ing day, calcium racemate is precipitated, but calcium tartrate 

remains dissolved. 

9. Microchemical Method of Distinguishing Tartaric Acid 

from Racemic Acid.—A dilute solution of tartaric acid, and a 

similar solution of racemic acid, are neutralized by ammonium 

hydroxide, and a solution of calcium chloride is added to each 

liquid. The crystals of each calcium salt are examined by the 

aid of a microscope. 

10. “ Tartar Emetic.”—A solution of potassium hydrogen 

tartrate is prepared by dissolving 1 g. of tartaric acid in a 

small quantity of water, neutralizing with potassium hydroxide, 

and adding a concentrated solution of a second gramme of 

tartaric acid. The precipitated potassium hydrogen tartrate 

is redissolved by heating, after addition of a little water. To 

this solution is added antimony oxide; it dissolves, forming 

tartar emetic.’^ 

CITRIC ACID (197). 

II. Preparation from Lemons.—A small quantity of water is 

added to 10 c.c. of lemon-juice, the mixture filtered, and made 

alkaline with ammonium hydroxide. On addition of ca!::um 
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chloride, no precipitate is formed; on boiling the mixture, 
tricalcium citrate is precipitated, and is redissolved as the 
liquid cools, 

12. Action of Concentrated Sulphuric Acid on Citric Acid.— 
A solution of 5 g. of citric acid in cold, concentrated sulphuric 
acid is heated in a distilling-flask, fitted with a delivery-tube. 
The carbon monoxide evolved is identified by the method 
described in IX., 3. 

13. Formation of Acetone from Citric Acid.—A solution of 
0*5 g. of citric acid in a small quantity of water is heated to 
80®, and a few drops of a 2 per cent, solution of potassium 
permanganate added. The colour is rapidly discharged. 
After filtration, the liquid is saturated with ammonia, and a 
solution of iodine added. Iodoform is produced from the 
acetone formed by the oxidation. 

XVII. CHLORAL HYDRATE. 

(201.) 

1. Action of Water on Chloral.—3 g. of chloral hydrate are 
covered with concentrated sulphuric acid, and the mixture 
agitated. An oily layer of anhydrous chloral collects on the 
surface of the acid. This is separated from the sulphuric 
acid by the aid of a 50-c.c. tap-funnel, and brought into con¬ 
tact with a small quantity of watt^r; heat is evolved, and solid 
chloral hydrate formed. 

2. Action of AlkaU Hydroxide on Chloral Hydrate.—A small 
quantity of potassium-hydroxide solution is added to 1 g. of 
chloral hydrate dissolved in 10 c.c. of water. The odour of 
chloroform becomes perceptible, and the liquid is rendered 
turbid by the separation of minute drops of this substance. 
The presence of formic acid in the solution is proved by warm¬ 
ing it, after careful neutralization" and addition of a small 
quantity of mercuric chloride or silver nitrate (IX., 2). 
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3. Silver-mirror Test for Chloral Hydrate.—A dilute solution 
of ehloral hydrate is warmed in a test-tube on a water-bath 
with a small quantity of an ammonia(*al solution of silver 
nitrate, prepared in accordance with the method described in 
X., 2. If the tube is clean, a silver mirror is deposited on its 
sides. 

4. Action of Sodium Hydrogen Sulphite on Chloral Hydrate.— 
A (concentrated solution of sodium hydrogen sulphite is poured 
ov(T 3 g. of chloral hydrate, and the mixture vigorously 
agitated. The hydrate at first dissolves, but the liquid soon 
becomes a thick paste, owing to separation of the addition- 
product. 

XVIIL ALDEHYDO-ALCOHOLS AND KETO-ALCOHOLS OR 
CARBOHYDRATES. 

(202-228.) 

PROPERTIES OF THE MONOSES (203). 

1. Silver-mirror-Test.—A ten per cent, solution of dextrose 
IS warmed in a clean test-tube in a water-bath with an ammo- 
niacal solution of silver nitrate prepared as in X., 2. A silver 
mirror forms on the inner surface of the test-tube. 

2. Resinification with Caustic Alkalis.—A similar solution is 
boiled with a small amount of a solution of potassium or 
sodium hydroxide. The liquid turns yellow, then brown, 
and finally resinifies. 

3. Reduction of FEELING’S Solution.—On heating another 
portion of the dextrose solution with Feeling solution 
(XVI., 6), reduction takes place, with formation of red cuprous 
oxide. 

4. TrommeR’S Test.—A few drops of cupric-sulphate solu¬ 
tion are added to another portion of the dissolved dextrose, 
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and then a solution of sodium hydroxide. Heating the deep- 
blue liquid obtained gives a precipitate of cuprous oxide. 

5. Osazones.—A solution of pheiiylhydrazine in sulphurous 
acid is added to another portion of the dextrose solution in a 
test-tube. On warming the mixture in a water-bath, phenyl- 
glucosazone precipitates in the form of microscopic, yellow 
needles. 

METHODS OF FORMATION OF THE MONOSES (206). 

6. Inversion of Sucrose (Cane-sugar).—A dilute solution of 
sucrose is boiled for several minutes with a few droj3s of dilute 
sulphuric acid. After this treatment, the solution answers to 
the dextrose-tests described in 1-4. 

7. Glycerose.—A mixture of five drops of glycerol and 10 
c.c. of a one per cent, solution of bromine is heated for twenty 
minutes in a water-bath. If the process should fail to discharge 
the colour completely, the liquid is heated for a few moments 
over a Bunsen burner. The addition of 10 c.c. of Fehling’s 

solution is followed speedily by the precipitation of cuprous 
oxide. 

PENTOSES (207). 

8. Furfuraldehyde-Test.—To 10 g. of bran contained in a 
half-litre flask is added a mixture of 5 g. of concentrated sul¬ 
phuric acid and 70 c.c. of water. The flask is connected with 
a condenser, and heated. The distillate contains furfuraldehyde 
(393), characterized by its odour. The smell of fresh rye- 
bread is due to the presence of furfuraldehyde. This aldehyde 
can be identified in two ways. 

a) On addition of a small quantity of aniline to the solu¬ 
tion, followed by concentrated hydrochloric acid, the liquid 
acquires an intense red colour. 

h) A solution of phenylhydrazine in sulphurous acid is 
added to the mixture containing furfuraldehyde, whereupon 
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furfuraldehydc-hydrazone is precipitated in the form of an 

oil, which soon crystallizes. 

HEXOSES (208). 

9. Hydrochloric-acid Test.—A solution of a hexose is boiled 

with concentrated hydrochloric acid. The liquid becomes 

brown and deposits humic substances laevulic acid remains 

in solution (234). 

Dextrose (208). 

10. Calcium Alkoxide of Dextrose.—Milk of lime is added 

drop by drop to 10 c.c. of a solution of 1 part of dextrose in 2 

parts of water, and the mixture agitated. The lime dissolves, 

forming the calcium alkoxide or saccharatc of dextrose. This 

substance is decomposed by carbon dioxide, with precipitation 

of calcium carbonate. 

11. Glucosesulphuric Acid.—1 g. of dextrose is triturated 

in a mortar with cold, concentrated sulphuric acid, added 

drop by drop until solution is complete. Glucosesulphuric 

acid is formed, and can be detected by diluting with water, 

adding barium carbonate until the mixture, thoroughly blended 

by the aid of the pestle, ceases to be acid, and filtering; the 

filtrate contains the barium salt of glucosesulphuric acid. 

Addition of dilute sulphuric acid decomposes the barium 

glucosesulphatc, precipitating barium sulphate. 

12. Detection of Dextrose in Urine.—A bismuth solution, 

prepared by mixing solutions of bismuth nitrate, Rochelle 

salt, and sodium hydroxide, is added to a two per cent, solu¬ 

tion of dextrose, and the mixture boiled. Black bismuthous 

oxide, BiO, is precipitated. 

13. Oxidation of Dextrose by Nitric Acid.—A mixture of 

1 g. of dextrose and 10 c.c. of nitric acid of density 1*3 is 

evaporated to dryness on the water-bath. About 1 c.c. of 

water is added to the residue, and 5 c.c. of a concentrated 
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solution of potassium acetate. After a short time, potassium 

hydrogen saccharate is precipitated. 

L ffi V u 1 o s e (209.) 

14. Alcoholic Character.—The alcoholic character of this 

compound can be demonstrated by the methods employed for 

dextrose (9-11). 

15. Test for Lsevulose.—1 c.c. of a ten per cent, solution 

of la3Vulose is heated with concentrated hydrochloric acid and 

some crystals of resorcinol. The liquid turns dark-red. 

& G a I a c t o s e (210). 

16. Oxidation of d-Galactose to Mucic Acid.—A solution of 

1 g. of d-galactosc is boik'd for several minutes with nitric acid 

of 1*3 specific gravity, evaporated to small bulk, diluted with 

water, and cooled. Mucic acid separates as a crystalline 

powder, soluble with difficulty in cold water. If d-galactose 

cannot be obtained, lactose should be used instead (216). 

A small quantity of the mucic acid is washed with water, 

and a trace of it introduced into a drop of five per cent, 

potassium-hydroxide solution on a microscope-slide. Under 

the microscope, the characteristic, prismatic crystals of potas¬ 

sium mucate make their appearance after a few moments. 

HEXODIOSES (213-220) 

Lactose (216). 

17. Detection of Lactose in Milk.—A few drops of dilute 

acetic acid are added slowly to 25 c.c. of milk diluted with a 

like volume of water, the liquid being thoroughly mixed by 

stirring. The casein and fatty constituents of the milk are 

thus precipitated. The mixture is filtered through a folded 

filter. On warming part of the filtrate with Fehling's solu¬ 

tion, the lactose causes reduction, with formation of red 
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cuprous oxide. The rest of the filtrate is evaporated with 

dilute nitric acid to small bulk; d-galactose is formed by 
inversion, and oxidiz(‘d to mucic acid, whicdi can be recognized 
by the method of i6. 

18. Lactosazone.^—On warming 5 c.c. of a ten per cent, 
solution of lactose with a sulphurous-acad solution of phenyl- 

hydrazine, an osazone—phenyllactosazonc'—is formed. 
19. “ Sand-sugar.”—The taste of lactose is not so sweet as 

that of sucrose, and in the mouth it resembles sand, hence the 
name sand-sugar. 

Sucrose (216-220). 

20. Properties Distinguishing Sucrose from the Monoses.— 
When heated with caustic alkalis, a ten per cent, solution of 

sucrose does not rcsinify; it does not reduce Fehling’s solu¬ 
tion; and, when wanned with a solution of phenylhydrazine 
in sulphurous acid, gives no osazone (1-4). 

21. Action of Heat on Sucrose.—On heating a small quantity 
of sucrose in a test-tube, it turns browm, forming caramel, 
and evolving the characteristic odour of this substance. 

22. Tricalcium Saccharate.—10 c.c. of a twenty per cent, 
solution of sucrose are agitated with sufficient milk of lime to 
cause permanent turbidity, and filtered. When the filtrate 
is boiled, the nearly insoluble tricalcium saccharate, with the 

formula Ci2H220ii,3Ca0,3H20, is precipitated; on cooling 
it is dissolved. 

23. Inversion.—A solution of 2 g. of sucrose is inverted by 
boiling for several minutes with dilute sulphuric acid. After 

careful neutralization with sodium hydroxide, the solution 
thus obtained has the properties characteristic of monoses, 
described in 1-4, and answers to the Isevulose-test with resor¬ 

cinol. 
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POLYOSES (224-228.) 

Starch (226). 

24. Starch-paste.—5 g. of powdered starch are washed with 
water on a filter-paper. The washed starch is transferred to a 
beaker containing 200 c.c. of boiling water, a faintly opalescent 
solution of starch-paste being ol)tained. 

25. Properties Distinguishing Starch from the Monoses.— 

If the starch has been washed with sufficient care, this starch- 

paste does not reduce Fehling’s solution, and is not resinified 

by alkalis. 

26. Conversion of Starch into Dextrose.—a) 50 c.c. of the 
starch-paste solution are boiled with 10 c.c. of ten per cent, 
sulphuric acid for fifteen minutes. After neutralization with 
sodium hydroxide, the liquid has the properties characteristic 
of monoses described in 1-4. 

b) A mixture of 50 c.c. of the starch-paste with 10 c.c. 
of fresh malt-extract, which contains diastase, is heated at 
60® for about half an hour. The paste becomes liquefied, and 
the liquid no longer answers to the iodine-test. 

27. Iodine-test for Starch.—A trace of an iodine solution is 
added to one of starch-paste, a deep-blue coloration being 
produced. On heating, this disappears, but on cooling returns, 
provided the heating is not too prolonged. 

28. Baritim Alkoxide of Starch.—A solution of barium 
hydroxide is added to a boiling solution of starch-paste. The 
barium alkoxide of starch is precipitated. 

29. Conversion of Starch into Dextrin.—a) A small quantity 
of starch is heated carefully in a test-tube, the residue agitated 
with cold water, and filtered. The filtrate contains dextrin, 
proved by the yellow coloration developed by heating with 
alkalis, its precipitation from solution on addition of alcohol, 
and the red colour produced by addition of iodine solution. 

b) 50 c.c. of concentrated hydrochloric acid is added to 
6 g. of starch, the mixture becoming rapidly converted into 
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a transparent, opalescent paste. After the lapse of one or 
two hours, the paste will have liquefied, and on the following 
day will no longer answer to the iodine-test for starch, although 
it will still show the reactions of dextrin. A few days later, 
the liquid will only contain dextrose. 

30. Potato-starch.—A small quantity of potato-starch is 
moistened with a few drops of water, a little of the mixture 
transferred to a microscope-slide, and examined under the 
microscope. The starch-granules are seen to have a charac¬ 
teristic shell-like appearance (226, Fig. 61). 

Cellulose (227 and 228). 

31. Hydrolysis of Cellulose.—A piece of filter-paper is dis¬ 
solved in cold, concentrated sulphuric acid by the method 
described in 10, the solution poured into water, and boiled for 
half an hour. When neutralized with sodium hydroxide, it 
answers to the tests for monoses (1-4). 

32. Parchment-paper.—A strip of filter-paper is immersed 
in sulphuric acid containing half its volume of water, and at 
once transferred to a large quantity of cold water, and thor¬ 
oughly washed. This treatment converts the cellulose into 
amyloid or parchment-paper, which gives a blue coloration 
with iodine. Although wet, the parchment-paper is very tough, 
and cannot be torn readily. 

33. Solubility of Cellulose in SCHWEITZER’S Reagent.—An 
ammoniacal solution of copper oxide is prepared by adding 
freshly-precipitated, washed copper hydroxide to 10 c.c. of 
concentrated ammonium hydroxide till no more dissolves. 
When placed in this solution, filter-paper (cellulose) dissolves. 
On addition of dilute hydrochloric acid, the colour is discharged, 
and an amorphous, flocculent precipitate of cellulose deposited. 

34. Nitrocelluloses.—A small piece of cotton-wool is 
immersed for several seconds in a cold mixture of one part 
of concentrated nitric acid and two parts of concentrated 
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sulphuric acid, nitrocclluloses being formed. It is then 
washed carefully with much cold water, and dried at the ordi¬ 
nary temperature. A part held with tongs in a Bunstui flame 
burns energetically. Another portion is agitated with a mix¬ 
ture of alcohol and (‘ther, and the liquid—named collodion— 
poured on a glass plate; on evaporation of the solvent, a 
transparent skin is left. 

The remainder of the nitrocclluloses is moistened with a 
small quantity of ethyl acetate. A gelatinous mass is formed, 
which, when dry, burns slowly smokeless powder’0. 

35. Detection of Lignin in Paper.—A sheet of paper is 

coated with a solution of aniline in hydrochloric acid. If 
made from wood, the paper acquires an intense yellow colour. 
If the sheet be moistened with a solution of phloroglucinol 
in hydrochloric acid, its colour changes to crimson red. 

XIX. PROTEINS. 

(246-254.) 

1. Detection of Nitrogen and Sulphur in the Proteins.— 

A few cubic centim(M;res of a solution of egg-albumin—prepared 
by dissolving white-of-egg in five times its volume of water— 
are heated with potassium hydroxide. Ammonia is evolved, 
and can be detected by the aid of a moist strip of red litmus- 
paper. 

The liquid is diluted with water, and lead acetate is added. 
The potassium sulphide formed in the last experiment reacts 
with the lead salt, precipitating black lead sulphide. 

2. “ Salting-out ” Proteins with Ammonium Sulphate,—Solid 
ammonium sulphate is added to 20 c.c. of the egg-albumin 
solution. The albumin is precipitated. 

3. Coagulation of Proteins by Alcohol.—Strong alcohol 
added to a solution of egg-albumin gives a precipitate of 
coagulated egg-albumin. A similar precipitate is formed when 
an aqueous solution of egg-albumin is boiled. Coagulated egg- 
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albumin is soluble in dilute caustic alkali, concentrated hydro¬ 

chloric acid, and con(*nntrated sulphuric acid. 

4. Coagulation of Proteins by Nitric Acid.—Dilute nitric 

acid is added to an egg-albumin solution prepared by the 

method of i. The egg-albumin is precipitated. 

5. Biuret-reaction.—A few drops of copper-sulphate solu¬ 

tion are added to 5 c.c. of the solution of egg-albiirnin. Careful 

addition of dilute potassium hydroxide to the mixture pre¬ 

cipitates copper albuminate. Excess of potassium hydroxide 

redissolves the precipitate, producing a violet-red coloration. 

6. Millon’S Reagent.—On lx)iling an egg-albumin solu¬ 

tion with Millon's reagent—a solution of mercuric nitrate con¬ 

taining nitrous acid—a red, coagulated mass is obtained. 

7. Xanthoprotein-reaction.—When an egg-alburn in solution 

is warmed with dilute nitric acid, it coagulates, with produc¬ 

tion of a yellow coloration. 

8. ADAMKIEWICZ’S Reaction.—With concentrated sul¬ 

phuric acid a solution of egg-albumin in glacial acetic acid 

yields a violet coloration, due to the presence in the acetic acid 

of a small proportion of glyoxylic acid. 

9. Decomposition-products of Keratin.—A feather is heated 

with concentrated potassium hydroxide. It dissolves, and the 

solution thus obtained gives the reactions for nitrogen and 

sulphur, described in i. 

XX. HYDROGEN CYANIDE, AND ITS SIMPLE AND 
COMPLEX SALTS. 

(266 and 267.) 

I. Hydrogen Cyanide.—10 c.c. of a cold, saturated solution 

of potassium ferrocyanide are poured into a distilling-flask 

connected with a condenser, and 20 c.c. of twenty per cent, 

sulphuric acid are added. The open end of the condenser is 

dipped, into a test-tube containing water and a few drops of 
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concentrated potassium or sodium hydroxide. On heating, 

hydrogen cyanide distils, and is converted into potassium 

cyanide. 

2. Prussian-blue Test.—A mixture of a ferrous salt and a 
ferric salt is added to part of the solution obtained in the 
last experiment. On acidifying with hydrochloric acid, a 
precipitate of Prussian blue is formed (I., 3 a), 

3. Silver Cyanide.—A drop of a dilute solution of silver 
nitrate is added to 10 c.c. of a solution of 1 g. of potassium 
cyanide in 100 c.c. of water. On agitating the mixture, the 
precipitate first formed rcdissolvcs, yielding a double cyanide 
of potassium and silver, KAg(CN)2. On further addition of 
silver nitrate, a permanent precipitate of silver cyanide, AgCN, 
is obtained. 

4. Hydrolysis of Potassium Cyanide.—25 c.c. of the solution 
of potassium cyanide prepared for experiment 3 are boiled in a 
flask. The evolved ammonia turns a strip of red litmus-paper 
blue. 

5. Conversion of Ammonium Formate into Hydrogen Cyanide. 

—3 g. of ammonium formate are submitted to dry distillation 
in a small distilling-flask connected with a condenser dipping 
into a test-tube with very dilute sodium hydroxide. The 
presence of hydrogen cyanide in the distillate can be demon¬ 
strated by the Prussian-blue test (2). 

6. Double Ferrocyanide of Potassixxm and Calcium.—A 

small quantity of a calcium-chloride solution is added to a cold, 
saturated solution of potassium ferrocyanide. The double 
ferrocyanide, K2CaFe(CN)6, is precipitated. 

7. Ferrocyanic Acid,—Concentrated hydrochloric acid is 
added to 5 c.c. of a strong solution of potassium ferrocyanide. 
White ferrocyanic acid, H4Fe(CN)o, is precipitated. When 
collected on a filter-paper, it soon turns blue, Prussian blue 
being formed by decomposition and oxidation. 

8. Action of Concentrated Sulphuric Acid on Potassium 

Ferrocyanide.—5 g. of potassium ferrocyanide are warmed 
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with concentrated sulphuric acid in a fraciionating-flask. 
The evolved carbon monoxide can be identified by the method 
described in IX., 3. 

9. Action of Heat on Potassium Ferrocyanide.—2 g. of potas¬ 
sium ferrocyanide arc heated to redness in a crucible; when 
cold, the residue is lixiviated with water, and the mixture 
filtered quickly. The solution contains potassium cyanide, as 
can be proved by the Prussian-blue and silver-nitrate tests 
(2 and 3). 

10. Potassium Ferricyanide.—Bromine-water is added to 
a solution of potassium ferrocyanide, which converts it into 
potassium ferricyanide. This change is detected by addition 
of ferric chloride, which produces a brown coloration, instead 
of a precipitate of Prussian blue. 

11. Reduction of Potassium Ferricyanide.—Litharge, PbO, 
is added to a solution of potassium ferricyanide containing 
potassium hydroxide. The solid becomes brown, the lead 
monoxide being oxidized to lead dioxide, Pb02. After filter¬ 
ing, and adding ferric chloride to the filtrate, a precipitate of 
Prussian blue is formed, proving the presence of potassium 
ferrocyanide. 

12. Oxidation of Potassium Ferrocyanide by Potassium Per¬ 
manganate.—Sulphuric acid is added to a dilute solution of 
potassium ferrocyanide. This mixture decolorizes potassium 
permanganate, forming potassium ferricyanide, which gives 
a brown coloration with ferric chloride. 

XXI. POTASSIUM CYANATE AND POTASSIUM 
THIOCYANATE. 

(268-260.) 

I. Potassium Cyanate.—Litharge, PbO, is added to 3 g. of 
fused potassium cyanide in a crucible so long as reduction to 
metallic lead is rapid. The potassium cyanate, KCNO, formed 
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is extracted with cold water. On addition of sulphuric acid, 
carbon dioxide is evolved, since the liberated cyanic acid 
reacts at once with the water to form carbon dioxide and 
ammonia. The liquid in the flask is made alkaline with sodium 
hydroxide, and heated. The evolved ammonia turns blue a 
strip of moist, red litmus-paper held in the mouth of the flask. 

2. Potassium Thiocyanate.—2 grammes of potassium 
cyanide are fused in a crucible, and 1 gramme of sulphur is 
added slowly to th(^ molten salt, the sulphur entering into 
solution. The mixture is cooled, the product is dissolved in 
water, and a few drops of ferric chloride are added to the 
filtered solution. A blood-red coloration due to the formation 
of ferric thiocyanate is produced. 

3. Silver Thiocyanate.— With silver nitrate a solution of 
potassium thiocyanate produces a white, cheesfvlike precipitate 
of silver thiocyanate, AgCNS, insoluble in dilute nitric acid. 

XXII. DERIVATIVES OF CARBONIC ACID. 

(263-270.) 

CARBON DISULPHIDE (264). 

1. Inflammability.—A few drops of carbon disulphide are 
poured into a porcelain basin, and ignited. The liquid burns 
with a blue flame, forming carbon dioxide and sulphur dioxide, 
the presence of the latter being made evident by its character¬ 
istic, suffocating odour. 

2. Volatility.—On blowing upon a few drops of carbon 
disulphide in the palm of the hand, a sensation of cold is expe¬ 
rienced. 

3. Solvent Power.—Some linseed is crushed in a mortar, 
transferred to a test-tube, and covered with a small quantity 
of carbon disulphide. After about a minute, the liquid is 
poured on a clock-glass or watch-glass, and allowed to evapo¬ 
rate spontaneously. The residue is linseed oil. 
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4. Barium Trithiocarbonate.—5 g. of barium sulphide are 

boiled with w\ater for a few seconds, and the mixture filtered. 

A]>out .1 e.c. of carbon disulphide is added to the warm fil¬ 

trate*, the mixture vigorously shaken, and allowed to cool. A 

yellow pr(‘cipitate of barium tritlnocarbonate is deposited. 

5. Potassium and Copper Salts of Xanthic Acid.—10 c.c. of a 

twenty per cent, solution of potassium hydroxide in absolute 

alcohol is agitated with successive quantities of carbon disul¬ 

phide*, till potassium xanthate 8(*parat(‘s out. The precipita¬ 

tion of the salt is facilitated by addition of a small amount 

of ether. It is collected on a filte'r, dri(*d between layers of 

filtcT-paper, and dissolved in water. On adding a solution 

of copper sulphate*, a brownish-black precipitate of cupric 

xanthate is formed. This substance changes so quickly to 

yellow cuprous xanthate as to render its formation hardly 

perceptible. In a dilute solution of the xanthate the reaction 

is much slower. 

UREA (266 and 267). 

6. WOHLER’S Synthesis.—Potassium cyanate, prepared by 

the method of XXI., i, is dissolved in water. Ammonium sul¬ 

phate is added, producing potassium sulphate and ammonium 

cyanat(*. The solution is (*vaporated almost to dryness on 

the water-bath, and the ur(*a formed by the intramolecular 

rearrangement of the ammonium cyanate extracted with 

alcohol. The solvent is distilled, leaving a residue of urea. 

7. Urea Oxalate.—The urea obtained in the last experiment 

is dissolved in a very small quantity of water, and a concen¬ 

trated solution of oxalic acid added. A crystalline precipitate 

of urea oxalate is deposited. 

8. Urea Nitrate from Urine.—About 10 c.c. of urine are 

evaporated to small bulk on a water-bath, and the residue 

allowed to cool. On addition of a few cubic centimetres of 

colourless nitric acid of 1*4 specific gravity, a precipitate of 

urea nitrate is formed. The mother-liquor is poured off, and 
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the nitrate purified by crystallization from a small quantity 
of hot water. 

9. Knofs Method for the Estimation of Urea in Urine.—A so¬ 
lution of bromine in cold potassium hydroxide is added to 10 c.c. 
of urine contained in a distilling-flask fitted with a delivery- 
tube. The urea at once begins to decompose, evolving nitrogen, 
which is collected over water, and tested with a lighted taper. 

10. Bunsen’S Method for the Estimation of Urea in Urine.— 

10 c.c. of urine are heated with baryta-water in a flask. A 
strip of red litmus-paper held in the mouth of the flask is turned 
blue by the ammonia liberated. At the same time, the precip¬ 
itated barium carbonate renders the liquid turbid. 

11. Liebig’S Method for the Estimation of Urea in Urine.— 

A solution of mercuric nitrate is added to 10 c.c. of a two per 
cent, solution of urea. A white precipitate of the composition 
2C0N2H4,Hg(N03)2,3Hg0 is formed. When excess of the 
mercuric nitrate has been added, a drop of the solution brought 
into contact with one of sodium carbonate gives a yellow 
precipitate of basic nitrate of mercury. 

12. Action of Heat on Urea.—1 g. of urea is carefully heated 
in a test-tube; it melts, and evolves ammonia, which can be 
identified by means of a strip of red litmus-paper. The 
fused mass soon re-solidifies, and the heating is stopped. The 
residue is lixiviated with a small quantity of lukewarm 
water, biuret going into solution. This substance can be 
identified by the biuret-reactiony potassium hydroxide and one 
or two drops of a ten per cent, solution of cupric sulphate being 
added to the liquid. The violet-red coloration produced is due 
to the formation of a copper compound of biuret. 

13. Cyanuric Acid.—This substance is the principal con¬ 
stituent of the residue in the test-tube after solution of the 
biuret in the last experiment. It is dissolved in warm water; 
after cooling, addition of cupric sulphate and ammonium 
hydroxide gives a crystalline, violet precipitate of copper 
ammonium cyanurate. 
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CARBAMIC ACro (26S). 

14. Calcium Carbamate.—^Ammonium hydroxide is added 
to 10 c.c. of a ten per cent, solution of calcium chloride. On 
passing carbon dioxide through the mixture, no precipitate is 
obtained, the calcium carbamate formed being soluble in water. 
When the solution is warmed, the carbamate decomposes, 
precipitating calcium carbonate. 

15. Ammonium Dithiocarbamate.—A drop of carbon disul¬ 
phide is added to a concentrated alcoholic solution of ammonia 
contained in a porcelain dish, and the mixture is evaporated to 
dryness on a water-bath. The initial product formed is ammo¬ 
nium dithiocarbamate. It is decomposed by the excess of 
ammonia present into ammonium thiocyanate and ammonium 
sulphide. The sulphide volatilizes, and the presence of the thio¬ 
cyanate in the residue is detected by dissolving it in water, and 
adding a few drops of dilute hydrochloric acid and ferric chloride. 
The formation of ferric thiocyanate produces a blood-red color¬ 
ation. 

XXIII. URIC-ACID GROUP. 

(271-273.) 

1. Ammonium Urate.—A mixture of 50 c.c. of urine and 
2-5 c.c. of a concentrated solution of sodium carbonate is 
placed in a flask, and 5 c.c. of a saturated ammonium-chloride 
solution added. After a short interval, ammonium urate is 
precipitated. 

2. Di-potassium Urate.—A small quantity of uric acid is 
agitated with water; it does not dissolve. On addition of 
dilute potassium hydroxide, the readily soluble di-potassium 
salt is formed, and can be reconverted into uric acid by dilute 

acids. 
3. Murexide-test for Uric Acid.—A few cubic centimetres of 

nitric acid of 1*4 specific gravity are added to 0*5 g. of uric 
acid in a porcelain dish, and the mixture evaporated nearly 
to dryness on a water-bath. In addition to other products, 
alloxantine is formed. When treated with ammonium hydr- 
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oxide, it forms a purple-red dye—murexide, tlie ammonium 

salt of purpuric acid. 

4. Reduction of Silver Nitrate by Uric Acid.—A small quan¬ 

tity of uric acid is dissolved in a few drops of sodium-carbonate 

solution. When the liquid is brought into contact with filter- 

paper moistened with a solution of silver nitr{ite, a l)lack 

stain of metallic silver is formed, in consequence of the reduc¬ 

ing action of the uric acid. 

5. Murexide-test for Caffeine.—A few cubic centimetres of 

nitric acid of 1*4 specific gravity are added to 0*5 g. of caf¬ 

feine in a porcelain dish, and evaporated almost to dryness on 

a water-bath. A yellow stain of amalic acid, or tetramethyl- 

alloxantine, is left. On moistening this with ammonium 

hydroxide, it becomes purple. 

XXIV. BENZENE AND ITS HOMOLOGUES. 

(281-288, 290, 291.) 

1. Stability of Benzene towards the Halogens.—On agitating 

a few cubic centimetres of benzene with bromine-water, the 

bromine is dissolved by the benzene, but its colour is not 

discharged. 

2. Absence of Double Bonds in Benzene.— Benzene is agi¬ 

tated with a solution of potassium permanganate and sodium 

carbonate^—von Baeyer^s reagent (113 and 286). The 

violet-red colour remains unaltered. 

3. Nitrobenzene.—2 c.c. of benzene are added drop by 

drop to a mixture of 4 c.c. of concentrated sulphuric acid and 2 

c.c. of nitric acid of 1-5 specific gravity, the flask being cooled 

with running water to prevent rise of temperature. The 

benzene dissolves, and, on pouring the acid mixture into 

water, nitrobenzene separates and sinks to the bottom. It 

has a characteristic odour, resembling that of oil of bitter 

almonds. 

4. Benzenemonosulphonic Acid.—5 c.c. of benzene are 
brought gradually into contact with 10 c.c. of fuming sulphuric 
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acid. At first heat is developed, and tlie hydrocarbon dis¬ 

solves quickly; to comidete the reaction, the mixture must be 

warmed gently. It is then poured into twice its volume of 

water, common salt added, and the Ii(]uid heated until hydro¬ 

chloric-acid gas is evolved. On cooling, sodium benzenesul- 

phonate st'paratc's in crystalline plates. 

5. Friedel and CraftS’S Reaction.—1 g. of aluminium 

chloride is added to 5 c.c. of benzene, and a small quantity 

of chloroform dropped into the mixture. There is a vigorous 

evolution of hydrochloric-acid gas, and triphenylmethanc is 

formed. 

6. Formation of Benzene from Calcium Benzoate.—10 g. of 

calcium benzoate are mixed with a like weight of soda-lime, 

and heat(‘d in a redort connected with a condenser. Benzene 

distils, and can be identified by its odour, by the fact that it 

floats on water, and by converting it into nitrobenzene with a 

mixture of (ioncentrated nitri(^ and sulphuric acids in accord¬ 

ance with th(‘ riH^thod descrilxH in 3. 

7. Oxidation of Side-chains.—1 c.c. of toluene is heated 

with a solution of potassium permanganate and sodium car¬ 

bonate. The purple colour is discharged, and manganese 

dioxide precipitated, in consequence of the oxidation of the 

side-chain and the formation of benzoic acid. 

XXV. MONOHALOGEN COMPOUNDS. 

(289.) 

I. Stability of Monochlorobenzene towards Alcoholic Potash 

or Soda.—5 c.c. of monochlorobenzene are heated with 10 c.c. 

of ten per cent, alcoholic potash or soda for a few minutes, and 

the liquid diluted with water. The monochlorobenzene is 

precipitated unchanged as an oily liquid. To prove this, it is 

separated by means of a tap-funnel, dried by contact with 

granulated calcium chloride for a few minutes, and its boiling- 

point determined by the method of III., 5. Monochloro¬ 

benzene boils at 132°. 
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After separation of the monochlorobenzene, the aqueous 

liquid is acidified with nitric acid, and silver nitrate added. 

It does not become turbid, proving that the caustic alkali 

has not reacted with the Cl-atom of the monochlorobenzene. 

XXVI. MONOHYDRIC PHENOLS. 

(292-294.) 

1. Preparation of Phenol by Fusion of Sodium Benzenesul- 

phonate with Sodium Hydroxide.—10 g. of sodium benzene- 

sulphonate, 3 g. of sodium hydroxide, and a small quantity 

of water are heated in an iron dish to the temperature of fusion, 

the mixture being continually stirred. When cold, it dis¬ 

solved in water, the solution poured into a fractionating- 

flask, and dilute sulphuric acid added slowly. Much sulphur 

dioxide is evolved, and can be recognized by its characteristic 

odour. The flask is connected wdth a condenser, and heated. 

Phenol distils along with water, and is identified by the methods 

of 4 and 5. 

2. Preparation of Phenol from Calcium Salicylate.—10 g. of 

calcium salicylate are heated in a retort connected with a con¬ 

denser. Phenol distils, and can be recognized by its odour, 

and by the reactions described in 4 and 5. 

3. Sodium Phenoxide.—1 g. of phenol is agitated with enough 

water to form an emulsion; on addition of sodium-hydroxide 

solution, this dissolves, forming sodium phenoxide. When 

carbon dioxide is passed through the liquid for a considerable 

time, phenol is liberated, and the mixture rendered turbid. 

4. Tribromophenol.—Bromine-water is added to a two 

per cent, aqueous solution of phenol. Tribromophenol is 

precipitated. 

5. Ferric-chloride Test for Phenol.—On addition of a drop of 

ferric-chloride solution to a one per cent, solution of phenol, 

an intense violet coloration is obtained. 
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6. Depression of the Freezing-point of Phenol.—5 c.c of 
phenol are melted in a test-tube by very careful heating over a 
tiny flame. After introduction of a thermometer, the liquid is 
allowed to cool. When crystals begin to form, the mercury 
ceases falling, and rises, the highest temperature indicated 
being the freezing-point. For anhydrous phenol, it is 
39-6^ 

The phenol is again melted, and 1 drop—about 0*05 g.— 
of water added. The freezing-point is determined as before, 
and found to be about 4° lower. 

7. Action of Nitric Acid on Phenol.—A cubic centimetre of 
phenol is added drop by drop to 10 c.c. of nitric acid of specific 
gravity 1*3, the liquid being continually agitated, and finally 
heated to boiling. On cooling, picric acid is precipitated. 
When recrystallized from water, it is obtained as yellow, 
needle-like crystals. 

8. Cresol.—With bromine-water and ferric chloride respec¬ 
tively, an aqueous solution of cresol gives reactions similar to 
those obtained with phenol (4 and 5). 

XXVII. MONOAMINO-COMPOUNDS AND THEIR 

DERIVATIVES 

(296-301). 

1. Aniline.—35 c.c. of hydrochloric acid of 1*19 specific 
gravity are poured into a flask containing G g. of nitrobenzene, 
and 18 g. of tin-powder added in successive small portions. 
To prevent its contents becoming overheated, the flask is 
shaken, and cooled with water. The nitrobenzene is reduced 
to aniline, this combining with the excess of hydrochloric acid 
to' aniline hydrochloride. When all the nitrobenzene has 
dissolved, and its odour is no longer perceptible, the aniline 
is set free by potassium or sodium hydroxide, and the mixture 
distilled. The aniline volatilizes with the steam, rendering 
the distillate turbid. 

2, Neutral Reaction of Aniline.—A small quantity of aniline 
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is agitated with water. The solution thus prepared neither 
imparts a colour to phenolphthalein, nor turns red litmus blue. 

3. Aniline Salts.—On addition of an acid, the turbid liquid 
obtained in i l)ccomes clear, a soluble aniline salt being formed. 
Potassium or sodium hydroxide reprccipitates the aniline as 
an oil. 

4. Tribromoaniline.—With an aqueous solution of aniline 
or of one of its salts, bromine-water gives a prc'cipitate of tri¬ 
bromoaniline. 

5. Bleaching-powder Test for Aniline.—A few drops of ani¬ 
line are agitated with water, and the solution sc'parated from 
undissolved amine by passing it through a moist filter. A 
small quantity of a clear solution of bh‘achiiig-powder gives 
a deep-violet coloration with the filtrate. 

6. Potassium-dichromate Test for Aniline.—2 or 3 drops of 
aniline are dissolved in dilute sulpliuric acid. On addition 
of potassium-dichromate solution, a precipitates—green, blue, 
or black according to the concentration—is obtained. The 
black precipitate is called aniline-hlack. 

7. Acetoanilide.—A mixture of 9 c.c. of aniline and a like 
volume of glacial acetic acid is boiled in a flask with a reflux- 
condenser for several hours. On cooling, crystals of acetoanilide 

antifebrine ”) are deposited. When recrystalhzed from a 
small quantity of alcohol, they melt at 112°. 

8. Carbylamine-Reaction.—Aniline can be proved to be a 
primary amine by the carbylamine-rcaction (VII., 2). 

9. Diphenylamine.—0*1 g. of diphenylamine is dissolved 
in a small quantity of alcohol, and water is carefully added 
until the liquid has become very turbid. The amine is now 
suspended in the liquid in a fine state of division, and can 
be dissolved by addition of concentrated hydrochloric acid 
drop by drop. On dilution of this solution with water, the 
diphenylamine is reprecipitated, the hydrochloride undergoing 
hydrolyl/ic dissociation. 

10. Test for Nitrates in Drinking-water.—To a solution of 
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0*1 g. of diphcnylairiinc in 5 c.c. of concentrated sulphuric acid 
are added a few drojis of water containing in 100 c.c., two drops 
of nitric acid of density 1*4. The liquid acquires an intense 
})lue colour, discharged by pouring the solution into water. 

11. Nitrosodimethylaniline.—1*4 g. of sodium nitrite dis¬ 
solved in water is added gradually to a well-cooled solution of 
2-4 g. of diniethylaniline in 12*5 g. of twenty per cent, hydro¬ 
chloric acid. Yellow nitrosodimethylaniline hydrochloride is 
precipitated. It is collected on a filter, is washed with dilute 
hydroidiloric acid, and is purified hy crystallization from hot 
water. The salt is triturated with water, sodium hydroxide 
is added, and the green nitrosodimethylaniline liberated is 
dissolved in ether. On distilling the ether, the base is obtained 
in splendid, yellowish-green leaves. The crystals are boiled 
with sodium hydroxide, whereby dimethylamine is evolved, 
and the liquid becomes dark-red owing to the formation of 
sodium nitrosophenoxide. The dimethylamine can be identified 
by its characteristic odour, and its alkaline reaction to litmus. 

12. Liebermann’S Test for Aromatic Nitroso-compounds.— 
A few drops of concentrated sulphuric acid are added to a 
solution of 0-5 g. of nitrosodimethylaniline in phenol. After 
slight heating, the mixture is poured into water. Addition 
of sodium hydroxide produces a fine dark-blue colour. 

13. Azobenzene, Hydrazobenzene, and Benzidine Sulphate.— 
A mixture of 2 c.c. of nitrobenzene and 20 c.c. of twenty 
per cent, alcoholic potash is gently warmed, and small quan¬ 
tities of zinc-dust are added. In consequence of the formation 
of azobenzene, the liquid develops a red colour. On addition of 
more zinc-dust, the colour is discharged, and hydrazobenzene 
is produced. The liquid is then poured into a quantity of 
dilute sulphuric acid sufficient to make it strongly acid, nearly 
insoluble benzidine sulphate being soon precipitated. 

14. Diphenylurea.—Amixtureof 5 g. of urea and 15 g. of aniline 
is heated to ebullition in a test-tube for a period of approximately 
twenty minutes, ammonia being evolved. The product is poured 
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into a dish. As it cools, diphenylurea crystallizes. After 
elimination of the excess of aniline by means of dilute hydro¬ 
chloric acid, the residue is washed with water and is crystallized 
from alcohol. The melting-point of the product should be 235°. 

XXVIII. DIAZO-COMPOUNDS AND HYDRAZINES. 
(306-310.) 

1. Benzenediazonium Chloride.—9*3 g. of aniline are dis¬ 
solved in about 100 c.c. of hydrochloric acid containing 9-2 
g. of HCl. To this solution, maintained between 5° and 10° 
by the introduction of ic(', is added very slowly a concentrated 
aqueous solution of 7*2 g. of commercial sodium nitrite, the 
liquid being stirred constantly. The solution of benzenedi¬ 
azonium chloride thus obtained is kept in a vessel surrounded 
by ice, and used for experiments 2, 3 and 4. 

2. Replacement of N2-Group in Benzenediazonium Chloride 
by Hydroxyl.—A small quantity of the solution of benzene¬ 
diazonium chloride is warmed in a fractionating-flask con¬ 
nected with a condenser. When the evolution of nitrogen 
has ceased the solution is distilled, water and phenol passing 
over. The latter can be identified by its odour, and by reac¬ 
tions XXVI., 4 and 5. 

3. Gattermann’S Reaction.—A paste of finely-divided cop¬ 
per, obtained by sieving zinc-dust into a dilute solution of copper 
sulphate, is added to a portion of the solution of benzenediazon¬ 
ium chloride. Nitrogen is at once evolved with effervesence. 
On distilling the liquid with steam, chlorobenzene collects in 
the receiver. 

4. Diazoaminobenzene.—Aniline is mixed with ten times its 
volume of water, and enough hydrochloric acid to give a clear 
solution. Addition of part of the solution of benzenediazonium 
chloride prepared in i and solid sodium acetate produces a 
yellow or brown precipitate of diazoaminobenzene. 

5. Axninoazobenzene.—A small quantity of diazoamino¬ 
benzene is warmed gently with about twice its volume of 
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aniline and some solid aniline hydrochloride. Aminoazobenzene 
is formed. On addition of concentrated hydrochloric acid and 
solid salt, steel-blue needles of aminoazobenzene hydrochloride 
are obtained. 

6. Oxidation of Phenylhydrazine by FEELING’S Solution.— 
A drop of phenylhydrazine on a watch-glass is mixed with 
a small quantity of concentrated hydrochloric acid, phenyl¬ 
hydrazine hydrochloride, nearly insoluble in dilute hydro¬ 
chloric acid, being formed. After pouring off the excess of 
hydrochloric acid, a small quantity of the salt is dissolved in 
wat(*r in a test-tube, and Feiiling^s solution (XVI., 6) added. 
Reduction takes place at ordinary temperature, with formation 
of cuprous oxide, CU2O. 

XXIX. BENZOIC ACID AND ITS DERIVATIVES. 
(311-313.) 

1. Benzonitrile and Benzoic Acid.—10 g. of sodium benzene- 
sulphonate are mixed with a like weight of anhydrous potassium 
ferrocyanide, and the mixture is submitted to dry distillation in 
a retort connected with a condenser. Benzonitrile and a trace 
of phenylcarbylamine distil. The fsonitrile is decomposed by 
warming with two drops of concentrated hydrochloric acid. 
About 20 c.c. of ten per cent, potassium hydroxide are added, 
and the mixture is boiled in a flask with a reflux-condenser. 
Ammonia is evolved, as can be proved by red litmus-paper, 
while the oily layer of benzonitrile disappears. The flask is 
cooled, and concentrated hydrochloric acid is added slowly; 
a white, flocculent precipitate of benzoic acid is deposited. 

2. Benzoic Acid from Gum-benzoin.—a) 5 g. of finely- 
powdered gum-benzoin are mixed with a large excess of sand, 
and the mixture is heated very gently in a porcelain dish on a 
sand-bath, care being taken to avoid fusion. The dish is covered 
with a hollow paper-cone, into which the benzoic acid sublimes. 

b) A mixture of 5 g. of gum-benzoin with milk of lime is 
boiled, and the alkaline liquid is filtered. Acidulation of the 
filtrate with hydrochloric acid precipitates benzoic acid. 
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3. Volatility of Benzoic Acid with Steam.—1 g. of benzoic 
acid is heated with water in a fractionating-flask connected 
with a condenser. The acid volatilizes with the steam, and 
condenses as a white, flocculent precipitate, the distillate 
having an acid reaction. 

4. Solubility of Benzoic Acid in Water.—1 g. of benzoic 
acid is heated gently in a test-tube with 1 c.c. of water. At 
first, two liquid layers are formed, and complete solution of 
the acid is attained only by boiling with a large excess of 
water. On cooling, it crystallizes in leaflets. 

5. Ethyl Benzoate.—1 g. of benzoic acid is warmed with 5 
c.c. of absolute alcohol and a few drops of concentrated sul¬ 
phuric acid. The ethyl benzoate fonned is characterized by a 
peppermint-like odour. 

6. Benzanilide.—A few cubic centimetres of water are 
added to 1 c.c. of aniline, and then alternately small quanti¬ 
ties of potassium hydroxide and benzoyl chloride drop by drop. 
The mixture is agitated constantly, care being taken to maintain 
it alkaline. Finally, the alkaline liquid is agitated till the 
odour of benzoyl chloride is no longer perceptible. The white 
precipitate of benzanilide is collected on a filter, washed with 
water till the filtrate is no longer alkaline, and crystallized 
from alcohol. It melts at 158°. 

7. Benzamide.—3 g. of ammonium carbonate are reduced 
to fine powder in a mortar, and 1 c.c. of benzoyl chloride is 
added drop by drop, the mixture being stirred continuously 
with the pestle till the odour of benzoyl chloride is no longer 
perceptible. It is lixiviated with cold water to remove 
ammonium chloride and carbonate, and the residue is dissolved 
in a small quantity of hot water. On cooling, benzamide 
crystallizes out. It melts at 128°. 

This substance is identified by warming with dilute potas¬ 
sium hydroxide. Ammonia is evolved, and addition of hydro¬ 
chloric acid to the alkaline solution precipitates benzoic acid. 
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XXX. BENZALDEHYDE. 

(314 unci 316.) 

1. Silver-mirror Test.—2 drops of benzaldchyde are added 
to an ammoniueal solution of silver nitrate, prepared as de- 
seribed in X., 2. Gentle heating in a watcT-bath produces a 
silver mirror. 

2. Benzaldehydephenylhydrazone.—A few drops of benz- 
aldehyde are added to a solution of phenylhydrazine in sul¬ 
phurous acid. B(aizaldehyd(‘ph(‘nylhydrazone is pn'cipitated, 
and by crystallization from alcohol is obtained in large, fine 
crystals, melting at 152"^. 

3. Sulphite Compound of Benzaldehyde.—A cubic centi¬ 
metre of benzaldehyde is agitated with a very concentrated 
solution of sodium hydrogen sulphite. The crystalline sul¬ 
phite compound is precipitated, and the odour of benzaldehyde 
ceases to be per(!eptible. On warming with water, the sul¬ 
phite derivative is decomposed, and the benzaldehyde liberated. 

4. Action of Alcoholic Potash on Benzaldehyde.—On mix¬ 
ing 1 c.c. of benzaldehyde with 5 c.c. of a ten per cent, solu¬ 
tion of alcoholic potash, heat is developed, and the liquid 
solidifies owing to the precipitation of potassium benzoate. 
The crystals are (collected on a filter, washed with a small 
quantity of alcohol, and dissolved in water. Addition of 
hydrochloric acid precipitates benzoic acid. The alcoholic 
filtrate contains benzyl alcohol, as can be proved by reaction 
XXXI, 4. 

5. Oxidation of Benzaldehyde.—a) By the Air.—A few 
drops of benzaldehyde are placed upon a glass plate, and are 
allowed to spread. On the following day, the aldehyde will be 
found to have changed completely into crystals of benzoic acid. 

6) By Potassium Permanganate,—A few drops of benz¬ 
aldehyde are heated with an aqueous solution of potassium 
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hyde being oxidized to benzoic acid, which remains dissolved 
as potassium benzoate. When the odour of benzaldehyde is 
no longer perceptible, two drops of alcohol are added to 

reduce the excess of potassium permanganate, and the colour¬ 
less liquid filtered. On acidifying the filtrate, benzoic acid is 
precipitated. 

XXXL BENZENE HOMOLOGUES WITH SUBSTITUTED 

SIDE-CHAINS. 

(321-326.) 

1. Saponification of Benzyl Chloride by Potassium or Sodium 

Hydroxide.—1 c.c. of benzyl chloride is warmed for a short 
time with 10 c.c. of ten per cent, alcoholic potash or soda, 
and the mixture diluted with a large excess of water. If the 
heating has been of sufficient duration, no benzyl chloride 
separates. After acidifying with nitric acid, the solution 
gives with silver nitrate a heavy precipitate of silver chloride. 

2. Benzyl Iodide.—A small quantity of benzyl chloride is 
heated with an alcoholic solution of potassium iodide in a fume- 
cupboard. Benzyl iodide is formed, and gives off an extremely 
irritating odour, productive of tears. 

3. Action of Light on Toluene in Presence of Bromine.— 

10 c.c. of toluene are poured into a test-tube, and a few drops 

of bromine added. In daylight, near a window, the mixture 

becomes decolorized in a few minutes, gaseous hydrobromic 
acid being evolved. 

4. Resinification of Benzyl Alcohol.—Concentrated sulphuric 
acid is added to a few drops of benzyl alcohol. An ester is 
not formed, but the alcohol becomes resinified. 
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XXXII. COMPOUNDS WITH AN UNSATURATED 

SIDE-CHAIN. 

(328.) 

I. Oxidation of Cinnamic Acid by Potassium Permanganate.— 

0*1 g. of (iiinamic acid is agitated with water, and several 
drops of a one per cent, solution of potassium permanganate 
added. The colour of the solution is discharged, a precipitate 
of hydrated manganese dioxide formed, and the liquid acquires 
an odour of benzaldehyde. 

XXXIII. POLYSUBSTITUTED BENZENE DERIVATIVES. 

(329-360.) 

1. Reactivity of the Halogen Atom in Halogen Nitro-com- 

pounds.—0*1 g. of picryl chloride is l)oiled with water for a 
few minutes. After acidification with nitric acid, the presence 
of chlorion is detected by addition of a solution of silver 
nitrate. 

2. m-Dinitrobenzene.—1 • 5 c.c. of benzene are added drop 
by drop to a mixture of 5 c.c. of concentrated sulphuric acid 
and 5 c.c. of fuming nitric acid, the liquid being agitated thor¬ 
oughly during the process. The solution is heated for a few 
minutes, allowed to cool, and poured into water. m-Dinitro- 
benzene is precipitated, and is freed from a small percentage 
of the ortho-Qomponnd and traces of the pam-compound by 
crystallization from alcohol. M. P. 90°. 

3. Reactivity of One Nitro-group in i rars-Trinitrobenzene.— 

0*1 g. of 1:3:6-trinitrobenzene is dissolved in boiling methyl 
alcohol, and a few drops of sodium-methoxide solution are 
added. The liquid immediately becomes blood-red, and, 
after an interval, long colourless needles of 3:5-dinitroamsole 
separate. 
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4. Nitrophenols.—3 c.c. of phenol, liquefied by addition 
of a small quantity of water, are added slowly to 18 c.c. of 
nitric acid of 1'17 specific gravity. During th(^ process, the 
mixture is cooled, and agitated vigorously. A heavy, bla(;k 
oil separates from the aqueous liquid. After washing with 
wat(T in a small separating-funnel, the oil is distilled with 
steam (III., 2). o-Nitrophenol distils, and can be identified 
by its odour, and by its yellow crystals melting at 44*^. The 
residue in the flask contains p-nitrophenol. 

5. Coloured Salts of 7>Nitrophenol.—0*1 g. of colourless 
p-nitrophenol is dissolved in a dilute solution of sodium 
hydroxide. The liquid has an intense yellow colour. 

6. Picric Acid.—On carefully heating ()•! g. of picric acid 
in a test-tube, the acid melts and sublimes; more rapid heating 
causes explosive decomposition, leaving a residue of carbon. 
At the same time, an odour resembling that of nitrobenzene 
becomes perceptible. 

7. Potassium Picrate.—Potassium-hydroxide solution is 
added to an alcoholic solution of 0*5 g. of picric acid. Bright- 
yellow potassium picrate is precipitated, collected on a filter- 
paper, and dried by exposure to ,th(^ air. The dry salt is 
exploded by percussion, and by heating on a platinum or 
porcelain crucible-lid. Only a very minute quantity of the salt 

must be used for this experiment. 

8. Taste of Picric Acid.—0*1 g. of picric acid is dissolved in 
water; the solution thus obtained has a very bitter taste. 

9. Dyeing with Picric Acid.—A woollen thread immersed 
in the liquid is soon dyed bright-yellow. 

10. isoPurpuric Acid.—An aqueous solution of potassium 
cyanide is added to one of picric acid. A purple coloration, 
due to the formation of the potassium salt of isopurpuric acid, 
is produced. 

11. Chloropicrin.—0*5 g. of picric acid is warmed carefully 
with a solution of bleaching-powder. The pungent odour of 
chloropicrin, CCI3NO2, becomes perceptible. 
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12. Ionization of Picric Acid in Aqueous Solution.—On 
wanning a small quantity of picric acid with light petroleum 
in a test-tube, a eolourk'ss solution is obtained, the acid not 
being ionized in this solvent. When, however, this colourless 
solution is agitated with a small quantity of water, the latter 
acquires the d(‘ep-yt‘llow colour characteristic of the anion of 
picric acid. 

13. Tests for Catechol, Resorcinol, and Quinol.—With a 
drop of ferric chlorid(‘, aqueous solutions of catechol and resor¬ 
cinol give a green and a deep-violet coloration respectively. 
With bromine-water, resorcinol yields a precipitate of tribromo- 
resorcinol. 

Solutions of catechol and nisorcinol are made alkaline with 
sodium hydroxide. They acquire a dark colour immediately. 

Addition of ammonium hydroxide to a solution of quinol 
turns it red-brown. 

14. Reducing Power of the Dihydroxybenzenes.—At ordinary 
temperature, solutions of catechol and quinol reduce a solu¬ 
tion of silver nitrate, with precipitation of metallic silver as 
a black powder. Quinol also reduces Fehling^s solution. 

15. Pyrogallol.—On canTully heating 5 g. of well-dried 
gallic acid in a retort, carbon dioxide—which can be identified 
by the lime-water test—is evolved, and pyrogallol sublimes. 
The latter is dissolved in water, and the solution divided 
into three parts. 

When silver-nitrate solution is added to one, metallic 
silver is precipitated. 

Addition of a drop of ferric chloride to the second produces 
an intense bluish-black coloration. 

The third portion is transferred to a thick-walled test-tube, 
potassium hydroxide added, the tube closed with a closely- 
fitting cork or rubber-stopper, and the mixture vigorously 
agitated. The oxygen in the tube is absorbed, the pyrogallol- 
solution turning brown. On removing the stopper under 
water, the latter rises in the tube. 
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16. Benzoquinone.—A small quantity of potassium- 

dichromate solution and a drop of concentrated sulphuric 

acid are added to a drop of aniline in a dish. The pungent 

odour of benzoquinone is perceived. 

17. Quinhydrone.—A solution of ferric chloride is added 

to an aqueous solution of quinol. After an interval of time, 

quinhydrone crystals of beautiful metallic lustre separate. 

18. Dijfference in Basicity of the Three Nitroanilines.—0*5 g. 

of o-nitroaniline, m-nitroaniline, and p-nitroaniline respectively 

are dissolved in about the same quantity of concentrated 

sulphuric acid, and the solutions poured into about 100 c.c. of 

water. o-Nitroaniline separates almost completely, indicating 

a high degree of hydrolysis; p-nitroaniline gives a yellow 

colour, due to slight hydrolysis; the solution of m-nitroani- 

line is colourless, owing to absence of hydrolysis. 

19. Reactivity of the Amino-group in Picramide.—0*1 g. 

of picramide is warmed with a dilute solution of sodium 

hydroxide. The formation of ammonia is proved by testing 

with a moistened strip of red litmus-paper. 

20. p-Diazobenzenesulphonic Acid.—1*7 g. of sulphanilic 

acid, NH2*C6H4’S020H (1 : 4), are dissolved by heating with 

25 c.c. of two per cent, sodium hydroxide. A concentrated 

aqueous solution of 1 g. of sodium nitrite is added, and the 

mixture poured into excess of cold, dilute sulphuric acid. 

After an interval, p-diazobenzenesulphonic acid is precipitated 

as a sand-like, crystalline powder. 

21. Oxidation of Aminophenols.—0*1 g. of p-aminophenol 

hydrochloride is dissolved in water, and a solution of sodium 

hydroxide added. Owing to atmospheric oxidation, the liquid 

rapidly becomes brown in colour. 

22. Test for Nitrous Acid with m-Phenylenediamine.— 
A solution of 0*1 g. of sodium nitrite in 100 c.c. of water is 
prepared, and to 5 c.c. of it are added a drop of sulphuric acid 
and a few drops of an aqueous solution of m-phenylenediaimne. 
The liquid becomes brown, Bismarck-brown or fesuvine being 
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formed. The degree of dilution necessary to prevent the 
nitrite solution answering the test should be ascertained. 

23. Dyeing with Aminoazobenzene.—An alcoholic solution 
of aminoazobenzene is diluted with water, and a few drops of 
dilute hydrochloric acid added. A woollen thread immersed 
in the liquid for a quarter of an hour is dyed yellow, and the 
colour cannot be removed by washing with water. 

24. Reduction of Aminoazobenzene.—A small quantity of 
aminoazobenzene hydrochloride is brought into contact with 
tin and hydrochloric acid. It is decolorized, yielding p- 
phenylenediamine and aniline. The mixture is made strongly 
alkaline with sodium hydroxide, and distilled, using a condenser. 
The presence of aniline in the distillate can be proved by the 
bleaching-powder test (XXVIL, 5). 

25. Taste of Saccharin.”—0*1 g. of saccharin ” is 
dissolved in 1 litre of water, and 30 g. of sucrose are dissolved 
in a similar volume. When tasted, both solutions are found 
to have nearly the same degree of sweetness. The disagreeable 
after-taste of saccharin should be noted. 

26. Salicylic Acid.—0*5 g. of salicylic acid is heated gently 
in a test-tube; it melts, and sublimes. On heating to a higher 
temperature, it decomposes partly into carbon dioxide and 
phenol, the characteristic odour of the phenol becoming per¬ 
ceptible. 

27. Action of Bromine-water on Salicylic Acid.—Bromine- 
water added to a saturated solution of salicylic acid gives a 
precipitate of the formula C6H2Br3 • OBr. 

28. Identification of Salicylic Acid and Phenol. — Ferric 
chloride is added to alcoholic and aqueous solutions of salicylic 
acid and phenol respectively. Salicylic acid gives the violet 
coloration in both solvents, phenol only in water. 

29. Calcium Salicylate.—0*5 g. of salicylic acid is added to a 
mixture of calcium-chloride solution and ammonium hydroxide. 
On heating, basic calcium salicylate, C7H403Ca,H20, is pre¬ 
cipitated. 
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30. Manufacture of Ink.—1 g. of gallic acid is dissolved 
in water, and a solution of ferrous sulphate is added. When 
employed as an ink, this liquid leaves a very faint mark on the 
paper, but on drying the writing becomes black. 

31. Action of Tannin on Gelatin.—A solution of tannin is 
added to one of gelatin. The gelatin is precipitated. 

32. Test for Tannin.—A dilute solution of tannin is turned 
dark-violet by a drop of ferric chloride. A piece of oak-bark 
or cinchona-bark, an unroasted coffee-bean, and part of a 
gall-nut are extracted with boiling water in different dishes. 
The presence of tannin in all these solutions can be proved by 
the ferric-chloride test. 

33. Action of Tannin on Quinine.—On addition of a solution 
of tannin to one of quinine hydrochloride, the alkaloid is pre¬ 
cipitated. 

34. Interaction of Proteins and Tannin.—10 c.c. of milk are 
freed from casein and fat by the method described in XVIII., 
17. The presence of proteins in the filtrate can be proved by 
adding tannin, an insoluble compound of the proteins and 
tannin being precipitated. 

35. Decomposition of Anthranilic Acid.—0*2 g. of dry an- 
thranilic acid is heated in a test-tube. Part of it sublimes, 
and part decomposes with evolution of carbon dioxide, and 
formation of oily drops of aniline. 

36. Phthalic Anhydride.—0*1 g. of phthalic acid is heated 
in a dish, covered with a watch-glass, on a sand-bath. Long 
needles of phthalic anhydride sublime. 

37. Fluorescein.—Some crystals of phthalic anhydride and a 
like quantity of resorcinol are heated for a few minutes with 1 c.c. 
of concentrated sulphuric acid. To prevent the liquid becoming 
dark-coloured, the heating must not be too prolonged, or the 
temperature too high. On dissolving the mixture in 100 c.c. of 
water and adding sodium hydroxide, a beautifully fluorescent, 
yellowish-green solution containing fluorescein is obtained. 

38. Phenolphthalein.—A mixture of like quantities of 
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phthalic anhydride and phenol is warmed with concentrated 
sulphuric acid, phenolphthalein being formed. When this is 
added to a dilute solution of a caustic alkali, a red coloration 
is produced. 

39. Red Anion of Phenolphthalein.—A few milligrammes of 
phenolphthalein are dissolved in absolute alcohol containing a 
trace of calcium hydroxide in suspension; the liquid remains 
colourless. On dilution with water, the calcium compound of 
the phthalein is ionized, with production of a red colour. 

XXXIV. HYDROCYCLIC COMPOUNDS. 

(366-.370.) 

1. Artificial Camphor.—American or German oil of turpen¬ 
tine is dried by calcium chloride, poured off, and distilled. 
Being turbid, the first few cubic centimetres of the distil¬ 
late are rejected. Dry hydrogen chloride, prepared by the 
method of IX., 18, is passed into 10 c.c. of the dry, quite clear 
turpentine contained in a flask closed with a doubly-perforated 
india-rubber stopper fitted with a gas delivery-tube and a cal¬ 
cium-chloride tube, the flask being cooled by ice. After some 
time, transparent crystals of pinene hydrochloride or artificial 
camphor,'^ CioHio,HCl, are deposited. The mother-liquor is 
poured off, and the crystals are dried by pressing between layers 
of filter-paper. In odour and appearance pinene hydrochloride 
resembles camphor. 

2. Volatility of Camphor with Steam.—A piece of camphor 
is placed in water in a fractionating-flask connected with a 
condenser. On heating, the camphor passes over with the 
steam. 

3. Camphor and Water,—A piece of camphor thrown upon 
the surface of water acquires a rotatory motion, due to dis¬ 
parity of the vapour-tension for the different crystal faces. 

4. Camphoric Acid.—2 g. of camphor are heated in a flask 
with dilute nitric acid for some minutes, and evaporated almost 
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to dryness in a porcelain dish. The residue is diluted with 
water, made alkaline with sodium hydroxide, and the undis¬ 
solved portion is filtered off. If the filtrate be not too dilute, 
hydrochloric acid precipitates camphoric acid. 

XXXV. BENZENE-NUCLEI IN DIRECT UNION, OR 

INDIRECTLY UNITED BY CARBON. 

(371-373.) 

1. Rosolic Acid.—A mixture of 2 c.c. of phenol, 0*5 g. 
of oxalic acid, and 5 c.c. of concentrated sulphuric acid is 
heated in a test-tube. It acquires a red colour. On pouring 
the liquid into water, and making it alkaline with potassium 
hydroxide, a dark-red solution is obtained, containing the 
potassium salt of rosolic acid. 

2. Magenta.—1 c.c. of aniline is heated in a test-tube to 
approximately 170° with 1 g. of p-toluidine and 0*5 g. of 
mercuric chloride, magenta being formed. On pouring the 
Kquid into water containing a small quantity of hydrochloric 
acid, a deep-red solution is produced. 

3. Action of Concentrated Hydrochloric Acid on a Solution 
of Magenta.—Concentrated hydrochloric acid is added to part 
of the solution obtained in 2. The liquid becomes yellow, 
owing to the formation of the hydrochloride of the rosaniline 
base containing 3HC1. When it is poured into a large quan¬ 
tity of water, the red colour is restored. 

4. Colour-base.—Excess of solution of ammonium or potas¬ 
sium hydroxide is added to another portion of the magenta 
solution. The colour-base is formed, and the liquid is decolor¬ 
ized. 

5. Leuco-base.—A third portion of the magenta solution is 
treated with zinc and hydrochloric acid, without the applica¬ 
tion of heat. The leuco-base is formed, and the colour is 
discharged. 
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XXXVI. CONDENSED BENZENE-NUCLEI. 

(377-386.) 

1. Action of Heat on Naphthalene.—0*5 of naphthalene 
is heated in a test-tube. It melts, and sublimes readily. 

2. Naphthalene Picrate.—Separate solutions of 1 g. of naph¬ 
thalene and 1*8 g. of picric acid in as small volumes possible of 
hot alcohol are prepared and mixed. Naphthalene picrate 
crystallizes in long needles melting at 149°. 

3. Naphthalenemonosulphonic Acids.—A mixture of 0* 5 g. of 
naphthalene and 2 c.c. of concentrated sulphuric acid is heated 
in a test-tube for a few minutes, is allowed to cool, and is poured 
into water. The action of barium carbonate by the method 
of VI., 2, proves the presence of the dissolved sulphonic acids. 

4. of-Nitronaphthalene.—1 g. of naphthalene is dissolved 
in 5 c.c. of concentrated nitric acid, and the solution is poured 
into water. The precipitated yellow a-nitronaphthalene is 
crystallized from a small quantity of alcohol, being obtained 
in yellow needles melting at 61°. 

5. Crude Naphthol.—0*5 g. of a-naphthol or of jS-naphthol is 
agitated with water; only a small proportion dissolves. On ad¬ 
dition of potassium or sodium hydroxide, a solution is obtained, 
from which carbon dioxide reprecipitates the naphthol. 

6. MARTlUS’S Yellow.—1 g. of a-naphthol is dissolved in 3 
c.c. of concentrated sulphuric acid, and the solution is poured into 
3 c.c. of concentrated nitric acid. When this mixture is diluted 
with water, dinitro-a-naphthol is precipitated. It is filtered off, 
washed, transferred to a vessel containing water, and dissolved 
by addition of a small quantity of sodium hydroxide with 
formation of the sodium salt, Maktius's yellow. A wooUen 
thread dipped into this solution becomes dyed deep-yeUow. 

7. Naphtitylamines.—0*5 g. of c^-naphthylamine is dis¬ 
solved in dilute hydrochloric acid. With fenic chloride this 
sdiutioii gives a blue preci{Htate. A similar solution of pure 
^naphthylamine does not react thus. 
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8. Congo-red.—A few centigrammes of congo-red arc placed 
in water, and a drop of concentrated hydrochloric acid is added. 
The liberated acid turns the liquid blue; addition of an alkali 
restores the red colour. 

9. Naphthionic Acid.—A mixture of 1 g. of a-naphthyl- 
amine and 3 c.c. of concentrated sulphuric acid is heated in a 
test-tube for a few minutes, and poured into water. On mak¬ 
ing the liquid alkaline with sodium hydroxide, it exhibits an 
intense reddish-blue fluorescence, resulting from the formation 
of sodium naphthionate. 

10. Oxidation of Anthracene by Chromic Acid.—A solu¬ 
tion of 3 g. of anthracene in boiling acetic acid is mixed slowly 
with one of 4*5 g. of chromic acid in 15 c.c. of acetic acid 
diluted with 15 c.c. of water. After heating to the boiling- 
point for some time, the liquid is cooled and poured into water. 
Anthraquinone separates, and is collected on a filter. 

11. Test for Anthraquinone.—A few centigrammes of an¬ 
thraquinone are heated in a test-tube with zinc-dust and 
sodium hydroxide, a deep blood-red solution of hydro- 
anthraquinol being formed. On agitating this solution with 
air, the colour is discharged. 

12. Potassium Salt of Alizarin.—A few centigrammes of 
alizarin are placed in water, but the substance does not dissolve. 
On addition of a dilute solution of potassium hydroxide, the 
very intense purple colour of the potassium salt is developed. 

13. Formation of Alizarin.—A solution of 3 g. of anthra¬ 
quinone in 10 c.c. of fuming sulphuric acid containing seven 
per cent of sulphur trioxide is heated for half an hour, and then 
is cooled. The liquid contains anthraquinonesulphonic acid. 
It is poured into water, care being taken to avoid too much 
dilution, and neutralization is effected by the addition of solid 
sodium carbonate, the sodium sulphonate separating. The 
salt is filtered, dried on a porous plate, and fused in an iron 
dish with potassium hydroxide and a small proportion of potas¬ 
sium chlorate. The cooled product is dissolved in water, and 
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should yield a reddish-violet solution, the colour being due 
to the presence of the potassium salt of alizarin. Addition of 
an acid precipitates red alizarin. 

XXXVIL HETEROCYCLIC COMPOUNDS. 

(387-399.) 

1. Pyridine.—Some drops of pyridine are added to a few 
cubic centimetres of water, the base dissolving completely. 
The solution has a sUght alkaline reaction. 

2. Action of Pyridine on Ferric Chloride.—The aqueous 
solution of pyridine gives with one of ferric chloride a precipi¬ 
tate of ferric hydroxide. 

3. Action of Pyridine on Mercuric Chloride.—A solution of 
mercuric chloride added to a pyridine solution precipitates a 
white, crystalline compound of pyridine and mercuric chloride. 

4. Test for Pyridine.—Hydrochloroplatinic acid, H2PtCl6, 
is added to a small quantity of a solution of pyridine; no 
precipitate is formed. On boiling the mixture for a short 
time, a yellow powder of the formula PtCl4(C6H5N)2 is 
deposited. This test is characteristic for pyridine. '> 

5. Action of the Alkaloid-reagents on Pyridine.—The alkaloid- 
reagents (407)—among them tannin, phospho^jolybdic acid, 
and picric acid—precipitate pyridine from solution. 

6. Stability of Pyridine towards VON BaeyeR’S Reagent.—A 

solution of potassium permanganate and sodium carbonate 
is added to one of pyridine. The violet-red colour is not 
altered. 

7. Stability of Pyridine towards Oxidizing Agents.—A solu¬ 
tion of pyridine is heated with sodium or potassium dichromate 
and concentrated sulphuric acid. The colour of the solution 
undergoes no change. 

8. Pyrrole-red.*—Water is added to a small quantity of 
DippePs oil ” (387) in a test-tube, and the mixture boiled. 

A wood-splint moistened with concentrated hydrochloric acid 
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becomes coloured red by the vapour, pyrrole-red being 
formed. 

9. Indophenin-reaction.—A cubic centimetre of crude ben¬ 
zene and a like volume of concentrated sulphuric acid are 
brought into contact with a fragment of isatin. In presence 
of thiophen, the layer of sulphuric acid develops an intense 
blue colour. 

10 c.c. of crude benzene are agitated repeatedly with warm, 
concentrated sulphuric acid, about 2 c.c. being used for each 
operation. The benzene is separated, and tested by the indo¬ 
phenin-reaction. Either the blue coloration is not produced, 
or it is much less pronounced than in the first experiment. 

10. Tests for Antipyrine.—A solution of antipyrine is 
turned red by ferric chloride, bluish-green by potassium or 
sodium nitrite and acetic acid. 

XXXVIII. CONDENSATION-PRODUCTS OF BENZENE AND 
HETEROCYCLIC NUCLEI. ^ 

(400-406.) 

1. Skraup’S Synthesis of Quinoline.—A mixture of 4 c.c. of 
aniline, 12 c.c. of glycerol, 2*5 c.c. of nitrobenzene, and 6 c.c. 
of sulphuric acid is heated carefully in a flask till the reaction 
begins, the burner being then removed. When it has moder¬ 
ated, the heating is resumed, and continued for five or ten 
minutes. The liquid is cooled, poured into water, and dis¬ 
tilled with steam (III., 2) after addition of excess of sodium 
hydroxide. The turbidity of the distillate is caused by the 
presence of minute drops of quinoline. The characteristic 
odour of the base is perceived. 

2. Quinoline Hydrochloride.—On addition of hydrochloric 
acid to the distillate obtained in i, the liquid becomes clear, 
soluble quinoline hydrochloride being fonned. Sodium or 
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potassium hydroxide reprecipitates the quinoline in oily 
drops. 

3. Quinoline Picrate.—With a solution of quinoline hydro¬ 
chloride, a saturated, aqueous solution of picric acid gives a 
yellow, amorphous precipitate of quinoline picrate. 

4. Quinoline Dichromate.—With quinoline salts, potassium 
dichrornatc gives a yellow, crystalline precipitate of quinoline 
dichromate, (C9H7N)2H2Cr207. 

5. Volatility of Indigo.—On heating 0* 1 g. of indigo in a 
test-tube, a violet vapour is formed. 

6. Solubility of Indigo in Nitrobenzene.—0»1 g. of indigo 
is heated with a small quantity of nitrobenzene. It dissolves, 
and, on cooling, crystallizes. 

7. Indigosulphonic Acid.—0*1 g. of indigo is dissolved in 
1 c.c. of fuming sulphuric acid. Indigosulphonic acid is formed, 
so that the indigo is not reprecipitated when the solution is 
poured into water. 

8. Oxidation of Indigo to Isatin.—The solution of indigo¬ 
sulphonic acid obtained in 7 is warmed with a small quantity of 
concentrated nitric acid. It is decolorized, and isatin formed. 

9. “Vat-dyeing.”—0-1 g. of powdered indigo is heated 
with a solution of sodium hyposulphite, Na2S204 Inorganic 
Chemistry,” 83), Sodium thiosulphate, miscalled “sodium 
hyposulphite,” must not be used. A strip of linen or cotton is 
immersed in the solution of indigo-white, and hung up to dry. 
The oxygen of the atmosphere oxidizes the indigo-white to 
indigo-blue. 

XXXIX. ALKALOIDS. 

(406-416.) 

I. Alkaloid-reagents.—A solution of an alkaloid, such as 
quinine hydrochloride or sulphate, is tested with solutions of 
the ordinary alkaloid-reagents; for example, tannin, phospho- 
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molybdic acid, mercuric potassium iodide, and a solution of 

iodine in one of potassium iodide. With each a precipitate is 

formed. 
2. Nicotine.—10 g. of tobacco are boiled with 100 c.c. of 

water containing a small quantity of sulphuric acid. After 

filtering, the filtrate is rendered alkaline, and distilled. The 

distillate contains nicotine, and yields precipitates with plati¬ 

num chloride, mercuric chloride, and a potassium-iodide solu¬ 

tion of iodine. 
3. Fluorescence of Quinine-sulphate Solution.—0-1 g. of 

quinine sulphate is dissolved in water containing sulphuric acid. 

The solution exhibits a blue fluorescence. 

4. Action of Chlorine on Quinine Salts.—Chlorine-water is 

added to a solution of a quinine salt until the liquid smells 

strongly of the gas. On addition of ammonium hydroxide, an 

emerald-green coloration is produced. 
5. Test for Strychnine.—A crystal of strychnine nitrate is 

placed in a porcelain dish, and a few drops of concentrated sul¬ 
phuric acid are added. A small crystal of potassium dichromate 
produces with this liquid a very intense bluish-violet colour* 

6. Test for Brucine.—A small quantity of brucine yields a 

red coloration with concentrated nitric acid; on the applica¬ 

tion of gentle heat, the colour changes to yellow. Dilution with 

water, followed by the addition of ammonium sulphide, renders 
the yellow solution violet. 
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Acetoanilide, 56. 
Aceto-ferric acetate, 18. 
Acetone, 23, 24, 29, 36. 

-^-nitrophenylhydrazone, 23. 
Tests for, 23. 

Acetylene, 25, 26. 
Copper, 25, 26. 
Silver, 26. 

Acid, Acetic, 10, 17, 18, 20, 23, 24, 
27, 40, 56. 

Amalie, 52. 
Anthranilic, 68. 
Benzenemonosulphonic, 52, 53. 

Acid, Benzoic, 59, 60, 61, 62. 
n-Butvric, 19. 
Camphoric, 69, 70. 
Carbamic, 51. 
Carbolic. Sec phenol. 
Cinnamic, 63. 
Citric, 35, 36. 
Cyanic, 48. 
Cyanuric, 50. 
^Diazobenzensulphonic, 66. 
Ethysulphuric, 10, 11. 
Ferrocyanic, 46. 
Formic, 15-17, 29, 34, 36. 
GaUic, 65, 68. 
Glucosesulphuric, 39. 
Glyoxylic, 45. 
Hydrocyanic. See hydrogen cya^ 

nide. 
Indigosulphonic, 75. 
Lactic, 33, 34. 
Lsevulic, 39. 
Methylnitrolic, 14. 
Mucic, 40, 41. 
Naphthionic, 72. 
Oleic, 26, 27. 
Oxalic, 7,15,16,29,30-33,49, 70. 
Phthalic, 68. 
Picric, 55, 64, 6s, 71, 73, 75. 

77 
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Acid, Propionic, ISi 
iso Purpuric, 64. 
Racemic, 35. 
Rosolic, 70. 
Salicylic, 6, 67. 
Succinic, 33. 
Sulphanilic, 66. 
Tartaric, 34, 35. 
Uric, 51, 52. 
Xanthic, 49. 

Acids, CnH2n02, Saturated, 15-21. 
Higher fatty, 19, 20. 
Hydroxy-, 33-36. 
Naphthalenemonosulphonic, 71. 
Saturated dibasic, 30-33. 
Unsaturated monobasic, 26, 27. 
Volatile fatty, 19. 

Acraldehyde, 29. 
Adamkiewicz’s reaction, 45. 
Albumin, Egg-, 2-4, 22, 44, 4$. 
Albuminate, Copper, 45. 
Alcohol, Allyl, 29. 

Benzyl, 61, 62. 
Ethyl, 5, 8-10, 11, 18-21, 24, 27, 

28, 29, 32, 33, 44, 49, 60, 71. 
Methyl, 22, 23, 32. 
Tests for ethyl^O, 28, 60. 

water in, 9, 10. 
Alcohols, Aldchydo-. Sec carbo¬ 

hydrates. 
CnH2n4-l'OH, 8-10. 
Keto-. See carbohydrates. 

Aldehyde-resin, 22. 
Aldehydes, 21, 22. 
Aldehydo-alcohols. See carbohy¬ 

drates. 
Alizarin, 72, 73. 

Potassium salt of, 72, 73. 
Alkaloid-reagents, 73, 75, 76. 
Alkaloids, 75, 76. 
Alkyl halides, 10. 
Allotropic modifications of carbon, 

4, 5. 
AUoxantine, 51. 
AUyl alcohol, 29. 
Almond oil, 26, 27. 
Aluminium carbide, 7. 
Amalie acid, 52. 
Amines, 12-14, 55-58. 

Tests for primary, 12-14. 
Amino-azobenzene, 67. 

hydrochloride, 67. 

Amino-phenql, p-, 66. 
hydrochloride, 66. 

Ammonium copper cyanuratc, 50. 
(ryanate, 49. 
dithiocarbamate, 51. 
formate, 46. 
oxalate, 30-32. 
purpurate, 52. 
thiocyanate, 3, 51. 
urate, 51. 

Amylene, 25. 
Amyloid, 43. 
Analysis of carbon compounds, 

C^ualitativo, 1-4. 
Aniline, 38, 44, 55, 56, 57, 58, 60, 

66, 68, 74. 
-black, 56. 
hydro(diloride, 59. 
Tests for, 56. 

Anthracene, 72. 
Anthranilic acid, 68. 
Anthraquinone, 72. 

-sulphonatt^, Sodium, 72. 
-sulphonic acid, 72, 
Test for, 72. 

“ Antifebrine.” See acetoanilide. 
‘‘ Antipyrine,” 74. 

Tests for, 74. 
Artificial camphor, 69. 
Azobenzene, 57, 

B. 

Baeyer’s test for the double bond, 
Von, 25, 26, 52, 73. 

Barium alkoxidc of starch, 42. 
ethylsulphate, 11. 
glucosesulphate, 39. 
succinate, 33. 
trithiocarbonate, 49. 

Baumann and Schotten’s test, 29. 
Beilstein's test, 3, 10. 
Benzaldehyde, 61, 62. 

-phenylhydrazone, 61. 
Benzamide, 60. 
Benzanilide, 60. 
Benzene, 6, 7, 52, 53, 63, 74. 

-diazonium chloride, 58. 
-monosulphonic acid, 52, 53. 
-sulphonate, Sodium, 53, 54, 59. 

Benzidine sulphate, 57. 
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Benzoate, Calcium, 53. 
Ethyl, 60. 
Glyceryl tri-, 29. 
Potassium, 6i, 62. 

Benzoic acid, 59, 60, 61, 62. 
Benzonitrile, 59. 
Benzoquinone, 66. 
Benzoyl chloride, 29, 60. 
Benzyl alcohol, 61, 62. 

chloride, 62. 
iodide, 62. 

Bismarck-brown, 66. 
Biuret, 50. 

-reaction, 45, 50. 
Blanksma’s test, 23. 
Boiling-point, Determination of, 6, 

7. 
Bone-charcoal, 4, 5. 
Bran, 38. 
Brucine, 76. 

Tost for, 76. 
Bunsen, 50. 
Butter, 18, 19. 
Butyric acid, n-, 19. 

C. 

Cacodyl oxide, 17. 
-test, 17. 

Calcium acetate, 23. 
alkoxide of dextrose, 39, 
benzoate, 53. 
carbamate, 51. 
carbide, 25. 
citrate, 36. 
oxalate, 30, 31. 
-oxide test, 3. 
potassium ferrocyanide, 46. 
racemate, 35. 
saccharate, 41. 
salicylate, 54, 67. 
tartrate, 35. 

Camphor, 69. 
Artificial, 69. 

Camphoric acid, 69, 70. 
Cane-sugar. sucrose. 
Caramel, 41. 
Carbamate, Calcium, 61. 
Carbamic acid, 51, 
Carbide, Aluminium, 7. 

Calcium, 25. 
Carbohydrates, 37-42. 
Carbolic acid. Sec phenol. 
Carbon, Allotropic modifications of, 

4, 5. 
Detection of, 1, 2. 
disulphide, 12, 48, 49, 51. 
monoxide, 31. 
tetrachloride, 8. 

Carbonization, 1. 
Carbylamine, Ethyl-, 15. 

Methyl-, 12. 
-reaction, 12, 56. 

Carbylamines, 12, 15. 
Carius's test, 3. 
Casein, 40, 68. 
Catechol, 65. 
(Vllulose, 43, 44. 

Nitro-, 43, 44. 
Charcoal, Bone-, 4, 5. 

Wood-, 4. 
Chloral, 36. 

hydrate, 36, 37. 
Chloride, Benzyl, 62. 

methylene, 8. 
Chlorobenzene, Mono-, 53, 54, 58. 
Chloroform, 3, 8, %7, 28, 36, 53. 
Chloropicrin, 64. 
Cinchona-bark, 68. 
Cinnamic acid, 63. 
Citrate, Calcium, 36. 
Citric acid, 35, 36. 
Coagulation of proteins, 44, 45. 
Coal-gas, 1, 25. 
Coffee-beans, 68. 
Collodion, 44. 
Colour-base of magenta, 70. 
Congo-red, 72. 
Copper acetylene, 25, 26. 

albuminate, 45. 
ammonium cyanurate, 50. 

oxalate, 31. 
oxalate, 30, 31. 

Crafts. See Friedel. 
Cresol, 55. 
Crismer’s test, 9, 10. 
Crystallization, 7. 
Cupric xanthate, 49. 
Cuprous xanthate, 49. 
Cyanate, Ammonium, 49. 

Potassium, 47,^48, 49. 
Cyanic acid, 48. " 
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Cyanide, Hydrogen, 45, 46. 
Potassium, 28, 46, 47, 48, 64. 

silver, 46. 
Silver, 46. 

Cyanurate, Copper ammonium, 50. 
Cyanuric acid, 50. 

D. 
Denig^s’s test, 23. 
Detection of carbon, 1, 2. 

halogens, 2, 3. 
hydrogen, 1, 2. 
nitrogen, 2. 
sulphur, 3, 4. 

Dextrin, 42, 43. 
Dextrose, 37, 38, 39, 42, 43. 
Diastase, 42. 
Diazo-aminobenzene, 58. 

-benzenesulphonic acid, p-, 66. 
-compounds, 58, 59. 

Dibasic acids. Saturated, 30-33. 
Diethyl-amine hydrochloride, 14. 

-nitrosoamine, 14. 
oxalate, 32, 33. 

Dihydroxybenzenes, 65. 
Dimethyl-amine, 14, 57. 

-aniline, 57. 
oxalate, 32. 

Dinitro-anisole, 3:5-, 63. 
-benzene, w-, 63. 

0-, 63. 
p-, 63. 
-a-naphthol, 71. 

Dioses, 40, 41. 
Diphenyl-amine, 56, 57. 

hydrochloride, 56. 
-urea, 57^ 58. 

Dippel^s oil, 73. 
Distillation, Fractional, 5. 

Steam, 6. 
Dithiocarbamate, Ammonium, 51. 
Dyeing, 64, 67, 71, 75. 

E. 

EM-albumin, 2, 3, 22, 44, 45. 
Elaidic transformation, 26, 27. 
Eosin, 32. 
Esters, 10, 11, 18-21. 
Ether, 6, ii, 12. 

Ethers, 11, 12. 
Ethoxide, Sodium, 8, 9, 14. 
Ethyl acetate, 20, 21, 44. 

alcohol, 5, 8-10, 11, 18-21, 24, 27, 
28, 29, 32, 33, 44, 49, 60, 71. 

Tests for, 10, 28, 60. 
-amine hydrochloride, 13, 
benzoate, 60. 
-carbylaminc, 15. 
chloride, 10. 
-mercaptan, 12, 24. 
nitrite, 13. 
-sulphate, Barium, 11. 

Potassium, 12, 15. 
-sulphuric acid, 10, 11. 

Ethylene, 24, 25. 
bromide, 25. 

Extraction with solvents, 6. 

F. 

Fatty acids, Higher, 19, 20. 
Volatile, 19. 

Fehling’s solution, 34, 37, 40-42, 
59,65. 

Ferric acetate, Aceto-, 18. 
Bacic, 18. 

succinate, Basic, 33. 
thiocyanate, 48, 51. 

Ferricyanide, Potassium, 47. 
Ferrocyanic acid, 46. 
Fcrrocyanide, Potassium, 15,18, 45, 

46, 47, 69- 
calcium, 46. 

Fluorescein, 68. 
Formaldehyde, 22. 

Fonnalin,’^ 22. 
Formate, Ammonium, 46. 

Potassium, 28, 30. 
Mercuric, 16. 
Mercurous, 16. 
Potassium, 28, 30. 
Silver, 16. 
Sodium, 30. 

Formic acid, 15-17, 29, 34, 36. 
Fractional distillation, 5. 
Friedel and Graft's reaction, 53. 
Furfuraldehyde, 38, 

-hydrazone, 39. 
-test, 38, 39. 

Fusel-oil, 9. 
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G. 

Galactose, d-, 40, 41. 
Gallic acid, 65, 68. 
Gall-nuts, 68. 
Gattebmann’s reaction, 58. 
Gelatin, 22, 68. 
Glucosazonc, Phenyl-, 38. 
Glucose-sulphate, Barium, 39. 

-sulphuric acid, 39. 
Glycerol, 15, 19, 29, 38, 74. 
Glycerose, 38. 
Glyceryl oleate, 26. 
\ tribenzoate, 29. 
Glyoxylic acid, 45. 
Graphite, 4. 
Gum-benzoin, 59. 
Guncotton, 43, 44. 

H. 

Halogens, Detection of, 2, 3. 
Heterocyclic compouncls, 73, 74. 
Hexodioses, 40, 41. 
Hexosos, 39, 40. 

Hydrochloric-acid test for, 39. 
Humic sub.stances,” 39, 

Hydrazines, 59. 
Hydrazobenzene, 57. 
Hydroanthraquinol, 72. 
Hydrocarbons. Saturated,7, 8. 

Unsaturated, 24-26. 
Hydrocyanic acid. See hydrogen 

cyanide. 
Hydrocyclic compounds, 69, 70. 
Hydrogen cyanide, 45, 46. 

Detection of, 1, 2. 
Hydrolysis of nitriles, 15. 
Hydroxy-acids, 33-36, 

I. 

Indigo, 75. 
-sulphonic acid, 75. 
-vat-dyeing, 75. 

Indophenin-reaction, 74. 
Iodide, Benzyl, 62. 
Iodoform, 38, 29, 36. 

-test, 10, 14, 28, 29. 
Iron ammonium tartrate, 34. 
IsaHn, 74, 75. 
/fionitriles, 12, is» 
/sopurpurate, Potassium, 64. 
/aopurpuric acid, 64. 

K. 
Keratin, 45. 
Keto-alcohols. See carbohydrates. 
Ketones, 23, 24. 
Kjeldahl's method, 2. 
Knop, 50. 

L. 
Laboratory methods, 5-7. 
Lactic acid, 33, 34. 
Lactosazonc, 41. 
Lactose, 40, 41. 
L®vulic acid, 39. 
Lsevulose, 40. 

-test, 40, 41. 
Lassaigne’s test for nitrogen, 2, 28. 
Lead acetate, 4, 5, 19, 30, 44. 

oleate, 27. 
oxalate, 30, 31. 
Lead-plaster,'^ 27. 

Lemons, 35. 
Leuco-base of magenta, 70. 
LiEBERMAnn's test, 57. 
Liebig, 50. 
Lignin, Test for, 44. 
Linseed oil, 48. 

M. 
Magenta, 4, 22, 70. 
Malt-extract, 42. 
Martius's yellow, 71. 
Melting-point, Determination of, 6. 
Mercaptan, Ethyl-, 12, 24. 
Mercuric formate, 16. 

-oxide test, 23. 
Mercurous formate, 16. 
Methane, 7, 8, 18. 
Method, Kjeldahl's, 2. 
Methods, Laboratory, 5-7. 
Methoxide, Sodium, 63. 
Methyl alcohol, 22,23,32. 

-amine, 12, 15. 
-carbylarnine, 12. 
-mustard-oil, 13. 
-nitrolate. Sodium, 14. 
-nitrolic acid, 14. 

Methylene chloride, 8. 
Milk, 40, 68. 
Millon’s reagent, 45. 
Monobasic unsaturated acids, 26, 

27. 
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Monochlorobenzene, 53, 54, 58. 
Monoses, 37-40. 
Mucate, Potassium, 40. 
Mucic acid, 40, 41. 
Murexide, 51, 52. 

-test, 51, 52. 
Mustard-oil, Methyl-, 13. 

reaction, 12, 13. 

N. 

Naphthalene, 0, 71. 
-monosulphonic acids, 71. 
picrate, 71. 

Naphthionate, Sodium, 72. 
Naphthionic acid, 72. 
Naphthol, a-, 71. 

Napkthylamine, 71, 72. 

Naplithylainines, Test for, 71. 
Nicotine, 76. 
Nitrate, Urea, 40, 50. 
Nitrates, Test for, 56, 57. 
Nitriles, 15. 

Hydrolysis of, 15. 
Nitrite, Ethyl, 13. 
Nitro-aniline, r«-, 66. 

0-, 66. 
P-, 66. 

-benzene, 52, 53, 55, 74, 75 
-celluloses, 43, 44. 
-compounds, 14, 15, 52. 
-methane, 14. 

Sodium, 14. 
-naphthalene, a-, 71. 
-phenol, 0-, 64. 

-p^nylliydrazine, 23. 
prusside. Sodium, 23. 

-test, 4. 
Nitrogen, Detection of, 2. 
Nitrofic-acid reaction, 14. 
Nitroso-amine, Diethyl-, 14. 

-amines, 14. 
-dimethylaniline, 57. 

hydrochloride^ 57. 
-phenoxide, Sodium, 57. 

Nitrous-acid test, 13. 
Nitrous acid. Test for, 66, 67. 

O. 

Oil, Almond, 26, 27. 
Dippel’s, 73. 
Fusel-, 9. 
Linseed, 48. 
Methyl-mustard-, 13. 
Turpentine, 69. 

Oleate, Glyceryl, 26. 
Ijead, 27. 
Sodium, 26. 

Olefines, 24, 25. 
Oleic acid, 26, 27. 
Osazones, 38. 
Oxalate, Ammonium, 30-32. 

('alcium, 30, 31. 
C'opjK^r, 30, 31. 

ammonium, 31. 
Diethyl, 32, 33. 
Dimethyl, 32, 
iMiid, 30, 31. 

Potassium, 30. 
ferric, 32. 

Sodium, 30. 
Urea, 49. 

Oxalates, CV)mi)lox, 31, 32. 
Oxalic acid, 7, 15, 16, 29, 30-33, 49, 

70. 
Oxamide, 33. 
Oxidation, 1, 3, 10, 17, 18, 24. 

P. 
Paper, 44, 
Paraffin-wax, 8. 
Parchment-paper, 43. 
Pentoses, 38, 39. 
Petroleum, 6, 8. 
Phenol^ 54, 55, 58, 64, 67, 69, 70. 

h'ernc-chloride test for, 54. 
-phthalein, 68, 69. 

Phenoxide, Sodium, 54. 
Phenyl-carbylaminc, 56. 

-glucosazdne, 38. 
-hydrazine, 38, 41, 5p, 61. 

hydrochloride, 59. 
Phenylenediamine, w-, 66. 

P-, 67. 
Phlorozlucinol, 44. 
Phthalic acid, 68. 

anhydride, 68* 
Picramide, 66, 
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Pi crate, Naphthalene, 71. 
Potassium, 64. 
Quinoline, 75. 

Picric acid, 55, 64, 65, 71, 73, 75. 
Pinene hydrocliloride, 69. 
Polyoses, 42-44. 
Potassium acetate, 40. 

benzoate. 61, 62. 
calcium ierro(!yanide, 46. 
cyanate, 47, 48, 49. 
cyanide, 28, 46, 47, 48, 64. 
ethylsulphate, 12, 15. 
ferric oxalate, 32. 
ferricyanidc, 47. 
ferrocyanide, 15,18, 45,46, 47,59. 
formate, 28, 30. 
hydrogen sac(tharatc, 40. 

tartrate, 34, 35. 
tsopurpurate, 64, 
mucate, 40. 
oxalate, 30. 
picrate, 64. 
propionate, 15. 
rosolate, 70 
salt of alizarin, 72, 73. 
silver cyanide, 46. 
tartrate, 34. 
thiocyanate, 48. 
urate, Di-, 51. 
xanthate, 49. 

Potato-starch, 43. 
Propionate, Potassium, 15. 
Propionic acid, 15. 
Propionitrile, 15. 
Proteins, 22, 44, 45, 68. 

Tests for, 45. 
Prussian-blue test, 2, 46, 47. 
Purpurate, Ammonium, 52. 
Pyndiue, 73. 

Test for, 73. 
Pyrogallol, 65. 
Pyrrole-red, 73, 74. 

Q 
Qualitative analysis of carbon com¬ 

pounds, 1"4. 
Quinhydrone, 66, 
Quinine, 68, 76. 

hydrochloride, 68, 75. 
sulphate, 75, 76. 

Quinol, 65, 66. 

Quinoline, 74, 75. 
dichromate, 75. 
hydrochloride, 74. 
picrate, 75. 

It 
Ilaeeniate, Calcium, 35. 
liacemic acid, 35. 
Reaction, Adamkiewicz’s, 45, 

Biuret-, 45, 50. 
Carbylamine-, 12, 56. 
Friedel and Crafts’s, 53. 
CIattermann’s, 58. 

Indophenin-, 74. 
Nitrohc-acid, 14. 
Schipf’s, 22. 

Xanthoprotein-, 45. 
Reagent, Millon’s, 45. 

Schiff’s, 22. 

Schweitzer’s, 43. 

Reagents, Alkaloid-, 73, 75, 76. 
Resin, Aldehyde, 22. 
Resorcinol, 40, 41, 65, 68. 
Rochelle salt, 39. 
Rosolate, Potassium, 70. 
Rosolic acid, 70. 
Rye-bread, 38. 

S. 
Saccharatc, Calcium, 41. 

Potossium hydrogen, 40. 
“ Saccharin,” 67. 
Salicylate, (’alciuin, 54, 67. 
Salicylic acid, 6, 67. 

Test for, 67. 
Salting-out, 44. 
“ Salt of sorrel,” 32. 
“ Sand-sugar.” See lactose. 
Saponification, 18-20, 26. 
Saturated acids, CnH2n02, 15-21. 

dibasic acids, 30-33. 
hydrocarbons, 7, 8. 

Schiff's reaction, 22. 
reagent, 22. 

ScHo'iTEN. See Baumann. 
Schweitzer’s reagent, 43. 
Silver acetato, 17, 18. 

acetylene, 26. 
cyanide, 46. 
formate, 16. 
-mirror test, 22, 34, 37, 61. 
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Silver potassium cyanide, 46. 
thiocyanate, 48. 

Skraup’s synthesis, 74. 
Smokeless powder, 44. 
Soap, 19, 20. 
Sodium acetate, 17, 18, 58. 

anthraquinonesulphonate, 72. 
benzenesulphonate, 53, 54, 59. 
ethoxide, 8, 9, 14. 
formate, 30. 
methoxide, 63. 
methylnitrolate, 14. 
naphthionate, 72. 
nitro-methane, 14. 

-prusside, 23. 
nitrosophenosdde, 57. 
oleate, 26. 
oxalate, 30. 
phenoxide, 54. 

Solvents, Extraction with, 6. 
Starch, 42, 43. 

Barium alkoxide of, 42. 
^aste, 42. 
Potato-, 43. 
Test for, 42. 

Steam distillation, 6. 
Strychnine, 76. 

nitrate, 76. 
Test for, 76. 

Succinate, Barium, 33. 
Basic ferric, 33. 

Succinic acid, 33. 
Succinimide, 33. 
Sucrose, 1, 38, 41. 
Sugar. See sucrose. 

Cane-, See sucrose. 
Sugars. See carbohydrates, 
Sulphanilic acid, 66. 
Sulphonal, 24. 
Sulphur, Detection of, 3, 4. 

T 

Tannin, 68, 73, 75. 
Test for, 68. 
Tartar emetic,^' 35. 

Tartaric acid, 34, 35. 
Tartrate, Calcium, 35. 

Iron ammonium, 34, 
Potassium, 34. 

hydrogen, $4) 35. 

Test, Beilstein's, 3, 10. 
Baumann and Schotten’s, 29. 
Blanksma’s, 23. 
Cacodyl-, 17. 
Calcium-oxide, 3. 
Carius’s, 3. 
Caustic-alkali, 3, 4. 
Crismer’s, 9, 10. 
Denig^s’s, 23. 
Furfuraldehyde-, 38, 39. 
Iodoform-, 10, 14, 38, 29. 
Kjeldahl’s, 2. 
Lffivulose-, 40, 41. 
Lassaione's, 2, 28. 
Lieberm Ann's, 57. 
Mercuric-oxide, 23. 
Miirexide-, 51, 52. 
Mustard-oil, 12, 13. 
Nitroprusside-, 4. 
Nitrous-acid, 13. 
Prussian-blue, 2, 46, 47. 
Silver-mirror, 22, 34, 37, 61. 
Trommer's, 37, 38. 
Will and Varrentrap’s, 2. 
for anthracminone, 72. 

brucine, 76. 
hexoscs, Hydrochloric-acid, 39. 
for lignin, 44. 
naphthylamines, 71. 
nitrates, 56, 57. 
nitrous acid, ra-Phenylenedi- 

amine, 66, 67. 
phenol. Ferric-chloride, 54. 
pyridine, 73. 
salicylic acid, 67. 
starch, 42, 
strychnine, 76. 
tannin, 68. 
the double bond, von Baeyeb's 

25, 26, 52, 73. 
Tests for acetic acid, 17, 18, 24. 

acetone, 23. 
aniline, 56. 

antipyrine,” 74. 
carbon, 1, 2. 
ethyl alcohol, 10, 28, 60. 
halogens, 2, 3. 
hydrogen, 1, 2. 
nitrogen, % 
primary amines, 12-14. 
proteins, 46. 
sulphur, 3, 4. 
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Tests for water in alcohol, 9, 10. 
Tetramethylalloxantine, 52. 
Thiocyanate, Ammonium, 3, 51. 

Ferric, 48, 51. 
Potassium, 48. 
Silver, 48. 

Thiophen, 74. 
Toluene, 53, 62. 
Transformation, Elaidic, 26, 27. 
Tribromo-anilinc, 56. 

-phenol, 54. 
-resorcinol, 65. 

Trimethylamine, 14. 
Trinitrobenzene, 1:3:5-, (iih 
Triphenylraethane, 53. 
Trithiocarbonate, Barium, 49. 
Trommer’s test, 37, 38. 
Turpentine, Oil of, 69. 

U 

Unsaturatcd monobasic acids, 26, 
27. 

hydrocarbons, 24-26. 
Urate, Ammonium, 51. 

Di-potassium, 51. 
Urea, 6, 49, 50, 57. 

nitrate, 49, 50. 
oxalate, 49. 

Uric acid, 51, 52. 
Urine, 39, 49, 50. 

Estimation of urea in, 50. 

V. 

Varrentrap’s method. Will and, 
2. 

Volatile fatty acids, 19. 

W. 

Wax, Paraffin-, 8. 
Will and Varrentrap’s method, 

2. 
Wine, 9. 
Wohler’s synthesis of urea, 49. 
Wood, 30. 

-charcoal, 4. 

X. 

Xanthate, Cupric, 49. 
Cuprous, 49. 
Potassium, 49. 

Xanthic acid, 49. 
Xanthoprotein-reaction, 45. 






