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P R E F A C E T O T H E T H I R D E D I T I O N .

T H E mass of accumulated information in regard to essential oils
and their constituents has necessitated the division of this work
into two volumes. The present volume deals entirely with the
essential oils themselves in a series of monographs.

The second volume covers the necessary ground relating to
the analyses of essential oils and the characters of their isolated
constituents. I t also deals with artificial aromatic bodies which
are not present in essential oils, but which form the groundwork
of synthetic perfumery. I t is believed* that this division of the
subject will be found more convenient than the arrangement of
the subject-matter in previous editions.

I have to acknowledge my indebtedness to Messrs. Baker and
Smith of the Technological Museum, Sydney, who have been
exceedingly kind in placing much information and several illustra-
tions at my disposal.
- I am also indebted to M. Gattefosse, Messrs. Eoure-Bertrand
Fils, the Monopoly Bureau of the Government of Formosa, the
Indian Forestry Department, the Editor of the Chemist and
Druggist, and the Editor of the Perfumery and Essential Oil
Record for permission to reproduce numerous illustrations and
much useful information.

E E N E S T J. PAEEY.

56A GREAT DOVER STREET,
LONDON, S.E., April, 1918.

74000



P K E F A C E T O T H E F O U R T H E D I T I O N .

T H E rapid sale of the Third Edition of this work has necessi-

tated the publication of this, the Fourth Edition. No alteration

has been made in the arrangement of the subject-matter, which

has been brought up to date, so that all work of importance

published up to the end of 1920 has been included.

E K N E S T J . PAKEY.
56A GREAT DOVER STREET,

LONDON, S.E., March, 1921.
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APPENDIX (Oil of Chenopodium) 534-536
INDEX 537-549



PARMELIACE/E.

OAK MOSS OIL.

UNDER the name " Mousse de Chene" an extract of various lichens
growing on oak and other trees has been placed upon the market, and
is of the greatest value in perfumery. The principal plants yielding
this extract are Evernia furfuracea, Evernia prunastri and Ramalina
calicaris and numerous varieties of the latter. Various types of U$nea,
Alectoria, and Parmelia also yield a similar extract in less quantity and
of poorer odour. If the plants are extracted by means of a volatile
solvent, and the extract is steam distilled, a colourless essential oil is
obtained, which has an intense odour and, according to Gattefosse,1

consists almost entirely of a phenol which he has termed lichenol.
On standing the lichenol crystallises out, and when pure melts at 72° to
73°. Gattefosse originally considered this phenol to be identical with
carvacrol, but now (in a private communication to the author) con-
siders that io is of lower molecular weight, and closely related to
cetrarine, a phenol-ketone occurring in the oil from Cetraria islandica.

JUNGERMANNIACE>E.

OILS OF LIVERWORTS.

When the dry plant Mastigobryum trilobatum, one of the well-known
liverworts, is distilled, a small quantity of an orange-yellow essential
oil is obtained, having a powerful odour recalling those of sandal and
<eedar-wood oils. The oil has, according to Miiller, the following char-
acters :—2

Specific gravity 0'978 at 12°
Optical rotation + 12° 88'
Saponification value 5*4

The oil probably consists of sesquiterpenes or sesquiterpene alcohols.
Leioscyphus Taylori yields a thick green essential oil which has the

following characters:—

Specific gravity 0'982 at 20°
Optical rotation . . . - 3° 44'

It contains two sesquiterpene alcohols, C15H26O, one boiling at 265° and
the other at 275°.

Madotheca levigata yields an orange-yellow essential oil having the
following characters:—

1 Parfumerie Moderns 4, (1911), 4. *Jour. Pharm. Chim. (6), 22, 555.
VOL. I. 1



2 THE CHEMISTRY OF ESSENTIAL OILS

Specific gravity 0'856 at 16°
Optical rotation - 72° 14'
Saponification value 5'56

Alicularia scalaris yields a lemon-yellow essential oil having the fol-
lowing characters:—

Specific gravity 0-965 at 15°
Optical rotation — 33° 49'

It appears to contain a sesquiterpene alcohol.

CONIFERS.

CEDAR-WOOD OIL.

The oil usually known as cedar oil or cedar-wood oil is obtained by
distillatian of the wood of Juniperus virgmiana, the Virginia cedar, one
of the family of the Cupressinece. Other cedar-wood oils are occasion-
ally met with, and will be mentioned later, but the present remarks
apply to the above-mentioned oil.

Ths oil is generally distilled from the waste shavings from lead-
pencil manufacture, which are usually plentiful when the pencils are
cut from logs. When thin sawn boards are imported and used, the re-
iuse is much smaller in amount, and the price naturally rises. Owing
to the methods of distillation, the oil manufactured from pencil waste
is of less value to perfumers than normally prepared oil. The yield of
oil obtained varies from 2*5 to 5 per cent. Juniperus virginiana occurs
over a very wide area in America, and some of the finest oil is obtained
from the Florida cedar. This oil is one of those which are indispen-
sable in certain classes of perfumery, especially in fine soap-making,
where intensely " sweet" odours are not required. The wood in fine
powder finds its way into much of the incense and similar preparations
used either for ceremonial or fumigating purposes.

The oil is usually of a brownish colour, but it can be obtained al-
most water-white, and although we know nothing definitely of what
change occurs, it is certainly amongst those oils which improve in
quality by keeping. Occasionally samples will be found to deposit a
small amount of crystalline "cedar camphor".
••] Pure cedar-wood oil has a specific gravity of from O940 to 0*962,

and is always laevo-rotatory. The limits, however, are wide, the oil
varying from - 25° to — 47°. According to Schimmel, 80 per cent,
distils at between 125° and 155° at a pressure of 14 mm. The refrac-
tive index is very high, usually exceeding 1*5, and often rising to 1'51.
It is very insoluble in alcohol, 1 part requiring 10 to 20 parts of 90 per
cent, alcohol for solution. The acid value is from 0 to 2, and the ester
value from 2 to 7. A small amount of free alcohols is present, the
ester value of the acetylated product being from 15 to 44. The known
constituents of the oil are the sesquiterpene cedrene, C15H24, and the
oxygenated bodies cedar camphor, or cedrol, C15H26O, cedrenol C16H24O,
and pseudo-cedrol, C15H26O. Cedrol, when pure, is a silky crystalline
mass, with pleasant aromatic odour, melting at 84°. It is suggested by
Schimmel that cedrol is not a normal constituent of fresh wood, but is
formed in it by keeping it under favourable conditions. This supposi-
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tion has not, however, been experimentally justified except in so far as
very old wood yields a semi-solid oil, which deposits much cedrol on
cooling. At all events, only a small quantity occurs in normal oils, as
is shown by the low acetylation figure. If the oil be acted upon by
acetic anhydride, and the resulting product saponified, no more than from
6 to 8 per cent, of cedrol will be indicated. It must be remembered,
however, that dehydration takes placet to a small extent with acetic an-
hydride, so that the result may be somewhat under-estimated. Ten per
cent, may be regarded as the maximum usually occurring in good oils.
The figures found by the author for four pure samples (percentage of
KOH to saponify the acetylated oils) are as follows: 2-32, 2-21, 2*13,
1-72.

Cedrenol, which was isolated from cedar-wood oil by Semmler1 and
his pupils is a primary sesquiterpene alcohol, having the following char-
acters :—

Boiling-point at 9-5 m m . 1 6 6 ° to 169°
Refractive index 1-5212
Specific gravity at 2 0 ° . 2 - 0 0 8 3
Optical r o t a t i o n ± 0°

It forms an acetate of specific gravity 1-0168 at 20° and refractive index
1-5021.

According to Semmler cedrenol stands in the same relation towards
cedrene as the two primary alcohols of the santalol series towards the
sesquiterpenes, C16H24, the santalanes ; and as myrtenol and the ginger-
grass alcohol stand towards pinene and limonene. The primary
CH2OH group in the cedrenol molecule occupies the same position
which is occupied by the CH3 group in cedrene and in solid cedrol.
Hence the relation of cedrene towards cedrol and cedrenol is as
follows:—

6 : CH G(OH) . CH2

CH., CH3 CH2OH
Cedrene, C15H24. Cedrol, C15H260. Cedrenol, C15H240.

Pseudo-cediol is a saturated alcohol, boiling at 1473 to 152° at 10
mm., and having a specific gravity 0*9964 at 20°, optical rotation + 21*5°,
and refractive index 1-5131. It appears to be a physical isomeride of
cedrol.

Bousset2 has studied the oxidation products of cedrene, from which
he obtained the ketone cedrone, C15H24O, by means of chromic acid.
On reduction this yields an alcohol, isocedrol, isomeric with cedrol.

Schimmel & Co.3 have examined a cedar-wood oil sent over from
Hayti, of whose botanical origin they were unable to ascertain anything
definite, but which according to microscopical results was derived from
a conifer, which gave on distillation a yield of 4*33 per cent., of oil of
lemon-yellow colour and the odour of the common cedar-wood obtained
from Juniperus virginiana L. But it differs from the latter by its
higher specific gravity (d 15° 0*9612), the lower rotation (a D - 14°58'),

1 Berichte, 45 (1912), 355, 786, 1553. *Bull. Soc. Chim., iii., 17 (1897), 4^5.
»Bericht, April, 1906, 10.
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and the higher content of alcoholic constituents (ester number after
acetylation 64-0). The acid number was 2*7, the ester number 5*0.
The oil was not completely soluble in 10 volumes of 90 per cent, alcohol,
but dissolved in every proportion in 95 per cent, alcohol.

A cedar-wood oil has been distilled during the past few years from
the wood of Cedrus Atlantica, the so-called Atlas cedar, which is prob-
ably a variety of Cedrus Libani, the cedar of Lebanon. This oil has
the following characters :—

Specific gravity at 15° 0-950 to 0-970
Optical rotat on + 45° ,, + 62°
Refractive index 1-5119 „ 1-5175
Acid value 0 to 2
Ester „ . 3 , , 3 „ 11

,, „ (after acetylation) 30 „ 48

It is soluble in 1 to 10 volumes of 90 per cent, alcohol. According
to Grimal,1 the oil contains traces of acetone, and about 5 per cent, of
a ketone, C9H14O, which he terms libanone. This substance yields a
semi-carbazone, melting at 159° to 160°, and a liquid oxime, which on
bromination yields a dibromide melting at 132° to 133°. The principal
constituent of the oil is dextro-cadinene, which was obtained from it in
a sufficiently pure condition to have an optical rotation of + 48°.

The wood of the ordinary Lebanon cedar, Cedrus Libani, yields,
about 3 to 4 per cent, of oil, having an odour recalling those of methyl
heptenone and thujone. Its characters are as follows:—

Specific gravity at 15° 0 940 to 0'950
Optical rotation + 66° „ + 86°
Refractive index at 20° 1-5120 „ 1-5140
Acid value 0 to 1-8
Ester „ 2 „ 4

„ „ (after acetylation) 18 „ 25

A sample examined by Messrs. Schimmel & Co. gave the following
results on fractionation :—

270° to 2 7 5 ° . . . 3 0 per cent.
275° „ 280° 40
280° „ 285° 14
285° „ 290° 6
Residue . . . . . . . . . . 10 ,,

A cedar wood from East Africa, the product of Juniperus procera,,
yields an essential oil, which has been examined by Schimmel & Co.2

and found to have the following characters :—
Oil from

Sawdust. Boards.
Yield of essential oil . . . 3*2 per cent. 3-24 per cent
Density at i5° 0..0-9876 1-0289
Refractive index at 20° C. . . . 1-50893 1-51011
Optical rotation
Acid value . . . .
Ester „ ....

„ ,, (after acetylation)
Solubility in 60 per cent, alcohol

90 „

-37° 10' - 32° 30'
14-9 27-06
8-4 7-93

70-0 89-6
1-6 vol. 2 vols.
0-5 vol. 0'5 vol.

1 Comptes rend., 185 (1902). £b2, 1067. 2 Bericht, October, 1911, 110-



0-9549
+ 52° 16'
1-5195
5-6
19-3
30-8

0-9756
+ 34° 6'
1-5225
4-5
4-9
34-4
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The essential oil derived from the boards is filled with crystals
which have been identified as cedar camphor; after purification they
melt at 86° to 87° C., and have a specific rotation of + 10-12°

Eoberts1 has examined the cedar oil distilled from the wood of the
Deodar tree, Cedrus deodara, a native of the Western Himalayas, which
is widely distributed in Northern India. The samples examined were
of a reddish colour and characteristic balsamic odour. They had the
following characters:—

Specific gravity
Optical rotation
Refractive index at 21°
Acid value . . . . . . .
Ester „

„ ,, (after acetylation) . . . .

One was miscible in all proportions with 90 per cent, alcohol; the
other was not soluble in twenty volumes. A ketone was isolated which
did not combine with acid sulphites, but had an odour resembling amyl
acetate, and formed a semi-carbazone melting at 163° to 164°, and a di-
bromoxime melting at about 130°. Schimmel 2 considers that it is
possibly j)-methyl-tetrahydroacetophenone. Decomposition of the semi-
carbazone by dilute sulphuric acid gave a ketone differing from the ori-
ginal, boiling at 220° to 224°, and forming a semi-carbazone melting at
204° to 205°, and forming p-toluic acid on oxidation. A phenol was iso-
lated which gave a blood-red colour with ferric chloride and possessed a
sweet phenolic odour. I t yielded a benzoyl derivative which crystallised
from dilute alcohol in small needles melting at 70°. The quantity found
was less than 10 per cent, of the oil. On hydrolysis of the oil, hexoic,
heptoic, and stearic acids were obtained. The principal constituents of
this oil are sesquiterpenes, associated with a variable amount of sesquiter-
pene alcohols. The sesquiterpene fraction boiled at 151 ° to 153° at 19
mm., or 262° to 265° at ordinary pressure. I t was a colourless, mobile
liquid, with a specific gravity of 0*9319, optical rotation (1) + 16° 51 ' , (2) +
58° 34', and refractive index 1*5150 (23°). I t gave a colour reaction with
sulphuric acid similar to that of cadinene. Attempts to prepare solid de-
rivatives were unsuccessful. The composition of the oil was as follows :
Ketone 2 per cent., phenol 0*07 to 0*4 per cent., esters of hexoic, heptoic,
and stearic acids 3 to 12 per cent., and sesquiterpenes 50 to 70 per cent.,
the remainder of the oil consisting chiefly of sesquiterpene alcohols, with
high boiling viscous decomposition products.

O I L OF CEYPTOMERIA.

The wood of the Japanese cedar, Cryptomeria japonica, yields about
1'5 per cent, of an essential oil having the following characters:—

Specific gravity 0-945
Optical rotation - 23°
Ester number 3'9

The oil contains about 60 per cent, of sesquiterpenes and 40 per
cent, of sesquiterpene alcohols. The principal sesquiterpene is prob-
ably cadinene, as indicated by the following figures in comparison with
those for cadinene obtained from oil of cade :—

1 Jour. Chem. Soc. (1916), 791. 2 Bericht, 1917, 23.
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Sesquiterpene from Cadinene from
Cryptom ria Oil. Oil of Cade.

Specific gravity . . . . 0-925 0-927
Optical rotation . . . . - 98° 45' - 97° 30'
Melting-point of dihydrochloride . 117° to 118° 117° to 118°

A second sesquiterpene is present, which only yields liquid halogen
acid derivatives. This body, to which the discoverer has given the
name suginene, has a specific gravity 0*918 and specific rotation
- 10° 34'. It yields a liquid hydrobromide, of specific gravity 0*988
and specific rotation - 11° 15'. One of the fractions obtained on
distillation was analysed and found to correspond with the formula
C15H25OH, and is apparently one or more sesquiterpene alcohols. • -

By conversion into the xanthogenic esters the alcoholic portion of
the oil was separated into two distinct portions, which on saponifica-
tion yielded two isomeric sesquiterpene alcohols. One of these, iso-
cryptomeriol, C15H25OH, is a liquid of specific rotation — 3° 25'. The
isomeric alcohol has been termed cryptomeriol, and is an oil of specific
rotation - 37° 5', and has a specific gravity 0'964.

By dehydration by means of formic acid, cryptomeriol yields a
sesquiterpene having a specific gravity 0*918, and a specific rotation
- 1° 5'. It boils at 143° to 144° at 12 mm. pressure. By dehydra-

tion by means of phosphorus pentoxide an entirely different sesquiter-
pene results, having a specific gravity 0*917 and a specific rotation
+ 56° 26'.

The essential oil from the leaves has been investigated by So Uchida.1

On distillation with steam the green leaves yielded 0*70 per cent, of
volatile oil, which was brownish-yellow in colour and had a fresh
aromatic odour. It has the following characters:—

Specific gravity 0-9217
„ rotation + 19-29°

Refractive index 1*4895
Acid value 1-0
Ester „ 6-56

„ „ (after acetylation) 14-35

On fractional distillation the following constituents were separated :
d-a-pinene, together with a small quantity of dipentene formed about
34 per cent, of the oil. An alcohol, CaoH18O, having a fresh odour re-
sembling that of camphor and peppermint, was found to the extent of
4-5 per cent., partly combined as the caprylic ester. It had a specific
gravity of 0'9414, refractive index 1-4832, and specific rotation + 56*07°
in chloroform solution. This alcohol, though small in amount, is re-
garded as the chief odorous constituent of the oil. Sesquiterpenes were
present to the extent of about 30 per cent., consisting partly of cadinene
and partly of a sesquiterpene with two double linkings, boiling-point
266° to 268°, specific gravity 0*9335, refractive index 1*5041, and specific
rotation + 15*19° in chloroform solution. A sesquiterpene alcohol, oc-
curring to the extent of about 12 per cent., had boiling-point 284° to 286°,
specific gravity 0*9623, refractive index 1*5048, and specific rotation
+ 16*76° in chloroform solution. A new crystalline diterpene, repre-
senting about 18 per cent, of the oil, has been isolated, to which the
Uchida has given the name a-cryptomerene. On passing dry hydro-

. Amer. Chem. Soc. (1916), 687.
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chloric acid into a well-cooled solution of this dipentene in ether a crys-
talline isomer was obtained, which is termed /2-cryptomerene. Traces
of a lactone, C20H32O2, free fatty acids, and a blue oil, azulene, were also
separated.

OIL OF TAXODIUM DISTICHUM.

The oil extracted from the wood of Taxodium distichum (" Southern
Cypress") by means of alcohol, has been examined by Odell.1 He
fractionated the resinous residue in vacuo and has thus isolated a hydro-
carbon C15H24 which he calls cypressene ; it is an inodorous oily liquid,
boiling-point (35 mm.) 218° to 220° C., boiling-point (778 mm.) 295° to
300° C.; [a]2D° + 6*53°. He has also extracted a compound C12 H20O, a
bright yellow oil with a strong odour, possessing the properties of an
aldehyde; it has received the name of cypral (boiling-point, 35 mm.,
182° to 185° G.); it is dextro-rotatory.

Cypressene yields, on oxidation with nitric acid, an amorphous yel-
low product and an acid possessing the odour of isovaleric acid; the
amorphous product dissolves in alkalies with a red coloration.

Odell has also examined the oil from the cones of the same tree.
When harvested in September the cones yield 1 per cent, of a greenish-
yellow essential oil, with a strong odour of pinene, w7hilst the cones
harvested at a later period yield on distillation 1*5 to 2 per cent, of a
darker oil possessing an odour of lemon. These two oils possess the
following characters:—

Specific gravity 0-860 0-850
Optical rotation +18° + 35° 30'

They contain about 85 per cent, of J-a-pinene, 5 per cent, of rf-limonene,
and 2 per cent, of an alcohol. Small amounts of carvone, and of a ses-
quiterpene, which is probably cypressene, are also present.

CHAM.ECYPAKIS OIL.

Ghamcecyparis obtusata, the hinoki tree which is extensively grown
in Japan, furnishes a valuable timber wood, and the tree thrives well in
the mountainous districts of Formosa. Uchida2 has examined a sample
of the crude oil obtained by the dry distillation of the wood in Formosa.
It is a reddish-brown mobile liquid possessing a woody and empyreu-
matic smell and containing tarry matter. The yield was 2-4 per cent,
of the wood. The rectified oil obtained by distillation with steam was
lemon yellow in colour, and after treatment with sodium carbonate solu-
tion to remove pyroligneous acids it had a specific gravity of 0*8821,
refractive index, 1-4990, and specific rotation + 50*37° in chlordform
solution. The constituents identified were d-a-pinene and cadinene,
with a small amount of oxygenated compounds, the amount of terpenes
being about 70 per cent., and that of the sesquiterpenes about 24 per
cent.

The leaves of Chamcecyparis Lawsoniana yield about 1 per cent, of
oil having the following characters :—

1Jour. Amer. Chem. Soc., 33, 755. 2Jour. Amer. Chem. Soc. (1916), 699.
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Specific gravity
Optical rotation
Refractive index
Acid value . . . .
Ester „ . . . .

„ ,, (after acetylation)

0-9308
+ 23° 48'
1-4884

3-7
61-6
78-8

The oil contains laurinic aldehyde.
\The oil distilled from the wood of Chamc&cyparis Lawsoniana and

rectified by steam has been examined by Schorger.1 The oil has the
following characters:—

Specific gravity 0-8905
Refractive i n d e x . 1 - 4 7 5 8 at 15°
Optical rotation + 39-6°
Acid value 0-3
Ester „ 32-8

„ „ (after a c e t y l a t i o n ) . . . . : . 7i-6

The oil behaved as follows on fractional distillation :—

(760 mm.) 155° to 157°
157° , 170°
170° , 180°

(15 mm.) 100° , 130°
130° , 160°
160° , 190°

60-5 per cent.
3-0
4-0

20-5
7-0
1-0

The oil contains d-a-pinene to the extent of 60 per cent., dipentene (6 to
7 per cent.), Z-borneol (11 per cent.), cadinene (6 to 7 per cent.), formic
and acetic acids in the free state, and formic and capric acids as esters.

OLL OF JUNIPEBUS OXYCEDEUS WOOD.

Juniperus oxycedrus is the juniper which furnishes the wood from
which the tarry empyreumatic oil, known as cade oil, is obtained by de-
structive distillation. Huerre2 has submitted the same material, suit-
ably comminuted, to ordinary steam distillation. The essential oil thus
obtained comes over very slowly; the yield varies from 1*6 to 3*4 per
cent. The higher yield was obtained from the autumn cut wood. The
oil is a dark yellow viscous liquid ; having the following characters :—

Specific gravity
Optical rotation

0-915 to 0-927
- 31° 42'

At normal atmospheric pressure it boils between 260° and 300° C.
Soluble 1 : 1 in 95 per cent, alcohol, and 1 : 12 in 90 per cent, alcohol.
On rectifying the crude oil in a current of steam, under reduced pressure,
70 per cent, of the original oil distilled as a bright yellow liquid with a
penetrating odour; it was much less viscous than the original oil. The
residue (30 per cent.) was very viscous, dark in colour, and had a feeble
sweet odour.

OLLS OF LLBEOCEDEUS DECUEEENS.

Librocedrus decurrens, a tree found in California and known as the
Incense cedar, yields a leaf and twig oil and a bark oil. The leaf and
twig oil has the following characters:—

lJour. Ind. Eng. Chem., 6 (1914), 631.2 Jour. Pharm. Chim. (1915), 12, 273.
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Specific gravity 0-865 to 0-874
Optical rotation - 3° 20' „ + 36-68°
Ester value 18-5 „ 27-8

„ „ (after acetylation) . . . . 28'6 „ 48-2
It contains furfural, a-pinene, sylvestrene, limonene, dipentene,

borneol, esters, and a sesquiterpene, which has been named librocedrene,
. having the following characters:—

Specific gravity at 20° 0-929
Boiling-point 270° (approximate)
Refractive i n d e x . 1-4994
Optical rotation + 6-4°

The bark oil has the following characters :—
Specific gravity 0-862
Refractive index 1-4716 at 15°
Optical rotation + 1'1°
Ester value 3-2

„ „ (after acetylation) 9-5
The oil contains furfural, a-pinene, dipentene, and borneol.

OIL OF TURPENTINE.

Numerous members of the family of the Conifera contain large
quantities of resin, and an oil consisting almost entirely of terpenes, in
well-characterised resin ducts in the wood. This is especially the case
with the various species of pine. The exudation from the wood, an
oleo-resin, is often known as crude turpentine. Oil of turpentine, or,
as it is generally called, turpentine or " turps," is the oil obtained by
distilling this, leaving the crude resin or " rosin " behind.

At the present time American turpentine is the chief commercial
variety, although a considerable amount is produced in France, Eussia,
and many other countries, and India produces a fair quantity which,
although at present consumed in the East, may before long find its way
to Western markets.

In the United States the turpentine (i.e. the oleo-resin) is obtained
either by what is known as the " box system" or by the " cup and
gutter " system. The box system, briefly, is carried out as follows : As
spring approaches, a- groove is cut diagonally across the trunk of the
tree, and inclined inwards, ending in a hollow excavation about 12 to
18 ins. above the ground level. This wound in the sapwood induces the
flow of the oleo-resin, and as the warmer weather approaches, the bark
above and on both sides of the excavation or " box " is peeled off and
shortly afterwards the flow of oleo-resin commences. Every two or
three weeks fresh cuts are made so as to open up fresh passages for the
exudation. The oleo-resin collects in the " box " and is baled out into
barrels and transferred to the distillery. Trees are not considered worth
tapping after four to six years. The cup and gutter system is a com-
bination of the older box system and of the usual method employed in
France. The cutting of a large hollow in the trunk is obviated, and its
place is taken by a receptacle which is suspended from a nail in the
trunk. As in the " box " system, here also the first work is cutting strips
in the bark, and as the work proceeds, the space above the receptacle is
gradually cleared of bark. In order to let the exuding resin collect in
the earthenware pots or vessels placed below, two strips or gutters of
galvanised sheet-iron about 2 ins. wide by 6 ins. to 12 ins. long are em-
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ployed. These are placed in grooves cut into the trunk with a broad
axe in such manner, that each of the two cuts forms an angle of 60°
with the longitudinal axis of the itree, and the two together therefore

FIG. 1. —Still of a ' Turpentine Farm " in the " Landes ".
[liiiitte Jieitntiid /ds

form an angle of 120° open at the top. The two gutters, however, are
not placed at the same height, hut one about 1 in. or 2 ins. above the
other, so that the resin flowing along the upper gutter only passes the
other one when flow ing down, and then passing through the lower gutter
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reaches the vessel placed below the latter. When the cuts in the trunk
and the peeling of the bark are continued in an upward direction, the
gutters and the vessel are also moved upwards. In older trees contain-

FIG> 2.—Collection of the crude turpentine in the " Landes ".
[Roure Bertrand Fils.

ing more oleo-resin, several such vessels can of course be placed around
the tree.

The French turpentine industry is practically confined to the Lander
district, where the following method of collection is followed :—^

1 Vezes, Roure-Bertrand's Bulletin (1909), 2, 9, 3.
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This crude material—the " gemme," to give it the name under which it
is known in the Landes—exudes during the warm season (from March to
October) from an incision made by the axe of the resin collector in the
stem of the maritime pine. Kept open by the removal of a thin slice
every week, this incision—the " carre "—rises gradually up the trunk of
the tree until it reaches, after five years' working, a height of nearly
4 metres. The tree is then left alone for two or three years, after which
time a fresh " carre " is made at another point of the base. The same
tree is tapped in this manner for about forty years, after which it is
" bled to death " (that is, it is worked by means of several " carres"
simultaneously), before being felled and delivered to the timber mer-
chants. The forest is, moreover, rapidly reconstituted, by means of
sowings made at the proper time, so that the resin production of the
Landes district is not diminished by the work of the wood-cutters and
the operations of the mechanical saw-mills. So far, this principle has
not been followed in the United States, where every tree was " tapped to
death " from the beginning, and every plot which was subjected to tap-
ping was thereby practically destroyed after four years' working, without
any steps being taken for its reconstitution. For some years, however,
a serious movement has been set on foot in America to save what re-
mains of the pine forests by a more rational and less destructive system
of exploitation ; and this appears to be producing good results.

From the top of the " carre," the drops of " gemme " as they exude
from the resin ducts of the tree, run down into the receiver placed to
collect them; this was in former times in the Landes (and was until
three or four years ago in America) a hole—the " crot "—hollowed out
of the stem of the tree itself, at the base of the " carre " ; at the present
day it is, both in America and in the Landes, an earthenware or metal
pot, suspended at the base of the " carre " and raised every year so as to
bring it near the upper part of the incision and reduce the distance over
which the drops of the exudation have to run. -The importance of this
change and why it is advantageous that the path of the " gemme " down
the " carre " should be as short as possible, is obvious when one remem-
bers how easily the turpentine is oxidised.

From the pots the " gemme" is transferred, about once a month,
into casks and carried from the forest to the factory; this harvest,
" I'amasse," takes place in the Landes from five to eight times a year.

In India, the chir, as the Pinus longifolia is termed, is treated by a
method based on the French method.1

An initial blaze about 6 ins. long, 4 ins. broad and not more than
1 in. deep is cut near the base of the tree, and the blaze is freshened
every six or seven days throughout the summer, until it is about 18 ins.
long by the end of the year : if the freshening is carefully done the use
of a ladder is thus as a rule unnecessary till the fifth year. The resin
collects in a cup fixed at the base of the current years' blaze, and the
contents are emptied periodically. A curved channel, in place of the
former rectangular channel, is now universally adopted in the United
Provinces, as it works easily, does not injure the tree so much, gives a
cleaner cut, and so far shows promise of giving a higher out-turn.

There are two classes of tapping : (1) light tapping and (2) heavy tap-
ping, sometimes termed tapping to death. The latter is carried out in

1 Indian Forest Memoirs (Sylviculture series), Vol. I, Part I, p. 100.
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the case of trees due to be felled within five years, and consists in making
;as many blazes as the tree will hold • the former consists in making a
moderate number of blazes, and is carried out in the case of trees not
•due to be felled within the next few years. In the Naini Tal Division
light tapping under the present system' is commenced when the trees
xeach a girth of 3-J ft., and the following number of blazes are cut:—

(1) Trees over 6 ft. in girth . . . . . . 3 blazes
(2) „ „ 4J to 6 ft. in girth 2 „
(3) „ „ 3 | to 4| ft. in g i r t h . 1 blaze

In the maritime pine forests of Bordeaux no tree is tapped lightly till it
reaches a girth of 1*10 metres (3 ft. 7 ins.), when one blaze is made: the
tree is then about fifty years old. A second blaze is added when the tree
reaches a girth of 1*30 metres (4 ft. 3 ins.). In the Chakrata Division
.tapping is confined to fire-protected forests of the first and second periodic
blocks in Jaunsar-Bawar; no tapping is at present done in the Tehri-
Garhwal forests owing to the cost of carriage. At present no heavy tap-
ping is done in this Division : light tapping commences when the trees
reach 4J ft. in girth. In periodic block I. trees 4-J- to 6 ft. in girth have
tw<^ blazes, and those over 6 ft. in girth have four blazes. In periodic
block II. trees 4-J to 6 ft. in girth have one blaze, and those over 6 ft. in
girth have two blazes.

The object of heavy tapping is to obtain the largest possible out-turn
of resin before felling the tree, and for this purpose as many blazes are
made as there is room for. Experiments carried out so far show that
only a comparatively small proportion of trees tapped in this way die:
recent experiments in the Kangra Division showed a mortality of 6 per
cent, in two years. In the maritime pine forests of Bordeaux trees to be
removed in thinnings are heavily tapped as soon as they are large enorn h
to hold a cup : this ordinarily commences when they are fifteen years old.

In the United Provinces the season's tapping commences in March
and continues till November, after which the flow of resin practically
ceases. In order to promote the free outflow of resin, the blazes require
to be freshened with an adze at intervals. Eecent experiments carried
out by Mr. E. A. Smythies in the Naini Tal Division showed that the
out-turn increased steadily up to at least ten freshenings per month :
this is borne out by similar experiments made in the Punjab. In Naini
Tal, however, it was found that the yield did not increase in proportion
to the extra labour required beyond five freshenings per month, and this
number (i.e. once in about six days) is now universally adopted in that
Division in place of the four freshenings per month formerly in vogue.
As regards labour, in the Naini Tal Division the most economical work-
ing is found to be attained by an allotment of about 600 trees per man,
that is, 100 trees a day per man.

In the case of light tapping, it is customary in India to tap for a cer-
tain number of years and then to allow a period of rest before tapping is
recommenced. In the Naini Tal Division, and in Kumaon generally,
the rule hitherto has been to tap for five years and then to give a rest for
ten years before recommencing tapping: this complete period of fifteen
years may be termed the tapping-cycle. In the Chakrata Division a
similar procedure was in force till 1914, when a nine years' tapping-cycle
was introduced, with tapping for three years followed by a rest for six
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years. The cycle was shortened in order to avoid the use of a ladder,
which was found necessary in the fifth year. The highest yield of resin
is obtained in the third and fourth years of tapping, and thus by reducing
the tapping period to three years considerable loss is involved, which is
avoidable considering that a ladder is not required in the fourth season
if reasonable care is taken in freshening the blazes.

If a tapping-cycle at all is to be decided on, twelve years (i.e. four
years' tapping and eight years' rest) appears to be preferable to either nine
or fifteen years. The objection to the former has been mentioned, while
in the case of the latter it cannot be made to fit in with a suitable scheme
of thinnings.

In the maritime pine forests of Bordeaux light tapping, once begun,
continues without interruption, no rest being given unless a tapped tree
shows signs of becoming sickly, when a rest of five years is given : such
cases are rare. Now in the case of the chir pine, experiments have
shown that the tree possesses remarkable vitality even under the strain
of heavy tapping. There seems to be no reason, therefore, why the con-
tinuous light tapping system of France should not be employed in the
chir forests. Not only would it increase largely the out-turn of resin,
but it would avoid the complication in the general scheme of manage-
ment which is inevitable if a tapping-cycle is adopted.

Much has been written in reference to the adulteration of oil of tur-
pentine, most of which is of little more than historical interest to-day.
The chief difficulty the expert has to contend with at the present time is
the detection of the so-called wood or stump turpentine oil. This oil is
clearly entitled to the description " turpentine oil," on account of its
origin and character, which are exceedingly close to those of normal or
" gum " turpentine ; but it is generally conceded that it properly requires
the qualification " wood "o r " stump," so that users may know exactly
what they are dealing with.

Wood turpentine, " stump turpentine," or " wood spirits of turpen-
tine," as the product is variously known, is turpentine oil made from cut
pine, fir, or spruce, by distilling the wood in closed retorts. When pro-
perly refined it closely resembles gum spirits of turpentine, obtained by
distilling the oleo-resin exuding from the cut surface of the living tree.
The turpentine made by distilling the wood with steam below a tempera-
ture of 150° C. more closely resembles gum spirits than that obtained by
destructively distilling the wood. The latter is always contaminated
with other oils derived from the breaking down of the wood and the re-
sins which it contains.

As a result of the reckless devastation of the pine forests which has
been practised for many years, in the United States, the tree-stumps
which have been left standing, and which are known as " light wood "
are now often distilled. The stumps which are being used up in America
at present have remained in the ground many years after the trunk had
been removed, and yield a pine wood which is very rich in resin. It
would appear that a chemical process is taking place in these stumps by
which oil is formed subsequent to the removal of the trunk, for the oil-
yield from new stumps is very low. This fact would also explain why
the oil thus obtained is somewhat different from ordinary oil of turpen-
tine, and why the percentage is so high.

The stumps which are mostly employed for distilling purposes are
those of Pinuspalustris (long leaf pine), whence the oil is called "long
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leaf pine oil ". Similar products are brought to market under the names
of "light wood oil" and " oil of fir";. while the designations "white'*
and "yellow pine oil " appear to apply to separate fractions of the oil.

According to Teeplel ordinary commercial long leaf pine oil in its
crude state has a specific gravity 0-935 to 0*944, optical rotation -11°,
and refractive index T4830. These values, however, are often exceeded,
and genuine samples may have a specific gravity 0*954 and may be
dextro-rotatory up to + 8°. A sample was examined by Schimmel &
Co.2 which had the following characters :—

Specific gravity .
Optical rotation .
Refractive i n d e x .
Ester n u m b e r . . .
Total alcohols (by acetylation) .

0-9536
. - 3° 26'
. 1-48537

14-2
. 58 per cent.

The bulk of the oil boiled between 190° and 220°. The following ter~
penes were identified in the oil: a-pinene, /3-pinene, Z-limonene, dipen-
tene, and A-terpinene. A considerable amount of a-terpinene was found
(this had previously been identified by Teeple), as well as borneol and
methyl-chavicol. Fenchyl alcohol was also found as a constituent of the
oil, and traces of camphor and cineol. The presence of fenchyl alcohol
is of particular interest as it occurs in the inactive variety. It is well
known that this body results from the reduction of fenchone, but it has
never before been discovered as a natural constituent of an essential oil.
The table below shows the character of the fenchyl alcohol occurring
in this oil and of those prepared by the reduction of active and inactive
fenchone.

FENCHYL ALCOHOL AND ITS DERIVATIVES.

From Ye

m.p.

33
to
35°

159
to

160°
142
to

143°

93
to
94°

b.p.

202
to

20 S°
192
to

193°

154
to

156°

ellow Pine Oil.

d.

0-9501
(15°)

0-8687
(15°)

—

nD.

1-47023
(20°)

1-47240
(20°)

—

Fenchyl
Alcohol

Fenchone

Fenchone
Oxime

Acid
Phthalic

Ester
Fenchene

Isofenchyl
Phenyl-

ure thane

From Active Fenclione.

m.p.

45°

+ 6°

164
to
165°
145
to

145-5°

106
to
107°

b.p.

201
to

202°
192
to

193°

154
to

156°

—

d.

0-952
(15°)

0-8660
to

0-8665
(15°)

nD.

—

1-46337
(17°)

1-46733
to

1-46832
(17°)
—

From Inactive Fenchone.

m.p.

33
to
35°

153
to

160°

—

94°

b.p.

201
to

d.

202°
—

_

154
to

156°

0-8665
(15°)

— —

nD.

1-46733
to

1-46832

—

1 Jour. Amer. Chem. Soc., 30 (1908), 412. •• Report, April, 1910, 104.
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The crude oil obtained by any distillation process is redistilled or re-
fined before it is marketed. Crude oils from the destructive process
are agitated with alkali whereby the greater part of the phenols, cresols,
and related bodies are dissolved, and separated by settling from the
turpentine; rosin spirits and rosin oils are run off and separated by
redistillation with steam as steam-distilled wood turpentine is. This is
usually done in a copper-pot still of suitable size, live steam being con-
ducted directly into the crude oil. Ordinarily this distillation is not
conducted with care, and but little attempt is made to ensure that the
wood turpentine obtained does not contain considerable quantities of the
heavier " pine oils," as the heavier oils present in the crude product are
called.

The principal source of American turpentine is the long-leafed pine,
Pinus palustris (Pinus australis Mchx.); Pinus heterophylla and Pimis
echinata also furnish turpentine.

American oil of turpentine consists practically entirely of terpenes,
of which pinene is the chief. Dextro-a-pinene, laevo-a-pinene and fi-
pinene are all present, as well as small quantities of camphene. The
question as to whether firpene,1 which has been described as a consti-
tuent of the oil, is a distinct individual or not, is a matter of some doubt.

Crude wood turpentine differs from normal turpentine primarily in
that it contains additional terpenes, and terpene derivatives, together
with other non-terpene derivatives. In that obtained by the destructive
distillation of long-leaf yellow pine, dipentene, pentane, pentene, toluene,
heptine, etc., have been identified, in addition to pinene.

Steam-distilled wood turpentine consists essentially of pinene, to-
gether with camphene, limonene, dipentene, cineol, and (depending on
c^re of fractionating), terpineol, borneol, terpinene, etc.

The pine oils contain chiefly terpineol, borneol, and fenchyl alcohol,
with small quantities of limonene, dipentene, terpinene, cineol, and even
less pinene and camphene.

American oil of turpentine varies in character to a considerable ex-
tent, the optical rotation, especially, having steadily decreased in the
past few years. Such variations are to be expected when one remembers-
that the gathering grounds have been extended in various directions, the
methods of preparation alter from time to time, and the use of different
species of trees is not uncommon.

Any standards for these oils must therefore be understood to be fair
working figures, to which by care, oils can be made to attain, although pure
distillates may, obviously, give values widely outside the accepted figures.

The United States Department of Agriculture in 1911 issued sug-
gested standards for pure turpentine, of which that for No. 1 or " stand-
ard " turpentine is the most important. The suggested standards are
as follows: Specific gravity at 20° = 0-862 to O870; refractive index
at 20° = 1-4680 to 1*4760; 95 per cent, should distil below 170°. On
polymerisation with sulphuric acid (thirty-eight times normal) the re-
sidue should not exceed 1 per cent, and should have a refractive index
of 1-500 to 1-520.

The author,2 as the result of the examination of a very large number
of pure commercial samples, finds the following limits to embrace prac-
tically all genuine normal samples as met with in commerce :—

1 Frankforter and Frary, Jour. Amer. Chem. Soc., 28 (1906), 1461.
2 E. J. Parry, Chemist and Druggist, 24 August, 1912.

VOL. I 2
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Specific gravity at 15° 0-862 to 0-870
Refractive index 1-4680 „ 1-4730
Initial boiling-point 154° „ 155-5°
Distillate under 160° 72 „ 74-5 per cent.

„ 170° 95 ,,97-5 „
Bromine value 1-96 ,, 2-31
Iodine value (Hiibl) 360 , 375

„ (Wijs) 335 , 350
„ , , of last 10 per cent, on distillation (Hiibl) 349 , 369

(Wijs) 350 , 365
Refractive index of 1st 20 per cent. . . . 1-4700 , 1-4722

„ „ 2nd ,, . . . . 1-4700 „ 1-4724
„ „ 3rd „ . . . . 1-4710 „ 1-4735

4th „ . . . . 1-4710 „ 1-4740
5th , , . . . . 1-4780 „ 1-4821

The characters of wood turpentine, and the effect of this and of other
adulterants on thess figures is shown in the foliowing table by the author
(loc. dt.):—

Specific G r a v i t y . . . .
Refractive Index
Initial Boiling-point
Distillate under 160°

., 170°
Bromine Value * .
Iodine Value (Hiibl)

.. (Wijs)

. . .

. . .

. . .
„ of last 10 per cent. (Hiibl) .

., „ (Wijs) .
Refractive Index of 1st 20 per cent.

2nd „ .
3rd „ . . .
4 t h „ .
5 t h „ .

•1)

Pu
re

Am
er

ica
n

ur
pe

nt
in

e.

0-866
1-4720
155°

74°
94°

2-2
372
350
360
355

1-4719
1-4700
1-4712
1-4712
1-4781

(2
W

oo
d

ur
pe

nt
in

e.

0-873
1-4745
159°
61°
™%
1-46
264
240
251
242

1-4731
1-4730
1-4734
1-4732
1-4842

(3)
J3

>e
r c

en
t, 

ea
c

L) 
an

d 
(2

).
8 "

0-869
1-4737
157°
68°
84°
1-82
321
298
304
298

1-4728
1-4720
1-4722
1-47-21
1-4821

(4)

'et
ro

le
um

 "
ur

pe
nt

in
e.

0-808
1-4490
98°

48°
75%
0-05
9 0
8-4
9-0
8-5
1-448
1-419
1-4481
1-4470
1-4495

(5)

i i
l l

s~

0-838
1-4610
99°

62°
82°
1-1

190*5
179
184
177

1-4660
1-4675
1-4721
1-4721
1-4735

As Hertz1 has shown, the optical rotation of American oil of turpen-
tine is very variable. NM.J

The experiments on the opposite page by the United States Govern-
ment Chemists with the oil from named trees show how widely the
rotation may vary even with the product of the same tree :—

1 Jour. Amer. Chem. Soc., 30, 863.
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Tree
Designa-
tion.

Al
A2
A3
A4
A5
A6
Cl
02
C3
04
Dl
D2
D3
D4

Species.

P. heterophylla
M
tt

P. palustris .
»» •
»» •

P. heterophylla
?i

P. palustris .

»
»

P. heterophylla

Dia-
meter

(inches).

7-0
14-5
24-5
7-3

15-0
21-0
12-3
8-2

13-0
8-7
9 0

13-5
13-0
9-0

Character of Chipping.

1st year, normal depth
>» »

»t »

)> I*
2nd year, shallow .

!• »> •
M >»» •
»t » •

2nd year, normal depth
»» »»
»' »»

Optical
Rotation
100 mm.
Tube.

20° "C.

- 20° 50'
+ 0°15'
- 15° 0'
+ 15° 40'
+ 8° 9'
+ 18° 18'
- 27° 11'
- 26° 28'
- 7° 26'
+ 7° 31'
+ 10° 50'
+ 1°23'
- 18° 35'
- 29° 26'

In a general way the figures support the view that the oils of Pinus
palustris are dextro-rotatory and those from Pinus heterophylla laevo-
rotatory. That this is not strictly true, however, is evidenced by the
dextro-rotation of A2 (P. heterophylla), and more especially by the laevo-
rotation of 03 (P. palustris).

With these variations in the first collection from the several trees,
the question naturally arose, would the variations change as the season
advanced or would the figures prove constant for the individual trees ?
The rotations for the successive collections are as follows:—

OPTICAL KOTATION IN 100 MM. TUBE, 20° C.

Collection.
1
2
3
4
5
6
7

Collection.
1
2
8
4
5
6
7

Al.
- 20°
- 22°
- 21°
- 21°
-20°
-20°
- 22°

C2.
-26°
-25°
- 26°
- 26°
- 26°
- 26°
- 26°

50'
5'

45'
7'

30'
15'
15'

28'
37'
20'
30'
r
0'

28'

A2.
+ 0°
-0°
+ 0°
- 1°
- 2°
- 3°
- 5°

03.
- 7°
- 6°
- 4°
- 4°
— 3°
- 4°
- 6°

15'
30'
15'
15'
5'

30'
45'

26'
42'
45'
29'
55'
5'
6'

A3.
- 15°
- 14°
- 15°
-15°
- 15°
- 15°
- 17°

C4.
+ 7°
+ 7°

0'
26'
55'
50'
15'
27'
52'

31'
20'

A4.
+ 15°
+ 15°
+ 14°
+ 14°
+ 14°
+ 14°
+ 12°

Dl.
+ 10°
+ 11°
+ 13°
+ LV°

4

+ 13°
+ 13°
+ 10°

40'
22'
15'
20'
21'
35'
49'

50'
23'
7'

46'
0'
0'

48'

A5.
+ 8° 9'
+ 8° 50'
+ 8° 27'
+ 8° 34'
+ 8° 32'
+ 8° 4'
+ 7° 6'

D2.
+ 1° 23'
+ 2° 40'
+ 2° 25'
+ 2° 22'
+ 1° 13'
+ 1° 15'
- 0°55

A6.
+ 18°
+ 17°
+ 19°
+ 18°
+ 19°
+ 1">°
+ 14°

D3.
- 18°
- 17°
- 15°
- 15°
- 14°
- 14°
- 14°

18'
43'
30'
46'
24'
16'
47'

35'
0'

20'
0'

38'
7'

19'

01.
- 27°
- 26°

11'
48'

- 26° 25'
-23°
- 21°
- 21°
- 21°

D4.
- 29°
- 27°
- 28°
- 27°
- 27°
- 26°
- 26°

32'
12'
46'
35'

26'
45'
19'
38'
48'
11'
12'

Wood turpentine can, however, be so rectified as to distil at tempera-
tures much closer to those of normal turpentine than is shown in the
table on p. 18, so that whilst positive results indicate the presence of wood
turpentine, negative results do not necessarily exclude its presence.
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The lower iodine value, especially of the last 10 per cent, remaining
on distillation is very characteristic of wood turpentine, and is, in the
author's opinion, the most valuable evidence that can be obtained of its-
presence.

The fact that wood turpentine usually contains dipentene is also of
considerable assistance to the analyst in some cases. In normal turpen-
tine, if the successive fractions of 5 per cent, be examined, they will be
found to increase regularly in specific gravity and refractive index, with
each rise in the distillation temperature. Dipentene, however, has a
higher boiling-point than pinene, but a lower specific gravity. So that
in a wood turpentine containing dipentene, when about 70 per cent, has
distilled over, some of the fractions will be found to have increased in
boiling-point, increased in refractive index, but decreased in specific
gravity. In such a case, the presence of wood turpentine may safely
be assumed.

When adulterated with most types of petroleum products, the tem-
perature of distillation rises gradually, and no large fractions are obtained
at any definite temperature when the adulteration is at all excessive.
The presence of ordinary petroleum spirit lowers the flash-point of tur-
pentine. When pure it flashes at 92° to 95° F. when tested in Abel's
flash-point apparatus. With only 1 per cent, of ordinary petroleum
spirit this temperature is reduced by 10°.

According to Armstrong, a good indication of the presence of the
usual adulterants is obtained by distillation with steam. A current of
steam is allowed to pass into a definite volume of the turpentine con-
tained in a flask attached to a condenser. Unless it has been allowed
free access to the air for some time, the genuine oil leaves only traces
of non-volatile matter, but old samples may leave up to 2 per cent.
Usually, however, the presence of more than '5 per cent, after steam
distillation indicates the presence of unvolatilised petroleum oil. This
is easily recognised by its low specific gravity and its fluorescence when
dissolved in ether. If the residue consists of resin oil, it will form a.
bulky soap when rubbed with slaked lime. The specific gravity of the
fractions coming over with the steam will largely assist in determining
the presence of volatile adulterants.

For the approximate estimation of the amount of petroleum naphtha
in adulterated turpentine, Armstrong1 recommends the following pro-
cess : 500 c.c. of the sample is placed in a separator and treated with
about 150 c.c of sulphuric acid (2 volumes of acid to 1 of water).
The mixture is cautiously agitated, and, if much rise of temperature is
observed, the separator must be placed in cold water for a short time.
The turpentine is gradually converted into a viscid oil, and when this has.
taken place, and no more heat is developed on repeated agitation, the
acid is tapped off. The oily layer is then transferred to a flask and
subjected to steam distillation. When all that is volatile with steam
has passed over, the oily portion of the distillate is separated from the
aqueous layer, and heated with half its volume of sulphuric acid pre-
viously diluted with one-fourth of its measure of water. The mixture
is well agitated, the acid liquid separated, and the oily layer again dis-
tilled with steam. When genuine turpentine is operated upon, the
volatile portion of this second treatment consists merely of cymene

1 Jour. Soc. CJ em. Ind., 1882, 1, 480.




