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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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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.
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and a small quantity of paraffinoid hydrocarbons. It never exceeds
4 to 5 per cent, of the volume of the original sample, and with care is
as low as 3* per cent. If the volume notably exceeds 5 per cent., it is
advisable as a precaution to repeat the treatment with the (4 to 1) acid.
When treated in this manner, petroleum naphtha is not appreciably
affected; hence the proportion may be fairly estimated by making an
allowance of 4 to 5 per cent, from the volume of volatile oil which has
survived the repeated treatment with sulphuric acid. A further puri-
fication may be effected by violently agitating the surviving oil with
several times its volume of concentrated sulphuric acid heated to 50° or
60°. This treatment can be repeated if necessary, after which the
residual hydrocarbon is separated, steam distilled and again measured,
when the surviving oil from pure turpentine oil will not exceed from
•J- to 1 per cent, of the original sample. Any excess over this will be
the minimum quantity of petroleum naphtha present. Shale naphtha
cannot be at all estimated in this way. The behaviour of the oil on
distillation is the best indication of the presence of rosin spirit, as the
temperature rises gradually, and no considerable fraction is obtained at
158° to 160° if much rosin spirit be present.

Allen (Commercial Organic Analysis) gives the table on page 22 as
indicating some of the properties of some substances which have been
used as adulterants for turpentine oil.

More empirical methods for detecting adulteration in turpentine have
been published than is the case for any other essential oil. These are
principally based on colour reactions, and are, in very many cases, quite
useless, especially when the adulterant is carefully purified. Many modi-
fications of processes described above have been published, but do not
appear to possess any advantages over those which have been described.
It is, therefore, considered unnecessary to reproduce so large a bulk of
published work, which has so little bearing on the practical examination
of this oil; but readers who wish for information on these or other little-
used processes or tests, or for details of methods which for any other
reason are not dealt with here, are referred to the following papers :—

J. M. McCandless (J. Amer. Chem. Soc., 1904 (26), 981).
Marcusson and Winterfeld (Chem. Zeit., 1909, 987).
W. Burton (/. Amer. Chem. Soc., 1890 (12), 102).
P. H. Conradson (J. Soc. Chem. Lid., 1897 (16), 519).
H. Wolff (Farbenzeit., 1912 (17), 1553).
Grimaldi (Chem. Zeit., 1908 (32), 8, and 1910 (34), 721).
Dunwody (Amer. Jour. Pharm., 1892 (33) 131).
H. Herzfeld (Chem. Zentralblatt, 1903 (1), 258).
P. van der Wielen (Pharm. Weekblad., 1911 (8), 35).
Nicolardot and Clement (Bull. Soc. Chim., iv. (1910), 7, 173).
V6zes (Bull. Soc. Chim., iii. (1903), 29, 896).
C. Piest (Chem. Zeit., 1912 (36), 198).
Utz (Chem. Zentralblatt, 1905 (1), 1673).
A. W. Schorger l has examined the oils from a number of pine-trees

1 U.S. Department of Agriculture, Bulletin 119.
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found in the Western parts of the United States, and Adams l has reported
upon similar " wood turpentines ". These results are as follows:—

TUKPENTINE FROM PlNUS PONDEROSA (LAWS).
The specific gravity of the oil was 0-8625; the index of refraction

1*4772; and the specific rotation [a]D '= - 14-39°. On fractionation of
500 grams of oil the following results were obtained:—

Temperature
(corrected).

°C.
164-0-168-2

168-6
169-0
169-2
170-5
171-0
171-6
172 4
175-0
179-5
179-5 +

Distillate.

Observed.

Per Cent.
5-01
9-94
9-36
9-20

10-45
10-71
10-28
9-69

10-36
7-04
7-74

Cumulative.

Per Cent.
5-01

14-95
24-31
33-51
43-96
54-67
64-95
74-64
85-20
92-24
99-98

Specific
Gravity
at 15°.

0-8578
•8595
•8601
•8606
•8608
8612
•8615
•8619
•8621
•8631
•9186

Index of
Refraction

at 15°.

1-4740
1-4750
1-4752
1-4753
1-4754
1-4757
1-4760
1-4762
1-4763
1-4775
1-5063

Specific
Rotation
at 20°.

-13-81
-13-70
-13-17
-12-92
-12-73
-12-98
- 13-33
-14-17
-17-15
- 24-13
+ 0-86

Laevo-a-pinene, /2-pinene, and laevo-limonene were detected in the oil.

TURPENTINE FROM PINUS PONDEROSA SCOPULORUM (ENGELM).

The oil had the following characters : specific gravity 0'8639 at 15°;
index of refraction 1*4727 at 15°.

The physical constants of the fractions obtained on distillation are as
follows:—

Temperature
(corrected).

°C.
157-6-158-5

159-5
159-9
160-1
160-9
161-7
162-6
165-2
170-2
173-0
177-1
183-3
183-3 +

Distillate.

Observed.

Per Cent.
2-03
9-69
9-97

10-21
10-06
9-39
9-97
9-12

10-50
5-94
6-25
2-19
4-60

Cumulative.

Per Cent.
2-03

11-72
21-69
31-90
41-96
51-35
61-32
70-44
80-94
86-88
93-13
95-32
99-92

dl5°.
Specific
Gravity
at 15°.

0-8586
-8621
•8620
•8620
•8620
-8620
•8623
•8626
•8626
•8615
-8593
•8576
—

ND15°
Index of

Refraction
at 15°.

1-4686
1-4701
1-4702
1-4705
1-4706
14711
1-4714
1-4722
1-4735
1-4752
1-4758
1-4769

a-Pinene, /3-pinene, and limonene were found in the oil.
1 Jour. Ind. Eng. Chem., 1915 (7), 957.
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T U R P E N T I N E F R O M P I N U S S A B I N I A N A .

T h e oil h a d a p l e a s a n t orange- l ike o d o u r ; specific gravi ty , 0*6971 ;
a n d index of refraction, 1-3903. O n fract ional d is t i l la t ion of 500 g r a m s
of t he oil t he following resu l t s were ob ta ined :—

Temperature
(corrected).

°C.
96-1-97*3

97-9
98-3
98-3
98-4
98-4
98-5
98'5
98'5
98-5
98-6
98-7
98-8
98-8 +

Distillate

Observed.

Per Cent.
4-24
7-93
9-04
8-44
8-89
8-97
8-06
7-13
6-92
6-94
6-83
6-19
5-66
4-66

Cumulative.

Per Cent.
4-24

12-17
21-21
29-65
38-54
47'51
55-57
62-70
69-62
76-56
83-39
89 -58
95-24
99-90

Specific
Gravity at

15° C.

0-6889
•6885
-6882
•6882
•6880
•6881
•6881
-6882
•6881
•6880
•6879
•6879
•6881
•7393

XD15-
Index of
Refraction
at 15° C.

1-3890
1-3898
1-3898
1-3898
1-3898
1-3898
1-3898
1-3898
1-3898
1-3899
1-3899
1-3899
1-3900
1-4140

This oil is very noteworthy, as it consists almost entirely of the hydro-
carbon heptane, a low boiling paraffin hydrocarbon, quite distinct from
the terpenes, which are the normal constituents of practically all other
turpentine oils.

TURPENTINE FROM PINUS OONTOBTA.

Two samples of this oil had the following characters :—

Specific gravity
Rotation .
Refractive index

1.
0-8518
- 20-12°
1-4862

2.
0 8549

1-4860

About 400 g r a m s were submi t t ed to fract ional dis t i l la t ion w i t h t h e
following r e s u l t s : —

Temperature
(corrected).

°C.
164-4-170 6

171-6
172-6
173-6
175-3
177*2
177-6
177-9
178-4
178-9
178-9 +

Distillate.

Observed.

Per Cent.
2-89
8-55
9-08

10-77
10-22
9*79

10-03
10-23
9-26
4-15

14'83

Cumulative.

Per Cent.
2-89

11-44
20-52
31-29
41-51
51-30
61-33
71-56
80-82
84-97
99-80

</15°
Specific

Gravity at
15° C.

0-8547
•8546
•8542
•8534
•8522
•8514

. -8507
•8502
•8498
•8498

—

ND5°
Index of

Refraction
at 15° C.

1-4793
1-4814
1-4823
1-4835
1-4852
1-4861
1-4871
1-4880
1-4891
1-4894

—
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The oil had a very characteristic odour; it was pungent when freshly
distilled, and, after standing some time, was orange-like. The oil poly-
merised very considerably at its boiling-point. The 15 per cent, residue
remaining in the distilling flask solidified to a solid, amber-coloured mass
resembling colophony, insoluble in alcohol, but soluble in ether and
chloroform. To avoid loss of oil by polymerisation it must be distilled
under reduced pressure. The oil carefully purified and finally distilled
•over metallic sodium, had the following properties: Boiling-point, 60° at

21°
11 mm.; specific gravity, ^ 0*8460; refractive index, 1-4861; specific

rotation [a]D = - 12'36°.
This oil is also noteworthy, as it consists mainly of /2-phellandrene

which has.not previously been detected in any turpentine oil.

TURPENTINE FROM PINUS LAMBEKTIANA.

An oil obtained from oleo-resin collected during 1911 had the following
properties: specific gravity, 0'8663; index of refraction, 1-4728; specific
rotation [A]O = + 10*42°. Another sample of the oil had a specific
gravity of 0*8658 and an index of refraction of 1*4727, and gave the fol-
lowing results on fractionation :—

Temperature
(corrected).

°C
155-8-157-3

158-6
153-9
159-3
159-7
160-3
161*3
162-5
168-4
178-8
178-8 +

Distillate.

Observed.

2-98
9-33

10*78
10-34
10-70
9-79
9*94
9-54
7-67
5-11

13-62

Cumulative.

Per Cent.
2-98

12-31
23-09
33-43
44-13
53-92
63-86
73-40
81-07
86-18
99-80

d!5°
Specific

Gravity at
15° C.

0-9531
•S620
•8629
•8632
•8633
•8633
•8634
•8633
•8624
•8548
•9011

ND15°
Index of

Refraction
at 15° C.

1-4657
1-4693
1-4698
1-4701
1-4703
1-4708
1-4716
1-4726
1-4736
1-4721
1-4912

The oil contains a-pinene, /?-pinene, a very small amount of phellan-
drene (?), a hydrocarbon, probably of the aliphatic series, and a sesqui-
terpene which is probably aromadendrene.

TUEPENTINE FROM PLNUS EDULIS.

The oil had the characteristic odour of thuja leaf oil, due to the pre-
sence of a sesquiterpene; the specific gravity was 0*8680; the index of
refraction, 1-4707; and the specific rotation, [O]D = + 19-26°.

The oil contains a-pinene, /3-pinene, and cadinene, a compound which
has not previously been recorded as occurring in turpentine oils.

On fractional distillation the following results were obtained :—
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Temperature
(corrected).

°C.
155-9-157-4

157-6
157-9
158-4
158-9
160-0
162-4
176-5
194-9
194-9 +

Distillate.

Observed.

Per Cent.
5-10 '

10-66
10-28
8-99

10-54
11-04
8-76
9-72
3-87

20-74

Cumulative.

Per Cent.
5-10

15-76
26-04
35-03
45-57
56-61
65-37
75-09
78-96
99-70

6/15°
Specific

( ravity at
15° C.

0-8617
•8617
•8621
•8619
•8616
•8611
•8609
•8605
•8616
•9129

ND 15°
Index of

Refraction
at 15° C.

1-4677
1-4683
1-4687
1-4689
1-4689
1-4693
1-4696
1-4713
1-4723
1-4837

TURPENTINE FROM PINUS JEFFREYI.

Schorgerl states that the normal turpentine from this tree consists of
about 95 per cent, of heptane and 5 per cent, of an aldehyde, probably
citronellal. Schimmel & Co.2 have examined this oil and found it to have
the following characters:—

Specific gravity
Optical rotation
Ester value

„ ,, (after acetylation)

0*7051
1-39653

5-2
8-7

They agree with Schorger that the principal constituent of the oil is
heptane. They do not agree, however, that citronellal is present, but
have identified decylic acid; possibly traces also of octylic and nonylic
aldehydes may be present. Linalol and methyl-chavicol are also pro-
bably present.

The " wood turpentine " of Pinus Jeffreyi was found to consist of 90
to 95 per cent, of heptane, with traces of limonene and citronellal. That,
from Pinus monophylla had a specific gravity 0*9702, rotation + 21-15°,
and refractive index 1*4771. In it were identified a-pinene, /3-pinene, and
cadinene. The corresponding oil from Pinus ponderosa had a specific
gravity 0*8626, rotation - 13*15°, and refractive index 1-4727. It contains
a-pinene, /3-pinene, and limonene.

Russian oil of turpentine is a product, the importance of which has
increased during the past few years, and appreciable quantities are now
imported into this country. The oil is obtained principally from Pinus
sylvestris, but Pinus Ledebourii also contributes to its production. The
crude oleo-resin is, whilst still mixed with a large percentage of impurities,
distilled over a naked fire without the use of water (essence de t^reben-
thine de resine) or the wood is crudely distilled directly (essence de t6r6-
benthine de four).

The resulting oil is brownish in colour with a most unpleasant odour,
due to the presence of decomposition products, which include phenols,
furfural, and benzenoid hydrocarbons.

The principal constituents of Eussian turpentine are, according to
Sehindelmeiser,3 /2-pinene, sylvestrene, and dipentene. A little dextro-a-

lJoiir. Ind. Eng. Chem. 6 (1914), 541. * Report, October, 1914, 45.
3 Chemiker Zeitung, 1908 (32), 8.
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pinene is also present. Zelinski and Alexandroff1 isolated a highly
laevo-rotatory hydrocarbon [OJD = - 70° 45', which they believed to be
laevo-pinene, but Schindelmeiser2 has shown it to be Zaevo-camphene
contaminated with some impurity. Acetone and a-terpineol have been
found in some samples of Eussian turpentine oil.

According to Schkatelow 8 the following trees yield " Eussian " turpen-
tine oils, having the following characters:—

Pinus Sylvestris
„ Abies

(Abies excelsa)
Larix Sibirica .
Pinus Cembra

,, Taurica
Abies Sibirica

Field of Oil.

15 to 16 per cent.
13-4

14-1
6

20
28

[«JD.

+ 22° to + 24°
- 13-2°

- 14-3°
+ 14-04°
- 75-9°
- 35-6°

Specific Gravity.

0-867 at 15°
0-873 „ 15°

0-870 „ 19°
0-865 „ 15°
0-861 „ 19°
0-875 „ 19°

The oil of turpentine arriving on this market from Eussia does not
correspond in character wjth any of the above oils. This is due to two
facts; firstly, that the oil is a mixture derived from more than one species,
and, secondly, that the bulk of the exported oil has been deprived of its
" middle runnings " in Eussia, the so purified middle fractions being used
in the country, so that much of the Eussian turpentine as we know it is-
a fractionated oil. The author 4 has examined samples of pure unfraction-
ated Eussian turpentine supplied to him by Prof. Schindelmeiser, and
found them to contain over 60 per cent, of oil distilling between 155° to
160°, which fractions are missing in nearly all the commercial oil ex-
ported. Two such typical samples had the following characters:—

Specific gravity
Optical rotation
Befractive index
Absorbed by 5 per cent. KOH
Distilled below 155°

155° to 160°
160° „ 165°
165° „ 170°
170° „ 180°
above 189°

1.
0-b67
+ 7°50'
1-4718

5 per cent,
traces only
65 per cent.
H „
13 „
7-5 „
3-5 „

2.
0-865

+ 10°
1-4736

6 per cent,
traces only

63 per cent.
9

15 „
7 „
6 „Sample No. 1, after removal of the acid bodies and tarry matter, gave

a rectified turpentine oil having the following characters :—
Specific gravity .
Opt-..-*...'+8°ical rotation .
Refractive index .
Absorbed by KOH
Disbils below 155°

155° to 160°
160° „ 165°
165° „ 170°
170° „ 180°
above 180°

0*8646
+ 8°

1-4890
none
none

68 per cent.
13 „
10 „
7
2 „

1 Chemiker Zeitung, 1902 (26), 1224. 2 Chem. Zentralblatt, 1908 (1), 2097.
*Moniteur Scwntifique, 1908, iv., 22, i., 217.
4 Chemist and Druggist, 26 October, 1912,
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These facts are recognised in the turpentine market, and users are
.content to accept the fractionated oil as Eussian turpentine. But it is
considered necessary that it should be in a reasonably good condition and
as what is known as of good merchantable quality. The difficulty of fix-
ing empirical standards under these conditions is obvious, but as the re-
sult of considerable experience in disputes on shipments of this oil the
author is able to say that the points to which objection is taken are (1)
the presence of phenoloid bodies (absorbed by caustic potash); (2) the
presence of much oil boiling over 180° which renders the oil unremunera-
tive to refine, as these fractions are useless for most purposes; (3) the
presence of impurities distilling below 155°. As a result of this experi-
ence, the following values may be laid down as representing what is ac-
cepted on the London markets as Eussian turpentine of fair merchantable
quality. The figures relate to four typical samples:—

In i t ia l boil ing-point .
Dist i ls below 155°

„ 155° to 160°
„ 160° „ 165°
„ 165° „ 170°
„ 170° „ 180°
,, „ above 180°

Specific gravity a t 15°
Refractive index a t 20°
Optical ro ta t ion
Absorbed by 5 per cent . K O H

1.
157°

none
1 per cen t .

44 „

37 „
15 „

3 „
0-863
1-4730
+ 4° 28 '
nil

2.
156°

n o n e
1 per cen t .

45 ,,
35 „
16 „

3
0-8635
1-4726
+ 4° 30'
ni l

3.
157°

n o n e
5 per cen t .

40 „
42 „
10 „

3 „
0-863
1-4725
+ 9°
ni l

4.
158°
n o n e

11 pe r cent.
18 „
48 „
19 „

4
0-8684

1-4748
+ 8°
ni l

A very large number of samples, however, have been even more
largely deprived of their middle runnings, and contain a considerable
amount of hydrocarbons boiling over 180°, and also a considerable
amount of acid bodies, which are absorbed by caustic potash. Such
samples are quite useless to the rectifier, as their redistillation must en-
sure the removal of the acid bodies and also of the bodies boiling over
180°, with a resulting loss which, as mentioned above, causes the rectifi-
cation to be unremunerative.

The following are typical samples of this kind which represent
numerous deliveries on the London market :—

1. 2. 3.
148° 146° 146°

per cent. 3 per cent. 5-5 per cent.
3 5

Initial boiling-point . .
Distils below 155°

155° to 160°
160° „ 165°\
165° „ 170°J '
170° ,, 180°
above 180°

Specific gravity at 15 °
Refractive index at 20°
Optical rotation .
Absorbed by KOH .

Finnish turpentine oil closely resembles Eussian oil. Aschan l has
identified it in the following compounds; diacetyl, furane, methyl-furane,
methyl-isobutyrate, benzene and its homologues, pinene, sylvestrene,
^-limonene, and dipentene. He has also recently isolated a new terpene
from this oil, boiling at 163° to 165°, specific gravity 0-8628 at 20°, and speci-
fic rotation + 7*7°. I t is a saturated bicyclic terpene, closely related to

2

3

35
48
12
0-863
1-4762

8(

34

50
10

0-8665
1-4756
+ 9'

22

46
21-5
0-878
1-4780

+ 11°

4.
153°

1 per cen t .
3 „

36 „
50 „
10 „

0-869
1-4792

+ 12° 45 '+ 8° + 9 ° + 11° + 12° 45 '
6 per cent . 8-5 per cent . 7 pe r cen t . 3 pe r cent ,

1 Farm. Notisblad., 1907, 93 , and Chem. Zeit. (1919), 1, 284.
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pinene. A terpene alcohol, and a sesquiterpene (cadinene ?) are also
present. A somewhat similar product is manufactured in Norway, as a
by-product in cellulose manufacture. It has a specific gravity 0*874
and optical rotation + 13°. It contains pinene, cadinene, and
sylvestrene.1

French oil of turpentine is characterised by a high laevo-rotation.
It is obtained principally from Pimis Pinoster (Pinus maritima Poir)>
(vide supra), and has the following characters :—

Specific gravity at 15° 0*863 to 0*875
Optical rotation - 20°,, -38°
Initiial boiling-point 152° „ 155°
Distillate below 165° 80 to 90 per cent.

It resembles American oil in other respects, the pinene present merely
differing by consisting more largely of the laevo-rotatory variety.

Normal Italian turpentine is the product of Pinus picea and Pinus
pinaster. Palazzo2 gives the following values for a typical pure com-
mercial sample :—

Specific gravity 0-863
Optical rotation - 48° 15'
Refractive index 1*4678 at 25°

Eighty per cent, distilled between 155° and 165-5". The first fraction,,
distilling up to 159° had a specific gravity O8576 at 20°, optical rotation
- 46° 54', and refractive index 1'4653 at 25°. The pure samples from
Pinus pinaster only had the following characters :—

Specific gravity at 1 5 ° , 0 - 8 6 7 0-871
Befractive index at 2 0 ° J . 1-4700 1-4707
Optical r o t a t i o n . . . - 35° - 35°

The high optical rotation is stated to be due to the presence of
limonene.

Greek turpentine oil is a commercial article in the South of Europe
and is obtained from the Aleppo pine (Pinus halepensis). It is produced
in nearly all the provinces of Greece. It is usual either to make deep
incisions in the trunks through which the resin quickly flows away, or in
the French manner to cut rather shallow notches and place a wooden
receptacle below these, in which the oleo-resin is collected. Pinus hale-
pensis is the only tree in Greece which is used for the production of
turpentine.

The crude oleo-resin contains from 20 to 25 per cent, of oil and 7O
per cent, of resin. The essential oil consists principally of dextro-a
pinene. Gildemeister and Kohler3 isolated this body in a fairly pure
condition, but Tsakalotos and Papaconstantinou4 have more recently
separated it in an apparently purer condition. The characters of the
hydrocarbon so separated are as follows :—

Gildemeister. Tsakalotos.
Specific gravity . . 0'8642 at 15° 0-8548 at 25°
Refractive index . . 1-46565 „ 20° 1-4633 „ 25°
Optical rotation . . + 40-23° + 47-7°
Boiling-point . . . 156° at 760 mm. 155° to 156° at 760 mm,

Greek turpentine has the following characters :—
1 Fosse, Ber. Deuts h. pharm. Ges., 25 (1915), 303.
2 Ann. Chim. Applic. (1917), 7, 88.
'•'• Wallach-Festschr'ft, Gattingen, 1909, 429.4 Jour, de Pharm. et de Chim., 1916, 4. 97.
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Specific gravity 0'860 to 0-866
Optical r o t a t i o n . + 34° „ + 47°
Refractive index 1-4670 „ 1-4740
Distillate from 152° to 156° 5 to 10 per cent.

„ 156° „ 160° 80 „ 85

The turpentine oil from Pinus longifolia has recently been examined
by Simonsen.1 He found present \the following bodies: laevo-a-pinene,
/3-pinene, a new terpene for which he proposes the name d-carene, and a
new sesquiterpene which he terms longifolene. In the previous edition
of this work (p. 28) it was stated that 3-sylvestrene was present in com-
paratively large amount.

It is probable that this is incorrect, but that another terpene has been
mistaken for sylvestrene on account of the fact that by the action of
hydrochloric acid, a molecular rearrangement takes place, with the
formation of sylvestrene hydrochloride. This hydrocarbon is that
isolated by Simonsen and named by him d-carene. It is an oil having
the following characters :—

Specific gravity @ 3 0 ° . 0-8586
Refractive Index @ 30° 1-4690
Optical Rotation : + 7-69°
Boiling-point at 705 m m . 1 6 8 ° to 169°

It yields sylvestrene hydrochloride when treated with hydrogen chloride
in ethereal solution. It yields a crystalline nitrosate, decomposing at
141-5°.

Its constitution is not yet settled. The sesquiterpene ^-longifolene
boils at 150° to 151° at 36 mm., or at 254° to 256° at 706 mm. Its
specific gravity is 0*9284 at 30°, refractive index, 1-4950 at 30°, and optical
rotation + 42'73°.

It yields a hydrochloride melting at 59° to 60°, and having a specific
rotation + 7*1°. Its hydrobromide melts at 69° to 70°, and its hydrio-
dide at 71°.

The characters of this oil fall within the following limits :—

Specific gravity 0*865 to 0-875
Optical rotation 0° to + 4°
Initial boiling-point 165°

Two samples on fractionation by Eabak2 and by Schimmel & Co.3

gave the following results:—

Rabak. Schimmel.
165° to 170° 56 per cent., aD = - 2 ° 33 per cent., aD = - 3° 30'
170° „ 175° 20 „ „ = + 2° 48' 31 „ ,. = + 0° 40
175° ,,180° 9 „ ,,= +6° 50' 14 „ „ = + 4° 32'
above 180° . 15 „ „ = + 18° 12' 22 „ „ = + 16° 22'

Austrian turpentine oil is derived principally from Pinus laricio. Its
composition has not been exhaustively studied, but it consists of terpenes
and is similar in composition to French turpentine oil. Its characters
are as follows :—

1 Jour. Chem. Soc. (1920), 570.
2 Pharm. Rev., 23 (1905), 229. s Report, April, 1906, 63.
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Specific gravity .
Optical rotation
Refractive index
Distillate from 155° to 158°

„ 158° „ 160°
,. 160° „ 165°
„ 165° „ 175°

0-863 to 0-870
-35° „ -40°

1-4680 „ 1-4725
45 to 50 per cent,
about 30 „

„ 165 °

TURPENTINE FROM AGATHIS EOBUSTA.
The oleo-resinous exudation from this Australian tree, known as the

" Queensland Kauri," yields an essential oil, which has been examined

FIG. 4. —Tree of Agathis robusta, Queensland.
[P. 373, Pines of Australia.
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by Baker and Smith.1 The yield of oil was 11*64 per cent, having the-
following characters:—

Specific gravity at f£° C 0-8629
Kotation aD in 100 mm. tube + 20-2°
Refractive index at 16° G. C.1*4766

Thirty c.c. of the oil were distilled under atmospheric pressure, when
nothing came over below 155° C.; between 155° and 156° C., 53'3 per
cent, distilled; and between 156° and 159° C., 33*3 per cent, more came
over. The residue in the flask, 13*3 per cent., was also determined.

The first fraction had the following characters :—
Specific gravity at fp C 0'8625
Kotation aD + 14-4°
Refractive index at 17° C. 1-4755

The second fraction had the following characters :—
Specific gravity at lf ° 0 C 0 - 8 6 0 3
Rotation o u a D + 20*4°
Refractive index at 17°C. . . . . . . . 1-4763

The portion remaining in the flask had the following characters :—
Specific gravity at $£° C 0-8610
Rotation aD + 38-6°
Refractive index at 17° C 1-4791

Pinene was the only constituent identified.
In addition to the above described turpentine oils, the following, al-

though not of considerable importance, are of some interest :—
Origin.

Spanish—
Pinus lialepensis . )

„ pinaster . . /
2 Algerian—

Pinus halepensis
Mexican3 Philippine—

Pinus insularis .
Burmese—

Pinus Khasyjb .
„ Merkiisii .

* Japanese—
Pinus Thunbergii

Various—
Picea excelsa

5 " Strasburg Turpentine Oil"—
Abies Alba .6 Venetian Turpentine Oil—
Lariv decidua .7 Canada Balsam Oil —
Abies balsamea (and other
species) . . . .

Oregon Balsam Oil—
Pseudotsuga Douglasii

Specific
Gravity.

0-860

0-860-0-863
—

0'869

0-863
0-861

—

0-863-0-870

0-860-0-861

0-865-0-878

0-862-0-865

0-858-0-882

Rotation.

- 9°

+ 45° to +48°
+ 34°

+ 13° to + 28°

+ 36°
+ 32°

—

+ 3° to - 12°

—

- 8° to - 12°

- 25° to - 38°

- 30° to - 48°

Refractive
Index.

1-4654

1-4638-1-4660
—

1-4700

= }

—

—

—

1-4700

1-4730-1-4765

1-4730

Constituents.

—

d-pinene
limonene (?)

d-a-pinene;
£-pinene

d-a-pinene

a-pinene, di-
pentene,
limonene

a-pinene

a-pinene

/-a-pinene

Z-a-pinene

2 80 per cent, distils at 155° to 156°.4 Distils chiefly at 165°.
1 The Pines of Australia, 386.3 96 per cent, distils between 154° and 165-5°.5 Distils chiefly at 162° to 163°.6 60 per cent, distils from 157° to 161°; 20 per cent, from 161° to 164°, and 6 per cent,

from 164° to 168°.
7 Distils chiefly between 160° and 167°.
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OIL OF JUNIPER.

The plant yielding this oil is Juniperus communis, a native of Greece,
and widely distributed over Europe. It is a small shrub or tree varying
from 2 to 6 ft. in height, but in parts of Norway it forms a forest tree
some 30 to 40 ft. in height. The Italian berries, however, are most
valued for oil. According to Pereira, the juniper of the Bible was a
leguminous plant, probably the broom or furze tree. Fraas considers
the Kt'8/)o« fuxpa of Dioscorides was our juniper. The plant is usually
dioecious, and the scales of the cones, when ripe, become succulent, and
cohere to form a kind of berry (galbulus). These berries are rich in
sugar, and by their fermentation and distillation the well-known beverage,
gin, is obtained, which owes its characteristic flavour to the oil of juniper.
It has been stated that the oil is distilled from the full-grown, but unripe,
fruit. But with reference to this point, Schimmel and Co.1 states that
"this is an error, at least no such oil is distilled on a large scale. It is
an antiquated idea, originating with Zeller, that unripe fruits render a
larger yield in oil than ripe ones. In any case, the oil distilled from
unripe berries in all essential qualities is inferior to normal oil of ripe
fruits." The following are given by Schimmel as the average yields of
oil from plants grown in certain districts —•

Bavarian . . 1/2 per cent.
East Prussian
Thuringian
Swedish
Italian
Polish
Hungarian

•6
•7
•5

1 to 1-5
•9

•8 to l
The oil is distilled on a very small scale in England, but, according

to the Perfumery and Essential Oil Record* hitherto it has not been
possible to produce the oil competitively with southern Europe, because
of the relative cheapness of labour and the vast tracts of land over which
the trees grow wild. It also must be remembered that the foreign oil is.
produced under somewhat different conditions, and may be almost con-
sidered a by-product. There is a considerable demand on the Continent,
for an aqueous extract of the berries, called " Boob," or " Bob of Juniper,""
and the distilled oil is in this case a by-product, the berries being first
crushed and macerated with water and then distilled with water, and the
residue in the still evaporated to a soft consistence.

Much of the oil met with in commerce also is probably not normal in
composition, but is obtained as a by-product in the manufacture of gin
and similar spirits.

There can be no reason why it should not be possible for our northern
dependencies to produce all that is required.

The juniper plant is a small shrub 4 to 6 ft. high, or in sheltered
woods growing higher, widely distributed throughout the northern hemi-
sphere, in Europe from the Mediterranean to Scandinavia, in Asia
northwards from the Himalaya Mountains, in North America from the
southern states to Greenland. It requires a certain amount of moisture,
with some drainage, and apparently prefers some lime in the soil. It
occurs freely on the slopes of the chalk downs near London, and on
healthy, and therefore silicious, soil where a little lime occurs. On
mountains in the Arctic regions a small form of the plant occurs, viz.,

1 Report, October, 1898, 30. 2 P. and E.O.R., March, 1915, 63.
VOL. I. 3



34 THE CHEMISTEY OF ESSENTIAL OILS

Juniperus nana Willd., with rather longer berries and a prostrate habit.
Especially where bands jof limestone occur, as on some of the Scottish
mountains and on the limestone hills in the Lake district, it is a common
plant.

The berries take two years to come to maturity, so that there are
always mature and immature berries on the same plant, and the collec-
tion by hand, unless the branches are beaten over a tray, is, owing to
the sharp points of the leaves, rather a prickly matter. The blackish
berries that are imported are apparently all mature, indicating that the
green immature berries are separated. The immature berries, however,
darken on keeping.

Whether imported oil of juniper is always distilled from Juniperus
communis is open to question, since the oil of some red juniper berries
imported from Smyrna, and attributed to Juniperus phoznicea, has been
found to correspond in all its properties with those of Juniperus com-
munis. But on examination of an oil distilled in Cyprus from the berries
of Juniperus phanicea at the Imperial Institute, it was shown to differ
from that of Juniperus communis in optical rotation, which was + 5°,
whilst that of Juniperus communis distilled from the berries is usually
- 3° to - 150.1

The yield of oil from imported berries varies from O5 to 1*5 per cent,
the Italian averaging 1 to 1*5 per cent., the Bavarian 1 to 1*2 per cent.,
the Hungarian O8 to 1 per cent. The berries imported from East Prussia,
Poland, and Thuringia average 0*6 to 0'9 per cent., and Swedish berries
only 0'5 per cent, of oil, the berries of the more southern plants yielding
the most oil. This indicates that sunny slopes are likely to be the best
places to cultivate the plant for the berries. The yield of oil, however,
varies considerably in different years.

The known constituents of juniper oil are the terpenes, a-pinene, and
camphene, the sesquiterpene cadinene, and a small amount of oxygenated
constituents. The principal of these bodies is terpinenol. A second
alcohol (or possibly a mixture of alcohols) has also been separated,
having the following characters: boiling-point, 218° to 226° ; specific
gravity, O9476 ; optical rotation, - 4° 30'; and refractive index, 1*4825.
In old oils a crystalline substance is sometimes to be found, which has
been described as juniper-camphor. Its constitution is unknown, but
it is possibly a sasquiterpene alcohol. Traces of esters are also present.

The physical characters of juniper oil vary so enormously according
to the age of the oil, that it is very difficult to suggest limit values. For
reasonably fresh oil that has been kept under proper conditions the fol-
lowing figures will usually apply :—

Specific gravity . . . 0-865 to 0-890
Optical rotation . . . - 3° ,, - 20° (rarely slightly dextro-rotatory)
Refractive index . . . 1-4750 to 1-4880
Acid value . . . 1 to 4
Ester , , . . . 2 „ 8

„ ,, (after acetylation) 15 „ 25
The oil is usually soluble, when freshly distilled, in four volumes of

95 per cent, alcohol. But too much reliance must not be placed on this
test, as insolubility rapidly results from age. The approximate propor-
tions of pinene and cadinene should be determined by a fractional dis-
tillation. The results vary according to the fractionating apparatus

1 P. and E.O.R., 1913, 291.
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used, but with a series of bulbs, from 25 to 35 per cent, is obtained be-
tween 155° and 160°, and from 10 to 20 per cent, between 270° and 280°.
With our present knowledge of this oil, no further analytical methods
are yet available. A good juniper oil should contain sufficient cadinene
for the residue after distilling off 75 per cent, to have a refractive index
of 1-4950.

Umney1 has reported on the effect of age on an English distilled
juniper oil, which is no doubt identical with what takes place with other
oils. The oil when distilled in 1898 had a specific gravity 0*871. In
1914, this figure had risen to 0*977, and the refractive index was 1*4960.

Jumper wood oil, as met with in commerce, is not a natural product
at all. It is usually a mixture of turpentine with sufficient juniper berry
oil to give it an odour of juniper oil.

The berries of Juniperus phanicea, which are found in Cyprus, yield
an oil having the following characters :—

Specific gravity 0-867 to 0-870
Optical rotation + 3° „ + 5°
Refractive index . . . . . . . . about 1'4710

The leaves of Juniperus phwnicea yield an oil iwhich has been in-
correctly offered in the market as oil of savin. —

The berries of Juniperus oxycedrus yield about 1*5 per cent, of essen-
tial oil having the following characters :—

Specific gravity
Optical rotation
Refractive index

0-850
- 4°

1-4710
to 0856

-10°
1-4735

The wood of this plant yields up to 3 per cent, of oil of specific gravity
0925, and optical rotation - 30°.

OIL OF CYPEESS LEAF.

Oil of cypress is distilled from the leaves of Cupressus sempervirens
(fastigatd), the yield being from 0*2 to 1*2 per cent. Cupressus lusi-
tanica also yields a similar essential oil.

This oil is popularly supposed to be a remedy for whooping-cough,
but its efficacy in this respect can scarcely be said to be soundly estab-
lished. The oils have the following characters :—

Specific gravity .
Optical rotation .
Refractive index .
Acid value
Saponification value

,» >»

Specific gravity
Optical rotation
Refractive index
Acid value
Ester ,.

,, ,, (after as

French Oils.
Cupressus

sempervir ens.
Cupressus
lusitanica.

. 0-868 to 0'S84 0-872
+ 12°+

. 1-4710 ,
0-7

3 1
(after acetylatioii) . 9

German

etylation) 3

Oils.

• • •

, + 31° + 9° 10
, 1-4760 —
, 2 1
, 16 9-8
, 32 26-6

Cupressus
sempervirens.

0-880 „ 0-900
+ 4° „ + 18°
1-4740 „ 1-4800

1-5 ,, 3
13 „ 22
36 „ 51

1 P. and E.O.R., 1914, 5.
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The oil contains d-a-pinene, d-camphene, d-sylvestrene, a ketone
resembling thujone, terpinyl esters, a sesquiterpene, cedrol, and alcohols
which have been investigated by Schimmel & Co.1 with the following
results:—•

The principal constituent of the mixture is an alcohol, terpinenol-4
of the formula C10H18O. Sabinol is possibly present in the alcohol
mixture, but has not been characterised with certainty. A third alcohol
is present which has the following features:—

It is esterifiable with benzoyl chloride (using pyridine) and was re-
covered from the steam-distillation residue by saponification. For pur-
poses of purification it was again treated with phthalic anhydride at
an increased temperature. Unfortunately, in this manipulation part of
it was decomposed. The pure alcohol C10H18O has a pleasant, rose-
like odour. Its constants were as follows: boiling-point 76° to 77°
(4 to 5 mm.), 210° to 212° (ordinary pressure), d15o' O9422, aD + 43° 38'
WD20O i'46678.

With phenyl and naphthyl ^socyanates only liquid derivatives were
obtained. No diphenylurethane was formed. Judging by the odourr
oxidation with Beckmann's mixture appears to give rise to an aldehyde.

With regard to the cypress oil fractions with the highest boiling-point,,
which possess in a more pronounced degree the peculiar balsamic odour,
it would appear that they contain, besides cadinene and cypress-camphor,
a sesquiterpene alcohol, boiling at 13.6° to 138° at 5 mm. pressure.

THUJA-LEAF OIL.

This oil is obtained by distillation with steam of the leaves and pos-
sibly also the small twigs of Thuja occidentalis, the well-known Arbor-
vitce, sometimes also called the white cedar. The yield of oil is from
0*4 to 1 per cent. It is almost colourless, but by oxidation becomes,
slightly greenish or yellow. Its odour is not particularly pleasant,
somewhat recalling that of tansy oil. It is frequently adulterated with
cedar oil, pine-leaf oils, and turpentine. The earliest scientific investi-
gations of this oil are those of Schweizer and Jahns,2 but that of
Wallach,3 undertaken when our knowledge of the group of compounds
contained in the oil was a little more advanced, is now the standard
work. The chief constituents of the oil are a-pinene, laevo-fenchone
C10H16O, and the isomeric ketone, dextro-thujone, which also occurs in
the oils of tansy, wormwood, and sage. Traces of esters, probably of
acetic and formic acid, are also present. A small quantity of laevo-
borneol or its esters is also present. The highest boiling constituents
of the oil have not yet been thoroughly examined, but Wallach believes
them to contain the last-named body in the inactive form.

Carvotanacetone was isolated from the oil by Wallach during a
fractional distillation, but it is probable that this is the result of the
action of heat on the thujone present, and that it is not a natural con-
stituent of the oil.

Pure thuja-leaf oil has the following characters :—
Specific gravity 0-910 to 0'935
Optical rotation
Acid value
Ester „

,, (after acetylation)

- 5° „ - 15°
0 „ 1

18 „ 25
about 40

1 Report, April, 1913, 50.
2Jour, prakt. Chem., 30 (1843), 376 ; Arch. Pharm., 221 (1883), 749.3 Annalen, 272 (1892), 99.
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It is soluble in 3 to 4 volumes of 70 per cent, alcohol. The greater
part of the oil distils between 180° and 208°.

Eose and LivingstoneJ obtained about 1 per cent, of essential oil
from the leaves and young branches of Thuja plicata, the so-called
Washington cedar. This oil has the following characters:—

Specific gravity . . . . . . . . . 0-913
Optical rotation - 4*77°
Refractive index . . . . . . . . . 1-4552
Acid value 0*5
Ester „ 2-28

„ ,, (after acetylation) 8-8
About 85 per cent, of the oil distilled between 100° and 110° at

40 mm., and consisted of a-thujone. From 3 to 5 per cent, of d-a-pinene
is also present, as well as about 3 per cent, of tanacetyl alcohol, probably
in the form of its acetate. An oil distilled by Schimmel & Co. from the
dried leaves had an optical rotation + 5*4°, but as the sample examined
by Kose and Livingstone was prepared from fresh material in the country
of its origin, it may be taken to possess the normal characters of the oil.

SAVIN OIL.

Oil of Savin is obtained from the fresh twigs of Juniperus sabina.
It is an oil which finds but a limited employment in legitimate pharmacy
as a uterine stimulant and emmenagogue. It is of no value for per-
fumery purposes, as its odour is somewhat unpleasant. It is occasion-
ally used for criminal purposes, and one case is recorded of a medical
man being sentenced to transportation for having used it with the in-
tention of procuring abortion.2 It was official in the 1885 British
Pharmacopoeia, but it has been wisely omitted from the later editions.
The yield of oil from the twigs is fairly high, varying from 3 to 5 per
cent. An oil is distilled in the south of France from various other
species of Juniperus (Juniperus phosnicea and Juni/perus thurifera, for
example) and is incorrectly called savin oil.

The oil contains a number of constituents, of which Wallach first
characterised the sesquiterpene, cadinene. A considerable proportion of
terpenes is present, which appear to consist of sabinene, terpinene, and
traces of pinene. Fromm3 separated the oil into three main portions
by fractional distillation. The earliest distillate, below 195°, contains
furfurol, di-acetyl, and methyl alcohol, but consists mainly of terpenes;
the middle portion, 195° to 235°, consists chiefly of ethereal salts, and
the last portion, 235° to 310°, consists of cadinene and some resinous
bodies, which are possibly the effects of heat on the terpenes. The
middle fraction yields an oil boiling at 222° to 224°, which was shown
to be the acetate of an alcohol C10H15OH, which the author terms
sabinol and which is present to the extent of 10 per cent. (Schimmel
had previously identified an alcoholic acetate, but the formula of the
alcohol was given as C10H17OH). The alcohol, obtained by hydrolysing
the acetate, is a colourless oil, boiling at 210° to 213° (but see below),
and with only a faint odour. In the higher boiling fraction of the esters,
Fromm also detected a liquid dibasic acid boiling at 255°, of the formula
C20H3605 and a solid acid, C14H1608, melting at 181°. According to

1 Jour. Amer. Chem. Soc.t 34 (1912), 201.2 Medical Times and Gazette, 1852, 404.*Bericht, 31 (1898), 2025; 33 (1900), 1210.
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Schimmel,1 the amount of this ester present is about 40 per cent., and
there is in addition about 10 per cent, of the free alcohol in the oil.
There is also present a small amount of either an aldehyde or a ketone
boiling between 220° and 250°, yielding a hydrazone melting at 41° and
an oxime melting at 85°.

Schimmel & Co.2 have found citronellol in this oil, and Elze3 has
detected geraniol and dihydrocumic alcohol, and also traces of normal
decyl-aldehyde. 'nnRJ

Agnew and Croad4 have examined this oil and have isolated \ the
terpene sabinene from it in a pure condition. Contrary to Semmler 5
and Wallach 6 these chemists found it to be present as the laevo-rotatory
variety, having a specific rotation -42*5°; the hydrocarbon isolatedu by
Semmler had an optical rotation + 63° and that of Wallach + 67'5°. nnR.

According to Agnew and Croad the characters of sabinol arenas
follows:—

Boiling-point . . 208° to 209°
Specific gravity . . 0-9391
Specific rotation . . + 17-04 (= + 16° observed for 100 mm.)

But according to Pastini and Eetora,7 sabinol has the following char-
acters :—

Boiling-point 208°
Specific gravity 0-9518
Optical rotation + 7° 56'
Refractive index 1-4895'

Savin oil has the following characters:—
Specific gravity
Optical rotation
Refractive index
Acid value
Ester

(after acetylation)

0-907 to 0-930
+ 38° to + 63° (rarely to +

1-4720 to 1-4800
0, ,3

105 „ 140
125 „ 155

From 25 to 30 per cent, distils under 175°. The oil is soluble in
5 to 15 volumes of 80 per cent, alcohol, but not always to a quite clear
solution.

According to Umney and Bennett,8 the French so-called savin oil is
probably distilled from the leaves and twigs of Jimiperus phcenicea which
accounts for its difference from the German and English distillates.
This French oil has a specific gravity about 0*890; rotation + 4° 30';
esters 9*3 per cent.; total alcohols as sabinol 17*1.

About 64 per cent, of this oil distils below 165°, due to the presence
of a large amount of pinene. Cadinene and traces of an aldehyde were
also found in this oil, which has also been investigated by Eodie 9 who
found that it contained over 90 per cent, of terpenes, which consisted of
pinene, Z-camphene and phellandrene. Acetic and capronic acids were
identified as constituents of the esters. The oil from the leaves and^twigs
of Juniperus phanicea has the following characters, which will indicate
the effect of its addition to the true oil of savin:—

1 Report, October, 1895, 44. ^ Bericht, October, 1907, 80.3 Chem. Zeit. , 34 (1910), 767. 4 Analyst, 1912, 295.5Bericht, 33 (1900), 1464. B Ibid., 40 (1907), 587.7 Ait. E. Acad. Lincei, 1916, 25, ii., 377. 8 Pharm. Jour., 75 (1905), 827.9 Butt. Soc. Chim., iii., 35 (1906), 922.
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+ i
26
60

Specific gravity 0-863 to 0'892
Optical r o t a t i o n - f 2°
Ester value 0 ,

,, „ (after acetylation) 5
These figures h a v e reference to s a m p l e s of a p p a r e n t l y a u t h e n t i c origin,

but it m u s t be r e m e m b e r e d t h a t some a d m i x t u r e of t he l eaves of al l ied
species m a y have t a k e n p lace before d is t i l la t ion . Mos t spec imens of ab-
solutely a u t h e n t i c or igin h a v e a specific g rav i ty be low 0*875, a n es ter
value not exceeding 5, a n d es ter va lue after ace ty la t ion be low 20 .

C E D A R - L E A F O I L .

The t rue cedar-leaf oil m a y be r ega rded as t h e dist i l la te of t h e leaves
of Juniperus virginiana, t h e red ceda r , bu t t h e confusion impl ied in t h e
name " c e d a r " is reflected in t h e e n o r m o u s v a r i a t i o n s me t wi th in com-
mercial s amp le s of so-cal led cedar-leaf oils. N o doubt t h e l eaves of
Thuja occidentalis a n d Chamcecyparis spharoidea c o n t r i b u t e largely t o
the commerc ia l oil. B r a n t , indeed , descr ibes t h e oil as h a v i n g a " p e n e -
trating, d isagreeable odour , " a n d a s " therefore no t su i tab le for pe r fumery
p u r p o s e s " . Cedar leaves yield abou t 0 '2 pe r cent , of essent ia l oil, of
pleasant a r o m a t i c odour , hav ing t h e following c h a r a c t e r s :—

Specific gravity 0-883 to 0-900
Optical rotation . . . . . . . + 55° „ + ^62°
Saponification value 8 „ 14

„ „ (after acetylation) . . . 35 „ 45

I t is not soluble in even 10 v o l u m e s of 80 pe r cent , a lcohol .
The e x a m i n a t i o n of a p u r e s a m p l e by S c h i m m e l l s h o w e d t h a t it con-

tains a-pinene, l imonene , c a d i n e n e , borneol , a n d bornyl es te rs , p robab ly
including borny l v a l e r i a n a t e ; o the r t e rpenes a r e also p resen t . C o m -
mercial oils h a v e specific gravi t ies of 0 '860 to 0 '920 a n d optical ro t a t i ons
of - 3° to - 24°.

The t rue Juniperits virginiana leaf oil is m o r e expens ive t h a n t h e
corresponding oil from cedar w o o d — b e i n g w o r t h from t h r e e to five t i m e s
as much, in fact, a n d a s t h e oils f rom t h u j a a n d o the r l eaves a r e also less
costly, it is a m a t t e r of i m p o r t a n c e t h a t t h e oil shou ld be carefully ex-
amined. Six c o m m e r c i a l s a m p l e s a n d one p u r e s a m p l e , examined by
Schimmel & Co., gave t h e fol lowing r e su l t s :—

Specific Optical Solubility in
Gravity. Rotation. 70 per Cent. Alcohol.

Pure oil
1
2
3
4
5
6

•887
•897
•886
•887
•920
•918
•905

59° 25'
12° 25'

3° 40'
24° 10'

• 10° 25'
10° 55'
10°

very insoluble,
insoluble.

soluble in 4 parts.
„ „ '5 parts,

insoluble.

S E Q U O I A O I L .

Sequoia oil is ob ta ined from t h e leaves of Sequoia \giganfea\ (Welling -
tonia gigantea, L indl . ) , t h e Cal ifornian m a m m o t h * t ree . L u n g e a n d
Ste inkau le r 2 o b t a i n e d t h e oil f rom smal l e r o r n a m e n t a l t rees g r o w n in
Zurich. T h e first po r t ion of t h e dis t i l la te con ta ined a crys ta l l ine h y d r o -
carbon C1 3 H 1 0 , me l t ing a t 105°, w h i c h these chemis t s t e r m e d sesquoiene .
The la ter dist i l la te con ta ined a dex t ro - ro ta to ry t e rpene boi l ing at*155°, a n d

1 Bericht, April, 1898, 14. 2 Ibid., 13 (1880), 1656 ; 14 (1881), 2202.
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having a specific gravity 0'852 and optical rotation + 24°; and an oxy-
genated body, C10H20O3. This body boils at 227° to 230° and has a
specific gravity 1-045 and optical rotation + 6°. It has an odour recall-
ing that of peppermint. These bodies require further investigation, but
as the oil has no commercial importance, it has not attracted much at-
tention so far.

ATHROTAXIS-LEAF OIL.

The leaves of Athrotaxis selaginoides, a member of the dense scrub
which abounds in the region of Williamsford, Tasmania, yield about
0-076 per cent, of essential oil, which has been examined by Baker and
Smith,1 who give the following description of it:—

The crude oil is of a light amber colour, is somewhat mobile, and has
a secondary lemon-like odour not well defined. The oil is a terpene one,
and consisted very largely of dextro-rotatory limonene, which had the
very high specfic rotation [a]D = + 112'2°. The oil is somewhat insoluble
in 90°/0 alcohol, but it formed a clear solution with absolute alcohol in
all proportions. Pinene was probably present, but in traces only. A
small amount of an ester was found, but sufficient material was not
available to enable either the alcohol or the acid to be identified.

The oil contained a fair amount of a constituent boiling above 270° C.
—evidently a sesquiterpene or similar body. The reactions for cadinene
were not satisfactorily obtained, although some of the results would seem
to indicate the presence of that sesquiterpene.

The specific gravity of the crude oil at if° C. = 0-8755; rotation
aD « + 74-8°; the refractive index at 16° C. = 1-4905. The saponifica-
tion number for the esters was 8-6, equal to 3 per cent, of ester as
bor nyl-acetate.

Only a small quantity of the oil could be spared for analysis, but this
on redistillation gave a very small amount boiling below 174° C. Be-
tween 174° and 177° C., 47 per cent, distilled ; between 177° and 200°,
23 per cent, distilled; the temperature then quickly rose to 275°, and be-
tween that and 295° C. 12 per cent, distilled.

The specific gravity of the first fraction at if° C. = 0-8446; of the
second, - 0'8494; of the third, 0'9373. The rotation of the first frac-
tion, aD = + 90-2°; of the second, + 91-8°; of the third, + 29'6°.

On again distilling the first two fractions, 28 per cent, of the total oil
came over between 174° to 175° C., and 18' per cent, between 175° to
176° C. (cor.). The specific gravity of the first fraction at 19° C. =
0-8427 ; and of the second, 0*8425.

The rotation of the first fraction aD = + 91-4^ o r specific rotation
[a] = + 108-5°; of the second, + 94*5°, or specific rotation [a]D _ +

112-2". The refractive index of the first fraction at 20° C. = 1-4783 ; of
the second, 1*4785.

The teti^Jbromide was readily prepared from both fractions, and this
melted at 104° C.

From the above it is evident that the larger portion of the lower boil-
ing constituents of the oil of this tree is dextro-rotatory limonene.
Dipentene does not occur. From the slightly lower rotation and boiling-
point of the first fraction, it is probable that a small amount of pinene
was present, but it can only occur in traces. A trace of the sesquiterpene

1 The Pines of Australia, 303.
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•evidently still remained with the fraction, as indicated by the refractive
index, although the results, taken as a whole, are very close to those re-
quired for pure limonene.

Fn. 5.—Athrotaxis selaginoides. King William Pine. Athr otaxis selaginoides.
The Pine* of Australia.'} Don. Tasmania. [Baker and Smith.

A small amount of a phenolic body was isolated from the higher
'boiling portion of the oil (carvacrol?)'.
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OILS OF ARAUCARIA CUNNINGHAMII.

This Australian tree, known as the Moreton Bay Pine, is found in
New South Wales and Queensland. Its leaves yield a very small quan-
tity of essential oil (O005 per cent.) having the following characters :—

Specific gravity ar, 21°
Refractive index at 21°
Saponification value

0-8974
1-4U77
4.4

FIGL 6.—Araucaria Cunninghamii. Fasciation at top of a tree under cultivation at
Beecroft, New South Wales. (A rare instance of teratology.)

The Pines of Australia]. [Baker and Smith^
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A latex exudes from the tree, which has been examined by Baker and
Smith,1 and is of interest in that it yields an essential oil containing a

PIG. 7_ Araucaria Cunninghamii. Cultivated tree at Beecroft, New South Wales.
The nhePinesof Australia.] Fasciation at top. '[Baker and Smith.

hydrocarbon C10H,0. whichas a colourless liquid having a specific gravity
0-7927 at 19°,'refractive index 1-4437 and boiling-point 155°. It has an

1 The Pines of Australia, 334.
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odour recalling that of menthene. It is probable that a second hydro-
carbon of the formula C10H18 is also present. The oil itself has the fol-
lowing characters :—

Specific gravity at 22°
Kefractive index 1
Optical rotation .

0-S058
1-4670
+ 3-2°
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OILS OF THE GENUS CALLITRIS.

A large number of essential oils derived from various parts of this
important family of Australian pines, have been examined by Baker and
Smith.1 These authorities summarise a number of interesting points
which their researches on these oils have established as follows :—

The rotation of the terpenes of the oil from the leaves of some species
of Callitris is in the opposite direction to that obtained from the fruits,
even if collected from the same tree.

The acetic ester of geraniol is more pronounced in the leaf oils than
is that of borneol, and it continues to increase in the several members
of one section, until a maximum of over 60 per cent, is reached in the
oil of Callitris Tasmanica.

An ester of terpineol was found in the leaf oil of Callitris gracilis.
The lirnonenes and dipentene occur in the leaf oils, the dextro-

rotatory form reaching a maximum in Callitris arenosa, and the laevo-
form in Callitris intratropica. In these oils is seen a well-defined
illustration of the formation in nature of the two active forms of
limonene in the same plant, as well as the racemic modification.

The leaf oil of Callitris Macleayana contains a constituent which
has a marked resemblance to menthene, and is apparently a member of
that group of hydrocarbons.

The leaf oil distilled from some species of Callitris is comparable
with the best " Pine-needle oils " of commerce.

The oil obtained by steam distillation from the timber of the Callitris
generally, contains the sesquiterpene alcohol Guaiol in some quantity;
the corresponding sesquiterpene is also present.

The characteristic odour of Callitris timber is due to a phenol. This
has distinctive colour reactions and is evidently new. It appears to be
the constituent which renders Callitris timber objectionable to white-
ants. The name Callitrol is proposed for it.

The following species have been examined :—

CALLITRIS EOBUSTA.

The leaves of this tree yielded 0*261 per cent, of oil having a specific
gravity 0*b825, optical rotation + 10*3°, and refractive index 1*4752 at
19 \ The saponification value was 49*59, equal to 17*35 per cent, ester
as bornyl and geranyl acetates. In the cold, with three hours' contact,
the saponification number was 22*78, equal to 7*97 per cent, ester. On
redistilling, practically nothing came over below 155° C. ; between 155°
and 160°, 35 per cent, distilled; between 160° and 165°, 17 per cent.;
between i165° and 200°, 20 per cent.; between 200° and 250°, 12 per cent.
The somewhat large percentage of the oil boiling above 250° indicated
the presence of a sesquiterpene or allied body, but it was not isolated.

The specific gravity of the first fraction at 15° C. = 0*8613; of the
second, 0*8616 ; of the third, 0*8651; of the fourth, 0*907. The rotation,
of the first fraction aD = + 12*2°; of the second, + 12*7°; of the third,
+ 14*15U. With the fourth fraction the light did not pass well, but it
was more highly dextro-rotatory than the third fraction, thus indicating
the presence of the dextro-rotatory bornyl acetate, common to these
oils. The saponification number for the esters of the fourth fraction

1A Research on the Pines of Australia. Published by the authority of the
Government of the State of New South Wales.
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was 206-33, equal to 72'2 per cent, of ester. In the separated alcohols
both borneol and geraniol were identified. The high percentage of
•ester in this fraction did not leave much room for the sesquiterpene or
similar bodies.

The fruits yielded 0*363 per cent, of oil having a specific gravity
0 877 at 16°, optical rotation - 17'9° and refractive index 1-4774 at 18°.
The esters present were 5*88 per cent, calculated as bornyl acetate.

CALLITRIS VERRUCOSA.

The leaf and fruit oils have the characters tabulated below.
In the leaf oil both forms of limonene are present, dextro-limonene

predominating. About 3 per cent, of free alcohols (borneol ?) is present
in the oil.

OIL FROM THE LEAVES.

No.

1

Specific
Gravity, ° C.

0-8596 @ 23

2 0-8591 @ 23

Rotation aD

+ 44-2

+ 47-5

Refractive
Index, ° C.

1-4809® 20

1-4809@ 19

Ester,
per Cent

3-13

3-8

Yield,
per Cent.

0-331

0-26G

OIL FROM THE FRUITS.

Specific Grav ity,
°C.

0-8608 @ 22

Rotation

+ 0-3

Refractive Index,
°C.

1-4788® 19

Ester,
per Cent.

1-78

Yield,
per Cent.

0-44

CALLITRIS PROPINQUA.

The essential oil from the leaves alone (1) and the leaves and fruits
together (2) have the following characters :—

No.

1,
Without
Fruits.

2,
With

Fruits.

Specific
Gravity, ° C.

0-8662 @ 19

0-8709® 20

Rotation
aD.

+ 32-4

+ 20-5

Refractive
Index, °C.

1-4752 @ 19

1-4749® 19

Ester, per
Cent, by
Boiling.

12-2

11-29

Ester, per
Cent., in the

Cold.

8-84

—

Yield,
per Cent.

0-41

0-326

CALLITRIS GLAUCA.

Dextro-pinene, dextro-limonene, and dipentene were identified in
the leaf oil of this species. Free borneol is present, and probably both
borneol and geraniol in the form of esters (acetate and butyrate ?).
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Seven samples gave the results set out in Table I, and five of these
samples yielded fractionation results as set out in Table II.

TABLE I.

No.

1
2
3
4
5
6
7

Specific Gravity,
°C.

0-8729 (CL 18
0-8665 ,
0-8631 ,
0-8659 ,
0-8657 ,
0-8665 ,
0-8782 ,

. 18
, 24
, 17
719
, 24
, 24

Rotation
«D.

+ 27-9°
+ 31-3°
+ 30-8°
+ 28-4°
+ 31-25°

+ 25-2°
+ 22-7°

Retractive Index,
°C.

1-4747® 18
1-4779 „ 16
1-4755 „ 20
1-4774 „ 19
1-4749 „ 19
1-4720 „ 24
1-4774 „ 19

Ester,
per Cent.

16-46
11-96
12*76
12-10
13-27
14-07
14-21

Yield,
per Cent.

0-562
0-616
0-610
0-635
0-569
0-563
0-532

TABLE II.

No.

1

2

3

4

5

1st.

156-160°
30°

156-161°
30°

Below 160°
27°/0

Below 161°
27%

Below 160°
28%

Fractious.

2nd.

160-175°
45%

161-165°
22%

160-165°
37%

161-165°
27%

160-165°
28%

3rd.

175-200°
8%

165-200°
37%

165-180°
16%

165-200°
31%

165-200°
32%

4th.

200-230°
12%

200-228°
6%

180-225°
12%

200-225°
7%

200-225°
77c

Specific Gravity and Rotation of
Fractious.

1st.

•8562
+ 30-4
•8545
+ 32-6
•8477

+ 32-4
•8550

+ 30-5
•8529

+ 32-2

2nd.

•8571
+ 27-2
•8555
+ 32
•8494
+ 31-6
•8565
+ 29-3
•8537
+ 31-7

3rd.

•8689
+ 21-0
•8649
+ 30-7
•8561
+ 80-5
•8664
+ 27-2
•8649
+ 30-6

4th.

•9415
+ 32-4
•9434
+ 33-5
•9256
+ 34-2
•9416
+ 32
•9322
+ 32-5

CALLITRIS ARENOSA.

The oil from the leaves of this tree resembled ordinary pine-needle
oil in odour, but had a marked suggestion of lemon. The principal con-
stituent was limonene, dextro-limonene preponderating. Two specimens
had the following characters :—

Specific
Gravity, ° C.

0-8491 @ 23

0-8452 ® 26

Rotation,
«D.

+ 35-8°

+ 18-9°

Refractive
Index,° C.

1-4760® 23

1-4764 @ 26

Ester,
per Cent.

5-17

3-57

Yield,
per Cent.

0-402

0-294

CALLITRIS INTRATROPICA.

The leaf oil is practically a terpene oil, the principal constituents
being pinene, dipentene, and laevo-limonene. Bornyl and geranyl esters
are present in very small amount. Two samples gave the following
values:—
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Specific
Gravity, ° C.

0-8481 @ 22

0-8563 @ 23

Rotation,
«D.

- 21-6

—

Refractive
Index, ° C.

1-4768,® 22

1-4755 ® 19

Ester,
per Cent.

3-81

4-75

Yield,
per Cent.

0-11

CALLITRIS GRACILIS.

The leaf oil of this tree contains about 12 per cent, of esters (acetic-
and butyric) of borneol, terpineol, and, probably, geraniol. Pinene is
the principal terpene, and traces of a phenol are present. The oil has
the following characters :•—

Specific gravity
Rotation
Refractive index
Esters .
Yield .

0-8683 at 20°
+ 8-7J

1-4752 at 20°
12*1 per cent.
0-723 „

CALLITRIS CALCARATA.

Both forms of limonene are present in the leaf oil as well as dextro-
pinene. The oil contains 46'8 per cent, of esters, both of geraniol and
borneol, the former preponderating. The oil from the fruits is prac-
tically identical with that from the leaves, the samples examined having
the following characters :—

OLLS FROM THE LEAVES.

No.

2

3

Specific
Gravity, °C.

0-8949 @ 17

0-8861 @ 19

0-8S03 @ 23

Rotation,
«D.

+ 11-7

+ 14-1

- 4-5

Refractive
Index, ° C.

1-4747® 19

1-4760® 19

1-4752 @ 19

Ester, per
Cent, by
Boiling.

46-58

41-33

38-6

Ester, per
Cent, in
Cold.

39-4

27-08

—

Yield,
per Cent.

0-168

0-162

0-164

OIL FROM THE FRUITS.

Specific
Gravity, ° C.

0-8797 @ 23

Rotation, Refractive
aD. Index, DC.

+ 2-15 1-4744® 23

Ester, per
Cent, by
Boiling.

33-37

Cent, in
Cold.

31-18

Yield,
per Cent.

0-229

C A L L I T R I S E H O M B O I D E A .

T h e es te r s p r e sen t in t h e leaf o i l—nea r ly 30 p e r c en t .—cons i s t almost,
en t i re ly of ge rany l aceta te , borneol a n d borny l a c e t a t e be ing a l m o s t en-
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tirely absent. The terpenes present appear to be laevo-limonene and
pinene. The oil has the following characters:—

Specific gravity0
Rotation -
Refractive index
Esters (boiling)

(cold)

0'8826 at 22°
- 19-2°

1-4747 at 25°
30*4 per cent.
29-8 „

Yield 0-0335 „
This tree has been introduced into India, and a trial distillate of the

leaves gathered in the Nilghiris yielded 0'04 per cent, of essential oil
having the following characters :—

Specific g r a v i t y . 0 - 8 7 1 at 16°
Optical r o t a t i o n . . . . . - 27-6°
Refractive i n d e x . . . . . 1 - 4 6 9 5 at 18°
Ester v a l u e . 51-1
A c i d „ . 1-2
Saponification value (after acetylation) . 59-8
Free alcohols (as g e r a n i o l ) . . 2 - 1 per cent-
Total , , . 1 7 - 3 „ „.
Esters as geranyl acetate ...17-85 „ „

CALLITRIS TASMANICA.

Pinene and limonene are the predominant terpenes in the leaf oil of
this species. Traces of a phenol are present, and about 60 per cent, of
geranyl acetate, which imparts a fine odour to the oil. Two samples
had the following characters:—

No.

1

2

Specific
Gravity, ° C.

0-9036@ 22

0-8976 @ 15

Rotation,
«D.

+ 1-0

- 5-8

Refractive
Index, ° C.

1-4738® 25

1-4739 @ 15

Ester, per
Cent, by
Boiling.

59-95

62-75

Ester, per
Cent, in
Cold.

59-91

62-2

Yield,
Per Cent.

0-14

0-208

CALLITKIS DBUMMONDII.

In the leaf oil dextro-pinene, dextro-limonene, and dipentene were
present. The fruit oil is practically identical with the leaf oil. They
have the following characters:—

OIL FROM THE LEAVES.

Locality and Dtte.

West Australia,
26/6/03

Specific
Gravity, ° C.

0-8591 ® 17

Rotation
aD.

+ 42-2

Refractive
Index, ° C.

1-4739 @ 19

Ester, per
Cent.

1-85

Yield,
per Cent.

0-547

OIL FEOM THE FRUITS.

Locality and Date.

West Australia,
26/6/03

Specific
Gravity, ° C.

0-8663 @ 15

Rotation,
«D.

+ 45-1

Refractive
Index, ° C.

1-4798 @ 19

Ester, per
Cent.
y
2-4

Yield,
per Cent.

0-3

i
VOL. I.
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CALLITBIS MUELLEBI.

The leaf oil resembles turpentine in odour and consists almost en-
tirely of terpenes, amongst which both forms of pinene and limonene
predominate. The oil has the following characters :—

Specific gravity 0-8582 at 24°
R o t a t i o n . - 4-7°
Refractive index 1-4749 at 20°
Esters 2-76 percent.
Yield 0-103 „

CALLITKIS OBLONGA.

The principal constituent of the leaf oil is pinene, but both forms of
limonene are present in small amount. The esters were principally
geranyl acetate, with traces of bornyl acetate, and a high boiling constitu-
ent, probably a sesquiterpene, was present in small amount. The oil had
the following characters:—

Specific gravity 0-8735 at 16°
Rotation + 3S'1°
Refractive index 1-4783 at 16°
Esters (boiling) 6*05 per cent.

„ (cold) 5-6
Yield 0-054 „

CALLITRIS MACLEAYANA.

Dextro-pinene, dextro-limonene, dipentene (?), and a hydrocarbon
which is probably menthene were identified in the leaf oil. A sesquiter-
pene, probably cadinene, and traces of esters are present. The oil has
the following characters :—

Rotation . . . . .
Refractive index . . . .
Esters (boiling) . . . .

,, (cold) .
Y i e l d .

+ 42-5°
1-4791

3*5 per cent,
• 3-2 „
. 0-172

OILS OF DACKYDIUM FBANKLINI.

This tree is known as the Huon pine and is found chiefly in Tasmania.
The results of the investigation l of the oil from its leaves, and also

of those of the oil of the timber, are interesting. The principal con-
stituent occurring in the leaf oil is apparently a previously undetected
terpene of the formula C10H16, for which the name Dacrydene is
proposed. This terpene readily forms a nitrosochloride, melting sharply,
and with decomposition at 120° to 121° C. (cor.), which is far away from
the melting-point of any nitrosochloride formed with a previously known
terpene. The boiling-point of dacrydene appears to be 165° to 166° C.
(cor.) ; the specific gravity at 22D C. = O8524; the refractive index at
22° C. = 1*4749 ; and the rotation aD = + 12-3°, or a specific rotation
x J D + 14'48°. It is a colourless mobile oil, with a turpentine-like odour,
tut slightly more aromatic and less pungent than pinene. It is very
volatile, and quickly and entirely evaporated from a watch glass without
leaving any residue.

As it occurs in this oil together with a small quantity of laevo-rota-
iory pinene and dextro-rotatory limonene, it was, of course, impossible

1 Baker and Smith, The Pines of Australia, 397.



CONIFEEJE 51

to obtain it pure by fractional distillation ; but by continued redistillations
10 per cent, of the oil was obtained, boiling between 165° to 166° C.,
which gave the results recorded above.

The presence of the small amount of dacrydene still remaining with
the pinene fraction, raised the melting-point of the nitrosochloride pre-

9.—" Huon Pine." Dacrydium Franklini, Hook of Tasmania.

pared from that substance several degrees, and no melting-point less than
110° C. was obtained.

Dacrydene forms a liquid bromide, and no crystalline product was
formed when the oil was saturated with dry hydrochloric acid. Scarcely
any colour was produced when concentrated sulphuric acid was added
to a solution of the terpene in acetic anhydride, but when treated with
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nitric acid a yellow nitro-compound was obtained. When dissolved in
light petroleum and treated with sodium nitrite and acetic acid, no cry-
stalline product separated, but after some hours, a thick, dark-coloured
mass formed at the junction of the liquids. After two days this was
washed in ether and then dissolved in ether-alcohol, from which solution
on evaporation a yellow-coloured substance separated, and after drying
on a porous plate an ochre-yellow powder was left. This darkened much
at about 130° C. and melted with decomposition at about 150° C. It
readily dissolved in nitrobenzene, but did not become blue on heating.
On further investigation it may become possible, perhaps, to prepare a
nitrosonitrite more definite in character with this terpene.

The higher boiling portion of the leaf oil contained the methyl ether
of eugenol, and veratric acid was prepared from it by oxidation. This
methyl ether is the main constituent of the oil from the timber of this
tree.

The crude oil was of a very light amber colour, and the odour some-
what resembled that given by the oil from the wood, thus indicating the
presence of the methyl ether of eugenol, as the constituents of the wood
oil had previously been determined. The leaf oil was very mobile, and
had a low specific gravity. As it was mostly a terpene oil, it was but
little soluble in alcohol, and it required 1 volume of absolute alcohol to
form a clear solution, but it was soluble in all proportions afterwards.

The constituents identified were d-limonene, Z-pinene, dacrydene, and
the methyl ether of eugenol.

An oil was also obtained, to the extent of 0*56 per cent., from the
timber of this tree. It had a specific gravity 1*035 at 18°, optical rota-
tion + 1*4°, and refractive index 1*5373 at 23°. Its chief' constituent is
the methyl ether of eugenol, with a small amount of a sesquiterpene,
possibly cadinene.

LEAF OIL OF PHEKOSPH^ERA FITZGEKALDI.

This tree grows freely in New South Wales, and its leaf oil has been
investigated by Baker and Smith.1

The specific gravity of the crude oil at ff° C. = 0*8705; rotation
aD = + 15*1°; refractive index at 23° C. = 1*4841. The saponification
number is 2'4, equal to 0*84 per cent, of ester as bornyl or geranyl
acetate.

Pinene and cadinene were detected in the oil, and possibly limonene.

LEAF OIL OF PHYLLOCLADUS EHOMBOIDALIS.

This Tasmanian tree is known locally as the Celery Top Pine. Its
essential oil, which has been examined by Baker and Smith,2 is of par-
ticular interest, as it contains the only solid crystalline diterpene so far
identified. The oil contains Z-pinene, probably mixed with d-pinene, the
diterpene referred to, and possibly a sesquiterpene. '

The diterpene was readily prepared in a perfectly pure condition, so
that it was possible to determine satisfactorily its composition and phy-
sical properties. This well-crystallised body is thus one of the very fetv
members of this class of plant substances which can be prepared from
natural sources in a perfectly pure condition. The oil was obtained by
steam distillation, and contained about 3 per cent, of the solid diterpene.

1 The Pines of Australia, 412. 2 Ibid., 419.
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The oil was almost free from compounds containing oxygen, and esters,
alcohols, aldehydes, and similar bodies were practically absent, only ,a
very small amount (about 1 per cent.) of an alcohol being determined by
acetylating the oil. The higher boiling liquid portion showed no ten-
dency to resinify, so that when the semi-solid crystalline mass, which
contained the diterpene, was spread upon porous plates for a few days,
the whole of the liquid portions were absorbed, the diterpene remaining
in a perfectly white, and even at this stage, almost pure condition. It

' was slightly soluble in cold alcohol, but more readily in hot alcohol, and
dissolved easily in chloroform, ether, petroleum ether, and benzene.
The best method for purification, after the first separation from alcohol,
was to dissolve it in chloroform and precipitate by the addition of al-
cohol. If the chloroform was in excess, so that on the addition of
alcohol no precipitate was formed, then, on slow evaporation, crystals
readily separated. These crystals were microscopic needles, but were
not well defined. When "only a small amount of chloroform was used
as solvent, then on addition of the alcohol the solid substance at once
crystallised out. When this was dried it had more of a tabular struc-
ture, was pure white, of a nacreous lustre, and was practically without
odour. It was dextro-rotatory, and the determination of the specific
rotation was made with both benzene and chloroform, the specific rota-
tion, [a]D = + 16*06°, being identical with both solvents. Its ready
solubility in benzene enabled the molecular weight to be determined by
the cryoscopic method, and this, together with the results of the analy-
ses, showed it to have the formula, C20H32. Its melting-point was 95°

C. (cor.), and it did not matter what the solvent had been. The fused
substance also melted again at the same temperature. This diterpene
has been named phyllocladene.

THE PINE-NEEDLE OILS.

It will be convenient to deal with the oils obtained from the leaves
of various species of Pinus, Larix, Abies, and certain closely allied
plants, under the general description of pine-needle oils. A consider-
able number of these have been examined, but only a few are commer-
cial articles.

1. Oil of Pinus sylvestris.—The oil distilled from the leaves of this
tree varies in character to some extent, according to the locality in
which the tree is grown.

English distilled oil is laevo-rotatory, whilst most other varieties are
dextro-rotatory. It has the following characters :—

Specific gravity 0'885 to 0-890
Optical rotation - 7° „ - 22°
Esters as bornyl acetate 2'5 to 4 per cent.

Umney1 examined samples distilled in summer and winter, and
found that the two specimens had the following characters:—

Distilled Distilled
in June. in December.

Yield
Specific gravity 15° C0'885 0
Optical rotation (100 mm.) .
Percentage of bornyl acetate

1 Pharm. Jour., 55 (1895), 161, 542.

0-5 per cent.
0'885

- 19°
3'5

0*133 per cent.
0'889

- 7-75°
2-9
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On fractionation the two oils gave the following results :—

157° to !67°
167° , 177°
177°
187°
197°
240°

, 187°
, 197°
, 240°
, 252°

Residue

June Oil.
8 per (3ent.

27
20
3
7
6

29

December Oil.
13 per cent.
24
9
6
7
4
37

The oil contains Z-a-pinene, dipentene, sylvestrene, and a small
amount of bornyl acetate.

German distilled oil, which is obtained to the extent of 0'4 to 0'6 per
cent., has the following characters :—

Specific gravity .
Optical rotation .
Esters as bornyl acetate

0-865 to 0-888
+ 5° „ + 10°
1 to 4 per cent.

The oil is soluble in 7 to 10 volumes of 90 per cent, alcohol. On
fractional distillation 10 per cent, is obtained between 160° and 170°, and
about 45 per cent, between 170° and 185°. The ester value of the acety-
lated oil is about 15. (Austrian oils are sometimes slightly laevo-rotatory.)

The oil contains a-pinene, principally the dextro-rotatory variety,
d-sylvestrene, cadinene, the acetic ester of either borneol or terpineol and
probably dipentene. A small amount of free alcohol (borneol or ter-
pineol) is also present.

Swedish oil agrees in its characters with the German distillate.
2. Oil of Abies Sibirica.—This oil has of late years come into pro-

minence on account of its high content in bornyl acetate, and its extremely
low price. I t is known commercially as Siberian " Pine " oil, although
distilled from the leaves of Abies Sibirica (Abies pichta. Forb.). It is
produced in North-East Russia, principally in the Wjatka district, very
little being distilled in Siberia itself on account of the high cost of trans-
port. The oil has a most fragrant odour and is highly esteemed as a
cheap perfume.

A pure oil has the following characters :—
Specific gravity
Optical rotation
Refractive index
Acid value
Esters as bornyl acetate

0-900 to 0-928
- 30°,, -43°

1-4700 „ 1-4730

29 to 43 per cent.

I t is soluble in 1 volume of 90 per cent, alcohol or in 15 volumes of
80 per cent, alcohol.

Umney 1 has examined an apparently authentic sample of this oil,
which had an exceedingly fine odour, and which had characters falling
outside the above-mentioned limits. Its physical and chemical charac-
ters were as follows :—

Specific gravity 0-932
Optical rotation - 41-2°
Refractive index 1-4676
Esters . . . . . . . . . . 53*4 per cent.

This oil contains a hydrocarbon,2 distilling below 145°, of the formula
C9H4, to the extent of from 3 to 4 per cent., which has been termed
santene. This hydrocarbon boils at 140° and has a specific gravity =

1 p. and E.O.R., 1912, 289. 2 Aschan, Bericht, 40 (1907), 4918.
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0*8698, refractive index 1*4696, and yields a nitrosochloride melting at
109° to 111°. Pinene is present in its various stereo-isomeric forms, as
well as camphene and phellandrene. The chief constituent, from the
odour point of view, is bornyl acetate. The sesquiterpene bisabolene is
present to a small extent in the high boiling fractions of the oil. Esters
of terpineol are also present to a small extent.

3. Oil of Pinus longifolia.—The leaves of the Indian pine tree, Pinus
longifolia—the so-called " Chir " pine—yield an essential oil having the
following characters :—

Specific gravity at 2 0 ° . 0 - 8 7 4
Optical rotation
Acid value
Ester „
Saponification value
Iodine value
Distils from 160° to 165°

„ 165° „ 170°
„ 170° „ 180°

„ „ 180° „ 200°
„ 200° „ 215°

Residue above 215°

- 6° 15'
1-03

14-51
15-54

271-2
23-8 per cent.
29-0
19-8
15-1
6-7
5-6

These five fractions had the following physical characters :—

Fraction.
160° to 165°
165° „ 170°
170° „ 180°
180° „ 200°
200° „ 215°

Specific
Gravity at 20°

0-860
0-861
0-863
0-868
0-909

Rotation.
- 12° 12'
- 9° 15'
- 6°
- 3°
- 2°

The ester value of this oil is 14*5, which corresponds to about 5 per
cent, of esters calculated as bornyl acetate, which is, of course, to be ex-
pected with an oil with the range of distillation temperatures indicated
above; for bornyl acetate is sought for in essential oils in the fraction
boiling at 220° to 230°, which is practically non-existent in the oil in
question.

4. Oil of Pinus pumilio.—This oil, although usually classed as a pine-
needle oil, is usually distilled from the leaves mixed with small twigs and
woody portions of the branches of Pinus pumilio (Pinus montana Mill.).
It is principally distilled in the Austrian Alps, largely in the Tyrol, and
in several other districts. The yield of oil is, as would be expected, very
variable, as low as 0*25 per cent, being obtained, or as much as 0*75 per
cent. The oil has the following characters :—

Specific gravity 0-863 to 0-876
Optical rotation - 5° to - 10° (rarely to - 16°)
Refractive index 1-4740 to 1-4800
Esters as bornyl acetate . . . 3 to 10 per cent.

It is soluble in 5 to 10 volumes of 90 per cent, alcohol.
These limits may be exceeded if the distillation material is not fresh,

and oils with a specific gravity up to 0*892 have been recorded. The
following fractions were obtained on distilling an authentic specimen of
the oil:—x

155° to 165°.
165° „ 180°.
180° „ 200°.
above 200° .

2 per cent.
59 „
20
18

1 Umney, Pharm. Jour., 55 (1895), 163.
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The oil contains Z-a-pinene, Z-phellandrene, sylvestrene, cadinene, and
bornyl acetate. Bocker and Hahn have recently isolated from the oil an
aldehyde of the formula C^H^O,1 an oxygenated body of the formula
C15H24O, the nature of which has not yet been determined, and a body
of the formula C8HUO, having the characteristic odour of the oil. This
body is a cyclic compound, and has been named pumilone, having the
general characters of a ketone. It has the following characters :—

Specific gravity 0-9314
Boiling-point 216° to 217°
Optical rotation . . . . . . . . . — 15°
Refractive index . . . . . . . . . 1-4646

The principal adulterant of this oil is ordinary turpentine, which, of
course, reduces the ester value, and yields a large amount of distillate
below 165°.

5. Oil of Abies excelsa.—This oil is distilled from the leaves and twigs
of Abies excelsa (Abies pectinata, De Candolle; Abies alba Mill.). It has
the following characters :—

Specific gravity 0'865 to 0-888
Optical rotation - 30° „ - 65°
Refractive index 1-4730 „ 1-4755
Esters as bornyl acetate 4 to 12 per cent.

Ib contains Z-a-pinene, Z-limonene, bornyl acetate, lauric aldehyde,
probably traces of decyl aldehyde, and the hydrocarbon santene, C9H14.

2

An oil is also distilled from the young cone's of this tree. It contains
more terpenes than the leaf oil, and has the following characters :—

Specific g r a v i t y . . 0 - 8 5 0 to 0-890
Optical rotation - 60° „ - 85°
Ester v a l u e 1 , , 1 „ 6

It consists chiefly of Z-pinene and Z-limonene, with a small amount
of bornyl acetate.

6. Douglas fir-needle oil.—This oil is distilled from the leaves of
Pseudotsuga taxifolia, the so-called Douglas pine, a native of North
America. The needles, twigs, and very young wood are used for the dis-
tillation, and the yield is from 0*8 to 1 per cent. The oil has been
examined by Brandel and Sweet and by A. W. Schorger. The oil in-
vestigated by the first-named was distilled in Washington, whilst that
examined by Schorger was distilled in California. The two oils had the
following characters:—

Specific gravity
Optical rotation
Refractive index
Acid value .
Ester ,,
Bornyl acetate
Free borneol

Whether the difference in locality alone is responsible for the dif-
ference in the oils is not clear. Six hundred grams of the oil were
fractionated by Schorger. *

The following compounds were identified in the oil: (1) Furfural.—
This was isolated by shaking the first fraction distilled with water. (2)
a-Pinene.—By repeated fractionation 151 grms. of oil, boiling at 156° to

lJour. prakt. Chem., ii. 83 (1911), 489. 2 Aschan, Bericht, 40 (1907), 4919.

ndel and Sweet.
0-868
- 62-5°

0
86*6

30-3 per cent.
—

Schorger.
0-873 to 0-876
- 17° „ - 22°
1-4758 „ 14780

0-65 „ 1-1
11 „ 25

3-9 per cent.
4-5 to 8-5 per cent.



1.
2-9 per cent.

170° to 172°
0-8628
- 28'12°

2.
2-6 per cent.

172'6° to 178-2°
0-8616
- 26-24°

CONIFEK^E 57

160° were obtained. On refractionation 4ihe oil boiled at 156° to 157°, had
a specific gravity 0*8682, and optical rotation - 11*94°. I t yielded a
nitrosochloride melting at 103° and a nitrolpiperidine melting at 118°.
Camphene could not be detected. (3) /2-Pinene. —A fraction was obtained
which boiled at 164° to 166°, and had specific gravity 0*872, and optical
rotation - 17*19°. This was easily oxidised by means of alkaline per-
manganate to nopinic acid, which melted at 126°. This fraction was
therefore /3-pinene. (4) Dipentene and Limonene.—Two fractions were
•obtained, having the following characters :—

Weight
Boiling-point . . . .
Specific gravity . . . .
Optical r o t a t i o n . . . .

The former fraction yielded a dihydrochloride, melting sharply at 50°
after several recrystallisations from alcohol. The latter fraction yielded
a tetrabromide, which melted at 117° to 119°, or after further recrystallisa-
tion at 121° to 122°. I t is probable that this fraction contains both di-
pentene and laevo-limonene. (5) Borneol.—The oil recovered from the
saponified ester fraction was distilled. The fraction 208° to 213° had a
rotation of - 19*42°. I t was treated with phthalic anhydride for eight
hours. The resulting acid phthalic ester was converted into the sodium
salt and exhausted repeatedly with ether. After saponification the oil
was oxidised with chromic acid, and camphor, melting at 174°, recovered
by steam distillation. This establishes the identity of borneol. (6) .Acetic
Acid.—This acid was found to be the principal acid constituent of the
esters. (7) A green oil having a specific gravity 0*9370 was isolated,
but not identified. The approximate amounts of the above compounds
present are as follows : a-pinene, 25 per cent . ; /3-pinene, 48 per cent.;
dipentene and limonene, 6 per cent. ; furfural, t races; esters, 6*1 per
'Cent.; free borneol, 6*5 per cent., green oil, 3*0 per cent.

Pseudotsuga taxtfolia is also known as P. Douglasii. According to
Henry and Flood l the Douglas fir growing in Oregon is rightly described
under this name, whilst the Colorado or blue Douglas fir is P. glauca.
C. T. Bennet has examined the oils distilled from material grown in
England, of both plants, and reports upon them as follows :—

" O I L FROM LEAVES OF THE OREGON DOUGLAS F I R .

" 1. 50 Ibs. of leaves of young trees growing at Avondale, sent in
August, 1919. When distilled less than 0*01 per cent, of an oil with a
very aromatic odour was obtained—a quantity too small for examination.

" 2. 50 Ibs. of leaves of old trees growing at Buckhold, Berks, sent in
November, 1919, when distilled yielded 0*11 per cent, of oil having the
following characters:—

Specific gravity 0-876
Optical rotation . . . . . . . . — 7°
Refractive index 1-4835
Esters as bornyl acetate 12*4 per cent.

"The ester content is much lower than that of the Colorado Douglas
fir oil, but the odour is more fragrant. The oil contains dipentene or
limonene, but if pinene is present, the quantity is very small, as prac-
tically nothing distils below 175°.

1Proc. Roy. Irish Acad., May, 1920.
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" 3. A few days later another 60 Ibs. of leaves from the Oregon Douglas-
fir from Buckhold were distilled, and enough oil was then available for
further investigation. On fractionating the oil, an appreciable quantity
of geraniol was separated, and this appears to be the chief odorous con-
stituent. The proportion of total alcohols by acetylation calculated as-
geraniol is 31*5 per cent. The presence of bornyl acetate somewhat
masks the odour in the original oil. There is also a small trace of citral,
but the proportion is too small for determination. Geraniol occurs in
the oils of some species of Callitris in Australia, but has apparently not
been recorded as a constituent of the oils distilled from other conifers.
Geraniol is the chief constituent of Indian palmarosa oil obtained from
the fragrant grass Andropogon Schoenanthus Linn. (Cymbopogon Martini),.
and occurs in citronella oil, otto of roses, lemon oil, etc.

"OLL FROM THE LEAVES OF THE COLORADO DOUGLAS FLR.

"50 Ibs. of leaves of moderate-sized trees growing at East Liss,.
Hants, sent in October, 1919, yielded on distillation 0*31 per cent, of oiL

Specific gravity 0*905
Optical rotation - 46°
Refractive index (20°) 1*4717
Esters as bornyl acetate . . . . . . 34*5 per cent.

" The terpenes consist principally of pinene. The odour is chiefly
due to the bornyl acetate present.

" It would appear from these analyses that the strong odour of
Colorado Douglas fir, which is like that of turpentine mixed with camphor,
is due to the large percentage of pinene and bornyl acetate. •

" In the Oregon Douglas fir, pinene is not present, and the bornyl
acetate is much less in percentage. The peculiar fragrance is chiefly
due to the presence of the highly odoriferous substance geraniol, slightly
modified by the small amount of bornyl acetate present."

7. The leaves and twigs of Pinus Sabiniana, the so-called digger pine,
yield from 0*078 to 0*102 per cent, of essential oil having the following
characters:—

Specific gravity 0-851 to 0'857
Optical rotation - 20° „ 39°
Refractive index 1*4670 to 1*4671 at 15°
Acid value 1*47 to 2-05
Ester „ 6*77 „ 11-98

,, „ (after acetylation) . . . . 25*86 „ 37'16
Schorgerl has identified the following constituents in the oil:—

n-heptane .
Z-a-pinene .
Mimonene .
Bornyl esters
Borneol

58 to 59
18
3-5

6

3 per cent.

8. The oil from the leaves and twigs of Pinus contorta, the lodge-
pole pine, has the following characters :—

Specific gravity 0*869
Optical rotation
Refractive index
Acid value
Ester „

- 17*84°
1*4831

0*9
6*02

, (after acetylation) 32-3
1 Jour. Ind. Eng. Chem. (1915), 7, 24.
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The oil contains Z-camphene, Z-/3-pinene, 1-a-pinene, Z-phellandrene,
dipentene, borneol, bornyl acetate, and cadinene.

9. The oil from the leaves and twigs of Abies magnified has the
following characters :—

Specific gravity 0*8665
Optical rotation - 16*7°
Refractive index 1-4861
Acid value 0-75
Ester „ 9-93

„ ,, (after acetylation) 36-22
Traces of furfural were found in the oil, as well as Z-/3-pinene, Z-phel-

landrene, bornyl esters and free borneol.
10. Schorger1 has examined the oil distilled from the leaves and

twigs, and also that from the cones of Pinus ponderosa, the Western
yellow pine, and found them to have the following characters :—

Leaves and Twigs. Cones.
0-04 to 0-126 0-063

0-8718 „ 0-8849 0-8757
- 15-73 „ - 19-59 - 11-48

Yield per cent.
Specific gravity (15°)
Optical rotation (20°)
Refractive index (15°) . . . . 1-4789 „ 1-4838
Acid value 0'67 „ 2'36
Ester „ 3-88 „ 8-10

„ „ (afteracetylation). . . 24-11 „ 35'68
The constituents identified are as follows :—

1-4789
1-27
7*20

22-41

Leaves and
Twigs. Cones.

Furfural . . . . . . — trace
Z-a-pinene ......2 6
Z-camphene ......— —
Z-0-pinene ......75 60
D i p e n t e n e . . . . . . 6 12 to 13
Esters as bornyl a c e t a t e . . . . 2 2-5
Free alcohols (Z-borneol) ....7 4
"Green oil" .....3 3 to 4
Sesquiterpene . . . . . — —

11. The oils from the leaves and twigs, and from the cones of Pinus
Lambertiana have also been examined by Schorger 2 with the following,
results:—

Yield per cent.
Specific gravity (15°) .
Optical rotation (20°) .
Refractive index (15°) .
Acid value .
Ester „ . . , 5

„ „ (after acetylation) .
The percentage composition of the oils is as follows:—

Leaves and Twigs.
0-045 to 0-120

0-8676 „ 0-8738
- 16-50
1-4794
2-38
5-91
32-04

- 11*07
1-4777

0'68
2*22

23*25

Furfural
Z-o-pinene
Z-camphene
Z-j8-pinene
Dipentene
Esters .
Borneol
" Green oil"
Sesquiterpene

Leaves and
Twigs.
trace
21
51
12
1-5

Cones.
0-32

0-8692
- 23-18
1-4771
0-63
3-75

17-04

Cones.
trace

22
21

39 to 40
4 „ 5

1-5
3-5

1 Jour. Ind. Eng. Chem. (1914), 6, 893.
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. •12. The leaves and twigs of Abies concolor yield O03 to 0'27 per
-cent, of essential oil which has the following characters :—

Specific g r a v i t y . . . 0'872 to 0-878
Optical rotation - 20° „ - 28°
Refractive index 1-4760 „ 1-4778
Acid value 1 „ 1-8
Ester , „ 1 2 - 5 „ 27'4

The bark of this tree yields an oil having the following characters :—
Specific gravity 0 870 to 0-877
Optical rotation - 20° „ - 21°
Refractive index 1-4809 „ 1-4833
Acid v a l u e . . . . . . 0*87 „ 1-22
Ester „ 6'4 „ 6-9

The approximate composition of these oils is as follows:—

Furfural .
Z-a-pinene .
Z-camphene
Z-£-pinene.
Z-phellandrene
Esters as bornya acetate

Leaf and Twig
Oil.
trace

. 12 per cent.

Bark Oil.
trace

9 per cent.

42
15
6-5
9-5
3
1

60 per cent.
Dipentene 12 to 13 per cent.

2-5 „
4-5 „
5
7

Free borneol
" Green oil"
Loss .

The remaining " pine-needle oils" may be summarised as to their
characters and constituents in the table on page 61, which includes most
of any importance which have been examined.

N. 0, GRAMINE/E.

(THE GRASS OILS.)

The principal oils of this natural order are derived from the family
formerly known as Andropogon. Much confusion had crept into the
nomenclature of these oils which has been cleared up finally by the ex-
cellent work of Dr. Otto Stapf.1 This authority has discarded the old
names and has made the following classification, which has been uni-
versally accepted:—

Cymboppgon genus, with 10 species.
Vetiveria genus, with 1 species.
Andropogon genus, with 1 species.

The following are the salient features of these grasses as classified
by Stapf :—

1. Cymbopogon Scho&nanthus Spreng (Andropogon Schoenanthus L.).
This is known locally as Camel grass. It is a characteristic desert
plant able to exist on the smallest amount of water, and is distributed
over Northern Africa and Arabia, and is also found in the Persian Pro-
vince of Kirman where it grows at altitudes of 6000 ft. and in Afghani-
stan, Beluchistan, and the Punjab.

2. Cymbopogon Iwarancusa Schult. This grass is believed to be the
Nardus Indica of the Ancients. The natives call it Terankus (fever-
healer). The plant is highly aromatic. At great altitudes it becomes
small and narrow-leaved and then represents a transition form towards
Cymbopogon Schoenanthus.

1 Kew Bulletin (1906), 8, 297.



Oil.

Abies balsamea .
,, canadensis.
„ magnified .

Larix decidua .
,, pendula .

Picea canadensis
„ excelsa (P. vul-

garis) .

„ nigra .
„ rubens

Pinus cembra
„ contorta .

„ cubensis .
,, halapensis

„ heterophylla

„ laricio
„ palustris .

„ strobus . .

Specific
Gravity.

0-890 to 0-892
0-907 „ 0-913

0-8665

0-878
0-881
0-922

0-875 to 0-890

0-913
0-954
0-880
0-869

0-868
0-880 to 0-896

0-887 „ 0-889

0-865 „ 0-870
0-883 „ 0-885

0-901

Rotation.

- 30°
- 18° to - 26°

- 16-7°

+ 0° 22'
—
—

- 20° to - 40°

- 23° 50'
—

+ 29°
- 18°

+ 9° 40'
- 20° to - 25°

- 32° „ - 36°

+ 3° „ + 8°
- 26° „ - 31°

- 39-7°

Refractive
Index.

—
1-4861

—
—

—

—
_

. 1*4831

—

1-4845 to 1-4869

1-4810 to 1-4830

1-4827

Esters as
Bornyl Acetate.

17 to 20°/0
35 „ 40°

3'5°/0

8°/15°/
25°/°

6 to 10°/0
38°/0
8°/0
—
2 °

2-5 to 3 °

3-5% .

1 to 3-5°/0
1-5 to 2°/0

8-6°/0

Constituents.

Z-pinene; bornyl acetate.
Z-pinene ; bornyl acetate, cadinene.
Z-jS-pinene ; Z-phellandrene ; furfural;

borneol; bornyl acetate.
Borneol; bornyl acetate.
a-pinene; bornyl acetate.
Limonene; dipentene, bornyl acetate.

Z-pinene ; dipentene; 1-phellandrene;
cadinene; bornyl acetate.

Bornyl acetate.
Borneol; bornyl acetate.
Pinene.
Furfural; Z-piuene ; Z-camphene ; Z-phel-

landrene ; dipentene; cadinene ;
bornyl acetate and methyl-chavicol(?).

Z-pinene; limonene; borneol; bornyl
acetate and free fatty acids.

Furfural; Z-pinene; 1-camphene; dipen-
tene ; borneol ; cadinene ; bornyl
acetate and free fatty acids.

Bornyl acetate.
Furfural; Z-pinene ; Z-camphene ; dipen-

tene ; cadinene ; borneol and its
esters.

Z pinene ; bornyl acetate.

O

O
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3. Cymbopogon Nardus Eendle (Andropogon Nardus L.), citronella
grass. In this grass also various botanists suspected the Nardus Indica
of the Ancients, and for this reason Linnaeus gave it the name Andro-
pogon Nardus. Grimm, a physician who lived at the end of the seven-
teenth century in Colombo, called the grass Arundo Indica odorata.
He stated that it grows in large quantities in the neighbourhood of
Colombo (probably cultivated), and that an essential oil is distilled
from it.

Citronella grass is only found cultivated; it is grown particularly in
the southern part of Ceylon, and also in the Malacca peninsula and
Java; in most recent times attempts have also been made to cultivate it
in the West Indies. The mother-plant is very probably the wild mana
grass, Cymbopogon confertiflorus Stapf, found in Ceylon.

It is well known that citronella grass is cultivated in two varieties:
" Maha pengiri" (Maha pangiri), and "Lenabatu" (Lana batu). The
first-named is also called " old citronella grass " or " Winter's grass,"
as it was only cultivated by Winter & Son, whilst it is chiefly grown
in the Malacca peninsula and in Java. It has fairly broad leaves, larger
tufts than " Lenabatu," and is characterised by a rapid growth, but it is
soon exhausted and dies after ten to fifteen years. As for this reason it
frequently has to be planted out afresh, it has gradually been replaced
by the Lenabatu variety. It yields an oil of lower specific gravity, readily
soluble, and rich in acetylisable constituents.

The variety known as " Lenabatu " (" new citronella grass "), which
forms the bulk of Ceylon citronella grass, yields an oil of less value,
which differs from the other by a higher specific gravity, lower geraniol-
content, and contains methyl eugenol.

Morphological differences between the two varieties do not exist, as
Stapf proved with two specimens which, however, were not very well
preserved.

4. Cymbopogon confertiflorus Stapf (Andropogon confertiflorus Steud.).
This grass is found in India in the district between the Nilghiris and
Ceylon, and also in Ceylon itself. It grows to a height of 5 ft. and,
more. It is possibly the wild mother-plant of citronella grass, and it
has also the same odour as the latter, but it only gives a small yield of
oil. The Singhalese name for it is " Mana," whilst in the Nilghiris it
is known as " Bambe ".

5. Cymbopogon flexuosus Stapf (Andropogon flexuosus Nees ex Steud.),
Malabar or Cochin grass, is distributed in the Tinnivelli district and in
Travancore. During the last few years large areas have been planted
there with this grass. According to Stapf, the oil, which is known in
commerce as lemon-grass oil, is obtained from two wholly different plants,
the oil coming from the Malabar coast being produced from C. flexuosus
Stapf, whilst the other species of lemon-grass, designated as C. citratus
Stapf, yields an oil which, though very similar, is not identical with the
former.

6. Cymbopogon coloratus Stapf (Andropogon coloratus Nees) is found
from the Tinnivelli district to the Anamalai mountains, and also in the
district Karnatik (Madras Presidency), and belongs to the lemon-grasses
of the Malabar district. It differs from C. flexuosus in that it is much
smaller.

7. Cymbopogon citratus Stapf (Andropogon citratus D. C.) only
occurs in the cultivated state. It is found in most tropical countries,
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especially in Ceylon and the Straits Settlements, also in lower Burma
and Canton, Java, Tonquin, Africa, Mexico, Brazil, the West Indies,
Prench Guiana, Mauritius, Madagascar, New Guinea, etc.; in the Malay
peninsula, and especially near Singapore, the grass is cultivated on a
large scale.

The oil obtained from it differs from the Malabar lemon-grass oil by
its lesser solubility in alcohol and the frequently lower citral-content, for
which reason it is usually less valuable than the Malabar oil.

8. Cymbopogon Martini Stapf (C. Martinianus Schult.), Eusa grass,
geranium grass. The vernacular name " rusa," which is largely used
for this grass, is probably derived from the brown-red coloration of the
panicles in autumn.

Eusa grass is found from the Eajmahal mountains (on the bend of
the Ganges) to the Afghan frontier, and from the sub-rtropical zone of
the Himalayas to the twelfth degree latitude, with the exception of the
desert and the steppe region of the Punjab, the external slopes of the
Westghat, and apparently a large part of Northern Karnatik.

A distinction is made between two varieties of the grass: " sofia "
and " motia," but it is for the present undecided whether they are
botanical varieties, or only different conditions of maturity of the same
species.

9. Cymbopogon caesius Stapf (Andropogon caesius, a et ft Nees),
Kamakshi grass.

This grass is very closely allied to C. Martini, but yet distinctly
different; only where the two Species meet, transition-forms occur
which unite the two species completely. C. caesius grows in the greater
part of Karnatik, where it is fairly common. It replaces C. Martini in
South-Eastern India.

In the Administration Eeport of the Government Botanic Gardens
and Parks, the Nilghiris, for 1901, p. 5, an article appears on this oil.
The grass used for the distillation originated from Arni, in the North
Arcot district, Madras Presidency, where it is found in large quantity.
The oil-yield from the grass freshly cut at the end of December was
O431 per cent. Another parcel, distilled at the end of April in an entirely
dry state, yielded 0*711 per cent. oil. With regard to the properties of
the oil no data are available.

10. Cymbopogon polyneuros Stapf (Andropogon polyneuros Steud.) is
a fairly strong grass which has a great tendency to form numerous rami-
fications upwards, so as to form thick clusters. It is found in the South-
western parts of India, especially in the Nilghiris, and here replaces
C. Martini. It is also found in Ceylon, preferably at greater altitudes (up
to 4500 ft.), and further in the island Delft in Adams' Strait, where
it is called " Delft grass " and forms good food for horses. The odour
of the rubbed leaves is said to remind one of fennel or anise. The oil was
distilled in 1902 in Utakamand, and obtained in a yield 0*25 per cent.;
with regard to its properties nothing is known.

11. Vetiveria zizanioides Stapf (Andropogon muricatus Eetz.) is vetiver-
grass, Anglo-Indian " Khas khas," or " cus-cus," a name which is
probably of Hindu origin and means " aromatic root ".

Vetiver grass occurs* both in the wild state and cultivated, and is
much esteemed on account of its roots which are used for many pur-
poses. In the wild state it is distributed all over British India and
Ceylon, being chiefly found on the banks of rivers and on rich marshy
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soil up to an elevation of 1800 ft. Occasionally it is cultivated, for
example in Eajputana and Chutia-Nagpur. In the Malay districts
vetiver only occurs cultivated or accidently growing wild;—the same
applies to the West Indies, Brazil, and E6union. The best sort of grass
is found in the neighbourhood of Tutikorin, which is still at the present
day the most important shipping port of vetiver root.

The vetiver oil prepared from the root does not appear to be distilled
in India itself or in the other countries of origin with the exception of
K6union.

Jowitt,1 however, does not consider that the so-called Mana grass,
C. confertiflorus, is the true mother-plant of the cultivated citronella
grasses. He states that C. Nardus, the genuine citronella grass, also
grows wild in Ceylon. C. Nardus Rendle, which occurs in a wild state,
is identical with the so-called " old citronella grass " (Winter's grass,
Maha Pengiri) and forms a species distinct from Mana grass. It is pos-
sible that the third variety, known as Lenabatu grass, has resulted
from hybridisation of citronella and Mana grasses. In these circum-
stances Jowitt considers it advisable to designate the Maha Pengiri
variety as a separate species under the name of Cymbopogon Winter ianus.
In this case the name C. Nardus Eendle should be applied only to the
Lenabatu grass.

There are numerous intermediate plants between the regular culti-
vated varieties and the wild mother-plants, and the oils from these have
been investigated by Pickles,2 whose results point to the fact that by
continued cultivation the oils become richer, in some cases in geraniol,
in other cases in citronellal, the former approaching Lenabatu oil and
the latter Maha Pengiri oil.

The principal oils belonging to this important family are the
following:—

CEYLON CITRONELLA OIL.

This oil is distilled in Ceylon, from the grasses described above, on a
very large scale. The oil, which is used in cheap perfumery, especially
in soap manufacture, is produced in more or less primitive stills, to the
extent of between 1,500,000 and 2,000,000 Ib. per annum. It is largely
distilled by natives, and is almost universally adulterated.

The grass is cultivated almost entirely in the south of Ceylon.
About 50,000 acres are devoted to it, and but little attention is necessary.
The growth is continuous, and three harvests can be obtained annually
in very favourable years, but usually two are found sufficient—one in
July or August and one in December, January, or February. The yield
of oil is about sixteen to twenty bottles (22 oz.) per acre for the summer
crop, and five to ten for the winter crop. After a lapse of fifteen years
the plants become exhausted, and new plants become necessary. There
are somewhere about 600 stills at work on the island, and the enormous
output of the oil indicates its importance as an article of commerce.
The distilleries are usually situated in small sheds and consist of a steam
boiler with a safety valve and water indicator, resting upon a solid
foundation ; two cylindrical stills 6 to 8 ft. high and 3 to 4 ft. broad, and
a spiral condenser in a tub of cold water. A still will produce from
20 to 30 Ib. of oil a day.

1 Annals Royal Botanic Gardens, Peradeniya, iv. 1908, 4, 185.
*Bull. Imp. Inst., 8 (1910), 144.
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The trade in citronella oil is in a very unsatisfactory condition, as
practically all the oil exported from Ceylon is, by consent, adulterated,
the amount of pure oil sold being almost negligible. This aspect of the
question will be discussed latter.

A pure distillate should have the following characters :—

Specific gravity
Optical rotation
Refractive index

= 0-898 to 0-920
= _ 7° to - 18° (rarely to - 20°)

= 1-4785 to 1-4900

FIG. 10.—Citronella oil still. 1 chimney; 2 steam boiler; 3 still; 4 and 5 con-
denser ; 6 underground cellar; 9 receiver.

The total acetylisable constituents, calculated as geraniol should not
fall below 55 per cent., and is often above 57 per cent., rarely reaching
60 per cent. The oil should dissolve to a clear solution in 1 to 2
volumes of 80 per cent, alcohol, and on the addition of more alcohol up
to 10 volumes, no turbidity—or at most a slight opalescence—should be
produced. The principal adulterant of this oil is petroleum, but resin
spirit has also been used, and during the past few years the lighter frac-
tions of petroleum of the petrol type have been employed. The author
and Bennett have examined the effect of adulteration on the characters;
of the first 10 per cent, distilled from the oil, with the results set out*in
the following tables :—

TABLE I.—PURE CITRONELLA OILS.

Characters of first 10 per cent, distilled at 20 to 40 mm. pressure.

Specific
Gcavity
at 15-5°.

A 0-861
B
C
D
E1

. 0-861

. 0-860

. 0-P63

. 0-866

. 0-867

Rotation in
100 mm.
Tube.
- 44°
- 43°
- 35°
- 23°
- 6°

- 11°

Refractive
Index at

190 C.
1-4680
1-4732
1-4692
1-4655
1-4590
1-4571

1 E is an oil from the Straits Settlements.
2 F is a Ceylon oil distilled by Winter, and probably prepared by fractionation.
VOL. I. 5
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TABLE II .—CITRONELLA OILS MIXED WITH ADULTERANT.

Characters of first 10 per cent, distilled at 20 to 40 mm. pressure.

1
2
3
4
5
6
7
8

E +
E +
E +
E +
D +
D +
D -i-
C +

5 per cent
10
15
20

5
10
20
10

Specific
Gravity
at 15-5°

resin spirit 0*855
0 848
0-841
0 8-S3
0-854
0-845
0-835

petroleum spirit 0*848

Rotation in
100 mm.
Tube.
- 7°
- 3°
- 2°
— 1°
- 17°
- 14°
- 8°
- 24°

Refractive
Index at

19° C.
1-4563
1-4545
1-4525
1-4505
1-4570
1-4515
1-4490
1-4514

TABLE I I I .—ADULTERATED CITRONELLA O I L S ON THE MARKET.

Characters of first 10 per cent, distilled at 20 to 40 mm. pressure

r r\ t'\ A I . I t _ A?~ i_

1
2
3
4
5
6

Specific
Grav it y
at 15-5°
0-822
0-824
0-833
0-820
0 844
0-S36

Rotation in
100 mm.
Tube.

- 26° 48'
- 23° 50'
- 18° 20'
- 22°
- 17° 30'
- 29°

Refractive
Index at
19° C.
1-4492
1-4504
1-4525
1-44%
1-4540
1-4495

TABLE IV.—'BESIN AND PETROLEUM SPIRITS.

Characters of first 10 per cent, distilled at 20 to 40 mm. pressure :—
Rotation in Refractive

Index at
19° C.

1 Resin spirit
2
3 Petroleum spiritl (turpentine substi-

tute)
4 Petroleum spiritx (turpentine substi-

tute)

Specific
Gravity
at 15-5°
0-806
0-802

100 mm.
Tube.
+ 4°
+ 2° 30'

0-798

0-801

+ 1°

1-4403
1-4425

1-4435

+ 1° 30' 1-4416

T h e l ightes t f ract ion w h i c h t h e a u t h o r a n d B e n n e t t ob t a ined from
t h e a d u l t e r a t e d oils h a d a specific g rav i ty of 0*798, a n opt ica l ro ta t ion of
- 17°, a n d c o m m e n c e d to dist i l a t 112° C. I n n o n e of t h e f rac t ions h a s

a n y o d o u r of paraffin been observed, nor a n y f luorescence—hence the
conc lus ion t h a t res in sp i r i t is t h e a d u l t e r a n t .

Suggested Standard.—From a cons ide ra t i on of t h e s e figures t h e fol-
l o w i n g s t a n d a r d s for p u r e c i t ronel la oil a r e s u g g e s t e d : —

1. T h e oil m u s t dissolve e i the r c lear , or a t m o s t w i t h t h e s l ightest
opa lescence , in 10 v o l u m e s of 80 pe r cen t , a lcohol a t 20J C.

2. T h e first 10 p e r cent , dist i l led u n d e r r e d u c e d p r e s s u r e (20 to 40
m m . ) m u s t h a v e a specific g r av i ty no t be low 0*858 a n d a refract ive index
a t 20° no t be low 1*4570.

I t m a y be r ega rded as fairly ce r ta in t h a t no a d u l t e r a t e d s ample will
p a s s these tes ts , a l t h o u g h t h e l imit for refract ive index h a s been placed

1 The actual source of these turpentine substitutes has not been ascertained, as
the distillers decline to give information. They have a faint odour of paraffin, and a
distinct though slight fluorescence, and probably consist only in part of petroleum
spirit.
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lower than the figures found for normal Ceylon oils, in order to meet the
requirements of other oils, such as those from Java or the Straits Settle-
ments, and, in general, those with low terpene-content. But any Adul-
terated oil which might show a higher refractive index than has been
indicated would fail to pass the specific gravity limit if more than traces
of the adulterant were present.

For many years it was the custom to sell citronella oil " guaranteed
to pass Schimmel's test ". This was merely a solubility test, which re-
quired that the oil should dissolve in 10 volumes of 80 per cent, alcohol
with not more than slight turbidity, without any oil globules separating.
It was soon found that the oil could be adulterated down to the limits of
this test, and a so-called "raised test" was suggested, but never applied
to contracts commercially. This consisted in adding 5 per cent, of
kerosene to the oil in question, which should in this condition pass the
ordinary " Schimmel's test ". To-day, however, the empirical character
of these tests is fully realised, and discriminating buyers insist on valuing
the oil on its acetylisable constituents calculated as geraniol. This de-
termination is carried out in the usual manner for the determination of
free alcohols, the citronellal present being, converted into isopulegol and
then into isopulegyl acetate, so that the result expresses the geraniol to-
gether with the citronellal. If it be desired to determine these two
constituents separately, the process of Dupont and Labaune l may be
employed.

This depends on the fact that citronellal-oxime, produced by shaking
the oil in the cold with a solution of hydroxylamine, is converted, on
heating with acetic anhydride, into the nitrile, which is not affected by
saponification with alcoholic potash.

The difference in the molecular weight of the nitrile formed and that
of citronellal is so small as to be negligible, and the calculation of the per-
centage of geraniol from the saponification is made by the usual formula.
• The method of procedure is as follows: 10 grms. of hydroxylamine

hydrochloride are dissolved in 25 c.c. of water; 10 grms. of carbonate
of potash separately dissolved in 25 c.c. of water are added and the
mixture filtered. With this solution 10 grms. of the oil are thoroughly
shaken for two hours at 15° to 18° C. The oil is then separated, dried
by means of anhydrous sodium sulphate, and acetylated with twrice its
volume of acetic anhydride in the usual way for 1-J hours on a sand
bath under a reflux condenser. ' The oil is washed, dried, and neutral-
ised, and a weighed quantity (about 2 grms.) saponified with alcoholic
potash.

Working on a mixture of citronellal and geraniol, the authors ob-
tained 55*9 per cent, geraniol as against 55 per cent, theoretically
present, and when the heating with potash was prolonged for four
hours the result was not appreciably altered, showing the stability of
the citronellic-nitrile.

A Java oil which showed 83 per cent, of total acetylisable con-
stituents gave 43 per cent, of geraniol and 40 per cent, citronellal,
whilst a Ceylon oil containing 60*2 per cent, of total geraniol and
citronellal was found to contain 43 per cent, of geraniol.

The authors are convinced, by treating considerable quantities of
citronella oil, notably the Java type, that the quantity of geraniol really

1 Roure-Bertrand's Bulletin, April, 1912, 3.
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contained in it is lower than that indicated by analysis. This is due to
the presence of a compound, or a mixture of compounds, distilling at a
higher temperature than geraniol and susceptible to acetylation, which
they are further investigating.

Geraniol can also be directly estimated by the following l process :—
Two grms. of the oil are heated with 2 grms. of phthalic anhydride

and 2 c.c. of benzene for two hours on a water-bath. The mixture is
allowed to cool, and shaken for ten minutes with 60 c.c. of semi-normal
aqueous caustic potash, in a stoppered flask. At the end of this time
the anhydride is converted into neutral phthalate, and the acid geranyl
ester into its potassium salt. The excess of alkali is titrated with semi-
normal sulphuric acid. By deducting from the proportion of alkali
absorbed by the quantity of phthalic anhydride used, the quantity of
alkali used up in the experiment, the quantity of alkali absorbed by the
geranyl ester is obtained, and hence the percentage of geraniol can be
calculated. The results of this method applied to the above mixtures
were as follows :—

I. Geraniol present, 45 per cent.
II. „ „ 40 „

Pound, 47-9 per cent.
41-1

The slightly high results are evidently due to the fact that the
citronellal contained a small proportion of alcohols which react with
the phthalic anhydride.

Schimmel & Co. examined five samples of Ceylon oil by the above
method, and give the following results :—

Specific
Gravity.

0-9012
0-9016
0-9034
0-9039
0-9033

Rotation.

- 11° 22'
- 11° 28'
- 11° 40'

11° 43'
- 11° 31'

Total
Acetylisable
Constituents

54-1 per cent.
57-2
58-6
56-3
57-6

Geraniol.

30*7 per cent.
33-2
30-0
29-8
30-8

Citronellal.

Kleber's
Method.

l l ' i per cent.
11'O
11-6 ,,
10-8
11 5

Dupont's
Method.

7'9 per cent.
8'0
7-K
6-7
7-9

For other methods, which do not appear to be of great practical
value, papers by Kleber 2 and Boulez 3 may be consulted*.

Ceylon citronella oil contains about 10 to 15 per cent, of terpenes,
wrhich include camphene, Z-limonene, and dipentene. Geraniol, borneol,
citronellal, methyl-eugenol, methyl-heptenone, isoamyl alcohol, isovaleric
aldehyde, valeric acid esters, a-terpineol, thujone (?), nerol, esters of
citronellal, farnesol, a mixture of at least two sesquiterpenes (one of low
and the other of high specific gravity), and a terpene of very low specific
gravity have all been detected in this oil.4

JAVA CLTKONELLA OLL.

This oil is distilled from Cymbopogon nardus in Java, the grass being
of the Maha Pangiri type. The Singapore distilled oil is of almost
exactly the same character.

1 Schimmel's Report, October, 1912, 43.
3Bull. Soc. Chim., iv. 11 (1912), 915.

* American Perfumer, 6 (1912), 284.
J Schimmel's Report, April, 1912, 44.
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It is of a considerably higher value than the ordinary Ceylon oil, and has
a quite different and much finer odour. The principal difference between
it and the Ceylon oil lies in its considerably higher citronellal value, and,
naturally, a much higher content of total acetylisable constituents.

De Jong has carried out a series of experiments on the oil value of
Java citronella grass in various stages of development in order to decide
which is the most favourable time for distilling. As the leaf ages the
oil content decreases; the sheaths of the leaves and the roots contain
much less oil than the leaves themselves. De Jong considers it the best
plan to cut the grass as soon as four or five leaves have developed. As
regards' the properties of oil from different batches of old leaves, the
optical rotation and total geraniol content (geraniol and citronella) show
only insignificant variations. The rotation varies irregularly ; values
ranging from - 2° 7' to - 7° 36' being observed in oil from leaves of
various ages. The total geraniol content first increases in an ascending
scale from the newest up to the oldest leaf and afterwards decreases in
a corresponding manner ; the lowest value was 85'5 per cent., the highest
93*3 per cent. The results of this investigation induced de Jong to make
experiments as to the time required for acetylation, the behaviour of the
oil towards acetic anhydride, the amount of acetate of sodium to be added,
and the time required for saponification. As a result of these inquiries
de Jong considers that two hours are needed both for acetylation and for
saponification, and that for every 20 c.c. of oil and acetic anhydride,
2 grms. of sodium acetate are required in order to yield accurate re-
sults. He draws these conclusions because in his experiments on citron-
ella oils he obtained the highest values by using these precautions.

The oils examined by de Jong were soluble in three parts of 80 per
•cent, alcohol; when more than four parts of the solvent were used,
turbidity ensued.

Ultee has carried out a series of experiments on the oil distilled from
plants grown at Salatiga, which is south-east of Buitenzorg where de
Jong's oils were distilled. The former place is situated at a considerably
higher altitude than the latter. Ultee obtained 0'66 per cent, of oil hav-
ing the following characters :—

d29o 0-8721, AD - 3° 15', total geraniol 92'75 per cent., soluble in
1*5 volume and more of 80 per cent, alcohol. The oil was distinguish-
able from the Buitenzorg distillates in the first place by its greater
solubility, for according to de Jong the Buitenzorg oils only gave a clear
solution with 3 volumes of 80 per cent, alcohol, which became cloudy
when diluted to over 4 volumes. As Ultee only obtained an oil yield of
0'66 per cent., whereas in Buitenzorg the yield ranged from 0*5 to 0*9
per cent., experiments were made at Salatiga to ascertain whether the
oil content of the grass could be raised by suitable fertilising. Out of
four experimental fields, three were treated for this purpose with dif-
ferently composed artificial manures. The grass was cut after ten
weeks and equal quantities of it distilled in an exactly similar manner.
The oil yields obtained ranged from 0*60 to 0'65 per cent., showing that
manuring had not affected the oil content of the grass.

Java citronella oil has the following characters :—
Specific gravity . 0-882 to 0-898
Optical rotation
Refractive index
Total acetylisable constituents
Geraniol .
Citronellal

- 2° to - 3° (rarely + 2° to - 5°)
1-4640 to 1-4725

80 to 94 per cent.
35 „ 45 „
35 „ 50 ,,
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Schimmel & Co. have examined seven samples with especial re-
ferences to their geraniol and citronellal values, and give the following
results:—

Specific
Gravity.

0-8913
0-8859
0-8866
0-8868
0-8883
0-8925
0-8881

Rotation.

- 2° 15'
- 1° 45'
- 1° 35'
- 1° 22'
- 1° 28'
- 2° 11'
- 1° 11'

Total
Acetylisable

Constituents.

85*4 per cent.
87-6
88-7
88*0
87-5
84-7 „
91-0

Geraniol.

35-3 per cent.
35-3
36-4
33-5 „
40-1 ,,
35-9
37-0 ,,

Citronellal.

Kleber's
Method.

36-0 per cent.
40-0
40-0
38-8
38-7
38-0
36-8

Dupont's
Method.

36-6 per cent.
45-2 „
46-3 „
39-5
35-4 „
37-2
40-1 „

Abnormal samples are occasionally met with, which are slightly
dextro-rotatory, or whose specific gravity may rise to 0*900 to 0*905.

In the determination of acetylisable constituents in Java citronella
oil it is necessary to use considerable excess of acetic anhydride.
Durrans l prefers the following quantities and conditions :—

Ten c.c. of the oil with 20 c.c. acetic anhydride (95 to 100 per
cent.) and 3 grms. anhydrous sodium acetate are boiled for two hours
utxder a reflux condenser. The mixture is then cooled, about 50 c.c.
of water added through the condenser, the flask heated on the steam-
bath for fifteen minutes and then cooled, the condenser being connected
to the flask during the whole of these operations. The contents of the
flask are washed in a separatory funnel with cold water (or brine), then
with a 1 per cent. Na2CO3 solution until neutral, and finally with water.
The washed oil is dried with anhydrous sodium sulphate, and from 2*5
to 5 grms. saponified with 50 c.c. normal alcoholic KOH for two hours
under a reflux condenser, the excess being titrated back with acid and
phenolphthalein as usual.

Java citronella oil owes its odour principally to citronellal with
geraniol and some citronellal. Traces of methyl-eugenol, about 1 per
cent, (as against 7 or 8 per cent, in Ceylon oil), are present, and about 0*2
per cent, of citral. A sesquiterpene, isolated by Semmler and Spornitz,2

and termed by them sesquicitronellene, is also present. This body has
the following characters:—

Specific gravity at 20° 0*8489
Optical rotation + 0° 36'
Refractive index 1-5325
Boiling-point at 9 mm 138° to 140°

Spornitz3 also detected an oxide in the higher boiling fractions of
the oil, which he named dicitronelloxide, a colourless liquid of the
formula C20H340, and having a specific gravity 0*9199 at 20°, and optical
rotation - 4°.

Furukawa 4 finds eugenol and probably chavicol, and traces of citronellic
acid in Java citronella oil.

There are a few varieties of citronella oil, distilled in various coun-
1 P. and E.O.R. (1911), 201; (1912), 123. a Bericht, 46 (1913), 4025.
3 Ibid., 47 (1914), 2478. 4 Jour. Chem. Ind. Tokyo (1918), 21, 515.
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tries, which are, in most cases, obtained from practically the same grass
as that grown in Java. None of them, however, are commercial articles
except, to a very small extent, the Burmese oil.

Burmese oil has characters identical with those of the Java oil, except
that the geraniol is usually present in rather larger amount than the
citronellal. Practical tests with soap appear to show that this oil has
not got so high a perfume value as the Java oil.

Citronella oil distilled in French Guiana (probably from Cymbopogon
citratus) was obtained to the extent of 0*316 per cent. It has the fol-
lowing characters :•—1

Specific gravity 0'8864
Optical rotation - 0° 2'
Esters 5*8 per cent.
Total alcohols as g e r a n i o l . . . . . 7 1 * 3 „

The chief portion of the " alcohols " appears to be citronellal.
Citronella oil from the Comoro Islands has been examined2 and

found to have a specific gravity 0-892, optical rotation - 0° 52', and to
yield 80 per cent, to a solution of sodium bisulphite.

The oil distilled in German New Guinea does not differ from the
Java oil in any respect, and the same is true of that distilled in the
Malay peninsula. Jamaica oil has been found to have the following
characters:—

Specific gravity 0'895
Rotation - 4° 16'
Refractive i n d e x . . . . . . . 1*4710
Total alcohols, etc . 86*4 per cent.

Seychelles oil of citronella, distilled from grass derived from Ceylon,
resembles the Ceylon oil in all its characters (Lenabatu oil).

The oil distilled from the wild parent grass (C. Nardus, var. Linnaei
and Confertiflorus) has been examined by Pickles.3 These oils had the
following characters:—

Var. Linnaei. Var. Confertiflorus.
Specific gravity . . 0'894 to 0*926 0'900 to 0'929
Rotation . . . + 4° 54' „ - 6° 32' + 12° 12' „ - 2° 11'
Total " geraniol". . 43-5 to 64*7 per cent. 39'1 to 64-2 per cent.

Formosan citronella oil has been examined by Furukawa,4 who found
it to have the extraordinary specific gravity 0*960, and to contain 22*15
per cent, of geraniol and 11 per cent, of citronellal. Its odour is poor.
It is not clear whether the grass used is true citronella grass or not.

LEMON-GBASS OIL.

The lemon-grass oil of commerce is almost entirely Bast Indian.
A certain amount was imported a few years ago from the West Indies,
but it was not a successful industry and such oil is not available to-day.

Some few years ago it was regarded as essential to a pure lemon-
grass oil that it should be soluble in 3 volumes of 70 per cent, alcohol.
The West Indian oil was, however, found to be insoluble in 70 per
cent, alcohol (although much of it appears to have been soluble when
freshly distilled, but to have become insoluble during the voyage to this
country). To-day most of the East Indian lemon-grass is not soluble
in 3 volumes of 70 per cent, alcohol. This fact is mentioned now, as

1 Roure-Bertrand'x Report, April, 1910, 62. 2 Ibid., October, 1909, 42.
3 Bull. Imp. Instit., 8 (1910), 144. *Jour. Chem. Ind. Tokyo (1918), 21, 515.
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leading up to a speculative view as to the actual type of grass used in
the distillation.

Stapf, in the admirable work on the Cymbopogon grasses described
under Citronella Oil (p. 60), has held that the soluble lemon-grass oils
are obtained from Cymbopogon ftexuosus as the parent plant, and that
the insoluble oils are derived from Cymbopogon citratus.

The chemists of the Imperial Institute,1 however, hold the view that
the insolubility of much of the Cochin lemon-grass oils is due to the fact
that the oil is distilled by steam, which has carried over the less volatile
and insoluble fractions, whilst the soluble oils are distilled over a naked
fire in the old-fashioned manner.

The conclusions drawn by the Imperial Institute chemists do not
seem to have any great amount of evidence to support them. The
author observed, some years ago, that West Indian lemon-grass oil de-
creased considerably in citral value by keeping, and also became far less
soluble. The freshly distilled oil from Cymbopogon citratus distilled in
the West Indies was soluble in 3 volumes of 70 per cent, alcohol when
freshly distilled. Since then he has had the opportunity of examining
numerous samples of Cochin oil which had been tested before shipment,
and which on arrival in Europe had lost from 3 to 5 per cent, or even
more of their citral contents. In the author's opinion, there is room
for tha belief that the recently found insolubility of Cochin lemon-grass
oil may be due to differences in the exact type of grass used, and also in
the conditions of cultivation.

The oil-content of tfce individual parts of Cymbopogon citratus in
their various stages of development has been the subject of researches
by A. W. K. de Jong so as to ascertain which period is the most favour-
able one for the harvest and the distillation. According to him, the leaves
contain most of the oil, of which the quantity is always largest in the
leaf of the latest formation, whilst with the increasing age of the leaf,
the oil-content continuously diminishes. The citral-content of the oil
becomes slightly higher as the age of the leaf increases, viz., from 77 to
79 per cent, in the youngest, up to 83 per cent, in the oldest leaves.
The sheaths of the leaves also contain oil, but considerably less than the
leaves themselves. In the roots of" Cymbopogon citratus essential oil is,
according to de Jong, also present—not in the thin, fibrous roots, but
in the thick bulbs, and in the young bulbs more (about 0'5 per cent.)
than in the older ones (about 0*35 per cent.). For this reason de Jong
recommends that the roots should also be included in the distillation,
but unfortunately he gives no information as to the properties of the
root-oil. De Jong concludes from his experiments that it is inadvisable
to wait longer for the cutting of the grass than until four to five leaves
have been formed.

De Jong observed, that although the Java oil immediately after dis-
tillation is soluble in 2 volumes of 70 per cent, alcohol, the solubility
diminishes considerably after a few days, and after a prolonged time
the oil only forms a very cloudy solution from which, if left standing,
part of the oil again separates. The cause of this change is, in de Jong's
opinion, the polymerisation of a terpene; an oxidation process appears
to him out of the question, as the oil becomes insoluble if it is kept with
the air excluded. Various attempts made to prevent the change, re-

1 Bull. Imp. Instit., June, 1914.
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imained unsuccessful; it was found that the change takes place rapidly
when the oil is heated to 100°.

Distillation experiments have also been carried out at one of the
.agriculturo-chemical experimental stations in Cochin China. It was
then found that the content of oil during the dry season is considerably
larger than during the rainy season, and that the portion of the leaf
equal to one-third its length measured from the tip, is much more
aromatic than the other two-thirds.

From well-dried leaves 8 to 8*5 per cent, of oil was obtained, whilst
from leaves distilled directly after harvesting, 2 per cent, was obtained
in the rainy, and 5*5 per cent, in the dry season.

According to Bacon,1 a variety of grass which, from the character-
istics of the lemon-grass oil it produces, is regarded as Cymbopogon
citratus D.C., is cultivated to a small extent in the Philippines, although
it occurs everywhere throughout the Archipelago, both as a garden-
plant and in the wild state, and grows in special profusion in the high-
lands of the province of Benguet. In the Tagal language this oil-grass
is called by the name given to it in 1635 by the Spanish Jesuit, Juan
Eusebius Niirnberg, who was the first to describe it, viz.: tanglat or,
more accurately, tanglad. Other native names for the plant are salai
and balyoco; its Spanish name is Paja de Meca. A grass five months
old, distilled two days after being cut, produced 0*2 per cent, of an oil

30°
having the following characters: d ^ 0*894, aD3o° + 8*1°, n 30° 1*4857,

.citral-content 79 per cent. The same plants, when cut again four
months later, produced 0*2 per cent, oil with the following characters:

30°
d -jo- 0*8841, aD3o° + 2-1°, ND3Q° 1*4765, citral-content 77 per cent. A

grass S3ven months old from another plantation, distilled immediately
after being cut, produced 0*21 per cent, oil, possessing the following

30°
characters: d —^ 0*891, aD30° + 7-76°, WDSO> 1*4812, and citral value 78

per cent.
Lemon-grass oil is also produced in small quantities in Burma, the

Origin.

Ceylon2 .
India, Tyrna 2

„ Cochin2

,, Mariani
Uganda a

Bermuda 2

Montserrat2
German New
Mayotte 3

Seychelles 4

Formosa 5

Celebes 5

Guin 2a3

(115°.

0*9058
0-9021
0-9053
0-9140

0*870 to 0*894
0-8689

0-881 to 0-892
0-893

0-895 to 0-910
0-865 „ 0-914

0-880

- 0°6'
- 0° 20'
- 0° 39'
- 0° 5'

+ 0° 10' to - 0° 24'
- 0° 21'

- 0° 11' to - 1° 15'
- 0° 23'

- 0° 15' to - 2° 40'
0° to - 0° 8'

- 0° 15'

Citral-content
(Bisulphite
Method).

76°/0
72-5 %
84-5 °
73%

64-5 to 75 °/0
40 °/o

over 74 %
65 to 78 %

87°/0
76 to 81 %
54 „ 76%

69%

1 Philippine Journ. Sc, 4 (1909), 111. 2 Bull. Imp. Iwtit., 9 (1911), 334.
•• SchimmeVs Report, April, 1909, 65. 4 Ibid., April, 1914, 67, 68.

5Ibid., April, 1913, 72.
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Seychelles Islands, Uganda, Bermuda, and various other places. There
is, however, nothing particularly characteristic about these oils, the fore-
going figures illustrating the general characters of a number of them.

Lemon-grass oil has the following characters if distilled in the East.
Indies; it may occasionally fall outside these limits, and, as will be seen
from the above, may vary considerably from them when distilled else-
where :—

Specific gravity 0-895 to 0-908
Optical rotation + 1° 30' to - 5°
Refractive index 1-4825 to 1-4885
Citral (bisulphite method) . . . . . . 68 to 85 per cent.

The oil is somti'mes soluble in 3 volumes of 70 per cent, alcohol, some-
times insoluble.

Generally speaking, the citral is determined by absorption with sodium
bisulphite, but this determination will include bodies other than citraL
Some chemists prefer to determine it by neutral sodium sulphite, but as
this process gives lower results the method used ought always to be
stated. The sulphite method gives from 3 to 6 per cent, lower results
than the bisulphite method.

According to most chemists who have worked seriously on this oil,
citral is the only aldehyde present in the oil, with the exception of traces
of an isomeric aldehyde, and of decyl aldehyde, and citronellal.
Upon this point Tiemann, Semmler, and Doebner, the three chief
authorities on this oil, are completely agreed. Stiehll has claimed to have
separated the aldehydic constituent into three different bodies. He urges
that the large amount of citral found in the oil usually is due to the
isomerisation of the other aldehydes by means of the bisulphite of sodium
used in separating it, which is generally too acid. If this salt be perfectly
pure he claims that this isomerisation does not take place. These alde-
hydes he terms citral (the aldehyde usually known as such), allolemonal
and citriodoraldehyde, and he gives the following as their properties :—

Citriodoraldehyde. Allolemonal. Citral.
Boiling-point . . . . 228° to 229° 233° to 235° 225° to 227°
Specific gravity at 20°. . . -8883 -9017 -8868
Rotation 0° - 5° 6' 0°
Melting-point of compound with

naphthocinchoninic acid . 204° 235° 197°
Doebner, however, has shown—in the author's opinion conclusively

—that these other aldehydes are merely impure citral. By the term
citral is meant a mixture of the stereoisomeric bodies, a-citral and
/3-citral.

Traces of an isomer of citral, having a specific gravity 0*908, have
been detected, and also traces of decyl aldehyde. Methyl-heptenone is
present, as well as geraniol, linalol, dipentene, and limonene. \

Kafaku2 has identified myrcene, and a new aldehyde in Formosan
lemon-grass oil.

This oil is largely used for the preparation of citral for the manu-
facture of ionone, so that it is usually sold on its citral value.

OIL OF CYMBOPOGON SENNAAKENSIS.

O. D. Eoberts 3 has examined at the Imperial Institute the distillate
from the above grass, which is known in the British Sudan as " ma-

1 Jour, prakt. Chem., 1898, 51. 2 Jour. Chem. Ind. Tokyo (1917), 20, 825.
» Jbwr. Chem. Soc., 1915, 1465.
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hareb " grass. The material yielded 1*0 per cent, of a pale yellow oil,
possessing a pleasant odour resembling that of pennyroyal herb, but
more fragrant. It had a specific gravity of 0*9383, optical rotation
+ 34° 14', saponification value 14, ester value after acetylation 60*2. A
larger supply of material gave T2 per cent, of oil having a specific
gravity of 0*9422, optical rotation + 29° 38', acid value 4*2, ester value
14*5, ester value after acetylation 62*1 The results of further investi-
gation showed that the oil has the following approximate composi-
tion :—

Per Cent.
Terpenes, including d-limonene and probably pinene . . . 13-0
Ketones, chiefly or entirely ^'-menthenone . . . 45'0
Sesquiterpene alcohol C^H^O . . . . . . . 25*0
Undetermined alcohol with rose-like odour 3'0
Phenols undetermined (benzoyl derivative melting-point 70°

to 72°) 0-2
Acids, probably acetic, octoic, and decoic, both in free state and

as esters, with palmitic acid as esters . . . . . 2'0
Besidue, probably containing sesquiterpenes . . . . 11-8

A'-menthenone was first obtained synthetically by Wallach and
Meister, who prepared it from 1 :3 :4 trihydroxyterpane, and its proper-
ties were fully investigated by Schimmel & Co., who isolated it from
Japanese peppermint oil, which appears to be the first record of its-
occurrence in nature. On reduction it yields menthol.

OIL OF VETIVERT.

This oil is distilled from the roots of Vetiveria zizanioides Stapf,
the plant formerly known as Andropogon muricatus Ketz. These roots
are known in Bengal under the name of khas-khas, from which the
name cus-cus is easily traced. The plant is a perennial tufted grass
growing to a good height, and is found all over the country near the
Coromandel coast, Mysore, Bengal, Burma, and the Punjab. In con-
tradistinction to the grasses previously described, the leaves themselves
are practically odourless, whilst the roots have a strong, agreeable odour.

The perfume of the roots is suggestive of myrrh. It appears to be
indigenous to the East Indies; is common in the islands of the Malay
Archipelago, on the Malabar coast, in Bengal, Ceylon, in the islands of
the Indian Ocean, the Antilles, Brazil, Jamaica, New Caledonia, and
many other localities.

The plant requires a warm, damp climate, a mean temperature of
25° C., and a firm, sandy, clayey soil. Propagation is made by means
of fragments of the root nipped off and transplanted. This is generally
done in the rainy season, the fragments being planted in borders along
the roads or on slopes where landslips are feared, as the long roots bind
the soil together.

After one year the vetivert has developed strongly, and as a hedge
to plantations of sugar-cane, rice, vanilla, etc., forms a thick curtain,
effectually protecting the crops against storms of wind and dust. On a,
commercial scale the plants are set in rows about 1-J- metres apart, 65
rows to the hectare, a total of 6500 metres representing about 43,000
roots. Such a plantation from the second year will give from 30,000
to 35,000 kilos, of roughly-shaken roots, which after washing will yield
about 2-£ tons of cleaned product. In other words, a hectare of land
gives 2-J tons of marketable vetivert roots.
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On distillation, the first fractions passing over are much more volatile
and lighter than those which come over with difficulty towards the end
•of the distillation. These " light " and " heavy " oils can be separated
by using a steam-jacketed still with steam at a pressure of about 10 lb.,
until no more oil comes over. The heavy oil is then obtained by passing
steam at a higher pressure direct into the retort. The oil distilled in
Europe, however, is usually, if not always, a single distillate, and the
fractionated oils are scarcely commercial articles. Be"union distilled oil
is, however, of much lighter specific gravity than European distillates,
and is usually found to vary from 0*980 to 0'995. The yield of oil is a
matter of much disagreement. According to Piesse, 100 lb. of oil yield
about 9 to 10 oz. of oil, whilst Watts states that only 2 oz. are obtained.
Other observers give from *4 to *9 per cent. Probably about 1 per cent,
is the usual average.

In order to determine the yield of cus-cus oil from the roots grown
in various localities, Puran Singh examined the following seven samples
from different localities in India with the following results :—

Locality.

1. Godhra Range, Panch Mahal
District, Bombay

2. Ajmer, Rajputana
3. Pilibhic, United Provinces .
4. Ditto, and inferior sample,

.thin White Roots
5. Belgaun Forest Division,

Bombay
6. Yeotmal Forest Division,

Central Provinces
7. Delhi, from the Bazar. The

best long Fibres used by
Native Perfumers.

Month of
Collection.

April, 1913

March, 1913
April, 1913
July, 1913

May, 1913

Aug., 1913

Jan. to Feb.,
1914
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stu
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er
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8-51

10-14
10-46
9-51

10-88

9-45

9-81

E3 <" ~ '
x s 5 - ?
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2-66

3-10
4-30
4-71

3-84

3-10

2-97

Oi
l (
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r C
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t.)
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m
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at

0-72

1-13
0-69
0-37

0-99

0-45

1-14

A sample distilled in India by Puran Singh,1 and rectified by steam
distillation, had the following characters :—

Specific gravity
Optical rotation
Refractive index
Acid value
Ester „

,, ,, (after acetylation)

1-011
- 30-65°
1-5165
10*5
69-6

132-8
The resinous matter left in the still had the following characters:—

Specific gravity at 30°
Optical rotation .
Acid value
Ester „

1-132
+ 488°

46-9
64-3

Vet ive r t oil of c o m m e r c e , howeve r , is a l w a y s dex t ro - ro t a to ry , obvi-

1 Chemist atid Druggist, 85 (1914), 225.
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ously containing the high boiling constituents left behind in the above-
rectification.

Vetivert oil distilled in Europe has the following characters :—
Specific g r a v i t y . 1 - 0 1 4 to 1-042
Optical r o t a t i o n . + 25° , + 40°
Refractive i n d e x . 1 - 5 2 0 0 1-5230
Acid v a l u e . 2 5 , 65
Ester 10

,, , (after a c e t y l a t i o n ) . . . . . . 130
On fractionation the oil yields results as follows :—

1-5230
65
25
160

Boiling-point at 23 mm.

144° to 164°

164° „ 170°

170° „ 180°

180° „ 185°

185° „ 200°

Per Cent.

8

10

24

30

20

Rotation.

- 4° 10'

- 3° 20'

+ 2° 5'

+ 31° 40'

+ 47° 5'

0-982 to 1-020 (rarely, over 1-050)
ri- 10° to 38°

1-5150 „ 1-5285
4 ,, 20
5 „ 20

lOd „ 150

V e t i v e r t o i l d i s t i l l e d i n R e u n i o n , o r i n t h e S e y c h e l l e s , h a s t h e f o l l o w i n g

c h a r a c t e r s : —

Specific gravi ty . * .
Optical ro ta t ion . . . .
Refractive i n d e x . . . .
Acid value . . . .
Es ter „ , , . . .

„ „ (after ace ty la t ion )

O i l d i s t i l l e d i n t h e F i j i I s l a n d s h a s a s p e c i f i c g r a v i t y 1*018 t o 1*0298,
ac id v a l u e a b o u t 3 0 , e s t e r v a l u e a b o u t 1 7 , a n d e s t e r v a l u e a f t e r a c e t y l a t i o n
a b o u t 1 4 5 . I n a l l o t h e r r e s p e c t s i t c o r r e s p o n d s w i t h E u r o p e a n d i s t i l l e d
oi l .

V e t i v e r t o i l i s s o l u b l e i n 1 t o 3 v o l u m e s of 8 0 p e r c e n t , a l c o h o l ,
u s u a l l y b e c o m i n g c l o u d y o n t h e a d d i t i o n of m o r e a l c o h o l .

A v e t i v e r t oil d i s t i l l e d f r o m r o o t s f r o m t h e P h i l i p p i n e s h a s b e e n e x -
a m i n e d b y E o u i v - B e r t r a n d F i l s l a n d f o u n d t o h a v e t h e f o l l o w i n g c h a r -
a c t e r s : —

Specific g r a v i t y . . . . 1 - 0 1 3 9
Optical ro ta t ionp
Acid value
E s t e r „
Free alcohols (C15H Oj

+ 30n W
21-5
6-5

71-5 per cent.
Seychelles distilled oil agrees generally with Eeunion oil in charac-

ters. It has, however, a lower optical rotation—usually from + 10° to
+ 20°—and a rather lower free alcohol value, the ester value of the acety-
lated oil varying from 100 to 135.

Castor oil and other fatty oils are sometimes used as adulterants.
These oils will raise the ester value, and lower the specific gravity and
refractive index.

The chemistry of vetivert oil is in a somewhat unsettled state,
1 Report, April, 1914.
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C9H14O
6-980

150° to 155°

2
CnH18O
1-020

174° to 176°
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-each successive investigator differing somewhat in his results from
previous workers. Furfural, diacetyl, and methyl alcohol are present
in the distillation waters of the oil.

Fritzsche & Co. claimed : to have isolated a mixture of ketones which
they termed vetiverone, having the empirical formula C13H22O and a
specific gravity about 0*990. Two alcohols were also found having the
following characters :—

Formula C 9 H 1 4
Specific gravity 6 - 9 8
Boiling-point at 10 mm150° t

, Genvresse and Langlois2 have isolated a sesquiterpene from the oil,
C15H24, which they term vetivene. It boils at 262° to 263° at 740 mm.,
and has a specific gravity 0*932 and optical rotation + 18° 19'. A ses-
quiterpene alcohol, C15H26O, was also isolated, which the discoverers
term vetivenol. It boils at 169° to 170° at 15 mm., and has a specific
gravity I'Oll at 20° and optical rotation + 53° 43'.

An acid, or mixture of acids of the empirical formula C16H24O4 was
also found, and the authors consider that the characteristic odour of the
oil is principally due to the presence of esters of these acids with
vetivenol.

Bacon 3 considers the acid or acids present in this oil to correspond
with the formula C15H24O2. He also found benzoic acid present in the
oil. The most recent work on this oil is that of Semmler, Risse, and
Schroter.4 According to these chemists the formulae given by Genvresse
and Langlois are incorrect, the correct ones being, for vetivenol C15H240
and for the acid C15H22O2. The last-named investigators examined an
oil possessing the following properties : d20°- 1*0239; AD + 31°; n^,^
1*52552. They distilled 400 grms. of this oil, at 12 mm., intD the fol-
lowing four fractions :—

(A)
(B)
(C)
(D)

Boiling-point

l> >>
»> tt

129°

170°
190°
250°

to 175°,
„ 190°,
,, 250°,
„ 300°,

23 per
34
S

30

3311.

Fraction (D), when subjected to further distillation, was s^lit up into
two portions, as follows :—

(D, a] BDiling-point 138° to 260° (13 mm.), 28 per cent.
(D, b) „ „ 260° „ 298° (13 mm.), 62

Analysis showed that the portion (D, b) consisted of an ester C30H4402
of the acid C15H22O2 and the alcohol C15H.)4O. The characters of the
free alcohol are as follows : boiling-point 170° to 174° (13 mm.) ;
d.20o 1-0209; aD + 34° 30'; nD 1-52437; molecular refraction 65*94.
Hence the vetivenol of this fraction can only be a tricyclic, simply un-
saturated alcohol. The acid C15H22O2 boils at 202° to 205° (13 mm.), is
tricyclic and is called vetivenic acid by the authors. Its methyl ester
boils at 170° to 173° (18 mm.) and has the following characters : d00o
1-0372 ; aD + 42° 12'; WD T50573 ; molecular refraction 71-05.

Fractions (A) and (B), when subjected to repeated fractional distilla-
tion in vacuo yielded a fraction boiling between 173° and 180° (13 mm.),
from which vetivenol was obtainable by treatment with phthalic anhy-

1 DM.P., 142415 (1902) • J Comptes rcndus, 135 (1902), 1059.
'•' Philipp. Jour. Sc., 4 (1909), 118. 4 Bericht, 45 (1912), 2347.
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dride. It therefore appears to be a primary alcohol. Vetivenol (tricyclic)
yields an acetate, boiling-point 180° to 184° (19 mm.); d200 1*0218 ; ao +
28° 48'; NN 1-50433; molecular refraction 75-91. Fraction (C), upon
saponification, yielded an oil from which, under repeated distillation,
there was obtained a portion boiling between 178° and 185° (19 mm.) :
d20o 1-0137; aD + 52° 12'; nD + 1-52822; molecular refraction 66-81.
This body, therefore, represents a mixture of bi- and tricyclic vetivenol.
The acid of fraction (C) was identical with vetivenic acid. The frac-
tions (A) and (B) also contained a primary bicyclic vetivenol, which may
possibly be ident cal with that from fraction (C). These portions also
contained tricyclic vetivenol.

Repeated fractionation in vacuo of fraction (A), the last fractionation
being conducted over sodium, yielded two hydrocarbons :—

I. Boiling-point 123° to 130° (16 mm.); d2QO 0*9355; aD + 2° 16';
nn 1*51126 ; molecular refraction 65'32.

II. Boiling-point 137° to 140° (16 mm.); d2QO 0'9321; aD - 10° 12' ;
«D 1*51896 ; molecular refraction 66*42.

The characteristic ester of the European distilled oil is absent from,
or only present in very small amount in, Reunion distilled oil, which is
very low in ester-content.

It has been suggested that vetivert oils with high specific gravities
are superior in odour value to the Reunion oil. This, however, is cer-
tainly not the case when money value is taken into account, these latter
being quite disproportionate from the odour values, which do not differ
very materially.

PALMAROSA AND GINGEK-GKASS OILS.

These oils are distilled in India from the grass Cymbopogon Martini
(Andropogon Schoenanthus Linn.). There are two forms of this grass,
known in India as " Motia " and " Sofia," but their botanical differences
are not yet established.

The " Motia " grass yields the important commercial oil, palmarosa
oil, whflst the " Sofia " grass yields the less valuable and quite different
ginger-grass oil.

The common name in India for this grass is Rosha or Rusa grass
and as for many years the oil found its way into Europe via Constanti-
nople, it was called—and still is to some extent—Turkish geranium oil,
as it is an oil rich in geraniol and having an odour something like that
of geranium oil.

The plant has a wide distribution, being generally found in the drier,
hot localities of India. Watt in his Commercial Products of India
states that there are specimens in the Kew Herbarium from Kashmir,
Punjab Hills, Simla, Alrnora, Garhwal, Singhbhum, the Central Pro-
vinces, Bombay, Rajputana, and Southern India. From a commercial
point of view the more important areas in which Rosha grass is worked
for the oil are the Bombay Presidency, the Central Provinces, and the
Berars and certain native States in Central India.

According to Haines it is found growing from Singhbhum to the
Santal Parganas in valleys near water-courses and on the northern or
shady sides of hills. Blunt states that in the Berars the " Motia"
variety prevails in open forests and the less valuable "Sofia" in dense
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forests. Pearson 1 has found " Motia " generally growing on relatively
bare, hot slopes, such as the Taloda and Shahada Satpuras and " Sofia"

on the lower ridges and in shady nullas such as are found in the
Pimpalner and Nandurbar Eanges of the Khandesh District, the Yeola,

1 Indian Forests Records, V, vii. 2.
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Sinnar, and Kalwan Eanges of the Nasik District, and in the Dohad and
Jhalod Eanges of the Panch Mahals.

Dunbar Brander states that "Motia" is found on bare, hot slopes

02

1

l
II

e

and "Sofia" in denser moist areas. He states that the two forms are
divided by a sharp line and that there must be some factor governing the
occurrence of the two varieties. Donald supports the above statement

VOL. i. 6
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and further states that " Sofia" is often found in poorly-drained
areas.

" Motia " grass is rarely, if ever, found growing gregariously over
large tracts of country ; it is generally found in single clumps a foot or
two apart which together form open grass land, while " Sofia " on the
other hand is much more gregarious in its habits and in some cases
covers considerable areas as a dense crop of grass.

Pearson1 gives the following account of the distillation of the oil:—
The local practice, which is at present the only method by which

the oil is extracted from the stems, leaves, and flowers, is that of direct
firing of the still, steam distillation having t>nly been tried as an ex-
periment.

The portion of the plant from which the oil is obtained is the flower
and leaf, while only small quantities of the oil can be obtained from the
stem itself. The flowers and upper third of the stem are collected in
September and October, being tied into bundles or "pulas" of about
£th of a pound each. Donald2 in describing the process of distillation
states that the inflorescences are cut twice, a second flowering occurring
after the first inflorescence has been cut. The grass is either distilled
in a partially green state or the flower heads and portion of stem are
carefully dried in the shade before distillation, during which period they
lose from about 20 to 40 per- cent, of their weight according to the
degree of dryness which they are allowed to attain before being treated.

The plant used by the local distillers varies little from district to
district in the Central Provirices and Bombay, being in every case of a
very primitive type. The still is in all cases erected within a few feet
of a stream or pond, because considerable quantities of water are
required for the distillation process itself and also for cooling the con-
denser. The still itself is of iron or copper and of cylindrical shape,
having a sufficiently large opening at the top to allow of the charge
being introduced; it is also often fitted with handles for transport pur-
poses. The size of such stills varies in different localities, varying from
12 to 14 gallons.

The still is either built in and covered with mud up to the neck, or
is simply supporced on stones over a fire-grate by which direct heating
is obtained. The opening at the top of the still is closed either with
an iron or wooden disc in which a 1^ in. to 2 in. hole is drilled in the
centre, the disc being luted to the still with flour paste or mud and
chaff, with the help of a. rag which forpas a wrapper over the joint. In
the hole in the disc is fitted a bamboo '̂ l S ins. to 2 ft. long, the joint of
which is also made good with flour paste. The upper end of the
bamboo is bevelled to an angle of 60° to take another section of bamboo
about 8 ft. long, the joint being either pegged or made good by wrapping
cloth round it, which is further secured by binding twine over the rag
and the whole covered with paste or mud. In order to form the
bamboo into a pipe the nodes are drilled through with the help of a hot
iron, this being done before the bamboo is fixed to the still. In some
cases the bamboo pipe is covered to within 6 ins. or 8 ins. of the lower
end with a strip of rag or it is bound the whole of its length with twine,
thus preventing the bamboo from splitting. The condenser is generally
made of copper, of bulbous shape with a long neck. Donald, however,

1 Loc. cit. 2 Indian Forester, xxxix. 3» 149.
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states that an earthern garrah was in use in the distillery visited by
him. It is placed in "running water or in default of running water into
a pond, with the lower end of the condensing tube leading to it. The
capacity of the condenser varies according to the size of the still and is
capable of holding anything from 8 to 15 gallons.

The still is charged with grass and cold water in proportions of one
to four by weight. The fire is then put under the still and the distillate
commences to come over within three-quarters to one and a half hours,
according to the capacity of the still and the size of the grate.

The yield of oil may be as low as 0*15 per cent, in the case of care-
lessly dried material, or as high as 1 per cent, if the material is care-
fully dried.

Experiments on the steam distillation of the oil carried out by
Messrs. Pheroze & Co. of Bombay resulted in a yield of O87 per cent,
of oil by steam-distilling the entire plant, which consisted of 54 per
cent, of stalks, 28*5 per cent, of leaves, and 17'5 per cent, of flower-
heads. Each portion of the plant when distilled separately gave the
following figures:—

Stalks '04 per cent, of essential oil.
Leaves 1-32
Flower-heads 1-71 „ ,, „

They remark that the yield might have been much more, say 1 per
cent, to 1*25 per cent., had the distillation been carried out with abso-
lutely fresh grass immediately after it was cut, instead of with grass
which must have lost some of its volatile oil during transit to Bombay.

Pheroze & Co. did not report the percentage of moisture in the grass
at the time of distillation. In the fresh green grass, the moisture is
usually about 60 per cent., so that, assuming the moisture in the grass
distilled by Pheroze & Co. to have been 50 per cent., the yield of oil
calculated on completely dry grass works out to 1'74 per cent, on the
entire plant and 2*94 per cent, of oil on flower-heads and leaves only,
neglecting the traces of oil in the stalks.

Experiments carried out with air-dried " Sofia" grass, obtained
from the Melghat Division of the Central Provinces, and containing
13 per cent, of moisture, gave 0*41 per cent, of oil by steam distillation.
The entire plant consisted of 60 per cent, of flower-heads and leaves and
40 per cent, of stalks, so that, calculated on the completely dried flower-
heads and leaves only, the percentage of oil obtained comes to 0*78 per
cent. The yield of oil on the entire plant of " Motia " grass containing
12*88 per cent, of moisture, was 0'5 per cent. The entire plant con-
sisted of 40 per cent, of flower-heads and leaves and 60 per cent, of
stalks. Leaving out of consideration the stalks, the yield comes to-
1-42 per cent, calculated on the completely dried flower-heads and
leaves only. It may be noted here that the grass distilled was dry and
over-ripe, while most of the flower-heads had been damaged in transit..
The percentage, therefore, cannot be compared with that obtained by
Pheroze & Co. The above results obtained by the distillation of dry
grass have only been mentioned to show that by steam distillation not
only can the green grass be worked in October and November, but that
the air-dried grass containing about half the amount of oil as compared
with fresh grass can be kept in stock for running the still after the crop
has been reaped.

Palmarosa oil is a pale yellow liquid (sometimes rather dark on ac-
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count of the crude methods of distillation used by the natives, wherein
too little water is used in the stills, with the result that the grass is
burned), but sometimes water-white when rectified. It has a char-
acteristic geranium odour, and is a most popular perfume where an
odour recalling roses and geranium is required at a comparatively low price.

The pure oil has the following characters:—
Specific gravity 0-886 to 0-899
Refractive index 1-4720 „ 1-4780
Optical rotation -3° „ +5°
Acid v a l u e . . 0 „ 3
Ester „ 12 „ 50
Total geraniol 78 to 94 per cent.

The oil is soluble in 3 volumes of 70 per cent, alcohol.
Samples distilled in Java have been examined by Schimmel & Co.1

and found to have the following characters:—
Specific g r a v i t y . . . . . 0 - 8 9 0 6 to 0*8920
Optical rotation
Acid value
Ester „

Total geraniol
after acetylation

+ 0° 30' „ + 0° 42'
1-2 „ 1-8

37-5 „ 51-6
272-7 „ 276-8

94-3 to 96 per cent.
The oil is soluble in 3 to 3-5 volumes of 60 per cent, alcohol.
Palmarosa oil contains free geraniol as its principal constituent to-

gether with a small but varying amount of esters of the same alcohol,
principally those of acetic and caproic acids. Methyl-heptenone is
present in traces, as well as the terpene dipentene. Flatau and Labbe 2

•claimed to have detected citronellal, but this is denied by Schimmel &
Co. Elze 3 states that farnesol is present in the oil.

Ginger grass or " Sofia " grass oil differs in characters entirely from
palmarosa or " Motia " grass oil. It has the following characters :—

Specific gravity 0-900 to 0-955
Optical rotation - 30° „ + 50°
Refractive index 1*4780 „ 1-4950
Acid value 2 „ 6
E s t e r „ 8 to 40 (rarely to 55)

„ „ (after acetylation) . . . . 120 to 200
The oil is usually soluble in 3 volumes of 70 per cent, alcohol, but

generally becomes cloudy on the addition of more alcohol. Some
samples, however, do not appear to be soluble in 3 volumes, but re-
quire considerably more 70 per cent, alcohol to effect solution.

The known constituents of ginger grass oil are the terpenes, dipen-
tene, d-a-phellandrene and d-limonene, together with geraniol, and an
alcohol which is identical with that obtained by the reduction of perillic
aldehyde, and which is known as" perillic alcohol.

Walbaum and Hiithig 4 have isolated an aldehyde from the oil, having
ihe formula C10H160, having the following characters:—

Boiling-point
Specific gravity .
Optical rotation .
Refractive index.
Oxime melting point .
Semi-carbazone melting-point
Phenylhydrazone „

221° to 224°
0-9351

+ 0°
1-47348

115° to 116°
169° „ 170°

63°
1 Bericht. October, 1914; April, 1915, 37. * Comptes rendus, 126 (1898), 1725.
8Chem. Zeit., 34 (1910), 857.
* Bericht, Schimmel & Co., April, 1904, 52; October, 1904, 41; April, 1905, 34.
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Carvone is also present in small amount. The principal constituents
of the oil, however, are geraniol and perillic alcohol, C10H16O.

Schimmel & Co. * give the following figures for a number of typical
samples of both oils:—

No.

1
2
3
4
5
6

7

8

9

10

Place of
Production.

Chi tar
Kumbi
Mohana 0
Naoli
Ragarwal 0
Udhala 0

Astumber .

Bandhera

Chanseli .

Rapapur .

D
15°.

0-8904
0-8911
0-8906
0-8903
0-8946
0-8906

0-9396

0-9372
0-9392

0-9533

\j.

- 0° 6'
- 0° 5'
-0°20'
- 0° 15'
- 1° 20'
-0°35'

- 19° 42'

- 15° 20'
- 38° 47'

- 27° 15'

ND
20°.

Acid
No.

Ester
No.

Total
Geraniol.

Palmarosa Oils (Motia Oils).

1-47225
1-47176
1-47264
1-47205
1-47382
1-47225

0-8
1-0
0-8
0-5
0-8
0-8

39-8
47-3
34-8
40-7
38-4
38-7

Per Cent.
91-5
90-7
92-0
93-0
88-2
92-4

Ginger-grass Oils (Sofia Oils).

1-48996

1-48967
1-49082

1-49252

6-2

2-0
5-3

4-5

10-2

10-0
8-0

8-8

39-2

42-6
41-1

48-1

Solubility in
70 °/0Alc ohol.

1-5 vol.
1-5 „
1-5 „
1-5 „
1-5 „
1-5 „

2-2 vols. if more
cloudy.

2-1 vols. if more
opalescent.

2*2 vols. if more
cloudy.

1*8 vols. if more
cloudy.

LESSEE-KNOWN CYMBOPOGON OILS.

Fiji distilled oils, probably from Cymbopogon coloratus,'2 have been
found to have the following characters :—

Specific gravity
Optical rotation
Geraniol
Citronellal .

0-9111 to 0*920
- 7° 43' „ - 10° 42'

15*6 per cent.
45-7 to 49-5 per cent.

Another sample, however, examined at the Imperial Institute had
the following approximate composition :—

Terpenes
Aldehydes, chiefly citral
Geraniol 2 3
Esters, chiefly geranyl acetate
Acetic acid
Phenols 0
Substances not identified

7*5
40
23
10
0-75
0-75

18

per cent.

Four samples of the oil from Cymbopogon polyneuros from Ceyloiv
were found, on examination at the Imperial Institute3 to have the
following characters:—

1. 2. 3. 4.
Specific gravity . . 0-942 0-951 0-936 0*943Rotation
Total alcohols . . ,
Solubility in 80 per cent

alcohol.

44 per cent.

1 in1

+ 50° 39'
44 per cent.

1 in 1

+ 53° 15'
38-7 per cent.

1 in 1

+ 30° 53i

51-8 per cent.

1 in l
Cymbopogon Schoenantlmis yields the so-called " camel grass" oiL

1 Report, April, 1910, 85.
3 Ibid.

'2Bull. Imp. Instit., 10 (1912), 27.
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According to Dymockl and Schimmel2 this oil has the following char-
acters :—

Specific gravity 0*905 at 29°
„ „ 0-915 „ 15°

Optical rotation - 4° to + 34° 38'
The oil contains phellandrene.
Hofman 3 has investigated the properties of an essential oil distilled

from a species of Cymbopogon, which, in the absence of a more precise
determination, he calls Cymbopogon javanensis. It is a light yellow oil,
with a pleasant sweet smell, resembling more the palmarosa type than
the lemon-grass kind. An analysis of the oil yielded the following
results:—

Specific gravity
Optical rotation
Refractive index .
Acid number
Saponification number
Geraniol content .
Free alcohols

. 0-9747
- 2° 54'
1-51352
1-25

30-9
48-2 per cent.
33-9

Esters . . - . 14-3
Methyl -isoeugenol 30-4

0-968 to
- 10° 52' -

1-4995 „
1-9
8-4

0-9673
- 11° 4

—
0-9

16-8
37-3

Among the aldehydes isolated from the oil methyl-vanillin was found,
which had never previously been found in an essential oil. Citral,
Z-a-pinene, and methyl-isoeugenol are also present in the oil.

OIL OF ANDROPOGON GBYLLUS.

The green portions and root of Andropogon Gryllus (A. Ischaemum)
yield up to 1 per cent, of essential oil, which has been examined by
Schimmel & Co.4 Two samples had the following characters:—

Specific gravity
Optical rotation
Refractive index
Acid value
Ester value .

,, „ (after acetylation)
It has no value as a perfume oil. It contains about 10 per cent, of

an alcoholic body calculated as C10H18O.

OIL OF ELIONUKUS TRIPSACOIDES.

This grass is a native of Central America, extending from Mexico to
the United States of Colombia and Venezuela. It is very abundant in
Bolivia. It belongs to the same tribe of grasses (Andropogonece) as the
ginger-grass, lemon-grass, citronella, and vetivert, but differs from the
genus Andropogon in the spikes of flowers not bearing awns, and ap-
proaches Eottboellia in the slender spikes, differing from it in having
hairs on the rachis of the spikelets, and on the stalks of the flowers,
being, in fact, intermediate between the two genera. The odour of the
root approaches that of vetivert, or cuscus, but is of a somewhat sweeter
and Jess penetrating character.

It is interesting to find that it is not the only aromatic species of the
genus, since in South Africa a species occurs which has a thyme-like
odour, whence its name Elionurus thymiodorus. It occurs in the

1 Pharmacographia Indica, vi., 564.3 b. WeekbL, September 6,1919.
2 Bericht, April, 1892, 44.4 Bericht, 1917, 8 ; 1918, 5.
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Albany and Uitenhaage and Fort Beaufort Divisions, at an altitude
of 1 to 3000 ft.

Oil from Elionurm tripsacoides has been examined by Umney, the
yield being about 0*1 per cent. It was yellow in colour, and had an
odour somewhat resembling vetivert. It gave a reddish-violet colour
with ferric chloride, but only contained traces of a phenol, probably
eugenol.

The characters of the oil were as follows:—
Specific gravity
Optical rotation . . . . .
Ester number
Saponification number (after acetylation)

0*976
- 10
10° 5'
42

The boiling-point of the oil was very high, indicating the presence of
a sesquiterpene as the chief constituent.

The following figures are the result of fractionation :—
Portion distilling below 275° C . . nil.

280°
290°
300°
310°
320°
325°

above 325°

2 per cent.
14
42
50
56
68
32

PALM/E.

OIL OF SAW PALMETTO.

The fruits of the palm, Sabal serrulata, which is found in the
Southern United States, especially in Florida, have been stated to yield
about 1*2 per cent, of essential oil having the following characters :—

Specific gravity 0-868 at 20°
Optical rotation 0°
Refractive index 1*4275

The oil is probably not a true essential oil, but the product of reaction
between the free fatty acids of the fruits and the alcohol in which they
had been kept. According to Shermann and Briggs * the oil contains
free caproic, caprylic, lauric, palmitic, and oleic acids, together with
about 37 per cent, of the ethyl esters of these acids.

OIL OF COCO NUT.

A minute quantity of essential oil is obtained by distillation from
crude fatty oil of coco nut, Cocos nucifera.

The otf contains2 methyl- heptyl - carbonyl, CH3 . CH(OH)C7H15,
methyl - nonyl - carbinol, CH3 . CH(OH)C9H19, methyl - heptyl - ketone,
methyl-nonyl-ketone, and methyl-undecyl-ketone.

OIL OF E L ^ I S GUINEENSIS.

Salway 3 has examined the essential oil of palm kernels, the fruit of
Elais guineensis.

The oil has the following characters :—

^Pharm. Arch., 2 (1899), 101.
*Comptes rendus, 150 (1910), 1013; 151(1910), 697.
s Jour. Chem. Soc. (1917), 407.
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Specific gravity at-|5° 0*842
Acid value . 3 0
Saponification value 15
Iodine value . 9 3 - 2

Apparently portions of the fatty oil were present, having.been me-
chanically carried over during the distillation. The only constituent of
the ( Volatile oil identified with certainty was methyl-nonyl ketone.

N. 0.

CALAMUS OIL.

This oil is distilled from the rhizome of the sweet flag, Acorus cala-
mus. This plant is a member of a family with aquatic tendencies, and
is probably a native of Asia, although now found largely in Europe.
Although the essential oil obtained from the rhizome is known either
as 01. Acori calami or 01. Calami aromatici, the plant must not, as
Pereira points out, be confused with the Calamus aromaticus described
by Eoyle, which is one of the Andropogon family. The banks of Euro-
pean rivers afford a plentiful supply for the markets, and it is also
-cultivated in damp swamps in India. The fragrance of the plant and
its oil appears to increase as the climate in which it is cultivated is
warmer. Commercial rhizome of European origin is obtainable in the
shops, and occurs as somewhat flattened pieces of about 4 ins. long and
about f of an inch thick. Keeping does not improve it, nor does the
process of decorticating it, as is often done for appearance sake. Many
of the essential oil glands occur in the outer layers of the rhizome, so
that the process of peeling naturally lessens the odour value. Dymock
thus describes the Indian rhizome in his Notes on Indian Drugs : " The
root stock occurs in somewhat tortuous, sub-cylindrical or flattened
pieces, a few inches long and from ^ to 1 in. in greatest diameter.
Each piece is obscurely marked on the upper surface with the scars,
•often hairy, of leaves, and on the under with a zig-zag line of little,
elevated dot-like rings, the scars of roots. The root stock is usually
rough and shrunken, varying in colour from dark brown to orange-
brown, breaking easily with a short, corky fracture, and exhibiting a
pale brown spongy interior. The odour is aromatic and agreeable, the
taste bitterish and pungent." The powdered rhizome is used for sachet
and toilet powder. Dried roots yield from 1/5 to 3*5 per cent, of es-
sential oil, whilst the fresh root yields under 1 per cent. Japanese root
which is possibly that of Acorus spurius yields as much as 5 per cent.
The oils do not quite agree in their chemical properties, and that from
the green rhizome has a finer odour than that from the dried. The
chief difference noticeable is that the oil from green root is more soluble
in weak alcohol than that from the dried.

According to Eussell1 all parts of the plant contain oil, the roots
having the largest percentage. The oils obtained by steam distillation
from the aerial portions, rhizome, and roots possess varying physical
-and chemical constants. The results of fractionation of these oils indi-
cate that the components of each are present in varying amounts, also
ihat these components vary to some extent. The plants experimented

1 Jour. Amer. Chem. Soc., 37 (1915), 2387.
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with were cultivated at Madison, Wis., U.S.A. The oil distilled fron*
the fresh tops of this material was straw-yellow, with a pleasant cam-
phor-like odour and an aromatic bitter taste : specific gravity O9509 at
23° C.; aD + 12-2°; nD23o1 *5035; acid value nil; ester value 12-6;
acetyl value 53*05. The oil from the rhizomes was reddish-brown ;
the odour aromatic and somewhat camphoraceous, the taste acrid and
bitter : specific gravity 0*9547 at 23° C.; aD + 21*7°; nD23o 1*4990; acid
value 0; ester value 15*3 ; acetyl value 38*4. The root oil was golden-
yellow and had a pleasant camphoraceous odour; specific gravity 0*9491
at 23° C.; aD + 18*7°; RAD23O 1*5063, and value 0 ; ester value 23*7; acetyl
value 42. The rhizome oil was soluble in all proportions of ethyl
alcohol 90 and 70 per cent. The herb oil was soluble 1: 5 in ethyl
alcohol with turbidity ; and 1:8 in ethyl alcohol 70 per cent. The root
oil was soluble 1:6 in ethyl alcohol 90 per cent, and 1: 40 in ethyl
alcohol 70 per cent. None of the oils contained phenols : all indicated
the presence of one or more aldehydic constituents.

In the oil from the fresh tops butyric and oenanthylic acids in the
form of esters were found.

A genuine calamus oil has the following characters :—
Specific gravity
Optical rotation
Refractive index
Acid value .
Ester

(after acetylation)

0-958 to 0*970 (rarely 0*950)
+ 9° to + 35°

1-5000 „ 1-5080
0 „ 3
5 „ 20

30 „ 55
The oil is easily soluble in 90 per cent, alcohol.

Kurbatow1 was the first chemist to examine this oil. He found about
5 per cent, of a terpene boiling at 158° to 159°, which was probably
pinene, whose presence has since been confirmed by Semmler and
Spornitz.

Thorns and Beckstroem ? isolated n-heptylic acid, palmitic acid, an.
unrecognised unsaturated acid, eugenol, and asarylic aldehyde. There
is also present a body of the formula C15H26O2 melting at 128°, which
was termed calamus camphor by Schimmel & Co., but has been named
calameone by Thorns and Beckstroem. There are present two hydro-
carbons of the formula C15H22 having the following characters :—

Boiling-point
Specific gravity

rotation

1.
. 146° at 19 mm.
. 0*933 at 18°

+ 34'83°

2.
151° at 22 mm.
0-9336 at 12°
- 13*38°

A sesquiterpene of specific gravity 0*931 and boiling at 255° to 258°
is present in the oil in small amount.

F. W. Semmler and K. E. Spornitz 3 have recently isolated several
new constituents from this oil. The low-boiling portions (boiling-
point 45° to 50°, 9 mm.; <XD + 59°) contained a-pinene, which was
identified by converting it into the nitrosochloride (melting-point 108°).
In addition to pinene, these chemists succeeded in identifying camphene
by conversion into isoborneol (melting-point 212°). Another fraction
contained camphor (melting-point of the oxime 115°). A fraction with
boiling-point 130° to 135° (12 mm.), after being boiled over sodium,
afforded a sesquiterpene C15H24, calamene, which possessed the following,

1 Bericht, 6 (1873), 1210. 2 Ibid., 34 (1901), 1021.
•> Ibid., 46 (1913), 3700 ; and Schimmel's Report.
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properties: boiling-point 123° to 126° (10*5 mm.); d'^ 0-9224 ; aD + 5°;
nn 1-50572. By treatment with hydrogen in the presence of platinum
black two double bonds were saturated, giving rise to tetrahydrocala-
mene, C15H28, boiling-point 123° to 125° (10 mm.); dg° 0*8951; aD ± 0°;
»„ 1-48480.

They also obtained a fraction (boiling-point 150° to 160° at 13 mm.;
d28o 0*9611; MD 1*5098) of which the analysis pointed to the presence of
a substance C15H24O. This body appears to be a tertiary alcohol which
readily separates water. Water was invariably eliminated from it, when
it was boiled with acetic anhydride, or treated with phthalic anhydride or
with zinc dust in a sealed tube. When boiled for a short time with con-
centrated formic acid the body C15H24O affords a hydrocarbon, cala-
menene, C15H22, boiling-point 136° to 143° (15 mm.); d^0 0-9324; aD + 6° ;
WD 1*52317.

As a result of these investigations Semmler and Spornitz regard it
as highly improbable that the hydrocarbon C15H22 described by Thorns
and Beckstroeml is a natural constituent of calamus oil; they consider
it to have been produced by the splitting-off of water from the body
C15H240.

A sesquiterpene alcohol, C15H24O, of specific gravity 0*9688 at 20°,
optical rotation + 8°, and refractive index 1*5126, was also isolated, but
has not yet been named.

Japanese calamus oil is distilled from the rhizome of the same plant
according to Asahina,2 although Holmes3 considers the plant to be
Acorus spurius.

At all events the Japanese oil differs from that distilled in Europe.
It has the following characters :—

Specific g r a v i t y . 0'970 to 0-995
Optical rotation
Refractive index
Acid value .
Ester „

,, (after acetylation)

- 12°
1-5095

0
1

16

+ 25°
1-5175
2
10
28

It is soluble in an equal volume of 90 per cent, alcohol.
The Japanese oil appears to be free from terpenes, but it contains

methyl-eugenol.
A calamus oil distilled by Dr. Carthaus in Java has been examined

at the Botanical Institute in Buitenzorg. It possessed the following
constants: d26o 1*06 ; aD + 0° 52'; saponification number 9.

Schimmel & Co.4 have examined two calamus oils from the same
source which behaved very similarly. They had a yellow colour and a,
faint calamus odour. The constants of the one were: d}5o 1*0783;
aD + 0° 53' ; no200 1-55043 ; ester number 12 ; of the other : d150 1*0771;
aD + 0° 51 ' ; nPWo 1

*55065. The oils here referred to differ from ordinary
calamus oil in their greater specific gravity, their much lower rotation,
and their higher index of refraction. In normal calamus oil these
values range within the following limits: d150 0*96 to 0*97; aD + 9° to
+ 35°; wD

20o about 1*506. Moreover, the Javanese oils are soluble (with
slight separation of paraffin) in 1 to 1*5 volumes of 70 per cent, alcohol,
while ordinary calamus oil is only soluble in 90 per cent, alcohol (in
almost every proportion).

lBericht, 46 (1913), 3700. 2Apotheker Zeit., 21 (1906), 987.
3 Ph. Jour., iii. 10 (1879), 102. 4 Report, April, 1909, 21.
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N. 0. LIL1ACE/E.

OIL OF GARLIC.

This oil is distilled from the entire fresh plant Allium sativum. The
average yield of oil, according to Schimmel, is about 1 oz. from 1 cwt.
of the plants, although Wertheim obtained 3 to 4 oz. from this quantity.
The oil is a liquid possessing the characteristic unpleasant odour of gar-
lic, optically inactive, of specific gravity 1*045 to 1*060. It was examined
by Wertheim,1 who stated that it contained allyl sulphide and allyl
oxide. The most modern and most trustworthy examination of the oil,
however, is due to Semmler.2 He states that the garlic yielded 0*009
per cent, of oil of specific gravity 1*0525 at 14*5°. A small quantity of
crystals was deposited when the oil was cooled in a freezing mixture.
The oil contains no oxygen, and therefore no allyl oxide. When frac-
tionated under a pressure of 16 mm., four main fractions were obtained.
Fraction 1 (6 per cent.) consisted of allyl-propyl disulphide, C6H12S2, a
bright yellow oil of specific gravity 1*0231 at 15°, and boiling at 66° to
69° at 16 mm. Its odour is that of onions. Fraction 2 (60 per cent.)
consisted of diallyl disulphide, C6H10S2, a light yellow oil of garlic odour,
much resembling the last-named body, boiling at 78° to 80° at 16 mm.,
and decomposing at 150°. Its specific gravity is 1*0237 at 15°. Frac-
tion 3 (20 per cent.), boiling at 112° to 122° at the same pressure, con-
sisted of a body C6H10S3, the exact constitution of which was not
elucidated. Fraction 4 (10*5 per cent.) boiled above 122° at 16 mm.
pressure. It contained still more sulphur, and corresponded to the
empirical formula C6H10S4. Semmler states that allyl sulphide (C3H5)2S,
does not exist in the oil, as originally stated by Wertheim. Wertheim
also attributes to Beckett and Wright the statement that the oil contains
a sesquiterpene, which he (Semmler) also contradicts. In this, however,
Semmler is in error, as Beckett and Wright3 examined the sesquiterpene
from oil of cloves, which was mistranslated into the Jahresbericht 4
as Knoblauchol: hence Semmler's mistake, which is reproduced in
Schimmel's report.5

OIL OF ONION.

Oil of Onion is distilled from the bulb and fresh herb Allium cepa.
The average yield of the plant is 0*05 per cent, of an acrid oil of un-
pleasant odour and of dark brown colour. Its specific gravity is about
1*038 and optical rotation — 3° to - 6°. The oil has been examined by
Semmler,6 who states that he obtained 0*05 per cent, of oil, which con-
tains no oxygen; its specific gravity was 1*041 at 9°, and its optical
rotation - 5°. As it decomposes when boiled under ordinary pressure,
it was fractionated at 10 mm. The chief portion of the oil consisted of
a compound C6H12S2, an oil of specific gravity 1*0234 at 12°, boiling at
75° to 83° at 10 mm. From the higher boiling fractions a substance was
obtained, apparently identical with one of the constituents of oil of
asafcetida. No allyl sulphide was found. The employment of this oil,
which is somewhat disagreeable to manufacture, is quite similar to that
of oil of garlic.

^Annalen 51 (1844), 289. *Arch. Pliarm., 230 (1892), 434.3 Jour. Chem. Soc., 1876, i. 6. * Jahresbericht, 1878, 398.5 Report, October, 1893-
 6 Arch. Pharm., 230 (1892), 443.
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OIL OP HYACINTH.

The perfume of the flowers of Hyacinthus orientalis is usually em-
ployed in the form of an extract or pomade, but an \ essential oil is ob-
tainable from them.

By extracting hyacinth flowers with benzene and distilling off the
solvent under reduced pressure, precipitating the fatty matter with dilute
alcohol, and again concentrating, Spalteholtz and Enklarr,1 obtained
0§016 per cent, of crude oil which, until largely diluted, had a somewhat
unpleasant odour. On washing with dilute alkali sulphuretted hydrogen
was detected. After removing the fatty matter by cooling the petroleum
ether solution to - 20°, filtering and removing the solvent, the oil was
fractionated under reduced pressure. The first fraction contained a
very volatile substance, with a disagreeable odour. In the second frac-
tion an unknown oxygenated body was isolated. The third fraction
contained benzyl benzoate, free benzyl alcohol, and a cinnamic ester.
The benzoic acid liberated from an alkaline solution had an odour of
vanillin. A fluorescent body free from nitrogen was also isolated, which
became red with acids and yellow with alkalies. No esters of anthranilic
or methyl-anthranilic acids were detected. The natural wax present
crystallised from alcohol in colourless flakes, which persistently retained
the odour of the flower.

OIL OF ACAEOID EESIN.

The Australian " grass tree gums " Xanthorrh&a hastilis and Xan-
thorrhwa australis yield essential oils of highly aromatic odour. These
oils smell of storax, tolu, or Peru balsam, and have the following char-
acters :—

Xanthorrhcea hastilis Xanthorrhcea australis
(yellow gum). (red gum).

Specific gravity . . 0-937 0-963
Optical rotation . - 3° 14' ± 0°
Acid value . . . 4-9 47-6
Ester „ . . . 69-4 37-5

Both oils contain cinnamic acid and the red gum oil contains styrol.
Eennie, Cooke, and Finlayson2 have investigated the essential oils of

several species of Xanthorrhoea resin. They state that little evidence as
to the species has been forthcoming in previous investigations. The red
resin was obtained from either West or South Australia, and its botanical
source is uncertain. A specimen of the leaves was submitted to Professor
Osborne of Adelaide University, who stated that it would require investi-
gation on the spot to determine whether the leaves belonged to Xanthorr-
h<w tateana (the tree which yields the yellow resin from West and
South Australian trees), or to a variety of that species, or to a different
species altogether. The essential oil distilled from this red resin
amounted to about 0-36 per cent, of the weight of the resin, and was
semi-solid at ordinary temperatures. It was found to consist almost
entirely of paeonol, the peculiar acetophenone derivative found in the
essential oil of Paeonia montan. .

The essential oil obtained from the yellow resin, derived from Xan-
thorrhoea tateana, was found to contain paeonol, and a hydroxypaeonol,

1 Chem. Weekblad, 1 (1910), 1. 2 Jour. Chem. Soc.t 1920, 338.
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having the constitution of 2:4:6-trihydroxy-acetophenone, in which
the position of the methoxy group remains to be determined.

The oil obtained from the West Australian red resin from Xanthorr-
hoza preissii was obtained in a yield of over 1 per cent. It was found
to contain paeonol and hydroxypaeonol, and a crystalline compound
melting at 69'5°, of the formula (probably) C13H12O2. The authors con-
sider this compound to be a methoxydiphenyl ether. A small amount
of laevo-citronellol was also found in the oil.

AMARYLLIDACE/E.

OIL OF TUBEROSE.

The flowers of the tuberose Polianthes tuberosa are cultivated to a
considerable extent in the South of France, and are principally used for
the manufacture of concretes, pomades, and similar perfume materials.

Polianthes tuberosa is a bulbous plant originally derived from
Mexico. It is grown in England under glass for the fragrance of its
white flowers, which is most powerful at night. The tuberous bulbs
are imported from Genoa, and also from North America, but even with
artificial heat the flowers do not develop such a powerful perfume as
in the South of France, where the plants are cultivated in the open air.

In the districts round Grasse the tubers are planted 9 to 12 ins. apart
in rows, with a distance of 2 ft. between the rows. A deep, rich soil is
preferable, as the roots penetrate downwards to a considerable depth
in search of moisture. If the soil is dry the plants require well water-
ing and manuring. Under good cultivation each plant will bear 10 to
12 flowers, or even more. These are picked off as soon as they open,
and the harvesting for the pomade factories commences about the first
week in July and lasts until the middle of October. After that time
the flowers are so deficient in perfume that they are no longer of use
to the manufacturer. In November the roots are taken out of the
ground and packed away in dry sand, ready for planting out in the
following March or April.

The essential oil cannot be separated from the flowers by direct dis-
tillation, as apparently it is decomposed in the process, but the extract
prepared by enfleurage yields a small amount of oil on steam distillation.

The oil, according to Hesse / has the following characters :—

Specific gravity 1-007 to 1-043
Optical r o t a t i o n . - 2° 30' „ - 3° 45'
Acid value . 22 „ 32-7
Ester „ 224 „ 243

Verley2 isolated from the oil a body of the formula C13H20O which
lie considered to be a ketone and which he named tuberone. Hesse
isolated from the oil the methyl esters of benzoic and anthranilic acids,
the latter being present to the extent of 1*13 per cent. Benzyl benzoate
is also present, as well as free benzyl alcohol. Methyl salicylate was
detected in the oil obtained by distilling the enfleurage pomade oil, but
not in that obtained from the petroleum ether extract of the flowers.

1 Bericht, 36 (1903), 1459. 2 Bull. Soc. Chem., iii. 21 (1899), 307.
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FIG. 14.—Gathering tuberose at Grasse.
[Rouer-Bertrand Fits.
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IRIDE^E.
OIL OF ORRIS ROOT.

Three species of the Iris are used for the preparation of this oiL
These are (a) Iris germanica, common in the districts near Florence,
and also found in Central Europe, Northern India, and Morocco; (b)>
Iris pallida, found in Istria, Florence, and Lucca; (c) Iris florentina,
occurring on the Macedonian coast, and near the coasts of the Black
Sea, and also in the neighbourhood of Florence and Lucca. The finest
roots are produced in the Tuscany district, and are known as Florentine
orris root, but it must be remembered that Florentine root is not synony-
mous with the root of Iris florentina, but embraces the three varieties,
which grow to the highest degree of perfection in this district. After
the Tuscany root, the Veronese is most valued. The roots, or more
correctly the rhizomes, exported from Morocco and East India are of
very secondary value, and do not arrive in the market in very good
condition. The plant used to be left entirely to itself to grow wild, but
extensive plantations are now cultivated. The plants are grown on hills,
generally on sunny open spaces, or between rows of vines. A dry cal-
careous soil is most suitable. The plants are left undisturbed for two
or three years, when the harvesting commences. Locally the plants
are known as giaggiolo. The fresh rhizome has very little odour, and
must be carefully dried before being sent away. Certain changes ap-
pear then to set in and the odour develops.

The odour of the dried rhizomes resembles the delicate violet per-
fume, and the powdered substance is a usual constituent of violet powder..
The earlier application of this delicate perfume was in the form of an
alcoholic extract, often known as essence of violets. But non-odorous,
substances are also extracted from the root by alcohol, and the odour is
not so delicate as that of the carefully distilled oil. Pure concrete orris
oil melts at about 40° to 50° and has an acid value between 204 and 236.
Its ester value should not exceed 10. The yield of oil is from -1 to -2:

per cent.; but when the rhizome is treated with dilute sulphuric acid,
the starch granules are broken up and liberate more essential oil, but
the odour is much impaired. The essential oil obtained from the plant
is of a buttery consistence, and contains certain non-volatile fatty bodies
which are carried over mechanically by the steam. Fliickiger, who in-
vestigated this substance, showed that it consisted chiefly of myristic
acid with traces of the true volatile oil. Our present knowledge of the
oil, however, is chiefly due to Tiemann and Kriiger.1 These chemists
obtained the oil by extracting the roots with ether, and steam distilling
the residue left on evaporation. The non-volatile portion contains a
little myristic acid, whilst the volatile oil contains a large amount of
myristic acid and its methyl ester, oleic acid, an oleic ester, oleic alde-
hyde, and a body which is responsible for the characteristic odour which
they termed irone. This body was separated in a pure state by con-
verting it into its phenylhydrazone and decomposing this with dilute
sulphuric acid. Irone C13H20O is an oil almost insoluble in water,
readily soluble in alcohol, etc., boiling at 144° at 16 mm., of specific
gravity *939 at 20°. It is dextro-rotatory. In the pure form the odour
is sharp and unlike violets, but when diluted it somewhat resembles.

1 Bericht, 26 (1893), 2675.
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the natural violet flowers. Tiemann and Kruger then attempted to
synthesise irone, believing it to be the odorous principle of the violet
flower (of which so small a yield is obtained as to render an exact ex-
amination almost impossible). Whilst they did not succeed in produc-
ing irone, they obtained an isomeric body, pseudo-ionone, by condensing
citral with acetone, which on heating with dilute sulphuric acid is con-
verted into another isomer, which they termed ionone. This body is
the now well-known artificial violet perfume, so extensively used in the
so-called violet scent and soaps.

Schimmel & Co.1 have isolated from the oil furfurol ; a terpene
which was not identified (specific gravity 0*861 ; rotation + 10° 40') ;
decyl aldeyde ; nonyl aldehyde ; naphthalene (a very rare constituent
of essential oils); and a ketone of the formula C10H18O. They do not
agree with Tiemann and Kruger that oleic aldehyde is present in the
oil.

Commercially, the aspect of orris oil is very important. Its unique
delicate odour will prevent it from being replaced by the more intense
but less delicate odour of ionone, and further, it forms an excellent
" fixer " for this artificial perfume, so that a judicious mixture of orris
oil and ionone leaves little to be desired. Its employment in fine per-
fumery is, and has been for many years, very extensive. A quite liquid
oil, from which the inodorous solid constituents have been removed, is
now on the market. According to Stead it has a specific gravity 0*949,
optical rotation - 28°, and congeals at - 5° C. Schimmel & Co., how-
ever, have shown that its characters are, normally, as follows:—

Specific gravity 0-930 to 0-940
Optical r o t a t i o n . + 14° „ + 30°
Refractive index at 2 0 ° . . . . . . 1-4950
Acid value 1 to 8
Ester „ 20 „ 40

It is soluble in from 1 to 1*5 volumes of 80 per cent, alcohol.

ZINGIBERACE/E.

OIL OF GINGER.

This oil is the product of distillation of the rhizome of Zingiber offi-
cinale, a native of tropical Asia, which is also cultivated in both East
and West Indies, and in Africa, and to a small extent in Australia.
Possibly, also, it is found in China, although the greater part of the
" Chinese ginger " appears to be the product of Alpinia Galanga.

The rhizomes are sometimes imported in the soft juicy condition
known as " green ginger," but the ordinary ginger of commerce consists
of the dried rhizomes which have been picked when the stalks have
withered, and are either washed, dried and scraped (uncoated or white
ginger), or merely washed and dried (coated ginger). Sometimes it is
bleached or limed before sale. The gingers of commerce are of widely
different value, according to their place of origin, and the aroma and
value of the oil naturally depend to some extent upon this. The
Jamaica product is most highly valued. The oil, which is obtained to
the extent of about 2 to 3 per cent., is a pale yellow to dark yellow
liquid of characteristic aromatic odour, but lacking the pungency of the
rhizome.

1 Report, April, 1907, 76.
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The oil has the following characters :—
Specific g r a v i t y 0 - 8 7 4 0 t
Optical r o t a t i o n - 2 5 °
Eefractive index 1 - 4 8 8 5
Acid value . . . . . . . .
Ester „ 1

,, ,, (after acetylation) . . . . .
Abnormal ginger oils are from time to time to be found,

reports on a sample distilled in the Philippines, having an optical rota-
tion of + 5*9°, and a Japanese oil has been found having a specific
.gravity 0*894 and an optical rotation + 9° 40'. A Java oil has been re-
corded 2 with a rotation of + 13° 9'. Thresh has fractionally distilled a
specimen of this oil prepared in England from the dried root, and ob-
tained the following results :—

0-8740 to
- 25° -5
1-4885 1

0 2
1 »

30 „

-886
- 50°
1-4950
2
15
45

be found. Bacon l

Below 1 5 0 ° .
150° to 200°
200° „ 240°
240° „ 265°
265° „ 300° . . . .
Residue

5 per cent.
. 10

8 „
60
7

10 „
These results, however, must be accepted with reserve, as the oil

undergoes decomposition by distillation at ordinary pressure. The
fraction obtained at 155° to 165° is usually dextro-rotatory.

Dextro-camphene and /2-phellandrene constitute the bulk of the ter-
penes present in the oil. Cineol, citral, and borneol have been identified,
with possibly traces of geraniol. Van Soden and Kojahn 3 have isolated
;a sesquiterpene which they have named zingiberene. This body has a
specific gravity 0*872, optical rotation - 69°, and boils at 269° to 270°.

Dodge 4 has isolated a small quantity of an aldehyde, which appears
to be decyl aldehyde. Brooks5 has identified methyl-heptenone, nonyl
aldehyde, linalol, acetic and caprylic esters, a phenol (chavicol ?), and a
sesquiterpene alcohol having the characteristic odour of the oil. This
body C15H26O, which has been termed zingiberol, boils at 154° to 157° at
14*5 mm. pressure.

OIL OF GALANGAL.

This oil is obtained from the rhizome of Alpinia officinarum, a plant
•cultivated in China and Siam. The oil is obtained by moistening the
ground rhizomes with water, and after some hours distilling them with
steam. The oil is of a greenish-yellow colour, with a sharp taste and
pungent camphoraceous odour. The yield is from *5 to 1*5 per cent.
The oil has the following characters :—

Specific gravity
Optical rotation
Refractive index
Acid value
Ester ,,

,, ,, (after acetylation) .
The constituents of galangal oil so far identified, are cineol, d-a-

pinene, cadinene, together with the following compounds described by

1 Philipp. Jour., Sci.t 5 (1910), 259.
iJaarb. dep. Landb. Ned. Ind. Batavia (1912), 57.
zpjiarm. Zeit., 45 (1900), 414. 4 chem. Zeit., 34 (1912), 1217.
5Jour. Amer. Chem. Sos., 38 (1916), 430.

. 0-915 to 0*925
- 1°

. 1-4760
0 ,
6 ,

40 ,

, - 6°
, 1*4825
, 2
, 15
, 50



100 THE CHEMISTKY OF ESSENTIAL OILS

Fromm and Fluck.1 These chemists isolated a small fraction of from
1 to 2 per cent, boiling at 208° to 210°, which consisted mainly of an
oxygenated compound of the formula C10H16O, the exact nature of which
is undetermined. Two sesquiterpenes were separated, one boiling at
138° to 140° at 12 to 15 mm., and the other yielding a dihydrochloride
identical in melting-point with that of cadinene. But when mixed with
pure cadinene dihydrochloride, a depression of 10° in the melting-point
results, so that the sesquiterpene is not cadinene. From the highest
boiling residues, a sesquiterpene hydrate C15H26O melting at 167° was
separated. Eugenol, which has been stated to be present by Horst,
could not be found.

According to Dragendorff, the oil should not be quite soluble in an
equal volume of 85 to 90 per cent, alcohol. He states that the chief
adulterants are oils of pimento and cloves, which are much more soluble
in alcohol. The ready solubility of samples of oil in all proportions of
80 per cent, alcohol is, therefore, probably indicative of adulteration.
Oil of lemon and turpentine have also been used to sophisticate the pure
oil. These will be indicated by the lowering of the specific gravity and
the alteration in the optical rotation.

A galangal oil has also been distilled from Alpinia Galanga and has
been examined by Ult6e.2 The oil has the following characters:—

Specific g r a v i t y . . . . 0 - 9 7 4 to 0-985
Optical rotation
Refractive index
Acid value
Ester „

+ 4° „ + 6°
1-5164

1 to 2
145

It contains about 50 per cent, of methyl cinnamate and 20 to 30 per
cent, of cineol. Pinene is also present.

OIL OF ALPINIA ALBA.

Pickles and Earl3 have made an examination of the essential oil
distilled from the fruit of this plant which is also known as Amomum
medium. They find that the oil resides almost entirely in the seeds.
By distilling the fruits with steam, about 1 per cent, of a pale yellow
oil, having an odour recalling those of lemon and eucalyptus, was ob-
tained. The oil has the following characters :—

Specific gravity 0-9366
Optical rotation - 2° 15'

The oil was shaken, first with dilute sodium carbonate, next with
sodium hydrogen sulphite solution, then with dilute sodium hydroxide,
and finally with 50 per cent, resorcinol solution to absorb cineol. From
the results of this treatment and the subsequent examination of the
various products, the composition of the oil was found to be approxi-
mately as follows: Cineol, 69 per cent., characterised by the crystal-
line additive product with iodol; aldehydes and ketones, 27*5 per cent.,
consisting mainly of citral, which was characterised by means of the
semi-carbazone and the /J-naphthacinchoninic acid ; phenols, 1'5 per
cent.; acids, 1 per cent. A small quantity of crystalline acid, melting-
point, 46° to 48° was isolated, but not in sufficient quantity for identifi-
cation. The residue, amounting to about 1 per cent., seemed, from its
odour, to consist chiefly of terpenes.

1 Annalen, 405 (1914), 175. 2 Schimmel's Bericht, April, 1911, 19.
3Proc. Chem. Soc. (415), 164.
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OIL OF ALPINIA GALANGA.

The rhizome and roots of Alpinia galanga yield 0*04 per cent, of
essential oil having the following characters:—

Specific gravity 0*978 to 0-985
Optical rotation + 4° „ + 6°

Refractive index 1-5164
Acid value 1-8
Ester „ 145-6

The oil contains about 50 per cent, of methyl cinnamate, and 20 to
30 per cent, of eucalyptol. Camphor and d-pinene are also present.

OIL OP ALPINIA MALACCENSIS.

The fresh roots of Alpinia malaccensis yield, according to Schimmel
c*Co., about 0*25 per cent, of essential oil having the following char-
acters :—

Specific gravity 1-039 to 1-047 at 27°
Optical r o t a t i o n . + 0° 15' to + 1° 30'
Solidifying-point 25-5°
Saponification value 256 to 278-5
Refractive index 1-5477

It contains methyl cinnamate.
The leaves also yield an oil which has been examined by van Bom-

burgh,1 who obtained 0*16 per cent, from the fresh leaves. The oil has
the following characters :—

Specific gravity 1-020 at 26°
Optical r o t a t i o n , . + 6° 5'

It contains a-pinene, and about 75 per cent, of methyl cinnamate.

OIL OF ALPINIA NUTANS.

The root of this plant yields an essential oil having a specific gravity
0-950 at 29°. It distils principally at a temperature below 230°. The
higher boiling fractions contain an ester of (probably) cinnamic acid.
The oil from the leaves has recently been examined by Kafuku2 who
obtained 0*053 per cent. It had the following characters :—

Specific gravity at 19° 0*9301
Optical rotation + 38*4°
Refractive i n d e x . 1 - 4 7 5 0
Saponification value 9-88

„ „ (after acetylation) 36-1
It contains 30 per cent, of d-camphor, 17 per cent, of d-camphene,

cineol, an ester of cinnamic acid, a sesquiterpene, a high boiling
phenol, and probably limonene.

OIL OF CARDAMOMS.

The oils from different kinds of cardamoms, although similar in
general properties, differ to a certain extent chemically. The seeds from
which the oil is distilled are chiefly exported from South-West India
and Ceylon in their pericarps, forming the cardamoms of commerce.

The following description3 of the principal characters of the more
important varieties of cardamoms is of interest:—

" My sores.—Divided into rounds and longs. The former are what
1 Kon. Akad. Weten. Ammerdam (1898), 550.2 J. Chem. Ind. Tokyo, 20 (1917), 349.3 Chemist and Druggist Diary, 1899, 500.
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the B.P. calls * ovoid'; they vary in length from £ in. to | in. (the
latter 1 in 10), and have a smooth pericarp of a cream colour, due to
the use of bleaching agents. Their quality is judged by their weight.
Sometimes the seeds are shrivelled (unripe), so that the fruit is husky.
This is not so frequent in the longs, which are simply thinner than the
rounds, and are not so smooth on the surface, nor so pale, as a rule.
The B.P. description, 'longitudinally striated,' might exclude most of
the rounds, as they look smooth until closely examined.

" Malabars.—These are smaller than Mysores, and there is a greater
proportion of seed to pericarp in them. They are fat pods, with a pointed
apex. Generally pale brown or pink and longitudinally striated. Barely
more than £ in. long. They have a full flavour.

" Mangalores.—These are almost globular in shape and not unlike
Malabars. All three are washed or bleached before exportation.

" Seeds.—A goodly proportion of cardamoms come straight into the
market freed from their pericarps. The B.P. excludes these because
they are supposed to lose flavour on keeping. Wholesalers and large
manufacturers use them when fresh ; fine brown seed is as strong as
the kind just freed from the pericarps. Grey seeds are inferior."

It is fairly certain that the plant Elettaria cardamomum produces
most of the ordinary cardamoms, whilst the u Ceylon wilds" are the
product of a variety of this plant, known as variety /3. The majority
of the cardamoms of commerce are imported from Ceylon, and may be
described as Ceylon-Malabars or Ceylon-Mysores, according as they fit
in with the above descriptions. The Ceylon wilds are mostly consumed
in the manufacture of a certain cake made in South Germany, and are
not an ordinary article of commerce. Some confusion exists as to the
botanical characters of some of these seeds, and more so as to the es-
sential oils they yield. The oil is usually distilled from Ceylon seeds,
which yield from 3*to 6 per cent, of oil. According to Schimmel, the
oil derived entirely from Malabar cardamoms (Elettaria cardamomum)
is obtained to the extent of from 4 to 8 per cent, of the seeds used. Its
specific gravity was '943 and its optical rotation + 34° 52'. It dissolved
in 4 parts of 70 per cent, alcohol. It was found to require 13*2 per
cent, of potash for saponification, thus indicating a very high ester con-
tent. Haensel gives the specific gravity as 0*933 and the optical rota-
tion as + 26°. Samples of oil distilled from both Malabar and Mysore
(Ceylon) seeds, obtained from authentic sources by the author, showed
that there was practically no difference between the two oils, although
Schimmel states that Ceylon cardamom oil has a specific gravity of
•895 to *910 and a rotation of + 12° to + 13°. It is probable that the
oil from the so-called Ceylon wild cardamoms is here meant.

The Ceylon-Malabar seeds distilled by the author yielded 1*3 per
cent, of oil, and the Ceylon-Mysores 2*6 per cent. Both were bright
yellow liquids, whose odours were scarcely distinguishable. The specific
gravities and optical rotations were as follows :—

Oil of Malabar Cardamoms
Oil of Mysore Cardamoms

Specific Gravity
at 15-5°.

0-9418
0-9418

Optical Rotation
at 16°

(100 mm. Tube).

+ 40° 41'
+ 46° 39'
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These figures are in fair agreement with those given for Malabar
oil, but in no way resemble those quoted by Schimmel for Ceylon oil,
which are difficult to understand.

The oils were soluble with a slight opacity in 40 to 45 volumes of
60 per cent, alcohol.

Little difference exists between the two oils. On distillation at
ordinary pressure the oil, which is very rich in esters, in both cases
decomposes partially, and a considerable quantity of free acid distils
over. According to Weber (Annalen, 238, 89), formic and acetic acids
are found in the distillate. Acetic acid is undoubtedly the chief acid
constituent of the esters, but the author is unable to confirm the pre-
sence of formic acid. If it is present, it is only in faint traces. On
distillation under reduced pressure the earlier fractions (the boiling-
point rises gradually until 50 per cent, has distilled over) contain
cineol, but only to the extent of 5 to 10 per cent, of the oil. This
figure is the result of an approximate estimation by means of phos-
phoric acid.

The following figures may be taken as covering most pure samples :—
Specific gravity 0'923 to 0'945
Optical rotation + 24° „ + 48°
Refractive index 1-4620 „ 1-4675
Acid value 1 „ 4
Ester „ 90 „ 150

It is soluble in 2 to 5 volumes of 70 per cent, alcohol.
The oil contains a considerable amount of terpinyl acetate (and

therefore requires at least two hours for complete saponification). The
terpineol was identified as rf-a-terpineol by Schimmel & Co.1 The ter-
pene terpinene has been stated to be present, but this is not confirmed
by the author, nor by Schimmel & Co. Limonene is probably present
in small amount. Free terpineol is also present.

The oil distilled from the Ceylon wild cardamoms, Elettaria carda-
momum /?, has the following characters :—

Specific gravity 0'895 to 0-906
Optical rotation . + 12° „ + 16°
Acid value 1 „ 3
E s t e r , 25 „ 75

This oil contains terpinene, sabinene, terpineol and its esters, and a
solid crystalline substance melting at 60° to 61°.

Siamese cardamom oil is distilled from the seeds of Amomum carda-
momum, which are known on the market as camphor seeds on account
of their camphor-like odour. Schimmel obtained 2*4 per cent., which
was semi-solid at the ordinary temperature, and had an odour of cam-
phor and borneol. In order to liquefy the oil it was necessary to warm
it to 42°. Its specific gravity at this temperature was '905, and its
optical rotation + 38° 4'. It required T88 per cent, of KOH to sap-
onify the esters present, and contained alcohols equivalent to 22-5 per
cent, of borneol. It was soluble in 1-2 volumes of 80 per cent, alcohol.
From 800 grms. of the oil 100 grms. of the solid compounds were ob-
tained by centrifugal action. These were examined and found to con-
sist of about equal parts of dextro-borneol and dextro-camphor.

Kameroon cardamom oil is obtained from fruits which are identical
with the Madagascar cardamoms. They are derived from Amomum

1 Bericht, October, 1897, 9.
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-danielli. The yield of oil was 2*33 per cent., its specific gravity was
-907 and its optical rotation - 20° 34'. The oil is soluble in 7 to 8
parts of 80 per cent, alcohol. It contains cineol and possesses an odour
which prevents its being employed as a substitute for the ordinary oil.

Bengal cardamom oil is obtained from Amomum aromaticum, which
yields about 1 to T2 per cent, of oil having a specific gravity 0-920 and
optical rotation - 13°. This oil contains a large quantity of cineol.

The seeds of Amomum Melegueta, one of the Zingiberacese indigenous
to tropical West Africa, yield the so-called "grains of paradise" oil.
which is obtained to the extent of 0*3 to 0'75 per cent. The oil has
a. specific gravity about 0'894 and optical rotation about - 4°. It is
not clearly soluble in 90 per cent, alcohol. Schimmel & Co.1 have dis-
tilled a sample, which was found to have the following characters:—

Specific gravity 0*897
Optical rotation - 3° 10'
Refractive index 1-49116

Its ester value was 41*2, and ester value after acetylation 63'9.
Schimmel & Co.2 have examined the oil obtained from cardamom

roots from Indo-China. They obtained 0'64 per cent, of oil having the
following characters : îr,o 0'9066; ao - 32° 57'; ^020° 1'48151; acid value
3'7; ester value 87'9; ester value after acetylation 96'7. The oil was
soluble in 0'5 volumes of 95 per cent, alcohol; when more alcohol was
added the mixture rapidly turned turbid, and did not .become clear
again until the solvent had been increased to 4 volumes. Fractional dis-
tillation under diminished pressure (5 mm.) gave the following result:—

1. to
2. 35° „
3. 40° ,,
4. 100° ,
5. 110° „
6. 115° „
7. residue

35°
40°

100°
110°
115°
145°

5-4 per cent.
8-7
5-4

10-6
44-2
6-4

19-3 „

«D -
«D -
«D -
«D -
«D -
aD -
«D -

0°
0°

17°
31°
45°
33°

39°

10'
32'
5'

10'

°14'
15'

Fractions 1 and 2 contained cineol, which was identified from the
•double compound it gave with resorcinol. From fractions 4 and 5 a
portion boiling between 117° and 120° (5 mm.) was separated by re-
peated fractionation. Saturated with hydrochloric acid gas in dry
ethereal solution at - 18°, this fraction yielded a hydrogen chloride
•compound which, when recrystallised from methyl alcohol, had melting-
point 79° to 80°. The hydrochloride was inactive; the chlorine-deter-
mination gave the following result:—

0-4306 subst. : 0*5928 g. AgCl
Cl Found Calc. for C15H24, 3HC1.
34*06 per cent. 33'9 per cent.

The probability of this body being bisabolene hydrochloride was
•confirmed by further examination. With sodium acetate and glacial
acetic acid a sesquiterpene was eliminated from it which, when twice
fractionated, was found to possess the following constants : 265° to 267°
(757 mm.); d^ 0-8748 ; aD ± 0°; n m & 1-49063. With hydrochloric acid
this hydrocarbon yielded again the trihydrochloride melting between
79° and 80°.

The residue of distillation of cardamom-root oil solidified at about
1 Re1)ortJ October, 1914, 32. 2I6id., 1911, 105.
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15° with separation of paraffin; the last-named body, when recrystal-
lised from alcohol, melted at 62° to 63°.

Korarima cardamom oil is the product of Amomum Korarima, the
yield of oil being from 1 to 2 per cent. It has the following char-
acters :—•

Specific gravity 0*903
Optical rotation . - 3° to - 7°
Acid value . . . . . . . . . . 3 „ 5
Ester „ , , 2 2 „ 50

„ „ (after acetylation) 100 „ 110
Oil of Aframomum angitstifolium (Amomum angustifolium) is an

oil obtained from the seed of a species of cardamoms indigenous to-
(German) East Africa from which Schimmel & Co. obtained 4*5 per
cent, of a colourless oil possessing the following characters: d\& 0*9017 ;.
ao - 16° 50'; %D2o° 1*46911; acid value 0*4 ; ester value 4*2 ; soluble in
6 volumes of 80 per cent, alcohol. So far as aroma is concerned it
cannot compare with Ceylon cardamom oil, and owing to its high
cineol-content it resembles cajuput oil. Unfortunately, the quantity
of oil was too small to enable its composition to be determined with
any exactitude. Botanical examination of the entire fruit showed that
the seed was derived from Aframomum angustifolium K. Schum., a
plant which occurs also in Madagascar and in the Seychelles Islands.

The wild cardamoms of Indo-China, derived from Amomum globo-
rum, yield about 4 per cent, of essential oil having the following char-
acters :—

Specific gravity 0-9455
Optical r o t a t i o n . + 43° 54'
Refractive index . 1-4714
Acid value . . . . 0-8
Ester „ 128-4

The oil probably contains camphor.
The leaves, roots, and stalks of Amomum Walang (Ackasma Walang)-

yield essential oils, wrhich have been examined.1 They have the fol-
lowing characters:—

Specific Gravity at 16°
Optical Rotation.
Acid Value .
Saponification Value .
Sap. Value after Acetylation
Aldehyde-content (Sulphite Method)
Oil-yield from Green Material

Oil from Leaves.

0-850
- 0° 34'

10-1
70

97 per cent.
0-25 „

Oil from
Stalks.

0-860
- 0° 58'

26
75-6
285-6

96 p. cent.
0*2

Oil from
Roots.

0-856
- 0° 30'

18-9
70

285-6
96 p. cent.

0-15 „

OIL OF TURMERIC.

Turmeric oil is distilled from the roots of Curcuma longa, one of the-
Zingiberaceae indigenous to India, and cultivated also in China and
Southern Asia, etc. The oil, which is not of commercial importance,.
is obtained to the extent of about 5 per cent, as a thick yellow oil having
the following characters :—

1 Jaarb. dep. Landh. Ned. Ind. Batavia (1911), 45,
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Specific gravity
Optical rotation
Acid value . . . .
Ester „ 8 „ 1 6

„ „ (after acetylation)

0'934 to 0'962
- 25° „ + 35°

1-5 „ 3*5
8 „ 16

30 „ 55
Bacon l has examined an oil distilled in the Philippines and found it

to have a specific gravity 0*930 (at ~ ) ; optical rotation + 8*6°; refrac^
tive index 1-5030; and ester value 81.

According to Jackson and Menke2 it is separable by fractional dis-
tillation under a pressure of 60 mm. into three portions, the first boiling
below 193°, the second from 193° to 198°, and the third forming a semi-
solid residue. The chief ingredient was the fraction 193° to 198° which
consisted of a nearly pure alcohol, a pale yellow oil with an aromatic
smell, of specific gravity 0*956 at ~ , and optical activity [O]D = + 24-58°.
At ordinary pressure it boils at 285° to 290°. It appears to be an alcohol
of the formula C18H18O or CUH20O, which has been called turmerol.
Valeric and caproic acids have also been isolated. According to Suida,
the principal ingredient is a body isomeric with carvone, C10HUO, but
this is probably incorrect. The terpene phellandrene has been found in
the oil.

The most recent work on this oil is that of Luksch,3 who isolated
from it a ketone, curcumone C13H18O, probably isomeric with turmerol,
It is a colourless oil of sharp ginger-like taste, having a specific gravity
0*9566 at 20°, optical rotation + 80'55°, and refractive index 1'50526.
It boils at 119° to 122° at 8 to 11 mm. Its oxime boils at 159° and its
phenylhydrazone melts at 92°.

OIL OF ZEDOARY.

The roots of Curcuma Zedoaria yield from 1 to 1*5 per cent, of an
essential oil having the following characters:—

Specific gravity
Optical rotation . . . . .
Refractive index . . . . .
Acid v a l u e .
Ester ,

,, „ (after acetylation)

. 0-982 to 1-012
+ 8°

. 1-5020 ,
0 2

15
55

, + 18°
, 1-5060
, 2'5
> 25
, 68

It is soluble in 1-5 to 2 volumes of 80 per cent, alcohol.
Cineol has been identified as a constituent of this oil, and Bacon 4

has isolated a sesquiterpene alcohol, which forms crystals melting at
67°. It is optically inactive and has a specific gravity 1*010 at j ^ .

OLL OF K^EMPFERIA GALANGA.

The roots of Kcempferia Galanga yield an essential oil having a>
specific gravity about 1-025, optical rotation - 16°, and refractive index
1*5428. It contains the ethyl ester of jp-methoxy-cinnamic acid melting
at 50°, and the ethyl ester of cinnamic acid. It also contains penta-
decane. The roots of Kcempferia rotunda yield 0-2 per cent, of an oil
of specific gravity 0-890 to 0'900, and optical rotation about + 12°. I t
contains cineol.

lPhilipp. Jour. Sci., 5 (1910), 262.*Inaug. Dissert. Basle, 1906.
2Amer. Chem. Jour., 4 (1882) 368.4Philipp. Jour. Sci., 5 (1910), 261.
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OIL OF K^JMPFEBIA E T H E L S .

The oil distilled from the tubers of Kampferia ethela has been
examined by Goulding and Roberts,1 who obtained a total yield of 1'5
per cent., equivalent to 2-0 per cent, on the dry material. The plant
grows in large quantities in the extreme north-east of the Trans-
vaal, and could easily be cultivated. The oil has the following
characters:—•

Specific gravity 0-923 to 0-9437
Optical rotation + 19° 47' „ + 30-4°
Acid v a l u e . 1-0 „ 2-3
Ester , 5 „ 11-5

„ „ (after acetylation) . . . . 33-6 „ 47-6

The oil is of pale yellowish-brown colour, having a rather pleasant
odour somewhat resembling that of orange flower oil, combined with a
less agreeable smell, recalling that of crushed ivy leaves. On fractional
distillation under low pressure in an atmosphere of carbon dioxide two
fractions were obtained: (1) (42 per cent.) distilling at 160° to 195°;
specific gravity -901; optical rotation - 4° 30'. (2) (25 per cent.) dis-
tilling at 195° to 270°; specific gravity -988 ; optical rotation + 26° 30'.
The residue (33 per cent.) deposited colourless crystals amounting to
about 8 per cent, of the original oil. The first fraction consisted chiefly
of terpenes and cineol. Dipentene was identified by means of the tetra-
bromide (melting-point 124°), and cineol by its iodol additive compound
(melting-point 112°). An estimation of the cineol by the resorcin
method showed that fraction 1 contained 44 per cent., equivalent to
18'5 per cent, of the original oil. Acetic acid was found to be present,
together with a phenolic body having a creosote-like odour, amounting
to 0*6 per cent, of the'original oil. From the second fraction linalol
was isolated and identified by conversion into citrylidene-cyanoacetic
acid, melting at 120° to 121°. A small quantity of methylanthranilic
acid was also separated, melting at 179°, probably present in the form
of its methyl ester. The crystalline substance separated from the por-
tion boiling above 270°, after repeated crystallisation from alcohol, had
a melting-point of 102° and optical rotation + 198° 20' in chloroform
solution. In dilute alcoholic solution it possesses the characteristic
odour resembling crushed ivy leaves, which was noticed in the oil
itself. It is highly unsaturated, and readily combines with about twice
its weight of bromine. It forms a hydroxylamine-oxime melting at
184°, an oxime melting at 166°, and a benzoyl derivative melting at 260C

with decomposition. The heavy portion of the oil, amounting to 7 per
cent., appeared to consist of a solution of the ketone compound in liquid
constituents of high boiling-point, probably sesquiterpenes. The com-
position of the oil is summarised as follows :—

Per Cent.
Terpenes (dipentenes and probably pinene) . . . . . 21'8
Cineol 17-2
Ketonic compound (melting-point 1 0 2 ° ) . 1 3 - 0
Alcohols (including linalol)
Esters (chiefly methyl methyl-anthranilate)
Phenols
Acids
Residue (probably chiefly sesquiterpene)

(chiefly or entirely acetic acid)
ae (probably chiefly sesquiterpe:

11-2
1-3
0-5
0*1

34-9

1 Jour. Chem. Soc. (1915), 314.
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PIPERACE/E,

CUBEB OIL.

This oil, which is official in the British Pharmacopoeia, is distilled
from the fruit of Piper cubeba (Cubeba officinalis Miq.). The cubebs
of commerce are the dried unripe fruits, which resemble ordinary black
pepper in appearance, except that they are rather lighter in colour;
they are chiefly imported from Batavia and Singapore.

The berries are coarsely ground and distilled with steam, yielding
from 10 to 18 per cent, of volatile oil. This is of a faint greenish or
greenish-blue colour, and of very characteristic and somewhat aromatic
odour. The colour has been stated to be due to copper, but this is
erroneous, as the higher fractions contain a blue oil in greater or less
quantity, which determines the tint of the liquid.

The characters of normal cubeb oil are as follows:—
Specific gravity at 15° .
Optical rotation .
Refractive index at 20°

0-912 to 0-930
- 25° „ - 42°

1-4930 „ 1-4970
The solubility in 90 per cent, alcohol is very variable, some samples re-

quiring only 1 to 2 volumes, others up to 10 volumes, to effect solution.
A fractional distillation of the oil yields valuable results, from 65 to

80 per cent, distilling between 250° and 280°. Four pure samples ex-
amined in this manner by Messrs. Oranje l gave the following results :—

i.
Yield, 14 per cent. oil.
Specific gravity (15°), 0*9268 ; optical rotation - 33-70°.
Fractionation of 50 grms. :—

Below 250° .
250° to 260°
260° „ 270°
270° „ 280°
Residue

0*0 grms. =
11-7 „ =
26-8 „ =
4-7 „ =
6-8 „ =

0-0
23-4
53-6
9*4

13'6

per cent.

: 1

Below 250°.

250° to 280°

Residue

0-0 per cent

26-8 „

13'6 „

50-0 100-0
2.

Yield, 9-5 pe r cen t . oil .
Specific gravity (15°), 0-9258; opt ical ro ta t ion - 27-40°.
Frac t iona t ion of 40 g r m s . : —

Below 250° . O'O grms . = 0-0 p e r cen t .
250°.to260° 10-9 „ = 27-3
260° „ 270° 15-8 „ = 39 '5
270° „ 280° 6-4 ., = 16*0
Residue . 6'9 „ = 17'2

Below 250° .

250 to 280° .

Res idue

100-0

0*0 per cen t .

82-8 „

17-2 „

40-0 100-0 100-0

3.
Yield, 15-0 per cen t . oil.
Specific gravi ty (15°), 0-9226; optical ro ta t ion - 34-60°
Fract ionat ion of 50 g r m s . : -

Below 230° .
230° to 240°
240° „ 250°
250° „ 260°
260° „ 270°
270° „ 280°
Residue

0'O grms . =
4-0 „ =
5-0 „ =

27-4 „ =
7-0 „ =
1-7 „ =
4-9 „ =

0-0 per cent . |
8-0 „ \

10-0 „ j
54-8 „ 1
14-0 „ \

3-4 „ J
9-8

Below 250° .

250° to 280°

Residue

18*0 per cent.

72-2 „

9-8 „

50-0 100-0 100-0

1 P. and E.O.R. (1914), 372.


