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CHAPTEE I.

THE ESSENTIAL OIL IN THE PLANT.

AN absolutely scientific definition of the term essential cr volatile oils is
hardly possible, but for all practical purposes they may be defined as
odoriferous bodies of an oily nature obtained almost exclusively from
vegetable sources, generally liquid (sometimes semi-solid or solid) at
ordinary temperatures, and volatile without decomposition. This defini-
tion must be accepted within the ordinary limitations which are laid
down by the common acceptation of the words, which will make them-
selves apparent in the sequel, and show that no more restricted definition
is either advantageous or possible. Many essential oils, for example,
are partially decomposed when distilled by themselves, and some even
when steam distilled.

The volatile oils occur in the most varied parts of the plant anatomy,
in some cases being found throughout the various organs, in others
being restricted to one special portion of the plant. Thus in the conifers,
of which the pine is a type, much volatile oil is found in most parts of
the tree; whereas in the rose, the oil is confined to the flower ; in the
cinnamon, to the hark and the leaves, with a little in the root; in the
orange family, chiefly to the flowers and the peel of the fruit; and in the
nutmeg, to the fruit. The functions of these bodies in the plant economy
are by no means well understood. Whilst it is easy to understand that
a fragrant odour in the unfertilised flower may be of great value in
attracting the insects with the fecundating pollen, this can have no
bearing on the occurrence of odorous bodies in, say, the bark or internal
tissues, except in so far as the presence of essential oil in one part of the
plant is incidental to, and necessary for, its development, and .transference
to the spot at which it can exercise its real functions. There may also
be a certain protective value in the essential oils, especially against the
attacks of insects. At present one is compelled to class the majority of
the essential oils as, in general, belonging to the by-products of the
metabolic processes of cell life, such as are many of the alkaloids,,
colouring matters, and tannins; with, possibly, in certain cases, ex-
cretionary functions. Some are undoubtedly the results of, pathological
processes. The structures of the plant which carry the secreted oils-
occur in the fibro-vascular as well as in the fundamental tissues. De-
pendent on their mode of origin, the receptacles may be either closed
cells containing nothing other than the matter secreted, or they may be
vascular structures which have their origin in the gradual absorption of
adjacent cell walls, and the consequent fusion of numerous cells into
one vessel; or, again, they may be intercellular spaces, large cavities
formed in two distinct ways, (1) by the decomposition of a number of
adjacent cells, leaving a cavity in their place, whose origin is thus lysigen-
ous, (2) by the separation of adjacent cell walls without injury to the

VOL. II. 1



2 THE CHEMISTKY OF ESSENTIAL OILS

cells themselves, thus leaving a space for the secretion, whose origin is
schizogenous. Sometimes the oils contain a non-volatile resin in solution,
forming an oleoresin. For example, isolated cells containing an oleoresin
are found in some of the Laurinese, Zingiberacese, and Coniferae, and
intercellular spaces (the so-called glands) in some of the Umbelliferae
and Coniferae.

There are, of course, numerous other functions which the essential oils
possess, but in regard to which any views must necessarily be of a highly
speculative nature. For example, Tyndall has suggested that, especially
where secretion (or excretion) takes place near the surface of an organ,

B

D

FIG. 1.
In the above diagram A represents an oil cavity below the upper surface of the leaf

of Diclamnus Fraxinella (x 820). B represents the same in an early stage, and
shows the mother cells of the cavity before their absorption (lysigenousj. C is
an early and D a later stage of the formation of a resin passage in the young
stem of the Ivy (Hedera Helix) ( x 800). In both cases g shows the separating
cell (schizogenous).

the essential oil has a function which regulates the rate of transpiration.
Moisture which is saturated With essential oil has a different heat con-
ductivity from that of moisture alone, so that a plant which gives off
much perfume may be protected, during the day, from too great trans-
piration, and, during the night, from too great reduction of temperature.
The high rate of consumption of essential oil during fecundation points,
too, to a distinct nutritive value, possibly due to easy assimilation owing
to its chemical constitution, of the essential oil.

The study of the essential oils in situ have hitherto been compara-
tively restricted, and although much work has been done on a few oils,
the results obtained, valuable as they are, must be regarded as of a pre-
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liminary nature, indicating possibilities of great interest as research
develops.

From a purely practical point of view, the principal problem which
requires solution—and which is gradually becoming more understood—
is the determination of the external conditions which will enable the
grower and distiller to produce the best results, both qualitatively and
quantitatively, in regard to any given essential oil.

This problem involves consideration as to the effect of external con-
ditions such as light, heat, moisture, altitude, manuring and other
cultural matters, and as is obvious, such considerations may, and do, vary
greatly with different plants. Such considerations are to some extent
within the scope of the knowledge and skill of the well-trained farmer
and the careful distiller. But there are other considerations of a much
more abstruse character to be taken into account, and here only the
chemist can undertake the necessary investigations. The questions which
present themselves for solution are, broadly, some such as the following:—

Where and in what form does the essential oil have its origin ?
What alterations does it undergo during the life history of the plant ?
How does it find its way from one part of the plant to another ? How
can external conditions be controlled so as to vary the character of the
essential oil at the will of the cultivator ?

These, and similar questions are all-important, if the production of
essential oils is to be placed on a really scientific basis.

The questions raised in the foregoing paragraphs will be examined
briefly, and in principle only, as the detailed 'account of many of the
researches which apply to one plant only, would be outside the scope of
this work.

At the outset, attention may be drawn to the fact that the greater
part of our knowledge of the development of the essential oil in the plant
tissue is due to the painstaking researches of Charabot and his pupils.
And a very considerable amount of the information included in this
chapter is acknowledged to this source.

From the practical point of view, the principal variation of environ-
ment which is definitely under the control of the cultivator, is, of course,
the alteration in the composition of the soil, which is brought about
by scientific manuring. The analysis of fruits and vegetables will give
the ordinary agriculturist much information as to the necessary mineral
ingredients to be added to the soil; but in the case of essential oils,
the conditions are entirely different. The various parts of the plant
tissue are affected in different ways by the same mineral salts, and suc-
cessful development of the fruit or any other given part of the plant may
have little or no relationship with the quantity or quality of essential oil
produced. So that it is only by actual distillations of the plant, or
portion of the plant, coupled with an exhaustive examination of the
essential oil, that informative results can be obtained.

The principles underlying this question are, mutatis mutandis, identical
for all cases, so that as a typical illustration the case of the peppermint
plant may be selected, as this has been worked on by several independent
investigators very exhaustively.

Charabot and Hubert 1 carried out an elaborate series of experiments
on a field containing 29 rows of peppermint plants, each about 5 yards
in length. The normal soil of-the field had the following composition :—

1 Boure-Bertrand Fils, Bulletin, April, 1902, 5.
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Pebbles 250 per mille.
Fine soil, dry 750 „
Nitrogen (parts per 1000 in the dry fine soil) . . 1-44 „
Lime (expressed as GaO per 1000 in the dry fine soil) 309-45 ,,
Phosphoric acid (expressed as P2O5 per 1000 in the

dry fine soil) 2-82 „
Potash (expressed as K2O per 1000 in the dry fine

soil) 1-74
A number of the plants were watered with a solution of 500 grams

of sodium chloride in 20 litres of water, and a number with a similar
quantity of sodium nitrate. These salts were administered on 23 May,
and the following observations were made on the dates specified, on the
essential oils obtained under the usual conditions, from the plants
normally cultivated, and then treated with the salts above mentioned:—

Plants Cut on 24 July.

Optical rotation . . . .
Menthyl esters . . . .
Total menthol . . . .
Menthone . . . . .

Plants Cut on

Menthyl esters . . . .

Plants Cut on 16

Optical rotation . . . .
Menthyl esters . . . .
Total menthol . . . .
Menthone . . . . .

Normal.

- 3° 38'
12'0 per cent.
38-2
8*2

Sodium Chloride.

0°
12*8 per cent.
38-2
4*0

20 August (Green Parts only).

33'3 per cent. 39-6 per cent.

September (after Fall of Petals).

- 5° 30'
27*0 per cent.
47'0
2'5

- 12° 18'
30-1 per cent.
48-1 „
I'l

Sodium Nitrate.

- 0° 10'
12*3 per cent.
36-7
6-0

39 2 per cent.

- 2° 30'
28-9 per cent.
45-8
2'5

The oil distilled from plants normally cultivated, which were cut on
18 July, that is six days before the earliest of the above experiments,
gave the following results :—

Optical rotation - 3° 30'
Menthyl esters 8*8 per cent.
Total menthol 41-1 „ „
Menthone 4'0 ,, „

The facts established by these experiments are that both sodium
chloride and sodium nitrate favour esterification but impede the forma-
tion of menthone.

These facts, however, cannot be correctly studied without taking
into account a considerable amount of collateral matter. For example,
whilst the actual percentage of esters in the essential oils is increased
by the use of sodium chloride, this salt has an inhibiting action on the
vegetation generally, so that the actual weight of methyl esters per
acre is less than when no sodium chloride is used, whilst the reverse is
true when sodium nitrate is used.

A very elaborate investigation on the subject has recently been
carried out by Gustav Hosier.1

1 Pharm. Post, 1912, i. 2.
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Eight different cultivations were carried out under the following
conditions :—

1. Without any manure.
2. With farmyard manure.
3. With sodium nitrate.
4. With sodium nitrate and farmyard manure.
5. With sodium nitrate and calcium superphosphate.
6. With sodium nitrate, calcium superphosphate, and farmyard

manure.
7. With sodium nitrate, calcium superphosphate, and potash salts.
8. With sodium nitrate, calcium superphosphate, potash salts, and

farmyard manure.
The following are the details of yield of plants and essential oil, with

the market values of the product, all being calculated on the same basis :—

1
2
6
4
5
6
7
8

Per Hectare.

Dried Plants in
Kilos.

1300
2000
1860
2820
1940
2320
2200
3140

Per Cent., Oil. ' WeigKU ™ °U "

0-77 10-01
0-88 16-40
0 74 18-76
0-811 22-84
0-73 14-16
0*84' 19-94
0-72 15-84
0-95 29-83

Value.

500
820
938

1142
708
974
792

1491

The essential oils, distilled from the plants cut in September had the
following characters :—

Per cent, on dry
herb

Specific gravity
Optical rotation
Acid number .
Ester „
Menthyl est ers .
Ester number of

acetylated oil
Free menthol .
Total „
Menthone.

1.

0 87
0-9088

- 29-67°
0-77

37-47
10-73

196-05
50-13
60-86
3 52

2.

0-93
0-9092

- 29-22°
0 51

33-49
9-33

187-75
48-59
57-92
6-11

3.

0-83
0-9105

-60-25°
0-78

41-13
11-74

197-04
48-82
60-56
0-89

4.

0-91
0-9090

- 30-44°
0-46

43-32
12-07

195-24
47-76
59-83
2-94

0-83
0-9100

- 31-78°
6-58

44-14
12-30

189-36
45-89
57-69
4-01

6.

0-95
0-9087

- 30-41°
0-50

32-28
9-27

194-07
30-93
60-20
1-37

7.

0-83
0-9111

-32-05°
0-52

45-52
12-58

192-70
46-08
58 66
3-75

g.

1-08
0-9099

- 30-25°
0-37

36-75
10-24

197-65
50-97
61-21
2-14

It will be noted that the experiments with sodium nitrate confir m the
results of Charabot and Hebert, both as regards the increase in menthyl
esters and the decrease in menthone in the essential oil.

The influence of sunlight on vegetable growth, and the results of
etiolation are, of course, well known to botanical students. There is no
room for doubt that the production and evolution of the odour-bearing
constituents of a plant are in direct relationship with the chlorophyll
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and its functions, and that therefore the iquestion of sunlight has a very
great effect on the character of the essential oil.

In the case of sweet basil, Ocimum basilicum, Charabot and He^ert 1

have examined the essential oils distilled from plants which had been
cultivated in full light and from those kept shaded from the light. J n
the former case the oil contained 57*3 per cent, of estragol and 42*7 per
cent, of terpene compounds, whilst in the case of the shaded plants the
estragol had. risen to » 74'2 per cent, and the terpene compounds fell to
25*8 per cent.

A more elaborate investigation on the influence of light was carried
out in the case of peppermint plants.2 The plants were put out at the
commencement of May, 1903, and on 10 May a certain art a of the field was
completely protected from the sun's rays. Many of the plants so shaded
died, and in no case did flowering take place. The essential oils were
distilled on 6 August, the control plants being deprived of their flowers,
so as to make them strictly comparable with the shaded plants. The
yield of essential qil was 0*629 per cent, on the dried normal plants but
only 0*32 per cent, on the shaded plants. The essential oil of the normal
plants contained 18*1 per cent, of menthyl esters a<* against 17*3 per
cent, in the oil from the shaded plants. The flowers of the normal plants
were distilled separately and yielded 1*815 per cent, on the dried material.
It is therefore clear that the restriction of light considerably reduces the
proportion of essential oil contained in the plant. This point will become
more obvious when the importance of the leaf and its contained chloro-
phyll is examined.

The effect of altitude on the composition of essential oils has, per-
haps, been somewhat exaggerated, since in reality the factors concerned
are in the main the sum of the effects of moisture and light, with some
slight influence of temperature and rarification of the atmosphere.
Gastin Bonnier, in his published works, has shown that the effect of
moisture and drought has an equally impor tant effect on plants with that
of sunlight and shade. Little experimental work has been carried out in
regard to the effect of moisture during cultivation on the essential oils,
but there seems no reason to doubt that it is very considerable. As an
example one may quote the case of the essential oil distilled from the
plants of Lavandula vera. When this plant is grown at comparatively
high altitudes in the South-East of France and on the Italian frontier it
yields an essential oil which contains from 25 to 55 per cent, of linalyl
acetate and no cineol. If the same plants grown in England are
distilled, the essential oil contains from 6 to 11 per cent, of linalyl acetate,
and an appreciable amount of cineol. There are, no doubt, many causes
which contribute to this great difference betwreen the essential oils
distilled from lavender plants grown in different districts, but there
appears to be little doubt that the comparative moisture of the soil
in England, and the dryness of the mountainous, regions of Francetin
which the lavender plant flourishes, are the dominating factor. Indeed,
Charabot has examined an oil distilled from French plants cultivated
near Paris and found it to contain only 10*2 per cent, of esters, thus
approximating in character to English lavender oil.

The above considerations indicate the great importance of experi-
mental studies on the influence of externally controlled conditions, in

1 Charabot and Hebert, 2,1905, xxxiii. 584.8 Roure-Bertrand Fils, Bulletin, April, 1904, 9.
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regard to individual plants, with a view to obtaining from them the
greatest amount of essential oil which shall have the characters which
are particularly required. It is probable that there is a good deal of
unpublished work in this direction, which has been undertaken, but
which has been kept secret from commercial motives.

There are many cases in which the action of parasites produces
great changes in the anatomical structure of the plant, which changes
are usually reflected in the character of the essential oils. Molliard has
made a careful examination of the effect of the parasite Eriophyes
mentha on the peppermint plant. The presence of this parasite causes
a practically complete suppression of flowers, the branches which,
normally terminated by inflorescences, become luxurious in growth with
innumerable branching, but without flowers. Distinct changes in the
nervation are also observable, and various other structural changes ai e
to be noticed, all of which profoundly modify the general character
of the plant. The essential oil from these sterile peppermint plants is
more abundant than in the case of normal plants, but it contains only
traces of menthone, and much more of the menthol is in the combined
form, as esters. Further, the mixture of esterifying acids is richer in
the case of the normal oil, in valerianic acid, than in the case of the oil
from the sterile plants.

The essential oil may be secreted in numerous organs, such as cells,
hairs, vessels, etc., and may rest stored in the place of secretion; or
may be secreted from the cells in which it is produced into organs ex-
ternal to the cells. As pointed out previously, the canals or vessels in
which essential oils are formed to a considerable extent are usually
termed schizogenous or lysigenous, according to their mode of origin.
Many such vessels are schizogenous in the inception, but are enlarged
by a later absorption of cell walls. They are then known as schizolysi-
genous. The mechanism of the actual secretion is b» no means well
understood, and most views on the subject must be regarded as within
the realms of undemonstrated theories. An ingenious explanation ot the
process of secretion has been advanced byTschirch.1 He considers that
the external portions of the membranes of the cells which border on the
vessel become mucilaginous, and form the first products of the trans-
formation of the cell substance into the essential oil, which then appears
in the vessel in the form of tiny drops of oil. This conversion into
mucilaginous matter proceeds rapidly until the fully developed vessel is
completely surrounded by the secreting cells, whose membranes, on the
side bordering on the vessel, is jellified in tis external portion forming a
mucilaginous layer—the outer layer of which Tschirch terms the resino-
genous layer (Resinogeneschicht).. This resinogenous layer is separated
from the cavity of the vessel by a cuticle common to all the cells form-
ing the walls.

The essential oil is formed throughout the rednogenous layer,
whence it passes into the vessel, the minute particles uniting to form
small oil drops. According to Tschirch, the essential oil is first produced
in the inner portions of the resinogenous layer, and has not diffused
through the actual cell membrane as essential oil, but in ths form of an
intermediate product, the actual genesis of the oil as such being in the
resinogenous layer.

1 Published works, pa&sim.
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There is, however, a considerable weight of opinion that the essential
oil passes through membrane of the cell iri which it is secreted. There
is, so far as the author can see, no substantial evidence of the existence
of Tschirch's resinogenous layer, and there is no doubt that the theo-
retical need for its existence as assumed by Tschirch is based on a mis-
conception. Tschirch claims that it is not probable that resins and
essential oils can diffuse through membranes saturated with water. But
he leaves out of consideration the fact that all essential oils are slightly
soluble in water, and that diffusion in very dilute aqueous solution is
obviously possible and even very probable. On the whole, there does
not appear to be much theoretical reason for, nor experimental evidence
of, the existence of the resinogenous layer.

An interesting contribution to this question has recently been made
by O. Tunmami l entitled " Contribution to the knowledge of the cuticu-
lar glands," some volatile oils owing their existence to these glands.
The author discusses the formation of secretions, and concludes that
there is a correspondence between the formation of secretions in the
vegetable kingdom and the same process in the glandular tissues of the
human skin, that is to say, the sebaceous glands and gland surfaces.
The secreted matter is only found outside the glandular cells, as it is
divided from the plasma of the cells by a wall of cellulose which is
always visible. The first investigator who suggested the resin-secreting
layer was Tschirch, who gave, as above stated, to this part of the mem-
brane the name of "resinogenous layer". The determination of this
layer in the glands of the skin is easier when the material worked upon
has been soaked for one or two months in concentrated aqueous solution
of acetate of copper, which hardens it. If fresh material is employed,
the modus operandi, according to Tunmann, should be as follows:
Delicate horizontal cuts should be made, so that the glands may be in-
spected from above, or in diagonal section. Next add an aqueous solu-
tion of chloral hydrate (10, 20, 30, or 40 per cent.). If the layer should
not yet be visible the strength of the solution should be increased by
degrees until the major part of the resin has been dissolved. Now
exert with the finger a gentle pressure upon the side of the covering
glass. This will burst the cuticle and push it aside, while the resin-
ogenous layer will be placed either upon the top of the cells, or, separ-
ated from the latter, at the side of the gland-head. It is not necessary
that all the resin should be dissolved. Staining with diluted tincture of
alkanet will show the residual resin, leaving the resinogenous layer un-
coloured.

By the aid of the processes described Tunmann claims to have
discovered the resinogenous layer in all the plants examined by him.
In the course of his investigations he was able to determine various
typical forms of the layer. These he divides into three principal types :
the rod-type (Viola Fraxinus, Alnus}, the vacuola-type (Salvia.Hyssopus),
and the mesh or grille-type (Rhododendron, Azalea).

The cuticle of the glands of the skin is partly enlarged by stretching,
partly by subsequent development. Its principal purpose is unquestion-
ably to prevent a too rapid exudation or loss of the secretions. In the
case of all the persistent glands of the Labiatce, Pelargonic&, Composite,
etc., all of which possess a strong cuticle, a continuous volatilisation of

1 Berichte dentsch. pharm. Ges., 18 (1908), 491: from SchimmePs Repor t.
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essential oil takes place throughout the whole life of the plant. In the
course of this process the chemical composition of the essential oil must
of course undergo some modification, but it does not reach a demon-
strable process of resinification, because new volatile portions are con-
tinuously being formed. Only in autumn, when the period of growth is
reaching its end, this formation of volatile constituents ceases, and the
remainder of the oil resinifies. Thus it is that autumnal leaves are
found to contain in lieu of the usual, almost colourless, highly refractory
essential oil, a dark yellow, partly crystalline, partly amorphous, some-
what sparingly soluble lump of resin.

Generally speaking, the view has been accepted that vegetable
secretions are decomposition products formed in the course of the
metabolism, but Tschirch considers that these secretions are built up to
serve quite definite and various biological objects, and in this view he is
supported by Tunmann.

In some cases, the formation of essential oil in the plant begins
at a very early stage, in fact, before the gland has attained its full
development.

In opposition to Charabot, Tunmann considers that the constant
change in the chemical composition of vegetable essential oils during the
progress of the development of the plant, is chiefly due to the continuous
evaporation of the more volatile parts. He agrees with Charabot in
deducing, from pharmaco-physiological considerations, that plants in
flower cannot yield so valuable an oil as can the young spring leaves.

The solubility of essential oils in water, or in aqueous solutions of
other substances is obviously a question of considerable importance in
reference to the transference of the oil from one portion of the plant to
another, as will be seen in the sequel. From a laboratory point of
view, the question has been thoroughly investigated in a number of
cases by Umney and Bunker.1 The following table indicates the results
obtained by these observers, the methods adopted by them being (1) the
determination of the difference between the refractive index of the dry
oil and that of the oil saturated with water, and (2) the determination of
the difference between the specific gravity of the dry oil and that of the
oil saturated with water :—

JP. and E.O.B. 1912, 101.



I.

Essential
Oil.

TYP I.
Nutmeg \.
Juniper
Lemon
Orange

TYPE II.
Santal
Savin . . . .
Citronella .
Geranium (Turkish) .

TYPE III.
Lemon-grass . .
Cassia
Citronella (Java)

TYPE IV.
Cinnamon leaf .
Clove . . . .
Thyme

TYPE V.
Bergamot .
Geranium (Bourbon) .

TYPE VI.
Eucalyptus (Glob.)

TYPE VII.
Caraway

11.

S. G.
Dried Oil
at 15° C.

•9018
•8734
•8576
•8539

•9756
•9139
•9034
•8886

•8820
1-0702
•8935

1-0533
10509
•9144

•8831
•9132

•9204

•9135

III.

S. G.
Watered

Oil
at 15° C.

•9018
•8734
•8576
•8539

•9760
•9140
•9034
•8898

•8823
1-0694
•8937

1-0531
1-0508
•9150

•8835
•9133

•9209

•9135

IV.

Difference.

nil
nil
nil
nil

•0004
•0001
nil
•0012

-0003
- -0003

•0002

- -0002
- -0001

•0006

0001
•0001

0005

nil

V.

Ref. Ind.
Dried Oil
at 25° C.

1-4795
1-4785
1-4729
1-4715

1-5038
1-4735
1-4770
1-4723

1-4824
1-6003
1-4660

1-5315
1-5300
1-4913

1-4634
1-4639

1-4602

1-4847

VI.

Ref. Ind.
Watered

Oil
at 25° C.

1-4795
1-4785
1-4729
1-4715

1-5035
1-4732
1-4769
1-4715

1-4823
1-5999
1-4659

1-5814
1-5295
1-4810

1-4631
1-4638

1-4600

1-4847

VII.

Dif-
ference.

nil
nil
nil
nil

•0003
•0003
0001
•ooos

•0001
•0004
0001

•0001
•0005
•0003

•0003
•0001

•0002

nil

VIII.

Per Cent.
Water from

S. G.

nil
nil
nil
nil

1-7 per cent.
0-12

nil
1-22 per cent.

0-28 per cent.
1-07
0-21

0-35 per cent.
0-18
0-78

0*09 per cent.
0-12

0-68 per cent.

nil

IX.

Per Cent.
Water from
Ref. Ind.

nil
nil
nil
nil

0-17 per cent.
0-23
0-07
0-64

0*07 per cent.
0-14 „
0-08

0'05 L er cent.
0-24
0-22

0-26 per cent.
0-03

0-17 per cent.

nil

X.

Per Cent.
Water Actually

Added.

nil
nil
nil
nil

0*44 per cent.
0-23
0-31 „
0-82 „

0'21 per cent.
0-54
0-36

0-28 per cent.
0-41 „
0-40

0-24 per cent.
0-55

0*20 per cent.

0*13 per cent.

1-3
W

o

I

GQ

O
CO

o
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A second series of experiments was carried out to determine the
amount of wafer which the same oils were capable of dissolving. These
results are embodied in the following table:—

Essential Oil.

TYPE I.
Nutmeg .
Juniper .
Lemon .
Orange .

TYPE II.
Santal .
Savin
Citronella
Geranium (Turkish)

TYPE III.
Lemon-grass .
Cassia
Citronella (Java)

TYPE IV.
Cinnamon leaf
Clove
Thyme .

TYPE V.
Bergamot
Geranium (Bourbon)

TYPE VI.
Eucalyptus (Glob.) .

TYPE VII.
Caraway .

Eef. It.d.
at 25° C.

of
Dried Oil.

1-4795
1-4800
1-4729
1-4715

1-5040
1-4737
1-4800
1-4726

1-4830
1-6017
1-4666

1-5325
1-5305
1-4917

1-4635
1-4654

1-4604

1-4847

Ref. Tnd.
at 25° C. of
"Steamed"

Oil.

1-4795
1-4800
1-4729
1-4715

1-5037
1-4733
1-4794
1-4712

1-4824
1-6005
1-4657

1-5316
1-5295
1-4911

1-4631
1-4648

1-4602

1-4847

Difference.

nil
nil
nil
nil

•0003
•0004
•0006
•0014

•0006
•0012
•0009

•0009
•0010
•0006

•0004
•0006

•0002

nil

Per Cent.
Water.

0-17 °/0
0-30 „
0-44 „
1-13 „

0-45 7O
0-41 „
0-75 „

0-42 %
0-47 „
0-41 „

0-34 °/0
0-49 „

0-16 7O

—

1 part of Water
in

(approximately).

1 
1 

1 
1

590
330
230
90

220
220
130

220
210
220

300
200

620

—

The oils consisting mainly of terpenes do not appear to dissolve
water, nor to be soluble in water, or at all events, to any appreciable
extent.

It must, however, be remembered that we are here dealing with pure
water only, whereas in the plant economy we are dealing with solutions
of organic substances, in which essential oils would almost certainly be
dissolved more easily than in pure water.

As has been mentioned above, essential oils occur in the most varied
parts of the plant anatomy, and in many cases in almost every part of
a given plant, whilst in many others the essential oil is restricted to one
or two parts of the plant only.

Charabot and Laloue have especially studied the evolution and
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transference of the essential oil throughout the whole of the plant, and
their results form the basis of our knowledge on the subject.

A plant which yielded particularly instructive results on the general
question is Ocimum basilicum. The investigations were carried out at
a number of stages ,of the plant's growth, the four principal of which
were as follows:—

1. 4 July, before flowering. There was a considerable preponderance
of leaves which were found to be distinctly richer in odorous consti-
tuents than the stems, the essential oil being present as such in the
young leaves.

2. 21 July, at the commencement of flowering. The stems now
preponderated, and the green parts of the plant showed a smaller per-
centage of essential oil, whilst the young flowers already contained a
larger proportion of essential oil.

3. 26 August, with flowering well advanced. The leaves and flowers
were both considerably more numerous than in the preceding stage, and
it was found that the percentage of essential oil diminished very sensibly
in the green parts of the plants, whilst the flower was fulfilling its
functions. The percentage of oil diminished during fecundation in the
flowers, but not so considerably as in the green parts of the plant. It
is therefore during the period immediately preceding fecundation that
the essential oil accumulates most, and during fecundation that it is
used up.

4. 15 September, the seed having matured. An increase in the
percentage of essential oil in the green plants since the last stage was
noted and a diminution in the inflorescences.

The essential oil is therefore formed at an early period of the plant's
life, and accumulates most actively towards the commencement of repro-
duction. Before flowering, the accumulation reaches its maximum and
the diminution sets in as reproductive processes proceed, and the transfer
of the oil from the green plant to the inflorescences slows down, and
when fecundation is accomplished the essential oil, less on the whole,
again increases in the green parts and diminishes in the inflorescences.
It appears obvious, therefore, that the essential oil, manufactured in the
green parts of the plant, is transferred together with the soluble carbo-
hydrates to the flower, probably not as nutriment, and, fecundation ac-
complished, it returns, at all events in part, to the green parts of the
plant. The mechanism of this return may possibly be explained by the
desiccation of the inflorescence after fecundation, with a consequent
increase of osmotic pressure, so that some of the dissolved matter is driven
out. Throughout all the stages dealt with no essential oil was detected
in the roots.

As another example of the experiments, Artemisia absinthium may
be selected. The four stages of special interest were as follows :—

1. 26 September, 1904, long before flowering time. The roots did
not contain any essential oil. The leaves contained considerably more
than the stems—about eleven times as much.

2. 10 July, 1905, commencement of flowering. The roots were now
found to be richer in essential oil than the stefns. In all the organs the
proportion had increased, and in the leaves it had doubled.

3. 4 August, 1905, flowering advanced. The accumulation of es-
sential oil in the roots was still more marked. (This fact does not
appear to hold good for any annual plants : Artemisia is a perennial,
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The proportion of essential oil sensibly diminishes in the stems, in the
leaves, and especially in the inflorescences, and in the whole plant. The
most active formation of essential oil is, therefore, in the early part of
the plant's life up to the commencement of flowering.

4. 2 September, 1905, the flowering completed. The percentage of
essential oil in the roots has increased still further; a slight increase has
taken place in the stems; no alteration is noticed in the leaves, and a
diminution has taken place in the inflorescence.

The general conclusions drawn by Charabot and Laloue as the
result of these and a number of similar experiments are as follows:—l

" The odorous compound first appears in the green organs of the plant
whilst still young. It continues to be formed and to accumulate up
till the commencement of flowering, but the process becomes slower
as flowering advances. The essential oil passes from the leaves to the
stems and thence to the inflorescence, obeying the ordinary laws of
diffusion. Part of it, entering into solution, passes into the stem by
osmosis. Arriving here, and finding the medium already saturated with
similar products, precipitation takes place, the remaining soluble portion
continuing to diffuse, entering the organs where it is consumed, especially
the inflorescence. Whilst fecundation is taking place a certain amount
of the essential oil is consumed in the inflorescence. It is possible, and
even probable, that at the same time the green organs are producing
further quantities of essential oil, but all that can be said with certainty
is that a net loss in essential oil occurs when the flower accomplishes its
sexual function. This leads to the practical conclusion that such perfume-
yielding plants should be gathered for distillation just before the fecunda-
tion takes place. This act accomplished, the odorous principles appear
to redescend into the stem and other organs of the flower, a movement
probably brought about by the desiccation of the flower which follows
fecundation, with a resulting increase in the osmotic pressure.''

If these assumptions of Charabot and Laloue be correct—and they
are borne out by much experimental evidence, after laborious research—
the theory of Tschirch and his pupils, which depends on quite opposite
assumptions, is clearly unacceptable. According to Charabot and Laloue,
the essential oil circulates in the plant in aqueous solution and can
traverse the plant from organ to organ in this form, and wherever
meeting already saturated media, is precipitated, and the points at
which such precipitation occurs are known as secreting organs. This
being true, the assumption of a resinogenous layer, based on the hy-
pothesis of the non-solubility of essential oils in water—and in solutions
of organic matter—becomes unnecessary and improbable.

Most essential oils appear to be evolved directly in the form of
terpenic or non-terpenic compounds separable from the plant tissues in
the same form as they exist therein. A considerable number, however,
are evolved in the form of complex compounds known as glucosides, in
which the essential oil complex is present, but wherein the essential oil
itself does not exist in the free state.

The glucosides are compounds, which, under the influence of hydrolytic
agents are decomposed into glucose or an allied aldose or ketose, and one
or more other bodies, which, in the cases under consideration, form con-
stituents of essential oils. The hydrolytic agents which bring about these
changes are soluble ferments, such as diastases, enzymes and similar

1 Le Par/tint Chez la Plante, 233.
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bodies, or, where the hydrolysis is produced artifically, dilute acids or
alkalis.

The ferments able to decompose particular glucosides are usually
found in the plants containing the glucosides, separated from the latter
by being enclosed in special cells which do not contain the glucoside,
so that the two substances must be brought into contact, in the presence
of water, by mechanical means, such as crushing, etc.

Two principal cases of such decomposition are known.
Firstly, there are those cases where the hydrolysis takes place within

the plant itself during the life of the plant, so that the essential oil is
actually a product, in the free state, of the metabolic processes of the
living plant; and secondly, there are those cases where the glucoside is
not decomposed except by artificial processes, independent of the life of
the plant.

The former case is of particular interest and importance as bearing
on the proper method for the extraction of the perfume. Typical
instances are those of jasmin and tuberose, which have been carefully
investigated by Hesse. This chemist showed that the essential oil of
jasmin, which resides in the flower alone, does not, when extracted with
a volatile solvent, contain either methyl anthranilate or indole, whereas
when the flowers are allowed to macerate in fat by the enfleurage pro-
cess, and the pomade so obtained extracted, the essential oil does contain
both methyl anthranilate and indole; and further, the yield of essential
oil obtained by the latter process is at least five times as great as that
obtained by extracting the flowers with a volatile solvent. The following
considerations arise here. If the detached flowers are treated with a
volatile solvent, the living tissues are at once killed, and the actual
amount of oil present in the flowers is obtained in the condition in which
it exists when they were picked immediately before extraction. But if
the detached flowers are macerated in cold fat, the living tissues are not
destroyed and the flower continues to live for a certain time. Since a

reat increase in the quantity of the oil is obtained if, for example, the
fowers are exposed to the fat for twenty-four hours, and since new com-
pounds, namely, methyl anthranilate and indole now appear in the oil, it is
obvious that much oil and the new compounds are elaborated in the flower
during its life after being detached from the plant, quite independently of
the chlorophyll-containing organs. There is little reason to doubt that
this is the result of a glucosidal decomposition in the flower, the glucoside
existing therein at the time of gathering, and steadily decomposing into
the essential oil and a sugar so long as the flower is alive, but not when
it is killed, as, for example, by the action of a volatile solvent. Hesse
has established the same principle in the case of the tuberose, the flowers
of which yield about twelve times as much essential oil when exposed to
enfleurage as they do when extracted with a volatile solvent. Further,
the oil obtained by enfleurage contains far more methyl anthranilate than
the oil obtained by extraction with a volatile solvent, and also contains
methyl salicylate.

In the case of most plants where the essential oil is due to a glucosidal
decomposition, the products are of a non-terpenic character, but this is
not invariably the case.

In many plants the glucoside is decomposed durmg the life of the
plant in a manner different from that just described. The conditions are
not understood, but in the case of such flowers as the jasmin and tuberose
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it appears that only a partial decomposition of the glucoside takes place,
until the removal of the decomposition products (e.g. by enfleurage) when
more glucoside is decomposed. In most plants, however, the decomposi-
tion is complete, all the essential oil possible is formed, and can be
obtained by any of the usual processes without being further increased
by more glucosidal decomposition.

One case in which the essential oil does not exist at any stage of the
plant's life in the free condition, until the ferment and the glucoside have
been brought into contact by artificial means, will suffice to illustrate this
type of production of essential oils in the plant. The essential oil of
bitter almonds does not exist as such in the kernels, which have no odour
such as we ascribe to bitter almonds. The glucoside which gives rise to
the essential oil is a body known as amygdalin, of the formula C20H27NOn.
This body crystallises in orthorhombic prisms with three molecules of
water of crystallisation, which are driven off at 110° to 120°. Under the
action of the ferment, emulsin (which is rarely, if ever, in contact with
the amygdalin in the plant tissues) in 'the presence of water, amygda-
lin splits up into glucose, hydrocyanic acid, and benzaldehyde, the char-
acteristic odour-bearer of essential oil of bitter almonds. The reaction
(which probably occurs in two stages which need not be discussed here)
is as follows :—

C20H27NON + 2H2O = 2C6H12O6 + C6H. CHO + HNC. •
Amygdalin. Glucose. Benzaldehyde.

The above illustration is typical of the method of formation of a large
number of essential oils, which need not be discussed here in detail.

The actual genesis of the odoriferous compounds in the living plant
has been studied, as indicated above, principally by Charabot and his
colleagues, Laloue and Hebert, but interesting work in the same direc-
tion has been carried out by Blondel and by Mesnard.

There are three conditions to consider in regard to the physiological
activity of the living cell: (1) where the product—the essential oil in the
present case—pre-exists in the tissues generally and the function of the
phytoblast of the cell is limited to isolating the product at the desired
moment. This may be regarded as an excretion; (2) where the product
has its origin in the cell itself by means of combination and reaction of
other bodies transported from other parts of the plant tissue, and (3)
where the product is completely built up in the cell, without it being
supplied with the materials for the synthesis by transport from other
parts of the tissues. These may be regarded as cases of secretion.

Numerous theories have been advanced to explain the origin of es-
sential oils in the plant, but the evidence in favour of most of them is in
no case at all conclusive, and the question must still be regarded as un-
settled.

Fliickiger and Tschirch originally suggested that the essential oil was
elaborated at the expense of the starch, or possibly even of the cellulose,
the intermediate products of which were transported through the tissues
to the locality of elimination, undergoing gradual alteration until the
final product of transformation was the essential oil. Mesnard regarded
the chlorophyll as the parent substance of the essential oils, and Tschirch
more recently suggested the tannin as the more probable substance to
give rise to essential oils and resins.

One thing is certain, and that is that the chlorophyll-containing
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parenchyma is, generally speaking, the seat of formation of the essential
oils. The physiological activity of the phytoblast of the cell can be
demonstrated experimentally, and Blondel has illustrated it in the case
of the rose. He took the red rose General Jaqueminot, as one having
a well-marked odour, and placed two blooms from the same branch, of
equal size and development, in vases of water under two bell jars. Into
one of the jars a few drops of chloroform on a sponge were introduced.
At the end of half an hour the bell jar was lifted, and the weak odour of
the rose was found to have given place to an intense odour of the flower.
The odour of the rose kept without chloroform was feeble, exactly as at the
commencement of the experiment. A similar experiment was carried
out with the tea rose Gloire de Dijon. In this case the odour of the
flower treated with chloroform entirely altered, and was quite disagree-
able, with no resemblance to that of the rose itself. In the former case
the action of a minute amount of chloroform acts as an irritant, and the
stimulus causes a greatly increased secretion of essential oil, whilst in
the latter case the functions of the secreting cells were actually changed
and a different odorous substance was evolved. With a larger dose of
chloroform the contents of the cells are killed and no further exhalation
of perfume is noted.

The actual course of the evolution of the essential oil has been par-
ticularly studied by Charabot and Laloue in plants, the principal con-
stituents of whose oils belong to four different groups, namely :—

1. Compounds of the linalol group.
2. „ ,, geraniol ,,
3. „ „ thujol
4. ,, „ menthol ,,

Linalol is a tertiary alcohol of the formula C10H18O, which, with its
acetic ester (and traces of other esters) forms the basis of the perfume^of
bergamot and lavender oils. By dehydration linalol is converted into
terpenes of which the principal are limonene and dipentene, and by
esterification into its acetic ester. The examination of the essential oil
at different periods of the development of the bergamot fruit has led
Charabot and Laloue to the following conclusions.1 As the fruit matures
the essential oil undergoes the following modifications :—

1. The amount of free acids decreases.
2. The richness in linalyl acetate increases.
3. The proportion of fiee linalol and even of total linalol decreases to

a very sensible extent.
4. The quantity of the terpenes increases, without the ratio between

the amounts of the two hydrocarbons limonene and dipentene being
altered.

The fact that the amount of total linalol decreases whilst the rich-
ness in linalyl acetate increases, proves that linalol appears in the plant
at an earlier period than its acetic ester. Further, the free acetic acid
acting on the linalol esterifies a portion of it, whilst another portion of
this terpene alcohol is dehydrated, with the production of limonene and
dipentene, which are the usual resultants of linalol in presence of certain
dehydrating agents. This view is corroborated by the fact that the
quantity of the mixed terpenes increases during the esterification,
without the slightest variation being observed in the ratio between the

1 Roure-Berbrand Fils, Bulletin, March, 1900, 12.
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amounts of the two terpenes, which shows that their formation is simul-
taneous and is the result of one and the same reaction.

The practical conclusion to be drawn from this is as follows: Oil of
bergamot having a value which increases according to the richness in
ester, it will be profitable to gather the harvest at the period at which the
fruit is fully ripe.

The same compound, linalol, is the parent substance of oil of lavender.
The study of the progressive development of this oil in the plant tissues
was carried out on three samples wrhich were distillcd at intervals of a
fortnight, the first from flowers in the budding stage, the second from the
fully flowering plants, and the third from the plants with the flowers
faded. The essential oils thus obtained had the following characters :—-

Specific gravity at 15° C. .
Optical rotation . . . .
Acidity, as acetic acid per litre

of water collected during distil-
lation

Ester per cent
Free linalol per cent. .
Total „ „

Oil

Buds.

0-8849
- 6° 32'

0-5241 gm.
36-6
21-0
49-8

rom the Plan

Flowers.

0-8854
- 6° 48'

0-4716 gm.
40-4
16-7
48-4

Faded Flowers.

0-8821
- 6° 50'

0-3846 gm.
39-75
18-9
50-3

Hence, the acidity decreases in the course of vegetation ; the pro-
portion of free linalol and the proportion of total linalol also decrease in
the essence up to the time when the flowers are fully opened, whilst the
proportion of ester increases ; then, when the flower fades, the essential
oil becomes richer in linalol, whilst, on the other hand, its ester-content
decreases.

Thus as in the case of oil of bergamot, esterification is accompanied
by a decrease in. the total proportion of linalol and in the proportion of
free acid. These facts prove that, here also, the esters originate by the
direct action of the acids on the alcohols. Under these conditions,
as the plant develops, part of the linalol is esterified whilst another
portion is dehydrated. So that not only does the proportion of free
alcohol, but also that of the total alcohol decrease. But as the esterifica-
tion process is completed, which happens when the flower commences to
fade, the total alcohols increase at a fairly rapid rate.

The progressive development of the geraniol compounds in essential
oils has been principally studied in the case of oil of geranium.

The typical plant which was selected for investigation in the case
of the geraniol compounds was the ordinary geranium. The principal
alcohol present in this oil is geraniol, C10H18O, and this is accompanied
by a smaller amount of citronellol, C10H20O. A ketone, menthone, is also
present.

An oil was distilled from the green plants on 18 July, and a second
sample from the still green plants on 21 August. These two samples had
the following characters :—

VOL. II.
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Density at 15° C . .
Rotatory power in 100 mm. tube .
Coefficient of saturation of the acids .
Esters (calculated as geranyl liglate) .
Free alcohol (calculated as C10H]8O)
Total alcohol

Product Collected—

Oil 18 July.

0-897
- 10°

43-8
5-8

. ) 64-0

. 0 67'8

On 21 August.

0-899
- 10° 16'
41*0
10-0
02-1
08-G

It will be seen that (1) the acidity decreases during the maturing
of the plant; (2) as in all the cases previously considered, oil of geranium
becomes richer in esters during vegetation; (3) the proportion of total
alcohol increases slightly and the quantity of free alcohol decreases, but
not to an extent corresponding with the increase of esters, so that in the
course of esterification, which takes place in this case without dehydration,
a small quantity of alcohol is produced.

Practically no menthone was found in either oil, but in the oil ob-
tained from the plant after flowering and complete maturation, an appre-
ciable quantity of menthone was found. It is thus clear that the
menthone is formed, as would be expected, principally during the period
of the greatest respiratory activity.

The thujol group, in reference to these studies, is represented by the
absinthe herb (Artemisia absynthium], which contains a secondary
alcohol thujol, C10H18O, and its esters, and its corresponding ketone,
thujone, C10H10O. The conclusions drawn in this case are as follows:—

From the early stages of vegetation, before the influence of flowering
is seen, an essential oil is present in the chlorophyll-containing organs,
which is already rich in thujol, but which contains very little thujone.
Esterification steadily increases up to the time of flowering, and then
diminishes, and afterwards increases again as new green organs develope.
The amount of thujol diminishes during the evolution of the plant, but
increases again when new green organs are developed. The thujone
gradually increases up till the time of flowering, and then steadily de-
creases owing to consumption in the flowers themselves.

It is therefore probable that the alcohol is formed in the first instance,
which is afterwards esterified to thujyl esters and oxidised to thujone.

The last of these investigations to which reference will be made is
that of the peppermint, as representing the menthol group of compounds.
Four samples of essential oil were examined:—

1. That distilled from young plants not exceeding 50 cm. in height,
the inflorescence having formed, but the buds not having made their ap-
pearance.

2. That distilled from the plant when the buds were commencing to
appear, but from which the inflorescences were removed.

3. That distilled from the inflorescences so removed.
4. That distilled from the normal plant in full flower.
The oils in question had the following characters :—•
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Specific gravity
at18°C. .

Optical rotation
at 18° C. in 100
mm. tube

Ester (calculated)
as menthyl
acetate) .

Combined men-
thol .

Free menthol
Total „
Menthone .

1. Oil Extracted
before the

Formation of
the Buds.

0-9025

- 24° 10'

3'7 per cent.

2-9
44-3 „
47-2
5-2

Oil Extracted after the Formation
of the Buds.

2. Leaves.

0-9016

- 26°

10-3 percent.

8-1 „
422i 2
5')-3 „
4'2

3. Inflorescences.

0-9081

- 20° 15'

7-5 per cent.

5-9
29-9
35-8
16'7

4. Oil Extracted
from the
Flowering
Plants.

0-9200

- 2° 37'

10*7 per cent.

8-4
32-1
40-5
10-2

After allowing for the relative weights of the leaves and inflorescences,
the composition of the average oil which would have been yielded by (2)
and (3) if distilled together would have been as follows:—

Esters 9-6 per cent.
Combined menthol . . . . . . . . 7-6 ,,
Free menthol 39-0 „
Total „ 46-6 „
Menthone 7-5 „

It is thus apparent that at the commencement of vegetation of the
peppermint the oil is rich in menthol, but only a small amount is present
in the esterified condition. Menthone only exists in small quantity. As
the green parts of the plant develope, the proportion of esterified menthol
increases, as has been found to be the case with other alcohols. This
esterification, however, only takes place in the leaves, and when the
essential oil extends towards the flowering tops, it becomes poorer in
esters.

The net result is an increase in esters in the total essential oil distilled
from the whole of the plant, owing to the development of the green parts.
The menthone increases during the development of the inflorescences,
whilst the menthol decreases correspondingly. So that the oil obtained
from plants systematically deprived of their inflorescences only contains
a small amount of menthone, but is very rich in free menthol and in
esters. The oil, however, distilled from the flower shoots, even at an
early stage of their development, contains a considerable quantity of
menthone and comparatively small quantities of free menthol and esters.
It is therefore seen that the formation of the esters of menthol takes
place in the green parts of the plant, whilst the menthone originates
more especially in the flowers. This latter point is further corroborated
by the fact that if the peppermint becomes modified by the puncture of
an insect so as to suffer mutilation, the greater part of the menthone
disappears, as well as the flowers.

These observations throw light on the mechanism which governs the
transformation in the plant of the compounds belonging to the menthol
group. This alcohol being produced simultaneously with the green parts
of the plant, is partially esterified in the leaves; the esterification here
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again is manifested as a consequence of the disappearance of the chloro-
phyll. Then, when the heads bearing the buds and later the flowers
are formed, a certain quantity of oil accumulates and the menthol, both in
the free and combined state, is there converted into menthone by oxida-
tion.

Investigations of the character detailed above lead to the following
conclusions. The esters are principally formed in the green parts of the
plant by the action of free acids on the alcohols. The latter easily losing
water are, at the same time partially dehydrated without combining with
acids and so give rise to terpenes. Isomerisation is also going on, so
that starting from the compound linalol, we see the following compounds
formed : linalyl acetate by esterification, terpenes by dehydration, and
the isomeric alcohols geraniol and nerol by isomerisation. All three
reactions can be effected artificially in the laboratory, as they are natur-
ally in the plant tissues. The alcohols and their esters are easily con-
verted into aldehydes and ketones, especially when the inflorescence
appears, since it is in these organs that oxygen is fixed to a maximum
extent.

Whatever may be the complex functions of the chlorophyll in the
plant, so far as the essential oils is concerned, there can be no doubt that
it favours the process of dehydration. Gaston Bonnier has shown that
under the influence of a mountain climate the green parts of a plant
undergo considerable modification. The leaves are thicker and of a more
rich green colour, and the assimilatory tissues of the stem are better
suited for the exercise of the chlorophyll functions. The green palissade
tissue is more strongly developed, either by the cells being longer, or be-
cause the number of layers of palissade cells is greater, so that the
chlorophyll bearers are larger and more numerous. Under similar
conditions, plants grown at low altitudes have a lower chlorophyll func-
tion than the same plants grown at high altitudes. Charabot's observa-
tions are supplementary to these, and prove that the more intense the
chlorophyll function, the greater the power of dehydration of the alcohols,
and therefore the greater the ester value of the oil. This has been de-
monstrated clearly in the case of lavender oil, when it is generally true
that the higher the altitude at which the plants are grown, the higher
the ester content. Grown in the neighbourhood of Paris, as before
mentioned, the plants yield an essential oil with so low an ester value
that it approximates to English lavender oil in composition. The in-
fluence of the altitude appears to be due to (1) greater light; (2) drier at-
mosphere, and (3) lower temperature. The first two of these influences
tend to assist esterification, whilst the third acts in a contrary sense, and
may even neutralise the others.

In the esterificatidn of an alcohol, water is always formed, according
to the equation—

EOH + AH = EA + H2O
Alcohol. Acid. Ester. Water.

This action is reversible, so that to maintain the ester value it is ob-
vious that the removal of water is advantageous. As a matter of fact, if
transpiration is increased, or the absorption of moisture by the roots is
diminished, the esterification is more rapid.

In regard to the distribution of the essential oil from one organ of the
plant to another, it has been established that there is a circulation of the
odorous compounds from the green portions of the plant into the flowers,
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which may be regarded as the consuming organs, and that the constitu-
ents which travel through the tissues are, as would be expected, the most
soluble present in the oil. He*nce as Charabot, Hebert, and Laloue have
shown,1 it results that this phenomenon of circulation and that which
governs the chemical transformations which modify the composition of
the essential oils, combine their effects when the aldehydes or ketones in
question are relatively soluble constituents. In such a case the essential
oil of the inflorescences will be appreciably richer in aldehydic prin-
ciples than the essential oil of the leaves. This is what was found in
the case of verbena in which the citral is one of the most soluble con-
stituents of the oil, as clearly indicated from the fact that the portion
extracted from the waters of distillation is richer in citral than the por-
tion which is decanted. Thfe essential oil of the inflorescences contains
an appreciably higher proportion of citral than the essential oil extracted
from the green parts of the plants.

If, on the other hand, the aldehydic or ketonic portion of the essential
oil is sparingly soluble, the effects of the phenomenon of circulation on
the composition of the essential oils from the various organs will be the
reverse of those produced by the chemical changes which take place in
the inflorescence, since the principles which are displaced are principally
those which are most soluble. The relative insolubility of such ketones
and aldehydes will tend to make the oil of the leaves richer in these
compounds on account of their restricted power of circulation, and on the
other hand, to make the oil of the inflorescences richer in alcoholic prin-
ciples, whilst the actual formation of these compounds in the inflor-
escence will have the effect of increasing the proportion of aldehydes
or ketones in the inflorescence. The net result depends on which of the
two features predominates.

It has been shown while studying the formation and circulation of
the odorous products in the wormwood, that the ketone thujone is,
contrary to the usual rule for ketones, one of the most insoluble con-
stituents of the oil, and this is why, in spite of the tendency which thujol
possesses to become converted into thujone in the inflorescence by oxi-
dation, the essential oil from the leaves is richer in thujone than the
flower oil. This is due not only to the fact that the insoluble thujone
passes very slowly from the leaves to the flowers, but also to the fact
that the thujone which does so circulate, and also the thujone actually
formed in the flowers, being already a partially oxidised product on the
way to degradation, is the one which is principally consumed by the
flower in the exercise of its life function, namely, the fecundation process.
In the case of peppermint, the nature of the actual chemical transforma-
tions which occur in the green organs has a predominant influence on
the distribution of the odoriferous constituents. This was demonstrated
by distilling 200 kilos of the plant and collecting 200 litres of distilla-
tion water. This water was exhausted by shaking three successive times
with petrolium ether, which on evaporation yielded 35 grams of essential
oil which had been originally dissolved in the water. The oil obtained
by decantation, and that by extraction from the distillation waters gave the
following results on analysis :—

1 Roure-Bertrand Fils, Bulletin, May, 1908, 4.
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Specific gravity at 15° C .
(

Solubility m 80 per cent, alcohol -!

I
Rotatory power . . . . . .

„ „ of the acetylated oil
Acid number . . . . .
Saponincation number . . . .
Ester number . . . . .
Menthyl a c e t a t e .
Combined menthol . . . . .
Saponification number of acetylated oil
Esters in acetylated oil . . . .
Free menthol in original oil . . .
Total „ „ „ .
Saponification number of the reduced and

acetylated oil . . . . . .
Saponification number corresponding to the

m e n t h o n e . . . . . . .
Menthone in original oil . . . .

Essential Oil

Separated by
Decantation.

0-9194
Soluble in 1 vol.,
becoming opales

cent on the
further addition

of alcohol
- 11° 28'
- 20° 12'

Pale green
0-2

43-9
43-7
15 5 per cent.
12 2 „

161 7
57*2 per cent.
37-4
49-6 „

188-1

26-4
7-4 per cent.

Extracted from
the Waters.

0 9140
Soluble in 1 vol.;

separation of
crystals on the

further addition
of alcohol
- 17° 36
- 35° 28

Reddish-brown
12-8
39 1
26-3
9'3 per cent.
7-3

198-3
70'1 per cent.
56-3 „
63-6

215-9

17-6
4-9 per cent.

Comparing the undissolved essential oil with that which was dis-
solved in the waters, it is seen that the former is richer in esters,
poorer in free menthol and total menthol, and richer in menthone than
the second. In other wrords the relatively sparingly soluble constituents
are esters and menthone, whilst menthol is particularly soluble.

The earlier researches of Charabot have shown that the essential oil of
the flowers is richer m menthone than the essential oil of the leaves. And
it is in spite of a circulation of menthol, a soluble principle, from the
leaf to the inflorescence, that this latter organ contains an essential oil
particularly rich in menthone. It must therefore be that the menthol is
there converted into menthone by oxidation.

The differences in composition between the two essential oils ex-
amined show well, if they be compared with those wrhich exist between
the essential oils of the leaves and the inflorescences, that the distribution
of the odorous principles between the leaf, the organ of production, and
the flower, the organ of consumption, tends to take place according to
their relative solubilities. But this tendency may be inhibited, or on the
other hand, it may be favoured by the chemical metamorphoses which
the substances undergo at any particular point of their passage or at any
particular centre of accumulation. Thus, in the present case, some of the
least soluble principles, the esters of menthol, are most abundant in the
oil of the leaves, whilst another, menthone, is richest in the oil of an organ
to which there go, by circulation, nevertheless, the most soluble por-
tions. This is because this organ (the flower) constitutes the medium
in which the formation of this insoluble principle is particularly active.

Some highly interesting conclusions as to the relationship of essential
oils to the botanical characters of the plant have been drawn by Baker
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Fir. J—Ty pes of eucalyptus leaf venations, which indicate the presence of certain
chemical constituents in theoil. (Baker and Smith ) For explanation see next
page.
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and Smith,1 as a result of their exhaustive researches on the eucalypts of
Australasia. These investigators have shown that there is a marked
agreement between the chemical constituents of the essential oils of these
trees, and ths venation of the lanceolate leaves of the several species; so
marked, indeed, that in the majority of cases it is possible to state what
the general character of the essential oils is by a careful examination of
the leaf venation. There are three principal types of venation, which
are shown in the accompanying illustration (see previous page).

The first ty pe is representative of those eucalyptus trees whose oils
contain the terpene pinene in marked quantity, cineol either not at all or
only in small amount, and from which phellandrene is absent.

The second type is characteristic of trees yielding oils which contain
pinene3 but are more or less rich in cineol and free from phellandrene.

The third type represents trees in which phellandrene is an impor-
tant constituent.

There appears reason to suppose that with the eucalypts a gradual
deviation from a type has taken place, and that the formation* of
characteristic constituents in these oils has been contemporaneous with
the characteristic alteration or deviation of the venation of their leaves.
That the constituents have been fixed and constant in the oils of the
several eucalypts for a very long period of time is demonstrated by the
fact that whenever a species occurs over a large area of country the
constituents of the oil are practically identical also, only differing in
about the same amount as is to be expected with the oils from trees of
the same species growing together m close proximity to each other.
The venation of the leaves of individual species is comparatively similar
throughout their geographical distribution, and their botanical characters
show also a marked constancy. All this comparative constancy is
probably accounted for by the long period of time" that must have
elapsed before a particular species could have established itself as such
over so extensive a range over which they are found to-day.

EXPLANATION OF PLATE.

1. Leaf of Eucalyptus corymbosa, Sm.—This venation is indicative of the pre
sence of pinene in the oil. Note the close parallel lateral veins, the thick mid-rib,
ancf the position of the marginal vein close to the edge of the leaf. The yield of oil
from leaves showing this venation is small, there not being room between the lateral
veins for the form ation of many oil glands.

2. Leaf of Eucalyptus Smithii,K. T . B. —This venation is characteristic of
species whose oil consists principally of eucalyptol and pinene. Note the more acute
lateral veins which are wiier apart, thus giving more room for the formation of oil
glands; the yield of oil is thus larger in these species. The marginal vein is further
removed from the edge and is slightly bending to meet the lateral veins.

3. Leaf of Eucalyptus r adiata, Sieb. —This venation is characteristic of those
species whose oil consists largely of phellandrene and the peppermint ketone. Note
the still more acute and fewer lateral veins. The marginal vein has also become
so far removed from the e Ige that a second one occurs, and the slight bending, as seen
in 2, has culminated in this group in a series of loops. The spaces for the forma-
tion of oil glands are also practically unrestricted and a large yield of oil is thus
obtainable.

lJour. and 1'roc Hoy Soc., N S W. , xxxv. 116, and lieport to British Association,
Section B. , Manchester, 1915



CHAPTEK II.

THE RELATIONSHIP BETWEEN ODOUR AND CHEMICAL CONSTITUTION.

THE connections between chemical constitution, on the one hand, and
-colour or physiological action on the other have been continually studied
for many years, but the allied property of odour has only engaged occa-
sional attention within quite recent times.

The reason for this apparent neglect is not far to seek and lies largely
in the fact that no adequate means have yet been devised for measuring
and classifying odours.

The most noteworthy attempts to remedy this defect are those of
Zwaardemaker, C. van Dam,1 and Fournie,2 but for details of the
*' olfactometers " devised by them the original papers should be consulted.
These instruments are of distinct value for the matching of perfumes but
they all suffer from a fundamental defect inasmuch as they make no
allowance for the relative vapour pressures of the substances under ex-
amination.

The strength of an odour, up to a certain point, will depend upon the
amount of substance which reaches the nostrils; it is therefore necessary
that this factor should be taken into account when comparing odours.
In the ordinary manner of smelling we have to deal with a mixture of
the vapour of the substance and air. The maximum amount of sub-
stance which can thus be conveyed depends on the vapour pressure of
the substance and this in turn depends on the temperature, being greater
when hot and lesser when cold. In order therefore to make any com-
parisons of a fundamental nature the vapour pressure factor must be
allowed for.

It is the almost universal practice to record the nature and strength
of an odour at the particular temperature which may obtain at the time
of examination. Substances at their temperatures of boiling have a
common vapour pressure equal to that of the atmosphere, but it is clearly
impossible to smell a substance in such a condition, whereas, if we could
go to the other extreme, the absolute zero, it is probable that no vapour
would exist as such and for this reason alone, apart from any physio-
logical one, no odour would be discernible.

To operate at a fixed definite vapour pressure is also an obvious
impossibility, since this would involve a large range of temperature suffi-
cient to caus3 physiological complications.

H. Erdmann3 considers that the volatility of a perfume does not
depend on its vapour tension alone but also on its specific solubility in
the air. This he deduced from the fact that certain bodies lose, more or
less completely, their odours in liquid air, but that on shaking the
mixtures the odours become strongly apparent. He argues therefore that

1 Jour. Chem. Soc., A. i. 1917, 606. 2P. and E.O.R., 1917, viii. 278.
3Jour. Prakt. Chem., 1900, 225.

(25)
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the perfumes dissolved in the liquid air evaporate with it in spite of the
fact that the temperature is in the region of - 190° C.

This is a doubtful conclusion since if temperature-vapour tension
curves for volatile substances be examined it will be seen that at low
temperatures the rate of diminution of the vapour tension falls off
rapidly and hence the-vapour tension at - 190° C. is often not vastly
different from what it is at normal temperature, and hence is not by any
means negligible when we take into account the very small quantity of
substance that needs to be inspired in order for its odour to be percep-
tible.

It has been satisfactorily demonstrated by Henning that the vapours
of odoriferous substances obey the general gas laws, and there is conse-
quently no need to assume any additional factor of the nature of specific
solubility.

A. Durand 1 attributes the sense of smell to " odourant ions". He
found that bodies such as musk and camphor greatly increase the condens-
ing power of dust free air for aqueous vapour and that the more strongly
odorous the air is, the greater becomes that effect, the amount of con-
densation being proportional to the number and the size of the ions in
the air. He considers that it is upon these "odourant ions" that the
sense of smell depends, and that this accounts for the fact that hygro-
metric conditions influence the sense. When air containing the perfume
is inspired, the odourant ions are retained in the olfactory region and
give rise to the sensation of smell.

The fact that the hygrometric state of the air influences the sense of
smell is probably more validly explained by the fact that moist air is
capable of carrying a larger proportion of the vapour of a volatile sub-
stance than is dry air.

It is interesting in this connection to note that Zwaardemaker 2 has
found that dilute aqueous solutions of odorous substances when sprayed
from an earthed sprayer yield a cloud having a positive charge of elec-
tricity. He found that on diluting these solutions to such an extent that
the electrical phenomenon is only just appreciable, the odour is also just
appreciable, but he found that the phenomenon is exhibited by other
substances which are inodorous but physiologically active. In a similar
manner Backmann 3 compared the smallest quantities of benzene,
toluene, xylene, cumene, and durene that can be detected by the
olfactory organ. He found that the quantity diminishes as the number
of substituent methyl groups increases, also that the electrical charge
produced by spraying equimolecular aqueous solutions increases from
benzene to xylene and then diminishes.

In spite of the coincidences shown above it is doubtful if there is any
connection between odour and electrical charge. Heller 4 discards the
view that odour is of an electrical nature and criticises very severely an
electronic theory put forward by Tudat.5

Teudt considers that the nasal sensory nerves have electron vibrations
which are increased by resonance when odoriferous substances having cor-
responding intramolecular electron vibrations are inspired with air, and he
concludes that a chemical element can the more readily induce odour in

1 Comptes Rendus., 1918, 166, 129.2 Jour. Chem. 6'oc., 1917, A. ii. 63 ; 1918, A. ii. 351; 1920, A. ii. 74.:1 Ibid., 1917, A. i. 498. 4P. and E.O.R., 1920, 38.*Ibid.9 1920, 12; and Jour. Chem. Soc., 1919, A. i. 607.
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its compounds in proportion as its electrons are more firmly united to
the atomic nucleus.

While there is little reason seriously to consider Teudt's first con-
ception, yet there is some justification for his second one, because the
osmophoric elements are all grouped together in the periodic table and
are therefore likely to have a fundamental common characteristic.

Of historical interest is Tyndall's observation,1 made so long ago as
1865, that gases with an odour possess the power of absorbing radiant
heat to a marked degree. Grijns 2 in 1919 was not able to detect any
relation between the intensity of the odour and its power of absorbing
radiant heat, and he therefore concluded that the stimulation of the
olfactory apparatus is not effected by the liberation of energy absorbed
from radiant heat.

The actual mechanism or process involved in the operation of smell-
ing is not exactly known. The most important investigation in this
direction is that of Backmann 3 He observed that in order that a sub-
stance may be odorous it must be sufficiently soluble in both water and
in the lipoid fats of the nose cells. The odours of the saturated aliphatic
alcohols first increase as the molecular weight increases and then de-
crease. The lower alcohols arecomparatively odourless because of their
low degree of solubility in the lipoid fats, while on the other hand the
highest, members are odourless because of their insolubility in water.
The intermediate alcohols which are soluble in both fats and water have
powerful odours. Backmann used olive oil in his experiments as a sub-
stitute for the lipoid fats.

This explanation is probably applicable to the results recorded by
Passy,4 who found that with the homologous aliphatic acids the strength
of the odour—as measured by the reciprocal of the smallest quantity that
could be perceived—of formic acid is comparatively small, a maximum
is reached with butyric acid and after diminution to the weak oenanthic
acid, another maximum is reached with pelargonic acid, thereafter the
odour diminishes very rapidly.

Backmann's conclusions are of the highest importance and give a
reasonable explanation of many facts concerning the odours of substances,
such as the almost invariable rule that substances of high molecular
weight are odourless; the increase in the strength of the odours of
members of a homologous series to a maximum and subsequent diminu-
tion ; the lack of odour with the sugars and so on. Possibly also the
consistent lack of odour of polyhydroxy alcohols generally and of poly-
carboxylic acids may be satisfactorily explained in a similar manner.

In this connection it is interesting to recall Kremer's experiments 5

By means of a spectroscopic method, Kremer demonstrated that when air
saturated with an odoriferous substance such as pyridine or camphor is
bubbled through a liquid containing a lipoid—such as a suspension of
lecithin of a fatty animal tissue in Ringer's solution—more of the
odoriferous substance is adsorbed than when the saturated air passes
through water only.

It appears from this that some sort of reaction, physical or chemical,
takes place between odoriferous bodies and the lipoid fats of the

lHeat as a Mode of Motion, London, 1865, 366.2 Jour. Chem. Soc. , A. I. 1919, 423.
' / Physiol. Path, gener al, 1917, 17, 1 ; Jour. Chem. Soc. , \ I. 1918,88.
*Zeit. Angew. Chem., 1900, 103 'Jour. Chem. Soc., A. i. 1917, 607.
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olfactory organ. Buzicka x goes so far as to define an odoriferous body
as one which is soluble in the air (i.e. volatile) and which reacts chemically
with substances in the mucous membrane of the nose stimulating the
nose nerves. Haller 2 also considers that the action is undoubtedly of
a chemical nature and that the odoriferous molecule undergoes a change
of some kind.

That odoriferous bodies must undergo a change in the nose follows
from the simple fact that the sensation only lasts for a short while after
the removal of the source of odour. The substances in the mucus
membrane by means of which the odoriferous body is " fixed " are termed
" osmoceptors " by Euzicka.

The well-known phenomenon of smell-fatigue is explained by the
theory that actual chemical reaction takes place between the odoriferous
body and some reacting material in the nose ; thus it can easily be con-
ceived that some sort of addition reaction takes place and that directly
the osmoceptor in the nose becomes saturated no further reaction is
possible and no further odour can be appreciated until fresh osmoceptor
has been formed. Buzicka has suggested that two such osmoceptors
are involved since substances inspired in a concentrated state have
odours different to those perceived in a dilute condition. He suggests
that one osmoceptor reacts more readily than the other and in conse-
quence is the more readily saturated or consumed, this osmoceptor is
responsible for the sensation produced when dilute odours are inspired.
If the odour be concentrated, the first osmoceptor is saturated almost
instantaneously and then the sensation produced is the result of the
reaction between the odoriferous substance and the second osmoceptor.

These conceptions fit in very well with the facts and are probably
not far from the truth.

It seems likely that the sequence of events in the process of smelling
is, after the odoriferous substance has reached the nostrils, first for the
substance to dissolve in the aqueous outer layer, thence passing to the
lipoid fats, wherein an addition reaction takes place, causing a change
of energy which produces a sensation perceptible to the nervous centre.

It will be realised that the strength of an odour may suffer successive
diminutions in the process of smelling. It will be governed firstly, by the
vapour pressure .of the odoriferous body, secondly, by the degree of
solubility of the substance in water, thirdly, to its relative solubility in
the lipoid fats with respect to that in water, and, lastly, to the speed of
the chemical reaction. To a less extent the type of odour is similarly
governed and this may account for the many " shades " of odour that exist.
It is obvious that too much importance must not be placed on the
chemical aspect of the problem, especially as regards the strength of an
odour.

The first publication of importance regarding the relationship between
odour and chemical constitution per se, is that of Klimont,3 who at-
tempted an explanation on the lines of Witt's colour theory.4 Klimont
introduced the term " aromataphore " to designate groups which carry a
pleasant odour with them. '

Bupe and Majewski5 renamed such groups " osmophores " and de-

1 P. and E.O.R., 1920, 37. 2 Ibid., 39.3 Die Synthetische und Isolierten Aromatea, Leipzig, 1899-J Berichte, 1876, 522 and 1888, 325. 5 Ibid., 1897, 2444, and 1900, 3401.
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fined them as groups which confer a characteristic odour; such groups
are:—
—OH ; —0— ; —CHO ; —CO . CH3 ; —OCH3; —NO2; —CN ; —N3.

They stated that the influence of these groups is not easily definable
with exactness and that the presence of other groups may modify pro-
foundly their effect, even so far as entirely to suppress the odour.

Kupe and Majewski attempted to determine by experiment the influence
of the relative positions of osmophores on each other in the same molecule.
In the case of the three methyl tri-azo-benzoates no great difference in
the type of odour exists, only a difference in the strengths, the para com-
pound being the strongest and the ortho the weakest. Of the three
methoxy-acetophenones, as another example, the meta isomer is almost
odourless in comparison with the ortho and para.

Rupe also found that one osmophore can be replaced by another
without greatly altering the type of the odour, thus vanilline, p-mtro-
guaiacol, and _p-cyanoguaiacol all have similar odours but varying in
strength.

Cohnl instanced a similar phenomenon in the similarity of the
odours of, benzaldehyde, nitro-benzene, benzonitrile, azimidobenzene, and
phenyldi-imide. He developed the " osmophore " theory and introduced
the terms " kakosmophore " and " enosmophore " to indicate those groups
which impart an upleasant and a pleasant odour respectively. The
kakosmophore groups are :—

—SH ; —S— ; —NC ; —As—but —CN is enosmophoric.
Cohn also drew attention to the fact that the molecular weight must

not be excessive if the substance is to have an odour, and that it frequently
happens that the addition of more osmophores to an odoriferous molecule
results in odourlessness due to an excessive molecular weight.

Itishould be noticed that the similarity between the osmophore theory
and Witt's chromophore colour theory does not extend much beyond the
initial conception and there seems to be no connection between the odour
and the colour of a body, it is indeed quite the exception for a body to
have both a strong odour and a strong colour. Two prolific sources of
colour, viz. the diazo group and a large molecule have no counterpart as
regards odour, and it is probably only by chance that quinone and
chroman both have pronounced odours and are the sources of colour.

The lack of connection between the two phenomena is, of course, to
be expected since colour is an objective phenomenon whereas odour is
subjective, or, as Kuzicka puts it, colour has a physical and odour a
chemical influence on the human senses.

Cohn points out that position isomerism is of the greatest importance
as regards the odours of isomerides, this is strikingly instanced in the
case of the tri-nitro tertiary butyl xylenes since the only one possessing
the powerful musk odour is that in which the nitro groups are situated
each in the meta position to the two others; again the ortho-amido-
benzaldehyde has a strong odour but the meta and para isomerides are
odourless.

Cohn concludes that with benzenoid bodies " side chains " only im-
part odour when they occupy the ortho or para positions relatively to
one another, and he further states that the 1 .3 .4 positions are the most

1 Die Riechstoffe, 1904-
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favourable for the production of odour. Many instances can be quoted in
refutation of these statements. It is, however, an undoubted fact that
the para isomers tend to possess stronger and more pleasant odours than
either the ortho or the meta.

One of the most important publications on this subject, considered
from the chemical side, is that of Gertrude Woker.1 This investigator
drew attention to the importance of multiple bonding. The double bond
is often accompanied by a pleasant, but the triple or acetylenic linkage
generally produces a disagreeable smell; a multiplicity of double bond
can produce an effect equivalent to a triple bond.

Inasmuch as the terms pleasant and disagreeable are merely relative,
these statements are not capable of being accurately examined, but with-
out doubt there is a strong tendency for multiple bonding to produce a
strengthening of the odours.

Woker attributes this fact to an internal tension or strain caused by
the multiple bonding and the consequent increase in the volatility of the
body. Thus by loading one and the same carbon atom in a molecule
with the same or similar groups each having the same " polarity,"—as in
the case of tertiary compounds—great intramolecular repelling forces are
set up, and this results in the well-known camphor type of odour which
almost invariably accompanies compounds with tertiary carbon atoms.
A group of opposite " sign " operates against the other three and has a
great influence, thus —COOH will greatly weaken the effect of three
methyl groups.

Woker attempts to apply this strain theory to ring compounds, and
considers that the five carbon atom ring produces less strongly odoured
substances than any other and points out that, according to Baeyer's
strain theory, the five carbon ring has the least internal tension. It is
very doubtful if this contention is correct, since the penta-methylenes do
not seem to be less strongly odoured than other polymethylene ring
compounds.2

Woker points out that the closing of a chain compound to form a ring
compound does not affect the odour much, thus the aliphatic terpineol
of W. H. Perkin, Jr.,3 2*3 di-methyl 5 hexenol 2 has a very similar
odour to a-terpineol, their respective formulae being :—
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C H !

c .CH3
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1
CH,
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-" \\
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/ \

CH3 CH3
2*3 di-methyl 5 hexenol 2. a-Terpineol.

If the closing of the chain involves the disappearance of double bonds

lJour. Phys. Chem., 1906, x. 455
- Cf. P. and E.O.R., May, 1919, 115, 123.:; Schimmel's Report, April, 1907, 113.




