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The purpose of this work was to investigate possibilities 
of raising lavender in Oregon of desirable qualities and. 

yield. This was carried out by analysis and study of the 
properties of the oil obtained therefrom in order that a 
comparison with other kinds of lavender oil might be made. 
It was also necessary to make a study of the methods of 
cultivation, harvesting, and extraction of the oil. 

After deoiding upon the species of the lavender the 
physical properties of the oil were determined and found to 
coincide most closely to those of the oil obtained from the 
English variety of Lavandula vera. 

On isolation the most abundant chemical constituents 
of the oil determined were ethyl amyl ketone, limonene, and. 

linalool. The separation of these constituents was carried 
out by fractional distillation in a specially designed vacuum 
still. The constituents were similar to those of the 
English oil. 

This English oil is consia'ed to have the most desirable 
qualities as a perfume and demands the highest price of the 
many different lavender oils. From this comparison and th 
excellent odor of the oil it was concluded that it was an 
oil of good quality. 

From the standpoint of quality end yield of the oil 
from the plant the possibilities of raising lavender in 
Oregon seem quite favorable. 
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AN INVESTIGATION OF THE OIL OF LAVANDULA VERA 
CULTIVATED IN OREGON 

Purpose 

This work was undertaken in order to investigate 

the possibilities of raising lavender in Oregon and to 

determine the value of the oil produced through analysis 

and properties of the oil. 

Introduction 

To carry out the objective a study was made of the 

different species of lavender, composition and properties 

of several of the more common lavender oils, cultivation 

and harvesting of the plant, and extraction of the oil. 

With this background comparisons of the exerimental plant 

with other plants could be made leading to identification 

of the species of the plant. Most important was deter- 

mination of the physical properties and analysis of the 

oil as this gives a thorough means of comparing this oil 

with any other oil. Cultivation, harvesting and distilla- 

tion studies were informative In indicating possible 

yields of the flowers and oil to be expected and in di- 

recting procedure to obtain the best yield and quality of 

oil possible. 



History of Lavender 

The various species which compose this genus of 

labiate plants, although presenting very characteristic 

differences, merge gradually from one species to another. 

Therefore, the oily distillates from the several species 

of lavender were originally all designated by one name, 

"spike oil»' It was not until the latter part of the 

sixteenth century that a distinction was made between the 

most extreme species, mainly spike oil and lavender oil. 

According to Gildemeister and Hoffmann (3) lavender 

was Introduced Into southern France first as Lavandula 

Stoechas L. by the Phoceans, Greek emigrants from Asia 

Minor, who colonized the coast of the Bay of Lyons and 

founded Marseilles about 600 B. C. 

In all probability, L. Stoechas, which is native to 

the Mediterranean coast lands, was first used in the dis- 

tillation of spike oil. During the middle ages L. 

Stoechas was used together with L. Spica, and later L. 

vera and L. latlfolia were introduced. Indeed, the name 

Lavand.ula had its origin In Italy during the later middle 

ages. 

Medicinally, oil of spike was used during the early 

middle ages by the physicians of the Alexandrian School, 

In European medical treatises it has been recommended 
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for the preparation of an eye remedy. As early as the 

fourteenth century, the flowers of L. spica were used for 

filling the pillows of healthy persons as well as the 

sick. Oleum spicas was included among three esental 

oils, the others being tuientine and juniper, as the first 

three listed in the original edition of the Dispensatoriurn 

Noricurn of 15143. One pharmacopoeia, the Pharmacopoeia 

Auistana of Occo contained only Oleuni splcae up to 1613 

and, from that date on also Oleum lavandulae. Spike oil 

was also mentioned in the oldest drug and price ordinances 

of G'erman cities. From these instances spike or sometimes 

called spikenard is rightfully referred to as the univer- 

sally known plant. 

After the introduction of Lavandula Stoechas into 

France and Spain it was not until the sixteenth century 

that several species of lavender were cultivated. In 

England and Germany. 

Lavender has always been a garden favorite since 

ancient times because of its pleasant and enduring odor. 

It was probably first used. as the flower itself for per- 

fumery and later the oil was extracted and used In per- 

fumes and soaps. The species L. epica which does not 

have such a fragrant odor as the other species Is most 

commonly used in the paint Industry for preparation of 

special varnishes used. on good. chinaware, 
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Species of Lavender 

All the species of the lavandula genus of the labiate 

plants are small ligneous underehrubs from one to three 

feet in height. The plants have a thin bark which de- 

taches itself in scales. The leaves are linear and cover- 

ed with hairs which give the plant a hoary appearance. In 

this genus there are around twenty different species. A 

few of the most imortant species are contacted often 

while the more obsolete species are seldom encountered. 

Of the Lavandula genus the different species are Lavandula 

vera, L. epica, L. Stoechas, L. pedunculata, L. viridis, 

L. dentata, L. heterophylla, L. Pyrenaica, L. pinnata, 

L. coronopifolia, L. latlfolia, L. abrotanoid.es, L. Lawli, 

L. multifi.da or L. Burmannii, L. lanata, and L. anguste- 

folia. Of these species the most commonly known are 

L. spica, L. Stoechas, and. L. vera. 

The most valuavie because of the superior delicacy 

of its perfume is L. vera which is found growing on sterile 

hills and stony declivities. It is a native of Persia, 

the Canaries and the Mediterranean region. It covers 

vast tracts of dry land. in Spain, Italy, and southern 

France. The plant is cultivated to the greatest extent 

in the last named country. The best plants are cultivated 

in gland in the neighborhoods of Mitcham, Axnpthill, 
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Hitchin and. Canterbury. In the eastern United States lt 

is grown In but few gardens, but in California and Oregon 

where climatic and soil conditions seem favorable, lt is 

more commonly planted, though not uion a commercial basis. 

The L. vera cultivated in England as described by 

J. C. Sawyer () presents the appearance of an evergreen 

undershrub about two feet high with greyi8h green oblong 

linear leaves rolled under at the edges when young. When 

favorably located a single plant will form a bush five 

feet In diameter and shoot up spires about five feet high. 

The flowers are borne on a spike composed of six to ten 

verticillasters more widely separated at the base of the 

spike. The floral leaves are rhomboidal, accuminate, and 

membranous, the upper ones being shorter than the calyces. 

The bracts are obovated and. almost absent. The calyces 

are bluish, nearly cylindrical contracted towards the 

mouth and ribbed. with many veins. The corolla Is of a 

pale bluish violet. Both the corolla and. calyx are cover- 

ed. with stellate hairs amongst which are imbed.ded. shining 

oil-glands, to which the fragrance of the plant is due. 

Lavandula spica flourishes generally spcaking in 

the same districts a L. vera and, grows to a very large 

extent and. freely In Spain. It is distinguIshed from the 

L. vera by Its lower habitat; by being dwarfer than the 

true lavender or L. vera; much whiter in color; the leaves 



more congested at the base of the branches; the spikes 

denser and shorter; the floral leaves lanceolate or linear; 

and the bracts are linear-awl-shped, shorter than the 

calyx. 

Lavandula Stoechas is found wild in southern Europe 

and North Africa. It is cultivated In southern Califor- 

nia. Its leaves are oblong linear, about half an inch 

long in the wild state and all of an inch long when cul- 

tivated. The spike is tetragonal, compact, with a tuft 

of purple leaves at the top. The calyces are ovate and 

slightly shorter than the tube of the corolla. 

Lavandula dentata is found in the Mediterranean 

region. Its leaves are pubescent, it has long-peduncled 

spikes and the flowers are a deep purple. 
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Lavender Oils 

There are naturally with so many species of lavender, 

the different varieties, and the hybrids, many variations 

in the oils of lavender, regarding chemical composition 

and physical properties. Nevertheless among the different 

species and their different varieties there is a definite 

range of physical constants and chemical properties for 

each oil which helps identify and classify said oil. The 

properties usually desired of the oils are specific grav- 

ity, optical rotatory powers, refractive index, solubility 

in 70 per cent ethanol, ester percentage calculated as 

linalool and the acid value is given for some oils. The 

chemical composition where this has been particularly 

determined is also given. Following are inclusive proper- 

ties of the more common oils. These were accumulated from 

several sources. 

The oil of L. vera is considered superior to other 

species. In this species there are several distinct var- 

ieties depending upon the location in which they are 

raised. Three important varieties of this species are 

English, French, and Italian. 

The English oil has an unexcelled odor as is in- 

dicated by its greater cost. It contains minute traces 

of low boiling constituents and has been reported to 



contain linalool, linalyl acetate, cineol, geraniol, 

lirnonene arid a sesquiterpene. ThIs oil has the follow- 

ing properties: 

Ester rercent......11- to lo. 
Specif i.e gravlty...O.76 to o.g96 at 200. 

Optical rotation...-6° to _100 in a 100 min. 

tube at 25°. 

Refractive index...l.1614- to 1.1-1.72 at 200. 

Solub1lity........l in 3 of 70% alcohol. 

The solubility is quite an Important factor in the 

determination of adulteration of this oil with turpen- 

tine. This can be detected easily as It makes the oil 

more inaoluble. 

The French variety of L. vera also has a very fine 

odor and by sorne authorities is considered- to be equal in 

quality to the English oil, however it does not demand 

as high a price. The oil consists in a large part of 

lInalool and its acetate ester. Ester percentage has been 

reported as low as 2 per cent and as high as 65 per cent. 

Other constituentsthat have been reported present are 

valerle aldehyde, amyl alcohol, pinene, clneole, hep- 

tenone3, d-borneol, geraniol, geranyl esters, coumarin 

and caryophylene. This oil has the following properties: 

Specific grev1ty...0.75 to 0.9l at 
250. 

Optical rotation,..-3° to _100. 

Refract±ve Index...l.60 to 1.1.7o at 

20°. 

Solubility ........ .1 in 3 to 
1 of 70% 

alcohol. 



The Italian oli has the following properties: 

Specific gravlty...0.2 to 0.7 at 25°. 
Optical rotation...-6° to -.10°. 
Ester per cent.. ...20 to 29. 
Soiubility.........l In 2 of 70% alcohol. 

The species Lavandula spica yields spike oil a yel- 

lowish liquid of a camphor-like odor, reminding one of 

lavender and. rosemary. The first constituent identified 

with certainty was camphor, other reported constituents 

are pinene cineol, llrialool, borneol 23 per cent to 

11.1 per cent, canmhene, terpineol, and geraniol present in 

small quantities. 

French spike oil has the following properties: 

Specific gravity...0.O4 to 0.920. 
Optical rotation...-2 to 47°. 
Refractive Index...i.t-61l-0 to l.1-I6Eo at 20 
Solubility. ...... ..l in 3 of 70% alcohol. 
Ester content......l to 5 per cent. 
Alcohol content....20 to 32 per cent. 

Spanish spike oil has the following properties: 

Specific gravity...0.003 to 0.922 at 20°. 
Optical rotation,. .-5 to4129 
Refractive index...l.167 at 20°. 
Solubility. ....... .1 in 2 of 70% alcohol. 
Ester per cent.....l to 7. 
Alcohol............30 per cent, calculaed 

as borneol. 

Spike oil from flritish East Africa has the following 

properties: 

Specific gravity...O.E491- at 20e. 
Optical rotation...-lO.3°. 
Refractive index...l»460 at 20°. 
Ester per cent.....]. to 1i. 

Alcohol eontent....about 144.1 per cent. 
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Lavandula Stoechas yields an oil which is very simi- 

lar in odor to that of L. dentata resembling rosemary 

rather than lavender. The oil contains cineol, d camphor, 

d fenchone, fenchyl alcohol, and terpineol. The oil has 

the following properties: 

Specific gravity...0.930 to 0.95 
Optical rotation....-36° to -4O 
Refractive index... .1.11.70 to 1.11.7 

Acid value. ....... .2 to 11.. 

Ester percentage...about 20. 
Solubility ......... 1 in 3 to L of 

at 25°. 

3 at 25°. 

70% alco.hol. 

Lavandula dentata oil is not commercially distilled 

from the unmixed herb but with other lavender species 

especially in Spain and to a smaller extent in France. 

The oil resembles rosemary in odor having a distinctly 

camphoraceous odor. Determined constituents are o cam- 

phor, d fenchone and f enchyl alcohol. The oil hes the 

following properties: 

Specific gravity...0.9Ll2 to 0.63 at 25°. 
Optical rotation...4320 to .g.114 

Refractive index...l.14.6O to 1.11-0o at 25°. 
Acid. value ......... 12 to 25. 
Ester value ....... .12 to 25 
Solubility ........ .1 in 2 to 3 ov 70% alcohol. 

Lavandula pendunculata oil is obtained largely from 

plants growing in Portugal. It has a fairly large cineol 

content. The oil has the following properties: 

Specific gravity...O.939 at 25°. 
Optical rotation. . 

Ester content. . . . ..39 per cent. 
Solubility ......... i in 2 of 70% alcohol. 

Commercially it has little or no value. 
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Lavandula Burrnanhi oil obtained from India is one 

of exceptional qualities as reported by Finnemore (2), 

in that the leaves also yield an oil as well as the 

flowers. The flower oil contains some fenchone and has 

the following properties: 

Specific gravity. ..O.2l to 0.931 
Optical rotation...-i2 
Acid value....... . .1.9. 
Ester corint ...... .approximately 20 per cent. 

Lavindin oil is obtained from a hybrid, a cross 

between L. vera and L. spica. The influence of cross 

fertilization produces an oil which behaves like a 

mixture of lavender and apike oil. As the oil approaches 

true lavender oil not only the ester content and the 

alcohol content increase but also a gradual change takes 

place in the proportion of borneol to linalool and 

geraniol. When the oil is more like spike oil, borneol 

predominates and diminishes more and more when the oil 

becomes more like lavender. As is obvious the composition 

of lavandin oil has the possibility of varying consider- 

ably from true lavender to almost true spiYe oil. How- 

ever the typical lavandin which has been gathered in 

France has a characteristic composition. The oil has the 

following properties: 
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Specific gravIty...O.995 to 0.9027 
at 200. 

Optical rotation...about -i°. 
Ester content ..... .6 to 10 per cent. 
Alcohol content....35 per cent, calculated 

as borneol. 
Solubility ......... 1 In 14. of 70% alcohol. 

These above mentioned oils present the more common 

varieties and species of the lavender plants from which 

they were obta±ned. Each set of constants hold for one 

oil and it is true that practically every different oil 

from the different varieties and. species h&s a different 

composition. Even oils of the same variety will vary 

somewhat depending upon their location on cultivation. 

Therefore we might well say that the physical properties 

and the chemical composition of an oil depend upon the 

species, variety, and place of cultivation. 
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Cultivation and Harvesting 

Lavender grows from sea level to an altitude as 

high as 15OO feet and not beyond the 14-6th degree lati- 

tude. According to Bailey (1), propagation is best carried 

on by setting out cuttings, taken with a heel of old wood 

in the late autumn or early string. These cuttings are 

set 3 to ¿4. inches apart in rather moist soil and shaded. 

Seed is not recommended as it propagates undesirable 

varieties which are more susceptible to disease than those 

made from young wood cuttings. After a period of a year 

the original cuttings are ready to be set out in rows. 

This is in the early spring after any danger of frost. 

The one-year-old plants are set four feet asunder in rows 

six feet apart running north and south. Plenty of raom 

for the plants is most desirable and pays eventually with 

a large quantity of bloom. 

The soil recommended as being best Is a dry, chalky, 

clay-like loam. If the soil is too moist so much water 

enters the plant as to enfeeble it, and in cases where the 

land is rich the yield of the oil suffers. Upon the 

recommended soil fewer plants are injured by frost and 

the oil is of superior quality. The growth of the plant 

is favored by sites away from shade and preferably on the 

sunny southern slopes of hills. 
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Fertilization is important anc3.. light fertilizing 

with stable manure or ashes turned under in the autunin 

and string harrowing is advised. Experimental evidence 

as shown by Finnemore (2) with artificial fertilizers 

points to a 100 per cent increase in yield when using 

sodium nitrcte, ammonium sulfate, or super phosphate. 

If the soil is not fertilized plantations should be 

destroyed when four to six years old and the land rest- 

ed with other crops before setting to lavender again. 

During the first year in the fields the plants should be 

clipped to prevent flowering and to encourage stockiness. 

Healthy plants so treated may grow to a height and dia- 

meter of five feet and when two to four years old produce 

secondary bloom spikes after the general harvest. 

Harvesting should take place early in August just 

before the blossom is in full bloom. Cutting in clear 

weather before the dew is off and distilling immediately 

gives the best results. No delay should occur between 

time of cutting and di.stillation as the flowers tend to 

lose the volatile oil. Cutting in wet weather decreases 

the yield of the oil. Harvesting in the heat of the day 

and exposing the blossoms to the sun gives rise to poor 

yield and inferior oil. The harvesting is carried on by 

hand. The flowers are cut with cutting shears taking 

as little of the spikes as possible and still obtaining 
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all of the blossoms. These blossoms are placed in sacks 

and imriediately sent to the still. 
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Dist11at1on 

0± the corumon methods for extraction of essential 

oils, namely steam distillation, water distillation, ex- 

traction with volatile solvent, enfleurage and ruaceration, 

water distillation and steam distillation are most com- 

monly used on lavender. Although the number of water 

stills greatly outnumber the steam stills due to the past 

practices the steam stills are gradually replacing the 

water stills due to their greater efficiency in produc- 

ing a better yield and a higher-ester-content oil. 

Schimmel and Co. (9) have carried out experiments com- 

paring the two methods and obtained consistant res4ts 

favoring steam distillation. 

When the flowers are extracted by water distillation 

a large copper still is used and can be directly heated 

by flame or by live steam. If a naked fire is used it is 

customary to suspend the charge of flowers in a basket 

of sheet copper containing many perforations all over it 

to allow the circulation of water. This basket under 

operating conditions is placed about one inch from the 

bottom and sides of the still on copper legs and is sub- 

merged In water. The body of the still is usually very 

shallow compared to Its width in order to allow the oil to 

pass over rapidi.y and get away from the source of heat. 
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As the hot vapors pass over from the still they are con- 

densed by a simple Liebig type of water condenser. This 

is the status of the small field still. Large scale 

production uses a much larger still taking a charge of' 

around three tons of flowers and about 2,000 gallons of 

water. Such a batch will be processed for three to four 

hours and the still cleaned out ready for the next batch. 

If the flowers are to be steam distilled the still 

is filled with a charge of the flowers and the live steam 

is passed into them. The cell walls of the oil glands 

are very tender and steam at atmospheric pressure and 

loo degrees is sufficient to rupture these cells and carry 

over the oil. This tye of distillation is unually always 

carried out on a large scale. For these large stills the 

simple Liebig type of condenser is insufficient for con- 

deneing the hot vapors completely and multiple tube 

condensers must be used. The capacity of these stills 

is as large as 2,500 cubic feet. 

In 1926 according to Finnemore (2) in France there 

were 127 steam stills and 2,256 naked fire stills. 

The question has been raised as to the value of the 

flower stalks and branches and leaves in the yield of 

oil. This has been answered in the negative by several 

investigators for the common commercial species of 

lavender. It is for this reason that only the blossoms 



are used in extraction of the oil. However, as mentioned 

before, one species, L. Burrnannii, gives a yield of oil 

from the leaves. 

After the oil has been water or steam distilled lt 
usually has a herb-li1e odor, and as its fragrance Is 

greatly altered by exposure to alr and sunlight it is 

customary to store it in a dark cool place over calcium 

chloride after separation from the water layer. 

The yield of lavender flowers per acre estirnats to 

be from 0.5 ton to 1.0 ton depending upon cultivation 

conditions. The yield of oil from the flowers is usually 

in the neighborhood of 1 per cent varying from O.i per 

cent to 1.5 per cent of the weight of the flowers. This 

gives for the yield of oil ten to twenty pounds per acre. 

First year plants seldom yield more, than ten pounds and 

as low as five. In good years the yield per acre runs 

as high as twenty-five pounds of oil. These yields are 

for the variety L. vera which gives a representative 

estimate of all the coruniercially raised species. 

The countries foremost In the production of lavender 

oils are France, England, Spain and Italy. France 

produces the largest amount. To gthve sorne idea as to the 

extent of the lavender oil industry, following are some 

quotations largely on the French crops, exportations, and 

prices over a period of several years. These values have 
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been taken from Schimmel and Co. Reports (9). 

In 1907 France produced 50,000 to 6o,000 
kilograrne of lavender oil worth 700,000 francs. 

In 1922 SpanIsh exports to the United 
States amounted to 99,171 pounds of oil at 
75,965. Total Imports into the United States 

in this rcar amounted to 153,4-95 pounds valued 
at 393,34-. 

In 1925 France produced 120,000 kilos 
of oil valued at 3,500,000 francs. The market 
price fluctuated from 250 francs to 330 francs 
per kilo of oil. 

In 1931 the total oil on hand in France 
was 95 tons, 65 tons from the years harvest 
and 30 tons from the preceding year. In this 
year 93,000 pounds of oil worth 231l.,000 was 
exported from France. 

In 19311. the year's harvest amounted to 
50 tons and the total on hand was 5 tons. 
Market prices varied from 70 to 125 francs 
per kilo. Italy produced 10 tons this year 
which was largely bought by French concerns. 

In 1935, 55 tons were harvested and with 
five tons from the preceding year 60 tons were 
available. The market price varied from 110 
to 300 francs per kilo. 

In 1936 the total oil on hand amounted 
to 55 tons. The market price of the oil 
ranged from 175 to 210 francs per kilo. 

At the present time in this country French lavender 

oil of 30 per cent ester content can be purchased at 

2.30 a pound. and oil of 110 per cent ester at 3.65 a 

pound. glish oils are much more expensive. At present 

they are priced at 20.60 per pound. 
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Experimental Lavender 

The acreage of lavender from which the oil under 

investigation was obtained Is located in the prune or- 

chard district near Dundee, Oregon. The plants were 

started from cuttings taken from garden lavender grow- 

Ing in Salem. They were placed in rows five feet between 

rows and three feet between plants on the northern hill 

slopes. These clippings were set out in the spring of 

1930 by Miss M. I. Downing of Salem, Oregon, and cover a 

total of approximately one-third of an acre. The soil is 

of the red clay type, and. from all appearances of plant 

growth seems quite desirable for cultivation of lavender. 

Each plant, after a period of dive years, developed into 

a shrub of about four feet in diameter and two to three 

feet high. 

The characteristics of the shrub which identify 

it as Lavandula vera are greenish gray oblong linear 

leaves, the bracts almost absent, the calyx and corolla 

both of bluish color and both covered with sellate hairs. 

A portion of the acreage was harvested in the late 

summer of 1936, and the oil extracted from the blossom 

by steam distillation. Also, in the summer of 1937 a 

crop from a different section of the acreage was harvest- 

ed, and the oil likewise steam distilled from the blossoms. 
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The oil after distillation was separated from the water 
and stored in a dark cool place over calcium chloride. 

The first year harvest from O.O acre amounted to 

170 pounds of flowers from which 1.35 pounds of oil were 

distilled. The second year's harvest from 0.13 acre 

amounted to 250 pounds of flowers from which 2.20 pounds 

of oil were distilled. The yield of oil for both years 

approximates O.g5 per cent of the flowers and 17 pounds 

per acre. 
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Properties of the Oil 

The oil obtained from these two harvests was analys- 

ed and its properties determined, the properties of the 

oil that were determined were ester percentage, specific 

gravity, refractive index, optical rotation, acetyl value, 

solubility in alcohol, and iodine number. 

The ester determination was carried out as follows: 

A two gram sample of the oil was weighed out exactly. 

This was then saponified by refluxing the oil with 15 cc. 

of approximately 1 N alcoholic potassium hydroxide for 

two hours. By titrating the unused base in the saponi- 

fication the amount of base used to saponify the oil was 

determined by difference. Knowing the amount of potassium 

hydroxide used for saponification, the normality, N, of 

the alcoholic potassium hydroxide, the grams of oil used, 

and the molecular weight (196.2) of linalyl acetate, the 

ester percentage can be calculated using the following 

equation: 

196.2 x .1o0H x NO0!L. x loo = % ester 

On ten saponification tests for each oil the average 

ester content was found to be 3.5 per cent for the 1936 

crop and 11.O per cent for the 1937 crop. For sake of 

checking procedure two different French oils of known 

ester content were run as control tests and found to 
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check within a few tenths of one per cent. 

The specific gravity was determined with a pienometer 

flask of 50 grams capacity calibrated with distilled 

water at 20 degrees centigrade. The specific gravity of 

the 1936 oil was 0.760 at 20 degrees and of the 1937 

oil 0.l0 at 20 degrees. 

The refractive index of the two oils were taken over 

a range of temperatures with an Abb'e refractometer. Two 

values for the sake of comparison were taken from the 

curves. The 1936 oil had a refractive index of 1.t.7lL at 

20 degrees and 1.14.690 at 25 degrees. The 1937 oilhhad a 

refractive index of 1.14.712 at 20 degrees and 1.14.690 at 

25 degrees. 

The solubility of the oil was determined by making 

a desired per cent alcohol-water solution and dissolving 

the oil drop by drop until solution of the oil stopped 

and a fine cloudiness began to aptear. The solubility of 

both oils based on a comparison with two French oils of 

known solubility was one volume in four volumes of 70 

per cent alcohol. The oil from the 1937 harvest was 

slightly more soluble than the oil from the preceding 

years harvest. 

The optical rotations of the two samples of oil at 

25 degrees centigrade in a lOO mm. tube were _6.90 for 

the 1936 oil and -5.6° for the 1937 oil. 
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The iodine number, although seldom reported with the 

properties of lavender oils, was determined in order to 

get some idea of the unsaturation of the oil under inves- 

tigation. The procedure used in determining the Iodine 

numbers was that given in Mallints Quantitative Analysis 

(L). The values for both 1936 and 1937 oils was found to 

be 30.2. 

The acetyl value was determined by acetylating the 

oil with acetic anhydride and saponifying the washed 

acetylated oil. See Mahin (ti) for procedure. The value 

for 1937 oil was calculated to be 11 and for the 1936 

oil 150. This value indicates a high alcohol content. 
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Separation and Analysis 

In an examination of the oil for the chemical corn- 

ponents a separation of these comoonents in pure a 

form as possible is desired. This was accomplished by 

fractional distillation under reduced pressure with the 

still shown in the photograph on page 26. This still was 

patterned after one designed by Schwartz and Bush (lo) 

with some modifications. The requirements of ari efficient 

still for separation of mixtures are, (i) a long fraction- 

ating column, (2) good column insulation, (3) column 

packing with large surface area per unit of volume oc- 

cupied, and, (tp) large reflux ratio. The still has an 

overall height of 170 centimeters. The fractionating 

column was 70 centimeters in length and made of 16 mm. 

pyrex tubing. The column was insulated with an outside 

vacuum jacket made of 2 mm. pyrex tubing. The column 

packing consisted of i to l cm. lengths of )4 mm. tubing. 

the reflux ratio was regulated by a mercury valve 0311 

located between the fractionating column 1120 and the 

receiving burette 5« As a large reflux ratio is de- 

sired the distillate is allowed to come over very slowly 

by just slightly opening the mercury valve when the 

vapors come to equilibrium. The distillate consists of 

small portions of the condensed vapors coming from the 
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spiral condenser f14." Each fraction is taken off over 

a period of time at a constant temperature and. when that 

fraction has been exhausted the temperature will usually 

increase markedly to the temperature that the next higher 

fraction comes over. Continuous opereting conditions are 

most satisfactory and time saving. For distillation of 

150 cc. of oil it took about two hours to bring the still 

to first equilibriun conditions and about 211. hours for 

complete fractÌonation. The different fractions obtained 

at the corresponding temperature range are tabulated in 

the table on page 31 and plotted as a curve on page 32. 

The fraations were redistilled under atmospheric pressure 

and from those fractions that yielded an appreciable 

amount of a constant boiling liquid the chief components 

were isolated and analysed. 

Ethyl Ainyl Ketone was found in the fraction boiling 

from degrees to 60 degrees centigrade at 7 mm. pressure. 

It was redistilled from this fraction and found to have a 

boiling point of l6 to 170 degrees and a refractive 

index of 1.24230 at 25 degrees. It did not react with 

sodium acid sulfite and it formed a sernicarbazone with a 

melting point of 116.5 degrees. These properties cor- 

respond to the properties as given by ildemeister and 

Hoffmann (3) and Mulliken (5). 
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l-Limonene was found to a large extent in the 

fraction boiling from 65 to 6 degrees at 7 mm. This 

fraction when redistilled under atmospheric pressure of 

755 mm. had a boiling point range of 1711. to 176 degrees. 

The other constants of the fraction were the following: 

refractive index Nd 1.1471 and optical rotation 
_600. 

Limonene has a boiling point of 176, refractive index 

of 1.14730, and optical rotation of -l00. The redistilled 

fraction had a strong lemon odor, reduced potassium 

permanganate and decolorized bromine. The bromide forni- 

ed by adding bromine to ari acetic acid solution of the 

fraction had a melting point the same as the tetra 

bromide of lirnonene, 1014. degrees. 

Linalool was found in the fraction boiling from 

7 to 0 degrees at 7 mm. Redistilled. at atmospheric 

pressure yielded most of the fraction at a temperature of 

197 to l9 degrees. This redistilled fraction had an 

optical rotation of _90, refractive index of 1.11.70, and 

specific gravity of o.600. These values coincide 

closely to those of linalool. The fraction adds bromine 

and. reduces potassium permanganate. The derivative 

prepared from alpha napthyl isocyanate melts at 511. 

degrees which corresponds to the alpha napthyl urethane 

of linalool. 



Other probably constituents are geraniol and 

linalyl acetate which would be contained in the fraction 

boiling from 96 to 115 degrees at 7 mm. as this fraction 

has a boiling point range 2l to 230 at 755 mm. that 

includes the boiling points of these two possibilities. 
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Conclusion 

The possibilities in raising lavener in Oregon 

compared to any other locality appear to be quite 

promising with regard to ease of raising the plant, 

Lavandula vera, and quality and yield of the oil. 

The physical properties of this oil compare most 

closely to those of the English variety of Lavaridula 

vera. The chemical comonents which consisted of a large 

percentage of linalool, some linalyl acetate, geraniol, 

ethyl amyl ketone, and 1-limonene correspond closely to 

those in the English oil. Considering properties and 

constituents it resembles the English variety more than 

any other one species or variety. This is a point in 

its favor as the English oil of Lavandula vera is the 

most costly of the lavender oils. Regardless of this 

fact the oil from the experimental lavender has such an 

excellent odor that it could probably demand a high price 

and be used in the best of perfumes and soaps. 



TABLE 

Fractions Boiling Point Boiling Point Volume Per cent 
at7mm. at76Omm. ccs. 

1 L1. to 51.1. 111.7 to 155 I-.0 2.7 

2 169 to 170 12.5 

3 6 to 6 173 to 176 30.5 20.7 

LI. 7 to Q 196 to l9 75.0 50.0 

5 96 to 115 215 to 230 19.0 12.7 

residue -- -- 6.0 

losses -- -- 3.0 2.0 
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