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I R TRODUCTION.

Although a great deal of attention has been

devoted to the oxidation by molecular oxygen (auto-

oxidation) of "drying" and "send-drying" oils, little

has been published with regard to the influence of

solvents upon the course of the oxidation of these

substances or of pure long-chain unsaturated aliphatic

compounds obtained therefrom. The most recent and

comprehensive investigation in this connection is that
1,2,3,4,5

of Morrell and Davis, who have studied the

oxidation of the maleic anhydride compounds of (A-elaeo-

stearic acid and /$ -elaeostearin. As Morrell and co¬

workers have shown, the 0^- and /3-acid compounds are

distinguished by a difference in the position of the

double bonds, as follows:-

o(-elaeostearic acid - maleie anhydride compound:-

. CH= CH x
Clio. (GH2)s.Cir CH.CH = GH(Clio)7.COOH

CH - CH V y
I I
CQ-O-CO

1. Torre11 and Davis, Trans. Faraday Soc., 32 (1936) 209

2. Morrell and Davis, J.S.C.I., 55 (1936) 237T,

3. Morrell and Davis, J.S.C.I., 55 (1936) 261T.

4. Morrell and Davis, J.S.C.I., 55 (1936) 265T.

5. Morrell, J.S.C.I., 56 (1937) 795.



j) -elaeostearic acid - maleic anhydride compound:

/GH= CH
QHg*(CHg)** CH == CH.CH\ >CH. (CH2)7.C00H

CH - CH
I I
CO-O-CO

In the experiments of Morrell and Davis , a given

quantity of oxygen was circulated continuously through

a solution of the compound, maintained at 20OC., the

apparatus employed being so designed that the rate of

absorption of the gas could be measured. It was

found that, when dissolved in glacial acetic acid,
the maleic anhydride compound of /3 -elaeostearin

.

commenced to absorb oxygen immediately the solution

was brought into contact with the gas; though the

absorption-time curve showed the usual 3-shape. With

carbon tetrachloride as solvent, however, absorption

was inappreciable during the first 99hours of contact,

but then proceeded relatively rapidly. In benzene,

the tendency to take up oxygen was even less marked,

since no absorption took place on circulating the gas

through the solution for 2i9 hours. Oxidation

commenced immediately, however, on the addition of

cobalt abietate (in petroleum ether) as catalyst.

It/

1. Page 1. ref. 1.

2. Page 1. ref. 2.
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It waa further observed that, in the case of

carbon tetrachloride and benzene, the oxidation

product separated in the form of a gel which gave a

peroxide value equivalent to three peroxide groups per

molecule. These groups were considered to result

from the oxidation of the chain ethenoid Unkings.

Ultimate analysis indicated that some oxidation had

occurred at the ring double bonds but no attempt was

made to determine the nature of the groups formed.

Since oxidation in acetic acid yielded a product

which remained dissolved in the solvent, it was possible

to follow certain changes occurring in the course of

the oxidation by withdrawing samples of the solution

at intervals for the determination of the peroxide

value and the viscosity. At first the peroxide value

rapidly increased as the absorption proceeded but

reached a maximum in about two-thirds of the time

required for complete oxidation and thereafter slowly

decreased. The decrease still continued after

oxidation was complete but ultimately a condition of

equilibrium appeared to have been reached.

In view of the ultimate decrease in peroxide value,

and, of the fact that the maximum value was only 54.5°/0
of the theoretical value for one peroxide grouping per

acid radical, it appeared that there was a continual

change of the initially formed peroxide to some more

inert form. Since the rate of increase in the viscosity

of/
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of the solution appeared to be closely related to the

rate of change in the peroxide value, Morrell and Davis
concluded that the decrease in peroxide was due to

polymerisation of the molecules through the peroxide
radicals.

Determination of the hydroxyl content of the fully

oxidised compound indicated the presence of three keto-

hydroxy groupings per molecule. Morrell and Davis give

good reason for assuming that these groupings are

formed at the ring ethenoid linkings, so that the

unpolymerised oxidation product (in the case of acetic

acid) may be represented as followsj-

0 OH
0 - 0 II |

1 1 /Q — CH
CHs(CH)3.CH-- CH . QS >H. (CH.,.)vCOO

CH- CH'
I I
CO—0—CO

CSH5

In contrast to the behaviour of the /3-elaeostearin

compound, the d-elaeostearic acid- maleic anhydride

compound showed little or no tendency to oxidise in
l p«i» y £4

glacial acetic acid . Even with cobalt acetate

present as catalyst, 24 hours elapsed before absorption

of oxygen commenced. The experimental data indicated

that/

1. Pagel ref. 1.

2. Pagel..,.. ref. 3.
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-that the ring double bond was inert towards oxygen,

while the chain double bond was oxidised to form a

keto- hydroxy grouping. No significant increase in

the viscosity was observed, which supported the view

that the increase in the case of the /3 -elaeostearin
compound was due to polymerisation through the peroxide

groupings. Oxidation of the x-elaeostearic compound

(at 100°) in the absence of solvent, but with cobalt

acetate present, gave a product identical with that

obtained in acetic acid, vizs-

0 OH
_ CH= CI-I. II I

CH3(CH2)£.CH ^ ^ ^ CH.C - CH.(OII2)7COOHCH CH
I I
co-o-co

Taken as a whole, the results of Morrell and Davis

indicate that (1) the oxidation, to peroxide, of the

chain double bond in the /3- compound takes place much

more readily in acetic acid than in carbon tetrachloride

or benzene; (2) while rapid polymerisation through the

peroxide grouping occurs in acetic acid, some form of

"molecular association" takes place in the case of the

other two solvents; (3) in general, formation of the

keto-hydroxy (ketol) grouping is a slower process than

the formation of peroxide.

The influence of the solvents on the auto-oxidation

of/



of linseed and sardine oils has been studied to 3ome
1

extent by Ueno, Okamura and 3aida . A solution of the

oil, containing cobalt linolate drier, was shaken with

oxygen (presumably at room temperature) and the rate of

the uptake of the gas determined. It was found that

the oxidation of both oils proceeded more rapidly in

acetic acid than in any other of the large number of

solvents used, including carbon tetrachloride and

petroleum ether.

As far as can be gathered, the results of only two

other investigations of solvent action have so far been

published. They may be summarised as follows.
2

According to Pranke, a mixture of linolic and linolenic

acids oxidises more rapidly in pyridine, aniline and

other basic solvents, than in solvents such as toluene,

xylene, amyX alcohol and amyl. acetate. Rona, Asraus
1

and Steineck, report that methyl linolate oxidises

more rapidly in pyridine than in benzene.

The observations of Morrell and Davis, and Ueno,

Okamura, and Saida, suggested that it would be of value

to compare the influence of acetic acid with that of

other/

1. Ueno, Okamura, and Saida, J.S.C.I., Japan, 34 (1931) 1063,

2. Pranke, Lieb. Ann., 498 (1932) 129.

3. Rona, Asmus, and Steineck, Biochem, Zeitcchr., 250 (1932) 149.
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other solvents upon the oxidation of a substance

similar in type to those studied by the above workers

but less complex in nature# In the following, an

account is given of experiments with methyl Unolate

CH3. (CH2)4.CH= GH-CHgCII= CH. (OHg ^.CQQCHg
designed to ascertain and elucidate the influence of

the solvent on the rate of oxidation and on the nature

of the processes occurring in the course of the oxidation#
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Preparation of Methyl Linolate and Linolic Acid.

P°ppy ~ seed oil contains about 66% of the

glyceride of linolic acid and was used to prepare methyl

linolate and the free acid. The oil was hydrolysed by
1

the method of H.D. Haworth • Two hundred ml. of the
■8

oil and 800 ml. 10% methyl alcoholic potassium

hydroxide were refluxed for two hours, and the acids

liberated by addition of 10% sulphuric acid, extracted

with light petroleum ether (b.p. 60 - 80°), washed with

water to remove methyl alcohol and acid, and dried with

anhydrous sodium sulphate,
2

The acids were now brominaled according to Rollett*

They were dissolved in 1500 ml, petroleum ether (b.p.

100 - 120°), the solution cooled to - 10° C. with a
t

freezing mixture of ice and salt and (30 ml.) bromine

added drop by drop, with vigorous stirring, over a

period of one and a half to two hours. After standing,

for another hour in the freezing mixture, the solid

products were filtered off and recrystallised twice
O s

•from a mixture of light petroleum ether (b.p. 60 ~ 30 )
and ether. In this way 40g» of white crystalline

tetrabrorastearic acid were obtained, of m.p. 114°,
(Rollett114°; Haworth1 113 - 114°).

la/

1. Haworth, J.C.S., (1929) 1456

2. Rollett, 2. physiol. Chem. 62 (1909) 411.



10

In preparing the tetrabroraide it was found best to

use a fresh sample of poppy-seed oil, as on keeping
T '

for several months the yield of tetrabromide diminished

considerably. The tetrabromostearic acid being a

saturated compound was not subject to atmospheric

oxidation, so a supply was stored and methyl linolate
or the acid prepared from it as required.

To prepare methyl linolate (Hollett's 1 method) 25g.

tetrabromostearic acid with 40 ml, methyl alcohol and

25g, granulated zinc were brought to boiling in a 250

ml, flask fitted with reflux condenser. Forty ml, 5 IT,

methyl alcoholic sulphuric acid2 were then added, drop

by drop, over half an hour, slow addition being necessary

to avoid excessive foaming. After the addition of acid

the contents of the flask were boiled for an hour. On

cooling, the light oil which separated was extracted

with petroleum ether (b.p, 40 - 60°)• The petroleum

ether solution was shaken with water to remove alcohol

and acid, dried with anhydrous sodium sulphate and the

petroleum ether removed by distillation under reduced

pressure. The residue distilled at 207° and 11 mm,

pressure to give 7-9g, methyl linolate as a clear

colourless oil with the following characteristics:

1, Page 9 ref, 2,

2, Toyama and Tutiya, J,S,C.I» Japan 33 323,
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The ester was kept under nitrogen in a vessel

fitted, as shown below, with an inlet for the admission

of the nitrogen and a tube wide enough to remove samples

of the ester by means of a pipette.

To prepare linolic acid (Hollett's method ) about

20g. of the linolate were dissolved in 200 ml. 5% ethyl

alcoholic sodium hydroxide and the solution allowed to

stand overnight. The whole contents of the flask

solidified to a gel which on the addition of 200 ml.

water gave a solution from which no ester could be

extracted by shaking with petroleum ether, showing that

saponification was complete. The solution was acidified
with dilute sulphuric acid, extracted with petroleum

ether and the extract shaken several times with water

and dried with sodium sulphate. The petroleum ether

was removed by distillation under reduced pressure and

the residue similarly distilled to give about 15g. of

a colourless oil of b.p. £28° at 14 mm.

1. Page S ref. 2.
* The cUv/c

r



SOLVMDTS.

The solvents employed were as follows:-

Glacial Acetic Acid; (1) Macfarlan, P.3,, (2) B.D.H.

AHAIAR, and (3) Griffin and Tatlock, A.R,, b.p. 118°C.,
d 1.050, titration of a weighed quantity with alkali

X

indicated 99.88% acetic acid, and 50 ml. evaporated to

dryness on a water-bath gave no weighable residue.

Honochloroacetic Acid:3.D.H.. AHAIAR, b.p. 186°C.

Dichloroacetic Acid: 3.D.II., b.p. 190°C.

Trichloroacetic Acid: 3.D.H., AMAIAR, b.p. 195-6°C.

Pyridine i (1) 3.D.H.,. Pure, this .was distilled and the
fraction of b.p. 114-115°C. used, (2) B.D.H., ARAIAR.

b.p. 1140, d 1%#9842.

Benzenes (1) B.D.H., Uxtra Pure, b.p. 80.0°C., (2)
Hopkin and Williams (H. and W.) "Extra Pure for

Molecular Weight Determination," b.p. 80.0°C. (3) B.D.H.
18

AHAIAR, b.p. 80.0°C., d 0.8784.
4

Petroleum Ether: B.D.H., AHAIAR, boiling range above
120°C. - this wan distilled and the fractions boiling

between 130-140°, and 140-150°, used.

normal Heptane: (1) Schuchardt, 'synthetic', b.p. 98.0°C
(2) H. and W. - this was distilled and the fraction of

boiling point 97-8°C. used.
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Normal Octanei (small quantity) Schering Kahlbaum

•pure synthetic••

Nitrobenzenei B.D.H., A.R., b.p. 210-2120C.

Normal Prowl Alcohol: Schuchardt, purest, b.p.96.7°C.
i ' S . f i \ i

Normal Butyl Alcohol: Schuchardt, purest, b.p, 116.2°C

Normal Amyl Alcohol: Schuchardt, purest, b.p. 135.7°C.

In the case of acetic acid, pyridine, benzene and

heptane, there was no significant difference in the

behaviour of the different samples.



Fig. 1
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ABSORPTION OF OXYGEN.

Description of Apparatus

and

Experimental Proc edure.
r

The rate of adsorption of oxygen by methyl

linolate (etc.), either alone or in solution, was

observed by shaking the liquid, in a definite manner,

in contact with oxygen and measuring the uptake of gas

by means of a burette.

Bssent.al features of the apparatus employed are

indicated in the diagram on the opposite page (Fig.l),
while the complete layout is shown in the photograph

oil pagel5 (Fig, 2.) . The pure ester, or solution,
was contained in the glass reaction vessel, A, (capacity
- 15 inl. : length - approximately 7cm. i diameter -

1*6 cm. : neck - 13cm. long and 04cin. bore) which was

rigidly fixed to a shaker and connected by the flexible

coupling of rubber pressure tubing, B, to the glass

capillary tube, C, which led to the gas burette, D.

The burette was enclosed in a glass tube, B, through

which tap water was circulated, the temperature of the

water being ascertained from a thermometer placed in

a U-tube connected to the outlet from B.

During an experiment the reaction vessel, A, with

about/
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about 5 cm. of the neck, was immersed in a water

thermostat maintained at 75°_ 0*15° C. by raeans of an

automatically regulated gas heater. The thermostat

was fitted with a double siphon device which kept the

water at a constant level. To prevent, as far as

possible, the passage of solvent vapour into the burette,

a small water jacket enclosed the tube, C, just above

the rubber connection. Actually, condensation of

solvent vapour in the capillary tube was never observed.

Mercury was used as the manometric liquid and the

pressure in the gas space(indicated by the mercury

levels in, D, and the open narrow glass tube, ?) could

be adjusted by raising or lowering a mercury reservoir

attached (by pressure tubing) at G. The glass taps

H and I were of the hollow type, with oblique bora, used
in high vacumn work, ordinary taps proving unsatisfactory.

The apparatus was accepted as satisfactorily gas-tight

only if no leakage was detected when it was kept filled

with air under considerable pressure for 24 hours.

The shaker, constructed of •Meccano* elements,

Fig. Z
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consisted of a cradle, A, (Pig. 3) freely suspended at

points B,C,D and E from a rigid system of girders, and

given a reciprocating motion by means of an eccentric,

P, driven by an electric motor - an adjustable rests-
'

... . >

tance was connected in series with the motor so that

the rate of shaking could be maintained at about 130
I

oscillations per minute. The reaction vessel was held

by the device, shown in Pig. 4 (left half of the photo¬

graph), which was bolted to the cradle.

Pour sets of absorption apparatus were employed

(in conjunction with the one shaker - see Pig. 2) so

that four absorptions could be carried out concurrently.

In every case, 0*5 ml. of methyl linolate was used.

This was measured (by means of a graduated pipette)

into the reaction vessel, and if the behaviour in

solution was to be studied, 3 ml. of solvent added.

The reaction vessel was now connected to the burette,

the letter filled with mercury, the tap, H, (Pig.I)
closed and the apparatus evacuated (via tap I) to a

pressure of 30 mm. of mercury. Dry oxygen was then

introduced (by tap I) and also drawn into the burette

by opening tap H and lowering the mercury reservoir.

Tap, I, was now closed, the reaction vessel fixed to

the shaker in the thermostat and shaking immediately

commenced. After 3ome seconds had been allowed to

to elapse for the establishment of thermal equilibrium,

the/
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the pressure in the apparatus was "brought to the

required value.

At intervals, the mercury wa3 either brought to the

same level in D and Ft or to some given difference in

level, and the height of the mercury in D noted.

Readings were taken at intervals short enough to ensure

that the oxygen pressure remained substantially constant

throughout the experiment. The values of the baro¬

metric pressure, the temperature of the gas in the

burette, and that of the thermostat were noted during

the experiment.
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Preliminary Experiments.
.

The first absorption experiments, carried out at

50° C with solutions of linolic acid, indicated that

absorption probably took place more rapidly in acetic

acid than in benzene solution* Even in the case of

acetic acid, however, the absorption was inconveniently

slow for the purpose of further investigation, and it

was therefore decided to work at 75° C.

A series of experiments were performed with acetic

acid solutions of linolic acid which was stored in the

dark and at room temperature, in a flask closed with a

collodion covered cork stopper* It was found, that

with increase in the age of the acid, the maximum rate

of absorption was reached at progressively smaller

values of the absorption. Thus:-

Age of Acid, (days):- 4, 8, 10, 12

Volume Absorbed (ml.):- 12, 6, 3, 2*6

Since it appeared likely that this effect was due

to prior oxidation of the acid, it was decided (1) to

work with the methyl ester, since this could be prepared

more quickly than the acid, (2) to store the ester

under nitrogen (as described on page n), and (3) to

use the ester as soon as conveniently possible after

preparation.
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The data for the absorption of oxygen by methyl

linolate are given in Tables I to VIII.

At the top of each table are given:- (1) the

solvent employed, (2) p » the total pressure inside the

apparatus in mm. of mercury, (3) t - the temperature of
the gas in the burette, and (4) a « age of the ester,

i.e. the time elapsing between the preparation of the

ester and its use in the absorption experiment.

The value of the volume absorbed, given in the last

column of the table, = observed volumeX — x ~2L>*
(273+t) A 760

It was assumed that only a negligible amount of

solvent vapour was present in the gas-burette (see page

70).



Acetic Acid.

p = 750 mm. t ■ 7.0° C. a » 17 hrs*

Time Burette Volume adsorbed (ml.)
Expt.

(min3.)
reading

Observed n.T.p.

i. 0 39.03
45 39.03 0.00 0.00

110 35.59 3.44 3.31
195 27,75 11,28 10.85
295 19.32 19.71 18.97
430 11.00 28.03 ' 26.98
500 7.52 31.51 30.32
560 5.10 33.43 32.1-7
560 33.50 * *

640 30.88 36.55 35.18
715 28.73 38.70 37.24
730 28,30 39.13 37.65

ii. 0 36,90
40 36.38 0.02 0.02

105 35,03 1.87 1.80
190 28.52 8.38 8.06
290 20.37 16.53 15.91
425 11.30 25.60 24,63
495 7.40 29.50 23.39
555 4.65 32.25 31.03
555 33.02 * #-

635 30.02 35.25 33.91
710 27.41 37.86 36.43
725 27.00 38.27 36.83

*
luretie refilled with oxygen.
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T«,3LB II

Benzene.

P S 750 mm• t = 7.0°C. a = 17 hrs.

Time Burette Volume absorbed (ml.)
ESCpt. reading

(joins,) Observed N.T.P.

i. 0 40.20 mm

75 39.38 0.32 0.31
140 39.63 0.57 0.55
230 39.20 1.00 0.96
330 38.47 1.73 1.66
460 37.11 3.09 2.97
535 26.22 3.98 3.83
595 35.22 4.98 4.78
675 33.92 6.28 6.04
750 32.30 7.90 7.60
760 32.20 8.00 7.70

ii. 0 34.90 mi*

65 34.90 0.00 0.0
130 34.70 0.20 0.19
220 34.20 0.70 0.67
320 33.30 1.60 1.54
450 31.50 3.40 3.27
525 30.41 4.49 4.32
585 29.10 5,80 5.58
665 27.16 7.74 7.45
740 25.01 9.89 9.52

Jm



Ti.3L3 III

Petroleum Sther.

p = 751,5mm,i t « 14.00 C. a 5 12 hrs.

Sbcpt.
Time

(rains.)

Burette
reading

Volume absorbed, (ml.)

Observed. N.T.P.

i. 0 49.73
25 49.60 0.13 0.12
60 49,39 0.34 0.32
80 49.34 0.39 0.37

100 49.03 0.70 0.66
130 48.80 0.93 0.88
160 48.42 1.31 1.22
190 47.90 1.83 1.72
250 46.90 2.83 2.66
325 44.72 5.01 4.21 .

355 43.60 6.13 5,77
385 42.20 7.53 7.03
415 40.53 9.20 3.65
445 38.60 11.13 10.47
475 36.23 13.50 12.70
535 30.60 19.13 17.99
565 27.43 22.30 20.97
595 24.51 25.22 23.72
625 21.32 28.41 26.73
655 18.40 31.33 29.46
685 15.70 34.03 32.01
715 13.21 36.52 34.35
745 11.00 38.73 36.42
775 9.40 40.33 37.93
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TABLE Ill (continued)

Expt.
Time

(rains.)

Burette
reading

Volume absorbed (ml.)

Observed N.T.P.

ii. 0 43.53 **

15 43.53 0.00 0,00
50 43.21 0.32 0.30
70 43,10 0.43 0.40
90 42.90 0.63 0.59

120 42.52 1.01 0.95
150 42.13 1.40 1.32
180 41.56 1.97 1.85
240 40,60 2.93 2.76
315 38. 50 5.03 4.73
345 37.50 6.03 5.67
375 36.34 7.IS 6.76
405 34.82 8.71 8.19
435 33.20 10.33 9.71
465 31.24 12.29 11.55
525 26.53 17.00 15.99
555 23.76 19.77 18.60
585 20.92 22.61 21.26
615 17.99 25.54 24.02
645 14.90 28.63 26.94
675 12.10 31.43 29.56
705 9.29 34.24 32.21
740 6.70 36.83 34.(54
765 4.74 38.79 36.49
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TA3l£ IV

Acetic Acid.

p = 921.5 mm. t 9 14.0° C. a s 12 hrs

SjCpt.
Tim©

(sains.)

'■

Burette
reading

Volume absorbed (ml.)

Observed N.T.P.

i. 0 35.40
•

40 35.13 0.27 0.31
60 34.30 1.10 1,27
90 32.91 2.49 2.87

120 30.87 4.53 5.23
150 28.30 7,10 8,19
210 24.20 11.20 12.92
285 18.50 16.90 19,49
315 16.84 13.56 21.41
345 14.94 20.46 23,60
375 13.36 22.04 25.42
405 11.80 23.60 27.22
435 10.46 24.94 28,77
495 7.90 27.50 31.72
555 5.60 29.80 34.38
585 4.70 30.70 35.41
590 4.67 30.73 35.44
590 34.80 *

615 33.97 31.56 36,40
645 33.19 32.34 37.30
675 32,27 33.26 38.36
705 31.40 34.13 39.38
735 30.70 34.83 40.18

Note:- data for expts. ii

figure - 9 p. 73

expt.ii p - 921.5 t =

expt.iii p 3 911.2 t -

expt.iv p = 908.0 t -

Burette refilled with

iii and iv are plotted in

14.0°C a ~ 12 hrs

14.3°C a = 12 hrs

14.2°C a ~ 36 hrs

oxygen.



Benzene.

p'5 1412 van. t = 14.0° G. a * 12 lire.

Sxpt.
Time

(mins ♦)

Burette
reading

Volume absorbed (ml.)

Observed N.T.P.

0 17.70 W» WW

30 17.70 0.00 0.00
50 17.50 0.20 0.35
80 17.37 0.33 0.58

110 17.12 0.58 1.03
140 16.69 1.01 1.79
200 15.89 1.81 3.20
275 14.67 3.03 5.36
305 13.98 3.72 6.57
335 13.31 4.39 7.76
365 12.36 5, 34 9.44
395 11.41 6.29 11.12
425 10.20 7.50 13.25
485 7.59 10,11 17.86
515 6.10 11.60 20.50
545 4,73 12.97 22.93
575 3.20 14.50 25.63
585 2.80 14.90 26.33
585 12.93 *• *-

605 12.06 15.77 27.87
635 10.68 17.15 30.31
665 9.17 18,66 32.98
695 7.40 20.43 36.11
725 6.03 21.80 38.53

* Burette refilled with oxygen
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TaBLS VI

Octane

p (expt. i.) Z 749.3 aim. t = 13.5° a ■ 16 hrs.
p (expt. ■ 897.3 mm.

Time Burette Volume absorbed (ml.)
reading.i-JUnuj-' V •

(mins.) N.T.P.Obsarved

i. 0 42.97 mm

365 39.90 3.07 2.88
440 37.80 5.17 4.86
495 35.73 7.24 6.80
560 31.90 11.07 10.40
620 27.32 15.65 14.70
660 23.20 19.77 13.58

ii. 0 37*83 Ml —

390 34.40 3.43 3.86
435 33.27 4.56 5,13
525 29.60 3.23 9.26
585 26.01 11.82 13.29
615 23.93 13.90 15.63
650 21.00 16.83 18.93

iii. 0 38.30
350 35.60 2.70 3.04
425 33.71 4.59 5.16
480 31.73 6.57 7.39
545 28.05 10.25 11.53
575 26.10 12.20 13.73
630 21.69 16.61 18.68

iv. 0 38.94 «N»

345 36.70 2.24 2.52
420 34.51 4.43 4.98
510 30.70 8.24 9.27
540 29.00 9.94 11.18
600 24.50 14.44 16.25
625 22.73 16.21 18.24
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HH3L3 VII

Heptane.

p (expt. i.) = 755.0 ram. t = 12.0° C. a = 16 hrs.
p (expt. ii.)= 750.0 ram. t = 11.0° C. a ~ 0 hrs.
p (expt. iii)= 754.3 ram. t » 10.8° C. a « 0 Hrs.

Ixpt.
Time

(rains.)

Burette
reading

Volume absorbed (ml.)

Observed T\T O1 13
• . • — ©

i. 0
245
295
520
S30
680
700

41.00
38.73
37.83
30.07
22.68
18.47
17.01

O 97
LJ • o {
C "J O

10! 93
1 O ooiO « u6
co qo

qq qoC— 9 KS O

O TC
<■—i # »L.

3.02
10.40
17.44
21.44
OO DO
CjCj % OO 1

ii. 0
215
300
400
450
550
600

40.30
37.90
36.51
33.57
qi opO — 6

24.49
20.20

2.40
3.79
6.73
9.08

15.81
20.10

o> OO
O • HJO

O CO
C • Ov

6.39
8.62

15.01
19.07

ill. C
£50
360
450
550
600
680

41.29
39.29
37.48
34.97
30.59
27.59
21.97

1.98
3.81
6.32

10.70
13.70
i o qo—t-i

1.89
3.64
6.04

10.22
13.08
18.45
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TA.3L5 VIII

No Solvent.

p a 741.0 mm. t = 3.5°

*

C. a « 12 hrs»

< «

Time Burette Volume absorbed (ml.)
5*xpt. reading

(mins.) Observed N.T.P.

i. 0 42.60 mm

30 42.20 0.40 0.38
65 41.10 1.50 1.42

105 37170 4.97 4.63
145 29.30 lo . 30 12.58
170 20.32 21.78 20.60
190 12.60 30.00 28.36
210 4.82 37.78 35.72
213 3.90 33.70 36.59
213 31.50 * *

235 26.50 43.70 41.32
260 22.22 47,98 45.36
290 18.60 51.60 48.78
330 15.00 55.20 52.19
345 13.73 56.47 53.39
365 12.70 57,50 54.38
405 10.75 59.45 56.22
415 10.30 59.90 56.63

•

* Burette refilled with oxygen.



TA3LS ViII (continued)

Expt.
Time

(mins.)

Burette
reading

Volume absorbed (ml.)

Observed N.T.P.

ii. 0 40.71 mm

30 40.53 0.18 0.17
65 39,35 1.36 1.29

105 36.32 4.29 4.15
145 28.10 12.61 11.92
170 20.00 20.71 19.58
190 11.50 29.21 27.62
210 3,41 37.30 35.27
215 2.00 38.71 36.60
215 27.70 x- *

235 22.73 43.68 41.30
260 18.20 48.21 45.58
290 14.12 52.29 49.44
330 10.48 55.93 52.88
345 8.93 57.48 54.36
365 7.76 58.65 55.46
390 6.40 60.01 56.75

+ Burette refilled with oxygen.
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TA3L3 VIII (continued)

"•*3 -

Time Burette Volume absorbed (m.1L.)
libcpt.

(mins.)
reading

Observed H.T.P.

iii 0 49.80
85 46.28 3.52 3.33

115 40.78 9.02 8.52
135 34.70 15.10 14.28
155 26.50 23.30 22.0i
175 17.80 32.00 30.26
195 11.75 38.05 35.98
215 6.40 43.40 41.04
235 3.60 46.20 43.68
265 49.90 47.19

«■

iv 0 45.40 •» mm

75 43.90 1.50 1.42
105 41.35 4.05 3.83
125 39.00 6.40 6.05
145 34.90 10.50 9.93
165 28.80 16.60 15.70
186 20.48 24.92 23.56
205 12.10 33.30 31.49
225 6.98 38.42 36.34
225 23.26 38.42 *-

260 17.00 44.68 42.25
270 15.08 46.60 44.06
285 13.50 48.18 45.55
295 12.40 49. 28 46.60
305 11.50 50.18 47.44

*"
Burette refilled with oxygen
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TABLE -Ia

Monochloroacetic —-c r.o.

p(expt. i) ■ 743. 9 mm. t s 8.50G a • 20 hrs.
p(expt.ii) • 747. 8 mm. t « 9.0OC . a a 0 hrs.

Time Vol.
ESept. absorbed

(mins •) (ml. at W.T.P.)

1 0
10 0.90
15 2.02
30 5.54
45 8.49
55 9.73
65 11.24
75 12.59
85 13.75

100 15.25
115 16.54
155 19.75
205 23.11
245 25.80
275 27.58

> 315 29.69
370 32.69
465 36.35
530 37.82
610 39.43

i

i
690 40.69

ii. 0
5 0.63
10 1.84
20 3.36
30 5.82
45 8.62
65 11.95
95 16.10

135 20.38
185 24.77
235 28.61
285 32.04
335 35.12
390 38.20
440 40.91
530 45.57
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TABLE} ' c

Tric-ilaroacetic Acid.

p(expt. i) « 743.9 am. t » 8.9°C. a ® 20 bra.
p(expt.ii) ® 747.8 ram. t ■ 9.2°C. a * 0 lira.

Time Vol.
Expt. absorbed

(rains.) (ml. at IJ.T.P.)

i. 0 •**

3 1.13
5 3.42
10 6.29
26 9.80
40 10.23
60 10.34
60 10.48
70 10.62
80 10.77
95 10.91

160 11.63
200 11.92
240 12,31
310 12.90
365 13.30
460 14.01
525 14.39
630 15.10
680 15.42

ii. 0 m'

5 4.39
10 5.92
16 7.46
25 9.57
35 10.03
50 10.24
70 10.48

100 10.80
140 11.20
190 11.65
240 12.14
290 12.55
340 12.99
395 13.33
445 13.68
535 14.37



3 Id

TA3L3 — •t.--

p(expt* i) » 749.0 t a S.9°C. a a 16 bra.
p(expt.ii) « 749.4 t » 9.8QC. a « 0 hrs.

Time Vol.
Bxpt. absorbed

(mins.) (ml. at N.T.P.)

i. 0
60 2.83

110 6.10
190 12.63
260 IS. 66
300 23.18
370 27.23
455 29.99
520 31.38
595 32.68
760 34.22
810 34.65

ii. 0 OB

35 0.00
80 1.67

135 5.86
180 9.53
220 12.60
300 20.24
350 24.53
405 28.01
525 32.01
600 33.48
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TABLE! r lie

nitrobenzene

p(expt. i) ■ 743,0 ram, t » 6.5°C a • 0 hrs.
p(expt.ii) « 763.0 mm, t * 6,0°C a * 24 hrs.

23xpt» Time Vol.
*

(mine.)
absorbed

(ml. at H.T.P.)

i. 0
30 0,00
75 1.42
90 2.16

110 3.15
140 •4*12'
170 5.00
205 5.85
265 7.10
360 9.38
420 11.12
480 31.. .30
560 35: .22

ii. 0
25 0,23
50 1.72
75 2.78

120 3.59
■i 165 4.38

215 5.24
275 6.40
360 8.08
405 9.43
470 11.42
535 13.59
605 16.44
650 18.10
680 19,40



TA T3LTii : If

Propyl Alcohol

p (expt. i) a 749.0 t a 11.0°C. a a 12 hrs.

Time Vol.
sxpt.

(mins.)
absorbed

(ml, at H.T.P.)

i. 0 m

50 0.03
100 0.62
160 1.72

i 200 2.38
1 270 3.89

300 4.48
350 5.71
400 7.15

1 500 10.63
550 12.73
640 17.46
700 21.07

| 750 24.29
800 27.98

I 850 31.49
880 33.39
890 33.90

ii. 0 mm

50 0.15
110 1.13
150 2.28
220 3.79
250 4.55
300 6.06
350 7.78
400 9.49
450 11.70
550 16.27
600 18.80
670 22.56



Slg

TA3L3

Butyl Alcohol

p * 749.0 nun. t • 11.0°C. a = 12 hrs.

Time
(mins .)

Vol. ,

absorbed
(ml. at N.B.P.)

0 mm

50 0.04
100 0.19
150 0.55
200 0.96
270 1.82
300 2.28
350 3.15
400 4.14
500 6.63
550 8.18
630 11.62
650 12.51
700 15.07
750 17.83
800 21.11
860 24.42
880 26.57
890 27.01
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TA3L15 - "Hi

Aimrl Alcohol*

p(expt. i) • 749.0 mm. t « 11.0°C. a * 12 brs.
p(expt.ii) » 755.0 mm. t * 12.0°C. a • 40 hrs.

Time Vol.
Sxpt. absorbed

(rains.) (ml. at H.T.P.)

i. 0 «•

50 0.02
100 0.87
150 1.78
195 2.56
260 3.96
300 4.83
355 6.01
400 7.12
500 10.13
540 11.62
620 15.46
650 16.98
700 19.39
750 23.13
800 26.91
850 30.45
880 32.69

ii. 0
40 0.49
60 0.88
80 1.24

110 1.73
140 2.20
185 2.95
275 5.23
320 6.78
340 7.41
395 9.42
630 22.37
705 28.27
735 30.74
765 33.20
800 36.14
830 38.69
860 41.03
885 42.99



Acetic. —

Catalysts- Q.002g. cobalt acetate per 3 ml. of acetic acid.

p 5 748.0 mm. t « 7.0°C. a « 0 hrs.

Expt • i Sxpt. ii.

Vol. Vol.
Time absorbed Time absorbed

(mins.) (ml. at N.T.P.) (rains.) (ml. at N.T.P.)

0 m 0
10 6.89 5 0.00
15 18.22 7 0.45
20 25.12 9 3.84
22 26.62 11 8.35
30 30.39 15 16.69
45 33.09 20 24.08
55 34.11 25 29.17
70 35.39 27 30.42
85 36.39 40 33.41

120 37.98 50 35.22
160 39.18 65 36.57
255 41.34 80 37.63
315 42.32 115 39.33
370 42.97 155 40.52
450 43.74 250 42.62
535 44.70 310 43.44

1105 47.26 365 44. 08
1120 48.88 445 44.89
1240 50.47 530 45.63
1375 51.60 1100 43.37
1495 51.99 1115 49.95
1770 53.04 1236 51.81
2565 55.56 1370 52.73
2680 55.99 1490 53.25
2920 56.85 1765 54.31
3030 57.33 2560 56.65
4005 59.54 2675 57.31
4650 61.90 2915 58.17
5810 64.24 3025 58.61
6940 66.62 4000 60.68
7360 67.57 4645 63.05
7550 68*16 5805 65.34
8605 69.47 6935 67.78
9845 71.61 7355 68.48

10,225 72.44 7546 69.50
11,245 74.08 8600 70.84

9840 73.11
10,220 73.94
11,240 75.58



3Ig

TABLB -7";

Benzene

Catalyst;- cobalt naphthenate (uncertain quantity)
p * 748.0mm. t a 7.0°C. a * 0 hrs.

Expt . i Sbcpt. ii

Time Vol. Vol.
(mins.) absorbed Time absorbed

(ml. at F.T.P.) (rains.) (ml. at N.T.P.)

0 ** 0
10 1.59 5 1.08
25 4.28 20 4.46
45 5.07 40 5.37
50 5.28 45 5.96
65 5.93 60 6.63
80 6.51 75 7.40

150 7.46 145 8.55
195 8.13 190 9.22
290 10.33 285 11.34
350 11.02 345 12.21
405 11.79 400 12.86
485 12.75 480 13.93
570 14.55 565 15.51

1135 19.88 1130 16.90
1155 20.03 1150 18.52
1275 22.82 1270 22.38
1410 24.82 1405 24.77
1530 25.69 1525 25.64
1795 27.70 1790 27.83
2600 30.90 2595 31.65
2715 30.96 2710 32.12
2955 32.49 2950 34.00
3065 32.98 3060 34.35
4040 35,63 4035 37.03
4685 39.68 4680 40.63
5845 41.79 5840 42.98
6975 43.88 6970 45.37
7390 45. 25 7385 46.68
7585 46.18 7580 47.45
8640 47.54 8635 49.67
9900 49.29 9895 53.44

10,260 50.29 10,255 54.63
11,280 53.08 11,275 56.59
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Preparation of, and Absorption bv. the Maleic

Anhydride Compound of (] -elaeostearin.

The method followed was that described by MorrellJ
(hie hundred g. Hankow tung oil were mixed with 0.05g.

iodine in 2 ml* benzene, and left for 24 hours out of

contact with air. The white solid which formed

( p -elaeostearin) melted at 58° C., on recrystallisation
from acetone.

Ten g. of pure^-elaeostearin were heated (in an
oil bath) with 3.5g. of maleic anhydride under an

atmosphere of nitrogen. At 60° C. the mixture began

to melt and a yellow colour developed. On further

heating and vigorous stirring, the temperature rose to

about 100° C., with the bath steady at 75° G. 3xcess

of maleic anhydride was removed by heating for two

hours at 70° C. The product was a pale yellow syrup,

with the following characteristics.

Pound Morrell Calculated

c %

H %

70.62

8.37

70.64

8.54
C69II9801

70.96
5 * ■

8.47

Iodine Value 123.8(24 hrs.)
128.0(24 hrs.)

125.3(24 hrs.)
127.0(24 hrs.)

130.6
• . ' v.- '• A'.

Saponification
Value

329.0(2 hrs.)
332.9(2 hrs.)

365.0(2hrs.) 432.0

Refractive
Index n.Js1.5084

ngs1.5055
n*71.5074 -

1. Worrell, 4.3.0.1., 52 (1933), 120E.
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The absorption of oxygen by the elaeostearin

compound was followed by the method already described

for methyl linolate. Since the compound was too

viscous to measure accurately by pipette, a quantity
was weighed out and dissolved in sufficient solvent to

give a solution of concentration approximately equivalent

to that used in the case of methyl linolate#

Actually, 3.3g. of the compound were dissolved in

17.4 ml. of benzene, and 4.08g. in 21 ml. of glacial
acetic acid. In each experiment 3.5 ml. of solution

were employed.

The data are given in tables IX and X.
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TABLE IX

Acetic Acid

p a 750.0 mm t = 5. 6° Ct a a 16 hrs.

Time Vol.
Expt. absorbed

(mins.) (ml. at N.T.P.)

i. 0
40 1.60
50 3.18
70 8.73

150 22.87
290 33.16
365 35.28
390 35.86

ii. 0
20 0.36
35 2.90
55 8.31

110 19.41
160 24.52
240 29.31
300 31.24
350 32.32
400 33.24



TABLE X

Benzene.

p = 750.0 mm. t s 5.6° C. a * 16 hrs.

Time Vol.
Sxpt. absorbed

(mins.) (ml. at H.T.P.)

i. 0
30 0.00
70 0.00
90 0.42

110 0.72
165 1.00
215 1.12
295 2.50
355 3.46
405 4.07
455 4.48

ii. 0 ••

25 0.00
65 0.00
85 0.39

105 0.61
160 0.99
210 1.18
290 2.64
350 3.51
400 4.31
450 4.58



CHANGES DURING A3S0HPTION

The course of the oxidation of methyl linolate,

alone, or in solution, was followed, by the determination,

at various stages of absorption, of the peroxide,
*

hydroxy1 and carbonyl content, and iodine value.

The absorption was carried out as previously

described. In any one experiment, 0.5 ml. of the ester

(with 3 ml. solvent, if in solution) was allowed to

absorb a definite volume of oxygen, and then analysed

for one of the above - mentioned groups, or the iodine

value determined.

Unless otherwise stated, the analytical reagents

employed were of ANAIAB or A.R. quality.

The unoxidised methyl linolate was soluble in all

the solvents at room temperature. On the other hand,

while the oxidised ester was soluble in all the solvent

at 75°, it came out of solution in the aliphatic hydro¬

carbons on cooling to room temperature. The oxidised

ester, however, readily dissolved in acetic acid or

alcohol for the purpose of analysis.

# keton?
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Determination of Peroxide Content.

The method employed has been investigated recently

by Marks and Morrell^. When the desired volume of

oxygen had been absorbed, the reaction vessel was

removed from the thermostat as quickly as possible,

cooled by placing in cold water, and the contents

transferred to a 200 ml. glass stoppered bottle. To

avoid loss the reaction vessel was rinsed with glacial

acetic acid, altogether 25 ml. of acid being used.

There were now added 1 ml. of 50% sulphuric acid and 2

ml. of a freshly prepared, saturated solution of

potassium iodide. The mixture was allowed to stand in

the dark for 10 minutes, 100 ml. of distilled water

then added and the liberated iodine determined by

titration with a decinorrnal solution of sodium

thiosulphate using starch as indicator.

The sodium thiosulphate was standardised with

potassium diehromate (Merck).

On the next page are given the results of (1)
blank experiments (with peroxide reagents alone), (2)
determinations with unoxidised ester, and (S) determin¬

ations with benzoyl peroxide.

The data obtained in the absorption experiments

are/

1. Marks and Morrell, Analyst, 54, (1929), 503.
* Since completion of the present work, Morrell and

Phillips (J.S.C.I., 53, (1939), 159 ) have shown that
this method tends to give too high values.
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are given in Tables XI XII XIII and XIV. In all cases

the peroxide content is expressed (in the last column

of the table) in terms of the volume of oxygen (at

N.T.P.) equivalent to the iodine liberated. Thus

oxygon as peroxide = thIosulphate titre * -L1»200/10,000.

(1) Blank experiments;-

N/10 thiosulphate titre (ml.) 0.07, 0.12, 0.15 and 0.06

(2) Unoxiaised ester (0.5 ml.)

N/10 thiosulphate
titre (ml.) 0.12, 0.33, 0.33, 0.13, 0.11, and 0.23

Age of ester
(hrs.) 2, 36, 36, 20, 20, and 46

(3) Benzoyl Peroxide.

Wt. of benzoyl
peroxide

(g.)

N/10
thiosulphate

titre
(ml.)

Peroxide Value *

Pound Theoretical

0.2012
0.1990

16.41
16.52

6.53%
6.55%

6.61%

* Usual significance;
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Acetic Acid.

a* Pf

(mm. Ha)

Vol. oxygen
absorbed -

reduced to
H.T.P.

(ml.)

Time

(mins.)

Vol. N/10
thio. equiv.
to iodine
liberated

(ml.)

Vol. oxygen
equiv. to
iodine
liberated
(ml. at H.T.P.)

46 738.2 4.65 145 3.12 3.49

46 738.2 4.65 95 3.24 3.63

12 743.0 9.46 170 4.41 4.94

12 748.0 9.46 195 4.28 4.79

16 759.0 9.67 165 4.49 5.03

40 740.3 9.37 130 5.24 5.87

40 740.3 9.37 135 5.00 5.60

20 743.3 14,01 135 5.88 6.59

10 743.3 14.01 210 5.61 6.28

40 921,8 14.01 182 5.64 6.32

0 749.4 18.89 305 6.52 7.30

0 749.4 18.89 350 6.46 7.24

16 936.1 28.33 367 7.14 8.00

16 936.1 28.33 430 7.11 7.96

40 934.9 37.98 620 8.21 9.19

40 934.9 37.77 685 7.83 8.77

12 742.7 10.87 130 1.01 1.13*

12 742.7 11.64 190 0.68 0.76*

*See page 20 t See page 20
* Determination carried out 20 hours after completion of absorption-

otherwise conditions as usual.



40

Benzene

a

toa. /

P

(mm. Hr.)

Vol. oxygen
absorbed -

reduced to
N.T.P.

(ml.)

Time

(rains.)

Vol. N/10
thio. equiv.
to iodine
liberated

(ml.)

Vol. oxygen
equiv. to
iodine
liberated
(ml. at N.T.P.)

46 733.2 4.65 480 3.01 3.37

46 738.2 4.65 465 3.80 4.26

12 748.0 9.46 635 5.06 5.67

12 748.0 9.46 615 4.92 5.51

36 757.8 9. 28 635 6.61 7.40

12 1398 9.50 395 6.99 7.83 /

12 1398 9.64 395 6*93 7.76 -

20 743.3 14.01 865 7.27 8.14

20 743.3 14.01 850 7.63 8.55

16 1419 14.47 415 7.27 8.14 /

16 1419 14.47 415 8.08 9.05 /

0 749.4 18.89 1070 8.68 9.72

0 749.4 18.89 1090 7.72 8.65

40 1411 28.64 660 13.35 14.95

40 1413 28.90 665 14.55 16.29 "

16 1426 28.35 615 11.65 13.05 /

40 1425 33.10 734 14.50 16.24 -

40 1411 38.06 810 16.64 18.64

40 1413 37,58 835 15,00 16.80



TABLE XIII

Petroleum Bther.
\ \

a

Chrs.)

P

(ram. Hfe.)

Vol. oxygen
absorbed -

reduced to
N.T.P.

(ml.)

Time

(raina)

Vol. N/10
thio. equiv.
to iodine
liberated

(ml.)

Vol. oxygen
equiv. to
iodine
liberated
(ml. at N.T.P.1

16 741.6 4*68 430 4.o5 4.54

16 741.6 4.68 445 4.10 4.59

16 769.3 14.16 523 8.85 9.91

16 759.3 14.30 497 8.80 9.86

40 751.8 13.82 480 9.58 10.73

40 751.8 13.95 490 9,15 10.24

16 749.3 18,58 662 10.16 11.38 *

16 897,3 19.06 650 11.40 12.76 *

16 757.0 19.63 585 10.56 11.82

16 757.0 37.42 760 15.25 17.08

16 757.0 36.70 760 15.28 17.11

*

Octane.



TASL5 XIV

No Solvent.

a

(hrs.)

P

(mm. HK.)

Vol. oxygen
absorbed -

reduced to
N.T.?.

(ml.)

Time

(mins4

Vol. N/10
thio. equiv.
to iodine
liberated

(ml.)

Vol. oxygen
equiv. to
iodine
liberated
(ml. at N.T.P.

16 750.8 4.73 95 4.42 4.95

16 750.8 4.73 100 4.15 4.65

0 766.1 5.11 100 3.57 4.00

0 766.1 5.19 100 5.12 5.74

0 767.7 4.85 110 5.10 5.71

0 767.7 5.12 110 4.59 5.14

0 767.7 5.59 110 5.45 6.10

0 767.7 4.53 110 4.76 5.33

36 740.3 9.34 90 6.43 7.20

36 740.3 9.34 82 7.02 7.86

40 748.® 13.55 135 8.79 9.85

40 748. l 14.30 175 8.56 9.59

16 758.0 29,07 195 14,22 15.92

16 758.0 29.07 195 14.70 16.46

16 758.0 48.37 295 17.90 20.04

16 758.0 48.46 285 19.70 22.07

12 747.7 38.73 240 6.90 7.73 *

12 742.7 37.61 245 6.66 7.46 *
*

Determinations carried out 20 hours after completion of absorption-
otherwise conditions as usual.
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' Examination by means of Wi.i&' Solution.

To prepare the reagent (iodine monocliloride in
'

^acetic acid), 9g. iodine trichloride (3.D.H.) were

dissolved in one litre of glacial acetic en id, giving

an orange coloured solution. Exactly 5 ml. of the

solution were taken and the halogen content determined,

by addition of potassium iodide and water, and titration

of the liberated iodine with decinormal sodium thio-

sulphate. The bulk of the solution was then shaken
I

with lOg. of pulverised iodine, e.nd when solution was

almost complete, the halogen content of 5 ml. of the

solution was again determined. Shaking with the iodine
I I
was continued, until the halogen content had risen by

I

50%, and the solution then filtered into a tightly

stoppered, Jena glass, bottle, warmed gently on the

wate.r-bath for twenty minutes and kept in the dark.

Unoxidised methyl linolate was examined by adding

50 ml. of the Wijs' solution to 0.5 ml. of the ester in

ja 500 ml. glass stoppered bottle and keeping the mixture

in the dark for 30 minutes. After addition of 30 ml.

jof 10% potassium iodide solution and 200 ml. of water,
I
the liberated iodine was determined by titration with

I
decinormal sodium thiosulphate.

The/

1. V/ijsAnalyst, 54,(1929), 13.
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The difference between the titre for 50 ml, of the

V/ijs' solution itself and that obtained in presence of

the ester is equivalent to the iodine monochloride

taken up by the ester. The following values for the

difference in titre were obtained with a number of

different preparations of the ester:- (1) 60,22 ml.,

(2) 59,86 ml., (3) 59.88 ml., (4) 59.20 ml., (5) 60.40

ml., amd (6) 59.95 ml. Mean value, excluding (4) =

60.06 ml.

For convenience of comparison with other determin¬

ations the results are also presented in Table XV as

conventional "iodine values" (i.e. the weight, in grams,

of iodine equivalent to the iodine monochloride taken

up by lOOg, of the ester) In calculating these values,

the density of the ester was taken as 0.S8S6.1

The oxidised methyl linolate was treated with the

iodine monochloride solution at various stages of the

absorption, which was carried out in the usual manner.

After some de finite amount of oxygen absorption, the

contents of the reaction vessel were transferred to a

500 nil. glass stoppered bottle. As above, 50 ml, Wijs'

solution were added, the mixture left for half an hour

in the dark and then titrated with thiosulphate after

addition of 30 ml. of 10% potassium iodide a and 200

of water.

The/

1. Rollett, Z.physiol. Chem., 62, (1909), 411.
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The data are shown in Tables XVI, XVII, XVIII and

XIX. In the fifth column of each table is given the

difference between the volume of thiosulphate equiva¬

lent to the iodine monochloride taken up by the un-

oxidised ester.(s 60.06 ml, see above) and that for the

oxidised ester. In the last column of the tables,

this difference is converted (by multiplication by the

factor 11,200/10,000) to the volume of oxygen (at N.T.P)

equivalent to the decrease in iodine monochloride

uptake.



TABLE XV

Unoxidised Methyl Linolate or Linolic Acid

Oil
used as
source

Age of
ester
(hrs.)

Iodine Value %
Excess
Wijs1

Period
of

reaction
( hr.)

Ester Acid

Theoretical 172.4 181.0

Rollett^ Poppy-
seed

172.3
170.9

178.3
179.1

3rown and
Franks1^ Corn 180.9

De Kok Water¬
man and van

Westen3
181.0

Green and
Hilditch4

Haworth0

saf-
flower

seed
164.3

170

Toyama„and
Tutiya13

Cotton
seed 179.0

179.2
179.5
179.6
179.6
180.7
179.9
179.9
181.1

i28 {
J S2j
1 71 1

12
4
1
2
4

f2
4

From the
present
experiments

Poppy-
seed

(1) 10
(2) 24
(3) 12
(4) 12
(5) 0
(6) 0

172.2
171.2
171.2

(168.8)
172.7
171.4

180.8*
179.3*
179.8*
177.2
181.3*
180.0*

45
45
45
51
44
44

4

1
2

1. Hollett, Z, physiol• Chem., 62, (1909), 411
2. Brown and Frankel; J.A.C.S., 60 (1938; 55.
3. De Kok, Waterman, and van Westenj J.S.C.I. 55 (1936) 227T.
4. Green and Hilditch, Blochem. J., 29, (1935), 1552.
5. Haworth, J.C.3., 1929, 1456.
6. Toyama and Tutiya, J.S.C.I., Japan, 38, 323,

Values calculated, for purposes of comparison, from those for
the ester.
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5A3LJ XVI

Acetic Acid

a

(hrs.)

P

(mm.HfJ.)

Vol. oxygen
,absorbed -
reduced to
N.T.P.

(ml.)

Time

(rainsJ

Vol. N/10
thio. equiv.
to decrease
in IC1 up¬
take

(ml.)

Vol. oxygen
equiv. to
decrease in
IC1 uptake

(ml. at N.T.

12 741.6 4.68 75 2.75 (3.08)

12 741.6 4.68 80 3.70 4.14

36 744.4 4.79 65 4.27 4.78

36 744,4 4.69 65 3.93 4.46

12 760.8 5.68 75 3.96 4.44

12 750.8 5.46 80 4.69 5.25

0 750.4 9.93 (290) 8.76 9.81

0 750.4 9.51 195 7.71 8.64

16 750.8 9.47 105 7.70 8.62

16 750.8 9.47 105 7.69 8.61

20 746.3 14.21 240 11.57 12.96

20 746.3 14.21 205 12.06 13.51

16 752.2 18.58 305 15.21 17.03

16 922.2 18.79 255 14.31 16.59

16 922.2 28.31 420 22.81 25.55

16 922.2 28.03 410 22.31 26.11

40 753.1 37.58 690 29.74 *3 O OO
UO • %JCJ

40 923.1 37.93 650 30.20 33.83

12 756.1 54.91 1870 38.87 43.53

12 756.1 53.14 1830

4

37.91 42.45



TABLE wtt

Benzene.

a

(hrs.)

P

(mm. Hg.)

Vol. oxygen
absorbed -

reduced to
N.T.P.

(ml.)

Time

(mina)

Vol. N/10
tbio, equiv.
to decrease
in IC1 up¬
take

(ml.)

Vol. oxygei
equiv. to
decrease in
IC1 uptake x

(ml. at N.T.P:

0 750.4 9.51 625 6.17 6.91

0 750.4 9.51 625 4.93 5.52

36 1397 9.72 365 4.84 5.42

36 1397 9.89 365 4.95 5.54

20 746.3 14.21 775 8.51 9.53

20 746.3 14.21 810 8.56 9.59

16 1410 20.60 545 11.51 12.89

16 1410 20.60 550 11.86 13.28

16 1410 31.78 680 17.72 19.85

16 1410 27.40 710 15.86 17.76

40 1411 37.46 790 20.26 22.70

40 1411 37.46 790 21.36 23.92



TA'3L>a] Tr.HTT

Petroleum Ether

a

(hrs.)

P

(mm.Hg.)

Vol. oxygen
absorbed -

reduced to
N.T.P.

(ml.)

Time

(minaO

Vol. IT/10
thio. equiv.
to decrease
in IC1 up¬
take

(ml.)

Vol. oxygen
equiv. to
decrease in
IC1 uptake

(ml. at N.T.P.

16 741.6 4.63 430 2.47 2.77

16 741.6 4.68 430 2.17 2.43

36 737.0 9.32 430 5.40 6.05

36 737.0 9.16 446 4.98 5.58

16 755.1 14.15 475 8.49 9.51

16 755.1 14.15 480 8.86 9.92

x 16 749.3 18.93 652 11.13 12.47 *

16 749.3 19.23 645 11.89 13.32 *

*
Octane as solvent.
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TAm XDC

Ho Solvent

a

Cars.)

P

(mm. Hft)

Vol. oxygen
absorbed -

reduced to
IT.T.P,

(ml.)

Time

(rains.)

Vol. N/10
thio. equiv.
to decrease
in IC1 up¬
take

(ml.)

Vol. oxygen
equiv. to
decrease in
IC1 uptake

(ml. at N.T.I

12 741.6 4.68 115 (1.69) (1.89)

12 741.6 4.68 130 2.76 3.09

26 744.4 4.69 110 2.90 3.25

36 744.4 4.69 110 3.06 3.43

12 750.8 4.73 105 2,86 3.20

12 750.8 4.73 110 3.11 3.48

12 760*0 9,32 115 4.33 4.85

12 760.0 9.71 105 4.36 4.88

12 738.1 9.27 135 5,46 6.12

12 738.1 9.27 135 5.56 6.23

12 760.0 19.01 150 10.74 12,03

12 760.0 19.01 150 10.49 11.74

40 749.9 49.44 345 34.47 38.61

36 749.9 58.98 575 40.61 45.47

36 749.9 56.62 580 39.54 44.28



Firr, 6
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ijt-
Determination of Curbonvl Content*

The formation of carbonyl was followed by Sllis,:l-
method i.e. the compound was treated with a definite

quantity of phenyl-hydrazine and the excess of the

latter estimated by decomposing with Fehling's solution

and measuring the nitrogen evolved. This method was

considered satisfactory by Marks and Morrell^ for the

determination of the carbonyl content " of certain oily

and gummy substances of unkno*vn constitution which had

been isolated during the oxidation of -elaeostearin.."

The apparatus (see Fig. 5 ) consisted of the 300 ml.

bolt-head pyrex flask A fitted with a rubber stopper

holding:- (1) a tube connected to the mercury reservoir

B, (2) a capillary tube with an oblique bore tap and
funnel C, and (3) a capillary tube with oblique bore tap,

leading to the graduated tube D -which was fitted with a

water jacket.

About 250 ml. of mercury were run into the flask

from the reservoir and 50 ml. of Fehling's solution introduced

by the funnel. Dissolved gasses were removed from the
Fehling's solution by boiling under reduced pressure

in the following manner. The lower part of the flask

was/

1. Ellis, J.G.S., 130 (1927), 843.

2. Marks and Morrell, Analyst, 56, (1931), 508.
* Keto n e.
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was immersed in boiling water. When the solution was

sufficiently heated the stopcoc cs were closed and the

mercury reservoir lowered so that vapour feraed above

the solution. A fine jet of cold water was then

directed onto the upper part of the flask to maintain

a considerable difference of temperature between the

upper and lower parts of the flask, so that the solution

was kept boiling vigorously. After about five minutes

of this treatment the mercury reservoir was raised and

any gases evolved forced out of the apparatuss This

process was repeated until the amount of gas coming

off was negligible.

Oxidised ester or solution was washed from the

absorption vessel into a 100 ml. pyrex flask, with

absolute alcohol, and a measured volume of a standard¬

ised solution of phenyl hydrazine-hydrochloride in

alcohol and an equivalent quantity of sodium acetate,

added. The mixture was then heated, under a reflux

condenser, on a water-bath for five minutes. On

cooling, the solution was transferred to the apparatus

described above, the last traces being washed in with

freshly boiled alcohol. The mercury reservoir was

lowered so that thorough mixing with the Fehlings

solution took place, and the nitrogen collected, above

water, in tube D. To ensure that the whole of the

gas was collected the solution was boiled out as

previously described. The nitrogen was saturated

with benzene vapour by introducing a drop of benzene
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and its volume measured at atmospheric pressure. The

volume at IT.T.P. was calculated, due allowance being

made for the vapour pressure of the benzene, the value

of which was obtained by interpolation from a graph

constructed from the data of Woringer.1
The phenyl hydrazine-hydrochloride solution was

prepared by dissolving about 2.8g. in 250 ml. of pure

absolute alcohol and filtering into a flask. It was

standardised by titration with potassium iodate in

presence of a large excess of concentrated hydrochloric

acid, (5 ml. of chloroform being added when the brown

colour began to lighten and titration continued until

the chloroform layer became colourless). Standard¬

isation in this way gave results which, calculated in

terms of the volume of nitrogen (IT.?.P.) equivalent

to the phenyl hydrazine estimated, were in fair agree¬

ment with those obtained by measurement of the nitrogen

evolved on decomposition by Fehling's solution.

The agreement obtained is shown by the following results

for 10 ml. portions of phenyl hydrazine-hydrochloride

solutionss-

1. Woringer, Z. physikal. Chem., 34, (1900), 257.
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Solution Vol. of Ng as
calculated
from KlOg
titration

(ml. at N.T.P.)

Vol. Ng
measured on

decomposition

(ml. at N.T.P.)

(1) 16.14 17.11
16.23 17.38

(2) 17.46 17.45
17.44 18.31
17.75 17.24 *

(3) 16.54 17.53
16.65 16.02

16.56
16.66

(4) - 18.09
17.45
18.09*
17.74*

The data obtained in the determinations with

oxidised ester will be found in Tables XX,XXI and XXII.

In the 5th column is given the volume (x) of nitrogen

(at N.T.P.) which would be obtained by the decomposition

of the phenyl hydrazine in the absence of the ester

(calculated from the potassium iodate titration) The

6th column gives the volume (y) of nitrogen (at N.T.P.)

actually evolved. Thus the difference (x-y) represents

the volume of nitrogen corresponding to that portion..

of the phenyl hydrazine which reacted with the ester.

sr

0.5 ml. unoxidised ester and sodium acetate were

added to the phenyl hydrazine -hydrochloride solution

and the mixture heated for 5 minutes in a water bath

before decomposition with the Fehling's solution.
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XX

Acetic Acid.

a

(hrs.)

P

(nam.)

Vol. oxygen
absorbed -

reduced to
N.T.P.

(ml.)

Time

(mins.)

X

(ml.)

y

(ml.)

x - y

16 750.0 4.81 115 14.84 11.61 3.23

16 750.0 4.81 105 14.84 10.86 3.98

16 737.0 9.39 110 14.70 9.81 4.89

16 737.0 9.39 210 14.70 10.96 3.74 (

12 744.0 18.89 215 34.92 23.74 11.18

12 744.0 18.89 220 17.46 8.28 (9.18)

12 744.0 28.33 365 34.92 23.51 11.41

12 744.0 28.33 355 34.92 22.10 12.82

16 737.0 37.51 565 29.40 16.27 (13.13)

16 737.0 37.57 585 29.40 16.93 (12.47 )

12 756.1 41.56 590 9 PO00 36.51 28.77

12 756.1 41.73 670 65.28 39.03 26.25



TABLHi XXI

Petroleum Sther.

a

(hrs.)

P

(mm.)

Vol. oxygen
absorbed -

reduced to
N.T.P.

(ml.)

Time

(mins.)

X

(ml.)

y

(ml.)

x - y

16 750.0 4.81 300 14,84 10.58 4.26 *

16 750.0 4.81 290 14.84 10.14 4.70 *

16 737.0 14.90 510 29.40 16.47 12.93 *

16 737.0 14.73 530 29.40 15.46 13.94 *

12 743.0 14.81 520 33.64 20.94 12.70*

12 743.0 14.34 515 33.64 22.36 11.28 *

40 742.0 23.67 570 29.40 16.47 12.93

40 742.0 23.77 600 29.40 15.46 13.94

12 743.0 28.44 590 33.64 19.01 14.63

16 737.0 32.98 675 29.40 11.14 18.26

16 737.0 32.98 710 29.40 14.42 14.98

♦ Value taken for calculation of oxygen as ketol.
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T.3-L4 XXII

No Solvent

a

(hrs.)

P

(ram.)

Vol. oxygen
absorbed -

reduced to
N.T.P.

(ml.)

Time

(iiiinsO

X

(ml.)

y

(ml.)

x - y

12 760.0 9,65 140 17.46 10.93 6.53 *

12 760.0 9.65 140 17.46 11.81 5.65*

12 760.0 19.26 145 16.19 5.3-9 10.80

12 760.0 19.26 155 16.19 5.12 11.07

16 721.0 23.28 170 33.64 17.57 16.07 *

16 731.0 23.28 130 33.64 17.87 15.77 *

12 760.0 28.89 180 32.38 12.75 19.63

12 760.0 28.89 180 32.38 12.39 19.99

16 731.0 32.60 190 33.64 15.74 17.90

16 731.0 32.60 190 33.64 16.14 17.50

12 742.0 33.21 175 29.80 13.49 16.31

12 742.0 33.21 185 29.80 14.31 15.49

12 760.0 38.59 220 43.65 16.83 26.82

12 760.0 38.83 210 43.65 19.34 24.31

12 742.0 37.95 190 29.80 11.57 18.23

12 742.0 37.95 170 29.80 12.73 17.07

12 741.0 47.29 265 44.70 19.24 25.46

12 741.0 47.29 305 44.70 17.12 27.58

12 741.0 56.74 415 44.70 18.49 26.21

12 741.0 56.74 390 44.70 14.85 29.70

* Value taken for calculation of oxygen as ketol.
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TA3L3 XXII (continued)

Ho Solvent

a

Chrs,)

P

(mn.)

Vol. oxygen
absorbed -

reduced to
N.T.P.

(ml.)

Time

(minsO

X

(ml.)

y

(ml.)

x - y

12 746.9 38.32 205 56.49 21.84 34.65*r
12 746.9 38.50 220 56.49 21.71 34.78*f

12 746.9 38.06 200 16.14 4.51 11.63

12 746.9 38.54 225 16.14 4.34 11.80

f The oxidised ester was heated on the water-bath with the

phenyl hydrazine-acetate solution for 30 minutes instead of

5 minutes,

*- Value taken for calculation of oxygen as ketol.
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Determination of hydroxy! Content.

The method used was that recommended by Marks and
1

Morrell . In this, the compound is acetylated, in

presence of pyridine, with a known quantity of acetic

anhydride, and the excess acetic anhydride decomposed

with water and titrated, as acetic acid, with alkali.

In the oxidation experiments, the ester, after a

definite amount of absorption had occurred, was cooled

and immediately transferred to a 100 ml. pyrex glass

conical flask, the reaction vessel being rinsed out with

two 1 ml. portions of pyridine and 1 ml, of petroleum

ether (b.p, above 120° C.). 0.5 ml. acetic anhydride

was now added (by means of a graduated pipette) and the

wall of the flask rinsed with 1 ml. of petroleum ether.

The air in the flask was then flushed out with nitrogen,

a rubber stopper inserted and wired in position, and

the flask immersed in boiling water for 15 minutes.

After cooling in ice-water, water was added in order to

decompose the excess acetic anhydride, and the acetic

acid then titrated with N/2 potassium hydroxide, using

phenolpjthale in as indicator.

On acet ylation the mixture became dark brown in

colour (c.f. Morrell and Davis1 ) but it was found that,

on the addition of water, the colour remained in the

petroleum/

1. Marks and Morrell, Analyst, 56, (1931), 428.

2. Morrell and Davis, J.S.C.I,, 55, (1936), 243T,
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petroleum ether, layer, so that it was possible to

ascertain the end-point of the titration to within one

drop.

The data obtained in the absorption experiments

are given in Table XXIII. The figures in column six

of the Table are derived from the corresponding figures

in column five by multiplying by the factor 11*^00/2000.
In these experiments the ester was oxidised either

in the absence of solvent or in solution in benzene.

Unsatisfactory results were obtained when acetic acid

was used a3 solvent.



rri a "nx t? TTT■uv-'L,j—

Uo Solvent

a

(hrs.)

P

(mm.)

Vol. oxygen
absorbed -

reduced to
N.T.P.

(ml.)

Time

(rnins.)

Vol. N/2 KOH
equiv. to
decrease in
acetic an¬

hydride
(ml.)

Vol. oxygen -

(N.T.P,) equiv.
to decrease in
acetic an¬

hydride
(ml.)

20
20

747.6
747.6

18.91
18.91

145
140

0.37
0.36

2.07
2.02

12
20
20

747.6
747.6
747.6

28.74
28.37
28.37

155
220
190

0.56
0.62
0.65

3.14
3.47
3.64

12
12

747.6
747.6

37.84
37.84

210
200

0.82
0.90

4.59
5.04

*
12

* 12
751.9
751.9

38.20
38.86

230
230

0.79
0.71

4.42 *
3.98 *

r
0

+ 0
r 12
r 12
I 12f 12

766.1
766.1
751.9
751.9
764.5
764.5

19.90
19.79
19.55
19.18
19.84
21.39

95
95

110
110
110
100

0.09
0.06
0.20
0.06
0.19
0.16

0.50 !
0.34 '
1.12 f
0.34 f
1.06 f
0.90 f

Benzene.

40 (750) 4.47 (660) 0.07 0.39

16
40

(750)
(750)

9.50
9.50

690
615

0.25
0.23

1.40
1.29

*
Determination carried out 17 - 18 hours after completion of

absorption - otherwise conditions as usual.
^ 2 ml. ester - otherwise conditions as usual.
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Discussion
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The Rate of Absorption.

The absorption data presented for consideration

here are typical of the large number of absorptions

carried out during the present work. Inspection of

duplicate experiments shows that, for a given set of

conditions, the course of the absorption varied somewhat

from experiment to experiment. However the degree of

reproducibility proved to be adequate for the main

purposes of the investigation.

As would be expected, the rate of absorption increased

with increase in the total pressure, since this involved

increase in the pressure of oxygen. The effect is

clearly shown by the difference between the curve

obtained with benzene as solvent when the total pressure

was 750 ram. (Fig. 6t curve B), and the corresponding
curve for the considerably higher pressure of 1412 mm.

(Fig. 7, curve B). In the case of acetic acid (Fig.

6, curve A, and Fig. 7, curve A) the much smaller
increase from 750 to 922 mm. also resulted in a

perceptible increase in the rate of uptake of oxygen.

In view of the foregoing it is evident that in order

to assess the influence of the solvent upon the rate of

absorption, comparison should be made at the same

pressure/
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pressure of oxygen. It is therefore necessary in the

first place to take into account the vapour pressure of

the solvent.1*
The data recorded in Tables III, TV, and V (pp. 23

to 26 and Pig. 7 were obtained from experiments which

were strictly comparable in the following respects -

(1) samples of the same preparation of ester were

employed in all cases, (2) the experiments were carried

out concurrently. The total pressure employed in the

case of the acetic acid and benzene experiments was the

sum of the atmospheric pressure and the vapour pressure
2 3

of the solvent '"so that, other things being equal, the

oxygen/

1. Stahler, Handbuch Arbeitsmethoden. anorg. Chem., III

(1st half) 533, 534.

2. The vapour pressure of benzene was taken as 660 mm.

at 75°. Woringer (Zeitschr. physikal Chem., 34, (1900),

262) gives 659.67 mm. Other values given in the liter¬

ature (see Smith and Menzies, J.A.C.S., 32, (1910), 1448

also Int. Crit. fables III) are slightly lower.
3. The vapour pressure at 75° of acetic acid was taken
as 170 mm. This value was obtained by interpolation

from the data of Young (Sc. Proc. Royal Dublin Soc.,

12, (1909 - 10), 443,) (quoted by Int. Crit. Tab. Ill

217).

* The influence of the ester on the vapour pressure of

the solvent was disregarded.
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oxygen pressure was equal to atmospheric (751.5 mm.) in

both cases. As will be seen the curves for these two

solvents are markedly different.

In the experiments with petroleum ether, (b.p. 130°
- 150°), no allowance was made for the relatively low

vapour pressure of the solvent. The curve obtained

closely resembles that for benzene (Fig.?), but is

displaced somewhat to the right, as would be expected

in view of the lower pressure of oxygen. Since the

vapour pressure of the petroleum ether must have been

less than that of octane, the pressure of oxygen would

be somewhat greater than 751.1 - 147 = 604.5 mm. It

will also be observed that the petroleum ether curve

is clearly differentiated from that for acetic acid in

Fig. S, where the pressure of oxygen was rather less,

viz., 750 - 170 = 580 mm.

The question naturally arises as to whether any

pressure/

According to the data of Young (loc. ext. 417 : Int.

Grit. Tab., Ill, 225) the vapour pressure of n-octane

is 147 mm. at 75°. The b.p. of n-octane is 125.8,

according to Int. Grit. Tab., Ill, 225.



pressure was developed by the formation of volatile

decomposition products during the oxidation, so that
the pressure of oxygen was not simply the difference

between the total pressure and the vapour pressure of

the solvent. Actually indications were obtained that

some decompositions probably occurred in certain instances,
£

but, as will be shown later, complication due to this

factor could only have been of quite secondary importance.

Since the data recorded in Tables III, IV, and V

were obtained in experiments performed concurrently, the

observed differences cannot be attributed merely to

variation in the rate of shaking, which, in any case,

was confined within narrow limits. It might, however,

be supposed that the same rate of shaking would not

necessarily imply that the extent to which the solutions

were really agitated (i.e. broken up), and hence the

degree of access of oxygen to the ester were also the

same for any two solvents, owing to differences in the

viscosity and surface tensions of the solution.

Actually the viscosity of acetic acid is greater than

that of benzene and petroleum ether, so that if this

were the only factor involved, one might expect the

slowest rate of absorption to occur with the acid.

The/

1. See Int. Grit. Tab., V, 12, VII, 213, 220 (n-octane).
* See pp. 96-7
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The difference between the value of the surface tension

of acetic acid and that of benzeneis so small that

it must be without significance in the present instance,

and while the surface tension of petroleum ether is

probably less than that of acetic acid, this should

favour the "dispersion" of the solution and hence give

a higher rate of absorption in petroleum ether.

In these experiments It is unlikely that the

solubility of the gas in the given solvent is an

important factor in determining the rate of uptake of

oxygen. Data for the solubility of oxygen in acetic

acid are lacking, but Maxted and Moon2 have shown that

hydrogen is more soluble in benzene than in acetic acid

and the considerations advanced by Uhlig2 indicate that

the same will hold for oxygen.

As stated on page 20, no correction was applied for

the pressure of vapour in the gas burette. Ho conden¬

sation of solvent In the burette was ever observed, and,

in the early stages of the absorption at any rate, it is
doubtful if any vapour would reach the burette, since the

flow of oxygen down the capillary connection would

effectively oppose the passage of vapour up the same.
In the extreme case of saturation with benzene vapour,
the correction would amount to only a few per cent at
the temperatures concerned. Moreover the effect of
applying a correction would be still further to reduce
the absorption values in the case of benzene, while
producing a negligible difference in the case of acetic
acid and petroleum ether.

1, See Int, Orit. Tab, IV, 448, 454, 458(n-octane).
2, Maxted and Moon, Trans, Far, Soc., 32, (1936), 772.
3, Uhlig, Journ. Phys. Chem,, 41,, (1937), 1214,



71



560

Time(mins.)



72

As is 3hown by the data in Tables VI (p. 27) and

VII (p. 28) and the curves in Fig, 8, the behaviour of

the ester in octane and heptane is similar to that in

benzene and petroleum ether.

In view of theforegoing discussion it would appear

that, under comparable conditions, the course of the

oxidation is different, according as the solvent is

acetic acid, on the one hand, or a hydrocarbon solvent

on the other. The contrast between the two cases is

more clearly seen when the approximate rate of uptake

of oxygen is plotted against the total absorption, as in

Figs. 9 and 10. Actually the volume of gas absorbed

during each half hour is plotted against the total

absorption, by interpolation, from the appropriate

absorption-time curves. The plots establish that (1)

the initial rate of absorption is greater in acetic

acid than in petroleum ether, (2) the raaxium rate of

absorption is approximately the same for the two solvents,

(3) the maxium rate of absorption occurs when the total

absorption reaches about 10 ml. in the case of acetic

acid but not until 25 ml, is absorbed in the case of the

hydrocarbon solvent. It should be added that, at a

later stage in the absorption, the rate in petroleum

ether is such that the absorption-time curve intersects
*r

the curve for acetic acid.

*
See page 103.
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TABLE xx i v/

Octane *

Expt. i Sxpt. ii
Time Vol. oxygen Absorption Vol. oxygen Absorption

(rains.)
absorbed per 30 mins. absorbed per 30 mins.
(ml. at N.T.B) (ml. at N.T.P.)

390 3.5 3.9
420 4.3 0.8 4.7 Q.8
450 5.2 0.9 5.7 1.0
480 6.2 1.0 7.0 1.3
510 7.5 1.3 8.4 1.4
540 9.1 1.6 10.1 1.7
570 10.9 1.8 12.1 2.0
600 13.0 2.1 14.4 2.3
630 15.7 2.7 16.9 2.5
660 18.6 2.9

, Heptane ^

Expt. i Expt. ii

390 5.1 mm 6.1 ««.

420 6.0 0.9 7.3 1.2
450 7.1 1.1 8.6 1.3
480 8.4 1.3 10.1 1.5
510 9.9 1.5 11.9 1.8
540 11.5 1.6 14.1 2.2
570 13.3 1.8 16.5 2.4
600 15.3 2.0 19.1 2.6
630 17.4 2.1
660 19.7 2.3
690 22.1 2.4

*

See Table VI expts. i and ii.
r See Table VII expts. i and ii.
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Comparison of the data in Table XXIV (p. 75 ) with

the plots in Fig. 10, brings out the resemblance between

the course of the absorption with petroleum ether as

solvent and that with the pure hydrocarbons.

In order to interpret the data obtained with

solutions of the ester, it was obviously desirable to

study the absorption in the absence of solvent. Table

VIII (p£9,3L) contains the results of four representative

experiments without solvent. In Fig. In the rate of

absorption is plotted against the total absorption, 5

minutes being taken as the time increment, on account

of the rapidity of the uptake of oxygen. The most

striking feature of the plots is that the maximum rate

occurs at an absorption of 25 ml. as in the case of

petroleum ether.

Further consideration reveals, indeed, that the

curves for absorption with and without petroleum ether

are related in a very simple fashion. Fig. 12 shows

that the absorption-time curves * obtained in the

absence of solvent, practically coincide with the plot

given by one of the petroleum ether experiments when

the time-unit is increased by the factor 3.270. It

will/

*

Actually the curve for only one experiment is

reproduced in Fig. 12. The curves for the other

experiments follow practically the same course.



»



No Solvent - Table VIII expt. i

Petroleum either -Table III expt> j

120 240 3 60
No solvent - Time (mins.)

Petroleum ether - Time (mins.) /3.270
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Table yr.'

Petroleum 3ther.

Time
(mine.)

Time/3#327 Absorption
(ml. at N.T.P.)

15 4.5 mm

50 15.0 0.30
70 21.1 0.40
90 27.1 0.59

120 36.1 0.4o
150 45.1 1.32
180 54.1 1.85
240 71.1 2.76
315 94.7 4.73
345 103.7 5.67
375 112.8 6.76
405 121.3 8.19
435 130.8 9.71
465 139.8 11.55
525 157.8 15.99
555 166.8 18.60
585 175.9 21.26
615 104.4 24.02
645 193.9 26.94
675 202.9 29.56
705 212.0 32.21
740 222.4 34.64
765 230.0 36.49

See Table III expt. ii.
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will be seen from Table XXV "that, the second petroleum

ether experiment would give a very similar plot if the

factor 3.327 is employed.

It seems reasonable to conclude that petroleum

ether and other hydrocarbons act simply as inert

diluents, but that acetic acid exerts some specific

influence upon the course of the oxidation.

The Chemical Changes.

It will be shown, in the first place, that the

results of chemical examination of the oxidation

products indicate that one of the double bonds in the

ester molecule takes up one molecule of oxygen to give

the ketol (of keto-hydroxy) grouping*
- C - CH -

II I
0 OH

The data in Table XXIII (p. 62 ) shows that

hydroxy1 was undoubtedly formed when oxidation was

carried out in the absence of solvent or with benzene

as solvent. If it is assumed that the liydroxyl was

part of a ketol group, the volume of oxygen equivalent

to ketol will have the values given in Table XXVI and

plotted in Pig. 14 (p.88 )♦
A survey of the data obtained in the experiments

with phenyl-hydrazine (Tables XXI, XXII pp^?-^ reveals

that in any given case (i.e. for any given amount of

absorption) the extent to which the phenyl-hydrazine

reacted/
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TA3LB X:C7I

*

Oxygen as Ketol

(from hydroxyl determinations - Table XXIII)

Total Oxygen (ml. N.T.P.)
Absorption
(ml. N.T.P.) as hydroxyl as ketol

18.91 2.07 4.14
18.91 2.02 4.04

28.74 3.14 6,28
28.37 3.47 6.94
28.37 3.64 7.28

37.84 4.59 9.18
37.84 5.04 10.08

33.20 4.42 * 8.84
38.86 3.98 7.96

4.98 0.13 f 0.26
4.95 0.09 * 0.18
4.89 0.28 ' 0.56
4.80 0.09 T 0.18
4.96 0.27 f 0.54
5.35 0.23 r 0.46

* No solvent.

Determination carried out 17 - 18 hours after completion

of absorption.

7 Value calculated from determination with 2 ml. portion of

ester.



reacted with the oxidised ester (as indicated by the value

of x - y) varied with the quantity of the reagent which

was employed. The clue to the meaning of this behaviour

is furnished bjs the data given on page 59 , for an

absorption of about 38 2nl. in the absence of solvent.

The oxygen bound as ketol under these conditions will

be, on the assumption made above, 9.5 ml. (average value),

according to Table XXVT. Hence 4.25 ml. oxygen will

be present as carbonyl, provided all the carbonyl is in

the ketol grouping. If, now, the carbonyl were completely

converted into hydraaone;

CHOH
i

CsNj3I.C6Hg
by the action of phenyl hydrazine, the decrease In the

volume of nitrogen evolved would be 4.25*2 - 9.5 ml.

On the other hand if the ketol group were completely

converted to osagone:

GjN.NH.CgHs
i

C:N.NH,C6H5
i

the decrease in nitrogen would be three times as much

i.e. 9.5x3 = 28.5 ml., one molecule of reagent being

decomposed in oxidising the - CHOH to - CO, and two

molecules becoming attached to the ester. Now in the

one set of experiments given on p.gg the nitrogen

content of the phenyl-hydrazine employed was IS.14 ml.,

i.e. rather more than one and half times the decrease

in nitrogen (9.5 ml.) for complete formation of hydrazone,

while/
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while in the other set of experiments a very much greater
*

excess of the reagent was employed • The decreases

in nitrogen actually observed were 11,72 ml. and 34.72 ml.

(average figures) respectively, i.e. in the ratio 1 to 3.

This result suggests strongly that the osazone is

readily formed and the present results have been accord¬

ingly interpreted on this basis, the following procedure

being adopted. The values of x - y given in Table XXII

v/ere divided by the values for the decrease in nitrogen

(Xjj) which would have resulted from the formation of
hydrazone alone, oh the assumption that the hydroxyl

determinations (Fig. 14) gave the tine measure of the

ketol content. On plotting the values of the ratio

x - y/% against the corresponding values of x/3% the
graph in Fig. 13 was obtained. The graph shows
that x - y/Nh at first increases with icrease in x/1%,

A

but has the constant value of about 3.3 (mean of

experimental values) when xATh is greater than about 5.5,
which would therefore appear to be the condition xor

complete formation of osazone. This condition applies
to the experiments marked with an asterisk in Tables

The mixture was also heated for 30 minutes as against

the normal period of 5 minutes.
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XXI and XXII, and only the values of x - y obtained in

these experiments have been used to calculate the oxygen

present as carbonyl and ketol. It is evident that,

assuming complete osazone formation, oxygen as carbonyl
= x - y/6, and oxygen as ketol * x - y/3. The ketol

values obtained in this manner are given in Table XXVII

and plotted in Pig. 14. It will be seen that they agree

fairly well with the values derived from the hydroxy1

determination, but are almost uniformly somewhat higher.

The measure of agreement is, however, sufficient to

establish that Eetol is produced in the course of the

oxidation.

Marks and Morrell- recommend the ratio 1.5 molecules

phenyl-hydrazine to 1 carbonyl group as giving sufficient

excess of reagent for the satisfactory estimation of

carbonyl as hydrazone. It is evident that the data

given on p« 59 support this recommendation. Some

exactly similar determinations with keto-hydroxy

stearic acids, prepared as described by King^, also

showed that the above ratio produced complete hydrazone

formation. Large excess of phenyl-hydrazine resulted

in further adtion , but it was small in amount compared

with the effect in the case of methyl linolate.

However/

1, Marks and Morrell, Analyst, 56 (1931) 508

2m King, J.C.S., 1936, 1788
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TABLE : : - -

Oxygen, cis Ketol

(from carbonyl determinations - Tables XX, XXI and XXII)

Solvent
Total

Absorption
(ml. 1T.T.P.)

Oxygen (ml. N.T.P.)

as earbonvl as ketol

Petroleum ether 4.31 0.71 1.42
4.81 0.73 1.56

14.90 2.16 4.32
14.73 2.32 4.64
14.81 2.12 4.24
14.34 1.88 3.76

Wo Solvent 9.65 1.09 2.17
9.65 0.94 1.88

23.28 2.68 5.36
23.28 2.63 5.26

38.32 5.77 11.54
38.50 5.79 11.58

Acetic Acid 4.81 0.54 1.08
4.81 0.66 1.32

9.39 0.82 1.64
9.39 0.62 1.24

18.89 1.86 3.72
18.89 1.53 3.06

23.33 1.90 3.80
28.33 2.14 4.28

41.56 4.80 9.60
41.73 4.38 8.76
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However, King (loc. cit.) has shown that a nearly-

quantitative yield of dinitro-phenyl-osazone may be

obtained in 43 hours by the action, at room temperature,

of dinitro-phenyl hydrazine. It thus seems that the

reactivity of the ketol group in respect of osazone

formation is very different in the two compounds.

In the case of acetic acid (Table XX, p ,56 ), it was

considered reasonable to suppose that the excess of

phenyl-hydrazine was sufficient in all the determinations

except three (values of x - y given in brackets) to bring

about complete formation of osazone. Justification for

this lies in the fact that the values for the ratio

x/x - y are considerably higher than the corresponding
values obtained in the absence of solvent or v/hen

petroleum ether was employed as solvent. The amounts

of oxygen present as ketol resulting from oxidation
in acetic acid are given in Table XXVI - and plotted in

Fig.15 • It should be added that the presence of

hydroxy1 was detected by treatment with acetic anhydride
which supports the assumption that the carbonyl was

part of a ketol group. Owing, however, to the large
amount of acetic acid present, quantitative estimation
of the hydroxyl was not feasible.

The ketol curves in Figs .id and 15 have been completed

on the assumption that the absorbed oxygen is taken up

wholly at the double bonds, to form, primarily at least,

a ketol group at one of them, and a peroxide group at

the/



 



Fig. 14

SOLVENT PETROLEUM ETHER

O from hydroxyl detn
Oxygen ketol

O from carbonyl detn

solvent
Oxygen peroxide

petroleum

(theoretical)Oxygen

"bonds (•)doubleequivalent

Total oxygen

40

Total Absorption (ml.)



89

Fig. 15
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the other. Calculation shows that on this view, O.S

ml. of methyl linol&te would require 67.5 ml. (at JT.T.P,)

of oxygen for complete oxidation, i.e. practically 34 ml.

for each double bond.

While the foregoing scheme is probably somewhat over

simplified, there are grounds for supposing that it

includes the chief features of the oxidation. In the

first place as described in the Introduction, the work

of Morrell and Davis on the maleic anhydride compounds

of yS-elaeostearin and /-elaeostearic acid has shown that
in these compounds a chain double bond oxidises either

to a ketol group, or to a peroxide group, depending upon

its position with reference to the terminal ester or acid

group. That is to say, a given ethylenic linkage does

not oxidise to ketol in some molecules, and peroxide

in others, when a portion of the compound is oxidised.

It seems probable that the same state of affairs will be

found to hold in the case of methyl linolate. In the

second place, the results of the present work indicate

that ketol is formed and in amounts which are consistent

with the view that ketol formation is restricted to one

of the double bonds.

The last column in Tables XVI to XIX gives the

volume of oxygen equivalent to the decrease in uptake of

iodine monochloride by the oxidised ester (101 2 Qg).
This is therefore the oxygen equivalent to the decrease

in the degree of unsaturation, provided that the dis¬

appearance of a double bond requires the attachment

of one molecule of/
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of oxygen. It will be seen that the amount of oxygen

equivalent to the decrease in unsaturation is always

considerably less than the total amount of oxygen

absorbed. Possible explanations are (1) that oxygen

attacks the molecule elsewhere than at a double bond,
or (2) that more than two atoms are involved in the

disappearance of a double bond or (3) that attachment

of oxygen at a double bond does not necessarily lead to

the disappearance of this bond . The last of these

could arise through the existence of a keto-enol

transformation, giving rise to a proportion of the

grouping - G = C -.Morrell and Davis1 have shown that
r i

OH OH

this very probably happens In the case of the ketol

group formed at the ring double bond in the maleic

anhydride compound of ft -elaeostearin. On the other
hand they find that the process does not occur in the

case of the ketol group formed at the ethenoid linkage

in the c<-elaeostec.ric acid compound. However here the

ring double bond does not oxidise, and it is not

unreasonable to suppose that in the case of oxidised

methyl linolate, the presence of the peroxide group may

stimulate transformation of the ketol group into the

dihydroxy grouping. As the behaviour towards phenyl-

hydrazine/

1. Morrell and Davis, J.S.C.I., 65 (1936) 237T.
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hydrazine indicated, the ketol group is in an active

condition.

Assuming that the keto-enol tautomeriara does occur,

it will he seen from Fig. 15that an equilibrium mixture
of approximately equal amounts of the two forms is

present when the oxidation is carried out in acetic acid.

Morrell and Davis (loc. cit.) found the same proportions

with their /2-elaeostearin compound under similar conditions.
According to Fig.14 the proportions of dihydroxy group¬

ing is high during the first stages of oxidation, with¬
out solvent or in petroleum ether, but later decreases

considerably. This apparently anomalous behaviour will

receive further consideration.

The data in Table XV (p. 46) indicate that the

Wijs' method as employed in the present work gave

satisfactory results with the unoxidised ester, and also

that the ester was sufficiently pure.

If the oxygen other than as ketol is bound as

peroiide, - CH - CH -
i I
0 - 0

the amount of peroxidic oxygen is given by the dotted

curve in Figs.14 and 15, obtained by substracting the

ketol oxygen from the total absorption. The experimen¬

tal peroxide curves, plotted from the data in Tables

XI, XIII, XIV (pp.T, .1, 2 ) are also included in the
figures, the values for absorptions without solvent or

with petroleum ether as solvent lying on a common curve.
It will be seen that the experimental curves fall

below/
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below "the "theoretical curves, the divergence being very

marked in the case of acetic acid.

That the low peroxide values are due to partial

transformation of the peroxide groups into non-peroxide

groups of some sort, is definitely established by the

results ' marked with an asterisk in Tables XI and XIV,

In these experiments the peroxide value was not

determined immediately, in accordance with the usual

procedure, but after the required amount of oxygen had

been absorbed, the ester or solution was rapidly cooled,

the unabsorbed oxygen in the reaction vessel replaced by

nitrogen, and the ester or solution then kept at 75°
for 20 hours before the peroxide content was estimated.

It was found that the amount of peroxide was much less

under these conditions than immediately after completion

of the absorption. Thus, in the case of acetic acid

(TableXI), for an absorption of 9.5 ml., about 5.5ml.
of oxygen was found to be present as peroxide by

immediate estimation, whereas, dor an absorption of
about 11 ml., the peroxide had dropped to roughly 1.0

ml., 20 hours after the absorption was stopped. The
(in-absence of acetic acid),

data in Table XIV snow that,^for an absorption of & out
38 ml., the amount of peroxide oxygen decreased by

approximately 11 ml. under the same circumstances.
Morrell and Davis (loc. cit.) observed that the

peroxide content of the product formed by oxidising

the maleic anhydride compound offt-elaeostearin in
acetic acid solution, decreased when the solution was
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kept at 20°. The peroxide found by oxidation in carbon

tetrachloride proved to be very stable at 20°, but
became unstable when the temperature was raised to 110°.-*•
At the relatively high temperature of the present

experiments, it is therefore not surprising that the

peroxide disappears, irrespective of the presence or

absence of acetic acid. Moreover Franke and Jerchelci

found that in oxidising linolic acid at 37°, the peroxide

content was always less than the total absorption, and

passed through a maximum when half the theoretical amount

of oxygen required to saturate the double bonds had been

absorbed. This is difficult to interpret on any assumption

other than that only one peroxide group was formed in

the molecule and that this group underwent a further

change, so that the peroxide content ultimately decreased

as the absorption proceeded.

Further investigation is required in order to

ascertain the nature of the change or changes undergone

by the peroxide. Various possibilities exist, thus -

(1) polymerisation of the ester molecules by interaction
of the peroxide groups, (2) loss of oxygen to give the
"monoxide" - CH - CH - , (3) fission of the

\ /
0

1. Morrell and Davis, J.S.G.I. 55 (1936) 265T.

2. Franke and Jerchel, Annalen, 533 (1937) 46.
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molecule at the position of the peroxide group, to

form aldehyde. Morrell and Davis have shown that there

are good grounds for concluding that in the case of the

oxidation of the/3-elaeostearin compound the peroxide

readily polymerises when acetic acid is used as solvent,

but only very slowly in carbon tetrachloride. On the

other hand these workers found evidBnce of monoxide

formation when the peroxide obtained in carbon tetra¬

chloride was heated to 110® but they do not exclude the

possibility that appreciable polymerisation also

occurred at the higher temperature. There was no

evidence of fission of the molecule.

In the experiments without solvent, in which the

oxidised ester was kept at 75° in contact with nitrogen

for 20 hours, a small increase In pressure was observed,

indicating the formation of volatile decomposition

products. Since the hydroxyl content also decreased
somewhat under practically the same conditions (ester

kept for 17-18 hours : see Table XXHEI.p.62), It seems

reasonable to suppose that the increase In pressure

was due mainly to the formation of water by conversion
of at least some of the peroxide into monoxide, and the

subsequent oxidation, by the oxygen so liberated, of
some of the ketol to the diketo-grouping:

-C-CH-+ 0 —> - G - C - + H20.
II I II H
0 OH 0 0

The possibility of some degree of polymerisation of the

molecule/
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molecule is, however, not excluded.

No pressure was developed when the ester was

oxidised in acetic acid and the solution kept under

nitrogen at 75° for 20 hours, although, as stated, the

peroxide content underwent a marked decrease. This is

in agreement with the view that, in acetic acid,

polymerisation is the main factor involved in the decrease

in the amount of peroxide.

It is desirable to emphasise that according to the

work of Coffey1, a negligible amount of volatile products

is obtained when linolic acid is oxidised at 100°, in

contrast to the behaviour of Hiiollmic acid and linseed oil^

under the same conditions.

The increase in pressure, discussed above, devel¬

oped so slowly that in the experiments on the rate of

absorption, complication due to the presence of volatile

decomposition products would be of minor consequence

(see p. 62). A few experiments were carried out in

which a benzene solution of the ester was enclosed

with oxygen in a glass bulb attached to a capillary

manometer, and kept at 75° until the pressure was

constant. The final value of the pressure was greater

then, the vapour pressure of benzene, but even on the

assumption that the extra pressure was entirely due to

the/

1. Coffey, J.C.S., 119, (1921), 1408.

2. Coffey, J.C.S., 119, (1921) 1152. See also Newton

Friend, "The Chemistry of Linseed Oil", (1917), 48-51,
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the formation of volatile products (which under the

actual experimental conditions, could not have been the

case), it was again quite inadequate to account for the

initial slow rate of oxidation in benzene as compared

with acetic acid. Moreover, the results of chemical

examination show that all the oxygen is present as

peroxide or ketol in the very early stages of the

absorption when the difference in rate is most marked.

The oxidised ester invariably gave a violet colour

with Sehiff's reagent, so that it is uncertain if

aldehyde was produced by fission of the molecule1.
It should be remarked that Bona, Asmus and Steineeh2
found no evidence of the presence of aldehyde in the

product obtained by prolonged treatment of methyl

linolate with oxygen at room temperature.

It has been pointed out that the peroxide values

obtained on oxidation without solvent, or in petroleum

ether or octane, lie on a common curve. As will be

seen from Table XII (p. 40), the peroxide values were

much less reproducible when benzene was employed as

solvent. All the benzene values, however, are higher
than those for acetic acid, and the highest actually

fall/

1. Morrell (J.C.SV 101 ,(1912), 2082) has observed that
oxidised ethyl^- elaeostearate became purple on treat¬
ment with Schiff's reagent.

2. Bona, Asmus, and Steineck, Biochem. Zeitsch ., 250.

(1932), 149.
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fall on the above common curve. The value depended to

some extent upon the rate of absorption, since low

values were consistently obtained when the oxygen

pressure was low. In general, for reasons which are

at present obscure , experiments with benzene as solvent

were less reproducible than in other cases.

The curve (D) in Fig. 14 for the amount of oxygen
( r

equivalent to the decrease in double bonds, as deter¬

mined with Wijs' solution, is difficult to interpret.

Up to an absorption of ebout 35 ml. oxygen, this curve

approximates to the theoretical peroxide curve (C),
but diverges at higher absorptions. Assuming that the

difference between curves E and D represents the amount

of dihydroxy-tautomer, the divergence lends support to

the view that, at the higher absorption, the ketol

group is oxidised to an appreciable extent to the

diketo-group as previously suggested.

The Influence of the Solvent.

Figure 15a (p. 99) shows the absorption-time curves

obtained with a variety of solvents. The curves for acetic

acid and petroleum ether are identical with those

already given in Fig. 6 (p. 64). The curves for the

other solvents are plotted from the data given in Tables

VTII a - h. In all cases the total pressure was

practically the same, no allowance being made for the

vapour/
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vapour pressure of the solvent1. The partial pressure

ofoxygen therefore varied somewhat from solvent to

solvent, but the experimental conditions were sufficiently

comparable to permit of the recognition of definite

solvent effects.

In the experiments with butyl and arayl alcohols

the partial pressure of the oxygen was-somewhat greater

than in those with acetic acid, since the vapour

pressures of these alcohols are lower than that of

acetic acidi Hence the difference between the course

of the absorption in acetic acid and its course in

these two alcohols is not due to there being a higher

partial pressure of oxygen in the case of acetic acid.

In the case of propyl alcohol, a small proportion of

the observed difference from acetic acid will be due

to this cause, since the vapour pressure of this alcohol1
is somewhat greater than that of acetic acid.

The question arises as to whether any correlation
is possible between the influence of the solvents on

the absorption and their other properties. Judging

from the present results, there does not appear to be

any simple relation between the rate of absorption and

the/

1. Int. Crit. Tab., Vol. Ill, pp. 217-221j acetic acid
170 mm. at 75°; propyl alcoholt 301 mm, at 75°; butyl
alcohol; 121 in. at 75°; arayl . Icohol: 95 mm. at 80°
pyridine; 229 mm. at 80°; nitrobenzene; 7.5 mm. at 80°,
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the dipole moment of the solvent* The dipole moment1
of acetic acid is about the same as those of the

alsohols, yet oxygen is absorbed much more readily with
acetic acid as solvent* Indeed, the oxidation in the

case of the alcohols proceeds initially at a rate which

is comparable with that for the non-polar petroleum

ether and later at even a lower rate* Again, the
initial rate of absorption with nitrobenzene is not

appreciably different from that for acetic acid,

although the dipole moment of nitrobenzene3" is more

than twice that of acetic acid* It must, however, be

noted that the curve for nitrobenzene appears to be

anomalous since it early diverges markedly from the

acetic acid curve and then runs almost parallel to the

alcohol curves*

In the case of the substituted acetic acids and

pyridine, there were indications that the oxidation

was accompanied by complications absent in the case of

the other solvents* The solutions turned brown instead

of yellow (see Table XXVIII pp. 104 d and e). Also

the absorption curve for trichloroacetic acid was

abnormal, since after an absorption of about 10 ml.
the apparent rate of oxygen uptake decreased to a

very/

1. Hampson and Harsden, Trans* Par* Soc*, 2Q, (1934),
appendix} "A Table of Dipole Moments*"
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very low value. However, it appears reasonable to

assume that the initial rates of absorption are

comparable. On this assumption we have the following

sequence for the rates of oxidation:- trichloroacetic

acid > dichloroacetic acid > chloroacetic acid >

pyridine > nitrobenzene. The sequence for the dielectric
*

constants (at 60°) is:- nitrobenzene > chloroacetic

acid > pyridine > dichloroacetic acid > trichloroacetic

acid. Again, we have for the rate of absorption:-

dichloroacetic acid > acetic acid > butyl alcohol,
#•

but for the dielectric constant (at 60° ):- dichloro-
T f

acetic acid > butyl alcohol > acetic acid • It is

evident that there is no simple relation between the

influence of the solvent on the rate of absorption and

its dielectric constant.

A striking feature of the present results is that

high rates of absorption occurred in solvents of acidic
or basic nature. Moreover, in the case of the acetic

acid/
_ i .

Values of the dielectric constant given by Int. Orit.

Tab., Vol. VI, p. 33 etseq. The available data do not

permit of comparison at a temperature greater than 60°,
but consideration of the variation of dielectric constant

with temperature leads to the conclusion that the sequence

at 75° will be the same as that at 60°.

f Ihcaet values at 60° for these substances are not known

but interpolation from the available data shows that this
is the correct sequence.
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acids the initial rate increased with increase in the

degree of substitution, i.e. with increase in acidic

nature. Franke^-, also, found that oxidation was

particularly rapid in pyridine, aniline and other basic

solvents. It may be added that in the present work

a few absorptions were carried out with acetic acid to

which small quantities of water had been added. The

presence of water was found to be without effect on the

rate of absorption, which would indicate that the high
rate in the normal experiments with acetic acid was not

due to hydrogen ions resulting from the presence of traces

of water.

p
It is of interest to note that Horrish found that

a stearic acid surface brings about combination of

bromine and ethylene, whilst a paraffin wax surface
does not. Ueno, Okaimira, and Saida3 also state that
acetic acid has an accelerating influence in catalytic

hydrogenation with platinum black. It therefore

appears that, in general,addition to ethylenic linkages
is stimulated by the presence of substances of an

acidic nature.

There/

1. Franke, Lieb. Ann., 498. (1932), 129*
2. ITorrish, J.C.S., 123, (1923), 3006.

3. Ueno, Okunaxra, and Saida, J.S.C.I., (Japan), 34,

(1931), 106B.



There is evidence that in the later stages of the

absorption of oxygen by methyl linolate, the cour

events is influenced by the nature of the solvent in

that this determines the rate of disappearance of the

peroxide produced by the oxidation. The following

will elucidate the situation.

In Figs. 16 and 17 are given representative

absorption-time curves for experiments in which the

absorption was allowed to continue for a longer period

of time than was usually the case. Time curves for the

various processes examined have also been drawn using

values obtained from the curves in Fig. 14 and 15 by

interpolation at convenient values of the total

absorption. It should be noted that representative

curves for petroleum-ether may be obtained from the

"no solvent" curves by multiplying the time values by

a factor of approximately 3.3 (see pp. 77-80)
The 3-shape of the curves obtained in the absorption

of oxygen by drying oils and similar substances is

generally considered to signify that the oxidation is

autocatalytic1. It is further usually assumed that

the peroxide formed in the course of the reaction
functions as the autocatalyst-1-. On this basis the rata

of absorption at any given moment should be determined,
other things being equal, by the actual concentration
of/

1. See Maxted, "Catalysis and its Industrial Applications

(1933), 59.
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of peroxide, so that in any given case, the rate of

absorption will be less if the peroxide undergoes

further change, than in the absence of such change.

This is borne out by the present data and offers an

explanation of the fact that, in the case of acetic

acid, the maximum rate of absorption occurs at a much

earlier stage in the absorption than when oxidation

is carried out without solvent, or with a hydrocarbon
as solvent (see p. 72). As will be seen from Pigs.

16 and 17, the experimental peroxide concentration

curve for acetic acid commences to flatten out at a

much lower absorption than does the corresponding curve

obtained in the absence of solvent (or in the presence

of hydrocarbon solvent).

Thus, the actual rate of absorption will depend on,

amongst other factors, the relative importance of two

antagonistic effects viz. (1) the stimulation, by the

solvent, of the oxidation by activation of the ester

molecules, (2) retardation, by the solvent, of the

oxidation by promoting transformation of the peroxide

by, for example, polymerisation. In the case of
acetic acid the retardation becomes so pronounced that

the absorption-time curve eventually falls below the

curve for petroleum ether (Pig. 17 - with appropriate
time units)..,

The present results further show that, under

comparable/
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comparable conditions, the rate of ketol formation is
slov/er than the rate of formation of pe oxide (theoretical

curve), i.e. oxidation takes place more readily at one

of the double bonds than at the other. Morrell and

Davis found the same to be true for derivatives of

elaeostearic acii, and Franke and Jerchel the same for

linolic acid.

As stated in the Introduction, Morrell and Davis

found that no oxygen was absorbed by the aialeie anhy¬
dride compound of /3-elaeostearin when dissolved in

benzene and the gas circulated through the solution, at

20°, for 219 hours. The data obtained with the

elaeostearin compound in the present work (Tables IX

and X, pp. 34-5 and Fig. 18) show, however, that at
75° oxidation quite readily occurs in benzene solution,

and, indeed that the absorption-time curves are similar

to those obtained with methyl linolate under comparable

conditions (Fig. 6). The results of a few preliminary

experiments indicated that acetic acid exerts a specific

action on the auto-oxidation of oleic acid also, so

that the effect would appear to be common to unsaturated

substances of this nature.

*
Morrell and Davis believe that peroxide is primarily

fjfaraad at both double bonds, but is rapidly converted

into ketol in the case of one of theiji.
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Influence of Cobalt Compounds.

A few experiments were carried out to ascertain

the influence of cobalt compounds on the absorption of

oxygen by methyl linolate in acetic acid and in benzene.

The data are given in Tables Villi and j (pp. 31 i and j)
and reproduced in Fig. 19 p. 104a. In the case of

acetic acid 0.002g of cobalt acetate was dissolved in the

ester solution and in the case of benzene a small

amount of cobalt naphthenate, in white spirit solution,
was added. Conditions were otherwise the same as in

the experiments reproduced in Fig. 6, curves A and B, which
are also included in Fig. 19.

The results show that the cobalt compounds act as

positive catalysts for the oxidation, in acetic acid
and in benzene. It will be seen that, in the case of

acetic acid (curve C), the absorption proceeds very

rapidly until about half of the theoretical amount
of oxygen^ has been taken up and then proceeds at a

much slower rate. The difference in rate is very

definite and supports the view that one double bond

oxidises rapidly to peroxide and the other much more

slowly to form ketol. It will be noticed, however,

that absofP^5-01* continues after the theoretical amount

oU— , _—.

*
Theoretical amount of oxygen » volume corresponding to

addition of two molecules of oxygen to one molecule of

ester - 67.5 ml at IT.T.P.
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of oxygen has been taken up, showing that some process

of oxidation, other than the addition of oxygen at the

double bonds, is also taking place to a small extent.

In the case of benzene (curve D), strong positive

catalysis by the cobalt naphthenate was observed at

first but the rate of absorption fell off in a marked

fashion at a very early stage, which suggests that the

catalyst had become inactive.

fiq&qvff Changes tfuring Absorption.

In general, a note was made of the colour of the

ester or solution after oxidation. Representative

observations are recorded in Table XXVIII (pp. 104 d and e).
It will be seen that (1) in the case of the substituted

acetic acids and pyridine the solution became brown,

(2) in all other cases the solution was either colourless

or yellow, (3) in the case of benzene the developeraent
of colour appeared to depend upon the partial pressure

of the oxygen, (4) the intensity of the colour increased
when the oxidised ester was kept under nitrogen.
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TABLI3 . . ' I

Solvent
Age

(hrs.)

Total
press.

(ram. Hg.)

Vol.
oxygen

absorbed
(ml. N.T.P.)

Time

(rains.)

Colour

None
■

12
12
12
12

760.0
742.7
742.7
741.0

20
38
38
55

140
240

1220
400

colourless
very pale yellow
deep yellow
yellow

Heptane 16 755.0 23 700
•

■

colourless

Octane 16 749.3 19 660 colourless

Petroleum
ether 12 751.5 38 770 colourless

Benzene 0
16
16
16
40

750.0
750.0

1409
1426
1425

16
34
20
30
40

700
3100
545
615
730

colourless
colourless
very pale yellow

pale yellow
yellow

Nitro¬
benzene 0 759.6 12 680 pale yellow

Propyl
alcohol

Butyl
alcoHol

Aaayl
alcohol

16 749.0 36 890 colofirless

16

16

749.0

749.0

52

64

1500

1600

colourless

very pale yellow

jjt
Solution kept under nitrogen after oxidation.
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TABLE " continued

Solvent
Age

(hrs •)

Total
press#

(mm. Hg.)

Vol.
oxygen

absorbed
(ml. IT.T.P.)

Time

(rains.)

Colour

Acetic
acid 36

0
12
16

935.1
932.8
921.5
750.0

24
31
40
54

265
420
735

3060

colourless
very pale yellow
pale yellow
yellow

i

Monochloro-
acetic
acid 20 743.9 41 690

!

|

brown

Dichloro-
acetic
acid

0
0

749.4
749.4

24
35

120
640

light brown
dark brown

Trichloro¬
acetic
acid

20 743.9 15 680 brown-black

Pyridine 0
20
16

749.0
749.0
763.0

31
36
40

590
^

1410 t
605

yellow
brown
red-brown

~h
1 Shaking discontinuous.
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SUMMARY.

A study has been made of the auto-oxidation of

methyl linolate at 75° in the absence and presence of

solvents. It is found that:

(1) The rate of absorption of oxygen increases with

increase in the pressure of the gas.

(2) Under comparable conditions, the same absorption-

time curve is obtained with solution: of the ester in

benzene, petroleum ether, octane and heptane.

(3) The curve for hydrocarbon solvents coincides with

that obtained without solvent when appropriate time

units are employed. These solvents, therefore, appear

to act merely as diluents.

(4) Acetic acid exerts a specific influence, since the

curve obtained, with this substance as solvent, differs
from the hydrocarbon curve in that (a) the initial rate

of absorption is greater, (b) the maximum rate of

absorption occurs at a lower value of the absorption,

(c) the absorption ultimately becomes slower. The

maximum rate of absorption is about the same in all

cases.

(5) The principal chemical procass«sinvolved, at least

up to a fairly advanced stage in the absorption, are

probably (a) oxidation of one double bond to peroxide,

(b) oxidation of the other double bond to ketol, (c)

transformation of the peroxide.
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(6) In any given caset peroxide is formed more rapidly

than ketol, "but the rate of formation of ketol relative

to that of peroxide is less in the presence than in

the absence of acetic acid.

(?) The rate of transformation of peroxide relative

to the rate of its formation is greater in the presence

than in the absence of acetic acid.

(8) The results of the investigation support the view
a

that the peroxide acts as an autocatlyst in the

oxidation*

(9) The disappearance of peroxide is probably due

mainly to polymerisation in the case of acetic acid,

and at least partly to this process in the other cases

examined.

(10) The behaviour of the oxidised ester with Wigs'

solution appears to indicate the existence of keto-

enol tautomerism, although only one hydroxyl group is
found on acetylation.

(11) Fission of the molecule does not occur at the

position of the ketol group.

(12) The ketol group readily forms an osazone with

phenyl-hydraz ine.

(13) The absorption-time curves for the auto-oxidation,
at 75°, of the maleic anhydride compound ofylelaeo-
stearin in acetic acid and benzene are sirailar to
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those obtained with methyl linolate tinder comparable

conditions.

(14) The auto-oxidation of methyl linolate is very

similar to that of the maleic anhydride compound of

y-elaeostearin as regards the principal chemical

processes involved.

(15) The initial rates of absorption by methyl linolate

show the following sequence for the solvents examined:-

trichloroacetic > dichloroacetic acid > chloroacetic

acid > pyridine > acetic acid, nitrobenzene > petroleum

ether, octane , heptane, benzene, amyl alcohol, butyl

alcohol.

(16) The influence of the solvent on the initial rate

of absorption is not determined simply by the magnitude

of (a) the dipole moment or (b) the dielectric constant
of the Holvent.

(17) The rate of absorption appears to depend very

largely upon the degree to which the solvent possesses

an acid or basic character.

(18) Cobalt compounds act as positive catalysts in the

absorption of oxygen by methyl linolate in acetic acid

and in benzene. The catalyst appears to be readily

deactivated in the case of benaene.
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la conclusionj the author wishes to offer his
sincere thanks to Dr. T. H. Bolara, who, "by his

encouragement and guidance, has made possible the

pursuance of this course of investigation.
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