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Reimer and WIll (Zuw. 276}, cliimed to have p
of 4 per cent. of behenic acid meling at 7
1893, [ii], 48, 487, made a more careful examination of the solid
fatty acids separated by Relmer and Will's method and as the vesult
of analysis and melting points of the methyl ester and amide came to
the conclusion that the acid of high melting point is . ¥ooacid
{0°4 per cent.). Avchbutt (/. See. Chom. Iud., 1803, 17, 3}, foand as
much as 16 per cent. of mived srachidic and Tgneoc o acids in the oil
from Indian seed. Hebhner and Mitchell, Walleer and Wt don have
proved the presence of linolenic acid by isolating the v dhwanide.
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In 1922 Raymond (Jec. ¢i2) distilled 5 kilos of frec acids from a
sample of Indian rape oil at 4 pressure of 14 mm. in 2 corrent of carbon
dioxide and was able to prove the presence of stearic and palmitic
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acids together with erucic and oleic acids, The presence of still more
unsaturated acids was proved, but only small amounts of inscluble
hexa-and tetrabromides could be isclated, indicating the probable
presence of g-linolenic and By-linolic acids (idkamsl J. Tokio Chem.
Soc., 191y, 4 in the same year Toyama (lor. i) examined
the acids frc sumple of Japanese oil and gave the erucie acid
content ay r"w) P ent., saturated acids less than 2 per cent., together
with olelu, linelic and linolenic acids, as proved by oxidation and
bromination.

ANALYTICAL CONSTANTS,

The whole of the oil used in our experiments was obtained by
crushing Caloutta seeds var. wapas in an iron ghanni and was refined
by alkali treatment. & orty-nine pounds ol seed were used and were
mixed with o per cend. of water.  The yield of oil was 1875 lbs. or
38 per cent.  The alkall used for refining was 1o per cent. aqueous
sodium hydroxide in slight excess of the amount required to neutralise
the free fatty acuds,  Afier removal of the soap, the oll was washed
repeatedly with boiling water, heated to 110° and finally clarified by
treatment at 70°% with freshly ignited fuller’s earth.

The wnalytioal data for this oil are given in Table I, in addition
to values given by Grimme (L doswliory Comparion fo Fals and Oils

TABLE L

daelytical Constunis for RKape O,

Anthority ! ?1 {’,ﬁ‘fﬁ | Lewkowit schi Grimme [ I‘;‘;}; i‘:si Cr:‘;;zle_\'
Varlety L Naprs General | Nupus | Napus Le Suenr
: : I ; !
: { '
#33 o osuT | 0°9182-0°9168 | 0-6172-0°9210 ’ 09147 09148
7 cale. ta 20% L. 14728 1 1-4702-1-4730 | 1-4710-1- 4726 1+ 4734 | 1-4727
Acid value : 18 | 1°4-132 - 3-8
Saponification valu vre | 170el9 . 171318001 72 8 1677
Todine value 916 Winkler | 94102 . 953~ 104 6 102°8 Wijs 977
Acetyl value 31 i 147 : 149
Unsaponlﬁ.tbl | }
matter 2 076 0°5-10 b083-112 148
Fatty Acids.
Hehner value ey 948 | 951 ! 94-1-94°8 [ 956
#p cale. to 209 : 14640 | 1-4637 J 1'4625-1-4647 ! .
Titre L2000 12-13 ! e |
Iodine valus . 934 99-108 | 101~107 !
Mean molepuhﬂg | i
welght— H H
@) Divect | 3198 sz | 309'8-320'2 |
(6} Indirect ; 3165 | i
)
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Fudusévies, 1901, 44) and Lewkowitseh (Fdasw. Toofol rora, 39,
733}, Voyama (/. Chear Fide fupurs, turns 28, togy) and Crossley
and Le Suewr {7 Sec, Chew. Lndl, 1808, 1, cun),

Tt will be noticed thut the aeetyl vadue of the oi] s
and that Lewkowitseh also peenrdsw eabae of 150, These high
acetyl numbers do nut neeessarily medn tEw_ presvuce vy the o] of
glycerides of 770 iy l{mizu‘tir‘;n;a:‘%“\ WL (e s, 18,
3322} have shown the oo o withe 00 0 0T dicriedn in certain
cn b of rape oill That the high acetyl vidue of the oif we
examined is lrgely due to the presence of diboy 0 70 Thiswas
proved by isolating the ac s, oo 10 inte nathndousters and
determining the acetyl

alue, which was found fo be 6o

SEPARATION OF S0LID aND LIQUIL e i,

1t is well known that a clear -0 2D o salurated and ansate.
rated acids by the lead-salt-cther method dovs not oeewr whan erucie
acid is present, owing to the fact that ead voueate §s only ~ o wingly
soluble in ether. Twitchell (/. Zwd. fwgn e toze, {5 ~o00)
believed that his modified cothod vz, using of pereent (v olee)
alcohol in place of ether couldd be used By the presence of erie acid,
As no data hewing on the solubility of lead -+ 00 i aleohol were
available, a preliminary capevber 1 was made with one gram of fainly
pure erucic acid, moling wl 34 and with an fodine value of jro.
100 ce. of g5 per cent. aleohal were used and Te i s directions
followed. It was found that oryg6 gram of the acld was oblainad
from the soluble lead salt and od4y gram from the insolubile salt
The solubility will be affected Ly the presov v of other jead salts,
but it is clear that erucic will be found with both the solid and liquid
acids, and that the larger proporton will rome down with the solid
acids, i.e., from the insoluble lead salts, We have however used this
method in order to obtain a pattial separation of acide, az practically
all the unsaturated acids with the « coopiion of erucie acid will he
found in the liquid acids and all the Atuea® ! acids and much of the
erucic acid in the solid acids.

The refined oil was saponified with alecholie p i the dry
potassium soap extracted with ether to remove ooonoa 700 matter
and then decomposed with hydrochloric acid. A tsal of 190 grams of
mixed acids was used in eight lots of about 24 grams each. The
acids were dissolved in 750 ce. of 93 per cent. (by volume) alechel, the
'solution heated to boiling and solution of 1075 grams of lead acetate in
250 cc. of 95 per cent. alcohol also heated to hoiliny, added. The
mixture was kept at room-ternperaturcs over-nighl and then at 15°
for four hours, when the precipitate was removed and washed with




cold aleohol until free from acid,  The o o~Llte was dissolved in a
litre of hot 95 per cent. alechs! Cantaining o3 per cenr. of acetic acid,
cooled to root) e and then kept for four huurs at 139 the
precipitate removad, Wi Led with 250 ce. of cold aleoho! und decom-
pased giving the solid avids.  The liguid acids obtained by decow-
posing the lead salts contained in the oot fltrate forn: Tiquid acids I
those from the fead salts in the secopd filtrate Hguid acids 110 The
weights anel -0, o0 < of the theee Jots of acids are given in Table 11,

TABLE IL

Solield and Ligaid leids frow Rape O

oo EER | Ldqmd t Lhgsbl o]

Weight in grams 8ig

‘ 2
Percentage .- 3 s 24q iS4 :
Meen Molecniar wemght ¢ k18] (4. 4] 03 ! ey 31804
Toduine valoe [T 13 G 434 936

The results show that there was o loss of Jess than one per cent.
of fatty acids during the provess.  The solid acids have a high iodine
value due to the large |« eitage of erucic acid carried down with the
saturated acids, The iodine value for pure erucic acid is 75, so that
868 per cent. of the solid acids consists of erucic acid. The high jodine
value of liquid acids I indicates the prescuee of highly unsaturated acids
such as linolic or linolenic, and the relatively igh molecular weight
of liquid acids 11 points 1o the presence of erucic acid in this fraction.

EXAMINATION OF LIQUID ACIDS.

The method of exmmination was similar to that used by
Jamieson and Baughman (/. Amer. Chens. Soc., 1920, 42, 1372}
in their study of the liquid acids from cotton-seed oil. About j
grams of the total liquid arcids were dissolved in roo cc. of dry ether
and dry bromine added gradually at o° until the colour persisted;
after further cooling at o® for five hours, the precipitate was removed to
a tared filter paper, then washed with chilled ether, dried and weighed.
The melting point was 178-179° corresponding with that for linolenic

Calculated from the values for the solid and liguld acids. . .
#7The neutralisation cquivalenis were cdetermined by saponification with excess of alkali
and back titration with standard acid, es direct titration gives high results.
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acid bos doneide (1819, he ethereal Giltrate was washed with sodium
thinsulphate solution, dried and the ether removed.  The residue was
warmed on the water-bath with 1oo co, of Hght potale bui]ing at
4o-60, but an appreciable awmwount of a pasty material oo ained
undissolved. This could not be erucie acid dibromide or linolic
acid tetrabromide as both 1 0 - in warrn lght petreleam,  The
same residue was also oblained when the bromination was curried out
in the wesoine of acetic acid as oo v ded by Fryer and Weston,
(Tecknical Handiood of s, Futs end Waxes, 1920, 2, 111). The
residue was removed and s bromine-cor oni found to be 3575

In order to vvimine this residue in mere detail, 100 grams of
freshly prepared Hquid acids were treated in the sume manner, giving
56 grams of hexabromide insoluble in ether at v and 25 grams of
residue lnsoluble in warm light petrolenm.  This time the pao et was
colourless, melted at 175~1799, contained 62'3 per cunt. of bromine
and after vne crystallisation from benzene meled at x8e-1817.  (This
gives a total of 2'97 per cent. of linclenic acid in the liquid acids), It
1s thus clear that the hexabromide is seluble 1o o certain extent in dry
ether at o° in the presence of erusic acid dibromide and the conclusion
was drawn that in the originad expoiinen! the product fnoleble in
petroleum ether was a very impure hexabromide containing +olvoring
matter and perhaps oxidation products of highly unsaturated acids, as
the liquid acids had been left in a desicoator for some time before
investigation. The 355 per cont. of Soonnine was therefore taken as
being due to hexabromide and the weonnt of hexabromide po-entin
the residue calculated.

From the solution in light pefiolenns a portion of the linglic acid
tetrabromide was obtained by (oollue te o avenniphi The
precipitate was collected on o gooch crucible, washed, dried and
weighed. [t melted at 108~r1o¢® amd after ong evu-tallaathm, at
r12-113° thus corresponding with the tetrabromide which melts at
113-114%  After removal of the solvent from the filtrate, the hromine-
content of the residue was determined both by Carius’ and Stepanoff's
method and was found to be 397t per cent.  The bromine co:npounds
present are not only linolic acid tetrabromide and oleic acid dibromide,
but also erucic acid dibromide ; this complicates the caleulation of the
three constituents in the residue.

dFor purposes of calculation the following equations have been
used :~—

(M x+y+e2tae= o0

{(2) 75%¢ + 9oy + 182z + 27408 = 100 [

(3) 338x + 282y 4+ 2802z + 2782 = o0 M
where
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1, of erucie acid 1n liguid ar

&= per e
o= per cent, of elebe acid in Heuid anids,

» == per cent. of linolic aekd in Hguid acids,
@ = percent. of Hnolende aeld in Hguid acids.
!

I = iodine value of the Hguid acids.

M o= mean modecular weight of the liguid acids.

It would alse be possible to caleulate the guantities of erucie,
oleic and linolic acids from the weight of di- and tetrabromides
isolated, or from the bromine-content of this mixture. The results
however, do not agree with those obtained when the lodine value is
used as the basis of the calculation,  This is due to slight experi-
mental errors in the not very simple process of isolating the bromides
and as, owing to the indirect method of caleulation, & small error has a
large influence on the resuit, it has been considered advisable to use
only the most easily determined constants, viz, the mean molecular
weight and the fodine value.

(9

The three equations, 1, 2 and 3, only hold good if the following
conditions are fulfilled 1—

1. No saturated acids are present in the liquid acids. The
saturated acids usually present in lquid acids are those of low
molecular weight as their lead salts are more soluble in alcohol than
are lead stearate and palmitate, and their presence is indicated by the
low mean molecular weight of the liquid acids.  As erucic acid with
amolecular weight of 338 is present, it is not possible to detect acids
of low molecular weight by determining the neutralisation value,

The results of the distillation of the methyl esters obtained from
the completely hardened oil {p. 41) indicate the absence of any
appreciable amounts of esters derived from these acids.

2. The absence of unsaturated acids which would yield
tetrabromo- and hexabromobehenic acids on bromination. All that
can be said is that there is no absolute proof of their absence, but as
the linolenic acid hexabromide and linolic acid tetrabromide were
readily isolated with correct melting points the presence of highly
unsaturated acids derived from behenic acid is unlikely.

The results of examining the bromo-derivatives and of caleulating
the composition of the liquid acids are given in Table I11,
H
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TABLE IIL

Exaniination of Folal Liguic ~Acids Fond 70 (Tah> 11).

Mean moiseular weight of mixed liguid serts, 2L
Todine value of muxed Hguid 5, 1171
Pereentage of mxed liquid acids u fofal

§ 11
Grams of acids taken for bromination .. 3026
Grams of hexabromide crystals W 206
Grams insoluble in light pelroleum . w625
Percentage of bropune in this residue . 355
Grams of hexabromide in this residue... 0357
Total grams ol hexabromide (3563
Percentage of linolenic acid (a) 415
Graxgs of tetrabromide crystals 0515
Grams of mixed di- and tetrabromides.. 2]
Percentage of bromine in above 31

Percentage of erucic acid {(#)
Percentage of oleic acid () ...
Percentage of linolic acid (z)

EXAMINATION OF SOLID ACIDS.

The solid acids have a high iodine value (cf. Table 11) due
the presence of large amounts of erucic acid, but the value is less the
that of pure erucic acid owing to the presence of saturated acl
among the solid acids. If it is assumed that the jodine value
entirely due to erucic acid then the percentage of erucic acid in t
solid acids is 87, or 100 grams of total mixed acids contain o2 gran
of erucic acid present in the solid acids and 170 grams present in il
liquid acids, i.e., a total of 57-2 per cent.

An attempt to separate the acids present in the solid acids 1
conversion into methyl esters and fractional distillation did not yie
satisfactory results, and it was found more convenient to separate th
acids present in the completely hardened oil.

Examination of the partially Precipitaled Solid Acids—Twi
chell (/. Jnd. Eng. Chem., toz21, 13, 840), in his paper on tl
lead-salt-alcohol method of separating solid and liquid acids, clain
that, by adding lead acetate insufficient to precipitate the lez
salts of all the saturated acids, a fractional precipitation oecu
and the lead salts of the acids of high molecular weight a
precipitated first. Using this method he succeeded in separatir
from the acids of ground-nut oil 5 per cent. of acids with a mez
molecular weight of 317, that of arachidic acid being 312. As les
erucate is-more soluble in alcohol than lead stearate, attempts wet
made to separate the saturated acids by partial precipitation. Fu
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this purpose 1,000 grams of rape oil acids were used in lots of 100
grams. [u each experiment the volume of alcohol was 1000 ce. and
the amount of lead acetate just sufficient to precipitate 5 grams
of acid of mean molecular weight z40.

From the total lead salts so precipitated 50 grams of solid acids
were obtained with an lodine value of 49:0. It is thus clear that the
scparation is uot complele, as this iodine value indicates the presence
of 66 per cent. of erucic acid in the solid acids. The acids so obtained
were crystatlised {rom g5 per cent. alcohol, and after four crystalli-
sations an acid with a ~wit'ng peint 75°5-75-0° and a mean molecular
weight of 355 was obtained. The methyl ester of this acid was
prepared and melled at 53'5~-54'0°%. The melting point found
corresponds with that given by Ponzio (/. pr. Chem., 1893, [11] 48,
487) who thought that the acid was arachidic: but the equivalent of
the acid and the molecular weighit of the methyl ester calculated from
its saponification value are much higher than those required for
arachidic acid. On further crystallisation the melting point of the
acid rose to 75°2" and the molecular weight to 358, and on still further
crystallisation a small amount of an acid melting at 76-77°5° was
obtained. These results point to the presence of an acid higher in
the series than arachidic and in all probability lignoceric.

HYDROGENATION OF RAPE OiL.

The oil has been hydrogenated both for the purpose of obtaining
the refractive index-lodine value curve (Sudborough and Watson,
This Journal, 1922, 5, 47; 1924, 7, 81) and also with the object of
obtaining large quantities of completely reduced acid from which the
methyl esters could be obtained and carefully fractionated in order to
determine the percentages of the different acids present.

When the refined oil was heated with a nickel-kieselguhr catalyst
at 180° in a hydrogen atmosphere under conditions exactly similar to
those described in earlier papers (74 Journal, 1922, 5, 62) it was found
that even after four hours there was no reduction in the value of the
refractive index, and the hydrogen escaping possessed a characteristic
odour. After seven hours the iodine value had fallen by 12 units only.
The catalyst was then removed by filtration and the oil subjected to
reduction with a fresh catalyst, and it was found that hydrogenation
proceeded smoothly and the oil was completely hardened at the end of
four hours. Appatently the refined oil contains smali amounts of
impurities, probably sulphur compounds, which poison the nickel-
catalyst. Such compounds react with the nickel or volatilise with
the hydrogen and the oil after one treatment withnickel and separation
of the catalyst can readily be hydrogenated when mixed with a second
batch of catalyst.
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During the reduction smell samples of the hardened oil were
removed from time to time by means of a siphon, filtered and the
iodine values determined by Winkler's method and the refractive
indices with the aid of an Abbé refractometer. The values obtained
have already (/bid., 1924, 7, 86) been published and are given in Table
1V, and the corresponding curve in Plate Ia.

TABLE 1V,

Rarp Or1L.

Relation between lodine Value and Refractive Tudex.

} t feiad
i Jodme value | 500 ©R Y ealentated
o D oteebeq iraEat (1v)  Difference
Samp. 1 Winkler i PDserve %10+
{ i ! N
, 7 T
Original oil | 91-3 1:4583 ; 14874 ! +8
® ] 833 14567 14563 42
H ! 786 L1455 14561 —4
] t
L | 760 PooLasss . rdsss -2
u | s 1dsi r4se -3
A ’i 539 Po1d4sE | 145% 7
B ! 349 ] L4sIs 1 vasi7 —~2
|
N : 339 i 1-4513 i 14516 -3
r 1 H
c : 1747 1 T4 14500 vt
D 22 l 1aess | radss 1
1
G i 16 | s l 1-4484
i 00 1 | e

Selective Hydvogenation.—1t has been shown by Moore, Richter
and van Arsdel (/. Jnd. Eng. Chem., 1917, 9, 451) that when a mixture
of linolenic, linolic and oleic acids is hydrogenated, the two former
acids are almost completely reduced to oleic acid before appreciable
amounts of stearic acid are formed. It was thought that similar
selective hydrogenation might occur when erucic acid is present and
to test this hypothesis two partially hardened samples were examined.

21'1 gms. of the fatty acids from sample M (1. V. 60'6) gave
133 gms. of solid acids with iodine value 49°4. From this it may be
calculated that the iodine values of the total fatty acids and the liquid
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fatty acids are 632 and 86°5 respectively. Assuming that erucic and
oleic are the only unsaturated acids present, the percentage of erucic
acid in the solid acids is 655 and in the liquid acids 24. The total
erucic acid present is consequently 505 per cent. of the total fatty acids,
and the oleic acid 28 per cent. The amounts of these acids present
in an oil formed by converting the linolic and linolenic acids of the
original oil into oleic acid would be 570 and 36-7 so that in the sample
under examination 32 per cent. of the oleic acid has been reduced and
only 1z per cent., of the erucic acid.

Sample N (I. V. 33°9) gave 35 grams of liquid acids with iodine
value 79°8 from 17°0 grams of total fatty acids with iodine value 35°4.
From this it may be calculated that, assuming the liquid acids to
consist only of erucic and oleic acids, they contain 32 per cent. of oleic
acid, a figure which agrees with the value deduced from the equivalent
weight which was found to be 320. The iodine value of the solid
acids is, by calculation, 24°8 corresponding with 33 per cent. of erucic
acid. Hence the original fatty acids from this sample contained
40 per cent. of erucic acid and 65 per cent. of oleic acid so that in
forming this sample from sample M, 77 per cent. of the oleic acid and
only 21 per cent. of the erucic acid has been reduced.

The above figures, although necessarily somewhat inaccurate
owing to the indirect method of calculation employed, indicate fairly
clearly that erucic acid is hydrogenated less .readily than oleic acid.
ét is intended to investigate this point in greater detail at an early

ate,

Since the above work was carried out several other papers dealing
with selective hydrogenation have appeared. These are summarised
by Armstrong and Hilditch (Proc. Roy. Soc., 1919, (A), 108, 121) and
indicate that selective hydrogenation is a very common occurrence.

EXAMINATION OF ACID FROM COMPLETELY HARDENED RAPE OiL.

400 grams of hardened oil with an jodine value of less than unity
were hydrolysed with alcoholic potash; the alcohol was evaporated,
the potash soaps dried and exiracted with dry ether to remove
unsaponifiable matter. The soap was decomposed with hydrochloric
acid and the liberated acids dried and converted into methyl esters
by the Fischer-Speyer method using 4 per cent. of dry hydrogen chloride
as catalyst. After removal of methyl alcohol in excess, the esters
were extracted with ether and washed with sodium carbonate solution.
The ethereal solution was dried, the ether re1:noved, the esters
weighed and then subjected to fractional distillation under reduced
pressure, using a Brihl receiver.



36

The results of the first distillation are given in Table V and the
results of a second fractionation in Table VI. As the pressure varied
during the redistillation of the various fractions obtained during the
first distillation, it was considered inadvisable to mix any fractions
and thus the number of fractions after the second distillation was 18.
For each fraction the following constants were determined :(—(s) titre
of the esters; (4) saponification value; {¢) molecular weight of ester
fraction from saponification value; (4) molecular weight of acids
from ¢; (¢) molecular weight of acids from direct ncutralisation of the
isolated acids; (/) titre of the acids; (g) melting point of the acids,
All these values are given in Table VII. From the examination of
the solid and liquid acids it is clear that the three main acids present
in the hardened oil will be behenic (by reduction of erucic), stearic
and palmitic, together with a liitle lignoceric and perhaps arachidic.
Assuming that each fraction contains not more than two components
it is possible to calculate its composition {rom :—

1. The molecular weight of the ester.
2. The molecular weight of the acid.

3. The titre of the esters provided the titre-composition curve
for the two esters is known.

TABLE V.

First Distillation of Methyl Esters (296 grams) of Hurdencd Acids.

I T
. y Pressure in Temperature in |  Weight in .
PFraction Nao. . degrees C. \ rams Per cent.
1 53 193203 1751 502
t
1 53 203-206 6322 ' 2137
1 55 ! 206-215 054 f 70°48
i
v 55 E
v 55 221230 9158 ’ 30-03
|
; . |
Residue I ... i 900 304
!
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TABLE VI,

Second Fractionation of Methy! Esters of Havdened Acids.

Residue 11

w T
Fracuen No. Pw;:t;" n iﬁ mm{g?x;i ¢ in Wgz.if’; sin 5 Per cent.
5 i

Iz 55 150-190 095 ! 032
1 . . 55 ©180-201 261 ’ 089
Ir . . 55 o7 1035 j 348
Ia 65 [ 180-200 267 i 091
i) 85 f 200-205 23-33 792
lic 6'5 | 205210 PR 415
id 65 l 210-215 1394 473
e 65 216-220 415 i ra
e 55 b oseans 2684 ‘; 911
1116 55 ‘ 214-218 560 | 530
ic 55 f 216-220 433 ; 147
i . 55 | zz0-224 908 [ 308
Va . 70 ] 210-220 856 ] 201
vé 70 | s } 1261 ‘\ 438
Ve ! 710 / 225-230 J 1351 j 458
Va - 40 [ 215220 \ 1174 i 398

' . 20 220-225 T 3874 ‘ 1815

ve } 40 s | sese 2020

o ’ w77 501
J

4. The titre or melting points of the acids provided the caurves
are known.

Methods 1 and 2 can be regarded as only approximate as the
addition, for example, of 5 per cent. of palmitic acid to stearic acid
only changes the molecular weight from 284°c to 2826, a difference
which falls almost within the experimental error of the method used.

The titre curve for mixtures of methyl palmitate and methyl
stearate is known (7%ds Journal, 1923, 6, 126) and also the melting
point curve and the titre curve for mixtures of palmitic and stearic
acids (Lewkowitsch, Chemical Technology of Ouls, Fats and Wazxes,
1921, vol. 1, p. 120) but no data for mixtures of methyl stearate and



TABLE VIL

Composition of the Fractions of Methyl Estevs of Actds fyom Hardened Rape Oil.
1 2 3 4 K 7| s t 9 { v | u { 12| Percentago in total acids of
" . | Percentage of stearie acid in acids ! { ! g
: Weight [Titre of i Mol. Mol. {Titre of [ M.P, of - P8 ig 8
F’f\fy‘m ing esters | wt. of | wt, of | acids | acids ; caleulated from k] g g §
. grams °C. esters | acids °C, °C. T ] S 5 ] B
bs | ] s} s | 7 I & 3
I3 i .
] : ! ! !
Ia ..booes 277 %4 | .. 620 6§21 64 e, B8 } . -
1% 261 | 316 289 274 | .. 650 821 82 B0 001 "
o o] 267 | 324 291 277 660 881 887 ey 8 002 | ..
Ic 11025 | 352 | 301 287 ' 617 | 630 842 952 952 I 48 | L.
Jif} 12333 ! 3¢5 303 289 ¢ 625 | 635 89 922 922 . | 75 134 1 L
1c 1224 | 363 309 295 | 610 | 630 78 812 SI* .. 175 0-90 -
I 26:84 | 371 313 298 | 607 | 625 74 747 762 IO B . 2:37
iid 1394 | 383 316 302 | 620 | 627 67 59 65 71 71 ! 147
s 1560 | 396 320 306 © 623 | 638 61 61 81 69 | 6L . ! 207
Va 836 : 6 | 321 306 | 623 | 638 61 80 61 68 ., 6 | . 113
e 126 | ot 326 31z | 630 | 662 51 51 51 6 ' os . 216
I 1351 416 32 312 630 862 50 51 51 84 151 7 -2
I s | oaze 327 314 65 ! 630 s 4 4 54 1 47 .
1le ] o433 422 ] 328 3 635 ¢ 681 48 7 17 s 1o .
il 908 | 450 337 323 697 | 720 32 31 31 37 » o
Va w7t | o458 340 326 . 710 | 732 A 2% 26 32 23 .
Vb | 37470 37 332 743 [ 761 15 13 15 2 1 .
Ve .1 5953 | 498 55 MO L . 790 989 %6 | 100° A
Residue IL} 900 | ... 367 355 770 538 45 . i .o
Residue I...| 1477 ; 501 357 343 780 90° 49° OO
{ i 'l‘o:ai,,,: 14
i

t

i

t

1 Calenlated on
2 Calculated on
¢ Behenic acid.

the assumption that only myristie and stearic acids are present ; o, Table VIIL
the assumption that only stearic and behenic acids are present,

gt
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methyl behenate or of the free acids are available. In Appendix I we
give titre curves for the methyl esters derived from stearic acid
melting at 69-8° and behenic acid melting at 79'8", and melting
point and titre curves for mixtures of the acids. These curves have
been used for determining the composition of the {ractions Ic to Va.

In Table VII the various [ractions have been arranged in order
of increasing molecular weight as determined by titration of the free
acids after liberation from the esters. These molecular weights are
shown in column 5 and the molecular weights of the esters calculated
from the saponification values are given in column 4. Corresponding
values for the same fraction should differ by 14 and this is seen to be
the case within the limit of experimental error. In columns ¢ and 10
are shown the percentages of stearic acid calculated from these
molecular weights assuming that myristic and stearic acids only are
present in the first three fractions and stearic and behenic acids only
in fractions Ir to Vé.

In order to determine which acids were present in addition to
stearic, use was made of the fact that equal weights of myristic,
palmitic and behenic acids when added to stearic acid produce
depressions of the melling point which are of the same order of
magnitude, or in other words mixtures having the same melting point
contain roughly the same percentage of stearic acid. In the case of
palmitic and myristic acids in quantities below 40 per cent. the
agreement is close, for behenic acid the divergence is greater and the
relation only holds up to 25 per cent. of the acid. As an example,
binary mixtures with myristic, palmitic and behenic acids melting at 65°
contain 8o, 78 (Heintz, Annalen, 1873, 92, 295) and 85 per cent.
(Appendix I) of stearic acid respectively. If the assumptions are
made that arachidic acid produces a depression similar to that of the
other three acids and that the addition of a mixture of two acids has
the same effect as that of an equal weight of a single acid, then it is
possible to estimate approximately the amount of stearic acid in the
fractions resulting from the distillation of mixed methyl esters in
which stearic acid is the principal constituent.

In column 12 are shown the percentages of stearic acid calculated
in this way. The figures for the first three fractions are the same
whether myristic or palmitic acid is present. For fractions ITle to
Vé the figures are derived from the curve for mixtures of methyl
stearate and methyl behenate given in Appendix I, and for fractions
Ic to I1c intermediate values have been selected.

Assuming these figures, it is possible to calculate the proportions
of two additional acids since the mean molecular weight is known, If
3
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myristic and palmitic acids are present the first three fractions, the
percentage of the latter in the st ction bueomes o und in the
second and third, jour and dve sespeciively, i

are of little significance as the oo "o 07 wror m
per cent., they may be taken as ©.17 7. tee abeence

acid, for, if Lwere present, the porcentase sonla
in the frst tract The presence of oo
this fraction was confinned by fractionally «
75 per cent, alcohol.  The first finction mw
when it was mixed with pure stearic acid the melting peint was uot
lowered, while the fourth {raction, wcirv's o oulv 0os gram, meled
at §3-54° and when mixed with pure myrisue achd the melting point
was unchanged.
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In the case of fractions [l to V4 the values for the percentage
of stearic acid deduced from (#) the titre of the vaters {eolumn §),
(6) the molecular weight of the esters {colamn o), {#) the molecular
weight of the acids (column o) and (/) the melting point of the acids
(column 12) on the assumptior that all these fractious are Linary
mixtures of methyl stearate and methyl behenats, agree well within
the limit of experimental error and it is unlikely that o third acid is
present. The valucs derived from the titre of the acids (colunm 11,
differ very widely and these can only be explained by he existence of
some undetected experimental error.

The presence of behenic acid in these {ractions was domonstraled
by crystallisation of the acids from g5 per cent. aleohol using 23 co. of
solvent per gram of acids. After two or three crystallisations an acid
with a melting point between 78 and 80° and un cquiva’oul weight of
341-242 could be isolated. The presence of stearic acid was more
difficult to prove. The following process was used with nuccess in
the case of several fractions. ‘The mother liguor from the first
crystallisation fron 95 per cent. aleohol is evaporated to dryness and
the residue crystallised from a small amount of cthyl acetate, the
crystals are rejected and the acids from the mother liquor recovered and
crystallised from 200 cc. of 75 per cent. alcochol per gram of acid.
The crystals are rejected and on concentrating the mother liquid an
acid melting from 67-68° and with an equivalent weight 286-2g0 is
obtained. The presence of both behenic and stearic aecid in fractions
114, 1114, and Va was proved by this process.

The case of fractions Ic to IIc is a difficult one since the figures
in column 5 differ widely from those in column 7. The only satis-
factory explanation is that they consist of ternary or even yuaternary
mixtures. As palmitic acid does not appear to be present, the acid
of lower molecular weight than stearic must be myristic acid, That
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of higher molecular weight may be arachidic or behenic or both. It
is known, however, that only small amounts of other acids can be
present because there must be at least sufficient behenic acid to
correspond with the erucic acid originally present and sufficient
stearic acid 10 correspond with the other unsaturated acids. This
leaves only a small percentage (o be accounted for otherwise, The
behaviour of a mixture of a small quantity of methyl arachidate with
methyl stearate and behenate on distillation is not known and it is
consequently impossible to say definitely whether arachidic acid is
present or not except by further fractiopation, In calculating the
composition it hay been assumed that arachidic acid is not present
and if this is done, {airly uniform results are obtained for the composi-
tion of the earlier fractions as shown in Table VIIL

TABLE VIIL

Percentage composition
Fraction No, T
Mymstic Stearie Behenic

Iz . 36 64

15 8 80 1
I e/ 77 14
1 B 13 85 2
s 1 3 78 17
Ii¢ - 3 75 22
1kd 68 31
Illa . 74 26

T

Fraction V¢ is nearly pure methyl behenate, but even after five
crystallisations from methyl alcohol the melting point did not rise
above 52°, and the acids derived from this fraction after regeated
crystallisations from alcohol melted at 79°5-80°0° (cf. Appendix I).

Residue I, which contains the acids of highest molecular weight
was hydrolysed, the acids crystallised from alcoholand then fractionally
precipitated with magnesium acetate, when an acid melting at 775~
78:0° and with an equivalent weight of 363 as compared with
lignoceric acid 368 was isclated. I

The composition of residues I and 1I have been calculated on
. the hasis that the only constituents are the methyl esters of behenic

and lignoceric acids.
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The compositions of the acids from the hardened oil and from the
original oil are given in Table IX,

To arrive at the composition of the mixed acids from the results
of the examination uf the hardencd acids and liguid acids, it is
assumed that the myristic and lignoceric acids present in the hardened
acids are present in the acids from the original oil, and are completely

TABLY IX.

Aeids present fw Original O ond in Herdeiwd 04

ventage present
ids {rom

Acid @
hardened ofl

Mynstie 5 15
Stearic 8 38-5
Behenic o8 576
Lignoceric 2ed 24
Oleic... 202
Brucic 572

Linolic -5

Linolenic 241

precipitated with the solid acids. To obtain the amount of stearic
acid in the acids from the unhardened oil the stearic acid produced by
the reduction of the oleic, linolic and linolenic acids present in the
original acids is deducted from the total stearic present in the harden-
ed acids. It will be noted that the percentage of behenic acid
present in the hardened acids corresponds very closely with the
amount formed from the total erucic acid present in the original acids.

Independent experiments made with the solid acids from 400
grams of mixed acids resulted in the actual isclation of 3 grams of
nearly pure behenic acid, so that this acid must be present to the
extent of at least o'75 per cent. No trace of stearic or arachidic acids
could be detected and the figure obtained by difference and given in
the table is probably incorrect.

The unsaponifiable matter from the hardened oil gave a sterol
crystallising from alcohol and melting at 137-139°% The acetyl deriva-
tive melted at 134-136° and corresponded with the acetyl derivative
of the sterol from the original oil.

From the mother liquors of the first sterol a fraction was
—obtained melting at 150° and after recrystallisation at 170°% This
compound forms an insoluble compound with digitonin and may per-
haps be the dihydrositosterol melting at 175° (Hauth, Lewkowitsch,
vol. i, 282).



