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PREFACE.

The complete discussion of the Sources, Production, and
General Technology of the numerous substances included in
the term Oils, and of the intimately associated Fats, Butters,
and Waxes (all of which are practically oils when melted),
would require far more space than is compatible with the
limits of the present work; it has accordingly been found
indispensable to make a selection from this wide field, as
the result of which the subjects now dealt with are
narrowed down to the Animal and Vegetable Fixed Oils
and allied substances; whilst Mineral Oils, Products of
Distillation, Essential Oils, and various analogous materials
are only discussed in so far as they are associated with the
Fixed Oils in their technological applications. For the
same sufficient reason minute details respecting the various
special tests employed in the practical examination of oils,
&e., for adulterations have, as a rule, been omitted ; as also
have the descriptions of the distinctive properties and
qualities of the individual oils and fats, excepting in a
comparatively small number of typical cases. In short, the
object aimed at has rather been to give general descriptions
of the methods whereby Animal and Vegetable Oils and Fat
are obtained from natural sources, of their leading practical
applications and uses, and of their chief physical and
chemical properties and reactions, than to enter into special
details, and to discuss minutely the analytical tests and
processes applicable in each separate case for the detection
of adulteration.



i PREZICE

The Litemoze relatizs 3@ e ctemistry and technology
of fixed cils and Dits s almmaly voiaminess. and yearly
inereases erpsiiemiiy in masmiTiie Telzs mesty dispersed
thrrochont the faZss T DImertis seivt=iZe ard technical
serials. Aroroet the zerinilmis if iRl leseripticno consulted
for the prrpese of Z1ierins wogetier o «me eXtent these
scattered resnlts and ems way te more particularly
mentionet -—

-
~
iy

-
L

The Jorurral of 7o Sceemy o Coomienl Industry,
The Journal o7 -ze S"r Ty r".-l "3.
[ STy,

The Analust.

The Chemiionl Newes.

Zeitschritt Jir avgacandte Chemie.

Berichte der Dentschen Cheviischen Gesellschagt.
Dingler’s Pclitechrisches Journal.
Biedermann’'s Technisch-Chen isches Jakrbuch.
Moniteur Scientirique.

Bulletin de la Socicté Chiniique de Paris.
Comptes rendus.

Besides many others in which papers bearing on the matters
in hand appear from time to time. Various text-books and
technical dictionaries previously published in this country
or abroad have also been freely consulted with the object of
rendering the present work as complete as possible, with
due regard to the limits of space. In particular the author
desires to express his indebtedness to the following works:—

Schidler, Technologie der Fette und Oele.* Berlin, 1883.

Allen, Commercial Organic Analysis, vol. ii., Second
edition. London, 1886.

Schidler, Untersuchungen der Fette und Oele.* Leipzic,
1889.

Benedikt, Analyse der Fette und Wachsarten, Second
edition. Berlin, 1892.

* Whilst the present book was in the press the two works by Schiidler

ahove mentioncd have been incorporated into a single volume, edited by
P. Lohmann after the decease of the original author.
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To the firm of Rose, Downs, & Thompson, of Hull, the
author is greatly indebted for numerous illustrations of the
most recent and effective forms of oil mill machinery, as
well as for valuable information concerning their use in oil
extraction generally. In similar fashion he desires to thank
Messrs. Neill & Sons, of St. Helens, for a variety of specially
made drawings of appliances used in soap manufacture;
Messrs. S. H. Johnson, of Stratford, for drawings of the
newest forms of filter presses; and Messrs. E. Cowles & Co.,
of Hounslow, for cuts of improved candlemaking machines.

C. R. ALDER WRIGHT.
LoNDON, October, 1893.
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§1. General Composition and Nature of
Oils, Butters, Fats, Waxes, and
Allied Substances.

CHAPTER I.

THE SOURCES AND GENERAL NATURE OF NATURAL
AND ARTIFICIAL OILS, &ec.

AwoNesT the alchemists the term “oil ” had a somewhat wider
range of application than is usual at the present day, including
various inorganic substances, such as “oil of vitriol.” Similarly
“butter of antimony ” and “butter of tin” were metallic deri-
vatives entirely dissimilar from cow’s butter in constitution,
although resembling it in physical consistency. Even when
such wholly inorganic compounds are excluded, the term *oil”
has still an extremely elastic meaning, being employed to
designate a very large variety of liquid substances, natural
and artificial, which have but few features in common beyond
the fact that, being all organic in character, they are capable of
burning with more or less facility under suitable conditions ;
whilst with but very few exceptions they are practically in-
soluble in water, so as to be incapable of permanent solution
therein ; being as a rule lighter than water, when agitated
therewith an emulsion forms, from which the water and oil
gradually separate on standing, the latter usually floating as a
separate layer on the former.

The term *‘fatty matter,” or more shortly «fat,” is applied to
substances which are more or less of a soft solid character at
the ordinary temperature, but on gently heating pass to liquids
closely resembling fluid oils in general characters; ‘ butters”
being specially soft varieties of such fats possessing the peculiar
physical texture of cow’s butter at the atmospheric temperature
of temperate climates. ‘ Waxes,” on the other hand, possess a
somewhat different and much firmer texture at the ordinary
temperature, but when heated melt to fluids which closely
resemble ordinary liquid oils and melted fats in their general
physical characters.

1
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OILS, FATS, WAXES, ETC.

Oils proper are derived from animal, vegetable, and mineral
sources, being mostly precontained in the tissues, seeds, or strata,
&c., from which they are obtained by simple mechanical pro-
cesses, such as pressure or pumping, or by means of solvents,
or by volatilisation ; certain products of destructive distillation,
however, are also ranked amongst oils—e.g., the “light oils,”
“ creosote oils,” &c., obtained during the rectification of coal tar;
and “shale oils,” “ bone oil ” (Dippel's oil, or bone tar), “ paraflin
oils,” “ rosin oils,” and similar substances formed by the breaking
up of more complex organic matters under the influence of heat.
Somewhat similar substances (fusel oils) are produced by ana-
logous decompositions occurring during fermentative changes.

Oils capable of being converted into vapour by the application
of heat without suffering material decomposition (volatile oils)
are for the most part either artificial products of destructive
distillation, natural mineral oils (petroleum, very probably
formed underground by the long-continued action of intra-
terrestrial heat on subterranean organic matter), or “essential”
oils—i.e., volatile odorous matters extracted from numerous vege-
table sources, usually by distillation along with water. Fixed
oils, on the other hand, are substances not volatile without
decomposition, and are essentially of animal and vegetable
origin ; as also are butters, fats, and waxes (which practically
become fixed oils on slightly raising the temperature), with
the exception of the so-called waxes of mineral origin, paraffin
wax, ozokerite, cerasin, &c.*

From the point of view of general chemical composition, oils,
fats, butters, and waxes may be divided into two leading classes
—viz.,, those consisting of carbon and hydrogen only (hydro-
carbons); and those containing carbon, hydrogen, and oxygen.
Oils, &c., of the former class are practically all volatile without
decomposition ; those of the second class are in some cases
volatile without change (e.g., oxidised essential oils), but, as a
rule, are “ fixed,” undergoing destructive distillation when heated,
so that the vapours emitted are produced in consequence of
decomposition.

Hydrocarbon oils include a large number of “essential oils”
(in which oxidised substances are often present along with hydro-
carbons); paraffin and petroleum oils, including the lightest and
most volatile distillates of the “benzoline” class, “ burning oils”
(kerosenes, &c.) of medium volatility, “lubricating oils” of
higher boiling point, and paraffin waxes, &c.; coaltar oils of

* The terms ¢ fat " and * butter ”’ are not confined to the fatty matters
obtainable from the adipose tissues of animals and the milk of mammalia ;
thus, various vegetable fats and butters are known, e.g., Dika fat, Palm
butter, Shea butter, vegetable tallow, &c. Similarly, whilst animal waxes
are the best known products of the wax class, various forms of vegetable
wax occur in nature (e.g., Japanese wax and Carnauba waz).
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various kinds; and other analogous products of destructive
distillation, from which various “closed chain” hydrocarbons .
(benzene, naphthalene, anthracene, &c.) are isolable, along with
many other kinds of hydrocarbons, some of the ‘saturated”
class (paraffins, indicated by the general formula C,H,, ,.), some,
of the ‘unsaturated” classes (C,H,, where n is not greater
than m).

Oxidised oils (including fats, butters, and waxes), from the point
of view of chemical constitution, are divisible into two classes—
viz., those that are, and those that are not, of the nature of
“ compound ethers,” or substances capable of undergoing changes
of the character of that known as ‘saponification.” Oils of the
first class are again divisible into two groups—viz., Glycerides,
or oils, &c., developing glycerol by saponification; and Non-
glycerides, or oils not developing glycerol by saponification, but
giving rise instead to some other alcoholiform product. As
examples of these two groups may be mentioned, olive oil,
coker* butter, mutton tallow, cow’s butter, Japanese wax,
linseed oil, colza oil, cod liver oil, and whale oil, essentially
glyceridic in character ; and oil of wintergreen (chiefly methyl
salicylate), beeswax (mainly myricyl palmitate), spermaceti
(chiefly cetylic palmitate), and sperm and doegling oils, essenti-
ally non-glyceridic in character.

Oils, &c., of the second class (non-saponifiable) include various.
oxidised essential oils belonging to different organic families—
e.g., aldehydes, such as oil of bitter almonds (benzoic aldehyde) ;.
ketones, like oil of rue (methyl nonyl ketone) and oil of tansy
(methyl octyl ketone); alcohols, such as oil of geranium
(geraniol) ; camphor analogues, such as oil of wormwood (absin-
thol); and resinoid constituents. Various alcoholiform sub-
stances are also contained in the free state in natural oils,
greases, &c.; thus woolgrease contains cholesterol, and amber-
gris an allied body ambreol ; whilst similar substances are found
in small quantity in many vegetable oils. Higher alcohols (e.g.,
cetylic alcokol) are often present in the free state in marine
cetacean oils; whilst phenol and its homologues are present in
coaltar oils and other products of destructive distillation.

SAPONIFICATION.

Originally the term “Saponification” was used to designate
the chemical changes taking place when soap is prepared by
the action of alkalies on fixed oils and fats; but subsequently it

® Although the spelling ‘‘ coker” at first sight looks inelegant, it is con-
venient to employ it instead of ** cocoa,” in order clearly to distinguish the
froduct of the cokernut palm (Cocos nucifera) from that of the cacao (choco-
ate plant yielding the beverage cocoa) and the coca (yielding the alkaloid
cocaine). v
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has been extended to include a large number of parallel changes
occurring where various classes of ¢ compound ethers” are broken
up under the influence of alkalies or other bases, so as to give
rise, on the one hand, to the metallic salt of an organic acid, and,
on the other, to an alcoholiform complementary product. The
following equations represent typical reactions of saponification,
according as the alcoholiform product is an alcohol of the mono-
hydric, dihydrie, trihydrie, or tetrahydric class:—
Potassium Potassium Ethylic
Etbyl Acetate. Hydroxide. Acctate. Alcohol.
1. CgH;.0.C;Hs0O + K.OH K.0.C4H,0 + CyH;.0H

Pot
P

Ethylene Discetate. Hydroxide. sty Glyool.

2 C.H, 8:8:;‘:8 + 2K.0H = 2K.0.C3H,0 + c,n.{gg

Glyce I'l’rlmn.te Sodium Sodium
(Stearin). Hydroxide. Stearate. Glycerol.
0. CysHs0 OH
3. CgH; 1 0. C|3H350 + 3Na.OH =3Na.0.C;gH;3;0 + CsH;{OH
18H350 OH
Sodium Sodium
Erythrol Tetrabenzoate. Hydroxide. Benzoato. ErythrolL
O C;H;0 OH
4. CHe {9 gfgsg + 4Na.OH = 4Na.0.C;H,0 + CHe{OH
C,—H,O OH

The majority of saponification changes occurring with natural
fixed oils and fats, &c., belong to the third class ; i.e., these sub-
stances are chiefly “glycerides,” or compound ethers furnishing
glycerol on saponification ; some liquid fixed saponifiable oils,
however, are of non-glyceridic character, undergoing sapomﬁm-
tion changes of the first kind ; thus sperm oil largely consists of
cetylic physetoleate and homoloaous substances, broken up by
saponification, thus—

Cetyl Physetoleate Hydroxide. PI;ysewua(e. Cetylic Alcohol.

C)GHS:I' 0.Cy3H0 + K.OH = K.O. C";HZQO + C;gHss. OH

Most waxes possess an analogous constitution ; thus the chief
constituents of beeswax and spermaceti are respectively myricyl
palmitate and cetyl palmitate, decomposable by saponification,
thus-—

Sodium Sodiam Myricylic
Myricyl Palmitate. Hvdroxide. Palmitate. Alcohol.

CgoH;;, . 0.CgH510 + Na.OH Na.O. CieH310O + CaoHﬂ .OH

Potansi Py i Cetylic
Cetyl Palmitate. Hydroxide. Palmitate. Alcohol

C,.-,Hg;. 0.C¢H;0 + K.OH K.0.CgH30 + CyeHss. OH

4

!
i
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Some few vegetable waxes, however, are of glyceridic char-
acter, e.g., Japanese wax, chiefly consisting of palmitic glyceride,
C3H; (0. G, Hy,0)s. o . .
A considerable number of oxidised essential oils also consist
mainly of compound ethers of the first class; thus oil of winter-
green (Gaultheria procumbens) mainly consists of methyl salicylate,
and oil of cow parsnep (Heracleum spondylium) of octyl acetate ;
respectively saponified, thus—
Potassium Potassium Methylic
Methyl Salicylate. Hydroxide. Salicylate: Alconul
CH3.0.C;H;0, + K.OH = K.0.C;H;0;, + CHs.OH

Sodium Sodiam Octylic
Octyl Acetite. Hydroxide. Acetate. Alcohol.

CgH;;.0.CsH0O + Na.OH = Na.0.C.H30 + CgH,;.0H

Compound ethers of Class II. (furnishing dihydric aleohols on
saponification), although not absolutely unknown amongst natural
products of the oil, fat, and wax class, are very rare; carnauba
wax has been found to yield (infer alia) a glycol, CyyHyo { O
on saponification (p. 18). Tetrahydric ethers, like those of
erythrol, have not as yet been recognised as constituents of oils
and fats, &c. ; and the same remark applies to the yet more com-
plex pentahydric and hexhydric ethers; mannitol, C;H(OH),,
a hexhydric alcohol, has been found as a constituent of vege-
table fruits, &c., accompanying oil—e.g., in unripe olives; but
neither mannitol nor any ethers thereof appear to be contained
in purified expressed olive oil.

CLASSIFICATION OF OILS, FATS, WAXES, d&c.,
ACCORDING TO CHEMICAL COMPOSITION.

The following table indicates a rough classification of the
principal varieties of oils, fats, and waxes in accordance with
the general chemical character of their leading constituents :—

Divisiox I.—HYDROCARBOXNA,

1. Natural essential oils, mostly of vegetable origin.

2. Natural mineral oils (petroleum), including the crude oils, and the pro-
ducts thence obtained by distillation, &c. (benzoline, kerosene oils,
lubricating oils, &c.)

3. Artiticial products of destructive distillation (paraffin oils, shale oils,
bone oils, coaltar oils, &c.)

4. Solid hydrocarbons obtainable from natural products (earthwax, &c.) or
isolated from the two previous sources—e.y., paraffin wax and allied
substances largely used in candle-making.
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DivisioN IL —CoNTAINING OXYGEN.

A.—Saponifiable.
1. Essentially compound ethers of monohydric alcohols.
a. Various natural essential oils mostly of vegetable origin.
b. Certain animal fixed oils, especially those of cetacean origin (some-
times termed ‘‘ liquid waxes”).
c. Most animal and vegetable solid waxes (waxes proper).
d. Certain artificial essential oils —e.g., various compound cthers used
for perfumery and flavouring purposes.
2. Essentially glycerides, or compound cthers of glycerol.
a. The majority of animal and vegetable fixed oils, fats, and butters.
b. Some few vegetable waxes.

B.—Not Saponifiable.

a. Various essential oils, consisting of aldehydes, ketones, camphora-
ceous bodies, &c.

b. Alcoholiform constituents of natural animal and vegetable oils
(cholesterol, phytosterol, cetylic alcohol, &c.)

¢. Alcoholiform bodies formed by fermentation (fusel oils).

d. Phenoloid bodies formed by destructive distillation and contained
in coaltar, &c. (phenol, cresol, &c.)

e. Products formed Ey oxidation of hydrocarbons—e.g., ¢ Sanitas oil”
(formed by the atmospheric oxidation of oil of turpentine).

In the present work a large number of the various substances
thus coming into the general category of oils, fats, butters, and
waxes are necessarily excluded from minute consideration, fixed
animal and vegetable oils and fats, &c., all practically belonging
to Division II, Sections 1 and 2. Certain hydrocarbons, how-
ever, are intimately connected with the subjects dealt with,
more especially mineral oils and products of destructive distilla-
tion employed as adulterants of animal and vegetable fixed oils,

_and as ingredients in lubricating mixtures, &c.; and mineral
waxes (paraffin wax, ozokerite, and similar substances) employed
as candle materials. Various essential oils, moreover, are in use
a8 ingredients in certain kinds of fancy (toilet) soaps as perfuming

- agents, and in some kinds of sanitary soaps (e.g., eucalyptus oil) ;
as also are certain products of destructive distillation (e.g., car-
bolic acid and its higher homologues).

For further classifications of fixed oils, fats, waxes, &c.
(apart from other kinds of oils), based either on their physical
characters and the chemical nature of their main ingredients, or
on their leading technical uses, vide Chap. x1i1.
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CHAPTER II

SAPONIFICATION PRODUCTS OF OILS, FATS,
WAXES, &ec.

ALCOHOLIFORM PRODUCTS.

A SBAPONIFIABLE oil, &c., as above stated, gives rise to two pro-
ducts under the influence of alkalies — viz.,, an alcoholiform
organic substance (which in practice is either glycerol or some
kind of monohydric alcohol), and the alkali salt of an organic acid.
Under suitable conditions (more especially heating under pres-
sure in contact with water) parallel decompositions can
brought about by means of water, the products of the ¢ hydro-
lysis” thus effected being the alcoholiform body and a free
“fatty acid.” Thus in the cases of the glyceride of oleic acid and of
cetyl palmitate the hydrolytic actions take place in accordance
with the following equations :—

Oleic Glyceride. ‘Water. Oleic Acid. Glycerol.
0. CgH330 OH
C3H;5< 0.C3H330 + 3H;0 = 3C;3Hs330. OH + CgH; { OH
. CygHjg OH
" Cetyl Palmitate. Water. Palmitic Acid. Cetylic Alcohol.

C;¢Hj3s. 0. C",H;[O + H;,0 = C;(H;;0.0H + C“Haa .OH

Similar reactions occur in many other parallel cases, the nature
of the alcoholiform body and of the fatty acid developed only
differing in each instance.

TRIHYDRIC ALCOHOLS FORMED BY SAPONI-
FICATION (GLYCEROL).

Glycerol, the most frequently occurring alcoholiform saponi-
fication product of fixed oils and fatty matters, solidifies, when
pure, to a crystalline mass by long continued chilling,* the melting
point being about + 22° C.; its great hygroscopic character renders
it extremely difficult to obtain absolutely free from water, in
consequence of which values varying from 1:262 to 1-2653 have

® Passing a few bubbles of chlorine into concentrated glycerol will often
make it crystallise (Werner). Chilled glycerol usually crystallises when
stirred up with a few crystals of the previously solidified substance, a
method utilised in manufacture (Chap. xx11.)
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been stated as its specific gravity at 15°. When heated gently
under the ordinary atmospheric pressure it volatilises without
decomposition, but at higher temperatures it splits up into water
and acrolein, thus—

Glycerol. Acrolein.

Czﬂ‘O’ = 2330 + Caﬂgo

In vacuo it boils at about 180° C.

By cautious oxidation with alkaline permanganate it yields
oxalic acid in sufficiently accurate proportions for quantitative
estimation. By treatment with potassium dichromate and sul-
phuric acid it similarly forms CO, and water; by treatment with
acetic anhydride it forms triacetin, the saponification of which
furnishes another means of quantitative determination (vide
Chap. xx11.) In the absence of substances carbonised by
sulphuric acid, an excellent qualitative test is to heat cautiously
to 120° or a little higher a mixture of two drops glycerol, two of
fused phenol, and about as much sulphuric acid ; a brown solid
mass forms, which after cooling dissolves in ammonia with a
beautiful carmine red colour (Reichl); if substances becoming
carbonised are present they produce a dark brown colouring
matter which hides the red tint.

Polyglycerols.—Glycerol heated in contact with hydrochloric
acid or certain other dehydrating substances is capable of
undergoing reactions of dehydration and condensation, expres-
sible by the general equation :—

nCgHz03 = mH.,0 + CsuHsgu-20030-m.
Thus whenn = 2and m = 1, diglycerol results.
CsH; (OH).
‘203“5(03)3 = H,0 + (6]
CsH;
(OH)s
And whenn = 3and m = 2, triglycerol is produced.

{ (OH),
CsHg 0

3C,H,OH)s = 2H,0 + C,H,{OH

(
CsHs\ (0H),

It has been supposed by some chemists that bodies of this
class are sometimes contained in commercial “glycerines,” more
especially those formed under high pressure in autoclaves, or
purified by distillation; such glycerine, when slowly evaporated
at a temperature of about 160° C.,* leaves a non-volatile organic

* Lewkowitsch, Year Book of Pharmacy, 1890, p. 380

e
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residue, from the weight of which (after deducting ash) the
proportion of polyglycerols present may be deduced. It does
not appear, however, that the residue thus left has been definitely
proved to have the character and composition assigned to it,
:lathough the formation of polyglycerols is, a priori, highly pro-

ble.

Natural Triglycerides.—As a very general, if not abso-
lutely invariable, rule, only one acid radicle is contained in any
given substance—it.e., substances of the types

TH, .OR ('3}{2 . OR (|?H, . OR

(I)H . OR CH .08 (IIH .08
1

CH; . 08 CH,. OR CH; . OT

(where R, 8, and T are not the same) are only extremely rarely
met thh Cows butter, however, not improbably contains a
mixed glyceride of one or other of these classes; for whilst it
forms butyric acid on saponification, no butyrin (triglyceride of
butyric acid) can be dissolved out from it by means of alcohol ;
whereas mixtures of butyrin and other triglycerides readily
yield the former to that solvent; hence a mixed glyceride,
oleo palmito butyric glyceride,

CH;. 0. C;5H,50
I

CH . 0. C;cH;,0
|

CH;. 0. CH;0

(or some analogous substance) has been supposed to be present,
breaking up on saponification into glycerol, with formation of
salts of oleic, palmitic, and butyric acids.

Some few other fats have been supposed, on similar grounds, to
contain analogous mixed glycerides; but, as a general rule, when-
ever an oil or fat yields on saponification the salts of two or more
different fatty acids, it can be shown that the original substance
i8 a mixture of two or more triglycerides of the ordinary type
(t.e., each containing only one acid radicle) ; thus, by chilling an
oil yleldmg palmitic and oleic acids on saponification, a solid fat
usually separates, yielding only palmitic acid on saponification ;
whilst the liquid portion is substantially olein, giving rise to
oleic acid only on similar treatment, the reaction in each case
being indicated by the general equation :—

I S e Togmim
CH,; . OR CH;. OH

| |
(lm .OR + 3K.OH = ?H .OH + 3K.OR
CH,.OR CH,. OH
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- the effect of the alkali being always the same, the only differences
in different cases being due to the variation in the nature of R.
Hydrolysis of Glycerides.—As a general rule, pure triglyce-
rides are acted upon by water only at an elevated temperature,
treatment with superheated steam blown through the mass, or
digestion with water under considerable pressure being requisite;
under such circumstances, the glycerol set free is often more or
less decomposed by secondary reactions. With crude unpurified
oils continued standing at the ordinary temperature often suffices,
the action in such cases being largely due to changes of a fermen-
tative character taking place in the mucilaginous or albuminous
extractive matters present as impurities ; in extreme cases the
action goes on to such an extent as to hydrolyse the larger
portion of the glycerides present, so that upwards of 50 per cent.
of the mass is free fatty acid. Changes of this description are
almost invariably accompanied by the production of bye-products
of unpleasant taste and smell, so that the development of ¢ ran-
cidity ” by this action greatly deteriorates the value of the oil,
&c., for many purposes, more especially culinary and edible ones.
In all probability the formation of a free fatty acid and glycerol
from a glyceride by hydrolytic action takes place in three stages,
giving rise to two kinds of intermediate products, diglycerides
z;:((li monoglycerides respectively; thus, if R be a fatty acid
icle—

Normnl Fatty
Trizlycerido. Water. Diglycerido. Fatty Acid.
CH,.O0R CHg.OR
|
CH.OR + Hs = CH.OR + H.OR
| ]
CH;.OR CH,;.0H
Diglyceride, ‘Water. Monoglyceride. Fatty Acld.
CH,.OR CH,. OR
| |
CH.OR + H0 = (i)H.OH + H.OR
| .
CH..OH CH,.O0H
Monoglysceride. Water. Glycerol. Fatty Acid.
(|3H= .OR CH,;.0H
CH.OH + H;0 = (IDH .OH + H.OR
|
CH,.OH ’ CH;.0OH

The final action may consequently be expressed by the equation—

Triglyceride. Water. Glycerol. ' Fatty Acid.
CH;.OR _ CH,.OH
CH.OR + 3H0 = CH.OH + 3H.OR

CH,.OR CH..OH
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which may be written somewhat more compactly—
Cﬁ;%o, + 3HO = ng:}o, + 3H.OR

The formation of the intermediate substances by gradual
hydrolysis has not been much studied as yet; in the case of
rape oil, however, it has been shown that whilst fresh oil con-
tains the triglyceride erucin,

C,Hs
(C2sH0)s } 0s,
the corresponding diglyceride dierucin,

CsHj CHy. 0. CgH,,0
(C22H410)3 :03 = CH .0. CQ,H“O
H CHy. 0. H

is sometimes contained in old oil,* probably formed as above by
partial hydrolysis. On the other hand, the reverse reactions
leading to the successive building up from glycerol of mono-
glyceride, diglyceride, and triglyceride are well known laboratory
operations : thus—

Glycerol. Fatty Acld. Monoglyceride.
OH R
C,Hs OH + H.OR = C;H; 2 OH + H,O
OH OH

Monoglyesride. Diglyceride.
OR OR
C;H;{OH + H.OR CsHs{OR + H,0
OH OH

Diglyceride. Triglycerida,
OR OR

C:H; {OR + H.OR = C;H; OR + H’O
OH | or

In many cases, when it is desired to obtain triglycerides in a
state of purity, it is more easy to saponify an oil, separate and
purify the resulting fatty acids, and convert them into glycerides
in this way than it is to separate the original glycerides them-
selves contained in the oil.

The following boiling and melting points are possessed by
some pure triglycerides prepared synthetically in this way :—

Melting Point.  Boiling Point.
° oa5°

Bntyrin, . . . CgH;(O . C.H,O),—; Fluid

Laurin, . . . CaH;(O . C]gHg:O); 45° .o
Myl’i!till, . . . CaH5(0 . CNH”O)S 55 oee
Palmitin, . . . CsH&(O . C,GHMO), 62 ves
Stearin, . . . C:H;(O . C]sﬂaso)s 715 .on
Olein, . . . C;H5(0 . C13H330)3 solidifies at -6° ...

*Reimer and Will (Berichte der Deut. Chem. Geas., 18886, xix., p. 3320) found
that a deposit which had slowly formed in a quantity of colza oil was not
the triglyceride usually obtained under such conditions, but the diglyceride
melting at 47°. i
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‘When oils that have become hydrolysed through rancidity are
refined by treatment with alkalies (Chap. x1.), the free acids are
removed and neutral oils left ; but other kinds of refining pro-
cesses do not affect the free acids, which accordingly are apt to
be found in commercial oils to varying extents, sometimes only
inconsiderable amounts, and sometimes very large percentages
being present. According to Thum the free acids do not consist
solely of oleic acid, as is often supposed, but of a mixture in
exactly the same proportions as that in which they exist in the
undecomposed glycerides. Thus palm oil and olive kernel oil
containing much free acid yield as much solid free acids relatively
to oleic acid when the free acids are removed by agitation with
a cold alkaline ley, as are yielded by the neutral unsaponified
fats present.

Just as the glyceridic compound ethers of fatty acids are apt
to be hydrolysed under appropriate conditions, so are their
alkaline salts (soaps) split up by water with the formation of
basic substance (free alkali) and an acid salt (vide p. 23).

It is a remarkable fact that although a somewhat considerable
number of monohydric alcohols are known to be formed by the
saponification of fixed oils, essential oils, and similar sub-
stances, only one trihydric alcohol, viz., glycerol, has ever been
found to be produced from such sources.

Isoglyceride Theory.—-Theoretically the existence is possible
of various substances possessing the composition of a trihy-
droxylated propane, C;H,;(OH),, but not identical with glycerol :
these substances would naturally form compound ethers isomeric
with ordinary glycerides containing the same acid radicles.
Amongst such hypothetical bodies, the compound ethers of ortho-
propionic acid, indicated by the general formula—

OR
C {OR CH,. OR
| {OR [
CH,  isomeric with ('"H . OR
l |
CH, CH,. OR

have been supposed by some chemists to be present in certain
fatty matters, notably cow’s butter ; but the experimental proofs
of this supposition are singularly wanting in clearness and
cogency. Such compound ethers on saponification should neu-
tralise four instead of three equivalents of alkali, generating an
alkaline propionate instead of glycerol ; thus—

Hypothetical Sodium
180g yeeride. Hydroxide. Sodium Propionate. Sodium Salt.  Water.

CsH;.C(OR); + 4NaOH = CyH;.CO.ONa + $NaOR + 2H.0
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MONOHYDRIC ALCOHOLS FORMED BY
SAPONIFICATION.

Numerous families of alcohols (monohydroxylated hydro-
carbons) are known to the chemist, derived successively from
saturated hydrocarbons of the series Cp, Hop 2, and from the other
series of hydrocarbons containing less hydrogen, by the replace-
ment of hydrogen by hydroxyl: thus inter alia the following
families of alcohols are known :— .

Ethylic alcohol homologues; general formnh,gn Hapr . OH

Anyl‘c ” ”» ’ ) aHon-1.
Phenol ” . » CoHpn-7. OH
Cipnnamic alcohol ., » ” CuHzo9. OH

Although representatives of several such families of alcohols
are found amongst products of destructive distillation (coaltar
oils, &c.), and in essential oils and the allied balsams and other
aromatic bodies, and in small quantities as natural constituents
of fixed oils of various kinds (occurring there in the free state),
yet compound ethers derived from alcohols of the first and second
of the above families appear to be the only kinds naturally
occurring in fixed oils and waxes, &c. ; and of these by far the
most frequently occurring substances belong to the first class.

Ethylic Series of Alcohols.—The table on next page indicates
the leading alcohols of this family (general formula C,Hgy .1 . OH)
derived from fixed and essential oils and similar sources ; besides
those mentioned numerous isomeric modifications of many of
them exist, obtainable artificially by laboratory reactions.

The higher alcohols of this series, when fused with alkalies,
evolve hydrogen with formation of the alkali salt of the corre-
sponding fatty acid ;* thus—

Cetylic Alcohol. Potas<ium Palmitate.
C)sH3;.CHy.OH + KOH Cy;H3.CO. 0K + 2H,

Myricylic Alcohol Potassium Melissate.
Ca9Hjz9.CHe. OH + KOH CaoHjo. CO.OK + 2H,

They are readily converted into compound ethers by treatment
with organic anhydrides (e.g., acetic anhydride), and in some
cases by heating with the acids alone, water being evolved.

* C. Hell (Liebig’s Annalen, pp. 223, 269) has based a method for the quan-
titative determination of higher alcohols on this reaction, the substance to
be examined being heated to 300°-310° in contact with soda lime, and the
evolved hydrogen collected and measured. At higher temperatures there
is & possibility of l:iydrogn being also evolved by the action of caustie
alkalies on oleic acid (p. 24). This method has been found useful in the
examination of beeswax which, when genuine, furnishes about 54 per
cent. of myricylic alcohol.
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Name. Formula. |Boliing Point. %ﬁ}::g Sources.

Methylic alcohol, CH;. OH 66°C. ... |Saponification of oil of winter-
green; wood distillation
products.

Ethylic alcohol, Cy;H;. OH 78° Fermentation of saccharine
matter,

Propylic alcohol, ) 97° Fermentation fusel oils.

Isopropylic alco- »| CsH;.OH 84° Isopropylic iodide from gly-
hol, ] cerol and hydriodic acid.

Normal Butylic 117° Heavy oils from brandy.
alcohol, C‘Ho .OH

Isobutylic alcohol 107° Potato and beet fusel oils.

Amylic alcohols C;H;;. OH| 127°-138° Fusel oils from grain spirit,
(several isomeric &c. Saponification of oil
moditications), of Roman Chamomile.

Hexylic alcohols CgH,;3.0H | 147°-157° Saponification of oil of cow's
(several modi- parsley, oil of Roman Cha-
fications), momile, &c.

Normal Primary C;H,;.0H| 17¢° Brandy fusel oils. Hydro-
Heptylic alcohol, genation of ananthol from

. castor oil.

Octylic alcohols, CzH;;. OH | 180°-192° Saponification of oil of Hera-
cleum spondylium and H.
gigantewm. Action of hot
alkali on castor oil.

Nonylic alcohols, CoH;9.0H

Normal Primary | CjoHz;.OH | 119°at 15| 7°C. | Hydrogenation of capric
Decylicalcohol, millims. aldehyde.

pressure.

Secondary Hen- Cj;1Ha3.OH 229° Hydrogenation of oil of rue.
decylic alcohol,

Dodecylic alcohols,| C;oHg;. OH | 143° at 15| 24° | Hydrogenation of lauric

millims. aldehyde.
pressure. | 19° | Saponification of sperm oil.

Tridecylic alcohols,| C,3H,;. OH .

Normal Primary | Cy(Hy9.OH | 167°at 15| 38° | Hydrogenation of myristic
Tetradecylic millims. aldehyde.
alcohol, Ppressure.

Pentadecylic alco- | Cy;H3;.OH ..
hols,

Normal Primary 189°-5at15| 49°-5| Hydrogenation of palmitic
Hexadecylical- (| « gy | millims. nldeﬁyde.
cohol, 107733 pressure.

Cetylic alcohol, 188°-193° | 49°'2 | Saponificationof spermaceti.

atldmm.| ...
pressure.

Heptadecylic al- | C;;H;;. OH
cohols,

Normal Primary | C;gHs;.OH | 210%5at | 59° | Hydrogenation of stearic
Octodecylic al- 15millims. aldehyde. Saponification
cohol, pressure. of spermaceti (in small

cqqantity).

Cerylic alcohol, } Co-Hoe.OH 79° ’ hinese wax.

. 97Ilss. .. ° Carnauba wax. .
[socerylic alcohol, 3 62 Wax of Ficus qummifiua.
Myricylicalcohol, I 85° | Beeswax
Isg?‘);ncyllc alco- ( CsoHg. OH { 72> | Carnaubs wax.
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A
Cetylic Alcobol. Anhme. Cetyl Acotate. Acetic Acid.
CjeHss. OH + (C3H30)0 = C,;4Hj3.0.C.H;0 + C.H;0.0H

Cetylic Alcobol Acetic Acid. Cetyl Acetato. Water.
CgH3s. OH + CgH3;0.0H ‘= C;¢H3;3.0.C.H;0 + H:0

The compound ethers thus produced are, in turn, readily
saponified by alcoholic potash, and from the amount of potash
neutralised during the operation the molecular weight of the
alcohol is deducible, due corrections being made for unsaponifi-
able matters, &c., if present (Chap. viiL)

Allylic Series of Alcohols.—Alcohols of the series
C,H,,_,.OH, derived from the olefine family of hydrocarbons
of formula C,H,,, are only sparsely represented amongst the
derivatives from natural products. Acrolein (acrylic aldehyde),
C,H,. CHO, by hydrogenation yields allylic alcohol, C,H,.CH,.OH
(also obtainable in various other ways), existing as a thiocyanic
ether in the oils of black mustard seed, horse radish, and garlic;
whilst higher homologues are probably contained amongst the
alcohols of the previous series obtained on saponifying sperm
oil, since in certain cases a deficiency of hydrogen is observed
on analysis, coupled with a strongly marked tendency to com-
bine directly with iodine, indicating the presence of unsaturated
compounds. These higher alcohols, however, have not as yet
been isolated from the other bodies accompanying them in a
state of sufficient purity to admit of their formulx being exactly
determined. Borneol, C,;H,,. OH, occurs in the camphor of
Dryobalanops camplora, and to a small extent in oil of valerian
and oil of rosemary.

Alcohols of the series C,H,,_,. OH, derived from the C,H,, ,
(acetylene) series of hydrocarbons, are found to some extent in
certain essential oils—e.g., geraniol, C,;H,,. OH, in Indian gera-
nium oil. This appears to be a true analogue of ethylic and
allylic alcohols, being capable of yielding by oxidation an alde-
hyde and a monobasic acid (geranic acid) C,H,;,. COH and
C,H,;.CO.OH respectively : no substances of analogous char-
acter have as yet been isolated from fixed oils and fats, &e.

Phenol and its Homologues.—Alcohols derived from hydro-
carbons still poorer in hydrogen are occasionally met with as
constituents of natural products of the resinous class, or as sub-
stances formed by destructive distillation; thus the hydrocar-
bons of the benzene family, C,H,, 4, give rise to two such classes
of alcohols, both indicated by the general formula C,H., ,. OH
and derived from the same parent body, phenol, C;H;. OH. In
the one class (phenols proper) the hydroxyl group is situated in
connection with the ‘benzene nucleus” of 6 carbon atoms ; and
in the other (benzylic alcohol series) the hydroxyl group is not
situated in the benzene radicle, but in one of the “side chains”
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introduced by the methylation of benzene so as to develop
homologous hydrocarbons ; thus—

Phenols.
Phenol (carbolic acid), o . . C¢Hs.OH
Cresol (metbylphenol), . . . CoH,{Sne
CH
Xylenol (dimethyl phenol), . . Cgﬂ;; gg:
Phlorol (ethyl phenol), . . . CgH,|Sile
Benzylic Alcohol Series.
Benzylic alcohol, . . . . C¢Hs.CH,.OH
Xylylicaleohol, . . . . . C.H.{gg:_ oH
Benzyl carbinol, . . . . . CgHsz.CH,.CH,;.OH

Alcohols of the phenol class are mostly contained in the tars
derived from the destructive distillation of coal, wood, &ec.:
benzylic alcohol is tontained as such in the volatile oil of cherry
laurel, arid in the form of a compound ether in Balsam of Peru
and Liquid Storax; a higher homologue, sycocerylic alcohol,
C,sHy. OH, is similarly found as an acetic compound ether in
the resm of Ficus rubiginosa : a-lactucerol and B—Iactuce'rol are
two isomerides thereof contained as acetic ethers in lettuce juice.
Quebrachol (from Quebracho bark), and cupreol and cinchol
(from Cinchona barks) are analogous substances isomeric with
one another and indicated by the higher homologous formula,
C,0Hy,. OH ; whilst Phasol (from Phaseolus vulgaris) is a lower
homo !ﬁ)gue, H,,. OH. All these substances are closely akin
to cholesterol, wocﬁ)lesterol, phytosterol and paraphytosterol, alco-
holiform substances belonging to the family derived from the
hydrocarbons, C.H,,_, and occumng in various fixed oils as
normal constituents dissolved in the glycerides, &c., constituting
the bulk of the oils. It is extremely probable that other
analogous substances are also similarly contained in oils, &c.,
but as yet this has not been demonstrated to be the case. In
the husks of Phaseolus vulgaris both paraphytosterol and phasol
are present ; when such substances occur in the vicinity of oil-
containing tissues, obviously any process applicable for the ex-
traction of the oil is extremely likely to dissolve out more or
less of the accompanying alcoholiform substances, as well as any
other substances soluble in oil that may happen to be contained
in the seeds, &c., operated upon.

Cholesterol Series and Analogues. —Cholesterol and its.
isomerides appear to be homologues of cinnamic alcokol, C,H, OH
(contained in storax as cinnamic ether), indicated by the formula
CyuH,,. OH ; some (cholesterol—long known as a bile constituent
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—and isocholesterol) chiefly occur in oils, &c., of animal origin,
such as whale and fish oils and woolgrease ; others (phytosterol
and isophytosterol) are similarly found in vegetable oils, such as
olive oil. Ambergris and castoreum (from the Castor beaver)
also appear to contain related substances (ambreol and castorol
respectively). All these bodies, like the sycocerylic alcohol and
its homologues above mentioned, are of alcoholiform character
readily yielding acetic and benzoic compound ethers (often -of
highly crystalline character, and readily purified in consequence),
the melting points of which are characteristic. Thus, cholesterol
heated with benzoic anhydride (preferably in a sealed tube at
200°) forms a compound ether almost insoluble in boiling alcohol,
but crystallisable from ether in right-angled tables, melting at
150°~151°. The following table illustrates some of the differences
between cholesterol and its isomerides : —

Action on Polarised Meiting Point of
Melting Point. Light Be

mzoic Ether.
Cholesterol, . . l 147° Levogyrate. 150°-151°
Isocholesterol, . 137°-138° Dextrogyrate. 190°-191°
Phytosterol, . . 132°-133° Levogyrate. | ...

Paraphytosterol, ‘ 149°-150° Dextrogyrate.

When dissolved in chloroform and treated with an equal
volume of sulphuric acid, cholesterol yields a blood red colora-
tion, soon becoming cherry red and purplish, permanent for
several days; the acid underlying the chloroform solution ex-
hibits a strong green fluorescence. Phytosterol gives a similar
coloration, becoming a bluish red on standing some days; whilst
isocholesterol gives no colour at all. On treatment with acetic
anhydride, compound ethers are produced in each case, the
“acetyl number” of which is 1355 (parts of caustic potash,
KOH, neutralised by the acetic acid developed by the saponifica-
tion of 1,000 parts of compound ether, Chap. viiL.); the corre-
sponding values for the similar compound ethers obtained
from cetylic, cerylic, and myricylic alcohols being respectively
1975, 1281, and 116-7.

Another substance closely akin to phytosterol has been isolated
from the seeds of Lupinus luteus, i.e., lupeol,* probably indicated
by the formula C,H,,0, containing less hydrogen than phyto-
sterol ; this melts at 204°, is dextrorotator?, and forms benzoic
and acetic ethers melting respectively at 250° and 230°; dissolved
in chloroform and treated with acetic anhydride and sulphuric
acid, it gives a reddish coloration, becoming intensely violet red
on standing. Several other substances of analogous character
appear to be contained in various vegetable products—e.g., hydro-

® Likiernik, Berich'e Deut. Chem. Ges., 1891, xxiv., pp. 183 and 187,
2
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carotin (carrots), paracholesterol (Ethalium septicum), &c., &e. ;
but their occurrence in oil-bearing seeds, and the oils thence
obtainable, has not yet been substantiated.

GLYCOLS.

It has been shown by Stiirke * that when carnauba wax is
saponified, and the alcoholiform constituents thus set free frac-
tionated by means of petroleum, a glycol is obtained melting at
103-5 to 1038, and giving numbers on analysis agreeing with
the formula C,,H,,0,, or C,;H { ggi 8g ; this product evolves
eight hydrogen atoms on fusion with caustic alkalies, forming
an acid of the oxalic series, thus—

CH,.OH CO.ON
OyH,; { CH?, OH * 2NeOH = 4H, + cﬁ,ﬁm{ o0 oNe

just as cerylic alcohol and similar bodies evolve four hydrogen
atoms (p. 13), forming an acid of the stearic series, thus—

CoeH,,. CH,.OH + NaOH = 2H, + C,H,,.CO.ONa.

CHAPTER IIL

SAPONIFICATION PRODUCTS OF OILS, FATS,
WAXES, &ec.

FATTY ACIDS.

It is a remarkable fact that all known compound ethers con-
tained in natural fixed oils and fats, &c., invariably give rise on
saponification to monobasic acids only, dibasic acids (like oxalic
acid), and acids of still higher basicity being conspicuous by their
absence from the products thus formed, although in many cases
readily obtainable from these products by simple operations in
the laboratory.

At least six different families of monobasic acids are repre-
sented amongst the saponification products of fixed oils, &e., four
of which are included in the general formula, C, H,, ,,. CO . OH;
according as m = n,or =n + 1, n + 2, or n + 3, this general
formula represents the following families :—

Formuls of Acid. Family.
CpnHzm +1-CO.0OH ’ Acetic (or stearic) series.

CnHgpm - 3. CO.0H Acrylic (or oleic) series.
CnH2, - 5. CO.OH ! Propiolic (or linolic) series.
CuwHsnm - 5. CO. OH Linolcnic series.

* Annalen der Chemie, pp. 223-2€3 ; also in abstract, Journal Soc. Chem.
Industry, 1884, p. 448,
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Two other familics are more highly oxidised, being included in

the general formula C.H,, { 851 . OH’ Mcordingas m = n or

= n+1 the following two families result :—

Formula of Acid. : Family.
OH. ‘ Oxyacetic(oxystearic or glycollic)
Calln 188" o, l

series.
OH. Oxyacrylic (oxyoleic or ricinoleic)

CuHam - o {CO: OH. series.
In addition to these six leading families of monobasic acids, re-
presentatives of several others are obtainable by saponification
from various essential oils and allied products ; whilst by gentle
oxidation processes or other reactions several different kinds of
more oxidised monobasic acids are readily formed from the

normal “fatty acids” derived from natural fixed oils, &c. Thus
for example :—

Formuls of Acid. Examples and Sonrces.

l
i
‘ ‘ Benzoic a.ndbtoluic m:g;ils, &e. t"
. . from gum benzoin, balsam o
CaHsa - ;. CO.OH | Benzoic series Tolu, dragon’s blood, storax,
: oil of bitter almonds, &c.
Cinnamic acid ; from oil of
cinnamon, cassia, storax,
! balsalm of Tolu, &c.
) OH 1 Oxybenzoic (salicylic) | f Salicylic acid; from gaul-
Callza - { CO.OH |  series theria oil, &c.

|
N
|

CwHom - 9. CO.OH ' Cinnamic series

OH I . . Oxidation of oleic acid and
CwHen - 1 {OH ' Glyceric (dioxystearic) S isomerides and homologues
CO.0H series : { Cthereof. " 4
. . ! 8H3605 ; from oxidation of
CoHom - 2 &%H)(%H E'X;’;:’e%l;;g;cs eﬁg"' l 5 rliciqgleic acid and its iso-
) | | merides, e
CouHsn - 5 EOOH)(‘)H ' Tetroxystearic series ! [ C18H3006 (sativic acid) ; from

| \ oxidation of linolic acid.

{ (OH ; . . C15H 3404 (linusic acid) ; from
CaBan - s { (o, Gp  Hexoxystearic serics | | oo o e pd) s frex

ACETIC FAMILY OF FATTY ACIDS.

The following table denotes the leading acids of the acetic
family (general formula C,H,,0, = C,H,, +1- CO.OH) derived
from fixed oils, waxes, essential oils, and similar sources : in
addition numerous isomeric modifications of many of the acids
are known, obtained artificially by synthetic and other laboratory
operations :—
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Boiling

Melting !

Formaula. Name of Acid. Point. Poiat. Sources.
CH,0, Formic, 101°C 8°C Ants; nettles.
C3HOq Acetic, 118° 17° Acetous fermentation ; oil
: of cow parsnep, and
‘ various other essential
! oils,
C3sHgO. Propionic or; 140° Oxidation of propylic
Tritylic, alcohol from fermen-
: tated fusel oil.
CH;0. Normal Butyric,! 162° -3 Cow’s butter; perspira-
tion; oil of cow parsnep.
Isobutyric, 153° Oxidation of isobutylic
alcohol .from fusel oil ;
Roman chamomile oil.
CsH,00g | Valeric or Pen- | 175°-185° Severalisomeridesknown.
toic, Valerian root; Isova- |
leric acid from fat of
i Delphinum Phocana.
Ce¢H;20, | Caproic or 200° -9 Isohexoic acid (isobutyl-
Hexoic, acetic acid) from cow’s |
butter and cokernut
oil. !
205° -1°5 | Normal hexoic acid, as !
octylic ether in oil of |
Heracleum.
C;H,,0. | Enanthic or 6 222° -10°*5 | Normal acid by oxidation ,
Heptoic, of cenanthol from castor
oil ; wine fusel oil.
CyH; 602 | Caprylic or| 238° 15° Isoprimary acid from !
Octoic, i cokernut oil and butter; |
Limburg cheese. i
CyH,;30. | Pelargonic or| 254° | 13° Normal acid from oil of |
Ennoic, ! Pelargonium roseum;
' and oxidation of oil of
! rueand beetroot fusel oil.
CyoHy00; | Capric or Decoic, 269° 30° Butter; cokernut oil;
grape fusel oil.
C11H2,0s | Hendecoic  or|228°at 160, 25°-5 | Hydrogenation of Hende- .
Undecylic, millims. | cenoic acid from distil-
pressure. lation of castor oil.
35° Cocinic acid (?) in coker-
nut oil.
Near 23° | Umbellulic acid (?) from
chaulmoogra oil.
C12H3(0; | Lauric or Dode- ' 225°at100)  44° Laurel butter (Laurus
| coic, millims. nobilis) ; Pichurim bean
! pressure. fat; cokernut oil; \
palm kernel oil.
Cy13H405 | Tridecoic, Supposed to be contained
}n lcokernut oil ; doubt-
ul.
C14H330, | Myristic, 1250° at 100 5¢4° Nutmegz butter; coker-
' millims. nut oil ; dika fat; cro-
pressure. ton oil; spermaceti.
Cy5Hg003 | Pentadecoic, 55° (?) Oil of Jatropha curcas. |
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Formula.

CysH300,

CyeH330,

Ci;H3,0,

Ci5H360,
C| ,H”O’
CioH00:

C3 Hy30,
CysH (0,

Cy3HyeOs |

C2H304

CssH300:
CsHj520,

Cs:Hs,0.
CssH 560,

S29H 5302
30HgoO2

C31H 20,
CaiH2504

|

| Nameof Acid.

Boiling
Point.

Melt|
!i’onl::‘g

Sources.

Pentadecoic,

l
|
!
\ Palmitic,
i

Margaric,

| Daturic,

Stearic,
Enneadecoic,

1

" Arachic (or Ara.-
|~ chidic); Butic,
I
\
|

Benic or Bem
stearic,

|
{ Lig'noeeric, -
|

. Carnaubic,

Hyenic,

1
|
‘ Cerotic,

‘ iehsslc, h
‘ Theobromnc,
|

i
|
J

271°°5
at 100
millims.

pressure,

291°at 100
millims.
pressure

|
|
|
l

53°5
53°

62°

60°

—=a

D

69°-2

-3
N

o
<

78°

78

Cetic acid (?) from sper-
maceti.

Benomargaric acid (?)
from oil of Ben. Stilli-
stearic acid (?) from
Stillingia sebifera.

Palm oil. One of the
constituents of most
animal fats. Sperma-
ceti; beeswax; Japan
wax.

From cetyl cyanide; for-
merly supposed to be
contained in certain
fats.

From oil of Datura
Strammonium.

Tallow, lard, and most
animal solid fats ; Shea
butter ; Illipé fat.

From stearyl cyanide (?)
obtained along with
artificial margaricacid.

Earthnut oil (Arachis

I:v/Ipogaea), butter (?)
eintz

Medulhc acid (?) from
beef marrow.

Oil of Ben ; black mustard
seed oil ; rape oil.

Earthnut oil; beech-
i
arnauba wax.

Paraffinic acid Wfrom
paraffin wax and nitric
acid.

Hyzana fat.

Geoceric acid (?) from dis-
tillation of brown coal.

Beeswax; Carnauba wax;
Chinese wax.

Oxidation of myricylic
alcohol from beeswax.

!' Cncao. Butter.

The formule ascribed to several of the acids named in the pre-
ceding table can hardly be regarded as established with perfect
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certainty ; thus the cocinic acid, C;H,,0,, formerly supposed to
be contained in cokernut oil, appears from later researches to
be in all probability only a mixture of other acids of the series ;
and the same remark applies to the tridecoic acid, C,3H,O.,
from the same source, which appears to be simply a mixture
of lauric and myristic acids. Similarly, cetic acid, C,;H40,,
and the isomeric (1) benomargaric and stillistearic acids are very
doubtful bodies; the last has been stated by later observers to
be simply palmitic acid, and benomargaric acid to be a mixture
of palmitic and myristic acids. The margaric acid, C;H,,0,,
formerly regarded as present in animal fats, has been since
shown to consist of a mixture of stearic and palmitic acids
and more or less oleic acid.* Again, the compositions ascribed
to medwllic acyd, CoH,,0,; hyenic acid, C,H,0,; geoceric
acid, C,Hg0,; and ' theobromic acid, C(“Hl._,sz)‘_,,florezquire con-
firmation as regards the individual character and purity of
these substances. Of those acids where the carbon present
lies between C,, and C,, it is noticeable that those of most
frequent and widely-spread occurrence, and of which the com-
positions are ascertained with certainty, always contain an
+ven number of carbon atoms; so that it has been supposed
by some chemists that acids containing an odd number of
carbon atoms do not actually occur as glycerides amongst the
natural oils and fats, and that the bodies supposed to possess
such a composition are really either mixtures of glycerides with
even numbers of carbon atoms, or substances rendered otherwise
impure. A priori, however, there seems no reason for doubting
the possibility of the existence in nature of glycerides of acids
containing an odd number of carbon atoms.

In the case of butter fat, cokernut oil, and some few other
substances, fatty acids of low molecular weight (i.e., where % in
the general formula C,H.,0,is of low value), are present to
some notable extent ; but, as a general rule, natural oils and fats
rarely yield fatty acids of this description where n has a smaller
value than 12. Inasmuch as the lower members of the acetic
acid family are comparatively easily volatile (especially along
with water vapour), whilst the higher ones are almost non-
volatile with ordinary steam, this practically means that the
fatty acids from most fats and oils will not readily distil by the
aid of moist steam, whilst a certain proportion of more easily
volatile acids is contained in the mixture of acids obtained from
butter fat and cokernut oil, &c. This distinction is utilised in
certain cases as a means of testing the quality of such substances

* The margarine or olcomargarine used as a butter substitute is es-
s:ntially a mixture of the glycerides of stearic and palmitic acids with
sufficient olein to give it its soft textare.

t Graf was unable to find any theobromic acid in Cacao butter (Arch.
Pharm., 1888, 26, p. $30).
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as regards adulteration and admixture with cheaper forms of
fatty matter (Reichert’s test, vide Chap. viIr.)

The fatty acids of the acetic series differ considerably in their
respective degrees of solubility in water; the lowest members—
formic, acetic, propionic, and butyric acids—are miscible with
water in all proportions; the highest members, including myristic
acid and all above it, are quite insoluble in water ; the inter-
mediate acids exhibit a degree of solubility the greater the
lower the molecular weight ; thus caprylic acid dissolves in 400
parts of boiling water, and capric acid in about 1000 parts, both
mostly separating out again on cooling; whilst lauric acid is
almost insoluble in cold water, though sparingly dissolved by
boiling water.

Alcohol, especially when warm, readily dissolves even the
highest members of the series; inasmuch as the glycerides of
these acids are, as a rule, almost insoluble in alcohol, this pro-
perty affords a method of separating the free fatty acids con-
tained in natural oils, &c., from the glycerides, the oil being
simply agitated with alcohol and allowed to stand so as to
separate the alcoholic solution of fatty acids from the unaffected
glycerides. Alcohol containing only a minute quantity of a free
fatty acid exhibits an acid reaction to phenolphthalein, and can
accordingly be readily titrated volumetrically by means of a
weak standard alkaline solution in presence of that indicator:
on this also is based the general method of determining the
amount of fatty acid salt formed on saponifying a glyceride or
other compound ether by an alkali (Chap. viir.) The highest
acids of the series are not extremely soluble in cold alcohol, so
that they are readily crystallisable from that menstrum.

The normal salts of acids of the acetic family are indicated by
the general formula C,H,,,,.CO.OM, where M is a monad
metal : acids salts of formula C,H,,,0,M, C,H,,0, can in some
cases be produced—e.g., sodium diacetate, C,H,NaO,, C,H,O,;
potassium distearate, C,H,;KO,, C,;H,,0,. Salts of this kind
when dissolved in hot alcohol react wci(g with phenolphthalein,
and behave toward alkaline solutions on titration with that
indicator precisely as mixtures of the free acid and the neutral
salt.

In certain cases the neutral alkali salts are partly hydrolysed
by solution in water with formation of acid salt and caustic
alkali; thus with neutral sodium stearate.

Neutral Sodium Caustic
Stearate. Wator. 8. Sodiom Distearate.
2C,gH3;Na0s + H,0 = NaOH + C,3H3sNaO,, C1gH2604

By adding common salt to the fluid, the latter compound and
the unaltered neutral salt are thrown aut of solution ; on collec-
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tion by filtration and solution in alcohol and titration an amount
of acidity is registered precisely equivalent to the alkalinity
of the watery fluid. On the occurrence of this phenomenon
depends a good deal of the cleansing properties of soaps, the
action being also observable with the alkali salts of oleic and
ricinoleic acids to approximately the same extent as with those
of palmitic and stearic acids (Chap. xxi11.)

ACRYLIC (OLEIC) FAMILY OF FATTY ACIDS.

The total number of acids of general formula C,H,, ,.CO.OH
now known is somewhat considerable; as with the acetic
family, only a comparatively small number of them are con-
tained in natural fats, &c., and of these but few are of relatively
low molecular weight so as to be readily volatile. The table on
page 25 exhibits the more important acids of this class.

As in the case of the acetic family of acids, the existence of
certain members mentioned in the table is not yet established
with perfect certainty ; thus damaluric acid is a substance the
existence of which requires confirmation ; and similarly with
the aldepalmitic acid recently stated by Wanklyn to be a
constituent of cow's butter.* The existence of hypogeic
acid has been denied by Schin, who found the only acid of
the acrylic series present in earthnut oil to be oleic acid.
Similarly, moringic acid has been stated by more recent ex-
perimenters to be simply impure oleic acid; and the same kind
of thing is said by Schidler to apply to doeglic acid this being
regarded by him as simply impure physetoleic acid.

The unsaturated nature of the hydrocarbons from which this
group of fatty acids are derived leads to their possession of some
peculiar features; thus, when heated with fused alkali {caustic
potash), there is a tendency to undergo a change indicated by
the general equation :—

Cn + nH2(m +n - I)Ot_v + 2KOH =K. C:..Hgm -10, + K.Cnﬂzn_]o_oi-ﬂg

the potassium salts of two acids of the acetic family being formed
along with free hydrogen. In virtue of this tendency, oleic acid,
when thus treated, forms palmitic and acetic acids, a circumstance
utilised in practical manufacture.

Oleic Acld.  Caustic Potash. Potassium Palmitate. Potassium Acetate.
CysH303 + 2KOH = K.CH3;0. + K.CiH;0; + Hj

Again, inasmuch as the unsaturated hydrocarbons have a more
or less marked tendency to combine directly with halogens (and

* Journ. Soc. Chem. Ind., Feb. 1891, p. 89.
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80 into the series of substitution derivatives of the satu-
rated hydrocarbons), the same tendency is shared by the fatty

Formals. | Nameof Acid. |BoilingPoint| Melting Sources.
CsH, 0, Acrylic, 140°C. 8°C. | Oxidation of acrolein from
glycerol.
CH¢0, Crotonic, 185° 7 From cyanide of allyl (de-
rived fromoilof mustard).
CsHg0, Angelic, 185° 45° Angelica root. Sumbul root
resin.
Tiglic, 196° 64° | Oil '(l)f Chamomile. Croton
oil.
CgH,00: | Pyroterebic, | 210° Action of heat on terebic acid
' from oil of turpentine and
! nitric acid.
C;H,,0, | 53° Damaluric acid? (from cow’s,
{ and horse’s urine).
CsH;,0, i Octenoic, J
CeH,g0: ' Ebnenoic, ! liquid. | (Enanthol (from castor oil)
| and acetic anhydride.
Phoronic, 169> | Oxidationofsodiumcamphor.
C,oH,;50; ' Decenoic, i 242°.269° | 10°-86° | Several isomeric moditica-
tions known ; all of arti-
‘ ficial origin.
C1H290, | Hendecenoic, 275° 24°5 | Castor oil distilled under
diminished pressure.
Petroleumic, | 250°-260° Contained in petroleum.
Cy3H330; | Dodecenoic, liquid. | Artificial.
ct’H’QO’ Trideeenoic, i . e
14H2602 Tetradecenoic,l
15Hg30. Moringic, i 0° Oil of Ben.
Cimicic, 1 44° Feetid oil from Raphigaster
| punctipennis.
CygH300; | Physetoleic, | 30° Sperm oil.
Hypogwic, 34° | Earthnut oil (Arachis hypo-
gea).
50° Aldepalmitic acid (?) from
butter.
Cy7H330, | Heptadecenoic,
C,sH3,0; | Oleic, 286° at 100| 14° Contained as glyceride in
millims. most anima? fats and
! presaure. ' many vegetable oils.
Isoleic, 14°-45° Disti‘l(}ation of oxystearic
acid.
Stearidie, 35° Action of water on silver
bromostearate.
CyaH ;3,02 | Docglic, Alittle | Oil from deegling (bottle-
above 0° nose whale).
CnH;aOg cee o
,l ‘00, 'no. . ...- .er .ee “ee
CagH4304 | Erucic, 254°°5 at 34° Colza, grape secd, and
10 millims. niustard oils.
pressure.
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acids derived from them ; thus the hydrocarbon ethylene, as has
long been known, combines directly with chlorine forming an
oily fluid,* originally known as “Dutch liquid,” the reaction
being
Ethylene. Chlorine. Ethylene Dichloride.
ch = CHg + C]g = H’CIC - CCle

In the same kind of way, oleic acid and its congeners, being
derivatives of ethylene of general formula R.CH = CH.S,
will directly combine with bromine or iodine in parallel fashion,
forming dibromo-, or diiodosubstitution derivatives of acids of
the acetic family of form R.CHBr — CHBr.S; thus—

Oleic Acid. Iodine. Dilodostearic Acid.
CisH30: + Ip = CgHyl,0:

This reaction is utilised as a convenient method of dis-
tinguishing from one another acids derived respectively from
saturated hydrocarbons, and from unsaturated hydrocar-
bons of the olefine series, the former not combining with
halogens, and the latter uniting therewith in the proportion of
one molecule of fatty acid to two atoms of halogen. Accord-
ingly, the measurement of the quantity of iodine or bromine
thus fixed (‘“iodine ahsorption equivalent,” or ‘bromine ab-
sorption equivalent”) often gives useful information as to the
nature of the fatty acid or acids present ; and the same remark
equally applies to the glycerides themselves, which also combine
with halogens in parallel fashion, e.g. :—

Olein. Glyceride of Glyceride of Diiodo-
Olele Acid. Iodine. stearic Acid.
C3H5(CisH3302)s +  3L. = C3H;(C)3Hgsla0:)s

In just the same kind of way certain acids of the acrylic family
can directly combine with nascent hydrogen produced under
appropriate conditions, becoming thereby converted into acids of
the acetic family, the general reaction expressing the change
being—

CuHa, 20, + H, = C, H,, Os

Thus oleic acid forms stearic acid, when heated in a sealed
tube with fuming hydriodic acid and phosphorus. By reversing
the process, an acetic acid becomes transformed into an acrylic
acid. In practice the direct removal of hydrogen after this
fashion is ditficult to accomplish ; but in certain cases it may be
effected by acting on the acid of the acetic family with chlorine
or jodine or bromine, 80 as to produce a monochloro-, iodo-, or
bromosubstitution derivative; by treating this with alkalies, &c.,

*Whence the old name olefiant gas for ethylene, signifying * oil making”
gas.
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the elements of HC), HI, or HBr are eliminated, leaving an acid
of the acrylic series.
Thus acrylic acid itself is formed from iodopropionic acid thus,

Iodopropionic Acid. Acrylic Acil.
CaHgIOz - HI = CsH“ ‘2

the elimination of the elements of hydriodic acid being brought
about by treatment with sodium ethylate, lead oxide, or similar
basic substances.

In other cases a dibromo- or dichlorosubstitution derivative of
an acid of the acetic family is acted upon with zinc dust, or other
substance having a strong tendency to combine with halogens ;
thus dibromopropionic acid and zinc dust form acrylic acid.

Dibromopropionic Acid. Acryile Acld.
03H4Bl'203 - Bl‘g = CaH‘Og

In this way the dibrominated and diiodised products obtained
by adding Br, or I, to the higher acrylic acids can be made to
reproduce the original acid. This reaction is utilised in the
examination of oils, &c., containing the glycerides of unsaturated
acids ; bromine addition products are formed and separated from
one another by crystallisation, &c., and then debrominated so as
to reproduce the original acids, which can thus be indirectly
separated from one another in a fashion usually impracticable
with the actual acids themselves.

Acrylic acids, at any rate in certain cases, combine directly
with sulphuric acid, forming saturated compound sulphuric acids
analogous to ethylsulphuric acid (sulphovinic acid) ; thus—

Oleic Acid. Sulphuric Acid. Oxystearosulphuric Acid.
CirHy.CO.OH + SO(0H): = Cy;Hy 0550, OH

By the action of water, &c., on the compounds thus formed,
hydrolysis is brought about, with the formation of sulphuric acid
and an acid of the oxyacetic (glycollic) family ; thus—

Oxyatnromlphurlc Acid. ‘Water. Sulphuric Acid. Oxystearic Acid.
erHu]~ co. OH OH 4 H,0 = SO0,0H), + CiHy, {8(})[ OH

These reactions, especially the first, are utilised in the pro-
duction of certain kinds of “Turkey red oils;” obviously the
sum of the two changes is equivalent to the addition to an
acrylic acid of the elements of water.

The dibromides of acids of the oleic series, when treated
with silver hydroxide, &c., form silver bromide together with
glyceric acids—i.e., dioxy acids of the acetic series :—

C.Hg..x{g{}‘on + 2AgOH = 2Aghr + CuBy {03y
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By the regulated action of caustic potash, they lose successi‘vely
HBr and 2HBr, forming in the one case bromoleic acid or a
homologue thereof, and in the other case a propiolic acid—

. Br. _ { Br.
CoMan {08 on -~ HBr = CuHe{ 6. o
Cn H‘.‘n-l {28. OH -~ 2HBr = C,, Hy,-3. CO.0H

A remarkable property possessed by many acids of the oleic
family is that contact with certain reagents, more especially
nitrous acid, converts them into isomeric modifications of higher
fusing and boiling points, so that acids liquid at the ordinary
temperature become transferred into solids. This effect is also
produced with the natural glycerides of these acids, forming
a reaction largely utilised in testing the purity of certain oils
(Chap. vi1). Oleic acid, liquid at ordinary temperatures, thus
becomes elaidic acid, melting at 45°, by contact with nitrous
acid ; and its glyceride, olein, fluid at 0°, is similarly converted
into elaidin, melting at 32°; whence the term ¢ Elaidin reaction”
applied to this nitrous acid test. In similar fashion erucic
acid, melting at 34°, is changed into brassaidic or brassic* acid,
fusing at 60°; whilst parallel changes are undergone by hypo-
geeic and physetoleic acids.

Elaidic acid and the similarly altered other acids of this class
can be distilled unchanged under diminished pressure, not being
thereby converted back again into the original acids ; for a given
pressure the boiling point is always slightly higher than that of
the original acid: thus Krafft and Noerdlinger t obtained the
following numbers. (See Table, p. 29.)

The nature of the chemical change ensuing during the elaidin
reaction is somewhat uncertain. By fusion with caustic potash
both oleic and elaidic acids yield acetate and palmitate ; on the
other hand, by oxidation with alkaline permanganate they form
two different dioxystearic acids, melting respectively at 136°-5
(solidifying at 119°) and 99°-100° (solidifying at 85°-86°—Saytzeff).
Similarly erucic and brassic (brassaidic) acids give rise to two
different dioxybenic acids on oxidation, as well as different
derivatives of other kinds.

* The term *‘ brassic acid ” (brassica siure) was originally applied to the
acid, Cg2H20:, obtained from various species of Brassica, there being at
that time some doubt whether ‘‘erucic acid ” obtained from other ana-
logous sources was or was not identical therewith. Later on the identity
was established, and the term ‘¢ brassiiidic acid ” (brassidin sdiure) was
applied to the product of nitrous acid on erucic acid, to indicate its analogy
with elaidic acid (Haussknecht, Annalen der Chem. and Pharm., 1867,
143, p. 55). Of late years the term * brassic acid ” has been mostly substi-
tuted in English chemical literature for ** brassiéidic acid (e.g., Morley and
Muir's Dictionary of Chemirtry, vol. i., p. 631, article Brassic Acid).

+ Berichte der Dent. Chem. Gea., 1889, vol. xxii, p. S19.



FATTY ACIDS. 29

Milimerres of Olelc Acld. Elsidic Acid.
. T
100 | 2855286 & 2875288
50 264 266
30 2495 2515
15 232°5 234
10 223 2256
‘ Erucic Acid. Brassic Acid. i
30 281 282
| 15 264 265
I 10 | 2545 256
From Eracic Acid. l Frum Brassic Acid.
Melts at Melts at
Dioxybenic acid, . . 132°-133° 1 Isodioxybenic acid, . $§8°.99°
Dibromide of erucic acid, 42°-43° Dibromide of brassic acid, 54°
Dichloride, 46°

i Dichloride, . .

. . . . 65°
Methylester from dichloride, 30-5° Methylester from dichloride, 42°:5

According to recent researches * the isomerism of erucic and
brassic acids is of the stereochemical order—i.e., the “structures”
of the two bodies, when expressed in space of three dimensions,
are not superposible; a difference only imperfectly expressible
on a flat surface by the formule—

CiHgp - C - H CiHy - C - H
I and I
H - C - CO.H COH - C - H

Isomerides of Oleic Acid.—Besides elaidic acid (formed
from oleic acid by contact with nitrous acid), two other acids
isomeric with oleic acid are known, viz., wsoleic and stearidic
acids; in addition, other isomerides of the anhydride character
exist.

Isoleic acid is obtained by acting on oleic acid with sulphuric
acid ; combination takes place with the formation of oxystearo-
sulphuric acid (probably two different modifications), thus—

CysHzs.CO.OH + HygSO, = Cy;Hy &fgﬁ‘

By hydrolysis the product forms oxystearic acid (again, probably
more than one modification), which on distillation under dimin-
ished pressure becomes dehydrated, furnishing a mixture of ordi-
nary oleic acid and a solid isomeride, isoleic acid.

C];H“{gd .S(())ahl[l + Hg0 = H3304 + Cl‘:’““{gg_ OH

C];H;u{gg- OH ~ H0 + C);Hy;. CO. OH
* A. Holt, Berichte der Deutsch. Chem. Gea., 1891, vol. xxiv., 4120. '
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By converting the acids into zinc salts and heating with alcohol
a solution is obtained from which zinc isoleate separates on cool-
ing, the other zinc salt remaining in solution. The acid obtained
fromn the pure zinc salt by decomposition by a mineral acid,
crystallises from ether; it melts at 45°, but is not identical with
elaidic acid which fuses at nearly the same temperature : like
oleic and elaidic acids it forms acctate and palmitate on fusion
with caustic potash ; but the dibromide formed by combination
with bromine when treated with silver hydroxide forms a dioxy-
stearic acid melting at 77°-78° and solidifying at 65°-66°, the same
substance being also formed by oxidising isoleic acid with alka-
line permanganate ; whereas the dioxystearic acids obtained by
oxidising oleic and elaidic acids in the same way melt at 136°-5
and 99°-100°, and solidify at 119° and 85°-86° respectively.*

Isoleic acid combines with hydriodic acid, forming an iodo-
stearicacid reducible to ordinary stearic acid by means of nascent
hydrogen, and reconverted into isoleic acid by alcoholic potash.
The dibromide of isoleic acid similarly reproduces isoleic acid on
treatment with zinc and hydrochloric acid.

Stearidic Acid.—By the action of water on bromostearic acid
(from bromination of stearic acid) Oudemannst obtained an acid
isomeric with oleic acid, together with silver bromide. This
product distilled unchanged : melting point 35°.

Two anhydrides of oxystearic acids are also known, isomeric
with oleic acid; viz., stearolactone, y-oxystearic “inner” anhy-
dride (p. 39); and the body formed by the action of hydrochloric
acid on a-oxystearic acid, regarded as—

Cy7Hg, { C(()) (-8 } Ci;Hgy

PROPIOLIC (LINOLIC) FAMILY OF FATTY ACIDS.

But few members of the family of acids of general formula
C,H,, . ;. CO. OH have been as yet isolated from oils and fats,
&c the best known example being linolic acid, C;H,, .CO.OH,
contained in various drying oils, notably linseed oil ; several
other members, however, have been produced from acids of the
oleic series by employing the method founded on the same
principle as that by means of which oleic acids are obtainable
from acids of the acetic acid series—viz., by conversion into a
chloro- or bromoderivative of an acetic acid and removal of the
clements of HCl or HBr by the action of a base. Thus oleic
acid combined with Br, and the product treated with alcoholic
potash furnishes stearolic acid—

* M. C. and A. Saytzeff, J. pralt. Chem., 1888, 37, p. 269.
tJ. prakt. Chemie, 89, p. 193.
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Oleic Acid. Dibromostearic Acid.
CigH30; + Bry = CysH34BrsOy
Dibromostearic Acid. Stearolic Acid.
CisHsBrs03 — 2HBr = C,;3H330,

In similar fashion other homologues of stearolic acid (c.g., hende-
colic, palmitolic, and benolic acids) are obtainable from the corre-
sponding homologues of oleic acid, the general reaction being—

CnH_on-gBl‘go’ - 2HBr = Cn Hzn- 402

In certain cases propiolic acids may be directly obtained from
acids of the acetic family by treatment with chlorine or bromine,
so as to produce dichloro- or dibromoderivatives of formula
C.H,, _,Br,0,, which are then acted upon with alkalies so as to
remove the elements of 2HBr, in accordance with the above
equation ; the total change produced being therefure equivalent
to the removal of H,. 1In this way, for instance, myristic acid,
C,,H,;0,, forms myristolic acid, C, H,,0,.

An analogous result is brought bout with monochloro- or
monobromoderivatives of acids of the acrylic series by similar
treatment, the elements of HC1 or HBr being removed, thus—

CuH.»-3ClOg - HCl = CuHaon-404
Cn H:n_aBl'Og - HBr = Cqun -40’

For instance, chlorocrotonic acid, C,H,ClO,, gives rise by this
treatment to tetrolic acid, C,H,0,.

The table on p. 32 includes the chief acids of this series:—

Just as one molecule of an acrylic acid will combine with I, or
Br,, so will one of a propiolic acid unite with Br, or I,, thisaction
being substantially the reverse of that above described, where a
dibromoacetic acid loses 2HBr and becomes a propiolic acid; this
reaction is utilised in the practical testing of oils (Chap. viir.)
Conversely, by the action of nascent hydrogen, zinc dust, and
similar dechlorinising agents, the tetrabrominated or tetra-
iodised bodies thus formed become again reduced to the original
propiolic acids; thus linolic acid can be separated from accompany-
ing acids (obtained by saponifying the mixture of glycerides con-
tained in linseed oil, &c.) by combining with bromine, separating
by crystallisation the tetrabrominated derivative, C,;H,,Br,O,
(melting at 114°-115°), and reproducing linolic acid by removing
the bromine.

Tetrabromostearic Acld. Linol'c Acid.
Cj3HgaBrOs - Bry, = C;3H3,0,

These propiolic acids that are formed by the bromine reaction
above described (loss of 2HBr from dibromoderivatives of acids
of the acetic family) possess the power of directly combining
with oxygen (from suitable oxidising agents), forming saturated
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Melting

Bolling

Benolic),

Formula. Name of Acid. Point. Point. { Sources.

C3H0, Propiolic, . Chloropropiolic  acid,
bC,H'(]JlO,, s ft}rmed

y the action of pot-
ash on dichloracrylic
acld, CngCl_.O’.

C¢H30, Tetrolic, 76'5° 203° | Chlorocrotonicacidand
caustic potash.

C;HQOQ Pentolic, .o .o aee .o

CeH3O, Sorbic, Liquid 22]1°

at 15° Mountain ash berries.
Parasorbic, 134-5° .

C;H,00; | Benzoleic (Hy-| Liquid . Hydrogenation of ben-

drobenzoic), zoic acid.

CgH,,0; | Diallyl acetic, | Liquid 227° | Artificial.

CoH,,0,

CjoH 602 Ca.mphic, .o . Formed together with
borneol by heating
camphor with alco-
holic soda.

Campholenic, Near | Dibromcamphor and
260° sodium amalgam.

C;H;30; | Hendecolic | 59°5 From undecylenic

(Undecolic or (hendecenoic) acid
Hendecinoic), by bromine reaction.
C],HgoOz .o e "o
C]nggOz ses | L. .ee “ee R .
14H2403 | Myristolic, 12° From myristic acid
‘ by chlorination and
action of alcoholic
potash.

C]‘H’GOQ cee R e | e ..

CygH3303 | Palmitolic, 42° From hypogxic acid
by bromine reaction.

C,7H3p03 | Eleomargaric,| 48° . [1“Wood oil” from

Elwostearic, 71° .. \| Elwococca Vernicia.

C,;3H330; | Stearolic, 48° . From oleic acid by

bromine reaction.

Linolic, Fluid Linseed and other dry-
ing oils.

Ricilinolic, Fluid Dehydration of ricin-
oleic acid.

Tariric, 50°3 Seeds of tariri (genus
Picramnia).

CmeOg vee .. .
20H 3602 Fluid (%) Higher homologue

of linolic acid, sup-
posed to con-
tained in some drying
oils.

Cg[Hngg ‘e I aee s oo

29H¢00g | Behenolic (or | 57°5 From erucic acid, by

bromine reaction.
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compounds by. the addition of two oxygen atoms instead of four
bromine atoms, thus—

Propiolic Acid. Saturated Compounds.

CuHgu.3.CO.0OH + Bry = C"H’"-ng{ioa
=0

C,Hzu-3.C0.0H + 0 = CyH,, 53{=0
-CO.0H

In this way stearolic acid, C,,;H,,0,, forms stearoxylic acid,
C,sH,,0,; and similarly with palmitolic and benolic acids.
The general character of the action is indicated by the equation:

R.CH=CH.S.CH=CH.T+0;=R.CH-CH.S.CH-CH.T

Linolic Acid.—The earlier researches on the acids derivable
from the chief glycerides contained in linseed and other drying
oils led to the conclusion that they were identical, and indicated
by the formula C,;H,0,, and to this body the name linoleic
acid was applied ; but Tater experiments have shown conclusively
that a considerably higher molecular weight is possessed by the
acid obtained from linseed oil, and have rendered it not impro-
bable that different homologous acids exist (related as myristic,
palmitic, and stearic acids, for example), and that different
drying oils are not always identical as regards the leading acid
of this series present. Linolic acid was originally obtained by
Schiiler by saponifying linseed oil with caustic soda, salting out,
dissolving in water, and precipitating with calcium chloride.
The precipitate was treated with ether, whereby calcium lino-
late was dissolved out, leaving other substances undissolved ;
by agitating the ethereal solution with hydrochloric acid, and
evaporating at a low temperature in an atmosphere of hydrogen,
crude linolic acid was obtained. This was purified by treat-
ment with alcoholic ammonia, precipitating as barium salt,
and regenerating the acid as before. The analysis of the acid
and its salts by Schiiler, and subsequent investigators, led to
the formula C,;H.;0,.

On the other hand, the Koettstorfer values (Chap. viir.) for lin-
seed oil and other drying oils obtained by most of the later experi-
menters lead to the conclusion that the mean molecular weight of
the fatty acids contained therein, is sensibly higher than 252,
the value corresponding with C,;H,0,; the saponification
equivalents for linseed, poppy, and hemp oils thus deduced
mostly lie between 285 and 300, giving an average of 293 or
thereabouts for the glycerides, and consequently of about 280
for the fatty acids thence derivable (C,;H,,0, = 280). Further,
various later analyses of linolates and other derivatives corro-

3
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borate this formula; whilst Peters* obtained stearic acid (of
melting point 69°) by acting on linolic acid with strong hydriodic
acid and phosphorus, so as to hydrogenise it.

Still higher molecular weights result from the observations of
some chemists. Thus A. H. Allen { found that whilst the linolic
acids isolated from several different samples of linseed oil pos-
sessed mean equivalent weights varying between 282 and 295,
another specimen, prepared with great care in an atmosphere of
coal-gas, gave 3072 (C,,H,,0, = 308). Norton and Richardson }
found that linolic acid from linseed oil, when distilled at
about 290° under a pressure of 89 mm., gave a colourless
distillate, constituting about three-quarters of the whole ; this
was capable of being redistilled unchanged. It consisted of

o

an acid of specific gravity ‘9108 at 125—, giving numbers on

analysis corresponding with the formula C,,H,,0,; the vapour
density was found to be 153, this formula representing 154.
Moreover, on heating with hydriodic acid it did not form stearic
acid, melting at 69° as in the case of Peter’s product, but an
acid of considerably higher melting point—83° (arachic acid,
C, H,,0,, melts at 75°).

2i{eformat:sky§ on repeating the experiments of Schiiler, obtained
from linseed oil freshly expressed in the laboratory a crude
linolic acid that did not distil unchanged at 292° under 100 mm.
pressure. It contained a considerable amount of oleic acid,
yielding dioxystearic acid on oxidation with permanganate; by
heating with alcohol and gaseous hydrochloric acid, ethyl linolate
wag ultimately obtained, distilling at 270-275 under 180 mm.
pressure; from this by saponification linolic acid was regener-
ated in a state of comparative purity; e.g., giving the iodine
number 17265 to 180-3, that calculated being 181-4. When
dissolved in glacial acetic acid the product thus prepared formed
two compounds on addition of bromine—viz., a tetrabromide
(addition product), C,3H,,0,Br,, as a viscid oil ; and a crystallis-
able hexabrominated substance, regarded by him as a bromosub-
stitution derivative of the tetrabromide, C,;H,,0,Br;, melting at
177°-178° and solidifying at 175°. Oxidation with alkaline per-
mx.a.:;ganate yielded tetroxystearic (sativic) acid and a little azelaic
acid.

‘Whilst it appears exceedingly probable from the preceding re-
sults that more than one homologous acid of the series C,H.,_ O,
exists in ordinary drying oils, it is more than doubtful whether
any single substance in a state of purity was examined by

* Monatsh. f. Chemie, 1886, 7, p. 552.

+ Commerciad Organic Analysss, vol. ii., 1886, p. 117.

+ Bericiite d. Deut. Chem. Ges., 1887, xx., p. 2735.

§ngr216. Soc. Chem. Industry, 1890, p. 744 : from J. prakt. Chem., 1690,
41, p. 3
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any of the various observers, inasmuch as purification by
recrystallisation of a well marked crystalline derivative was
not found readily practicable. On the other hand, Hazura and
Griissner obtained from hemp seed oil* a mixture of fatty
acids which on solution in acetic acid and treatment with
bromine gave more than one brominated product of crystal-
lisable character, as well as noncrystalline ones. One of the
crystallisable products was found to melt at 177°-178° and
to have the composition CH;O,Br;; another melted at
114°-115°, and had the composition C,;H,,0,Br ; from this latter
by the action of zinc and alcoholic hydrochloric acid the bromine
was removed, producing linolic acid, C;;H,,0,, free from ad-
mixture with other acids. It was found impracticable to bromi-
nate the bromine compound, C,;H,,0,Br,, so as to obtain from it
any substitution derivative, C, sﬁwogﬁrﬁ; whence it appears that
the hexabrominated body, melting at 177°-178°, was not formed
by the further substitutive action of bromine on the tetrabromi-
nated addition product (as supposed by Reformatsky), but must
have been produced by the direct combination of Br, with an
acid, C,;H,,0,, contained along with linolic acid, &ec., in the
original mixture ; this acid, linolenic acid, is in fact easily repro-
duced from the hexabromide by treatment with zinec and alco-
holic hydrochloric acid so as to remove the bromine (p. 27) ;
conversely, it is again converted into the original hexabromide
by direct combination with Br,.

The linolic acid thus obtained from the tetrabromide of fusing
point 114°-115°, C,H,,0,Br,, reproduced that substance by
combination with bromine; and similarly combined with I,
but did not form a hexabrominated derivative; on oxida-
tion with alkaline permanganate it formed a tetroxystearic

aeid, sativic acid, CyyHyi0, = CpHy { ) 11 » together with

a little azelaic acid and other secondary products, but no linusic
acid (p. 37). Sativic acid fuses at 170°;t on heating with
hydriodic acid and phosphorus, it forms an iodised acid, reduced
to stearic acid by means of zinc and hydrochloric acid ; it dis-
" solves in 1000 parts of boiling water, and is readily soluble in
aleohol, but is insoluble in cold water and in ether; by acety-
lation it forms a tetracetyl derivative, C,.Hj {E%CZO%,O),;
hence it obviously possesses the constitution of a quadruply
hydroxylated stearic acid. On further oxidation it does not form
linusic acid, but produces azelaic acid, C.H,,(CO . OH),.
Isomerides of Linolic Acid.—Stearolic acid, obtained by
combination of oleic acid with Br,, and removing the elements of

* Journal Soc. Chem. Industry, 1888, p. 506 : from Monatsh. d. Chemie,

ix., p- 180.

t According to carlier observations, at 160°-162°.
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2HBr from the product, fuses ‘at 48°. DBy oxidation with alka-
line permanganate, this forms stearoxylic acid, C,gH4,0,, melting
at 84°-86°, together with some suberic acid, CgH,o(CO.OH),
produced by the further oxidation of the stearoxylic acid first
formed (Hazura). Nitric acid also directly oxidises it to stear-
oxylic acid, with formation also of azelaic acid, C;H,,(CO.0OH),
(Overbeck), and of pelargonic (ennoic) acid (Limpach).

Tariric Acid.—A. Arnaud has recently described* an acid
isomeric with linolic acid contained as triglyceride in the
seeds of “tariri,” a shrub common in Guatemala ; it melts at
50°6 C., and unites with bromine, forming a tetrabromide,
C,sHg,Br,0,, melting at 125°,

Riciinolic Acid.—This name may be conveniently applied to
the acid obtained by Krafit,t by heating ricinoleic acid under
diminished pressure (15 mm.), when an acid distilled, liquid at
ordinary temperature, but solidifying on chilling ; this boiled at
230° at 15 mm. ; and gave numbers indicating that it was an
isomeride of linolic acid,! produced by the dehydration of
ricinoleic acid, which might be expected a priori to take
place, thus—

Ricinoleic Acid. Dehydrated Derivative.
C,7Hs, 851. OH = H0 + C;;Hy .CO.0OH

LINOLENIC FAMILY OF FATTY ACIDS.

The existence in drying oils of two isomeric acids of formula
C,H,,_,CO.OH (where n = 17) in the form of glycerides has been
rendered extremely probable, if not conclusively substantiated,
by Hazura and various collaborateurs. When the fatty acids
isolated from such oiis—e.g., hempseed or linseed oil-—are dis-
solved in acetic acid, at least three different brominated
compounds are obtainable by the addition of bromine—viz.,
crystallisable linolic acid tetrabromide, C; H,,0,Br,, melting
at 114°115°, and the crystallisable hexabromide, C,;H,,0,Br,,
melting at 177°-178° above described (p. 35), together with a non-
crystallisable liquid bromide, apparently containing an isomeric
hexabromide, C,;H, 0,Br. As already stated, the crystallisable
hexabromide loses Br; by the action of zinc and alcoholic hydro-
chloric acid, forming linolenic acid, C,;H, 0, from which the
same hexabromide can be reproduceg by bromination ; by
oxidation with alkaline permanganate no sativic acid is pro-

* Comptes rendus, 114, p. 79.

t Berichte d. Deut. Chem. Ges., 1888, p. 2730.

+ By heating ricinoleic acid in vacuo, Norton and Richardson obtained an
acid closely resembling linolic acid, regarded by them as CyoHgOq (Berickte
d. Deut. Chem. Ges., 1887, xx. p. 2735).
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duced, but, instead, linusic acid, a hexoxystearic acid,

C;H,, { (COOH )3 i+ This last melts at 203°-205%, and furnishes a

hexacetyl derivative, C\;H,, { ©. 071}_%0)0. Hence the pre-exist-

ence of linolenic acid in the original mixture of acids, as
the source of the crystallisable hexabromide, would seem to be
pretty clearly demonstrated.

The existence of an isomeric modification of linolenic acid,
18olinolenic acid, is inferredfrom the fact of a noncrystalline hexa-
bromide being apparently produced by the addition of bromine
to the original mixed acids, together with the circumstance
that on oxidising the mixture by alkaline permanganate there
are formed (in various relative proportions, according to the
kind of drying oil operated on) not only divrystearic acid (due
to oleic acid contained), sativic acid (tetroxystearic acid, due
to linolic acid, C;H,,0),), and linusic acid (due to linolenic acnd)
but also another hexahydroxylated stearic acid, isolinusic acid,
isomeric with linusic acid ; this melts at 173°-175°, and furnishes
a hexacetyl derivative, C;-H,, { (8OC M. O)" resembling that

obtained from linusic acid, but less soluble in ether.

OXYACETIC (GLYCOLLIC) FAMILY OF FATTY
ACIDS.

The members of this family (general formula, C, H,, { 8(3{ OH
hitherto recognised as normal constituents of fats, oils, waxes,
&ec., are but few in number. Carnauba wax has been found by
Stiircke * to contain a small quantity of a substance simultane-
ously possessing the properties of an alcohol and an acid, indi-
cated by the formula CwH.,g{ g(})l U(I){H ; when this is heated
with soda lime, it forms an acid of the oxalic family with evolu-
tion of hydrogen

.
c.aﬁ,szw Ol 4 2Xa0H = c.gnas{g?):g’l}: + 2H, + H;0

The essential oil of Angelica Archangelice contains (probably
as some form of compound ether) an acid which appears to be
OH  fusing at 51°, and yieldi
Co . of fusing at 51°, and yielding

a benzoyl oxymyristic acid CmH%{g(')CGOI—{_’['O, fusing at near

oxymyristic acid,t Oy Hy {

* Annalen der Chemie., 223, p. 283 ; also Journal Soc. Chem. Industry,
1884, p. 448.
t R Muller, Berichte Dewt. Chem. Ges., 1881, vol. xiv., p. 2470.
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68°. An oxymyristic acid apparently identical with this is
obtainable from myristic acid by brominating and treating the
resulting monobromomyristic acid with caustic soda.

By similar processes palmitic acid yields oxypalmitic acid and
stearic acid, oxystearic acid. Of this latter body, moreover, more
than one isomeric modification is known ; thus M. C. & A. Say-
tzeff found * that «-oxystearic acid is obtained when isoleic acid
(m.p. 45°) is combined with hydriodic acid so as to form an
iodostearic acid, and the product treated with silver hydroxide ;
while B-oxystearic acid is similarly obtained from ordinary oleic
acid : the reaction in each case being expressed by the equations

Oleic Acid. Iodostearic Acid.
C,3H3,0, + HI = CygH3;10.
Todostearic Acid. Oxystearic Acid.

CisHg10; + AgOH = Agl + Cy3H3s(OH)O:

a-oxystearic acid melts at 80°-82° and distils unchanged ;
whilst B-oxystearic acid breaks up on heating into water and
ordinary oleic acid—

Oxystearic Acid. Oleic Acid.
CysH3;(OH)0; =  H,0 +  CyH30,

The same two acids are also obtainable by treating isoleic acid
with sulphuric acid, when combination takes place as the forma-
tion of two isomeric oxystearosulphuric acids, which by the
hydrolytic action of water are decomposed into sulphuric acid
and oxystearic acids, thus—

Sulphuric Oxystearo-
Isoleic Acid. Acid. sulphuric Acid.
. 0.S0;H
Ci;Hz3.CO.OH + H.S80, = C;;Hy, Q0. 0‘1{
Oxystearo- Oxystearic Sulphuric
sulphuric Acid. Water. Acid. Acid.

Crlau{ Qo o0 + Hi0 = CuHu{(( on + HsSO.

the two reactions jointly are consequently tantamount to the
addition of water on to isoleic acid —

Isoleic Acld. Oxystearic Acid.

. = C5Hy - CHp - CH.OH - CO.
C,sHz1 - CH=CH - CO.0H + H:0 3 et i Y Oﬁf_lc‘ﬁ‘i ~¢o.oH

The a or the B acid thus results according as the hydroxyl group
becomes added to the penultimate or antepenultimate carbon.
Geitel findst that when ordinary oleic acid is thus treated

* Jahresbericht, 1888, p. 1916 : from Journal pr. Chemie, [2] 37, p. 269.
+ Journal Soc. Chem. Industry, 1883, p. 215; from Journal f. prait.
Chemie, [2] 37, p. 53.
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with sulphuric acid, besides the a-oxystearic acids above described
a y-oxystearic acid, C, ,H,, — .CH.OH - CH, - CH, - CO.OH,
is produced, which readily forms an “inner” anhydride, stearo-
- [0) ~

lactone, C,Hyy, — CH — CH, — CH, — CO. This anhydride is
produced whenever a salt of y-oxystearic acid is decomposed by
a mineral acid ; if the acid solution be cautiously neutralised in
the cold by an alkali, the stearolactone remains unaltered, and
may be obtained by dissolving out with ether or benzoline,
and thus separated from any other accompanying fatty acids
set free by the mineral acid, but retained by the subsequent
addition of alkali. "When boiled with alcoholic potash, however,
potassium y-oxystearate is produced.

Stearolactone, Potassium Oxystearate.

e~ S HOK C,H,, | OH
wHaey JJO + + 1731340 CO. 0K

Processes for detecting and estimating stearolactone in mix-
ture with free fatty acids, &c., are founded on these reactions.
Stearolactone is readily soluble in alcohol, ether, and light
petroleum spirit ; it crystallises in needles melting at 51°; it
is formed in somewhat large quantity when oleic acid is heated
with zinc chloride and the product treated with water (Benedikt),
probably by reactions analogous to those taking place under the
influence of sulphuric acid (vide Chap. vi1.)

An anhydride isomeric with stearolactone is derived from
a-oxystearic acid by the action of hydrochloric acid thereon (C.
and A. Saytzeff) in accordance with the equation—

2C,;Hy, {gg oH = 2H,0 + C;Hy { 8008} Cy7Hs

This substance is fluid at the ordinary temperature and does not
solidify on chilling ; it combines with neither bromine nor iodine
(Hiibl's reagent), but on heating with caustic potash becomes
wholly converted into potassium oxystearate ; on acidifying the
product a-oxystearic acid is set free, and not an anhydride, as
in the case of stearolactone.

OXYACRYLIC (RICINOLEIC) FAMILY OF
FATTY ACIDS.

The acids of general formula c,,,H,,,,_,{ O o obtained by

the saponification of fixed oils, &c., are not very numerous,

ricinoleic acid, C;.Hgy, { 85 OH » Peing the only one as yet known
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with certainty ; castor oil, and to a lesser extent some other oils,
contain ricinolein, the glyceride of ricinoleic acid. To isolate
the acid, castor oil is saponified with concentrated caustic potash
solution, and the resulting soap decomposed by heating for a
short time with hydrochloric acid; the separated acids are
washed with water several times, and then cooled to 0°, or some-
what lower ; the mass solidifies and is subjected to pressure,
first gentle then stronger, so as to squeeze out liquid matters,
the temperature being gradually raised to 10°-12°. If any con-
siderable quantity of unsaponified oil is mixed with the free fatty
acids, their solidification by chilling is greatly hindered, a result
also brought about by the presence of bye-products formed by the
action of the air on the free fatty acids ; wherefore the saponify-
ing and decomposing operations, &c., should be conducted as
rapidly as possible. Thus purified ricinoleic acid fuses at
16°-17°, the phenomenon of superfusion being strongly shown
by the liquid acid, which usually does not solidify again until
considerably chilled.

‘When castor oil is heated, the ricinoleic acid present therein
as glyceride breaks up into wnanthol and hendecenoic acid,

thus—

Ricinoleie Acid. (Enanthol. Ilend ic Acid.
CisH305 = CHi0 + € Hp02

Free ricinoleic acid, however, when heated does not split up in
this way at all, neither does it distil unchanged even under
greatly diminished pressure—below 15° mm. An acid distillate
passes over at about 250°, which on rectification furnishes an acid
boiling at about 230° at 15 mm. ; and giving numbers correspond-
ing with the formula C,,H,,0, (p. 36), whence it would seem that
water is thus split oft from ricinoleic acid yielding a linolic acid
isomeride. Hydriodic acid and phosphorus convert ricinoleic acid
into stearic acid ; heating with caustic potash forms a secondary
decylic alcohol, C,(H,, (OH), and sebacic acid, C;H,4 (CO.OH),,
from which reactions the structure would seem probable
CH,-(CH,),-CH.OH -CH =CH - (CH,); - CO.OH. Alka-
line permanganate oxidises ricinoleic acid to trioxystearic acid
(Dieff and Reformatsky).

By the action of nitrous acid ricinoleic acid is converted into
ricinelatdic acid melting at 52°-53° ; on heating under diminished
pressure, this is decomposed much more slowly than ricinoleic
acid. Oxidation by means of nitric acid readily converts it
into normal keptoic acid, whilst alkaline permanganate forms
trioxystearic acid.  According to Hazura and Griissner,
two different trioxystearic acids are formed when ricin-
oleic acid is thus oxidised, respectively melting at 140°-142°
(trioaystearic acid), and at 110°-111° (isotrioxystearic acid); from
which they infer the presence in castor oil of two isomeric acids
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(ricinoleic and tsoricinoleic acids respectively). Both of these
trioxy acids form triacetyl derivatives, C,.H,, {g% (8330)3;

and both are reducible to ordinary stearic acid by means of
hydriodic acid ; the latter is present to the extent of about twice
as much as the former.

Isomerides of Ricinoleic Acid.—On heating barium ricin-
oleate Krafft obtained a residue from which an acid termed by him
ricinte acid was isolated,* apparently isomeric with ricinoleic
acid ; this melted at 81°, and distilled unchanged at 250°-252°
under 15 mm. pressure ; by oxidation it yielded normal heptoic
acid.

Rapic Acid.—Reimer and Will have obtained from colza oil a
liquid acid, C,;H,,0,, differing considerably from ricinoleic acid,
especially in not?orming a solid elaidic acid with nitrous acidf
and in not yielding sebacic acid on fusion with potash. This is
isolated by means of the zinc salt which is soluble in ether,
whereas zinc erucate is insoluble therein ; by decomposing the
recrystallised salt (melting at 78°) by tartaric acid, and well
washing with water, rapic acid is obtained as a fluid mass, not
solidifying even when considerably chilled.

Oxyoleic Acid—When the dibromide of oleicacid (dibromo-
stearic acid) is treated with silver hydroxide it forms oxyoleic
acid, apparently in consequence of the removal of the elements of
HBr, forming bromoleic acid, and the action thereon of silver
hydroxide, thus—

Tromoleic Acid. Oxyolele Acid.
Ci:l5sBr.CO.OH + AgOH = AgBr + c.,n,,{gg OH

The same product results by first converting the dibromide
into bromoleic acid by means of potash and then acting upon
this with silver hydroxide (Overbeck). Oxyoleic acid is a thick
liquid at ordinary temperatures but solidifies on chilling; by
boiling with caustic potash it takes up water, forming a diory-
stearic acud, melting at 126°. }

OH _ (OH)
C"H”{CO.OH + H0 = C”H”{co.f)ﬁ

In similar fashion, oxyhypogric acid, C,;Hyg { 8g OH’
formed when the dibromide of hypogeic acid is treated with
silver hydroxide (Schréder); as with oleic dibromide, the action
probably takes place in two stages, the elements of HBr being

* Berichte d. Deut. Chem. Ges., 1888, vol. xxi., p. 2730.

t Berichte d. Deut. Chem. Ges., 1887, vol. xx., p. 2385.

+ Later experiments by Saytzeff indicate that this acid is identical with
the dioxystearic acid melting at 136'5. obtained by him by oxidation of
oleic acid by alkaline permanganate (p. 30).
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first removed, forming bromohypogeic acid, C,;H,BrO,, and this
being then converted into the oxyacid, thus—

CisHyBr.CO.OH + AgOH = AgBr 4 C.Hy {goH. OH

It melts at 34°, and by boiling with caustic potash solution
takes up the elements of water forming dioxypalmitic actd,

(OH),
CiHy {LO OH’
When oleic acid is heated to 200° and a stream of air blown
through (as in the preparation of “blown oils,” it absorbs
oxygen and becomes largely converted into an oaxyoleic acid
(Benedikt and Ulzer). The relationships of the oxidised oleins
and similar substances contained in blown oils to ricinoleic
glyceride (castor oil) have not been fully studied, but appa-
rently there is a considerable degree of similarity between
them. The same remark applies to the oxidised acids formed
when oils and fats are kept for long periods of time, so as to
absorb oxygen largely from the air spontaneously. On the
other hand, when drying oils are exposed to the air in thin
films, so as to “dry ” up to solid varnishes, they absorb oxygen ;
when the absorption attains its maximum, the increment in
weight is tolerably close to that corresponding with the weight
of iodine capable of being taken up by the original oil,
whilst the capacity for a.bsorbmv iodine decreases pari passu
with the oxidation. It would, therefore, seem that the tendency
of atmospheric oxidation of drymo oils is to produce less “wun-
saturated ” oxidation products than the original substances;
whence by analogy in the case of oleic glyceride, it would
seem probable that saturated acids are formed thus, rather
than unsaturated acids like oxyoleic acid. A product has been
recently introduced into the market under the name of *oxy-
oleate,” for use as a “Turkey red oil,” obtained by the action
of sulphuric acid on certain oils, and decomposition of the
<compound sulphuric acid formed by heat (vide Chap. vir.) The
precise chemical nature of this substance does not seem to
have been closely investigated as yet; presumably it chiefly
consists of an oxystearic, “rather than an oxyoleic acid, since
by hydrolysis the former and not the latter results from the
sulphuric acid compound of oleic acid (supra, p. 38).
Anlydrodioxystearic Acid. — When dioxystearic acid (melting
point 1365) 1s distilled under diminished pressure (100 to
180 mm.) it breaks up into water, and a monobasic acid, isomeric
with ricinoleic acid, melting at 77°-79°, and sohdafymg at
66°-69°.* From its mode of formation this product is obviously

fusing at 115°.

indicated by the formula, Cans{ _ (C)O OH’ being a saturated

compound, not containingalcoholiform hydroxjyl likericinoleicacid.
* A. Saytzeff, J, prakt. Chem. [2], vol. xxxiii., p. 300.
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It is not improbable that the rapic acid above mentioned
has an analogous constitution, since the low acetyl number pos-
sessed by colza oil renders it unlikely that any large quantity

of a glyceride of a hydroxylated acid is present therein (Chap. viir.)

POLYHYDROXYLATED STEARIC ACIDS.

A number of acids are known, related to stearic acid in that
they are derived therefrom by the replacement of two or more
hydrogen atoms by hydroxyl groups—t.e., by a further continu-
ance of the action by means of which oxystearic acids may be
regarded as derived from stearic acid. These polyhydroxylated
derivatives are all expressed by the general formula,

C,;H,, ,(0OH),.C0.0H

When n = 1, some modification of oxystearic acid results; when
n = 2, a dioxystearic acid (higher homologue of glyceric acid);
similarly, when n = 3, 4, or 6, trioxy-, tetroxy, and hexoxy-
stearic acids respectively result. :

The following table gives the principal sources and melting
points of these acids, the usual mode of production being gentle
oxidation of the acid serving as source with alkaline perman-
ganate :—¥

Name, Formula. Source. b;’::m_g Soggg’{iug
Dioxystearic acid, | C,7Hg3(0OH)..CO.0H, | Oleic acid, 136°5 119°-122°
Isodioxystearicacid, Do., Elaidic acid, | 99°-100°| 85°-86°

. Do, Do., Isoleic acid, 77°-78° | 64°-66°
Trioxystearic acid, | C;H3s(OH);.CO.0H, | Castor oil, 140°-142°
Inotrioxystearic Do., Do., ne-nr| ..
ﬂm!zioxysmﬁc Do., { Riziix&eln.idic 114°-115°
Sativic acid '

(Tetroxystearic ;| C,7Hs,(OH),.CO.0OH, | Linolic acid, 173°
id),
Linusic acid
(H':lxoxystetric C;7H25(0H);.CO.0H, | Linolenic acid,' 203°-205° .
acid) . .
’ Hemp seed '
Isolinusic acid { oil, &c., |
(Isohexoxy- ] Do., ' (supposed 173°-178°
stearic acid), s isolinolenic
acid),

* A dioxystearic acid (melting point 136°) is also obtainable in small
quantity by the action of silver hydroxide on the dibromide of oleic acid

(p- 30); also by the hydration of oxyoleic acid (p. 41).

Oxyhypogmic acid
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A remarkable rule is uniformly followed in all cases where
unsaturated fatty acids are thus oxidised—viz., that @ number
of hydroxyl groups i3 always taken up sufficient to form a zatu-
rated polyory acid.* Thus in the case of the oxystearic acids,
unsaturated acids of form C;H,;.CO:0H (oleic, isoleic, and
elaidic acids), take up two hydroxyl groups forming three dif-

ferent dioxystearic acids, C,.H,, { E/O )OH ; similarly ricinoleic

and ricinelaidic acids of form C;H,, { 83 OH take up 2 hy-

droxyl groups, producing twotrioxystearic acids,C,; H , { %%Hgﬂ

In the same way hendecenoic, hypogwic, and erucic acids take up
2 hydroxyl groups giving rise to dioxyhendecoic, dioxypalmitic,
and dioxybenic acids respectively. On the other hand, linolic
acid, C,;H, .CO.OH, takes up + hydroxyl groups, producing
sativic (tetroxystearic) acid, C.H { Co.0H whilst linolenic
acid, C;H,,.CO.OH, takes up 6 groups, producing linusic
(hexoxystearic) acid, C;H., { S{)H%)H

The above rule appears to be only a particular case of a con-
siderably wider principle applying also to hydrocarbons and
alcohols, &e., of unsaturated character, which may be put in the
form of the following theorem :—

With substances containing the yroup — CH = CH - (or cer-
tain groups thence derived, -~ CR = CH, - and - CR = CS -,
where R and S are monad alkyl radicles), the effect of oxidising
ayents of not too energetic a character is to cause the addition of twwo
hydroxyl radicles so as to form the group - CH.OH - CH.OH -
(or the derived group — CR.OH - CS.OH -), this action
occurring twice over if two yroups — CH = CH — are present,
thrice over if three groups are present, and 8o on.

Thus Wagner has found * that olefines are readily transformed
into glycols by means of potassium permanganate in virtue of
this reaction; alcohols of unsaturated character (allylic series)
similarly become glycerols; hydrocarbons containing the group
— CH = CH - twice (e.g., diallyl) become erythrols and so on.
Glycerol itself is thus obtainable from allylic alcohol.

(from_ dibromide of hypogzic acul) behaves similarly, forming a dioxy-
palmitic acid, melting point 115°. A dioxypalmitic acid was obtained by
Groger (inter alm) by the direct oxidation of palmitic acid with alkaline
permanganate. Two dioxybenic acids are known, respectively derived
from the dibromides of erucic and brassic acids (p. 29), and melting at
132°-133° and 95°-99°.

* Hazura & Gmuner, Journal Soc. Chem. Industry, 1888, p. 506 ; from
Monatsh. Chem., vol. ix., p. 180.

1 Berichte. d. Deut. Chem. Gea., 1888, 21, pp. 1230 and 3343.
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In all probability the first action taking place is the direct com-
bination of oxygen in the same way as the combination of bro-
mine or iodine, thereby forming a substance containing the group

—CH —CR —CR_

" O, or the derived groups | >O or | >0;
—CH- —C —CS§’
this product then assimilating water whilst nascent.

Thus, for example, oleic acid, C,;H,,. CO. OH, may be suppused
to combine with oxygen, forming C“Hm{ :80 OH’ by tak-

ing up water this immediately produces dioxystearic acid,

OH
C,,H,; {OH ; whilst linolic acid, C;H,,.CO.OH, simi-
CO.OH
_0
larly first forms C;;H,, . =0 , which by taking up 2H,0
" Zco.oH ° *
OH
OH
forms tetroxystearic acid (sativic acid), C;;H,<{ OH
OH
CO.0OH

In the case of the stearolic acid and its homologues obtained
from acrylic acids by the bromine reaction (addition of Br, and
removal of 2HBr, p. 31), the effect of oxidation stops short at
the first stage, 2 atoms of oxygen being added on forming a satu-
rated compound which does not take up water. Thus stearolic

1, =0
| -co.0H
melting at 84°-86°, by the direct action of nitric acid (Overbeck),*
or by means of alkaline permanganate (Hazura & Griissner).
Similarly palmitolic acid (from hypogmic dibromide), gives the
=0

acid, C\.H,,.CO.OH, forms stearoxylic acid, C\.H,,

analogous palmitorylic acid, C, H,. , melting at 67°

=0
(. -Co.ol
(Schreeder); and benolic acid (from erucic dibromide) gives ben-
=0
orylic acid ¥ melting at 90°-91°, C, H,, { =0 (Hauss-
-C0.0OH
knecht).

* Overbeck ( Annalen. Chem. Pharm., 1866, 140, p.39) found that the stear-
oxylic acid thus prepared would not combine with bromine, and concluded
that the 4 affinity units which in stearolic acid are capable of combining
with Bry, are saturdted by oxygen when stearolic acid is converted into
stearoxylic acid.

t Termed ** dioxybenolic acid” by its discoverer.
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By the action of heat (distillation in vacuo) dioxystearic acid
(melting at 136°), loses water forming an anhydro derivative still
possessing the characters of a monobasic acid (Saytzeff); obviously
thus—

OH =0
Cy7H33{ OH = H,0 + C);Hss
CO.0H - CO0.0H

the reaction being the cenverse of the second stage in the
hydroxylation of unsaturated acids as above.
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§ 2. Physical Properties of Oils, Fats,
Waxes, &c.

CHAPTER 1V,

GENERAL PHYSICAL CHARACTERS.
PHYSICAL TEXTURE AND CONSISTENCY.

THE physical consistency of a fixed oil—butter, fat, or wax—
depends entirely upon the temperature ; when this is sufficiently
raised all are fluid oils; but at lower temperatures, according to
the nature of the substance, more or less complete solidification
is brought about. In many cases, natural fixed oils, &c., are
mixtures of different glycerides, &c., the melting points of which
are different ; accordingly, at temperatures somewhat below the
melting point of the least fusible constituent, this more or less
completely solidifies, whilst the other constituents remain liquid,
thus giving rise to pastiness or buttery texture. Substances of
practically uniform composition (.., consisting essentially of only
one kind of compound) generally exhibit a fairly sharply defined
melting point when the temperature is sufficiently raised; but this
is not the case with mixtures; accordingly, considerably different
temperatures will be registered as the fusing points of such sub-
stances if different methods be employed, depending, for instance,
in one case, upon the production of a considerable degree of
softness only ; in another, upon the complete liquefaction of all
the constituents ; and so on (vide p. 61, 63).

Even the most fluid oils possess to a greater or lesser extent
the property of viscosity, or resistance to flow, due to the greater
or lesser degree of cohesion between the constituent particles of
the liquid. When the smooth surfaces of two solids are smeared
or wetted with a viscous fluid and applied to one another, a
varying degree of force will be requisite, according to circum-
stances, in order to enable one surface to glide over the other.
The amount of force requisite in any given case largely depends on
the viscosity of the fluid employed; to diminish this force is the
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main object of lubrication in the case of machinery, and in conse-
quence the determination of the relative lubricating powers of
different materials (lubricating oils, &c.) is an important point in
the valuation for such purposes of different fixed oils, mixtures
of these and mineral oils, and such like substances employed for
the purpose. It is found that the rate at which a given fluid
flows through an orifice of standard dimensions is in many cases
a fair measure of its lubricative powers; whence the determina-
tion is frequently made of the rate of efflux of lubricating oils,
&ec., as compared with that of a standard fluid (such as rape oil),
similarly examined in the same apparatus at the same tempera-
ture, the value deduced being generally (but by no means cor-
rectly) spoken of as the relative viscosity of the fluid examined
(vide Chap. v.)

Cohesion Figures.—When a drop of vil is allowed to fall
gently on the surface of water in a basin or large plate, it often

Fig. 1.

behaves in a characteristic way, usually first spreading out into
a thin film and then retracting again. It has been suggested
that the particular forms assumed by films of various kinds
(colesion figures) ave sufficiently well defined and characteristic
to be of service in the examination of oils with a view to
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detecting adulteration; but as yet little success has attended
experiments in this direction. Olive oil thus treated gives a fairly
characteristic result, which is more or less modified by various
admixtures, especially sesamé oil. Fig. 1 (8chidler) represents
the different cohesion figures exhibited by colza oil (A, Brassica
rapa ; B, Brassica napus); poppy seed oil (C and D) ; sesamé
oil (E) ; arachis oil (F); and olive oil (G).

Taste and Odour.—When in a state of absolute purity,
fixed oils have usually little or no odour or taste ; but as met
with in commerce, in most cases traces of sapid or odorous
matters accompany the oil, so as give a more or less characteristic
flavour or smell thereto. Essential oils of the oxidised class, on
the other hand, are frequently possessed of most powerful scent,
although the hydrocarbons therein contained, when completely
separated from all traces of oxidised matter (by heating with
sodium or other similar means), are generally odourless or practi-
cally so. As regards the edible oils and fats, a considerable
amount of their value depends on the delicacy and purity of the
flavour ; thus genuine olive oil is esteemed far more highly by
connoisseurs than refined cotton seed oil, groundnut oil, and
similar substances with which the ordinary commercial article is
often largely intermixed, although, from the nutritive point of
view, these latter are probably quite equal in value to the pure
product of the olive. Similarly, the commercial value of butter
18 largely affected by its flavour and freedom from all trace of
rancidity or rankness; and analogous remarks apply to lard.
The difficulty of removing all matters communicating unpleasant
odour or taste to many varieties of fatty or oily matter often
prevents these being used for dietetic purposes to any consider-
able extent, at any rate by civilised nations; in the case of
some materials—e.g., cod liver oil—such removal is practically
impossible without more or less interfering with the special
characters and qualities of the substance. Palm oil has generally
a peculiar smell, recalling that of violets, and for certain purposes
the possession of this odour is valuable—e.g., in the prepara-
tion of certain kinds of scented soaps. The development of
“rancidity ” in fixed oils on keeping is in most cases due to
the presence in small quantity of mucilaginous or albuminous
matters which undergo chemical changes (oxidation, or decom-
position, &c.) in the course of time ; accordingly, the purification
and refining of crude oils, &c., for the purpose of removing these
ingredients is often a highly important operation.

Colour.—Expressed vegetable fixed oils sometimes possess a
greenish shade, due to the presence of chlorophyll; as a general
rule, coldpressed oils of all kinds, prepared from fresh substances,
are almost white; whilst oils subsequently expressed by the
aid of heat, especially from materials that have been stored some
time, are generally darker in tint, the hue varying from a

4
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light straw yellow to a light or even dark brown. Palm butter
usually contains a dark orange red colouring matter, different
from chlorophyll ; similar substances appear to be present in
smaller quantity in many other oils, leading to the necessity for
bleaching them for certain purposes. The refining processes,
whereby mucilaginous extractive matters, &c., are removed,
usually serve to lighten the colour also.

The addition of coloured vegetable expressed oils (containing
chlorophyll, &c.) to animal oils, such as sperm oil, may sometimes
be detected by means of the absorption spectroscope * when such
adulteration has been practised.

The phenomenon of fluorescence does not appear to be exhibited
by refined vegetable or animal oils free from substances possessed
of fluorescent properties (such as sculin, occasionally found in
horse-chestnut oil); on the other hand, products of destructive
distillation (coaltar and rosin oils, &c.) often exhibit this peculi-
arity, so that admixtures of such hydrocarbons with more expen-
sive vegetable and animal oils may sometimes be thus detected.

Action of Polarised Light.—The majority of the oils and
fats in common use have so little action of a marked character
on polarised light that little, if any, definite information of prac-
tical value is, as a rule, obtainable by means of such light; on
the other hand, adulteration with strongly active hydrocarbons
(such as some kinds of rosin oils) may sometimes be detected by
means of the polariscope.

Bishop has obtained the following values for a length of
200 mm. of various oils in a Laurent polarimeter; the other
figures annexed are from Schidler :—

l ——— J—
I Bishop. | Schiidler.
e o
I Degreea. Degrees.
Linseed oil, ! - 03 - 02
Nut oil, | - 03
Apricot 0il, . oo - 02
Levogyrate, { Arachisoil, . . | —04 ~ 01
Sweet almond oil, . - 07 i - 02
Colza oil, d . . |- 16t - 21, - 03
- Cotton seed oi i 0
Neutral, or P { .
niyso, | Bomprseedetl, |0 + 01
Olive oil, . . . + 06 + 02
Cod liver oil, . e . +035to +07
Dextrogyrate, %(le pressed sesamé oxl,'i I ;é 2 +10to + 1°1
Castor oil, . ! + 98
i

* A special form of absorption spectrum colorimeter for this sort of
examination has been devised by T, L. Paterson ; vide Journ. Soc. Chem.
Industry, 1890, p. 36.
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Peter finds most vegetable oils to be slightly levogyrate, olive
oil being an exception, so that admixtures of other oils may some-
times be detected by the rotation being left handed instead of
right handed. Croton-oil and castor oil, however, are compara-
tively powerfully dextrogyrate, giving values exceeding + 40°.

Refractive Index.—The differences in refractive power
exhibited by different oils are in most cases hardly sufficiently
marked to render this property of much value in discriminating
one from the other, or in detecting admixtures, exceptmg in the
case of a few oils and fats, such as olive oil and cow’s butter;
thus Strohmer gives the followmg values for the D line at 15°
and Abbé the annexed values at 20°, water being taken as
1-3330 :—

Strohmer. ! Abbé.
| |
Olive oil, . . . . . 14698 to 14703 14690
Almond oil, . . . . 1-4810
Sesamé oil (new), . . 14748
,» Dnine years old . 1 4.62 :

Walnut oil, . . . . 1-491
Cottonseed oil, . . . 14732to1 47'2 ! g‘,‘l‘}“;'d 1415
Rape and colza oil, . . . l 4720 to 14757 1472 to 1-475
Beechnut oil, . . . 1'5000
Cold drawn castor oil, . - ] 14795 I 1 1490
Hot pressed . . 1-4803 J
Cold drawn hnseed ail, . . 1-4835 1-4780

oppy seed oil, . . . . 1-4783 1-4670
C’ liver oil, . . . . 1:4800 to 1-4852 1:4800
‘Whale oil, . . . . 1483
Sperm oil, . . . . 1-470

From which it appears that olive oil has a sensibly lower re-
fractive index than the others, whilst drying oils and castor oil
exhibit the highest values. For the direct determination of the
refractive index of oils and other substa.nces, Abbé and Pulfrich
have devised special ‘refractometers.”

Amagnt and Jean * have also constructed an “oleorefracto-
meter,” whereby the refractive power of a given oil is determined
by differential comparison with a sample of genuine oil taken as
standard, a positive reading denoting increased refractive index
and vice versd ; the following comparative differential values have
been obtained by de Bruijn and von Leent and by Jean in this
way, from which results they infer that the refractive powers of

* Comptes rendux, 1589, 109, p. G16 ; see also Journ. Soc. Chem. Industry,
1890, pp. 113 and 218.
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oils, when thus tested, are capable of giving more information as
to admixture than is usually supposed. The oil to be examined
should be previously shaken with alcohol to dissolve out free
fatty acids; the standard of comparison was a sample of the
purest olive oil obtainable :—

de Bruijo and v. Jean.
Degrees. Degrees.
Horse foot oil, . . . . - 12
Sperm oil, . . . . . -12
eat'’s foot oil, . . . . - 3
Sheep’s trotter oil, . . . 0
Olive oil, . . p Oto + 2 + 15to + 2
Almond oil, + 7 + 6
Arachis oil, . . . + 3to+ 4 + 4to + 5
Colza oil, . . . . . + 15to + 18 | +16°5to +17°5
Sesamé oil, . . + 45 + 17
Cotton seed oil, . + 20
Maize oil, . + 27
Pogp{ seed oil, + 30
Whale oil, . . + 305
Hemp seed oil, . . . . + 33
Castor oail, . . . . . + 37to + 46 + 4
Linseed oil, . . . . + 49 to + 54 + 53
Cod liver oil, . . o + 42
Whale oil, . . . . - + 303

Holde has obtained the following average results with this
instrument,* the temperature of the testing-room being close to
20° throughout :—

Limits of Index of Refraction. | Mean Index.

Refined rape oil, . . . 1-4722 to 1-4736 1-4735
Crude rape oil, . . . 14735 ,, 1°4760 14744
Olive oil, . .. . . 1-4670 ,, 14705 1'4698
Mineral oil, . . .. 1-4776 ,, 1-4980 1-4923
Resin oil, . . . . 1'5274 ,, 1'5415 1:5344

The presence of rape oil in olive oil can thus be detected when
any considerable amount of adulteration has been made.

In the case of butter, Jean claims that the oleorefractometer
is capable of rendering useful service in the laboratory. Even if
butter is not sufficiently constant in refractive power to enable a
decision to be always arrived at as to the genuineness or other-

* Journ, Soc. Chem. Industry, 1891, p. 166.
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wise of a given sample without further tests, still the oleo-
refractometer indications at least enable a rough classification of
a variety of samples to be made, viz., those undoubtedly spurious,
those doubtful, and those probably genuine. The normal butter
deviation is regarded by him as -29° to —31°, averaging —30°;
if higher values (32°-36°) are observed, admixture with palm or
cokernut oil is probable; slightly lower ones (25°-29°) correspond
with doubtful qualities; margarine and oleomargarine give much
lower figures, 13°-17°.®* Genuine butters have been found that
give values materially below the normal deviation, but the cause
of this is considered by Jean to be that the cows have been fed
on oilcake, unaltered oil from which finds its way into the
secreted milk in quantity large enough to affect the refraction,
though too small to produce any marked effect either on the
saponification equivalent, or the Reichert-Meissl-Wollny figure
for volatile acids (Chap. vii.)

Various British analysts also regard the oleorefractometer as
useful in preliminary butter examination, but other chemists
consider its value in this respect to be overrated ; thus de Bruijn
and von Leent obtained very discordant results with Dutch
butters, whilst H. O. G. Ellinger found { that genuine Danish
butters gave deflections varying between 23° and 35°, according
to the season of the year.

Electrical Conductivity.—In general, but little information
is obtainable by examining the relative electrical conductivities of
different oils. Olive oil, however, has a much lower conducting
power than most other oils of ordinary occurrence, and hence,
attempts to utilise this property as a means of detecting adultera-
tion of olive oil have been made, notably by Palmieri, who has
constructed a special instrument, or diagometer, for the purpose;
as yet, however, this method does not seem to have come into
practical use to any considerable extent.

SOLUBILITY OF OILS, FATS, &c., IN VARIOUS
SOLVENTS.

The immiscibility of “oil and water” is proverbial ; but some
few oils are known where the solubility in water, although far
from perfect, is not entirely inconsiderable ; thus the fusel oils of

" fermentation, and certain oxidised volatile essential oils, and
products of distillation (e.g., phenol), dissolve in water to the

* Journ. Soc. Chem. Industry, 1892, p. 943; from Monit. Scient., 1892, 6,
91,
p.'l'The Analyst, 1891, p. 197 ; from Journ. f. prakt. Chemie, [2] 44, p.
157.
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extent of a few per cents. by weight at ordinary temperatures.
As a general rule, however, fixed ‘oils and hydrocarbons are, for
practical purposes, entirely insoluble in pure water ; in some few
cases dilute alkaline solutions dissolve them somewhat more freely
than pure water; in others the presence of acids slightly promotes
solubility ; but, as a rule, when neutral salts are present to any
extent, their presence prevents the solution of the oil, &c.; s0
that on agitating an aqueous solution with solid common salt or
with sodium sulphate, as the mineral matter goes into solution,
the dissolved oil is more or less thrown out of solution. The
same phenomenon is observed with the potash and soda salts of
most of the fatty acids, so that when an aqueous solution of such
salts (soaps) are treated with neutral saline matters, the organic
salts are thrown out of solution ; this property is largely utilised
in the ordinary process of soap boiling.

Strouy alcohol does not exert any great degree of solvent action
in the cold on most fixed oils, solid- fats, or waxes; whereas,
many essential oils, whether hydrocarbons or of oxidised nature,
are extremely freely soluble therein. Similarly, resins and free
fatty acids are, generally speaking, moderately soluble in alcohol,
especially when almost anhydrous and warm. Some few fixed
oils, too, are exceptional as regards solubility in alcohol, more
especially castor oil and croton oil, and to a lesser extent coker-
nut oil, cow’s butter, and linseed oil.

Girard finds that absolute alcohol at 15° dissolves the following
proportions of various oils :—

Rape oil, . .

Colpz: oy 1°5 to 2'0 per cent.
Mustard seed oil, . . . . 2-7 ”
Hazelnaut oil, . . . . . 33 ’
Olive oil, . . . . . 36 ”
Almond oil, . . . . . 39 ’
Sesamé oil, . . . . . 41 ’e
Apricot kernel oil, . . . . 43 ”
Nut oil, . . . . . . 44 ”"
Beechnut oil, . . . . . 44 ”
Poppy seed oil, . . . . 47 v
Hemp seed oil, . . . . 53 »
Cotton seed oil, . . . . 64 ”»
Arachis oil, . . . .. 66 ”
Linsced oil, . . . . . 70 ”
Camelina oil, . . . . . 78 ”

Schiidler gives the following Table representing the quantities
ot alcohol, of specific gravity ‘800, required to dissolve 1 part of
oil or fat :—
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i Cold. Boiling.

! Parts. Parta.
Almond oil, . . . . 60 15
Cacao butter, . . . . 4
Cotton seed oil, . . . 75

| Crotonoil, . . . . 36

{ Camelina oil, . . . . [ -

i Cod liveroil, . . . . 45 6

' Hemp oil, . N . 30 Soluble in all proportions.
Japan wax, . . . 3

! Linseed oil, . . . . 40 5

! Lard (hog’s), . . . . 27
Madia oif. . . . . 30 6

' Nut oil (walnut), . . . 100 60 alcohol to 100 of oil.
Nutmeg oil, . . . 4

' Po py seed, . . . . 25 6
Tallow (sheep), . . . 45

‘ Suet (ox tallow), . . . 40

i Whale oil (bottlenose), . . 1

As a general rule, fixed oils are very freely soluble in carbon
disulphide, chloroform, carbon tetraclloride, ether, benzene, light
petroleum distillate (mostly consisting of pentane and hexane
with their homologues), and oi! of turpentine; and on this
property are based various methods of extracting oleaginous
matters from natural and other sources. Castor oil, however,
is almost insoluble in light petroleum spirit; whilst drying
oils, when oxidised to some considerable extent, generally be-
come either quite insoluble in these various solvents, or nearly
80, the decrease in solubility usually being the more marked the
greater the degree of oxidation. The action of nitrous acid on
an oil (conversion into elaidin, Chap. vIL) usually diminishes
the solubility of the oil thus affected.

Glacial acetic acid has been found by Valenta to be a con-
venient solvent for certain oils, &c., as a means of separation
from one another. Thus, when equal volumes of acid and oil are
intermixed, the oil being previously warmed, complete solution,
even when cold, occurs with castor oil, rosin oil, and olive kernel
oil, whilst rape oil, mustard seed oil, and wild radish seed oil are
not completely dissolved even at the boiling point of the mixture.
Most other oils give a clear fluid whilst hot, which on cooling
becomes turbid, owing to the lesser solubility of the oil in the
acetic acid at lower temperatures. It has been proposed * to
make use of the temperature at which turbidity is thus brought
about as a distinguishing test for oils of various kinds; but the
figures obtained by different authorities who have repeated

' * Valenta, Dinyler’s Polytech. Journal, 252, p. 296 ; also, Journal of the
Chemical Society, 46, p. 1078.
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Valenta’s experiments, exhibit so much discrepancy as to render
it very doubtful whether the results can be relied upon at all, as
affording indications of adulteration or otherwise. Thus, the
following values, amongst others, have been obtained by A. H.
Allen ®* and G. H. Hurst :— t

Oil. Valenta. Allen. Hurst.
°C. °C. °C.
Olive (green), . . . 85
5 (yellow), . . . 111 . } 28-76
Almond, . . . . 110
Arachis, . . . . 112 87 72-92
Apricot kernel, . . . 114
Neat's foot, . . . . 102 65-85
Sesamé, . . . . 107 87
Melon seed, . . . 108
Cotton seed, . . . 110 90 53-63
Niger seed, . . . . 49
Linseed, . . . . 57-74 36-41
Cod liver, . . . . 101 79 65
Menhaden, . . . . 64
Shark liver, . . . 105 95
Porpoise, . . . . 40
Sperm, . . . . 98 85
Bottlenose, . . . . 102 74-84
Whale, . . . . 38-86 48-71
Palm, . . . . . 23 . 83 Not tarbid at 13
Laurelberry, . . . 26-27 40
Nutmeg butter, . . . 27 ' 39
Cokernut, . . . . 40 75 Not tarbid at 13
Palm kernel, . . . 48 32
Bassia fat (Illipé), . . 64°5 .
Cacao butter, . . . 105
Beef tallow, . . . 95
Pressed tallow (M.P., 55°8), 114
Tallow oil (cold pressed), . 47
Hog’s lard, . . S 96°5
Lard oil, . . . 69-76
Butter fat, . . . . 615
| Olcomargarine, . . . 96°5

The practical value of the test, as shown by the above numbers,
is obviously net very great ; it is still further diminished by the
circumstance that comparatively slight differences in the strength
of the glacial acetic acid considerably influence the temperature
of turbidity, as also does the presence or otherwise of free fatty
acids ; after an extended examination, Allen concludes that the
results are too variable and indefinite to be of service in

* Commercial Organic Analysiz, vol. ii., p. 26,
+ Journ. Soc. Chem. Industry, 1887, p. 22.
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discriminating the quality of oils ; an opinion also arrived at by
G. H. Hurst, by Eliwood,* and by Thomson and Ballantyne,?
the latter of whom obtained the following numbers, inter alia,
with glacial acids of different strengths :—

1l”emem.tgo of| Temperature of Turbidity with Glacial
Free Acid Acetic Acid of
' Name of OiL resent
(calculated as
Oleic Acid). Sp. gr. 10542 | Sp. gr. 1065-2.| Sp. gr. 10362.
I‘ °C. °C. *C.
Olive (Syrian), . . 23-88 42
” (Giojs]), froed f . 9-42 65 80 91
Same sample rom
! acid, . . . None. 87
+ Arachis oil (commercial) 620 76 96 . Imple(el
! ,» (French . of completely
refined), z 62 196 loll “le ]z dissolred.
. 4:54 05 complete
Rapeoil, . . { ' 243 | 110 } dmoed |
Linseed oil (Baltic), . 374 42 59 71
»  (River Plate), 121 56
,» (East India), 79 57

In some few cases, however, the comparatively solubility in
glacial acetic acid may afford a useful indication—e.g., in de-
tecting the presence of rape seed oil in linseed oil, and more
especially of hydrocarbons in animal and vegetable saponifiable
oils ; thus, mineral oils are but sparingly soluble in glacial acctic
acid, so that on agitating with that solvent a mixture of mineral
oil and other substances freely soluble in acetic acid, the latter
are dissolved, leaving the former undissolved ; in this way the
presence of rosin oil is easily detected in paraffin and petroleum
distillates.

FUSING AND SOLIDIFYING POINTS.

It most unfortunately happens that several different thermo-
metric scales are in use in different countries; of these the
Celsius or Centigrade scale is by far the most convenient, and
is accordingly used almost exclusively for scientific purposes.
In England, however, the highly inconvenient Fahrenheit scale
is still largely in use for technical and general purposes; whilst
in some parts of the Continent the Réaumur scale is similarly
employed. The following formula gives the means of translating
the temperature expressed on any one of these systems to the

* Pharmaceutical Journal, 3, xvii., p. 519,
+Journ. Soc. Chem. Industry, 1991, x., p. 233.-
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corresponding value expressed on either of the others, F being
the value on the Fahrenheit scale, C that on the Centigrade scale,
and R that on the Réaumur scale :—

This formula is based on the system of construction of the
three scales respectively ; the distance between the ‘“ice melting
point” (sometimes termed the ¢ freezing point”) and the “steam
point” (or “boiling point’—under normal atmospheric pressure)
being divided into 180 degrees on the Fahrenheit scale,* 100 on
the Centigrade, and 80 on the Réaumur scale; so that the rela-
tive values of the degree in each scale respectively are—;1; :
135 i 565 OF 3 :%:4 The Réaumur and Centigrade scales,
however, begin with the ice melting point as 0, so that the
steam point is at 80° and 100° on the two scales respectively ;
whilst the Fahrenheit zero is 32° F. below the ice melting point ;T
whence that point is 32° and the steam point 32 + 180 = 2127,
on the Fahrenheit scale.

From the above formula are derived the following equations,
whereby, when requisite, a Centigrade temperature may be trans-
lated into the corresponding Fahrenheit value, and so on :—

C=5(F-3.
=r

F=JC+32
= Z—R+32

R=jcC.
.—.;(F-.’S:Z).

* This particular number is said to have been selected on account of some
hazy idea on the part of the inventor that the temperature-range between
freezing and boiling of water had some connection with the number of
de in a semicircle, or two right angles !

Presumably because M. Fahrenheit noticed that the temperature of a
mixture of snow and salt was 32 of his degrees below the freezing point of
water, and concluded, for some unknown reason, that this must be the
initial temperature, or absolute zero.
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a yet simpler means of effecting

The following table affords

the translation :—
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In the following pages, whenever a temperature is expressed
as a number without the scale used being mentioned, it is always
to be understood that the Centigrade value is intended.

Determination of Fusing and Solidifying Points.—Inas-
much as most natural oils and fats, &c., are not chemically pure
single substances, but generally consist of one or more main
ingredients with smaller quantities of other allied bodies, as a
general rule no sharply defined temperature exists characteristic
of the fusing or solidifying point of any given variety, although
in many cases pure unadulterated specimens, even though of
widely various origin, do not differ largely in these respects.
For the same reason, the point at which incipient solidification
on chilling first becomes manifest, often differs considerably from
the temperature at which the mass, when once rendered solid by
cold, exhibits incipient fusion on gradual heating. Further, a
given substance, if heated considerably above its melting point
and then cooled quickly so as to solidify it again, will often melt
for the second time at a temperature materially different from
that at which it first fused, although the normal melting point is
more or less regained on standing for some time ; accordingly, if
the fusing point of a solid fat that has been once melted is to be
determined, a sufficient time must be allowed to elapse to enable
the normal physical structure to be re-assumed. In practice, it
is generally necessary first to melt the substance and then clarify
it by subsidence, or, better, by filtration through dry paper, in
order to remove suspended matters and, more particularly, water;
so that the purified material, after cooling and solidification, mnust
be allowed to stand some time (at least an hour or two, but
preferably a much longer period, say till the next day) before
further examination.

In order to determine the fusing point of a
solidified specimen, several different methods are
in use, the results of which are not always com-
parable with one another; so that, if an accurate
comparison of two substances is requisite, it is
indispensable that both nwust be examined by the
same process, sule by side. One of the most fre-
quently used methods consists in preparing a
capillary tube by drawing out in a flame a short
piece of quill tubing (Fig. 2); the fine end is
sealed up, and when cool, the solid to be ex-
amined 18 cut into very fine fragments or pul-
verised, and a little dropped in and shaken down
into the capillary tube. This is then bound by

Fig. 2. wire, string, or an india-rubber ring to the stem

of a thermometer (Fig. 3), so that the centre of

the bulb is about level with the substance; the whole is then
placed in a small vessel of water (or, for higher temperatures,




PUSING AND SOLIDIFYING POINTS. 61

melted paraffin wax) which is very slowly raised in temperature,
either by means of a small flame underneath (Fig. 4), or, pre-
ferably, by placing it inside a much larger similar vessel; a large
flask with the neck cut off and a small beaker answer well (Fig.
5). Olberg employs for this purpose the circulatory arrange-
ment shown in Fig. 6; this is filled with water or oil, the heat
being applied at the base of A.

If circumstances permit, two such capillary tubes (or more)
should be provided, one being used to obtain a first rough

i
Wi

w

[©1{[1]

M.

L T L

—

* LI L A o it i

Fig. 3. Fig. 4.
approximation to the melting point, and the others used sub-
sequently to obtain a nearer result, the bath being previously
slightly cooled below the first approximate value, and then very
slowly heated again, so that several minutes are requisite to
produce a rise in temperature of 2° or 3° C. The thermometer
and attached tube are used as a stirrer during this heating, and
the temperature noted when the fragments first show signs of
melting. Frequently this temperature (soflening point) is
measurably below that requisite to cause the fragments to liquefy
entirely, and run down to the bottom of the capillary tube as a
clear fluid (temperature of complete fusion).
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Instead of a capillary tube sealed up at the end, one bent into
a U or V shape may be employed, the solid particles being
shaken down to the bend or angle. Bensemann * modifies the
tube by drawing it out as represented in Fig. 7. A drop or two

Fig. 5. Fig. G.
of melted substance is introduced into the bulbed portion of the
tube, A, and fused as indicated by a. After standing for a
sufficient time, the tube is placed in water, the temperature of
which is very slowly raised ; the temperature of incipient lique-
faction is readily observed when the material softens and begins
to run; at a little higher temperature it all runs down as
indicated by &; when the turbid liquid becomes completely clear,
the temperature of complete fusion is attained.

Another method of operating consists in drawing out the
capillary tube as before, but without sealing up the narrow end ;
this end is then dipped into the molten substance to be
examined and withdrawn, so that half an inch or so of the
capillary tube is filled up with the material. After standing at
least an hour, but preferably till next day, the capillary tube is
attached to the thermometer and placed in the bath as before ;
when the temperature rises to the softening point so as to produce
incipient fusion, the plug of solid matter in the capillary tube
becomes softened where it touches the glass, and is consequently

* Journ. Soc. Chem. Industry, 1885, iv., p. 535 ; from Rep. Anal. Chem.,
11, p. 165. :
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forced upwards by the hydrostatic pressure of the fluid in the
bath ; when this occurs the temperature is noted. The former
process, as a rule, is to be preferred, not only because it gives
both the softening point and the temperature of complete lique-
faction, but also, because by withdrawing the source of heat and
allowing the completely fluid mass to cool slowly, the temperature
at which re-solidification occurs can be more or less accurately
determined. With some kinds of mixed substances, the sealed-
up capillary tube process enables three different temperatures to
be ascertained, viz. :—First, the temperature of incipient fusion
when the most fusible constituent commences to melt ; second, a
temperature when this constituent has become so far melted that

a b <.
Fig. 7. Fig. 8.

the solid fragments run down visibly; and third, a still higher
temperature when the whole mass becomes clear and limynd,
showing that the whole of the less fusible constituents have also
become completely melted. With certain mixtures of free fatty
acids, &c., the difference between the lowest and highest fusion
temperatures thus determined may amount to upwards of 5° C.
A convenient method of determining the softening point in
certain cases consists in dipping the bulb of the thermometer into
the melted material to be examined, and causing a small light
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glass bulb or float to adhere to the thermometer, cemented
thereto by the substance as it solidifies. After waiting a sufficient
time to enable the mass to attain its normal physical structure,
the thermometer and bulb are placed in a bath, which is
gradually heated; when the temperature attains the softening
point, the float becomes detached and rises up in the fluid.
Instead of a float, a thick coating of the substance itself may be
applied to the thermometer by dipping the latter in the just-
melted substance for an instant, taking out again until the
adherent film has solidified, and repeating the operation two or
three times so as finally to obtain a sufficiently thick coating.
Fig. 8 represents Pohl’s form of bath for the purpose, consisting
of a wide test-tube, C, through the cork in the mouth of which
passes the thermometer, T, the heat being applied by means of a
small flane impinging on a flat metal disc, supported a little
distance below the test-tube, so as to furnish an ascending
current of warm air. Obviously a vessel of warm water may be
substituted for the disc and flame. A modification of this plan
has been suggested by Messrs. Cross and Bevan,* where a thin
piece of sheet iron (ferrotype
plate) is cut into the shape
! shown in Fig. 9, about § inch

long and # or } inch across;

at A the plate is hammered so
r as to form a minute saucer or
depression, and at B a hole is
cut of such size as to allow the
' plate to fit on to the bulb (coni-
cal) of a thermometer. The
float is made by blowing a bulb
on the end of a thin piece of

e §

o tubing, and fixing a bit of pla-

tinum wire therein, bent into

£ an L shape. A drop of melted

< substance is put in the saucer,
A and the end of the wire dipped

therein, the stem being sup-

J ported in a vertical position

until the substance solidifies,

Fig, 9. and so holds it firmly. The

thermometer and float are

placed in a bath of water, &c. (preferably mercury), and when

the temperature rises to the softening point, the float becomes
detached and rises to the surface.

In many cases the temperatures of incipient fusion and of
complete liquefaction may be easily determined by placing small
fragments or pinches of powder of the substance examined on the

* Journal of the Chemical Society, vol. xli. (1882), p. 111,
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surface of a bowl of perfectly clean mercury, the temperature of
which is gradually raised, a thermometer being placed therein.
‘When complete fusion is effected, the substance becomes a minute
drop of clear fluid, which usually spreads out film-wise over the
surface of the mercury. Aningenious modification of this method
has been proposed by J. Lewe,* where the substance is first applied
to the end of a platinum wire (by dipping into the just-fused
substance), so as to cover it completely ; the coated wire is then
supported by means of an insulating holder of glass, just below
the surface of the mercury, and connected with one pole of a
small galvanic cell, whilst the mercury is connected with the
other pole. As long as the substance is unmelted no contact
takes place between the platinum wire and mercury ; but as soon
as fusion takes place contact is brought about, and an electrie
bell included in the circuit is made to ring. Fig. 10 represents

Fig. 10.
the general arrangement employed, the mercury being placed in
a capsule heated over a small water bath, and the temperature
ascertained by means of a thermometer plunged therein. Instead
of a platinum wire coated with the substance examined, Christo-
manost employs a drawn-out capillary tube into which the melted
substance is sucked or poured, a platinum wire being imbedded
in the material. After solidifying and standing sufficiently long
to attain the normal texture of the substance examined, the
capillary tube is heated in a mercury bath, electrical connections
being applied to the bath and platinum wire, so that when the
substance fuses contact is made and a bell rung. A similar
arrangement is in use in the Paris Municipal Laboratory, the
substance tested being placed in the bend of a U-shaped tube
with a platinum wire in each limb, together with some mercury,
which runs down and makes contact when fusion occurs.
* Dingler's Polytechnisches Journal, 201, p. 250.

t Jowrnal Soc. Chem. Industry, 1890, p. 894; from Berichte d. Deut.
Chem. Ges., 1890. p. 1093.
5
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If the fusing point of a fluid oil that has been solidified by
" chilling is to be determined, the bath used must be itself cooled
down below the fusing point, and gradually allowed to rise in
temperature. Strong brine, glycerol diluted with a little water,
or calcium chloride solution may be conveniently used for tem-
peratures below 0°. When the solidification point of a fluid oil
or melted fat is to be determined, a rough approximation may
often be obtained by placing some in a small narrow test-tube,
or dipping into the fluid a loop of platinum wire so as to cause a
small drop to adhere, and immersing in a bath of water, brine,
&c., which is being cooled down by an external application of
broken ice or snow and salt, &c., noting the temperatures when
transparency first ceases, and when visible solidification of the
whole mass has ensued. In most cases, however, the temperatures
thus ascertained are too low, because superfusion is extremely
apt to occur with oils and fats. If, however, a moderately large
quantity of substance be used (15 to 20 grammes at least),
it frequently occurs that as soon as solidification begins a more
or less considerable rise in temperature of the mass takes place,
just as when water cooled down below 0° in a dustless still
atmosphere rises to 0° whenever freezing actually commences ; or
just as the temperature of a supersaturated solution of Glauber’s
salt (sodium sulphate) rises when the fluid sets to a crystalline
mass. The higher temperature thus indicated is permanent for
a time as solidification goes on, and is usually much more nearly
exact than the lower one attained before solidification com-
menced ; but even this higher one is often several degrees below
the temperature of incipient fusion (and @ fortiori below that of
complete fusion) indicated when the mass has been solidified
completely, allowed to stand some time, and then re-melted in
a sealed-up capillary tube.

Differences of this description are more usually observed when
the substances in question are mixtures of different constituents
melting at different temperatures; on the other hand, a single
substance in a state of moderate purity (e.g., a well purified
sample of a given fatty acid, such as stearic acid) usually shows
but little difference between the temperatures of incipient fusion
and of complete fusion in a closed capillary tube, and those
where the limpid fused mass first shows signs of turbidity, and
where visible complete solidification occurs, on slightly cooling
the melted substance.

‘With some kinds of oils, time is an important factor in the
determination of the temperature at which solidification takes
place on chilling, inasmuch as frequently no solidification at all
is visible on cooling for a short time to a given temperature
(e.9., — 15° C.), whereas more or less complete solidification takes
place on keeping for several hours at a temperature not so low
by several degrees (e.g., — 5°). In most cases, if a fragment of
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oil, previously solidified by chilling, be dropped into a specimen
of cooled oil, solidification is brought about much sooner, the
particle introduced acting as a “ nucleus ” and facilitating crystal-
lisation in the well-known way observed with other bodies (e.g.,
supersaturated solution of sodium sulphate ; superfused metals;
glycerol ; monohydrated sulphuric acid; water chilled down
whilst at rest below 0° &c.). For determinations of this kind,
baths of fairly constant low temperatures, capable of being main-
tained for considerable periods, are requisite ; Hoffimeister uses
for this purpose various saline solutions cooled externally by a
freezing mixture ; by suitably choosing the saline substance and
the strength of its solution, baths of constant temperature are
obtainable so long as any liquid remains unsolidified or any solid
unmelted. Thus the following temperatures correspond with
solutions of the respective strengths :—

Temperatuar.. ’ Solution.
i Degrees C. ‘
0 Distilled Water.

- 2:85to — 3'0 | Potassium nitrate, . 13 parts per 100 of water.
i 50 . ' { Potassium nitrate, . 13 . "
' 0 | Sodium chloride, . 33 ,, "

- 87 to — 90 ' Barium chloride, . 358 ,, ”

~ 154 to - 150 ' Ammonium chloride, 25 ™ ”

Chilling baths of this description are more especially of use in
the examination of lubricating oils with respect to their congeal-
Ing temperatures.

The following table, mostly derived from Schidler's Technologie
der Fette und Oele, exhibits the average melting and solidifying
points of many of the more commonly occurring fats and oils :—

Freezine AND MELTING PoINTS OF OiLs, &c.

; | Soliditying Point
sewn PEE S o
Solidification. | Solllld)?n'
Degrees. Degrees.
Arachis oil, . . . . . . - 3to -4
Almond oil, <. o - 20
Bassia fat (Galam butter), . | 28to29 21 to 22
Beechnut oil, . . . . . -16°5t0 =175
Benoil, . . . . . . ‘ 1 About 0
Belladonna seed oil, . . . . - 16
Bakter, . . . . . .| 29to35 | 20t030
Bone grease, . . . . . 44 to 45 35
Cacao butter, . . . . 33 to 34 205
Castor oil, . . . . - 18
Cokernut oil, . . . . 24°5 20 to 20°5
Colza oil, . . . .o . ' ' - 6
Cotton seed oil, . . . . . i - 2
Cress seed oil, ... i -15
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FrEezING AND MELTING PoINTS oF OiLs, &c.—Continued.

i Melting Polnt 80‘!;%‘.{.{*350‘1’30‘
Name. Solit;lﬂl::lion. (“‘e"sgu"”‘)‘.’“- it
| Degrees. Degrees.
Croton oil, I - 16
Goa buttel (Brmdoma mdlca), 40 32
Goose grease, . . 26 18
Grape seed oil, . - 16 !
Gourd seed oil, . . -15
Hazelnut oil, . . -17to - 18
Hemp seed oxl .. . - 27to - 28
Japanese wax, . . . . 53 to 34 40 to 41
Laurel berry fat, . 38 30
Linseed oil, . -19
Madia oil, . . -15
Nutoil, . . . - 28
Nutmeg buttar . . 43°5 to 44 33
Oleic acid, . . . -6
Olive oil, . 2to 4
Poppy oil, . 16 to - 18
Palm oil, . 30 to 41 21 to 37
Pine oil, . - 18
Ra seed oil (Brassnca napus olelfem). - 3
Radish seed oil, . - 4
Sesamé oil, . - 5
Spindel onl (Euo mua europaeus), . - 10
Sunflower seed OIF . . - 16
Tallow, . . . . 46 to 50 36 to 40
Tobacco oil, . . -25
Train oil, . 0to —
Virola fat (Vlrola seblfen), 45 40
Wax, . . . 62 to 64 About 60
\Vhale oil, 0to —
Weld oil, Below — 15
WiMMEL
Temperature
A at ' Becomes : A
don | DTS e,
Degrees. Degrees. I Degrees.
Sheep's tallow (fresh), . 47 36 [ 40to 41
" old), . 505 395 | 44tod5
Ox tallow (fresh), 43 33 | 36 to 37
N (old), 42'5 34 ‘
Hog’s lard, 41°5 to 42 30 i
Butter (fresh), 31 to 31°5 19 to 20 195 to 20 5
Cacao butter, 34 to 355 205 l 27 to 29°5
Coker butter, . 245 20 to 205 22 to 23
Palm butter (fresh), 30 to 36 21 to 24 215 to 35
vy (old), 42 38 395
Nutmeg butter, 435 to 44 33 415 to 42
Beeswax, 62 to 62°5
Spermaceti, . 44 to 445
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RUDORFF.

l . Melts at Solidifies at

| —

I Degre~s. Degroes.
Yellow wax, . . . . 63-4 615 to 626
\White wax, . . . . 61-8 - 616
Spermaceti, . . . . 435 to 443 434 to 442
Japanese wax, . . . . 50°4 to 51
Cacao butter, . . . . 335
Nutmeg butter, . . . - 70 to 80
Sheep’s tallow, . . . . 465 to 474 32 to 36
Ox tallow, . . . . . 435 to 45°0 1 27 to 35

The foregoing fusing and solidifying points of various solid
fats are given by Wimmel and Riidorff respectively.

The fusion point of a pure glyceride, or mixture of glycerides,
is often materially altered if| as is often the case, any considerable
amount of hydrolysis has taken place, either through develop-
ment of “ rancidity’’ through fermentative changes taking place
on account of the presence of mucilaginous or albuminous
matters, or by the agency of acids during refining, or otherwise,
Hence, the numbers obtained with various samples of otherwise
pure oils (i.e., unadulterated with cheaper ones) are apt to vary.
More nearly concordant figures are obtained if the whole of
the glyceride is saponified by means of alkalies (e.g., alcoholic
potash), and the fatty acids separated from the resulting soap
by evaporating off alcohol, dissolving the residue in hot water,
acidulating with a mineral acid in excess, thoroughly agitating
till all the soap is decomposed, and finally allowing to cool, and
removing the cake of solidified fatty acids that separates and
forms on standing.

By determining the fusing point of the fatty acid cake thus
produced side by side with that similarly prepared from a sample
of oil of known purity, or from a mixture of known character,
useful indications as to purity or otherwise are often attainable ;
for example, the fatty acids from genuine olive oil usually fuse
at from 22° to 26° C., and those from refined cotton seed oil at
35° to 40°, so that any considerable admixture of cotton seed oil
with olive oil will usually result in yielding a cake of notably
raised fusing point. The amount of rise, however, does not give
any very clear indication of the amount of admixture, because, as
a general rule, mixtures of different substances fuse at a tempera-
ture lower than that calculable arithmetically from the relative
amounts and fusing points of the ingredients (vide p. 73).

The following table represents the melting and solidifying
points of the mixed fatty acids obtained from various oils and
fats, a3 given by Schadler :—
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Name of Oil, &c. Melting Point. Solidifying Poiat
|
Degreea C. 1 Degrees C.

Apricot kernel, . . . 45 0
Almond, . . . . 14 5
Arachis, . . . . 32 to 33 29 to 30
Butter, . . . . 37 33
Cacao butter, . . . 495 | 465 to 47
Castor, . . . . 13 ) 3
Charlock, . . . . 18 to 19 ' 13
Chinese tallow, . . . 57 | 52
Cotton seed, . . . 7 to 38 325
Cokernut, . . . . 24 to 25 20 to 20°5
Colza, . . . . . 20 to 21 14 to 14°5
Galam butter, . . . 356 30
Hemp, . . . . . 19 15

rd, . . . . . 38 to 39 35
Linseed, . . . . 17 135
Lallemantia (Gundschit), . 11 to 12
Malabar tallow, . . . 56-5 548
Margarine, . . . . 42 394
N\xtme}g, . . . . 425 40
Nut (Walnut), . . . 20 16
Olive, . . . . . 26°5 to 28 215 to 22
Poppy, . . . . 20°5 165
Palm, . . . . . 45 to 46 42 to 43
Rape, . . . . . 21 16
Suet (Ox), . . . . 455 43
Sesam¢, . . . . 35 to 36 315 to 32
Spermaceti, . . . . 135
Sunflower, . . . . 23 17
Tacamahac, . . . . 36'5 31
Tallow (Sheep), . . . 49 46
Unguadia, . . . . 19 10
‘Wool grease, . . . 418 40

Slightly different values have been given by other observers,
the variations arising partly from differences between the par-
ticular specimens examined and partly from differences in the
mode of observation. Thus the figures below given by Hiibl
are respectively the temperatures of complete liquefaction (as
noticed by melting in a narrow test-tube, stirring with a ther-
mometer, and noting the temperature when turbidity disap-
peared), and of incipient solidification (as noticed by cooling
down after complete melting, and noticing when cloudiness com-
menced) ; whilst those of Bensemann are (A) the temperature of
complete liquefaction, when all turbidity disappears, as deter-
mined in the above described formn of capillary tube, and (B)
the sumewhat lower temperature when the substance was suffi-
ciently liquefied to run down in the capillary tube, but was not
thoroughly fused to a limpid fluid :—
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Fusing Point. || solditsing Point
Biibl Bensemann. Allen. :i Hiibl. Bach. |Allen.
A B.
Degs. I
C. Degs. Degs. | Degs. | Degs. Degs. | Degs.
Oliveoil,. . . 1260|26to27(|23to24]26-0| 212 2240 |21°0
Almond oil, . . ‘ 140 50
Arachisoil, . . 1277 (34t035 | 31t032]|295| 238 310 |28-0
Rapeoil,. . .120°1|21t022'18t019|19'5 12-2 150 (185
Cotton seed oil,. | 377 ({42t043 (39 to40( 350 30°5 350 | 320
éoil, . . 126°0(29t030(25t026(23°0| 223 325 |185
Linseed oil, . . |17-0 240 133 17°5
Poppy oil, . . l 20°5 . 1656 .
Hemp seed oil, . ' 190 . 150 .
‘Walnut oil, . 200 . 165
Castor oil, 13-0 “ 30 20
Palm oil, . 478 . 50-0 427 455
Cokernut oil, 246 .. 240 204 205
Japan wax, . . 560 530
Myrtle wax, . 475 oo 460
Lard, . . . .| .. 40 42 390
Tallow, . . . |450 . ... ||43t05044t049| ...
Shea batter,. . |395 380

The following tables by Heintz * represent the melting points
of various definite mixtures of fatty acids : —

MixTurgs OF MYRISTIC AND LAURIC AcIDS.

Percentage of
Melting Point. Solidification Point. l
Myristic Acid. l Laario Acid.
Degrees C. Degrees C.
588 ee 100 0
51-8 473 90 10
49-6 4°5 80 20
46°7 39-0 70 30
430 390 60 | 40
37-4 357 50 50
367 335 40 60
351 323 30 70
385 330 20 80
41-3 360 10 90
436 . 0 100

* Poggendorff Annalen, 92, p. 588.
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MIXTURES OF PALMITIC AND MYRISTIC ACIDS.

Percentage of
Melting Point. Solidification Point.
Palmitic Acid. Myristic Acid
Degrees C. Degrees C.
620 .o 100 0
611 580 95 5
601 557 90 10
580 535 80 20
549 513 70 30
516 495 60 40
478 453 50 50
470 437 40 60
465 437 35 65
462 440 325 675
46-2 437 30 70
495 413 20 80
518 453 10 90
53-8 0 100

MIXTTURES OF STEARIC AND PaLMiITIC ACIDS.

Percentage of
Melting Point. Solidification Point. T [es——
Stearic Acid. Palmitic Acid.
Degrees C. Degrees C.
69-2 100 0
672 625 90 10
65°3 603 S0 20
629 593 7 30
60-3 56°5 60 40
566 550 50 50
56-3 545 40 60
556 54-3 35 65
552 540 325 675
551 540 30 70
575 538 20 80
601 545 10 90
620 (1] 100

»
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MIXTURES OF STEARIC AND MYRISTIC AcCIDS.

Percentage of
Melting Point.
Stearic Acid. Myristic Acid.
692 100 0
67°1 90 10
650 80 20
628 70 30
59-8 60 40
545 50 50
504 40 60
48-2 30 70
478 20 80
517 10 90
538 0 100

MIXTURES OF STEARIC AND LAURIC AcIvs.

‘ Perceatage of

Melting Point. —_—
Stearic Acid. ! Myristic Acid.
_ |

69-2 100 . 0
670 90 10
647 80 | 20
620 70 | 30
590 60 10
558 50 ! 50
508 40 | 60
434 30 l 70
385 20 80
415 10 | %
436 0 ' 100

These tables amply illustrate the peculiarity above referred to
in cases where mixtures are heated—viz., that the melting point
of the mixture is almost invariably lower than that calculated
from the relative proportions and fusing points of the ingredients,
and in certain cases falls below the melting point of the most
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MixTURES oF PALMITIC AND LAURIC AcIDs.

Percentags of i
Melting Point. ,
Palmitic Acid. Laoric Acld |
|
620 100 1]
598 90 | 10 {
574 80 i 20 |
545 70 | 30
51-2 60 ! 40
470 50 l 50 |
40°1 40 , 60
383 30 | 70
371 20 80 |
415 10 90 |
436 0 100 I

fusible of the ingredients. Thus, in the case of a mixture of

myristic and lauric acids containing equal quantities (50 per

cent.) of each, since the ingredients melt respectively at 58°-8

and 43°-6 C., the melting point of the mixture would a priori be
59- 3.

expected to bei)b—s-—':— 436 _ 51°-2; whereas it actually is 37°:4,

-

or 13°-8 lower than the calculated temperature, and 6°-2 lower
than the fusing point of the most fusible ingredient.

Dalican’s Method.—The following table by Dalican * repre-
sents the solidifying points of various mixtures of pure free
stearic and oleic acids, analogous to those obtained by saponify-
ing tallow completely and separating the fatty acids from the
soaps formed ; these were deduced by determining the tempera-
ture to which the thermometer rose when some 20 grammes of
mixed pure fatty acids were placed in a test-tube at a tempera-
ture a little above the solidifying point, and allowed to cool
slowly ; when incipient solidification became visible the contents
of the tube were stirred with the thermometer immersed therein,
giving a rotary movement three times from right to left, and
three times in the opposite direction ; during this stirring the
thermometer usually slightly fell just at first, but in every case
rose again to a point where the temperature remained stationary
for about two minutes, the disengagement of latent heat during
solidification balancing the loss of heat by radiation and convec-
tion, &c. The temperatures quoted are the stationary ones thus
observed with the various mixtures examined. The joint per-
centages given in the table only add up to 95, the average yield
of total fatty acids from tallow being taken as 95 per cent., after

* Monisteur Scientifique, Paris, 1868.
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allowing for small quantities of water present and loes of weight
by elimination of glycerol (vide Chap. vii.):—

T"‘"”"‘“‘“’ ‘ Stearic Acid.
|

‘
i
i

€

l
i
i
{

]

|

5]

BREEERBREEEE
St ]

i
Oleic Acid. || Té‘;m;" Stearic Acid. | Oleic Acid.

35-15 5985 \ 455 5225 4275
36:10 5890 | 46 53-20 41°80
3800 5700 | 46 55°10 39-90
3895 5605 | 47 57°95 3705
4090 5410 | 475 5890 3610
42775 5225 | 48 6175 33-25
4370 5130 || 485 6650 28-50
4465 5035 | 49 7125 2375

750 4750 | 495 72:20 22-80
49-40 4560 50 7505 1995
5130 4370

The method of manipulation thus employed by Dalican is
applicable in the case of most other substances the solidifying
point of which is required ; but the amount of rise indicated by
the thermometer above the temperature of incipient solidification
varies considerably in different cases, a constant temperature for
two minutes or more not being always attained. Finkener* finds
that more concordant valuations are obtainable if the vessel
containing the fused fatty matter is enclosed in an envelope of
wadding, or jacketted with a wooden envelope, so as to diminish
the rate of cooling.

SoHdir{ing Point .
of Tallow Fnty Percentage of ** Stearine " (Solid Fatty Acids) of Solidification Point
Degrees C. 48 Degrees C. 50 Degrees C. 52 Degrees C. ‘ 548 Degrees C.

10 32 27 23 2-1
15 75 66 57 48
20 130 114 97 82
25 192 170 14-8 12-6
30 279 232 214 183
35 395 345 302 25-8
40 578 496 435 370
42 666 57°6 50°5 429
4 770 66-2 584 49-8
46 8756 758 670 56-8
48 1000 8§72 76°6 65-0
50 100-0 870 7456
52 . 100-0 84°8
54 95-3

| 548 1000

* Journal Soc. Chem. Industry, 1859, p. 423, and 1890, p. 1071.
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De Schepper and Geitel give the foregoing table representing
the amounts of mixed solid fatty acids of different solidification
points practically obtainable from tallow, when these acids are
separated from oleic acid to such an extent as to possess the
solidification points named.

The same authors give the following analogous table for the
relative amounts of mixed solid fatty acids practically obtainable
from palm oil :—

k21 AV vLZ DO L | WO

44 92 702 620 | 5l4 |

46 894 | 788 €98 578

48 1000 | 8890 786 650 !

50 i 1000 896 734 |

52 . 1000 828

54 i 922

554 : ; 1000
1

CHAPTER V.

SPECIFIC GRAVITY AND VISCOSITY.
SPECIFIC GRAVITY OF OILS, FATS, &c.

Ixasuvcen as the majority of natural oils, fats, and similar sub-
stances are mixtures of more than one constituent, the relative
proportions, and even the nature of the ingredients being subject
to some degree of variation, it results that the general physical
characters of any given oil, &c., are liable to fluctuation within
certain limits. This is particularly the case with the specific
gravity of such materials, differences in the climate and soil
in which seed-bearing plants are grown, in the degree of culti-
vation and the maturity of the crop, and such like causes
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often producing measurable differences in the relative density of
the oil extracted ; as also, to some extent, does the method
of extraction adopted, the first runnings obtained by pres-
sure in the cold being often perceptibly lighter bulk for bulk
than those obtained later by hot pressure. In similar fashion,
variations in the particular breed of animal (e.g., in the case of
oxen and sheep), the part of the body from which the fat is
extracted, the mode of feeding, &c., often correspond with ana-
logous fluctuations in the case of animal fats; added to which,
the method of refinement adopted and the degree of purification
effected, cause variations in proportion to the amount of residual
mucilaginous or albuminous matters left unremoved ; whilst the
age of the sample is often a material point, many kinds of oil
having a tendency to absorb oxygen from the air, thereby
becoming more dense.

Notwithstanding these sources of variation, however, it is
often possible to obtain useful information as to the freedom or
otherwise of oils, &c., from admixture with adulterating sub-
stances by examining their specific gravity ; or, in many cases,
preferably, the specific gravity of the free fatty acids obtainable
from them by saponification. This determination is most accur-
ately effected by means of the pyknometer * (specific gravity
bottle); but since, excepting in comparatively few special cases
(e.g., butter analysis), a very high degree of accuracy is unneces-
sary on account of the possible natural fluctuations in density,
simpler instruments are in most cases sufficient for the purpose
in view, more especially when checked or “calibrated,” as de-
scribed below. Thus for most fluid oils the indications of a
fairly well made areometer (hydrometer), used at a standard
temperature, are sufliciently accurate ; whilst either for ordinary
temperatures or for more elevated ones, the hydrostatic balance
is extremely convenient. In using this latter instrument at
higher temperatures (e.g., near that of boiling water), it should
not be forgotten that if the plummet immersed in the liquid to
be examined (as shown in Figs. 11 and 12) be made of glass, it
will displace more than 0-2 per cent. (or upwards of 2 per mille)
more fluid at near the boiling point of water than at 15° T so
that if originally constructed to give accurate indications at 15°,
the values indicated at near 100° will be more than 2 per mille
too high on account of the greater displacement ; whence, in the

* For a description of some highly accurate forms of this instrument and
their node of use, together with a discussion of the corrections indispens-
able when results are required to be accurate to a unit in the fourth
decimal place (+ 0°0001), and a fortiors to one in the fifth place (£ 0°00001),
vide a paper by the author, Journ. Soc. Chem. Industry, 1892, p. 297.

1 The cubical coefficient of expansion of glass is near 000025 = 40,000 °
so that a rise of temperature of 85° represents an increment in volu'ne of
"

85 .
000 = 2:125 per mille.
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cage of fluid oils, the specific gravity of which is usually from
‘9 to ‘95, the indications at near 100° will be cloge to ‘002 teco
high. Analogous errors of excess apply to all glass armometers
and pyknometers when graduated at one temperature and used
at a higher one.

Another matter to be remembered is that the numerical value
arrived at expresses different things, according as the water with
which the instrument is graduated is at one temperature or
another ; this applies equally to the indications of the pyk-

Fig. 11.
nometer, the arzometer, and the hydrostatic balance. When
the indications represent the ratio between the weight of a given
volume of substance and that of the same weight of water, both
at the same temperature ¢°, the value is the specific gravity at ¢ ;
thus the specific gravity at 100° of a given oil or melted wax is
the weight of a given volume of substance compared with that of
the same weight of water also at 100°. If, however, the oil be
at ¢°, and the water at a different temperature, T, the value is
neither the specific gravity at ¢ nor that at T. If T = 4°C,, the
value is the weight in grammes at ° of 1 c.c. of oil, since at 4° C.
1 c.c. of water weighs 1 gramme ; this value is often considerably
different from the specific gravity of the oil at ¢°, the more so
the higher the value of ¢; thus if ¢ = 100° C, since 1 c.c. of water
at 100° weighs 0-9586 gramme, the weight of 1 c.c. of oil at 100°
will be only 0-9586 times the specific gravity of the oil at 100°;
i.e., the latter value is more than 4 per cent. in excess of the

™~
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former one. Unfortunately, most observers have recorded their
results in neither of these two forms, but have used a mode of
expression where T is not 4°, and is not = ¢. The result thus
expressed is the relative demsity of water at t referred to water
4
T
T = 15°'5 C,, a temperature frequently chosen, this value repre-
sents 1-0009 times the weight of 1 gramme of oil at ¢, since
1 c.c. of water at 15-5 weighs ‘9991 gramme,

at T, sometimes expressed as the relative density at .. ; when

Lefebre’s Oleometer.—Fig. 13 represents Lefebre's arso-
meter, especially intended for oils the specific gravity of which
at 15°-5 ranges from 09 to 0:95; the instrument is so graduated
that the specific gravity is directly read off when immersed in a
fluid at the standard temperature of 15°-5 ; at various points the
average specific gravities of normal oils of different kinds are
marked off (linseed oil, olive oil, &c.); usually, to save figures,
only the second and third decimal places are given—i.c, 35
indicates ‘935, 8 represents ‘908, and so on. If the tempera-
ture differ slightly from the normal one of 15°5, a correction is

made by adding (or subtracting) g x ‘001 for every degree of

temperature above (or below) the standard, this correction being
based on the fact that most oils expand on heating to nearly the
same extent, so that the specific gravity becomes lowered by
about ‘00068 per 1° C. (vide p. 93).
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‘When it is required to deter-
mine the specific gravity of an oil,
&c., at a temperature somewhat
elevated (say at near 100°), some
form of heating arrangement must
be employed, whereby the vessel
containing the oil, &c., can be
constantly maintained at the re-
quired temperature for some time.
Fig. 12 illustrates a form of hot
waterbath thus used for a West-
phal hydrostatic balance.

When temperatures other than
100°, but higher than the ordi-
nary atmospheric temperatures
are required, the hot air arrange-
ment indicated by Fig. 14 may be
employed ; in this case the vessel,
C, containing the oil, &c., to be
examined, is heated by a hot air
bath, B, the ascending hot gases
from a ring burner being made to
circulate as indicated by the
arrows. The temperature of the
inner hot air space is shown by
the thermometer, D, and should
not differ much from that of the
oil itself, as indicated by a ther-
mometer immersed therein (in
the figure, as also in Fig. 12, this
is enclosed inside the plummet*).
A thermostat, or heat regulator
where the gas supply is auto-
matically regulated, should be
employed in addition.

Fig. 15 represents Ambiihl's
arrangement where the vessel
containing the oil is heated in a
current of vapour (steam from
boiling water, or other vapour
emitted by a fluid of convenient
boiling point).

* Fletcher has recently constructed a
thermohydrometer, consisting of an ordi-
nary areometer with encloscd thermo-
meter, so as to read off the temperature
of the fluid examined simultaneously
with the indicated relative density.
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In the Paris Municipal Laboratory, a peculiar kind of
‘“ thermal areometer,” constructed by Langlet, is in use for the
examination of olive oil. This is an areometer with an internal
thermometer, so adjusted that when the instrument is placed in
pure olive oil, the level of the fluid indicated on the stem and
the thermometer reading are practically the same ; if the oil be
warmed so as to become lighter, the hydrometer sinks to an in-
creased depth, and the thermometer column rises through the
same length, so that the two readings always correspond. If,
however, the oil be not genuine olive oil, but contain an admixture
of other oil of different density, the readings will not agree. Thus,
the following pairs of readings correspond with certain oils other
than olive oil and various mixtures (Muntz):—

i
’ Thermometer Reading on

l Reading. Sterm.

Degrees C. Degrees C. l
Earthnut oil, . 189 110
Cotton seed oil, . | 189 10°5

8 Parts olive oil to l of cotton seed oxl ' 18°1 16°1 ‘
2 ' v 186 158
3 ' s l of sesamé oxl l 183 165
e 186 161
3 . ’ 1 of colza oil, 183 185
3 v » 1 of earthnut oil, o181 172
2 ' . 1 ., i 18-7 175
52 - s 48 ’ ] 187 17-4

CONSTRUCTION OF TABLES OF ERRORS FOR
HYDROMETERS AND HYDROSTATIC
BALANCES.

Hydrometers, as usually sold, are not infrequently affected by
errors of construction and gmduatlon, sufficiently great to render
their indications inexact to at least * one unit in the third
decimal place, and sometimes much more, quite apart from any
error arising from the difficulty of reading off the exact level.
To do this with as little error as possible, the hydrometer should
be floated in a jar with a white strip of enamel at its back, or a
strong light so placed that the lowest point of the meniscus
formed by the upper part of the fluid can be read off on the
hydrometer scale. Unless the fluid examined be excessively
dark coloured, this can generally be done pretty readily, the eye
being level with the bottom of the meniscus (as in
burette).

To eliminate, as far as possible, errors of graduation, it is
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necessary to construct for each instrument a table of errors,
deduced by directly comparing at the same temperature the
values obtained with different fluids simultaneously examined
by means of an accurate pyknometer, and with the hydrometer.
The following illustration will suffice to indicate the mode of
construction of such a table of errors for a hydrometer intended
to show at 15°-5 C. values ranging between ‘900 and ‘950 ; when
such a table is carefully prepared, the corrected reading of a
tolerably sensitive hydrometer should be exact within * two,
or even * one unit in the fourth decimal place. The figures are
expressed on the thousandfold scale,* three comparisons being
made respectively ncar the top, middle, and bottom of the hydro-
meter scale.

T

‘True Specific Gravity ! Hydromeigr Reading
at 13°5.

a8 155 by Pyknometer. Difference.
— e .
i 9484 | 9475 + 09
i 924°7 | 9250 - 03
| 901°1 \ 9025 - 14
|

From these comparisons the following table of errors is
deduced by interpolation :—

t Correction to be added .

| HYArTRIa 8 | T omainthe true | CGIRRRATRE
! 9000 - 130 898°5
, 9050 - 195 90375

9100 - 1-00 9090

9150 - 075 91425
‘ 9200 - 050 9195
' 9250 - 030 924°7
1 9300 - 003 929-95
| 9350 + 020 9352
' 9400 + 045 940-45
| 9450 + 075 94575
| 9500 + 100 9510

In similar fashion, a table of errors may be constructed for a
hydrostatic balance ; thus, the following numbers were obtained
with such an instrument of fairly good construction, the values
being here expressed on the ordinary scale, and not multiplied
by 1,000, the temperature throughout being 15°:5:—

* To save decimals, specific gravity values are often quoted after multi-
plication by 1,000: thus, an oil of specific gravity 0967 is said * to have
the gravity 967,” and so on.
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1
TR | R | v
09976 | 09995 - 00019
09517 | 09530 - 00013
0-9098 ! 09100 — 00002
08524 | 08520 + 0°0004

From these determinations the following table of errors is
calculated by interpolation :—

|
Specic Orasty | Corroston b added | Goreetad poct
Hydrostatic Balance. Specific Gravity. Y-
i
085 + ‘0004 ‘8504
086 + 0003 ‘8603
087 + 0002 4702
088 + 0000 | 8801
089 0 8900
090 - 0001 8999
091 - 0002 ‘9098
092 - 0005 9195
093 - 0008 9292
094 i - 0010 ‘9390
095 | - 0013 487
096 ‘ - 0014 | 9586
0-97 - 0015 ‘ ‘9685
098 [ - 0017 9783
0'99 . - 0018 9882
1-:00 . - 0019 0981
| ;

Considerably larger corrections than most of those indicated in
this table have sometimes to bLe applied to instruments as
purchased, in order to deduce the true specific gravities from the
direct results of observation.

Hydrometer Scales.—A considerable number of more or
less arbitrary scales for areometers are in use, a circumstance
often leading to much practical inconvenience. The simplest or
“gravity " scale is that where the specific gravity of the fluid
is directly indicated by the level to which the instrument sinks
in the fluid (at the normal temperature)—e.g., in Lefebre's
oleometer (p.80). Twaddell's scale is not much inferior in
simplicity, each degree on that scale representing an alteration
of O units in gravity on the thousandfold scale (p. 83), and the
valuation being given by the formula

8 = 1000 + 5n,

‘where S is the specific gravity on the thousandfold scale, and n

the hydrometer reading; thus 10° T represents specific gravity
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1050 ; 100° T, specific gravity 1-500; 150°T, specific gravity
1-750 ; and so on. The same rule applies in the case of a fluid
having a density less than that of water, the value of n being
then negative, so that if n = —10°T, the specific gravity would
be 950, and so on; the negative-scale Twaddell hydrometer,
however, is but rarely used. A variety of other scales are also
in use, more especially in different parts of the Continent ; the
following table of formule is given by Benedikt, expressing the
relative values of their degrees, S and n having the same mean-
ings as above :—

Arsometer of Temperature. Fluids \%::.'-“ thao n"d‘wlﬁlfa:r than
) Degrees. | 200 200
Balling, . . . 17°5C. l = 920 m 8= 300 + n
i 144 _ 144
Beaumé, .. 125C.  (S=q, % 3—134_'_”
. lg = 1443 _ 3
Beaumé,® . . | 150C. | S=tms_% |5 @3 va
fq_ 14678 1o 14678
Beaumét . . | 175C.  S=ig7s 7 |3 36w
170 _ 17
Beck, 125C.  18=10_5 [|8=1o4a
. 123 R. = 400 =400
Brix, {15'625C. 8=%00-5 |5 40+n
) | 136'8
Cartier, . . . 12-5C. \ ! S = 1261 + n
- 125 R. _ 400 _ 400
chher. . . . {15'625 C. ! S = 00 - n I S ZOO ;—n
Gay Lussac,} . 4C. 8= =100
n n
= |
. 12:5R. 400 400
E. G. Greiner, {l5'6250 | S = 00— S = 003
. 125R. g _ _166 - 166
Stoppani,§ . . {15'625 c. |5= 16w 8= 166+
|
ts= ks - for lighter fluids (Schidler).
+S = i 4(1;;‘?-3‘_18:‘{ for lighter fluids (Schiidler).
100 . . 100 . .
iS= K’UIT” for heavier fluids, and = 100 + for lighter ones (Schiidler).
- 60 . : 160 . "
§S = 80 —n for heavier fluids, and = 60T for lighter ones (Schiidler).
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Lunge and Hurter (Alkali Maker's Pocket-book) regard the
144-3
1443 - »
as the only “rational” one of the various Beaumé scales in
use; taking the formula at 15°C., the specific gravity of
water at 15° = 0° B.; whilst 66° B. represents specific gravity
{ii5 —ge = 1'8426. The following table exhibits the relation-
ships between the values of “rational” Beaumé degrees, Twaddell

degrees, and true specific gravity :—

series of values got by means of the formula S =

| | |
Beaumé. i Twaddell. ;Speclﬂe vally.l Beaumé. | Twaddell. SpdﬂcGnvity.i
0 0 i 1:000 360 ' 664 1-332
07 10 . 1005 38 | 714 } g;
10 14 1007 | 40 | 766 .
14 20 | 1010 | 42 | 820 1410
2-(71 28 , 104 | 44 876 i:ﬁsg
2: 40 1:020 46 936 .
40 58 1020 | 48 1 996 1'498
50 74 1 1037 | 50 | 10690 1530
67 10°0 1050 | 52 1126 1563
80 120 | 14060 54 1194 1597
AN O O R I
160 250 1125 | 60 1420 1710
;g-g 300 ' 1150 : 61 1464 { ;;g
324 1162 62 | 1506
23-0 380 l 11190 [ 63 | 1550 1775
250 420 | 1210 64 1590 1-795
:2“7)-0 462 1-231 65 | 1640 1:520
0 526 1:263 66 168°4 1842
330 594 ' 1207 | 67 1730 1865 |
i

RELATIVE DENSITIES OF THE PRINCIPAL
OILS, FATS, &c.

Many experimenters have published the results of their deter-
minations of the specific gravities of genuine oils, &c.; in most
instances the observed limits of variation in this respect are not
very wide, being mainly dependent on the freedom from rancidity
and free fatty acids; the degree of refinement (or freedom from
mucilaginous matter, &c.); the age of the sample (whether
oxygen has been absorbed or not), and so on. In many cases a
measurable difference is observable between the density of the
oil first expressed, especially when cold drawn, and that of the
later portions obtained by the aid of heat, the latter being
generally heavier. The following figures are given by Schidler

"\
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as expressing the average values of the specific gravities at 15°
of a large number of the more commonly occurring vegetable and

other oils :—
8

Name of OiL Oil from Seed of Gravity

at 15°.

Almond oil, . Amygdalus communis, 8190
Arachis oil (earthnut onl), . Arachis hypogsea, 9202
Baesia fat (Illipé buttar), . Bassia lon ifolia, Roxb., 9580
Ben oil, . Moringa oleifera, ‘9120
Belladonna seed onl, . Atropa belladonna, 9250
- Beechnut oil, . Fagus sylvatica, 9225
Camelina oil ( gold of pleasu re). Camelina sativa, ‘9328
; Cacao butter, Theobroma cacao, 9000
Castor ail, . . . Ricinus communis, 9667
Cokernut oil . . . Cocos nucifera, 9250
Colza oil, . . Brassica campestris, ‘9150
Cotton seed oil (raw), . Gossypium herbaceum, 9224
(refined), . » 9230

Croton oil, Croton’ tlglmm, *9550
Enonymus oil (spmdel onl), Euonymus europsus, 9380
Grape seed oil, . Vitis vinifera, *9202
Hemp seed oil, . . Cannabis sativa, ‘9276
Gourd seed oil, . . . Cucurbita pepo, 9251
Hasgelnut oil, . . . Corylus avellana, 9154
Linseed oil (raw), . . Linum usitatissimum, 9299
w (boiled), . . oo 9411
Melon seed oil, . . Cucurbita pepo, 9251
Madia oil, . B . . Madia utxva, ‘9350
Mustardoil, . . . Sinapis nigra, 9182
Maize oil, . Zea mais, 9210
Nut oil (walnut 011), . . Juglans regia, 9260
Nutmeg oil, . Myristica moschata, 9480
Olive ol ( yellow), Olea europea, 9144
w nallty), ” ” 9177

Pin "l ggh h"see.d . ” ” 9196
e oil ( r m%m;l)’ X °‘1. Pinus picea, 9285

. . Elais guinensis, &c., 8046

y laed oil, . . Papaver somniferum, ‘9U6
owhom po‘)py oil, Papaver glaucium, *9250
Plum kernel oi Prunus domestica, 9127
Radish seed onl, N Raphanus sativus, ‘9162
Rape oil, . . . Brassica napus oleifera, 9157
rape oil, . . . Hesperis matronalis, ‘9282
Winter rape oil, . Brassica rapa olifera biennis, ‘0154
(refined), . ” " 9177

Sesamé oil 5 . . . Sesamum orientale, *9235
Sunflower seed oil, . . Helianthus annuus, *9262
Tobacco seed oil, . . Nicotiana tabacum, 9232
Weld seed oil, . . . Reseda luteola, 9358
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ANiMaL O1Ls, &c.

Name of Oil.

Source,

Seal oil, .
unﬁed),

»  (white),

‘;erm onr
hale oxl (tram oxl), .

P
Phoca vitulina, &c.,

Bone fat, . . . . Bones,
Cod liver onl . Gadus morrhua, &c.,
” lﬁed)v . ” ”
( bmlor)) . ”
Mutton tallow, . . . bhee

ena mysticetus,

. "

Ba{seber macrocephalus,

|
1
|

The following determinations of the specific gravity at 15° of
various soltd fats, &c., are given by Hager and Dieterich :—

[ Hager. Dieterich.
Beef tallow, . . 925 to ‘929 ‘952 to ‘953
Sheep s tallow, .« . ‘937 to -940 961
Hog’s lard, . . ‘931 to ‘932
Stearine, . o ! 971 to 972
Stearic acid (fused). . . . ' 964 e
. (crystallised), . . ‘967 to 969
Butt.er fat (clarified), . . 938 to ‘940
»»  (several months old). . 936 to ‘937
Artificial butter, . . . 924 to ‘930
Cacao butter (fresh), . . . ‘950 to ‘952 980 to -9S1
(very old), . . ‘045 to ‘946
Beeswax (yellow), . 959 to 962 963 to ‘964
»  (white), 919 to ‘925 973
Japanese wax, . ‘977 to ‘978 975
’ (very old), 963 to ‘964
Spermaceti, . 960
Colophony (Ametlcan), . 1:100 1-108
» (Frenc )s 1104 to 1:105
Gah(fot resin (purlﬁed), 1045
ozokerite, . 952
Ceresin (iellow). 925 to ‘928 ‘922
(half white), . . . ‘923 to ‘924 ‘920
»  (pure white), . . . 905 to -908 ‘918

The following valuations of specific gravity at 37°-8 C. = 100° F.
are given by Muter * :—

* Spon’s Encyclopedia of Arts and Manufactures, ii., p. 1,469. The
values quoted are the numbers expressing the weights of given volumes of
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oil. Limits of Specific Gravity. Average.
Almond oil, . . . 8980 to ‘9109 9056
Arachis (groundnut) 01] . . ‘9073 ,, 4020 ‘9085
Castor, . . . . 9550 ,, ‘9576 ‘9558
Cokernut, . . . . 9103 ,, 9152
Cotton seed (brown), . 9170 ,, 9197 9176
(refined—salad od), . ‘9130 ,, ‘9140 ‘9136
Cod ﬁsh oil, . . . . ‘9114 ,, “9220 ‘9176
Cod liver oil, . . . . . 9173 ,, 9180 ‘9179
Hemp seed oll, . . . . 9190 ,, ‘9.95 ‘9193
Lard oil, . . . . ‘9076 ,, ‘9082 8078
Linseed (mw), . . . . 9232 ,, ‘9300 9252
s (boiled), . . . . ‘9320 ,, ‘9440 ‘9380
Neat’s foot, . . . . . 9052 ,, “9079 9070
Nut, . . . . . . ‘9080 ,, ‘9090 ‘9085
Olive, . . . . . . 9052 ,, ‘9079 ‘9070
Poppy, . e e e 9150 ,, 9155 | 9154
Rape, . . . ‘9060 ,, “9077 9067
v reﬁned (Colm), e 0053 ,, 9065 9067
geal, . . . '9133 ’ 9;)32 gl;g
O . . . . . . 8672 ,, 6 87
vshue, . 9056 ,, “9066 9060

Since 1 c.c. of water weighs 1:0000 grm. at 4°, ‘99908 at
155, and ‘9933 at 37°:8, these values, when reduced to the
standard of « speciﬁc gra.vity at 378 referred to water at 15°-5”

(speclﬂc gravity at. 15° g) will be less in the proportion ggggs

t.e, less by 0-58 per cent. ; that is, less by from 0051 to ‘0056.
If reduced to the standard of “ weight at 37°8 in grms.

9933
10000 —>¢ by 67
per cent.; that is, less by from ‘0058 to <0064.

Classxﬂcatron of Oils and Fats, &c., according to their
Relative Densities.—The following tables are given by A. H.
Allen,* exhibiting the general classification of oils and fats, &c.,
according to their respective densities; the relative density at
15°5
the case of fats, &c., solid or nearly so at ordinary tempera-
tures :—

per c.c.,” tney will be less in the proportion

15°-D being taken in the case of liquid oils and that at —— in
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O1Ls Liquip At 15°C.

Specific Gravity at 15*3C. =G0°F.

Class of OilL
875t0 884, | 884 t0-012. | 912t0 920, | 920 to 937. | 957 to “970.
Vegetable None. None. | Olive. Cotton Japanese
oils. Almond. seed. wood.
Ben. Sesamé. | Croton.
Arachis. Sunflower. < Castor.
Rape. Hazelnut. Linseed
Colza. Poppyseed.  (boiled).
Mustard. | Hemp seed. Blown oils
Linseed - (manufac-
(raw). tured).
Walnut.
Cokernut
oleine
(manufac-
tured).
Essentially | More or less
non-drying | drying ods.
oils,
Terrestrial| None. None. | Neat’s foot.]| None. None.
Animal Bone.
oils. Lard and
tallow
oils (manu-
factured).
Marine Sperm. None. | Shark Whale. Noue.
Animal | Bottlenose. liver. Porpoise.
oils. Seal.
Menhaden.
Cod liver.
Shark
liver.
Free fatty None. | Oleic acid. " Linolic Ricinoleic
acids. acid. acid.
Hydro- Shale pro- | Shale pro- | Heavy None. Neue.
carbon ducta. ducts. Petroleam
oils. Petroleum | Petroleum | products.
products.| products.
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OuLs, &c., Pasry or Sowsp ar 15°5C. = @0°F.
Arranged according to their Specific Gravily when Melted.

Relative Density at 1:—3—;.‘
Class of Oil, &c.
750 to “800. 809 to 855, 855 10 *863. €63 to '867.
Vegetable None. None. Palm oil. Palmnut oil.
fats. Cacao butter.| Cokernut oil.
Japan wax.
Myrtle wax.
Cokernut and
Cotton seed
stearine
(manufac-
tured).
Animal fats. None. None. Tallow. Butter fat.
Lard.
]S)ugt. .
ripping.
Bonl:’.pfag
Oleomar-
arine
and Butterine
(manufac-
tured).
Vegetable None. Spermaceti. None. None.
ign'g‘ Animal Bl:eswux.
Waxes. Chinese wax.
Carnauba
WaX.,
Free fatty None. Stearic acid. Noae. Nons.
3 Palmitic acid.
Qleic acid.
Hydro- Paraffin wax. | Shale pro- Vasoline. None.
carbons. Ozokerite. ducts.
Petroleum
products.

with the plummet
' corrected for the
Mues are, therefore,
02 (p. 77).
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Rosin oils and rosin are not included in these tables, these
substances having specific gravities mostly higher than any
therein mentioned—viz., from ‘97 to upwards of 1-0; similar
remarks apply to some of the highest-boiling petroleum and shale
hydrocarbons.

Variation of Density of Oils, &c., with Temperature.—
Like most other substances, oils and melted fats, &c., expand

|

Ratio of Weight of & given Volume :

of Substance at ¢*, to that of the Mean |

same Volume of Water at 15°% Varistion |

Name of Ol or Fat, &c. cousidered as 1000. Al Eer:ult;n ©
Temp

t=133. 1 =40°-80". =98°-99°, l

' Arachis oil (groundnut oll), . | 922 867°3 66 |
Beeswax, . . ... (8356at80°| 8221 75

Butter fat, . . . . |ooalatdo°| 8677 | -62 |
Castor oil, . 9655 9096 65

Cod liver oil, . 927°5 8742 65 \

Cokernut oleine, . . |926-2 8710 67 '
Cokernut stearine, . e« | ... |895-9at 60°| 8696 67

Cokernut butter, . . . ... |[9115at 40°| 8736 64 .

Cotton seed oil, 925 8725 63 '

Doegling oil (bottlenose whnle), 8808 8274 64 '

Japanese wux, . . ... |901-8at60°| 8755 69 I

. . . ... [898:5at 40°| 8608 65 |
Linseed oil, . . . . |935 $80-9 65

Menhaden oil, . . . | 932 8774 65 |

Neat’s foot oil, . . . |914 8619 63 i
Niger seed oil, . . . | 927 8738 64

Palm butter, . . . . ... |893-0at 50°| 8586 72 |

Porpoise oil, . . . . 1926 8714 65 l
Rape oil, . . . . |915 8632 62

Seal oil, . . . . | 924 8733 €2 |

Sesamé oil, . . . . 1921 8679 62 i

Spermaceti, . . . . ... |835'8at 60°| 8086 72

Sperm oil, . . . . | 8837 8303 65 |
Tallow, . . . . . ... | 8950 at 50°| 8§62-6 67
Whale oil, . . . . | 9307 8725 70
gamﬁn walx, . . . .. |780°5at 60° 7530 72

ommercial ‘‘stearine” o -
c (crude sllbem-icl acid). . } . 185902t 60°' 8305 ‘
ommercial ‘‘oleine” (im- . . .

pure oleic acid), . } 9032 8484 66

on heating ; it is somewhat remarkable that nearly all bodies of
this description expand at about the same rate (within not very
wide limits of departure from the average), so that 1 c.c. of
substance always increases to about 1:00075 c.c. by rise of tem-
perature of 1°C. The effect of this on the density is to diminish
it in the inverse proportion; so that an oil, &c., the specific
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gravity of which at 15° is from 9 to ‘95, will become diminished
. . . ‘9 *95 . o

in specific gravity to 00075 to 100075 by rise of 1° in tempera~
ture—t.e., the diminution in the specific gravity is ‘00067 to
00071. Thus the preceding values were obtained by A. H.
Allen ; * for the sake of convenience, and to avoid decimals,
all the figures are multiplied by 1,000.

From these values it results that whilst glyceridic oils fluid
at the ordinary temperature diminish in specific gravity between
15° and 98° C. at close to the average rate of ‘64 per 1° (uncor-
rected for plummet expansion ; somewhat more when corrected),
glycerides of higher melting point (like Japanese wax and palm
butter) and waxes (beeswax, spermaceti, paraffin wax) diminish
in specific gravity at a slightly higher rate, averaging about 07
per 1°. In all cases, however, the rate is sensibly near to
9

-

3 x ‘001 per 1° C., reckoned on the usual specific gravity scale

(water = 1) and not multiplied by 1,000.

Figures closely concording with these have been subsequently
obtained by other experimenters ; thus 0. A. Crampton 1 found
for various samples of lard, lard stearine, beef fat, oleostearine,
cotton seed oil, and olive oil, coefficients of expansion between
15° and 100° lying between ‘000715 and '00?797, averaging close

to 00075. Since the relative density at % of these substances
was found to lie between ‘9065 and ‘9220, the average decrement
in density per 1°C. rise in temperature was close to 0'69 on the
thousandfold scale. W. T. Wenzell found?} that olive oil,
mustard seed oil, castor oil, sperm oil, and cod liver oil expanded
to almost exactly the same extent in each case between 16°-7 and
44°4 C. (62° and 112° F.); the increment in bulk being 2 per
cent., all the substances being examined in the same dilatometer.
This represents an apparent coefficient of expansion per 1° C.
of 00072, which, when corrected for the expansion of the glass,
becomes ‘00073, or practically the same figure as that found by
Crampton ; and indicating an average decrement in density
per 1°C. rise in temperature of 065 to 0:69. On the other
hand, Lohmann states § that 1,000 volumes of olive oil increase

*Commercial Organic Analysis, vol. ii., p. 17, et nr{. The values at
the higher temmatum were mostly obtained by a plummet apparatus
(Westphal’s hydrostatic balance), and not corrected for the expansion of the
glass plummet used, the object being simply to make comparative estima-
tions ; hence many of the tigures in the last column are somewhat too low
by about 01 to -02 (vide p. 77).

tJourn. Soc. Chem. Ind., 1889, p. 550 ; from Amer. Chem. J., 11., p. 232.

$ Analyst, 1890, p. 14.

§Schidler’s Technologie der Fetie und Oele, 2nd edition, edited by
Lohmann, p. 91. '
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by 083 volumes for 1°C. rise of temperature; whilst the
analogous increment for rape oil is 0-89, and for train oil, 1-00;
figures perceptibly higher than those found by the other observers
above mentioned.

VISCOSIMETRY.

In order to obtain valuations of the so-called ¢ viscosity” of
oils, &c., as approximate measurements of their relative lubricat-
ing powers, two classes of methods are in use—viz., those where
the measurements are made by observing the mechanical effects
produced by applying the oil, &c., between two conveniently
arranged surfaces in motion with respect to one another; and
those where the oil to be examined is made to pass through a
given tube or orifice, and the time of passage of a known quan-
tity is noted. From the practical point of view, obviously the
most valuable measurements of the kind are those obtainable by
imitating as nearly as possible the conditions under which the
lubricant is to be used—i.e., the power of overcoming friction is
best measured by a testing machine precisely similar to that for
which the lubricant is required ; quick moving spindles, rapidly
revolving axles in journal boxes, or heavy slow moving shaft-
ing, &c., being employed as occasion requires. Such measure-
ments, however, can only be properly carried out in compara-
tively large establishments, and are not at all adapted for use in
laboratories where the chemical nature of the oils is investigated
and their general characters tested ; accordingly, in these cases,
methods of the second kind are now usually employed, since ex-
perience has shown that the comparatively small sized mechanical
testing machines of various kinds that have been invented for
the purpose are apt to give results more discordant amongst
themselves, and less faithfully representing the actual lubricating
values of the substances examined, than those obtained by
apparatus for the determination of “efflux velocity” (incorrectly
designated ¢ viscosity ”).

Of the numerous simpler forms of mechanical testing arrange-
ments that have been proposed, one of the earliest (M‘Naught’s
pendulum machine) is also one of the least unsatisfactory ; this
consists of two discs, the lower one provided with a raised edge
and attached to a vertical spindle revolving in bearings, the
upper one resting on a pivot. The space between the two discs
is filled with the oil to be tested, and the lower one made to
revolve at a given speed. The friction due to the oil would in
time cause the upper disc to revolve too; but this motion is
prevented by means of a projecting pin in contact with a
pendulum. In consequence, more or less pressure on the pen-
dulum is produced, diverting it from a vertical position ; the
;i]:gree of displacement affords a measure of the resistance of

e oil.
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Bfiux Method.—The simplest arrangement for making com-
perisons between different oils, &c., as regards their efflux
velocities, consists of an ordinary pipette
filled up to a given mark on the stem
with the oil to be tested, the time being
noted requisite for the oil to run out
either completely, or down to some
lower mark. Fig. 16 represents an in-
strument on this principle devised by
Schiibler, the upper part of the pipette
being expanded into a reservoir, with a
scale attached indicating the level to
which the fluid sinks; for comparative
observations, the reservoir is filled to a
given level, and the time determined
during which the level sinks to a given
extent, (a) in the case of the substance
tested, (b) in the case of some other
substance taken as standard.

The time ratio thus deduced does not
represent the relative time for equal
weights, but that for equal volumes; so that to deduce the

ratio for equal weights the value :‘ must be multiplied

2

by :?l{." where d is the relative density of the substance examined,

and ld.z that of the standard substance. Thus if the substances
contrasted were sperm and rape oils, and the respective times
requisite for the same volume to flow out were 40 and 120
seconds, whilst the relative densities were ‘880 and ‘915 re-
%};ectively, the relative eflux rate for equal weights would

b dy_ 40 x 915
i ¥ dy = 120 % 880 = AT

As the time of eflux varies markedly with the temperature
(usually diminishing as the temperature rises), such comparisons
must necessarily be made under constant conditions as to tem-
perature.

In order to ensure uniformity of temperature in different
experiments the results of which are to be compared together,
the vessel containing the oil may be conveniently surrounded
with a jacket containing water or melted paraffin wax. Fig. 17
represents an arrangement of the kind described by E. Schmid,
also containing a device for maintaining a constant pressure
during the outflow, instead of having a continually varying
“ "’ a8 in Bchiibler’s instrument. The vessel containing the
oil, A, is & sort of pipette, excepting that the upper end consists
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of a tube, B, passing down inwards to a point, F, near the base
of the expanded part. The upper end of B is closed by a stopper,

Fig. 17.

D, so that when the stopper is in, no air can enter, and, con-
sequently, no oil runs out at G; but on removing the stopper the
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oil flows out. The pipette is filled by removing the stopper,
inverting it with the end BD immersed in the oil, and sucking
up at the other end, G, until full, when it contains some 50 c.cs.
The stopper being replaced, the pipette is fixed in position inside
the water jacket, heated to the required temperature in the
ordinary way by means of the projecting tube ; a stirrer, R, with
an annular plate at the end is provided ; by moving this up and
down the temperature is equalised. When the required tem-
perature is attained the stopper is withdrawn and the time
ascertained requisite for a given volume of oil to run out; as
long as the level of the oil in the pipette does not fall below F,
the pressure or “head” under which the oil issues at G is mani-

Fig. 18.

festly constant, being that due to a column of oil of length, GF.
By employing high-boiling paraflin oils, &e., in the water jacket,
the relative efflux times at high temperatures can thus be readily
determined for various oils.

7
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With all instruments of this description a variable amount of
friction is brought into play as the oil passes through the efflux
pipe, especially when this is conical; so that varying results are
often obtained with different instruments. This source of error
is best avoided by doing away with the eflux tube altogether,
substituting for it a hole drilled in a plate of glass or agate.

Redwood’s Efflux Viscosimeter.—Figs. 18 and 19 repre-
sent Boverton Redwood’s form of viscosimeter, consisting of an
interior silvered copper cylinder, about 1} ins. diameter and
34 ins. deep, containing the oil to be examined; the bottom
of this is furnished with an orifice, consisting of a hole bored
through an agate plate, the top of which is excavated into a
hemispherical cavity, so that a small brass sphere attached toa
rod and dropped in forms a sufficiently tight valve. An outer

Fig. 19. Fig. 20.

jacket is provided with a closed copper tube projecting therefrom
downwards at an angle of 45°, so that by heating this “tail” in a
Bunsen or spirit lamp flame, the temperature of the liquid (water,
oil, melted paraffin wax, &c.) in the jacket can be raised as
required. A revolving agitator to equalise temperature in the
jacket is provided, with a thermometer attached, a second ther-
mometer being supported in the oil by a clamp fixed to the
cylinder. The whole rests on a tripod stand furnished with
levelling screws. The constancy of initial level of oil inside the
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cylinder is assured by means of a gauge consisting of a small
internal bracket with upturned point.

When an observation is to be made the bath is filled with
water, or heavy mineral oil, &c., and heated to the required tem-
perature. The oil to be tested is also heated to this temperature
and poured in until the level of the liquid just reaches the point
of the gauge. A narrow-necked flask, holding 50 c.cs., is placed
beneath the jet immersed in a liquid at the same temperature
as the oil. When all is ready the ball-valve is raised and a
stop-watch started, and the number of seconds requisite to fill

Fig. 21.

the D0-c.c. flask noted, care being taken that the temperature
does not fluctuate during the time, and that the oil is per-
fectly free from suspended matter, such as dirt or globules of
water.

In order to obviate the necessity of always using the same
volume of oil (indispensable in order to end with the same
difference of level, and consequently maintain the same average
head or pressure throughout), A. H. Allen makes an addition
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consisting of an airtight cover, Fig. 20, perforated by two holes,
one of which, A, is furnished with a tap, B, while the other has
another tube screwing airtight into it. This tube, C, is pro-
longed on two sides in contact with the agate orifice, whilst the
angles of the inverted V-shaped slits cut on each side terminate
at D, exactly 1} inches higher. The cylinder is completely
filled with oil before commencing an observation, the tap, B,
closed, and the orifice opened till the oil sinks to the level of D

in the inner tube. Air then bubbles regularly in at D ; when
this happens, the temperature is noted and the oil collected in a
graduated receiver. Any volume from 10 to 50 c.c. can thus be
run out, as the oil falls in the upper part of the cylinder, but is
maintained constantly at the level, D, in the inner tube. Five
consecutive valuations of 10 c.c. each may thus be made, whilst
50 c.c. run out.

A
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Several other forms of viscosimeter have been constructed by
other experimenters, based on the efflux principle. Fig. 21
represents in section Engler’s instrument; a slightly modified
form of this by Engler and Kinkler* is largely used on the
continent.t Fig. 22 represents a simple form recently constructed
by G. H. Hurst.} The oil, &c., to be examined is run into the
innermost vessel up to a given height determined by a gauge-
pin, and heated up to the required extent by applying a Bunsen
burner or spirit lamp to the heater at the side, connected by two
tubes with the water reservoir surrounding the oil chamber, so
as to heat the water by circulation. The temperature of the oil
is observed by means of a thermometer placed therein (usually
this registers about 6° F. below the temperature of the water in
the jacket); when the required temperature is reached, the
central valve is raised, and 50 c.c. of oil allowed to run out into
a measuring flask underneath, the time of efflux being noted.
Obviously, with this instrument, the head under which the
liquid issues is continually diminishing as it flows.

Standards of Eflux Viscosity.—In actual practice, water is
too fluid to be a convenient standard substance; rape oil is
usually chosen in preference, because, notwithstanding the un-
avoidable differences that exist between samples from seeds
grown in different countries and soils, these differences are
usually not extremely wide. Definite mixtures of pure glycerol
and water, however, can be readily prepared, possessing almost
any required higher degree of * viscosity,”§ and capable of use
as standards of comparison of considerably greater uniformity,
when prepared by different operators at different times, than is

ssible with natural products such as rape oil.

The following tables are selected from the numerous results.
published Ly various authorities, as illustrating the general
character of the numbers obtained with *viscosimeters” of
different kinds for determining the relative efflux rates of
different natural-oils, &c., and lubricants made therefrom, or
from petroleum and other hydrocarbons, and the effect of varia-
tions of temperature on the values. The figures obtained by

* Jowrn. Soc. Chem. Industry, 1890, p. 654 ; from Dingler's polyt. Journ.,
276, p. 42,

1'1{) still more recent form is described by Engler, with special in- -
structions for its use (Journ. Soc. Chem. Ind., 1893, p. 291 ; from Zeits.
ang. Chem., 1892, p. 725).

% Journ. Soc. Chem. Industry, 1892, p. 418.

§ With the viscosimeter above described, Boverton Redwood finds that
the relative times requisite for 50 c.c. of water and genuine rape oil to flow
out at the temperature of 155 C. (60° F.) are 255 and 535 seconds
rens)ectively, taking the average of various samples of pure oil. A. H. Allen
finds that glycerol diluted with water until the specific gravity at 15°5 is
1226, possesses the same degree of viscosity as average rape oil when
tested in the same way.
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Schiibler represent the ¢ viscosity degree” (viscosititsgrad) or
“relative viscosity” of the respective oils—i.e.,, the relative
times requisite for equal volumes to pass (at 7°-5 and 15° C.
respectively), the times required by the same volume of water
being taken as unity ; those quoted from the other authorities
are not thus reduced but are simply the actual times directly
observed with the particular instruments used : —

|

Relative Time in Seconds (Schiibler).

| Olls, &c., Used.

Sperm oil,
Olive oil,

Neat’s foot 011
Tallow oil, .
Engine tn.llow, .

' Relative Time in Scconds (Wilson). |

Namo of Oil. \ - -

Plant from which derived. | Atzsc. | Atisvoc,]

Castor oil, I Ricinus communis, ‘ 3770 | 2030

Olive oil, ' Olea europea, 315 216

Hazelnut oil, { Corylus avellana, 24°2 184 !

Colza oil, Brassica campestris oleifera, 22-4 180
Rape oil, Brassicarapaoleiferabiennis, 226 17-6
Beechnut oil, . Fagus sylvatica, 26-3 17-5
White Mustard oil, Sinapis alba, 240 17-4
Almond oil, . Amydalus communis, 233 166
Spindlenut oil, - | KEuonymus europeus, 233 159
Black mustard seed oil,  Sinapis nigra, ;194 156
Poppy seed oil, . . Papaver somniferum, ¢ 183 136
Camelina seed oil, | Myagrum sativum, | 17-7 132
Belladonna seed oil, | Atropa belladonna, 17-3 131
Sunflower oil, i Helianthus annuus, 164 126
Turpentine oil, Pinus sylvestris, 167 11'8
oil, . Lepidium sativum, l 14-4 11-4
Grape seed oil, ! Vitis vinifera, 142 1190

Plum kernel oil, i Prunus domestica, o147 103 |

Tobacco seed oil, | Nicotiana tabacum, i 135 [ 100
Walnut oil, . Juglans regm. | 118 | 97
Linseed oil, . ' Linum usitatissimum, o115 97
Hemp seed oil, i Cannabis sativa, 119 ' 96

At 40°C.

= 120v F,
4 305

92 375
™ 38

108 4125

loe 4025
| 143 37
| Solid. 1l

At 82¢ C.
=180° k. '
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Refined Rape Odl... N o

Sperm 04 .. st e esa g s asatesun et e asaeees ——
American Hnwml Od p. gr. m fh e ————
N3 .

DI A

ceneh o P———

MW R e W EE e s e M0 10 W MO 0 KO BN KD T ke Ye W uw S e W M sw

! Fxg 24, —Tcmperature in Degrees Fahrenhext

[ Relative Time in Seconds (Allen). |
Ofls Employed. i T ‘ —
. Grav. At 1505 C. At 50° C. At 1000 C,
| 55C. | LOF. | mizeF - 2120 F.
| .
Spermoil, . . . 881 | 80 47 38 !
Seal oil (pale). . . ‘924 131 56 43 '
Northern whale oil, . | 931 l 16 6 | 46 |
Menhaden oil, . . ‘932 172 40
Sesaméoil, . . . 921 | 168 65 5 |
Arachis oxl . 922 | 180 64 |
Cotton seed oil (reﬁned), ‘925 | 180 ' 62 ' 40 i
. Niger seed oil, . 927 | 176" 59 SR -
' Olive oil, . . . ‘916 187 62 [ 43
- ‘ Rape oil, . . . ‘915 ' 261 ! 80 45|
. Castor on] . . . 965 2420 330 ‘ 60 |
|
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Relative Time in Seconds (Redwood).

l
|

200¢ F. IWF |3N'l-

80° F. I 70° F. | 100° F. | 140°F.

|
Refined rape oil, No. 1'1"125 405 | 147 ‘105'5 985 | 4325,

. ,, 406 |146 {1065 575 | ...
" »oal o |4055]147 |1065 575 | oo |
. won| D aer 1475 0060 (585 |
Beef tallow, . . vos o o [ 54775 |

Sperm oil, . . .. [1368| 60°5| 5075 42 3475 30
eat's foot oil, . . | 620 | 366 |126 884 144 38
Anierican minceral oil, -
specific gravity, '885} I 145 | 0 17 41
American mineral oil, ) - > | a4 l
evecific gravity, -023 { | 11030 | 485 126 | 82 'a2 | ..
Russian mineral oil, | 2040820 174 116

specific gravity, 909 J | & | 485 ' !
j Russian mineral oil, } oo | .. 531 31759925 ] 59025| 42
a ... |

|

Redwood’s results are indicated graphically by the curves
indicated in Figs. 23 and 24.

Relative Time in Seconds (Hurst).

70° F. ' 100° F. ! 120° F. ' 150° F. ‘ 180° F.
Castor oil, . . 1,248 | 4875 | 2015 91 1 48
Thickened rape Ol] . | 1,370 3315 | 2795 1 156 783
Sperm oil, . . 585! 364 26 | 195 17
Colza oil, . . . 131 56 44 325 28
Whale oil, . . . 12871 61 4 | 285 28
Tallow oil, . . . 105 63 45 ' 30 20
Cotton oil, . . . 100 55 490 | 25 20
American 885 oil, . . 68 35 23 1 15 14
American 905 oil, . . 113 4 ' 325 19°5 18
American 915 oil, . . 140 47 | 36 21 195
Scotch 865 0il, . . 325 2 ' 18 | 155 | 13
Scotch 8850il, . . 585| 26 | 22 . 18 15°5
Scotch 890 nil, . . 715 39 26 195 17
Russian 906 oil, . . 2025, 975 56 I 30 22
Russian 911 oil, . . 462 143 91 825 26
Rosin oil, dark, . . 1525| 975 38 22 18
Rosin oil, pale, . . 1365 494 25 | 18 17
Cylinder “oil, mcdlum, . 1 385 255 170 v
Cylinder oil, pale, . e 405 ‘ 120 90
Cylinder onl dark, l . l 890 490 230 100

As further illustration of the effect of rise of temperature in
diminishing the rate of efflux, the following figures may also be
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quoted, obtained by Villavecchia and Fabris, whilst investigating
certain lubricating oils* for excise purposes:—

! Effiux Rate referred to Water at 1
" Lubricating oil. |— ‘
| | At 2°C. l At 50° C. !
—- _
No. 1 i 4439 681
‘ . 2 | 5107 594
I . 3 ! 40-85 550
4 3877 | 603
! ] ! 72:09 ; 835 |
| 5 O 7°92 | 9'66 !
1 w T 56-03 571

Thus, the effect of a rise in temperature from 20° to 50° is to
diminish the efflux rate to 3 - % of the original value, the effect
being more marked with the more viscous fluids.

According to experiments by Bender,t when an oil is chilled
to - 20° for some time, and then warmed up again, the efflux
viscosity value at the ordinary temperature is often considerably
increased as compared with what it was previously at the same
temperature of observation, thick oils usually showing a greater
increment than thinner ones. On the other hand, if oils are
heated up to 50° or 100°, and then allowed to cool down again
to the air temperature, the thicker oils become perceptibly
thinner, whilst the thinner oils are less affected.

Lepenau’s Leptometer.—This instrument is based on a
principle somewhat different from that involved in the above
described forms of efflux viscosimeter, inasmuch as it depends not
only on the rate of flow through a given orifice, but also on the
amount of surface tension called into play when drops are formed
in air. It consists essentially of a pair of precisely similar
cylinders, B B (Fig. 25), immersed in the same bath, A, one of
which contains the oil to be examined, and the other another oil
used as standard of comparison ; the relative rates are noted at
which drops form as the oil passes through equal sized capillary
tubes, r, r, the dimensions of which are too small to permit of
continuous streams being produced, the quantities flowing out in
a given time being weighed or measured.

All these various forms of instrument are subject to one
constant source of error—uviz., that the forces coming into play

* “Report of the Central Laboratory of the Italian Customs’ Depart-
ment, 1891 ; also Journ Soc. Chem. Induastry, 1891, p. 390.
+ Journ. Soc. Chem. Industry, 1891, p. 936; from Mitth. Konig. techn.

wclu., Berlin, 1891, p. 100.
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when a viscous liquid passes through a tube or orifice under
given conditions of temperature, &c., are not the same as those
obtaining when the liquid is used as a lubricant for shafting,
quickly rotating spindles, axles, and the like; and, consequently,
that the figures obtained by means of such testing appliances are
onlyapproximations (and not always
close ones) to the relative values
of the substances examined, when
practically applied for lubricating
purposes.
Determination of Viscosity in
Absolute Measure.-When liquids
are examined possessing a compara-
tively low degree of viscous charac-
ter, the rate of flow throughanarrow
orifice does not represent the true
physical “viscosity,” because a large
proportion of the result is due to
flow pure and simple without any
“shear ;” accordingly, when a com-
paratively long narrow accurately
calibrated tube is made use of as
the jet, figures are obtained not
always showing close agreement
with those yielded by the ordinary Fig. 25.
forms of eflux apparatus. Accord-
ing to mathematical investigations by Poiseuille and others, the
coefficient of friction in narrow tubes is given by the formula
N = wpr‘t
L1

where 7 is the coefficient of friction, ¢ the time of efflux, v the
volume of fluid discharged, p the hydraulic pressure, / the length
and r the radius of the capillary tube, and s the specific gravity
of the liquid.* Starting trom this, E. J. Mills has made some
measurements in absolute measure of the coefficients of friction
for various liquids, including water, and sperm, olive, lard, and
castor oils. T

On the C.G.S. system (centimetre, gramme, and second as units
of length, mass, and time respectively) Poiseuille’s formula becomes

= Tprit

2= x 9811,

sccond term in addition to

1887, p. 414.

(“
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where v is given in cubic millimetres, and r, /, and p in milli-
metres ; from this formula and his experimental results, Mills
deduces the following values at 12° (*.: —

-
| |
Specific Gravity. l Value of . | Relative Viscosity,

| Water=1.
- o |
Water, - . . . 1000 I 011713 | 100
Nperm oil, . . . "88789 ! ‘68828 | 5876
Oliveoil, . . . 02043 11393 9727
Lardoil, . . . *92051 16283 13903
Castoroil, . . . i 96541 l 21-721 | 1854°4

Obviously these relative viscosity values are very dissimilar
fromm Schiibler's numbers for castor and olive oils compared with
water, although the ratios between the values for the oils alone
do not differ so widely in the two cases; this chiefly arises

Fig. 2.

from the error attaching to the viscosity determination in the
case of water by the eflux method through a jet, as compared
with the true value through a long narrow tube.*

* The determinations of absolute ‘‘ viscosity ” values of solutions of gum
relatively to water made by noting the times required for given volumes tn
pass through a known capillary tube, show similar differences when compared
with the corresponding values obtained with a * jet ” apparatus, such as a
burette (vide paper by S. Rideal, Journ. Soc. Chem. Ind., 1891, p. 610).
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Coefficient of Friction in Capillary Tubes,—Traube has
constructed an arrangement for determining with considerable
accuracy and speed the friction coeflicients for oils and other
liquids passing through capillary tubes under pressure. Fig. 26
represents this apparatus.* A is a Marriotte bottle filled with
water, which serves to compress air in the reservoir B, and to
keep the pressure constant; B is connected by means of a pipe
and cock to the efflux apparatus H, consisting of the bulb G
(provided with two marks to permit the measurement of volume
of liquid to be discharged) and the capillary tube E. ‘The
reservoir B is filled by means of a pump attached to branch and
stopcock. When the observations are to be made at temperatures
above that of the atmosphere a suitable airbath is employed.
When required to be cleaned, ether is forced through the tube.
With tubes of different diameters, the relative times observed for
water and oils of high viscosities are not identical ; but for oils
of considerable viscosity the differences are not great; thus, the
following figures were observed with a cylinder lubricating oil
and with olive oil as compared with rape seed oil, being the
respective times of efflux in seconds :—

I
| Diameter of tube in milli- | 15 l 08 : 05

| metres, . . .
| :
Rape seed oil, . 79°0= 508 242= 513 | 1503= 508

l

Cylinder oil, . . ll 1000| 472=1000 ' 2960=1000
|
l :l;~4bll2"2— 470 | 1364= 46°1

| Olive oil, .

In all probability the conditions existing when oil is forced
through a eapillary tube are more nearly akin to those obtaining
with a film of oil lving between a shaft and its journal box than
are those subsnstmg in the ordinary forms of efflux viscosimeter ;
and hence it is probable that the results of valuations on
Traube’s system would be valuable as determinations more
closely approximating to the actual practical lubricative values.
Traube’s apparatus, however, is far less convenient for ordinary
laboratory work than Redwood’s or Engler’s viscosimeter.

* Journ. Soc. Chem, Ind., 1887, p. 414.
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§ 3. Chemical Properties of Oils, Fats,
Butters, and Waxes.

CHAPTER VI

PROXIMATE CONSTITUENTS AND THE METHODS USED
FOR THEIR EXAMINATION AND DETERMINATION.

VERY few, if any, natural oils, fats, and waxes consist of one
single chemical substance; almost invariably two, and often
many more constituents are present, the most marked distinc-
tion between which is that some are solid at the ordinary tem-
perature (when obtained separate), others liquid; the former
often deposit in the solid form on chilling, so that a fluid oil,
when chilled and pressed, yields a solid so-called * stearine’” and
a liquid so-called “ oleine ” * as first proximate constituents. In
similar fashion semisolid butters and hard fats, like tallow, can
be shown to contain a solid and a liquid constituent in each case,
the consistency of the material, roughly speaking, depending
simply on the relative proportions of the two substances. When
“oleine” largely predominates the substance is an oil; when
stearine,” a hard fat ; and when the two are in intermediate

“The terms ‘‘stearine” and ‘‘oleine’ are practically employed in
several different senses, a circumstance apt to lead to considerable con-
fusion. In the strict chemical sense, stearine is the glyceride of stearicacid,
C3H;(0.C3H3;50),, and oleine the glyceride of oleic acid, C3H3(0.C,3Hy30)5;
but in the oil trade generally the two terma are applied to indicate respec-
tively the solid and liquid constituents into which a fat or chilled oil can
be mechanically separated, irrespective of the actual chemical composition
of these constituents; whilst in the candle manufacture they are used to
denote the analogouns solid and liquid fatty acids obtainable from fatty
matters by saponification and mechanical pressure, &c. Similar mixtures of
free fatty acids and other substances are also obtainable by subjecting to
distillation various kinds of grease (e.g.. Yorkshire grease— Chap. xir.);
when these are chilled and pressed they are separable into solid and
liquid portions, generally designated as *‘distilled’’ stearine and oleine
respectively. In the present work the pure chemical triglycerides are dis-
tinguished by the termival “in” (e.g., stearin, olein, &c.); whilst the
commercial articles are indicated by names ending in ‘‘ine” (e.g., ‘* dis-
tilleld ? oleine, candlemakers’ stearine, oleomargarine, &c.). In similar
fashion, the pure chemical compound C3gH;(OH); is referred to as
¢« glycerol,” whilst the commercial products mainly consisting of this bedy,
but in a varying state of purity, are distinguished as glycerine (vide p. S).
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proportions, a more or less buttery consistence is possessed at the
ordinary temperature (near 15° C.)

The further investigation of the solid and liquid constituents
thus obtainable from a given oil or fat ; of the variations in their
relative proportions and natures according to the so0il and climate
and other conditions under which the plant was grown in the
case of vegetable oils or butter, or the species and habitat of the
animal in that of an animal oil or fat ; of the effect of cultivation
and domestication, and various similar points, have hitherto
received but little attention. There appears, however, to be
some reason for supposing that very considerable differences in
the relative amounts and even in the chemical nature of the
various constituents of a given oil, &c., may, at any rate in some
cases, be brought about by such causes; thus, very different
results have been found by various experimenters who have
examined different samples of the same kind of oil—e.g., in
the case of arachis oil (groundnut oil), where several succes-
sive chemists have succeeded in isolating considerable amounts
of hypogeic acid for the purpose of studying that substance
and its derivatives, whilst more than one other chemist has
found either none at all, or practically none, in the oil ex-
amined by him; and where, moreover, some observers have
found more or less considerable amounts of palmitic acid, and
others none at all. Similar discrepancies in the results obtained
by different investigators have been noticed in several other
instances, thus leading to the conclusion that marked differences
are apt to exist in the nature of oils and fats prepared from
seeds, &c., grown under different conditions, just as is well
known to be the case with fruits and other vegetable produce, as
regards the saccharine matter and other constituents present
therein. Even without taking into account these natural varia-
tions, however, the knowledge at present extant of the proximate
constituents of many of the more commonly occurring oily and
fatty matters is decidedly scanty ; whilst a very large number of
similar substances exist (in many cases of great local importance,
although not always materials largely exported or imported or
otherwise dealt with commercially) concerning the general com-
position of which accurate knowledge is hitherto entirely want-
ing. Many such products promise in the near future to be
important articles of trade, as svon as their respective values for
perticular purposes are better ascertained, and the best means
to be adopted of extracting and refining them so as to render
them marketable ; in Central and Southern Africa, and in many
other parts of the world, the progress of civilisation is continually
tending to bring into notice new products of this kind, many of
which only require attention being called to them to demonstrate
their commercial value.

The separation from one another of the different glycerides,
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&c., contained in a given “stearine” or “oleine” is, in most
cases, a very difficult problem, more especially if required to be
performed in such a fashion as to give an approximate idea of the
relative proportions in which they are present. As a rule, the
best results are obtained by saponifying the mixture, and
applying methods for the separation of the resulting fatty acids,
either by mechanical means (chilling and pressing out the
more liquid portions) or by chemical processes. For example,
the lead salt of oleic acid is soluble in ether, whilst lead stearate,
palmitate, &c., are practically insoluble in that medium ; so that
by converting into lead salts the mixture of free fatty acids
obtained on saponification and acidulation, and treating the mix-
ture with ether, a partial separation may he effected, lead oleate
with comparatively small quantities of stearate, palmitate, &c.,
being dissolved out, and lead stearate, palmitate, &c., with small
quantities of adhering oleate being left. With a mixture of solid
fatty acids (palmitic, stearic, arachic, &c.), fractional crystallisa-
tion from alcohol of the mixed free acids; fractional precipitation
as insoluble salts (of lead, magnesium, &c.); fractional crystal-
lisation of certain salts (e.g., magnesium salt) from alcohol or other
appropriate menstruum ; and similar processes are applicable in
various cases ; but the complete examination of mixtures of fatty
acids in this way is so laborious, that it has been thoroughly
carried out in but very few instances. In the case of fractional
precipitation, as a general rule, the acid of higher molecular
weight precipitates first; thus, with a mixture of arachic, stearic,
and palmitic acids in approximately equal proportions, precipi-
tated as salts in several fractions, the first fraction will be
chiefly a salt of arachic acid, and the last will contain little
besides palmitate.

Some oils and fats contain appreciable quantities of the
glycerides of acids of sufficiently low molecular weight to be
volatile along with the vapour of water at the ordinary atmo-
spheric pressure. In such a case, after suponification and acidula-
tion, an acid distillate is obtainable by boiling, preferably by
blowing through the mass a current of steam' from a suitable
wenerator. The weakly acid aqueous fluid may then be neutralised
with an alkali, evaporated to a small bulk, and decomposed by a
mineral acid; or converted into silver or barium salts, &c., and
further examined. If more than one volatile acid be present, a
separation may often be effected by fractional precipitation as
silver salt, &c.; or enough mineral acid may be added to liberate
a fract’on of the total organic acids from the evaporated solution
of alkaline salts, and the distillation repeated ; the acid of lowest
molecular weight will then pass over. By similarly liberating
successive fractions and distilling alternately, a series of distillates
will be obtained, the-acids of higher molecular weight being
contained in the respective later fractions (Liebig).




PROXIMATE CONSTITUENTS. 113

When a mixture of acids volatile with steam and others not
volatile therewith is present, if, instead of blowing steam through
the whole mass, the insoluble fatty acids be allowed to float up
in a fused condition, and are then removed (after cooling and
solidifying), the remaining aqueous liquor is often found to
yield perceptibly less volatile acid, a portion having been dis-
solved by the insoluble acids, mnuch as ether dissolves out various
substances from aqueous solution when agitated therewith. In
consequence of this, it is often impossible to obtain a constant
weight of the insoluble fatty acids thus obtained on drying at
100°, unless they have been repeatedly treated with boiling water,
so as to remove soluble constituents (vide Chap. viil, ¢ Hehner
Number”); otherwise, the small quantity of volatile acid present
slowly evaporates, giving a# continual small loss. In some cases,
this by and by becomes balanced by gain in weight through
oxidation (by spontaneous absorption of oxygen from the air),
and later on still the gain from this cause predominates.

By means of superheated steam the fatty acids of higher
molecular weight may be pretty readily distilled; but any-
thing like a complete separation of closely related homologous
acids (e.g., myristic, palmitic, and stearic acids) in this way by
processes of fractional distillation is difficult, if not impossible ;
and the same remark applies to distillation under greatly dimin-
ished pressure (in a partial vacuum). In some cases fractional
saturation with alkah, &c., of a mixture of acids will cause a more
or less complete separation, one combining with the base to the
exclusion of the other: more often the base becomes shared between
the two in proportions depending on the relative masses present.
Thus Thum found #* that when a mixture of equal weights of
stearic and oleic acids is dissolved in hot alecohol and treated
with a quantity of alcoholic potash sufficient to saturate only
one half of the total acids, a mixed soap is obtained, which (when
separated from the uncombined excess of fatty acids by means of
petroleum ether) consists substantially of equal quantities of
potassium stearate and oleate ; the free acids similarly consisting
of stearic and oleic acids in sensibly the same proportion.

A good deal still remains to be done in the case of a consid-
erable number of vegetable oils in the way of identifying and
quantitatively estimating their various proximate constituents;
and much the same remarks apply to certain animal oils, more
especially “train oils” from marine cetaceans, as regards not
only the acids present but also the alcoholiform constituents ;

¢ Zeitach, f. angew. Chemie, 1890, p. 482.

1 A similar state of matters is observed when a given fatty acid acts on
a mixture of caustic potash and caustic soda ; both potash and soda soaps
result in proportions sensibly near to those in which the two alkalies are
present in the mixture ; and not one kind of soap to the exclusion of the
other (ride Chap. xx1.) 8



114 OILS, FATS, WAXES, ETC.

whilst it is known that certain of these oils are mainly composed
of compound ethers of non-glyceridic character, which furnish on
saponification acids mostly of the oleic family, and as comple-
mentary products, alcohols of moderately high molecular weight
(e.g., dodecatylic alcohol, C;;H,40, from Doegling oil), the complete
investigation of the proclucts thus formed has been attempted
in very few instances indeed, and much still remains to be done
in this field ; it appears, however, that besides alcohols of the
ethylic series, others of a non-saturated character are also present
in some of these oils, as the alcoholiform constituents extracted
are in many cases capable of combining with iodine, leading to
the conclusion that higher acrylic alcohols are also contained as
compound ethers in addition to cetylic alcohol homologues.

Free Fatty Acids and Higher Alcohols contained in
Natural Oils and Fats, &c.—Owing to the presence of mucila-
ginous, albuminous, or gelatinous matters in most crude vegetable
oils expressed from seeds, or animal fats and oils obtained from
animal tissues, it generally happens that a perceptible amount
of hydrolysis of glycerides is brought about in the process of
extraction, due to the influence of these substances and the
fermentative changes rapidly undergone by them; even when
solvents (such as light petroleum oil, carbon disulphide, or ether)
are used for the isolation of the oil, &c., it not unfrequently
happens that measurable amounts of free fatty acids are con-
tained in the product obtained ; leading to the conclusion that
hydrolytic actions naturally take place to a greater or lesser
extent in the seeds, tissues, &c., during crushing and analogous
operations, or even on simply keeping, so that small quantities
of free acids are practically always present in the natural
products as obtained on a manufacturing scale from the animal
after death, or from the seed after detaching from the plant,
even when not normally present in the living animal or
growing vegetable. The extent to which actions of this sort
take place is extremely variable; in general the “ocold drawn”
oils expressed from seeds, and the corresponding first runnings
from fresh fish livers, and the more liquid “oleomargarine,”
obtained by the action of gentle heat on animal fats, contain
much smaller proportions of free fatty acids than the later
fractions obtained by subsequent hot pressing and analogous
operations ; whilst in the case of vegetable oils the maximum
amounts of free fatty acids are contained in the oils extracted
by solvents from oilcakes, and in those obtained from vegetable
pulps (pounded nuts, crushed olives, and such like) by heatmg
with water so that oily matter floats up, separated by skimming—
t.e., in those cases where contact with fermentible matters has
heen most intimate and prolonged. Thus, the following figures
were obtained -by Noerdlinger,* the total fatty matter being

* Jouruj,Soc. Chem. Ind., 1890, p. 422, {from Zeit-, Anal. Chem., 29, p. 6. -
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extracted from the seeds by means of light petroleum spirit, and
the free fatty acid (determined by titration with phenolphthalein
as indicator) reckoned as oleic acid (vide p. 117) :—

: |

: . l‘—‘ jm Parts contain o hf;’;“‘kggﬁf,{"d

| vils, ! ‘per 100 of Total

l Free Fatty Total Fat. Fat.

! - —_———

| Rape (Brassica rapa), . . 0°42 3775 1'10
Cabbage (B. campestris), . . 0-32 . 4122 077
Poppy (Papaver somniferum), . 320 46-90 666

l Ea:;l:inut (Arachis .hypo.ywa)l 191 4609 £15
Earthxiut (Arachis hypogea) . . 2.

| outside pale husk, . 19 443 4310

i Sesamé (Sesamum orientale), . 221 3159 459

l Castor (Ricinus communis), . 121 | 4632 2-52

| Palmnut (Elais guinenais) | . | . .

| containing 6 per cent. husks, | 419 ( 4016 853
Cokcernut (Cocos nucifera), . 2-98 i 0740 4-42

il Cakes.

Rape, . 093 8:S1 10°35

l Poppy, 566 963 5889
Earthnut, 1-42 765 i 1862

| Sesamé, 615 1544 | 4029

| Palmnaut, . 1-47 10-39 14-28

{ Cokernat, 1-31 1311 10-51

i Linseed, . 075 8-81 975
Castor, 1-27 653 2007

Obviously, when oil contains any considerable quantity of free
fatty acids the use of alkaline refining processes (Chap. x1.) is apt
to lead to a considerable diminution in the quantity of refined
product obtained, as compared with the raw material employed,
because the free fatty acids are removed in the form of soaps, the
production of which, moreover, often leads to further loss by
the mechanical entangling of *“neutral” oil in the saponaceous
¢ foots.”

The presence of free fatty acids in any quantity in most
kinds of oils is detrimental to their value, more especially in
reference to certain applications. Thus, in the case of lubricating
oils, corrosion of bearings, &c., is more apt to be brought about
when free fatty acids are present than when the oil is practically
free therefrom ; and hence in such cases alkaline refining pro-
cesses will often give a superior result, the more so that acid
processes are apt to communicate to oil refined thereby traces of
mineral acid, the corrosive action of which is still more marked.
This is notably the case with oils intended for wool spinning and
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analogous purposes. Colza oil containing much free fatty acids
burns less freely, and is more apt to char the wick than com-
paratively neutral oil.  On the other hand, the taste of olive oil
is said to be considerably improved by the presence therein of
small quantities of free acids; whilst largely hydrolysed oils
(hwiles tournantes) are intentiona]l) prepared for certain special
purposes in the textile and dyeing industries.

In the case of blubber oils largely consisting of the compound
ethers of higher monatomic alcohols of the ethylic series, the
hydrolytic actions taking place during storage before and after
extraction, and whilst the “rendering” is taking place, lead to
another result—viz,, that cetylic alcohol and analogous bodies are
largely contained in the oils ultimately obtained ; thus, from 30
to 40 per cent., and sometimes more, of so-called “unsaponifiable
matter " is frequently found to be present in sperm and other
blubber oils, chiefly consisting of alcoholiform products of
hydrolytic actions of this descrxptlon Similar remarks apply
to beeswax, and to the various vegetable waxes of analogous
constitution figures are on record, obtained by various analysts,
indicating in extreme cases that from } to £ of the original
compound ethers have been hydrolysed by actions of this
description, either occurring naturally during storage, or in con-
sequence of the processes udopted in preparing the raw material.

DETERMINATION OF FREE FATTY ACIDS.
FREE ACID NUMBER.

The most accurate process for determining the amount of free
acids contained in a given sample of oil or fat, consists in agitating
it with warm alcohol, and dropping in a standard alkaline solu-
tion (preferably alcoholic) until a persistent pink coloration
appears after continued agitation, phenolphthalein being the
indicator ; the temperature must be high enough to render the
fat perfectly fluid. Or the oil may be dissolved in cold ether,
mixed with a little alcohol, and the solution titrated with
standard alcoholic alkali. If the mean equivalent weight of
the free fatty acids is known (or assumed) to be E, the pro-
portion of fatty acids in the free state is given by the formula,

z=Ex"_ 100,
w
where w is the weight in milligrammes of material taken for
examination, n the number of c.c. of normal alkali used,* and
z the weight of free fatty acids contained in 100 parts of sub-
stance (percentage of free fatty acids); for since 1 c.c. of normal

* If seminormal (or decinormal) alkali Le used, the value of n will
obviously be 1 (or %) of the number of c.c. used, and so «n.
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alkali represents E milligrammes of fatty acids, the total weight
of acids contained in «w milligrammes of substance is 2 x K

milligrammes, whence 100 parts of substance contain Li—’-‘ x 100

parts of free fatty acids.

In many instances the value of E is not known accurately,
and in such cases it is more convenient to express the amount
of fatty acids in terms of the alkali neutralised. This may be
done with respect to 100 parts of original substance, thus giving
the percentage of potash (or soda) neutralised, according to the
alkali employed ; but a more usual practice is to express the
value relatively to 1,000 parts of original substance, potash
(caustic potash, KOH, equivalent 56°1), being selected as the
alkali, thus giving the permillage of potush neutralised, con-
veniently referred to as the “free acidity potash permillage,” or
“free acid neutral sation number,” or, more shortly, as the * free

acid number,” and expressed by the value :i x 56,100, %
D

Thus, suppose that 10 grammes (10,000 milligrammes) of palm
hutter neutralise 8 c.c. of seminormal alkah equivalent to
40 c.c. of normal alkali; since 1 c.c. of normu.l alkali corre-
sponds with 56:1 milligrammes of KOH, and with 256 milli-
gramimes of palmitic acid (i.e., E = 256, the result may he stated
by saying that the ¢free ucidity potash permillage ” or “free

40

acid number ” % 10,000 % x 56,100 = 22-44; or it may be expressed in

terms of percentage of palmitic acid by saying that the substance
o D Jo
contains free acids jointly equivalent to * (1)0})0'6)6 « 100 = 10-24
,
per cent. of palmitic acid.

When only small quantities of free acid are present, and
extremely sharp valuations are desired, somewhat large quantities
of material should be taken for the determination; 20 or 25
grammes, or even more. A less accurate method of determining
free fatty acids consists in shaking up the oil, &c., with alcohol,
allowing to stand, separating a known fraction of the alcoholic
tluid, and titrating with standard alkali ; the result is apt to be
somewhat too low on account of incomplete solution of all free
acid by the alcohol.

[n some natural oils (e.g., unrefined cotton seed oil) substances
are present of an acid character, although not belonging to the

* Since 1 c.c. of normal alkali represents 561 milligrammes of KOH, n c.c.
represent 1 x 56°1 milligrammes: then if A be the free acid number as
above defived,

w:n x 56°1::1,000: A

whence A = : % 36,100.
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ordinary fatty acid series, but more resembling the acids of pine
resin ; these substances neutralise alkali (phenolphthalein being
the indicator), and are consequently included in the total of “free
fatty acids” determined by titration. Occasionally ordinary
rosin (colophony) is intentionally added to oils or the fatty acids
thence derived, either as an adulterant or for special reasons—
r.g., in the manufacture of some kinds of waggon grease and
“yellow " soap. For the methods used in determining the amount
of resin present in such cases, vide Chap. xx1.

When it is required to separate the free fatty acids from the
neutral fat, this is readily accomplished by adding alcoholic
alkali until just neutral to phenolphthalein, diluting with water.
and agitating with ether, or better, with light petroleum spirit.*
The ethereal liquid on evaporation leaves the neutral fatty

. matter, which can be weighed and further examined as desired :
the aqueous fluid is acidulated and shaken with petroleum spirit,
&c., whereby the free fatty acids are similarly obtained.

If mucilaginous matter, &c., is also present, the oil may be
ground up in a dish with half its weight of solid sodium car-
bonate and as much water, and dried on the waterbath ; the
residue is again stirred up with coarsely powdered pumicc-
stone, and exhausted with ether containing no alcobol, whereby
the neutral fat is dissolved out. The residue is exhausted with
hot alcohol, and the resulting soap solution evaporated and
decomposed by a mineral acid, so as to obtain the free fatty
acids, originally present as such, free from the other constituents.
Or the fat, &c., may be treated with ether, carbon disulphide, or
other solvent ; by filtering through a weighed filter and washing
the insoluble matter thoroughly, the mucilage, &c., is obtained,
whilst the filtrate may be evaporated, and the resulting mixture
of neutral fat and free fatty acid further examined as required.

Burstyn’s Method.—A physical method of approximately
determining the amount of free acid contained in oil (more
especially olive oil) has been devised by Burstynt{ for use in
cases where titration by chemical means is inconvenient or
impracticable. 100 c.c. of the oil to be tested are placed in a
stoppered cylinder capable of holding 200 c.c.; this is then filled
up to the mark with alcohol of 88 to 90 per cent., and the whole
well shaken, and allowed to stand two or three hours. The alcohol
floats up, having dissolved out most of the fatty acids together
with a minute amount of oil ; the increase in specific gravity is
determined by testing the upper layer with a highly delicate
ar@ometer, a similar cylinder of the original alcohol used being
simultaneously examined side by side. By the aid of a table

* In presence of alcohol ether is apt to take up into solution small
quantities of soar. as well as neutral fat.

+ Dingler's Polyt. Journal, cexvii., p. 314; also Journal Chem. Soc.,
vol. i. (1876), p. 769.
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the amount of free fatty acid is deduced from the increment in
specific gravity indicated, the table being so constructed as to
allow for the solubility in alcohol of the neutral oil, &c. Apart
from the error introduced by the possible presence of varying
amounts of phytosterol, or other vegetable substances more or
less soluble in alcohol, a very slight difference in temperature
between the vessels containing the alcoholic oil solution and the
pure alcohol used for comparison produces a great effect on the
result. The table is usually arranged so as to show the number
of “ Burstyn degrees” of free acid—i.c., the number of c.c. of
normal alkali neutralised by the free acid contained in 100 c.c.
of the oil examined. “One degree” consequently represents
0-282 gramme of oleic acid per 100 c.c., or close to 0-3 per cent.
by weight. '

DETERMINATION OF UNSAPONIFIABLE
CONSTITUENTS.

The unsaponifiable matters contained in many oils and fats
to the extent of afew tenths per cent., are most conveniently de-
termined by saponifying the oil with alcoholic alkali, evaporating
off the spirit, and dissolving out matters soluble in such solvents
as ether, chloroform, carbon disulphide, light petroleum spirit,
&c., either by means of an extraction arrangement, such as the
Soxhlet apparatus described in Chap. I1x., or by adding water and
agitating with the solvent. Ether frequently dissolves a small
amount of soap; on the other hand, small quantities of oil
often escape saponification, and are thus extracted ; so that it
is always preferable to boil a second time with alcoholic alkali
the residue left on evaporating off the solvent, and repeat the
extraction process with the product. The extraction by means
of a Soxhlet arrangement is generally facilitated by placing some
sand or powdered pumice-stone in the evaporating vessel em-
ployed, and rubbing up therewith the residual soap left after
evaporating off the alcohol ; the solvent thus obtains more easy
access to the matters to be dissolved out, and the operation is
effected more quickly and thoroughly.

In the analysis of soaps similar methods are often employed ;
the soap to be tested is reduced to thin shavings which are
then cautiously dried, first at a comparatively low temperature
(50°-60° C.), later on at steam heat or a little above, so as to
drive off all moisture without fusing the mass. The dried
shavings, coarsely powdered, are packed in the Soxhlet tube
and exhausted with solvent, preferably light petroleum ether;
in this way unsaponified fat contained in the soap, cholesterol
and analogous substances derived from the oils and fats em-
ployed, waxy matter or hydrocarbons (e.g., paraffin oil) added to
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the soap, or contained in the materials (e.g., in distilled oleins),
and similar constituents are all dissolved out, giving a solution,
the residue left on evaporation of which is further examined ;
whilst the purified soap is also subjected to analysis.

The modification of Soxhlet’s extraction apparatus described
by Honig and Spitz (Chap. 1x.), is often very convenient for dis-
solving out the unsaponifiable constituents soluble in ether, light
petroleum spirit, &c., after heating with excess of alcoholic alkali,
evaporating off the spirit, and dissolving in a minimum of water.
The use of petroleum spirit is preferable, as although it often
dissolves out a little soap (though usually less than ether), this
may be readily removed by agitating with a mixture of equal
quantities of alcohol and water (50 per cent. spirit), when the
petroleum solution free from soap floats up. Moreover, ethereal
liquids often form froths that remain permanent
without separating properly for many hours
or even days; petroleum spirit is less liable to
this inconvenience.

In cases where a portion only of the ethereal
or other solution is intended to be drawn off,
this is readily effected by running the solution
and watery fluid into a graduated vessel, into
the mouth of which a doubly perforated cork is
fitted, with a washbottle-like arrangement of
tubes (Fig. 27, Chattaway). The upper and
lower levels of the ethereal liquid being read off,
the cork and tubes are inserted, and air blown
in s0 as to force out some of the ethereal solu-
tion into a weighed dish in which it is sub-
sequently evaporated, the quantity thus drawn
off being known by withdrawing the tubes and
reading off the difference of level of the top of

Fig. 27. the ether stratum. When sharp results are re-
quired,about 90 to 95 per cent. of the ether should

thus be withdrawn, and the remainder diluted, say tenfold, by add-
ing more ether; the bulk of this is similarly forced out, so that the
remaining ether only represents a small percentage of the original
ethereal solution. Thus, suppose that the original ethereal fluid
measures 58 c.c., of which 52 are removed by the first blowing
out, leaving 6. This is diluted to 60, and another 50 c.c. blown
out, leaving 10 of the more dilute liquid, representing 1 of the

original solution, or 1 x I_TO:—) = 172 per cent. thereof. Then

)

100 — 172 = 98-28 per cent. of the original solution has been
blown off, so that the weight of the residue obtained therefrom
58 100

BT~ Y§28°
Oils, &c., adulterated with any considerable proportion of

by cvaporation must be increased in the proportion
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hydrocarbons (paraffin, petroleum, rosin oil, &ec.), or similar
nmixtures intentionally prepared for lubricating purposes, &c., are
easily separated by the above treatment; when the fatty acids
contained in the saponifiable constituents are required to be
further examined, they are readily isolated by dissolving in hot
water the soap thus freed from hydrocarbons, and acidulating
with a mineral acid.

Blubber oils containing the glycerides of higher ethylic alcohols
(cetylic alcohol, &c.) when thus treated yield to the solvent the
alcoholiform constituents set free during saponification; when
these are mixed with hydrocarbons the proportion of alcohol
present may be arrived at by means of the hydrogen test (p. 13),
or the acetylation test (Chap. viir.)

When only minute quantities of unsaponifiable matters are
contained in a given oil or fat, &c., these are generally either
substances akin to cholesterol and phytosterol dissolved in the
oil, or else matters of mucilaginous or albuminous character
cither dissolved in the oil or suspended in a diluted jelly-like
form therein. The former, when dissolved out from the soap
resulting after saponification by such solvents as ether or benzo-
line, may often be obtained in a crystallised condition by
dissolving in hot alcohol and cooling, or may be converted
into benzoic or acetic ethers, &c., and identified either by the
melting point or the “acetyl number.” The latter are left un-
dissolved ; on decomposing the soaps with a mineral acid they
form flocculent masses, from which the pure molten fatty acids
are readily separable by filtration through a dry paper filter after
separati'n from the aqueous liquor. Some oleaginous matters,
extracted by solvents (such as carbon disulphide) from certain
vegetables, seeds, &c., or from certain kinds of animal fatty
matter, contain complex bodies of the nature of lecithin, a sort
of compound ether of choline, glycerophosphoric acid, and fatty
acids (oleic and stearic) ; phosphorised constituents of this kind
are largely contained in the oily matter from the yolks of hens’
eggs, and to a lesser extent in that from the secds of certain
lezuminous plants, e.g., peas (vide p. 123).

Matters of a saponaceous character are sometimes contained
in commercial oils, owing either to the use of basic sub-
stances in refining (especially in boiling drying oils), whereby
more or less considerable amounts of metallic soaps are formed
and partially dissolved by the oil; or to other causes, such as the
intentional addition of metallic soaps (aluminium, magnesium,
zine, &c.) for the purpose of increasing the viscosity of lubricating
oils ; or simultaneous contact with air and metals, whereby a
metallic oxide is formed, which then is either dissolved as
metallic soap, in virtue of free fatty acids present, or reacts on
the glyceride, forming metallic soap by saponification. Oils that
have been in contact with copper or brass are often rendered
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green by the formation of copper soap in this way; similarly,
drying oils that have been “boiled” with metallic oxides as
driers (e.g., lead oxide) generally contain more or less metallic
soap in solution thence derived. Such admixtures, whether
intentional or not, can generally be estimated by diluting the oil
with ether free from alcohol, and filtering, when the metallic soap
is left undissolved : by decomposing this with dilute nitric acid
the metallic constituents are obtained as nitrates. In most
cases prolonged agitation of the oil with highly dilute nitric acid
suffices to dissolve out the metallic oxides present as soaps, and
in this way errors are avoided due to solubility of metallic soaps
in the ethereal solution of oil.

Oils containing lead or copper are more or less blackened by
shaking up with o few drops of sulphuretted hydrogen water, or
dilute solution of ammonium sulphide. Preferably a mixture of
equal volumes of glycerol and water is used to dissolve the
sulphur compound employed, as this then acts more readily on
the oil.

Oils containing potash and soda soaps in solution generally
yield these more or less completely to water when shaken up
therewith, so that by allowing to stand and separating the
aqueous liquid, the soaps dissolved therein can be obtained by
evaporation to dryness.

Water contained in Oils, &c.—Although “oil and water ”
are conventionally regarded as immiscible substances, still their
mutual insolubility is in most cases relative rather than absolute.
Water in general dissolves extremely little oil or fat; but the
converse does not hold so closely, as a few tenths per cent. of
water can generally be retained in permanent solution by fluid
oils, &c., without impairing their transparency. In the case of
semisolid substances (eq., butter and lard), much larger
quantities of water can be mechanically intermixed with the fat
in the form of minute globules interspersed throughout the mass;
but in this case there is no true solution, and on gently warming
the mass so as to melt the fatty matter, the water gradually
separates out to the bottom, so that if the operation be effected
in a graduated vessel, the volume of water thus separating may
be by and by read off. In some cases, the separation of the
water in this way is facilitated by adding to the just-fused mass
a sufficient quantity of light petroleum spirit to prevent it
solidifying on cooling, and setting by the whole in a corked-up
graduated tube for some time, so as to allow the water globules
to collect and run together. The amount of admixed water may
also be determined by heating a known weight of substance to a
temperature a little above 100° C. (by means of an airbath, &e.),
and noting the loss of weight.

When the actually dissolved water is to be determined, the
same process may be used; preferably, however, the oil, &c., to
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be examined is not heated in contact with air, but is placed in a
weighed U tube, through which a current of dry carbon dioxide
gas is passed, to prevent oxidation by absorption of oxygen from
the atmosphere during the heating.

Adulteration of Fats with Suspended Matters.—Solid and
semisolid fats (lard, tallow, &c.,) are sometimes intentionally
adulterated by admixture with white weight-giving substances,
such as china-clay, starch, &c. To determine the quantity and
nature of the adulterants present in such cases, the fat, &c., is
thinned with carbon disulphide or other volatile solvent, and
filtered through a dry weighed filter. The filtrate and washings
being evaporated to dryness, and the residue dried in a steam
bath, the proportion of actual fat present is known; the increment
in weight of the filter represents the solid adulterant, and the
deficiency in weight the water. The residue on the filter turns
blue if starch is present (flour, meal, farina, &c.); cold water
dissolves out common salt and such like saline matters (e.g., in
salted butters, &c.); kaolin and sand are left behind on incinera-
tion, whilst albuminoid and caseous matters, cellulose, mucilage,
and other vegetable non-fatty extractives are burnt off during the
process. Oils that have been refined by means of sulphuric acid
and retain minute quantities of free inorganic acid, when thus
treated with a solvent and filtration, leave on the filter paper
a minute amount of residue soluble in water with acid reaction ;
this may be titrated with decinormal alkali in the usual way.

Sulphurised and Phosphorised Constituents.—Certain
oils, more especially those derived from cruciferous plants (rape,
camelina, mustard, horseradish, cress, &c.), contain small quan-
tities of sulphurised constituents, such as thiocyanic ethers ; the
presence of these may be qualitatively tested by heating the oil
with concentrated potash solution, whereby potassium sulphide is
formed ; the mass, after dilution with water and separation of
the aqueous liquor, gives a brown or black coloration with .
potassium plumbate. Insome cases, heating the oil to ““boiling”
with a bright strip of silver causes the latter to blacken. To
determine the amount of sulphur, the oil is dissolved in sulphur-
free petroleum or alcohol, and burnt in the manner employed in
determining sulphur in coal gas, the flame being enclosed in a
chimney connected with an aspirator, and absorbing tubes filled
with moistened glass beads being interposed, so as to condense
sulphur dioxide and trioxide along with the water formed by
the combustion; a tray with fragments of solid ammonium
carbonate is fixed over the flame, to furnish an ammoniacal
atmosphere ; the condensed liquid is oxidised with bromine
water, and precipitated with barium chloride and hydrochloric
acid (Allen). Or the oil may be cautiously heated with alcoholic
potash, evaporated, and the residue incinerated with addition of
potassium nitrate till white, the sulphate formed being determined
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as usual. This latter method is also available for the estimation
of phosphorus, present in certain oils and fats as a compound of
the nature of lecithin, the phosphorus being ultimately weighed
as magnesium pyrophosphate (Benedikt).

The following general scheme for the examination of oils and
fats, &c., is applicable in most cases so far as the above mentioned
impurities or constituents are concerned :—

Dry a convenient quantity so as to determine the amount of
water present (p. 122).

Melt a known weight of fat and pass it through a hot weighed
filter, finally washing out the adherent fat with ether; the
residue left on the filter may contain saline matters, suspended
organic impurities, dust, &c., &c., which may be further ex-
amined as occasion requires. On incinerating the filter, the
amount of inorganic suspended matter is obtained. DPart of the
filtered oil, &c., may be shaken successively with water to dis-
solve out alkaline soapy matters, and with dilute nitric or
sulphuric acid in case any lead, copper, or other metallic soaps
are present, the watery and acid liquors being separated and
examined. The oil may advantageously be diluted with ether
or carbon disulphide, &c., previously to agitation with water, &c.
Another part of the filtered oil is diluted with warm alcohol, and
the free acid number determined (p. 116), using phenolphthalein
as indicator ; the alcohol is evaporated and the residue taken up
with light petroleumn spirit, &c. ; the residual soap formed from
the free acid is examined as required (Chap. xx1.) for fatty acids,
resin acids, &c. Aluminium and other metallic soaps may also be
here present, precontained in the oil.

The light petroleum spirit solution on evaporation gives a
residue containing neutral oil, hydrocarhons, and unsaponifiable
matters, &c.: this is saponified with alcoholic alkali, and the pro-
duct diluted with water and shaken with ether or petroleum
spirit; the ethereal solution is evaporated and the treatment
with alcoholic alkali repeated to ensure complete saponification ;
finally, the hydrocarbons, &ec., are dissolved out by ether or
petroleum spirit, and the watery solution of glycerol and fatty
acid soaps further examined by acidifying and separating the
fatty acids; these usually constitute 95 to 96 per cent. of the
original glycerides (Chap. vit.)
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CHAPTER VII

CHEMICAL REACTIONS OF OILS, FATS, &c., AND
THEIR USES AS TESTS OF PURITY, &e.

EFFECT OF HEAT ON OILS, &c.

WHEN fixed oils, &c., are subjected to heat, decomposition is
sooner or later brought about ; if the oil is a glyceride, acrolein
(acrylic aldehyde, C,H,.COH) is generally evolved, so named on
account of the acrid character of its vapour. In some cases the
fatty acid originally present as glyceride is also volatilised un-
changed in greater or less quantity ; but in general, destructive
distillation only takes place. If the heating be carried out in
presence of water vapour, as when superheated steam is blown
through the mass, in many cases hydrolysis takes place, fatty
acids and glycerol being produced, which more or less completely
pass off along with the water vapour; on this action are based
certain processes for the manufacture of free fatty acids for candle
making, &c., and for preparing pure glycerol.

When drying oils, more especially linseed, poppy, and walnut
oils, are heated for the purpose of preparing ¢ boiled ” oil for the
manufacture of paint, &c., and particularly when the action is
pushed to a great length, as in the manufacture of printing
ink, the glyceridic portion of the compounds appears to be
almost completely decomposed, the linolic acid or anhydride
developed being more or less dehydrated (and probably poly-
merised) in such fashion as to form a highly viscid or rubber-like
roass.  Uxidation by direct addition of oxygen so as to form
oxylinolic acid and derivatives thereof usually occurs simul-
taneously, more especially in the *“ blowing ” process of preparing
boiled oils.

Flashing Point.—The determination of the temperature at
which inflammable vapours are given off (whether by simple
volatilisation, or in consequence of decomposition) in sufficient
quantity to take fire by the application of a light to the mixture
of air and vapour contained in the upper part of the heating
vessel, is a somewhat important operation in the case of many
oils intended for lubricating and other purposes, where they are
liable to be considerably heated ; with animal and vegetable oils
the “flashing points” are generally high, but much lower num-
bers are often given by mixtures containing hydrocarbon oils,
such as paraffin oil and petroleum distillates, rosin oils, and such
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like products. For the determination of the flashing point of
petroleum distillates and similar substances, several special forms
of instrument have been devised by different experimenters; in
some of the earlier forms the vapour emitted from the warmed
oil was allowed free access to the air ; this mode of operating was
known as the “ open test,” and was subject to serious irregulari-
ties according to the way in which the heating was conducted,
and soon. In the later instruments the top of the heating vessel
is closed in to prevent the escape of inflammable vapours when
first generated ; in consequence a considerably lower tempera-
ture is registered by the application of the “close test,” whilst
the sources of fluctuation in the results are much lessened.
Fig. 28 represents Abel's
flashing point apparatus,
used in Britain as the legal-
ised appliance for testing
petroleum, &c., under the
Petroleum Act. Similar ar-
rangements are in use in
other countries with minor
modifications, partly as to
the construction of the in-
strument itself, and partly
as to the exact details of
manipulation to be observed
during use ; for as the tem-
perature values deduced are
liable to slight fluctuation
with variations in the mode
of heating, &c., a definite
prescribed mode of operating
must be strictly adhered to.
Abel's apparatus consists of
a cylindrical metal cup, A,
placed inside another with an
Fig. 2%, air-space between, the outer

one being surrounded by a

water bath, B, Leated by a lamp, K, underneath. ‘The oil to be
tested is carefully poured in without splashing until just level with
the top of the gauge, C, 13 inches from the bottom of the cup, the
water in the jacket being at the temperature 130°F. = 54°4C,,
as shown by the thermometer, H. The lid of the cup, D, is then
put on, the temperature of the oil being known by means of the
thermometer, E. A small lamp, G, is arranged at the top of the
cover, swinging on an axis, in such a fashion that when a slide
covering an aperture in the lid is drawn aside, the lamp flame is
made to pass over the aperture. As the contents of the cup
slowly heat up, the slide is withdrawn at regular intervals of
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time, governed by the swinging of a pendulum ; by and by, the
inflammable vapours are given off in sufficient quantity to yield
a flash of blue flame by their kindling when the slide is with-
drawn ; the temperature then indicated by the thermometer, E,
is noted as the flashing point. Obviously this form of apparatus
is only suitable for substances the flashing point of which is
below the temperature of boiling water ; when less volatile sub-
stances are to be examined, the water jacket is replaced by a hot
bath of some other fluid; or a hot airbath is used instead.

Fig. 29.

Fig. 29 indicates Pensky’s modification of Abel’s instrument for
such purposes, where the source of heat is the lamp flame, C,
playing on wire gauze, D, and filling the inverted basin, A, with
hot air.*

* An improved form of Pensky’s apparatus has been described by Holde
(Journ. Soc. Chem. Ind., 1889, p. 734).
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Lubricating oils containing hydrocarbons sufficiently volatile
to flash at 150° C. or below are distinctly unsafe as regards risk
of fire. Animal and vegetable fixed oils (unmixed with hydro-
carbons), as a rule, do not flash below 200° to 250° C.; thus
A, Kiinkler gives the following values* as the flashing points
observed with various lubricating fluids, mostly consisting of
petroleum hydrocarbons, and some natural oils, &c. :—

8p. Gr. at 17¢°5. | Degrees C.

Cylinder oils - Russian, . . ‘911--923 183-238 |
American, . 886--899 280-283 |
Machine' oils— Russian, . . *893--920 138-197 X
i American, . ‘884920 187-206 |
Spindle oils—Russian, . . 893 --895 163-167 :
American, . - *908-911 187-200 ,

Rape oil—crude. . . . 920, 265
. refined, . . . 911 305 !
| Oliveoil, . . . . . 914 205 !
. Castor oil, . . . - 963 275 !
Linseed oil, . . . o ‘030 285 |
Tallow, . . . . . 051 265 i

Characteristic Oxidation Products.-—In certain cases the
results furnished by cautious oxidation afford useful indications
of the nature of the fatty acids; this is more especially the case
when an approximate separation of liquid and solid fatty acids
has been previously effected by conversion into lead salts and
treatment with ether, so as to dissolve out oleate and linolate
of lead, &c., leaving undissolved lead stearate, palmitate, &c.
Hazura recommends the following method of operating :—The
fatty acids obtained by decomposing the soluble lead salts are
neutralised with a slight excess of caustic potash, diluted with
60-70 parts of water, and the liquid treated with about an
equal volume of a solution of potassium permanganate added
in a thin stream with continuous agitation. After ten minutes
sulphurous acid solution is similarly added, sufficient to dissolve
all precipitated hydrated manganese dioxide, and to give an
acid reaction. The products of oxidation of oleic and linolic
acids (dioxystearic and sativic acids) are only difticultly soluble,
and consequently precipitate ; whilst linusic and isolinusic
acids (the oxidation products respectively of linolenic and
isolinolenic acids) remain in solution. These latter acids are
extracted by neutralising with potash, evaporating to a small
bulk (one-twelfth to one-fourteenth of the original volume) and
decomposing with sulphuric acid ; the precipitate is dried in_the
air, treated with ether to dissolve out matters readily soluble

* Journ. S8oc. Chem. Ind., 1890, p. 197 ; from Dingler's Pol. Joura., 274,
p. 276.
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therein, and the residue crystallised from alcohol and frum water
s0 as to separate the more soluble isolinusic acid from the less
soluble linusic acid. Dioxystearic acid and sativic acid are
separated in a similar way from the precipitate thrown down in
the earlier stage ; the precipitate is washed with a little ether to
remove easily soluble fatty acids (unoxidised) and then treated
with large bulks of ether (100 parts ether to 1 of substance).
Dioxystearic acid is chiefly dissolved out, obtainable by evapora-
tion and recrystallisation of the deposited crystals from alcohol
twice in succession; whilst sativic acid is isolated from the
insoluble portion by boiling with water, filtering whilst boiling
hot, and crystallisation on cooling. The purified acids thus
obtained are further identified by means of their melting points
(p- 43). According to Benedikt the acetylation test (Chap. vi11.)
may also be usefully employed for this purpose.

In somewhat similar fashion trioxystearic and isotrioxystearic
acids are obtainable from the fatty acids of castor oil. It is
noteworthy in this connection that the acids obtained by the
oxidation of isoleic acid and of elaidic acid (the isomeride of
oleic acid produced by the action of nitrous acid, p. 28) are
dioxystearic acids, isomeric but not identical with that obtained
from ordinary oleic acid (Saytzeff, p. 30). Similarly, the oxida-
tion products of erucic acid and its elaido derivative brassic acid,
yield two isomeric dioxybenic acids (p. 29).

Spontaneous Oxidation of Oils, Fats, &c.—Oils of the
drying class, and to a lesser extent many other oils and fats,
possess the property of directly absorbing oxygen from the air at
the ordinary temperature, the effect being much more marked
when more or less heated ; the drying and hardening of paint
prepared from linseed oil is an extreme case of such an action,
whilst the thickening and “gumming” of various other oils on
keeping exhibits the same kind of phenomenon in a lesser
degree. The fixation of oxygen during actions of this kind
appears to be principally due to a direct combination of oxygen
with acid radicles of  unsaturated ” character, precisely analogous
to the combination therewith of iodine or bromine (p. 31, 45); as
the oxidation proceeds, the “iodine absorbing power” of the
substance usually diminishes par: passu.

In some cases the rapidity with which the absorption of oxygen
takes place is greatly enhanced by heating the oil to a tempera-
ture insufficient to produce any great degree of decomposition,
although high enough to cause incipient breaking-up with evolu-
tion of vapours; this process of ‘“boiling” oil, especially when
certain metallic compounds or “driers” are added, appears to
consist essentially in the formation of substances that act as
‘“carriers ” of oxygen ;¥ so that *“boiled oils ” dry more rapidly

* The rotting of painted canvas sometimes observed appears tobe largely
due to oxidation of the fibres of the fabric in consequence of thsa carrier
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than the same oils in a raw or unboiled condition, these carriers
absorbing oxygen more rapidly from the air, and parting with it
again to the unoxidised portions of the oil. Free exposure to
air whilst heating, in some cases accompanied by the injection of
a current of air through the heated mass, appears to be essential
to the production of the initial degree of oxidation effected in
the boiling of drying oils; the latter process when applied to
various non-drying oils (more especially fish oils), causes a con-
siderable increase in density and viscidity, so that “blown oils”
thus prepared are more suitable for lubricating and other
purposes than the original untreated substances.

Effect of Light on Oils.—Exposure to light produces a
remarkable increase in the rate at which spontaneous oxidation
of oils, &c., takes place at the ordinary temperature ; the result
of this oxidation i3 uniformly to cause an increment in specific
gravity and in the amount of heat evolved on mixture with
sulphuric acid (infra), together with a decrement in the iodine ab-
sorption (Chap. viir.) Thus, the following figures were obtained
(along with many others) by H. Ballantyne * with olive, castor,
rape, cotton seed, arachis, and linseed oils; specimens kept in
the dark for six months showed little or no alteration whether
in tightly corked or open bottles, and whether undisturbed or
agitated daily so as to aérate them ; whereas similar specimens
exposed to sunlight during the same period exhibited perceptible
amounts of alteration, even when kept undisturbed in corked
bottles ; and much larger amounts when kept in uncorked
bottles and agitated daily : —

VARIATION IN SPECIFIC GRAVITY.

Value after Six Months' Exposure '
Orlginctll Vlnlne. to Sunlight.
! Undhanged i the -
1 Dark. Undisturbed, | Agitated Daily,
Corked. Uncorked.
Olive oil.l . . . géGg ‘9185 '96839246
Castor oil, . . . ‘967" :
" Rape oil, . ‘9168 9171 *9207
] Cotton seeld ol . : g;?).g -ggl;g | g:gg
Arachis oil, . 9209 ‘9216 :
| Linseed oil, . . l 9325 9327 ‘ -9385

action. The presence of certain kinds of resinous matter (c'nc.h as are
employed in the manufacture of tarpaulins, &c.), seems to diminish the
tendency to this destructive action.

* Journ, Soc. Chem. Ind., 1891, p. 29,
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VaRriATION IN IODINE ABSORPTION.

Value uner 8ix Months’ Exposure

Original Value, to Sunlight.
practically
Unchmged in the
gt | A
Olive oil, . . . 83°16 82-64 7824
Castor oil, . . 8363 8327
Rape oil, . . 105°59 105-27 102-12
Cotton seed oil, . 10684 10640 100°12
Arachis oil, . . 98-67 97-60 93-20
Linseed oil, . c 17346 172-88 166°17

VariaTioN IN HeaT EvoLuTioN WITH SULPHURIC ACID.

Values after Keeping 8ix Months

In the Dark. In Sunlight.

Undisturbed, | A tated | Undisturbed, | Afitated
. A

Uncorked. Corked. Uncorked.

Olive 0il, . . . 41° 43°°5 47° 67°
Castor 011, . . . 73° 73° 74°°5 78°5
Rapeoi, . . . | 61°5 60°5 63° 72°5
Cotton seed oil, . . 75°°6 76°5 76°5 100°
Arachis oil, . . . 73°:5 73°5 77° 90°
Linseed oil, . . . 113°5 112°-5 120° 131°

Only minute amounts of free acid were developed in six months
during the course of these observations, indicating but little
hydrolysis of glycerides during the oxidation of the insolated
samples; the maximum amounts formed were in the case of
linseed and cotton seed oils, and corresponded with a develop-
ment of 03¢ and 050 per cent. respectively of free acid
(expressed as oleic acid) in sunlight, none at all being formed
in the dark. Olive oil kept six months in the dark gave a hard
solid elaidin ; that exposed to sunlight in corked bottles with-
out agitation a somewhat less hard mass; but that insolated
and agitated daily, so as to expose as thoroughly as possible
to oxidising influences, did not even thicken when sub-
mitted to the elaidin test. Similarly Becchi’s silver test for
cotton seed oil gave only faint indications with the insolated
oxidised oil, although reacting thoroughly with oil kept in the
dark. The viscosity of rape oil, as indicated by the efflux
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test (p. 95), was notably increased by nine months’ exposure
to sunlight (in corked bottles without agitation); oil kept
in the dark giving times of flow 56 at 15°-5 and 25-5 at 50°,
whilst insolated oil gave 66 at 15°5 and 26-5 at 50°. Castor oil,
mainly consisting of the glycerides of acids already oxidised, as
might a priori be expected, is less changed by oxidation than
any of the others.

Similar, but less systematic, observations have been recorded
by various other experimenters, the general result of which is
to show that the changes brought about in oils and fats by
keeping and atmospheric oxidation are greatly accelerated by
the influence of light. According to E. Ritsert rancidity is only
produced in oils in presence of oxygen (air), the action being
greatly accelerated by simultaneous exposure to light. No
effect, however, is produced by the action of light alone, when
access of oxygen is entirely excluded.

Spontaneous Combustion.— When a film of readily oxidisable
oil is spread over a considerable surfuce, so that a large area is pre-
sented for atmospheric oxidation, if the circumstances are such
that the heat generated by the action is not readily lost, the mass
heats greatly, in some cases to such an extent as to bring about
spontaneous inflammation. Gellatly has shown that greasy
cotton rags and similar materials kept in a warm place are,
in consequence, liable to ignite spontaneously, and are accord-
ingly a source of danger as regards fire. Boiled linseed oil
appears to be the most energetic of oils in this respect; a
handful of cotton waste soaked in this fluid and squeezed out,
and then kept in a box at 70° to 807, soon rises greatly in
temperature to near 200°; in little more than an hour the mass
is 8o hot that smoke issues, and on opening the box the whole
takes fire. Unboiled linseed oil takes a much longer time to
produce the same result * (from four to six hours), and rape oil
longer still (some ten hours). On the other hand, an admixture
of mineral oil greatly retards the action. In general, the ten-
dency to spontaneous oxidation is greater the greater the iodine
absorption of the oil.

A testing apparatus has been constructed by Allbright &
Clark t for determining the comparative liability “of oils to
spontaneous combustion, consisting of an outer shell formed by
a six inch wrought iron tube which can be closed at each end by
dises of wood. Inserted into this tube is an inner four inch
sheet iron tube with overlapping metal covers at each end, so
that an air space is left of one inch around the inner tube, and of
three inches at each end ; three thermometers are inserted into
the inner shell through the outer one. A ball of say 50 grammes

* Renonard, Journ. Soc. Chem. Ind., 1882, p. 184, has repeated and con-
firmed this difference between boiled and raw linseed oil.
+ Journ. Soc. Chem. Indus'ry, 1892, p. 547,
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-of waste, over which an equal weight of oil is distributed, is care-

fully pushed to one end of the inner tube, and the corresponding
thermometer bulb inserted into the middle of the ball. A
similar ball of unoiled waste is placed at the other end, with
another thermometer bulb inserted as before. The third ther-
mometer is placed between the two. On heating the outer tube
by means of a Bunsen burner, so that the central thermometer
indicates about 125° the temperature of the unoiled waste ball
will be about 100°. That of the other rises in proportion as the
oil oxidises more rapidly. E. H. Richards reports that this

" arrangement gives most valuable results as regards gauging the

degree of safety of lubricating oils, &ec.; for instance, the per-
centage of fatty oil which may be safely mixed with mineral oils
may be thus determined. Thus neat’s foot oil and best lard oil
may be added to the extent of 50-60 per cent., whilst not more
than 25 per cent. of cotton seed oil is permissible.

Film-test.—If a film of oil be freely exposed to the air, so that
heating to any considerable extent is impracticable, the effect of
the oxidation is gradually to inspissate the oil, and finally to con-
vert it into a varnish-like product; a test of the quality of a given
sample of drying oil is based upon this, a glass plate being
coated on one side with a film of oil, after the fashion of a photo-
grapher’s collodion plate, and then kept in a steam bath for
some hours, preferably side by side with another plate similarly
coated with oil of standard quality ; the relative length of time
requisite before the film ceases to be *tacky,” being converted
into a dry varnish, serves as a measure of its drying quality.
Thus, whilst a good sample of linseed oil is completely solidified
in some twelve hours, non-drying oils like arachis and olive oils
are scarcely thickened at all; whilst cotton seed oil and similar
substances possessing only a certain degree of drying power are
intermediate. In this respect the order in which oils are
arranged by means of this test is sensibly the same as that in
which they are arranged by means of the iodine absorption
reaction (Chap. vii1.) )

Livache’s Test.—Livache finds that the rate of absorption of
oxygen is ‘much quickened if finely divided metallic lead is
mixed with the oil to be examined; comparative tests are readily
made by placing on a watchglass about a gramme of lead* in a
thin layer, and then dropping on to it a few decigrammes (not
more than 6 or 7) of oil in small drops, scattered over different
portions of the lead, so as not to run into one another. The
whole is then weighed and allowed to stand at the ordinary
temperature. Drying oils begin to increase measurably in
weight in less than twenty-four hours, and cease to gain weight

* Precipitated from lead acetate solution, and rapidly washed with water,
alcohol, and ether in succession, and finally dried in vacuo. According to
Hibl, precipitated copper is preferable to lead.
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after three to six days, whilst oils possessing little or no drying
qualities do not increase at all for several days. Similar remarks
apply to the fatty acids isolated from the oils. Thus the follow-
ing figures were obtained :—

Percentage Increment in Weight
Of Oil after Of Fatty Acids
after
2 Days. 7 Days. 8 Dar.

Linseed oil, . . . . 143 110
Nut oil, . . . . 79 60
Poppy oil, . . . . 68 37
Cotton seed oil, . . 59 08
Beech mast oil, . . . 4-3 26
Colza oil, . . . . Nil. 29 26
Arachis oil, . . . . Nil. 18 1-3
Rapeoil, . . . . Nil. 29 09
Olive oil, . . . . Nil. 17 07
Sesamé oil, . . . . Nil. 2-4 20

Bach,* following Fresenius, tests the oxygen-absorbing power
of oils by heating in a closed tube containing oxygen, and noting
the bulk of gas absorbed. The presence of excess of oxygen after
the experiment must be proved by means of a glowing splinter
of wood. This test is more particularly useful in the valuation
of certain kinds of lubricating oils.

CHEMICAL CHANGES OCCURRING DURING
DRYING OF OILS.

The nature of the chemical changes taking place during the
complete atmospheric oxidation and consequent drying up of a
drying oil has been the subject of various investigations; but it
can hardly be said that the matter is yet settled beyond dispute.
The earlier researches on linseed and other drying oils by
Mulder and others led to the conclusion that the chief consti-
tuent of drying oils, giving them their peculiar properties, was
linolin, the glyceride of linolic acid, regarded as C,;H,0,, and
then termed linoleic acid. During drying this glyceride was
supposed to become hydrolysed or otherwise broken up,
losing its glyceridic character, and forming oxylinoleic acid,
C,H.:0;. 2H,0, by oxidation ; a neutral polymerised amorphous
un%ydro derivative, linoxyn, CgH;,0,,, being subsequently
developed as the leading ingredient of the “skin” formed as the
oil dries. Later researches have indicated that what was formerly

* Journ. Soc. Chem. Ind., 1889, p. 960 ; from Chem. Zeit., 13, p. 805.
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termed “linoleic acid,” C,;H,;0,, is really a mixture of three
acids of notably higher molecular weights —viz., true linolic acid,
C,gH 3,0, related to oleic acid as oleic acid is to stearic; and
two isomeric acids still less saturated, related to linolic acid in
the same way, linolenic and isolinolenic acids, both represented
by C;;H,0,. These substances by gentle oxidation yield
crystallisable acid products, sativic acid (tetroxystearic acid),
melting at 173°, being formed from linolic acid, and linusic and
isolinusic acids (hexoxystearic acids), melting at 203° to 205°
and 173° to 175° respectively (vide p. 43), being produced from
the other two acids; but these crystallisable yltimate oxida-
tion products are apparently not formed in the ¢ boiling”
process at all; and even if contained in the dried skins are
certainly not the constituents giving the peculiar physical
properties to these substances. Moreover, the proportions of
oxygen and water requisite to be taken up by linolic and
linolenic glycerides in order to convert them into free oxy-
stearic acids, are greatly in excess of the increment in weight
observed to take place during the drying of oils of this class
(p- 134); whilst the skins are found to be susceptible of some
degree of saponification, furnishing glycerol. Hence it would
seem probable that the essential constituents of dried skins are
a mixture of polymerised glycerides (possibly more or less hydro-
lysed) of acids derived from linolic, linolenic, and isolinolenic
acids by oxidation processes not carried so far as to produce the
various oxystearic acids obtainable by means of alkaline perman-
ganate.* That some of these substances are of a feebly acid
character, or at any rate are capable of forming salts by the action
of metallic oxides, is suggested by the well-known fact that the
effect of basic matters like white lead (basic lead carbonate) and
zine white (chiefly zinc oxide) on the paint produced by their
admixture with drying oils is different in many respects from
that of neutral pigments like lead sulphate and sulphate of
barium ; in practice these latter are found to be far less suitable
for the production of firm adherent coats that will stand ordinary
wear and tear, which is usually considered to be due to the
absence of the metallic salts contained in white lead and zinc
white paints, formed by the neutralisation of acids developed by
oxidation, or possibly by the saponification of glycerides.

The drying qualities of an oil appear to be the more marked
the greater the proportion of linolenic and isolinolenic acids is

* Fahrion (Zeitsch. f. angew. Chem., 1891, p. 540; 1892, p. 171) fiads
that the acids formed on suponification of boiled linseed oil where partial
oxidation has taken place are not wholly soluble in light petroleum spirit,
whereas the fatty acids of unoxidised oil are readil solubgz therein ; from
0°6 to 316 of such insoluble acids were found in different samples of oil.
The proportion present appears to be the greater the more marked the
decrement in *iodine absorbing power’’ produced by the oxidation process.
These ¢ oxyacids " readily diseolve both in alcohol and in ether.
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present. Hazura and Griissner deduced the following percentages
from the relative proportions in which the oxystearic acids were
produced on oxidising the liquid fatty acids of linseed, hemp seed,
nut, poppy seed, and cotton seed oilg, the solid acids being pre-
viously separated by conversion into lead salts and treatment
with ether (p. 112).

Linolenic Isolinolenic Linolic
Acid. Acid. Acid. Olelc Acid.

Linseed oil, . . . 15 65 15 1
[ ——

Hemp seed oil, . . 15 70 15

Nut oil, . . . 13 80 7

Poppy seed oil, . . 5 65 30

Cotton seed oil, . . 60 40

Bauer and Hazura regard the drying of oils as Leing mainly
due to the linolenic and isolinolenic acids, which, by taking up
oxygen, become converted into the “oxylinoleic acid * of Mulder,
which they regard as C,;HO,. For the most part, however, the
glyceridic character of the product is not destroyed during the
oxidation, so that, instead of free acid, a neutral body results,
substantially the “linoxyn” of Mulder, but termed by them
hydroxylinolein. Small quantities of free fatty acids are, however,
developed by the decomposition of the glycerides of the solid
fatty acids present (myricin, palmitin, &c.); the glycerol of these
glycerides being converted into carbon dioxide and other volatile
products.

According to experiments by Cloez,* the effect produced by
prolonged exposure to air of a drying oil is not quite so simple
as would appear from the above. The following figures were
obtained with linseed and poppy seed oils, the final increment in
weight being a little more than 7 per cent. in each case after
eighteen months :—

Linsgep O1L.

After Oxidation,
Before Rxposure. l
Calculated per 100
Compaiitn. Pt Hireza o
Carbon, . . . 77-67 6755 72:30
Hydrogen, . . . 11-33 9-88 10°57
Oxygen, . . . 11°10 2557 24-16
100-00 100-00 ’ 10703

Bulletin Soc. Chimique de Paris, 1865, iii., p. 49.
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Porry Seep O1L.

After Oxidation.
Before Exposure. '
P Calcnlated per 100
i, [Pk
Carbon, 7750 6668 71-38
Hydrogen, . 11+40 994 1064
Oxygen, 1110 03.33 2503
10000 10000 I 10705

The original oils thus had a composition closely akin to that of a
triglyceride of an acid of formula CH,,0, (p. 33), requiring
carbon 77-90, hydrogen 11:16, oxygen 10-94; during oxidation,
from y'; to ¢ of the carbon disappeared and not far from the
same proportion of hydrogen. Even if the whole of the glyceridic
part of the oil had been oxidised to volatile products, only ;% of
the carbon would have disappeared ; so that, obviously, carbon
dioxide, or acetic acid, &c., must have been formed at the
expense of the fatty acids present, indicating a more deep-seated
oxidation change than the simple absorption of oxygen, con-
verting the glycerides of linolenic and isolinolenic acids into
hydroxylinolein.

With castor oil Cloez found the gain in weight alter eighteen
months was much less marked (268 per cent.); whilst only a
practically inappreciable amount (0-4 per cent.) of the original
carbon had disappeared. Intermediate results were obtained
with a semi-drying oil, sesamé oil, the gain in weight in eighteen
months being 4-83 per cent., and the loss of carbon about !, of
the original amount.

POUTET'S ELAIDIN REACTION—NITROUS
ACID TEST.

Oils containing unsaturated acid glycerides, more especially
olein and its homologues, or ricinolein, often undergo a marked
change, when treated with nitrous acid, becoming more or
less solidified without alteration of composition. Gaseous
nitrous anhydride (fumes from nitric acid heated with starch
or arsenious anhydride) will produce the reaction, or agitation
with substance containing nitrous acid dissolved—e.g., red nitric
acid, solution of a nitrite recently acidified, copper or mercury
" recently dissolved in nitric acid, or even nitric acid warmed
until it begins to act on the oil. Of these the liquid originally
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described by Poutet, obtained by dissolving 12 parts by weight
of mercury in 15 of cold nitric acid (sp. gr. 1'35), is the most
convenient ; * 2 c.c. of the fresh deep green liquid, and 50 of oil
are shaken together in a bottle at intervals for about two hours,
at the end of which time the action is nearly complete, although
the product usually becomes stiffer or harder on standing twenty-
four hours. Olive oil of good quality thus treated gives a
bright yellow extremely hard “elaidin;” arachis and lard oils
yield products little inferior in stiffness; mustard, rape, sesamé,
sunflower, cotton seed, and other oils give softer products, vary-
ing in consistency from a stiff buttery mass to a mixture of
pasty product with still flnid substance; whilst linseed and
other drying oils are comparatively little affected.

A. H. Allen classifies the more important fixed oils as follows,
in accordance with the physical character of the product :—

|
» Pusty or Bultery Mass | | quid Products. |
8olid ITard Mass, Buttery Mass. from Jpurating qu .
Olive oil. Bottlenose oil. Rape oil Linseed oil.
Almond oil. | Mustard oil. Mustard oil. Hempeeed oil.
Arachis oil. | Neat's foot oil Sesamé oil. Walnut oil.
Lard oil. Arachis oil Some-| Cotton seed oil.
Sperm oil. Sperm oil times.| Sunflower seed oil.
Neat’s foot oil| Rape oil } Niger seed oil.
(sometimes). Cod liver oil.
Whale oil.
Porpoise oil.

In certain cases (more especially with olive oil) the nature
and consistency of the elaidin formed on treatment with nitrous
acid affords a useful means of detecting the presence of adulter-
ations with oils of different character. In all such cases, the
most satisfactory results are obtained when the oil examined is
tested side by side in the same way with samples of oil of
standard purity, and of the same mixed with known proportions
of other oils.+

The free fatty acids obtained by saponifying oils and decom-
posing the resulting soaps with a mineral acid, are affected by
nitrous acid in similar fashion. Attempts have been made to

* Archbutt (Journ. Soc. Chem. Ind., 1886, p. 303) dissolves 18 grammes
of mercury in 15°6 c.c. of nitric acid, sp. gr. 142 (222 grammes of acid),
and uses 1 part of the resulting green fluid to 12 of oil (by weight).

1 There 1s often great difficulty experienced in obtaining absolutely {mre
samples of oil for use as standards. In many cases it is only ible to
obtain such standard substauces by actual expression of hand-picked seeds,
&c., in the laboratory, and subsequently retining the product; but this is
not readily practicable, unless a plentiful supply of pure secd is to hand,
as well as a good form of small experimental or laboratory press.
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utilise for candle-making and other purposes the polymerised
solid acids of higher melting point thus formed ; but, hitherto,
various practical difficulties have stood in the way of utilising
the products effectively.

Legler’s Consistency Tester.—Legler has constructed a
simple form of apparatus by means of which comparative tests
can be made of the degree of consistence of the
elaidin mass produced when any given oil sample
is treated with nitrous acid. It consists of piece of
glass tubing narrowed at one end (Fig. 30); through
the tube passes a glass rod supported by means of
a spiral spring, and furnished with a horizontal disc
on the top, so that by placing weights on the disc
the end of the rod is depressed to an extent pro-
portionate to the weight added. The outer tube is
held vertically by a suitable clamp holder, so
adjusted that the bluntly pointed end of the rod
just rests on the surface of the elaidin to be tested.
The measurement is made by placing a given
weight on the disc and noting how far the rod
sinks into the elaidin in a given time (eg., a
minute), by reading off the level on a scale the zero
point of which is level with the top of the outer
tube when the disc is unweighted. The elaidin
samples are best prepared by mixing together
10 c.c. of oil, 10 c.c. of nitric acid of 25 per cent.,
and 1 grm. of copper wire or turnings, and allowing
to stand twenty-four hours; the mass is fused by
dipping the containing vessel in warm water so as
to bring about complete separation of elaidin and
watery fluid, and the former removed and allowed
to solidify. To obtain comparable results, a uni-
form method of manipulating should be adopted,
the samples tested being examined side by side
with others similarly prepared from genuine oils or
known mixtures.

Exposure of olive oil to sunlight greatly diminishes i
the solidity of the elaidin formed from it; the nature Fig. 30.
of the change brought about is uncertain ; probably
oxidation takes place with formation of oxyolein (or possibly
linolin), as the insolated oil develops more heat by the action of
sulphuric acid than the original oil kept in darkness (vide p. 131).

Nitric Acid Test.—When fixed oils are brought into contact
with nitric acid a complex effect is often produced ; oxidation of
a part of the oil by the acid is brought about with the evolution
of lower oxides of nitrogen, which convert the olein constituent
of the oil into elaidin. In some cases, characteristic colours are
produced with oils of pure nature, so that a comparison of the
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substance tested with a pure standard substance, or with a known
mixture, enables deductions to be drawn as to the nature of the
admixture or adulteration present. This kind of test is more
especially useful in the case of olive oil; thus, when pure
olive oil is treated with one-ninth its volume of nitric acid
of sp. gr. 1'42, the mixture being gently warmed in a capacious
dish until the acid begins to act pretty vigorously, and then
stirred briskly (the source of heat being removed) until no
further action is visible, a pale yellow solid mass is formed
after standing an hour or two; whereas, if cotton seed oil be
present, a much darker tinted product is formed, which does
not set so readily ; and similarly when various other oils are
present.

A. H. Allen gives the following table,* indicating the different
tests developed when several of the commonest oils are tested in
the following ways:—

a. Iauchcorne’s Test, as extended by Stoddart.—Agitate to-

oil. a. ‘ b. e.

Olive oil, . . Colourless or tran-| Colourless, yel- | Broad bright
sient yellow. lowish, or bluish green

nish. zone.

Almond oil, . | Nearly colourless,| Colourless or Narrow bright
changing to solid| slightly greenish.| green zone ; oil
white mass. flocculent or

‘ l opaque.
Arachis oil, . Reddish, ! ‘
Peach kernel oil,, Immediate red ’ |
! liniment.
Rape ail, Red or orange. Reddish ororange,l
Sesamé vil, . | " Yellowish or
' orange.

Cotton seed oil, Red or orange. Reddish ororange.| Brown red,

‘ f greenish below..

Niger secd oil, |, Red or orange. |, Brown or .o i

. brownish red.
' Red or orange. Green zone, oil
| red.

Linseed oil, . !Red or orange.
|
Poppy seed oil, ! ' Reddish. Dark green zone,|

oil pink.
Hemp seed oil, Brownish red.
Castor oil, . Transient yellow. | Yellowish or
orange.
Lard oil, . | Colourless or tran-

| _sient yellow.
Whale oil, . | Dark red.
Seal o1l, . . | Dark red.
Cod liver oil, .
Rosin oil, . | Reddish brown,
Mineral ail, . | Dark red.

|
I .
|
|

Brown rcd

.
'
'
|
.o '
¥
I

* Commercial Organic Analysis, vol. ii., p. 61.
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gether from '3 to 5 measures of the oil with 1 of nitric acid of
specific gravity 1:32. Heat the tube for five minutes in boiling
water ; then take it out and allow it to stand. Observe the
colour of the oil from time to time for one and a-half hours.

b. Massie's Test.—Agitate 3 measures of the oil for two
minutes with 1 measure of colourless nitric acid of specific
gravity 1-40. Observe the colour of the oil after separation.

c. Glissner'’s Test.—Pour the oil cautiously into an equal
measure of red fuming nitric acid, and observe the colour of the
oil and of the zone which forms between the oil and the acid
liquid.

ZINC CHLORIDE REACTION AND COLOUR TEST.

Some oils, more especially castor oil, when heated in contact
with a highly concentrated solution of zinc chloride, become
converted into a gristly mass, which, on treatment with water
to dissolve out the zinc chloride, more or less breaks up into
cartilaginous or fibrous portions, which swell up largely to white
masses closely resembling rasped cartilage, the oil being com-
pletely solidified by the process. Apparently, the chemical action
consists chiefly of polymerisation, somewhat after the fashion of
the elaidin reaction, possibly accompanied by dehydration; by
long continued boiling of the product with alkalies, partial
saponification is effected, glycerol being set free.

To produce the most gristly product, the following process
may be followed:*—Zinc chloride solution is boiled down until
the boiling temperature rises to about 175° C. or upwards, the
composition of the fluid then being close to that indicated by
the formula, ZnCl,, H,0, or slightly less hydrated. Three parts
of this fluid by weight, and one of castor oil are then well
intermixed together at a temperature of 125° or thereabouts;
the oil speedily becomes more viscid, and then coagulates to a
leathery mass resembling bullock’s liver, but tougher, mostly
separating from the zinc chloride in so doing. This mass is then
chopped up, soaked in water till disintegrated to a mass some-
what resembling coarsely scraped horseradish, drained from zine
chloride solution and washed, when it is in suitable condition for
use in the manufacture of india-rubber substitutes, insulating
coatings for electric leads, &c.

By using weaker zinc chloride, or smaller proportions, or
lower temperatures, the action can be controlled and stopped
before going quite so far, so as to produce substances of less
cartilaginous and more plastic character; or other oils, less

* Patent specification, €580, 1886, Muirhead and Alder Wright.
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readily acted upon, may be mixed with the castor oil ; or resin,
Kauri gum, and similar substances may be similarly admixed.

Colour Test.—When zinc chloride solution of somewhat
lesser strength (of thick syrupy consistence when cold) is mixed
with certain oils, colours are developed. Muter gives the
following table, founded on the results of Chateau :¥—

To 10 drops of the oil in a porcelain capsule, add 5 drops of
syrupy zinc chloride, and stir.

White or scarcely affected. Yellow, Red, or Brown. ll Green or Blue Shades.
i Poppy. Linseed (English), ’ Linseed (foreign),
Nut. Rape, » yellow. bluish greeun.
Almond (hot pressed). Groundnut, VYoo Olive,
Gingelly. Castor, rose yellow., Colza, J8reen-
Cokernut. ' Beech, flesh rose. Gold of pleasure
_— Cotton, brown. ‘ (camelina), pale

Neat's foot. | ——— | green.
Lard. Whale, yellow brown, i Almond, milky with
Horse bone. Fish, orange yellow. i green tinge.
Sperm. Seal, red brown. ‘ —_—
W halle (solmetimes , Cod liver (hot),

e violet tinge). en.
Colzl&liver ((:old).g gre

Action of Zinc Chloride on Oleic Acid.—Zinc chloride,
when heated with oleic acid, converts it into a solid isomeride
closely resembling elaidic acid, but not identical therewith ; thus,
when oleic acid, mixed with 10 per cent. of its weight of zinc
chloride, is heated to 180° to 185° (but not exceeding 195°) for
some time, the transformation is so far complete that a sample
taken out and treated with hot dilute hydrochloric acid yields a
layer of fatty acids, solidifying on cooling. By diluting with
water and subjecting to distillation with superheated steam (or
under diminished pressure), a buttery mass is obtained which,
on pressing (first cold and then hot), finally yields a hard
crystallisable material of melting point 41° to 42°, suitable for
making certain kinds of candles not requiring fatty matter of
high fusing point (Schmidt’s process). Benedikt obtained the
following results on analysis of the products thus formed : —¥

A. Crude product obtained by boiling the heated mass with
diluted hydrochloric acid.

B. Product of distillation under diminished pressure.

C. Solid mass, after pressing until the melting point rises to
41° to 42°,

* Spon’s Encyclopedia of Arts and Manufactures, ii., p. 1473.
+ Journ. Soc. Chem. Ind., 1890, p. 658; from Movatsh., 1890, ii., p. 71.
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A B. C
Liquid anhydride, . . . . 8
Stearolactone, . . . . . 28 310 75-8
Oxystearic acid, . . . . 17
Oleic and isoleic acids, . . . 40 433 157
Saturated fatty acids, . . . 7 12°1 85
Unsaponifiable matters, . . . e | 136
100 100-0 1000

The ‘unsaponifiable matters” contained in B were mainly
liquid hydrocarbons of the olefine series (carbon = 84°1, hydro-
gen = 13-7, oxygen = 2-2).

It would appear that the general character of the main action
is that zinc chloride directly combines with the oleic acid, and
that the resulting compound (or, possibly, pair of isomeric com-
pounds) is partly decomposed again into oleic and isoleic acids,
and partly hydrolysed with formation of oxystearic acids, more
especially the y acid, which then loses the elements of water,
forming stearolactone (vide p. 39); the hydrolytic action pro-
bably being as follows : —

Compound of Zinc Chloride

Olelc Acid. Zinc Chloride. and Oleic Acid.
Clgﬂg‘()g + ZuCl, = Can.Og,Zqug.
Compound. Oxystearic Acid.
CIQH“O’. ZaCl, + H,0 = ZnCly + CIgHaQOQ.

In all probability, similar reactions occur when glycerides
containing olein are saponified by means of sulphuric acid, the
yield of ltguid oleic acid in the products finally obtained by
distillation with superheated steam being very small.

ACTION OF SULPHURIC ACID ON OILS AND FATS.
TURKEY RED OILS.

When sulphuric acid is added to a fixed oil or fat, various
kinds of effects are produced in different cases; in many instances
distinctive colours are developed, due not so much to the action
of the acid on the glycerides themselves as to that upon other
hodies accompanying them in small proportion; this is especially
marked in the case of certain fish liver oils where biliary con-
stituents are present (vide infra). In other cases action occurs
hetween the acid and the glyceride, producing more or less

® Isoleic acid ounly.
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marked heat development, sometimes leading to charring and
destruction, sometimes to less deep-seated changes of a definite
character. Thus, when oils mainly consisting of olein are
cautiously mixed with sulphuric acid hydrolysis ensues, the
resulting glycerol being more or less converted into glycero-
sulphuric acid, much as ordinary alcohol is into ethylsulphuric
acid.

Alcohol. Sulphuric Acid. Ethylsulphuric Acid. Water.
CH;.OH + SOy { OH — s 3 o s + He0
Glycercz‘).H Sulphuric Acid. Glycerosulpharic Acid. Water.
OH . [O.CsH;(OH),
CH,JOH + SO, = so,{ sH + H,0
l OH OH OH

Simultaneously the oleic acid is acted upon, direct combination
taking place between the two acids* with the formation of
oxystearosul phuric acid.

* According to Miiller-Jacobs, the product thus formed contains the
elements of a molecule of water less, C;3Hg40;S instead of C,3H3404S ; and

is represented by him as a sort of sulphonic acid, C,;Hss z E%’ 8{;, breaking

up on bydrolysis with the formation of oxystearic acid, C,,-H_u{ 8(1){_05’
oxyoleic acid, C,;Hs.» { 8(1;{ oH being also formed, probably by a secondary

action. Geitel considers that a mixed glyceride is formed, part of the three
oleic radicles being modified by direct addition of sulphuric acid thereto so
as to form a glyceride where the radicle of oxystearosulphuric acid partly
replaces the oleic radicle, saponification of the glyceride not taking place,
at any rate, at firat.

Liechti and Suida also consider a mixed glyceride to be the first product,
cﬁntainiug simultaneously the radicles of sulphuric and oxystearic acids,
thus—

Oxystearosulphuric

Triolein. Water. Sulphuric Acld. Diglyceride.
) . s O.C,sH”O,
O.Cm“sao (/3H5 1 8H
9C3H; { 0.C1aHaq0 + 4H,0 + SO,(0H); = p } SO,
0.C3Hy30 C.H, ; o0
0.(’,3“3503
Oleic Acid.
. + 4C;gH3,03

Simultaneously, they regard an awalogous mixed diglyceride as being
formed, containing the radicle of oxyoleic acid (C,BH”g,) instead of that
of oxystearic acid (C,gH3502), this substance being produced in virtue of an
oxidising action exerted by the sulphuric acid, whereby SO, is evolved.
Inasmuch as practically no glycerol is obtainable from Turkey red oil by
saponification (beyond what 18 due to undecomposed original oil present
therein), whilst free oleic acid gives products similar to those prepared from
olive oil (the more free acid contained in the oil the better it is suited for
the purpose), it is obvious that these mixed glycerides, even if formed
under special conditions, are at any rate not the main constituents of the
commercial products, -

A
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Oleic Acid. Sulphuric Acid. Oxyatearosulphuric Acid. Water.
CirHas. COOH + 80, {Off = 50, { QC17He- 0~ O 4 my0

This product, being a saturated compound, does not combine
with iodine like the original oleic acid (Benedikt and Ulzer);
under the influence of hydrolysing agents it breaks up into
oxystearic and sulphuric acids, thus *—

Oxystearosulphuric Acid. Water.  Salphuric Acid. Oxystearic Acid.
Soz{gﬁcuﬂu. CO.0H + Hy0 = SO, % 8% + C"HM{ 8g -

Products containing more or less oxystearosulphuric acid and
the oxystearic acid thence formed by hydrolysis, together with
unchanged olein, and some free oleic acid (also whatever solid
fatty glycerides were originally present in the oil employed and
the products of the action of sulphuric acid thereon) are manu-
factured from olive, cotton seed, and similar oils chiefly consisting
of olein, for use in dyeing and calico printing, especially in the
production of “Turkey red,” whence the name *Turkey red
oils” applied to these products; the free acidity is usually
partially or wholly neutralised by cautious addition of ammonia
or other alkali to the oil after washing with brine or water.

Another variety of Turkey red oil, considerably superior for
some special applications, is produced when castor oil is
employed instead of olein-containing oils. According to the
generally received view, the chief action of the sulphuric acid is
precisely analogous to that on ordinary alcohol ; the glyceride is
hydrolysed into glycerol and ricinoleic acid, the former being
more or less converted into glycerosulphuric acid, as above; the
ricinoleic acid reacts on the sulphuric acid in a parallel way,
forming ricinoleosulphuric acid, thus—

Ricinolelc Acid. Sulphuric Acid.  Water. Ricinoleosulphuric Acid.
Cuttes {0 on + 80 {GH = M0 + CurHan {5670} O
the resulting product differing from that formed from oleic acid in
that it contains H, less, and is, therefore, an “unsaturated” com-
pound, capable of taking up iodine or bromine in the same manner
as the original ricinoleic acid itself (Benedikt and Ulzer). Accord-
ingly, castor Turkey red oil is capable of taking up oxygen, and
generally of behaving in ways not observed in the case of olive
Turkey red oil ; which circumstance renders it more suitable for

certain particular applications in reference to dyestuffs, &c.

* The effect of sulphuric acid in decomposing fatty glycerides, together
with the hydrolysing action of water on the product, is utilised in the
preparation of candle material; a larger yield of solid matter is thus
obtained than by the ordinary saponification processes, on account of the
conversion of liquid oleic acid into solid substances. According to Geitel,
y-orystearic acid (}). 39) is usnally produced (inter alia) by the hydrolysis
of the compound of oleic acid with sulphuric acid, which immediately splits
up into water and stearolactone. 1
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A somewhat different view of the action of sulphuric acid on
castor oil has been lately put forth by Scheurer Kestner * as the
result of his investigations. After the glyceride has been hydro-
lysed, he finds that part of the resulting ricinoleic acid becomes
““polymerised” (or more accurately, dehydrated and *con-
densed ”), so as to form a more complex molecule of diricinoleic
acid, which is then acted upon by sulphuric acid so as to form
diricinoleosulphuric acid ; the reactions may be written thus—

Ricinolelc Acid (2 molecules). Dirlcinoleic Acid.
Gt { 35 op Cut {38
OH = HO + 0
CiHas § 35, om CizHss 2 CO.OH
Diricinolele Acid. Sulphuric Acid. Diricinoleosu!phuric Acid.
CnH;’ { &[;l H’O + Cl7H8: { 0. SO:- OH

. co
Ci:Has 3 o } OH Curlss | go.}oa

Obviously the diricinoleosulphuric acid thus formed is “un-
saturated,” and is, therefore, capable of taking up two halogen
atoms for each C 4 present. More or less of the diricinoleic acid
escapes conversion into diricinoleosulphuric acid; so that in
addition to unaltered castor oil, &c., the resulting Turkey red
oil consists of a mixture of diricinoleic acid, and diricinoleo-
sulphuric acid, together with some amount of ricinoleic acid that
has escaped condensation to diricinoleic acid, and of ricinoleo-
sulphuric acid formed by the direct action of sulphuric acid upon
it.  The non-sulphurised fatty acids tend to the development of
blue shades with alizarin, whilst the ricinoleosulphuric acids tend
to produce yellow shades.

Diricinoleosulphuric acid is hydrolysed by caustic alkali, the
soda or potash salts of diricinoleic and sulphuric acids being
formed if the action take place at temperatures below 80° C.; but
by prolonged boiling with alkali, or treatment therewith under
pressure, water is taken up and ordinary ricinoleic acid regenerated
by reversal of the two reactions above indicated. TIn just the
same way ricinoleosulphuric acid becomes hydrolysed into sul-
phuric and ricinoleic acids, the action taking place extremely
readily in presence of hydrochloric acid. In presence of sulphuric
acid, Turkey red oil is apt to be yet further decomposed on
heating, enanthic acid, inter alia, being formed; hence, in the
preparation of the oil care must be taken that overheating does not
take place ; and similarly in washing out the excess of sulphuric
acid, &c., with brine (to avoid solution of the soluble compound
sulphuric acids formed), otherwise hydrochloric acid is apt to
be formed and considerable loss of soluble acids occasioned by

® Comptes Rendus, 112, pp. 135S and 393; also, Jowurn. Soc. Chem.
Ind., 1891, p. 471.
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hydrolysis ; sodium sulphate is accordingly preferable to sndlum

chloride as diminishing this tendency to loss.

According to Juillard * acids still more
highly “polymerised ” than diricinoleic acid
are formed when sulphuric acid acts on
castor oil, three, four, and five molecules of
ricinoleic acid becommg condensed and dehy-
drated, with the formation of #riricinolerc,
letrarwtnolew, and pentaricinoleic acids re-
spectively. He regards the first action as
giving rise, by partial hydrolysis and etherify-
ing action jointly, to the product,

0.CO0.C;;Hy. 0. SOH

C,H:.g
0 co. Ci/Hy. OH

which then loses a molecule of water forming
an anhydride, termed by him dicinolein sul-
phuric anhydride.

0.C0. Cy;Hy,. 0. S0,
CHsJo— '
0.CO.Cy;;Hy,. OH

This reacts slowly with ricinoleic acid and
sulphuric acids forming the various poly-
ricinoleic acids above mentioned, and the
polyricinoleo sulphuric acids thence derived ;
so that commercial castor Turkey red oils are
highly complex mixtures.

Maumené’s Sulphuric Acid Thermal
Test.-—-A considerable development of heat
usually attends the chemical action brought
about on mixing together a fixed oil and
strong sulphuric acid; by making compara-
tive observations in precisely the same way
with standard pure oils, or known mixtures,
and the substance to be tested, useful infor-
mation can often be obtained as to the
character, and to some extent the amount,
of foreign admixture present. It is, how-
ever, impossible to lay down any precise

Fig. 31.

figures universally applicable in such cases, because the rate of
action, and consequently the rise in temperature, greatly de-
pends on the way in which the intermixture is effected, and
especially on the strength of the acid used. Commercial ‘oil of
vitriol varies considerably in its strength, sometimes containing

* Journ. Soc. Chem. Ind., 1892, p. 355; from Bulletin Soc. Chim., Paris,

1891, 6, p. 638.
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96 to 97 per cent. of true sulphuric acid, H,SO,, sometimes only
90 to 91 per cent, or even less. If the liquid be boiled in a
retort under ordinary atmospheric pressure until about a quarter
has distilled over, the residue when cool enough may be bottled
and kept for use, being acid of about 98 per cent. strength.*

Fig 31 represents a form of apparatus for applying the test; a
graduated cylinder, B, is provided with an india-rubber stopper,
through which passes the stem of a thermometer, A, so graduated
that the divisions are all above the stopper; a short piece of
quill tubing, C, also passes through the stopper, serving as a
vent. 25 c.c. of oil are run into the cylinder, and then 5 c.c. of
sulphuric acid, the latter by means of a pipette applied to the
side of the cylinder, so that the acid falls to the bottom without
mixing with the oil. The stopper and thermometer being in-
serted and the temperature taken, the end of C is closed by the
finger, and the whole shaken up for a few seconds; C is imme-
diately unclosed, and the thermometer watched, so as to note
the highest point to which it rises, and hence the range through
which the chemical action has heated the mass.

In order to diminish errors due to radiation and convection,
a small beaker may be used, jacketted outside with a somewhat
larger one, the interspace being filled with cotton wool or fibrous
asbestos. 50 grammes of oil and 10 c.c. of sulphuric acid are
convenient quantities, the two being at the same temperature to
start with ; the acid is run in slowly from a pipette, the mixture
being vigorously stirred with a thermometer, and about a
minute being allowed for the addition; the temperature gra-
dually rises to a maximum as the stirring is continued, remains
nearly constant for a short time, and then falls again, the precise
amount of rise depending, to some extent, on the way in which
the admixture is made. When drying oils are examined,
Maumené recommends dilution with olive oil, so that the
temperature should not rise so high as to char the mixture
(paraffin hydrocarbons are regarded by other experimenters as
preferable) ; further, he recommends that trials should be made
with different proportions of oil and acid, e.g.,t

50 grammes oil to 18 c.c. acid.

1 ” 36 ”

100 " ” 18 ”

* Pure ‘“ monohydrated " snlphuric acid, Hgf0,, cannot be obtained by
evaporation ; when a strength of Y8 to 98'5 per cent. is attained, the
temperature rises to a point where the substance dissociates into water
and sulphur trioxide, the latter passing off at the same rate as the water
vapour, so that acid of that strength distils unchanged. Pure H;SO, ma
be obtained by adding the calculated amount of SO3 to oil of vitriol,
strengthened by evaporation as far as possible ; or by chilling the acid, and
draiuing off the unfrozen mother liquor from the crystals of HySO4 that
form. \When heated, SOj is evolved, and acid of about 98 per cent. left,
which then distils unchanged.

+ Comptes Rendus, xxxv., p. 572; also Journ. Soc. Chem. Ind., 1886, p. 361.
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The following table exhibits some of Maumené's results,
together with those subsequently obtained by others ; numerous
other analogous values have been recorded, exhibiting more or
less marked differences according to the particular mode of
manipulation adopted :—

Maomené. Allen. i Baynes. Archbutt.

Degrees. Degrees. Degrees. Degrees.
Menhaden oil, . . 126 123 to 128
Cod liver oil, . . . 1102 to 103 113 116
Linseed oil, . . . 103 104 to 111 104 to 124
Walnut oil, . . . 101
Hemp seed oil, . . 98

loil, . . . . 92
Whale oil, northern, . 91
Whale oil, southern, . ! 92
Poppy seed oil, . . 74 . 86 to 88
Cotton seed oil, crude, . 67 to 69 ! 70
Cotton seed oil, refined, . 74t075 77 75 to 76
Arachis oil, . . . 67 47 to 60
Beechnut oil, . . . 65
Rape and colza oils, . | 57t058 | 51t060 | 60to92 | 55 toG4
Almond oil, . . . 52 to 54 35
Horse foot oil, . . . 51
Tallow oil, . . . 41 to 44 1
Lard oil, . . . . 41
Sperm oil, . . . 45 to 47 51
Bottlenose oil, . . . 41 to 47 42
Olive oil, . . . . 42 41 to 43 40 41 to 45
Castor oil, . . . 47 65 46
Neat’s foot oil, . 43
Oleic acid, . . . 385 - 375
| |

Obviously, an admixture of rape oil with linseed oil, or wvice
versa, may be characterised with some degree of precision (the
former yielding a value of little more than half that given by
the latter), when the suspected sample is examined side by side
with samples of known purity mixed in known proportions (e.g.,
2 to 1, equal proportions, or 1 to 2, and so on). Similarly with
olive oil admixed with arachis oil, or with cotton seed oil; or
sperm oil mixed with fish oil. According to Archbutt, olive oil
exposed to sunlight for some time develops considerably more
heat with sulphuric acid than the same oil kept in the dark;
52”3 rise of temperature being noted by him instead of 41°:5.

A yet greater difference was observed by Ballantyne in the
case of olive oil exposed to light for six months, and agitated
daily so as to promote aérial oxidation (67° instead of 44°),
analogous differences being also observed with several other
kinds of oils similarly treated (p. 131).

Specific Temperature Reaction.—In order to render the
thermal test practically independent of variations in the strength
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of the sulphuric acid used, Thomson and Ballantyne* make simul-
taneously a comparative valuation with water, and calculate the
ratio between the heat developed with the oil examined and
that with the water; the resulting ratio they term the specific
temperature reaction. Thus the following figures were obtained
with acid of different strengths, showing a considerably closer
concordance between the *specific temperature reactions” than
between the uncorrected values first obtained with the different
strengths of acids ; of course, exact agreement is not to be ex-
pected, as the heat development in the case of an oil is not
brought about solely by the mere physical admixture, but is also
influenced by the chemical changes set up, which necessarily are
apt to vary with the strength of the acid :—

! Sulphuric Acid of 954 ' Sulphuric Acid of 96 & " Sulphuric Acid of 99
} per cent. H;S0,. “ per cent. H.SO,. {l per ceat. HyS0,
Substance Used. Spocific Specific |, Specific
Tompers. | Tempern: . ofeln | Temperaw | gomper,. | Tempers
ture. Rmtiun \ . ure. Reaction. | ture. Rnaiou.
I 1l
- 2
Degrees C. !1 Degrees C. || Degrees C.
Water, . 386 100 1 41-4 100 | 465 100
365 95 ' 394 95 | 448 | 96
Olive oil, 340 88 | 381 | 92 | w2 | o [
.. ' 390 94 ' 438 94
Rapeoil,. | 490 | 137 | .. | .. 50 1 124 |
Castor oil, 340 88 - 370 89
Linsced oil, 1045 270 || . | 1252 ‘ 269
! '

The followmr' values for the specific temperature reactlons of
various kinds of oils were thus determined :—

Nature of Oil. | Bpecific Temperatare Reaction |
Olive oil (13 kinds examined), . . 89 to 95
Cotton seed oil (crude), . . 163

(refined —2 kmdq), . 169 to 170
Rape ml (5 kinds), . . . 125 to 144
Arachis oil (commercul ). . . . 137

» (refined), . . A 105

Linseed oil (4 kinds), . . . . 270 to 349
Castor oil (2 kinds), . . . . 89 to 92 °
Southern sperm oil, . . 100
Arctic sperm oil (bottlenoae), . . 93
Whale oil (pale), . . . . . 157 '
Seal oil (4 kinds), . . . . . 212 to 225 |
Codoil (3kinds), . . . . , | 243 to 272
Menhaden oil, . . . . . 308 {

[
* Journ. Soc. Chem. Ind., 1891, p. 233.
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F. Jean uses a special form of apparatus, termed by him a
¢« Thermeleometer,” * for the determination of the heat evolved
in mixing sulphuric acid and oils (Fig. 32). A is a small vessel
40 mm. diameter and 60 high, enclosed in a felt-lined case, E ;
this holds the oil (15 c.c.) B is a U-shaped
tube, holding 5 c.c. of sulphuric acid (at 65°
B), furnished with a hollow glass stopper, to
which is attached a piece of rubber tubing,
R.V.; by blowing through the tubing the
acid is forced out of the reservoir, B, and
runs down on to the oil through the turned-
over narrow exit pipe. T isa thermometer
clamped to B. To use the instrument the
acid is introduced into B by removing the
stopper, and the oil run into A up to a
given mark representing 15 c.c.; the oil is
heated up to 40° to 50° C., the acid-holder
placed in it, and the whole allowed to cool
with occasional stirring to 30°; A is then
placed in the casing, E, and the acid blown
over into the oil, B, the attached ther-
mometer being used as a stirrer, and the
highest temperature attained read off.

Colour Reactions produced by Sul-
phuric Acid.—The table on p. 152 is given
by A. H. Allen, exhibiting the effect of placing a drop or. two
of sulphuric acid in the centre of about twenty drops of oil,
observing the colour before and after stirring.t

Some oils char more or less with sulphuric acid; in such
cases, one drop of the oil may be dissolved in twenty of carbon
disulphide, and one drop of sulphuric acid added. Whale oil
thus treated gives a fine violet coloration, quickly changing to
brown, whereas, with sulphuric acid alone, a mere red or reddish
brown colour, changing to brown or black, is obtained.

Miscellaneous Colour Reactions.—Various other reagents
have been proposed as colour tests for oils—e.g., stannic chloride,
barium polysulphide, phosphoric acid, mercuric nitrate (alone or
with subsequent addition of sulphuric acid), aqua regia, caustic
soda, &c. For the most part, these give but little more informa-
tion than is afforded by the colour tests above described, except
in some few special cases; thus, linseed oil boiled with caustic
soda gives a yellowish emulsion, but if fish oils are present, a

"é‘f;um. Soc. Chem. Ind., 1890, p. 113 ; from Pharm. Chem., 1889, xx.,
P + Various modifications of the colour test proposed in 1861 by Chateau
(by mixing oils with sulphuric acid) have been suggested by different
observers; in some cases the test })roduced is subject to considerable

variation, according to the amount of acid used relatively to the oil, and
its strength.
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reddish colour results. A solution of silver nitrate in alcohol
(2 parts nitrate to 12 of water, 88 parts alcohol added to the
liquid), when heated with about five times its volume of oil, is

OilL

Before Stirring.

After Stirring.

Vegetable Oils.
Oliveoil, . . {

Almond oil, . .
Arachis oil, .
Rape oil (crude),

»  (refined),

Mustard oil, .

Cotton seed oil (crude),
» (refined),

Niger seed oil, .
Poppy seed oil, . %

Linseed oil (raw),
(boiled), .

i1
Castor oil,.

Animal Oils.
Lard oil, . . {

Tallow oil,
Whale oil, .
Seal 0il, . .

Cod liver oil,

Spermooil, . .

Hydrocarbon Oils.

Petroleumlubricating
oil, . . .

Shale lubricating oil, .
Rosin oil (brown), }

(pale), . .

Yellow, green, or pale
brown.

Colourless or yellow.

Greyish yellow to
orange
Green thh brown )

ngs.

Yellow with red or
brown rings.

Dark yellow wnth
orange Streaks.

Very bright red.

Reddish brown.

Yellow with brown
clot.

Yellow spot with
orange streaks or
rings.

Hard brown or green-
ish brown clot.

Hard brown clot.

Yellow to pale brown. {

Greenish yellow or
brownish with brown
streaks.

Yellow spot with pink
streaks.

Red, turning violet.

Orange spot with pur-
ple streaks.

Dark red spot with
purple streaks.

Pure brown spot with
faint yellow ring.

Brown.

Dark reddish brown.

Bright mahogany %
brown.
Mahogany brown. {

Light orown or olive

green.

Dark yellow, olive, or
brown.

Greenish or reddish
brown.

Bright green, turning
brownish.

Brown.

Reddish brown.

Dark red, nearly black.

Dark reddish brown.

Reddish or greenish
brown.

Olive or reddish brown.

Mottled, dark brown.

Mottled, dark brown.
Nearly colourless or
pale brown.

Mottled or dirty brown.

Orange red.

Brownish red, turning
brown or biack.

Bright red, changing

P to mot.tlid brown.
urple, changing to

Pdmik brown. &
urple, changing to
reddish  or dark
brown.

Dark brown with blue
fluorescence.
Reddish brown with
blue flunorescence.
Dark brown with pur-
ple fluorescence.
Red-brown with purple
fluorescence.
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more or less reduced in many cases, developing a brownish red,
brown, or black colour;* cotton seed, bitter almond, hemp,
linseed, neat's foot, and colza oils show the reaction most
markedly, especially the first named.

The table on p. 153 (by Schidler) exhibits synoptically the
results of various reagents on several of the more commonly oc-
curring oils, &c. ; the test with hydrochloric acid and sugar is made
by mixing equal quantities of the oil to be examined ‘and hydro-
chloric acid of specific gravity 1:125 (about 1 c.c. of each), adding
a gramme of cane sugar, and shaking vigorously for some time.

SULPHUR CHLORIDE REACTION.
VULCANISED OILS.

The use of sulphur chloride in “vulcanising ” india-rubber” is
well known; n somewhat analogous change takes place when
this substance (preferably diluted with light petroleum oil,
carbon’ disulphide, or other suitable solvent) is intermixed with
certain . oils, more especially linseed oil; solidification ensues,
with the result of forming a more or less leathery mass, which is
employed to some considerable extent in the manufacture of
insulating coverings for electric mains and leads, and similar
purposes. During the action considerable quantities of hydro-
chloric acid are evolved, whilst the final product contains
sulphur, some of which is in a condition insoluble in carbon
disulphide, apparently combined with the oil constituents; so
that the chemical action of sulphur chloride appears to be of a
far more deep-seated nature than that of nitrous acid (elaidin
reaction), where the solidification appears to be due simply to
polymerisation or isomeric re-arrangement of atoms. Although
no true oxidation takes place during the treatment, the term
“oxidised oil” is often applied to this product in "the trade,
probably because the solidification brought about is some-
what akin in appearance to that effected when drying oils
are oxidised by exposure to air, forming solid products.

Another kind of “vuleanised oil” is btained by mixing
flowers of sulphur with the oil to be treated, and then applying
heat, much as in the process of vulcanising india-rubber. In
some cases the oils are previously partly saponified. By heating
linseed oil to about 230° C., cooling to 176° C. (350° F.), and
then stirring in sulphur, an india-rubber like mass is finally
obtained, useful in the preparation of rubber substitutes. As
with sulphur chloride, hydrogen appears to be removed during
the process, sulphuretted hydrogen freely escaping; this renders
the manufacture an especially feetid one unless great care be
taken to destroy the evil-smelling vapours evolved, by causing

* Cruciferous oils containing sulphur form black silver sulphide by this
treatment.



SULPHUR CHLORIDE REACTION. 155

them to pass through a furnace before escaping into the factory
chimney, or some analogous treatment.

The effect of chloride of sulphur (diluted with carbon disul-
phide) upon oils of various kinds is so far different that in
certain cases it may be employed to discriminate one from
another, or to test for admixture; as in all other analogous

and the formation or otherwise of hydrochloric acid gas; thus,
the following figures were obtained, inter alia.

4 c.c. Sulphur Chloride to 30 grms. Oil.
Name of Oil. |
Gas Evolution. Tenlil;:en':.lure , Time in Rising. | Rise per Minute.
Degrees C. Minutes.
Sperm, . | Very small 71 8 8-8
Seal, . . | None. 112 5 224
Whale, . | Slight. 91 3 302
Neat’s foot, v 82 4 205
Rape, . | None. 89 6 148
Cotton seed, | Slight. 93 6 154
Linseed, . | Considerable. 97 2 ‘ 487
Olive, . | Slight. 94 4 235
Cod liver, . | Abundant. 103 3 | 343
Palmnut, . | Slight. 9 7 ! 14
Oleic acid, . | Considerable. 99 6 | 185
Stearic acid, | None. s 5 \ 16

* Chemical News, 1388, 57, p. 113. + Journ. Scc. Chem. Ind., 1888, p. 552.



156

OILS, FATS, WAXES, ETC.

2 c.c. Sulphar Chloride to 30 grms. Oil.
Name of Oil.
Gas Evolution Rise in Time in Risi I Rise per Minute.
* | Temperature. ng- per

Degrees C. Minutes ! I
Sperm, . | Very small. 37 16 23
Seal, . . | Nonme. 45 10 | 44
Whale, . Slight. 57 6 94
Neat'’s foot, » 51 7 l 73
Lard, . . v 40 16 ! 24
Rape, . | None. 53 10 53
Cotton seed, | Slight. 49 11 44
Linseed, . | Considerable. 57 5 114
Olive, . | Slight. 62 6 87 :
Caastor, Abundant. 56 2 277 !
Cod liver, . - 55 4 13-7
Palm, . v 35 3 116
Palmnut, . | Slight. 5 9 ‘ 05
Rosin, . | Abundant. 31 7 44
Oleic acid, . | Considerable. 53 6 106
Stearic acid, | None. 5 7 07

It would hence seem that the relative figures obtained with
a given pair of oils often vary considerably according as 2 or 4
c.c. of sulphur chloride are used ; so that the value of the test as
applied to mixtures is somewhat doubtful.

CHAPTER VIIL
QUANTITATIVE REACTIONS OF OILS, &ec.

A VARIETY of quantitative chemical tests are in use with the
object of obtaining information on various points connected with
the general chemistry of fatty matters, so as to afford evidence
in cases of suspected adulteration, &c. Some of these depend on
the occurrence of saponification changes; others on different
principles. Amongst them may be reckoned the determination of
the amount of unsaponifiable matter present effected, as described
on p. 119, and the valuation of the amount of free fatty acids
present, not contained as glycerides (vide p. 116) ; in addition to
these, the following tests are also more or less frequently em-
ployed, named after the various chemists who have proposed
them :—

1 Kattstorfer’s T'es’.—Determination of the amount of potash
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(KOH, equivalent 56:1) requisite to saponify 1,000 parts of sub-
stance—i.e., the permillage of potash requisite for saponification.

2. Helmer's Test.—Determination of the percentage of fatty
acids formed, insoluble in hot water.

3. Reichert's Test.—Determination of the proportion of acids
formed, volatile with the steam of water when distilled under
certain arbitrary conditions.

4. Hubl's Test.—Determination of the quantity of iodine
capable of direct combination with 100 parts of substance.

5. Benedikt and Ulzer’s Test.—Determination of amount of
acetic acid formed by acetylating substances containing alcoholi-
form hydroxyl, and saponifying the product; expressed as per-
millage of potash, equivalent to the acetic acid thus formed,
reckoned per 1,000 parts of acetylated product.

6. Zeisel's Test.—Determination of amount of silver iodide
formed from the alkyl iodide (methyl, ethyl, &c., iodide), evolved
on heating with hydriodic acid; expressed as the weight of
methyl (CH; = 15), equivalent to the silver iodide thus formed
from 1,000 parts of substance.

KETTSTORFER'S TEST—TOTAL ACID NUMBER.

Owing to the different molecular weights of the various fatty
acids contained in glycerides and compound ethers, it necessarily
results that equal weights of different substances are chemically
equivalent to different amounts of alkali—i.e., that the quanti-
ties of caustic potash, for example, requisite to bring about the
saponification reaction

Glyceride. Caustic Potash. Glycerol. Potash Soap.
‘fslo, + skom = Glo, + skox

vary with the nature of X when equal weights of fatty matter
are used throughout. The greater the molecular weight of X,
the less potash will be requisite to saponify a given weight.
The quantitv of caustic potash requisite for saponification, being
a measure of the molecular weight of the fatty glycerides, &e.,
present, has been shown by Keettstorfer to afford in many
cases a useful means of checking the nature and purity of the
oil, &c., examined. The weight of potash (KOH == 561) thus
consumed by 1,000 parts of substance (milligrammes of potash
per gramme) is accordingly known as the “ Kettstorfer number,”
(Ferseifungszahl) ; or otherwise as the ‘total acid potash per-
millage” or “ total acid number” of the oil, &c., examined. The
determination of this value is effected in somewhat the same
fashion as that of the ‘free acid number” above described
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(p. 116), by saponifying the oil with an excess* of alcoholic potash,
and back-titrating the unneutralised surplus; in this way the
potash consumed represents not only the free fatty acid present
but also that liberated during saponification—t.e., the total fatty
acids present—whence the name.

Knowing the total acid number (Keettstorfer number) K of
a given substance, the mean equivalent weight of the substance
is readily calculated by the proportion

K : 561 :: 1,0()0:::‘3“}:30.

The value of x thus deduced is generally referred to as the
“ saponification equivalent” of the body in question.

Total Acid Number, or ‘ i
Kwttstorfer Number
Subatance. Chiel Sources. (Permillage of Potash Sapontfeatics
uired for Equvalest
s.pommion, &ec.). L
Glycerides. ‘ | l
Tributyrin, .  Butter fat, | 5573 1007
Trivalerin, i Porpoise, dolphln, | !
©and whale oils, | 4892 | 1147
Trileurin, . " Cokernut end l
| palmnut oils, 2638 | o127
Tripalmitin, . = Palm oil, lard, 2088 2687
Tristearin, . Tallow, lard, cacao
' butter, 189-1 2967
Triolein, . . i Olive and almond
| oils, ' 190-4 2047
Trierucin, . Coizaand rape oils. 1600 | 3507
Trilinolin, . Linseed, hemp,uml’ X
walnut oils, | 191-7 b 2927
Triricinolein, .  Castor oil, | 1806 3107
Compound Ethers. ! ‘
Cetyl palmitate, | Spermaceti, . 1169 480
Myricyl palmitate, Beeswax, ' 830 67
Ceryl cerotate, . Chinese wax, i 712 . 788
Dodecatyl oleate, Sperm oil, X 1247 | 450
Dodecatyl ‘ ‘
doeglate, . Bottlenose oil, j 120:9 464 ‘

The foregoing table represents the total acid numbers and
saponification equivalents of various triglycerides and compound
ethers of frequent occurrence; in the case of glycerides the
molecular weight is three times the saponification equivalent,
whilst with compound ethers of monohydric alcohols it is
identical therewith.

Classiflcation of Oils, &c., by Means of their Saponifica-
tion Equivalents.—The table on p. 159 has been arranged by

* Unless a more or less considerable excess be used, it is very difficalt to
ensure complete saponification.
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|

|
|
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| 4 -
Natorsof 01 Rropokth A
A, OLzINES— | )
Lard oil, . . ! 191 to 196
Olive oil, . . ' 18930196 |
Swee; Aln:l’ond oil, . igg to igg(l; |
Arachis oi . . 13 to 19+ =
Tea oil, . . . 1955 | Bt
Sesamé oil, . . 1900 to 1924
Cotton seed oil, . 19-10 to 19-66 l
B. Rarr O1L CLAssS— |
Baeal L 1703 to 1764
pe oil, . . 1 to 17 .
Mustard seed oil, 174 } 313 to 330
Cabbage seed oil, . 17°52
C. VEGETABLE DRrING OI1LS—
Linseed oil, . . 1874 to 1932
Poppy seed oil,. . 19-28 to 19-46 )
Hemp seed oil, . . 1931 > 286 to 300
Walnut oil, . 19:60 s
Niger seed ail, . . 189 to191
D. MARINE OLEINEB—
Cod liver oil, . . 18'51 to 21-32
Menbaden oil, . . 1920
Pilchard oil, . . 186 to 1875
Seal oil, . . . 189 to 196 250 to 303
Southern whale oil, . 19-31
Northern whale oil, . 18-85 to 22:44
Porpoise oil, . . 21'60 to 21'88
E. Borrer CLass—
gou:ter fat, L . g{?ég ttg %gz 241 to 233
ernut oil, . . i
Palmnut oil, . 2200 to 2476 } 209 to 253
F. STEARINES, &Cc.—
. . . 19-20 to 19-65
Tallow, . . . 19-32 to 19°80
Dripping, . . 1965 to 1970
Butterine, . . 19-35 to 1965 977 to 204
Goose fat, . . 19-26 = -
Bone fat, . . 19°06 to 1971
Palmoil, . ) 193 to 2025
Cacao butter, . . 19-98
G. FrLcip Waxes—
Sperm oil, . 1234 to 1474 380 to 454
Bottlenose oil, . . 12:30 to 13-40 419 to 456
H. SorLip Waxes—
Spermaceti, . . 1273 to 1304 432 to 441
Beeswax, . . 92 to 97
Carnauba wax, . 79 to 851
I. UNCLASSED—
Shark liver oil,. . 14 00 to 1976 284 to 400
‘Wool fat (suint), . 170 330
Olive kernel oil, . 18-85 298
Castor oil, . . ' 176 to 1815 309 to 319
Japanese wood 0il, . 21°1° 266
Japan wax, . | 21-01 to 22:25 252 to 267
Mpyrtle wax, . . [ 2057 to 21-17 265 to 273
Blown rape oil, . 198 to204 275 to 284
Colophony, - ] 170 to193 290 to 330
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A. H. Allen* representing the percentages of caustic potash
required for the saponification of most of the usually occurring
oils, &c., deduced by collecting together the published results of
a number of observers, some of the values being deduced from
upwards of forty different samples.

Values but little removed from these have been subsequently
collected and recorded by Benediktt and Schidler,} including
various later valuations of the Kwttstofer's values of other oils
and fats :—

Name of Oil, &c. Schidler. Benedikt

Apricot kernel, . . . 192-193 192-9
Arachis, . . . . 194-196 190°1-197
Almond, sweet, . . . 190-192 187°9-196°1
Almond bltter, . . . 194°5-196-6
Butter, . . . . 225-230 227
Beeswax (yellow), . . . 95-100 ) 97-107
Bone oil, . . . 190-191 e
Cacao butter, . . . . 198-200
Cokernut, . . . . . 255-260 255
Colza, . . . . . . 177-178 ‘ 175-179
Curcas, . . . . . 230-231 2305
Charlock, . . . . . 176-177
Castor, . . . . . 201-203 176-181°5
Carnauba wax, . . . . . 79
Cotton seed, . . 194-195 191-210-5
Cod liver, medxcmal . . 175-185 g 171-2132
Cod liver, brown, . . . 180-200 =
Galam butter, . . . 192-193 ..
Gundschit (lnllemantm), . . 184-185 1850
Hemp seed, . . . 192-194 193-1
Hedge radish, . . . . 176-177 1740
Japanese wax, . . . . 222-223
Linseed oil, . . . . 190-192 187°4-195-2
Lard, . . 195-196
Malabar tallow (pmey tallow), . 191-192
Menhaden, . . 192
Maize, . . . . . 188-189 188-1-189-2
Neat’s foot, . . . . 191-193

1 Niger, . . . . . 189-191 189-191

! I‘;’lut (\\'al.ll:lut), . . . . 19?-197 1960

i Olive, salad, . . . . 191-193 .

' Olive, inferior, . . . . 186-188 } 185-2-196

! Olive kernel, . . . . 188-189 1885
Poppy, . . . . . 193-194 192-8-1946
Palm, . . . . . . 201-202 e
Palm kernel, . . . . 246-248 2576
Pumpkin seed, . . . . 189-190 189-5

i

" * Commercial ( Orgamr Analysis, vol. ii., p. 41, et seq. The “) percentage
of caustic potash requisite ” is obviously one- -tenth of the Kettstorfer number,
or permillage of potash necessary for saponitfication.

1 Analyse der Fette und Wachsarten, pp. 204 and 317.

3 Untersuchungen der Fette Oele und W‘ hsarten, pp. 134, 135.

A
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)

| Name of Oil, &c. Schiidler. ‘ Benedikt. i
| | |
P - ‘ ‘ 1439 |
orpoise, . . . . .« .es Fhlid portion 2630
! Pilchard, . . . . 186-187°5
| Shark liver oil, . . . . 845
! Seal 0il, . . . . o 180-1956 191-196
Sesamé, . . . . 192-193 187-6-192-2
Sanflower, . . . . . 193-194 193
Spermaceti, . . . . 108 1081
Sperm oil, . . . . . 134 132-2
Suet (ox tallow, beef tallow), . 193-195
Tallow (sheep), . . « e ! 192-195
Tacamahac, . . . . 199-200
Unguadia, . . e e e 190-192
Whale, . . . . . 190-191 lfl)()-lgl
‘ 97"
Whale, bottlenose, - { Fluid porsion 2000
Woolgrease, . . . . i 169-170

i

Practical Determination of S8aponification Equivalents
of Glycerides, &c.—A known weight of the substance to be
examined (conveniently 2 or 3 grammes) is accurately weighed
up in a flask, and 25 c.c. (or other suitable quantity) of standard
alcoholic potash added (approximately seminormal); this should
be made from alcohol —not methylated spirit—that has been coho-
bated with caustic potash, and distilled so as to remove as far as
possible all compound ethers and other impurities that might be
resinised by potash, or otherwise partially neutralise alkali;
methylic alcohol of high purity may be similarly used, preferably
after the same treatment. The whole is heated on a waterbath
with a reflux condenser attached, and gently agitated at intervals
until complete solution has taken place; after a few minutes
more heating to ensure that saponification is complete, the un-
neutralised alkali is titrated by seminormal standard acid (pre-
ferably hydrochloric), using phenolphthalein as indicator. The
standardising of the alcoholic potash in terms of the acid is pre-
ferably effected by heating 25 c.c. on the waterbath, with an
inverted condenser attached, side by side with the oil examined,
and subsequently titrating; the difference between the acid
required in the two cases thus directly represents the acid
equivalent to that formed by the saponification. If w be the
weight in milligrammes of oil taken, and » the number of c.c. of
normal acid equivalent to the acid formed by saponification (z.e., if
2n c.c. of seminormal acid be used, 10n of decinormal, and so on),’
then the saponification equivalent E is given by the equation *

E= ",

n

*1 c.c. of “normal” acid represents E millizrammes of fat, whence
n c.c. of acid are equivalent to nE milligrammes. Since this quaitiity =w,
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and the total acid number (Kettstorfer number = permillage of
potash, or tenfold the percentage, requisite for saponification) by
the equation

K= T’: x 56,100,

The determination of the total acid number is generally com-
bined with that of the free acid number ; the weighed quantity
of fat, &c., mixed with a little warm alcohol, is titrated with
alcoholic alkali, using phenolphthalein as indicator, so as to
determine the free acid number (see p. 116); excess of alkali is
then added and the determination of the total acid number pro-
ceeded with. Thus, suppose that 2:501 grammes (2,501 milli-
grammes) of Japanese wax contain sufficient free fatty acid to
neutralise 2:5 c.c. of seminormal alkali (equal to 1-25 c.c. of
normal solution) ; whilst after adding excess of alkali, saponify-
ing, and back-titrating, 190 c.c. of seminormal -fluid (equal to
95 c.c. normal) are neutralised in all ; then the free acid and

-9

total acid numbers are respectively :215;051 x 56,100 = 28-04, and

95
2,501
2,501 ...

95 = 633, ‘
If A be the free acid number, and K the total acid number
(Kettstorfer number), the quantity K — A is a measure of the
proportion of compound ethers (esters, glycerides, &c.) present
in the substance examined, and may be conveniently termed the
ester number (Esterzall, .Etherzahl); thus in the above instance
the ester number is 2633 — 28:04 = 235:26. In general, if
m c.c. of normal alkali are consumed in neutralising the free
acid present in w milligrammes of substance, and n cc. in
neutralising the total acids, the value of the ester number,
K - A, is given by the equation

x 56,100 = 213:1; whilst the saponification equivalent is

K—A=gx56,100—% x 56,100

=T -1 56,100,
w

In the case of triglycerides, the quantity of glycerol theoreti-
cally obtainable from a given weight of substance is readily

it results that E = :i; On the other hand, 1 c.c. of normal acid represents
56°1 milligrammes of KOH, whence n c.c. are equivalent to n x 56 1 milli-
grommes. Then w:n x 56-1 :: 1,000 : K = " x 56,100,
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deduced from the ester number: 3 x 56:1 parts of potash
neutralised by the acids liberated from the triglycerides, represent
92 parts of glycerol set free: hence, if S is the ester number, the

9
l—zh- x 8 = 05466 x S per mille, or

05466 x S per cent.; thus, a sample of groundnut oil, yielding
the total acid number 1950, and the free acid number 50, and
consequently the ester number 1950 — 50 = 190-0, would
theoretically yield 190-0 x ‘05466 = 10:39 per cent. of glycerol.

Proportion of Fatty Acids formed by Saponification.—
Just as the average molecular weight of a mixture of triglycerides
or other compound ethers will depend partly on the molecular
weights of the fatty acids formed by saponification, and partly on
those of the alcoholic or glyceridic constituents, so will the
percentage of fatty acids obtainable vary in like manner. In the
case of a mixture of glycerides, where some of the fatty acids are
of low molecular weight, obviously a smaller percentage of fatty
acids will be formed than would be were all the fatty acids
of higher molecular weight. Thus, 100 parts of butyrin,
C,H,(0.C,H,0),, would theoretically yield 874 of butyric acid;
whilst 100 parts of stearin, C;H(0.C,;H,,0),, would similarly
furnish 957 parts of stearic acid.

In certain cases; useful information is obtainable by deter-
mining the total percentage of fatty acids actually produced,
more especially when, in addition to the total percentage, the
amounts respectively solwuble and insoluble in water are also
deduced ; the information being in some cases further supple-
mented by determining the amount and nature of alcoholic or
glyceridic complementary products.

The total percentage of fatty acids can be reckoned from the
amount of alkali requisite for saponification (the Kcettstorfer
number determined as indicated on p. 161) if the mean equivalent
of the fatty acids is known ; more usually, however, the latter is
the principal point to be examined, and the percentage of acids
requires to be directly determined ; from which value, together
with the quantity of alkali used, the mean equivalent weight of
the fatty acids is deduced. Thus, if 100 parts by weight of
substance yield a weight, w,, of fatty acids (i.c., if w, be the
percentage of fatty acids found), and w, parts of potash, KOH,
be required to neutralise these acids, the mean equivalent weight
of the acids is given by the proportion—

10g: 561 1wy x = ::‘ x 56°1.

2
If K be the total acid number (permillage of KOH, or ten times
the percentage) the mean equivalent weight of the fatty acids
will obviously be—

glycerol produced is

= W_ 1=
:r—‘,.Kx._)Gl h,><5(il.
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The term neutralisation number of the fatty acids (Versei-
Jungszahl der Fettsaiiren) is conveniently employed to indicate
the quantity of potash (KOH = 56-1) neutralised by 1000 parts
of the free acids. This value and the mean equivalent weight of
the free acids are related to one another in a fashion similar to
that exhibited by the total acid number, and the saponification
equivalent of the original fat or oil; if N be the neutralisation
number of the free acids, and F their mean equivalent weight
(value of x as above), then

N :56°1 :: 1000 : F,

whence N = 56:100
= F

and F 56,100
=N

The following table represents the average neutralisation
numbers of the free fatty acids obtained from various kinds of
oils, &c.—i.e., the quantities of potash (KOH = 56-1) neutralised
by 1,000 parts of mixed free fatty acids (Schadler):—

Name of Oil, &c. Necutralisation Number.
Almond, . . . . . 204-205
Arachis, . . . . . 196-197
Cotton seed, . . . . . 204-205
Castor, . . . 187-188
Cod lxver (medxcml), . . . 202-204
Charlock, . . . . 180-181
Colza, . . . . . . 181-182
Linseed, . . . . . 198-199
Lard, . . . . . . 215-217
Nut (walnut), . . . . . 208-209
Olive, . . . . . . 199-200
Palm, . . . . 206-207
Palm kernel . . . . . 265-266
Poppy, . . . . . 204-205
Suet (ox), . . . . . 205-206
Sesamé, . . . . . 197-198
Sunflower, . . . . . 201-202
Tallow (sheep), . . . . 206-207

In the case of a triglyceride, the calculated saponification
equivalent of the glyceride always exceeds the equivalent weight
of fatty acids produced from it by saponification by 12:67; for the
general reaction of saponification being equivalent to

C;H;(OR)s + 3H,0 = C;H,(OH); + SHOR
where R is a fatty acid radicle, it results that the molecular

weight (three times the equivalent) of the glyceride, G, plus
3 x 18 = 54 parts of water, is identical with the molecular
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weight of glycerol = 92, plus three times the equivalent weight
of the fatty acid formed by saponification, 3F ; whence,

G =3F + 92 - 54,
and ;’ =F + 12:67,

In similar fashion, in the case of a mixture of a triglyceride
and the fatty acid contained therein (e.g., tristearin and stearic
acid), the mean saponification equivalent of the mixture will
exceed the equivalent of the fatty acid by a fraction of the
number 1267, expressing the proportion of fatt; ‘x acid contained
as glyceride to the total fatty acid present. If S be the ester
number, and K the total acid number, this fraction is 152
the mean saponification equivalent of the mixture, M, is given
by the equation

; whence,

N
=F + — x 12°67.
n

Thus, supposing the free acid number w be 5 per cent. (J%) of
the total acid number, so that the ester number is 95 per cent.
(33) thereof, the relationship between M and F will be

M=F+ ]—gx 12467,

=F + 12°04,

Similarly, if the free acid number be 10 per cent. (f;) of the
total acid number,

M=F + 1140.

Hence, as in the case of most oils and fats, the amount of free:
acid is only a few per cents. of that of the total acids, it may be
taken as a general rule that the mean saponification equivalent of
« natural ol or Jat exceeds the mean equivalent of the fatty acids
contained therein by about 12; and by a proportionately less
amount when the quantity of free fatty acid present increases
beyond a few per cents.

This relationship enables comparisons to be readily instituted
between the values deduced by the saponification of a fat or oil,
and by titrating of the fatty acids separated therefrom, when
expressed as equivalents; whereas, such comparisons are much
less readily made by means of the potash permillages directly
obtained, viz., the ‘“total acid number” of the glyceride, and
‘ neutralisation number”’ of the free acids thence derived (p. 164).

Since the saponification equivalent of a triglyceride exceeds
the equivalent weight of the fatty acid contained therein by

\
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12:67, it results that for fatty glycerides, where the equivalent

weight of the fatty acid contained lies between 250 and 330, the

percentage of fatty acid yielded by the glyceride lies between
2 .

.250————+ 1567 X 100, and 330+ 1367 100, i.e., between 95-2
and 963 ; so that, for the great majority of natural oils and fats
containing only small quantities of free fatty acids, the rest being
glycerides, the yield of fatty acid per 100 parts of fat is close to
9575 parts. Fats containing a considerable amount of glycerides
of relatively low molecular weight, such as butter fat, cokernut
butter, and palip kernel oil, &ec., yield proportionately smaller
percentages of fatty acids; on the other hand, if much free fatty
acid is present in the fat or oil examined, the percentage yield of
fatty acids from the mixture is proportionately increased.

HEHNER’S TEST.

This test consists in determining that fraction of the futty
acids formed on saponification and acidulation which remains
undissolved in hot water, repeatedly applied until no more acid
is dissolved. With most oils and fats this quantity differs but
little from the total percentage (about 95-5 to 96 per cent. as a
rule,” supra)—i.e., only minute quantities of soluble fatty acids
are present ; but with cow’s butter, cokernut butter, and some
few other substances the difference is much greater. Thus with
butter fat the total percentage is usually from 93 to 94, whilst
the percentage of insoluble acids (the Hehner number) is only
87 to 83. With the fatty glycerides employed in the manu-
facture of oleomargarine, the soluble acids are present in
only very small quantity, so that the insoluble acids amount to
95-96 per cent.; hence, any considerable admixture of oleo-
margarine with genuine butter is detected by the increment in
percentage of insoluble acids found.

The following table represents the proportion of genuine butter
fat and foreign fats (margarine) present in a sample of mixture
yielding a higher Hehner number than genuine butter fat,
assuming this to give the value 87D, and margarine to give
95°5.

The same result is also obtainable by means of the formula

a = (H - 875) x 125,

where H is the observed Hehner number, and x the calculated
percentage of margarine.*

* When cokernut butter (or the stearine thence isolated by chilling and
pressing) is substituted for olcomargarine from beef suet, &c., the above
table does not hold good.
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Percentagy Present of l
Hehner Number Found.
Genuine Butter Fat. Margarine.
875 100 0
88 9375 625
885 875 125
89 8125 1875
895 75
90 68-75 3125
905 625 375
91 5625 4375
915 50 50
92 4375 5625
92'5 375 625
93 3125 6875
93‘5 25 75
94 1875 8125
945 12°5 875
95 625 937
955 0 100

Other tests depending on principles somewhat similar to those
involved in Hehner's test have been proposed by other chemists
for use in special cases; thus the difference in solubility of
barium salts has been proposed as a criterion instead of the
difference in solubility of free acids for butter analysis, &c.
A modification of this principle is utilised as a means of deter-
mining the relative proportions of stearic and oleic acids in
mixtures of the two based on the different solubilities of their
lead salts in ether (vide p. 112).

PRACTICAL DETERMINATION OF THE AMOUNT OF
FATTY ACIDS FORMED ON SAPONIFICATION
(SOLUBLE AND INSOLUBLE IN WATER), AND
THEIR AVERAGE EQUIVALENT WEIGHTS.

The neutralised alcoholic solution left after determining the
saponification equivalent (or the product obtained by saponifying
a larger quantity of fat, say 10 grammes, with alkali without
titration) is evaporated to drive off alcohol, dissolved in hot
water, and treated with an excess of acid (standardised or other-
wise, according to circumstances—uvide infra); a few minutes
boiling decomposes all soap present, so that a clear layer of fused
fatty acids swims up to the top on standing. A weighed filter
(weighed in a dish after drying in the steam bath) is prepared
and wetted with water (otherwise fatty acids may pass through),
and the acidified fluid filtered through, the oily fatty acids
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remaining on the filter being washed with boiling water until
no more acidity is found in the filtrate. The filter is then dried
inside the weighed dish, and thus the weight of insoluble acids
determined. If w grammes of oil give n grammes of insoluble
acids, the “Hehner number,” H, or percentage of insoluble acids,
is obviously

H=" x100.
w

The fatty acids thus formed are dissolved in pure alcohol and
titrated with standard alcoholic alkali precisely as in the deter-
mination of the * free acid number ” of an oil, &e. (p. 116). The
quantity of potash (KOH = 561) neutralised by the insoluble
fatty acids obtained from 1,000 parts of original substance is
conveniently referred to as the “insoluble acid potash per-
millage,” or *“insoluble acid number” of the oil, &c., examined.

The difference between the quantity of potash neutralised in
the determination of the saponification equivalent (total acid
number) and that thus found as the insoluble acid number, is
obviously the potash equivalent to the acids present that are
soluble in water ; this difference is conveniently referred to as
the “soluble acid number’’ of the oil, &c., tested. If the composi-
tion of these soluble acids is known or assumed (e.g., regarding
them as butyric acid in the case of butter fat), their weight is
reckoned from the alkali neutralised as percentage on the original
fat examined, and by adding this value to that deduced as above
for the insoluble acids, the percentage of total acids formed is
obtained.

For example, suppose 2,500 grammes of butter fat to be
saponified with 25 c.c. of seminormal potash, and that on
titrating the excess of alkali 49 c.c. are found to be unneutralised
by the acids formed on saponification; then the total acids
formed are equivalent to 25 — 49 = 20'1 c.c. of seminormal
alkali, or 1005 c.c. of normal alkali. Hence the total acid
number is

10-05

2,500
and the saponification equivalent is

2,500 .

After separation of the insoluble fatty acids, these are found to
weigh 2:187 grms., and to neutralise 16:6 c.c. of seminormal
alkali = 83 c.c. of normal alkali; hence the insoluble acid
number is

x 56,100 = 225°3,

§3
2,500
the rercentage of insoluble fatty acids (/Hehner number) is

x 56,100 = 1£6:25;
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2,187  amuag.
2,500 x 100 = 8748 ;
and their average equivalent weight is

2187

"853
1.e.,, 1 c.c. of normal alkali neutralises 263:5 milligrammes of the
mixed acids. Since the total acids neutralise 10-05 c.c. of normal
alkali, and the insoluble acids 83 c.c., the difference = 175 c.c.
represents the soluble acids. This corresponds with the soluble
acid number

= 2635;

175
2,500
If it be supposed that the soluble acids are essentially butyric
acid (equivalent = 88), 1 c.c. of normal alkali will neutralise
88 milligrammes, and consequently 1-75 c.c. will neutralise 154
milligrammes = 6:16 per cent. of the 2,500 grms. of butter fat.
employed. Hence the total percentage of fatty acids formed on
saponification is
Insoluble acids (Hehner number), . . 87-48
Soluble acids (reckoned as butyric acid), . 616

x 56,100 = 39°3.

Total, . . . 93:G4
The mean equivalent weight of the total acids is deduced thus—

Weight of insoluble acids, . . 2,187 milligrammes.
' soluble ’ . . 154 ’
2,341 M

Since these neutralise 201 c.c. of seminormal alkali, equivalent
to 10-05 c.c. of normal alkali, the mean equivalent weight is

2,341

—_ ) o
1005 — 2529

The soluble acids may also be directly estimated by employing
a known quantity of standard acid to decompose the soap left
after determination of the saponification equivalent, and deter-
mining the acidity of the watery filtrate, using phenolphthalein
as indicator. Thus, in the above case, suppose that 25 c.c. of
seminormal acid were used to decompose the soap, and that 84
c.c. of seminormal alkali were neutralised by the watery filtrate :
since the alkali present in the neutral soap represents 20-1 c.c.,
25 — 20-1 = 49 c.c. of the acid used would remain unneutralised
in the filtrate; whence, 8:'4 — 49 = 3'5 c.c. of seminormal acid,
equal to 175 c.c. normal, would represent the soluble acids as
before. In practice, this method is less accurate than the other,
as the dilution of the fluid and the unavoidable absorption
of carbonic acid from the air (which interferes with phenol-
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phthalein as an indicator) generally prevent so sharp a valuation
being obtained.

With the exception of butter fat and allied animal fats, and
cokernut and palmnut oils, the amount of soluble acids present
in ordinary oils and fatty matters is usually so small as to be
negligible, so that the total acid number and the insoluble acid
number are sensibly identical —i.e., the amount of alkali
neutralised during saponification is practically identical with
that neutralised subsequently by the liberated fatty acids,
insoluble in water.

Correction for Anhydro derivatives, e.g., Stearolac-
tone.—Certain distilled oleines, Turkey red oils, &c., contain
stearolactone, the “inner” anhydride of y oxystearic acid (p. 39);
when this is heated with alcoholic potash, it forms potassium
oxystearate, which neutralises an equivalent of alkali (C,;H 0,
= 300); but when the resulting soap is decomposed by a mineral
acid, stearolactone is reproduced. If the mixed fatty acids, &c.,
thus formed be titrated without heating, an insoluble acid
number, corresponding with only the free fatty acids, will be
indicated, the stearolactone not being converted into potassium
oxystearate instantaneously in the cold; so that an apparent
cxistence of soluble fatty acids i3 indicated by the difference
between the total acid number obtained at first, and the value
obtained during the titration of the free fatty acids—i.e., their
apparent neutralisation number. The difficiency, however, is
made up if the neutralised fatty acids, &ec., be heated with excess
of alcoholic potash, and then back-titrated, so as to determine the
alkali neutralised by the formation of oxystearate; from the
amount thus neutralised the stearolactone can be calculated.
1 c.c. of normal acid representing 282 milligrammes. Or the
stearolactone may be dissolved out from the neutralised fatty
acids by means of ether or benzoline, and directly weighed *
(p. 119).

Corrections for Free Fatty Acids and for Unsaponifiable
Matters.—If the substance examined contain free fatty acids or
unsaponifiable matters the above methods require certain

. w
.corrections ; thus, the value E = | found as above for the
n

saponification equivalent, does not represent the true equivalent
of the glyceride or other:compound ether present along with
other matters, but only the mean equivalent of all the substances
present (infinity in the case of non-saponifiable substances). If,
as is usually the case, the unsaponitiable matters present are
insoluble in water, the weight of substances obtained on saponi-
fying and weighing the liberated fatty acids, is too great by the
amount of unsaponifiable substances present; and also by the

* Benedikt, Monatshefie fisr Chemie, 11, p. 71.
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weight of fatty acids originally present in the free state: these
are determined as described .on pp. 116, 119.

Suppose that a weight of substance, W, when saponified with
alkali, neutralises 7, c.c. of normal fluid ; and, as the result of a
previous titration before saponifying, suppose that n, c.c. represent
the normal alkali equivalent to the free fatty acids present in the
same weight, W, and that ¢, milligrammes is the weight of
these fatty acids. Further, let the weight of unsaponifiable
matter contained in W of substance be w, milligrammes. Then
the saponifiable compound ethers, glycerides, &c., present weigh
W - w, — w, milligrammes ; and the normal alkali neutralised
by them on saponification is n, — n,; hence the corrected
saponification equivalent of the saponifiable matters free from
impurities is
: E = .“L: !l"l, -_B)

N — N
and the potash permillage for these saponifiable matters free from
impurities is
-y ny — Ny
K = e ~ o= w0 x 56,100,

Sometimes it happens that during saponification products are
formed that are insoluble in water and consequently swim up to
the top when the resulting soaps are decomposed by a mineral
acid so as to separate the fatty acids formed by saponification ;
2.g9., in the case of cetacean oils, waxes, &c., where alcohols of
high molecular weight, and not glycerol, are set free; in such
cases, in order to obtain a correct valuation of the fatty acids,
the quantity of such alcohols, &c., mixed with them must be
determined.* This is usually conveniently effected by evaporat-
ing to dryness the alcoholic solution obtained when the weighed
impure acids have been titrated (p. 164), and dissolving away the
alcobols, &c., with ether or benzoline, 8o as to separate them from
the soap ; the filtered solution thus obtained is then evaporated,
and the residue weighed and subtracted from the weight of crude
fatty acids.

The equivalent weight of the fatty acids then will be

where w is the weight in milligrammes of crude fatty acids,
1w’ that of alcohols, &c., admixed therewith, and n the number of
c.c. of normal alkali neutralised.

*Owing to saponification changes occurring on keeping or during
refining, it sometimes happens that considerable quantities of cetylic,
dodecylic, &c., alcohols are contained as suchk in sperm oil, spermaceti,
beeswax, and similar substances, in addition to those existing as compound
ethers; as much as 40 to 50 per cent. has been found in extreme cases
(Allen and Thomson).
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Mean Equivalent of Fatty Acids Contained in Soap.—
In the examination of sonp it is often required to determine the
mean equivalent of the fatty acids present therein as potash or
soda soap; methods of calculation analogous to the above are
then used. 1n such cases the analytical methods used (Chap.
xxt.) usually give the following data :—

Percentage of total alkali present (reckoned say as Na;0), = a
alkali not combined with fatty acids (so
called ‘“freealkali”), . . .
» free fatty acids formed on decomposition of
the soap by mineral acids (together with
unsaponified fat and neutral bodies, &c.), =
. unsaponified fat and neutral bodies, &c., . =

”

c
d

Then 100 parts of material contain @ — b per cent. of alkali
(reckoned as Na,O) combined as soap with fatty acids, which
soap again yields, on decomposition by a stronger acid, ¢ — d per
cent. of fatty acids free from unsaponified fat and neutral bodies.
The mean equivalent E of these fatty acids is then given by the
proportion (31 being the equivalent of sodium oxide, Na,0)

a-b : 31 :: e-d : E,

—d
whence E="""x3
a-0

The fatty acids yielded by cokernut oil have an average equi-
valent weight of not far from 200, whilst those from tallow,
palm oil, and olive oil have much higher values, near 275, still
higher equivalent weights being possessed by the mixtures of
acids yielded by castor oil (near 300)and oil of ben and rape
oil (near 330°); cerotic and melissic acids from beeswax have
equivalent weights of 410 and 452 respectively. Hence in
many cases the numerical value of the equivalent weight of the
fatty acids affords a useful indication as to the nature of the oils,
&c., used in manufacturing the soap examined.

Calculation of Composition of a Mixture of Two Fatty
Acids from their Mean Neutralisation Number.—In certain
cases where a substance is examined known to be a mixture of
two different fatty acids, the relative amounts of the two consti-
tuents can be at least approximately calculated from their mean
neutralisation number. Thus in the case of a mixture of palmitic
acid (molecular weight = 256) and stearic acid (284), let the
neutralisation number of the mixture be n; the mean molecular
weight of the mixture will accordingly be 5 6’;99 (p. 164). Hence

the following table gives the relative proportions of the two
acids :—
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Percentage of
Mean Molecnlar Weight, - —
Palmitic Acid. ' Stearic Acid.

256 100 | 0

2588 90 | 10

2616 80 20

. 2644 i 70 ! 30
) 2672 | 60 40
: 2700 50 50
' 2728 ‘ 40 60
! 2756 30 70
i 2784 ‘ 20 80
: 2812 10 90
100

i 2840 0 |

The followmg formula. gives the same result ——Let S le per-
centage of stearic acid, and M the mean molecular weight ; then

= (M - 256) x 10
éb

= (M - 256) x 3:5716.

In similar fashion the relative proportions of any other two fatty
acids in a mixture thereof can be calculated.

REICHERT'S TEST.

Various natural oils and fats yield on saponification the alkali
salts of mixtures of acids, some of which are readily volatile with
the steam of water at ordinary pressure, and others practically
non-volatile. Reichert ® has based on this a useful method for
the examination of butter as regards adulteration with other
kinds of fatty matter (oleomargarine, &c.), these adulterants
furnishing much smaller proportions of volatile acids. In prac-
tice, it is not convenient to continue the distillation until all the
volatile acid present has passed over, so that a particular method
of manipulation is employed, in order that an approximately
constant fraction of the volatile acids may be distilled off. For
this purpose 2-5 grammes of the fat to he examined are heated
with 25 c.c. of approximately seminormal alcoholic potash in a
flask with reflux condenser, until saponification is complete ; the
alcohol is evaporated off (by transferring to an evaporating dish),
and the residue dissolved in water, slightly acidulated with
dilute sulphuric acid, and made up to 70 c.c., of which 50 are
distilled off. The distillate is filtered if solid acids insoluble in

* Zeits. Anal. Chem., 18, p. 68.

+ To avoid bump mmumce stone with platinum wire coiled round should
be placed in the distilling vessel.
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cold water have passed over, and titrated with decinormal alkali,
using phenolphthalein as indicator. Working in this way about
4 of the total volatile acids, soluble in water, of genuine butter
are obtained in the distillate.

The following table is given by A. H. Allen,* representing
the collected results obtained by himself and other analysts
employing this method of manipulating :—

C.c. of Decinormal ; ‘
Substance of which 256 grammes are used. Ag‘,:?,ﬁ:::}mmy ! P m::mﬁml
when necessary). |
MiLk FATs—-
Cow’s butter, . . . . 125t0152 | 2:80to 3-41
Ewe’s butter, . . . . 137 | 3-07
Goat’s butter, . . . 136 i 305
Porpoise's butter, 11-3 | 251
ANIMAL & VEGRTARBLE O1LS & FaTs— |
Cokernut oil, T . . . . 35to 37 0°78 to 0-83
Palmnut oil, . . . 24 054
Palm oil, . . . . . 08 i 0°18
Cacao butter, . . . . 16 | 0-36
Butterine and oleomargarine, . 02tol6 | 0040036
Whale oil, . . . . 37to 12°5 0-83 to 2-50
Porpoise oil, . . . . 11 to 12 ' 247 to 269
Sperm oil, . . . . 13 ! 0-29
Bottlenose oil, . . . . 14 031 |
| Menhaden oil, . . . . 12 0-27
* Codliveroil, . . . . 1I'1to21 ' 024t0047 |
i Sesamé oil, . . . . 2:2 1 048 ‘
[ Cotton seed oil, . . . 03 007
1 Castor oil, . . . . 14 0-31 |
) | )

Meissl | slightly modifies Reichert’s test by using 5 grammes
of fat instead of 2'5; the evaporated alcoholic soap is dissolved in
100 c.c. of water, and acidified with 40 c.c. of 10 per cent.
sulphuric acid solution. 110 c.c. are distilled off, of which 100 is
filtered through a dry filter and titrated, the decinormal alkali
consumed being increased by one tenth, to allow for the 10 c.c.
not used. The results are usually somewhere about double those
obtained by Reichert’s method of manipulation—i.e., are much
the same per given weight of butter, taking into account the
doubled weight of fatty matter used.

The following table is given by Schadler, representing the
number of c.c. of decinormal alkali neutralised by the volatile

* Commercial Organic Analysis, vol. ii., p. 46.

1+ By adding more water and continuing the distiilation, a large amount
of solid fatty acid, mostly insoluble in water (chiefly lauric acid), can be
distilled over in the case of cokernut oil,

I Dingler's Poly. Journ., 233, p. 229.
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acids distilled off when the Reichert-Meissl test is employed
(5 grammes of material used) :—
Name of Oil, &c. . C.c. of Decinormal Alkali.
Arachis, . . . . . . 04
Almond, . . . . . . 0°55
Cotton seed, . . . . .
Cokernut, .
Cod liver, .
Castor, . .
Colza, crude, .

,  refined,

, . . .
Linseed, . . .
Nut (walnat), .
Olive, . .

Palm, .
,» Kkernel,

Poppy, .

Seal oil, . . . . . .
Sesamé, . . . . . .
Suntlower, . . . . . .
Tallow (ox),

»  (sheep),

Several other modifications of Reichert’s mode of manipulating
have been proposed by different chemists with the object of
obtaining greater accuracy; thus Wollny * employs special
precautions to avoid the presence of carbon dioxide in the
distillate and eliminate its disturbing effect, and prescribes that
the distillation (using 5 grammes of butter fat) should always
last the same time, 30 minutes. Similarly, Leffmann and Beam
use a solution of caustic soda in glycerol instead of alcohol, to
diminish possible formation of volatile acids by the action of the
alkali on the alcohol. Methylic alcohol is used by others for
the same purpose. Admitting that pure butter fat gives a
Reichert-Wollny number = 27, and that the corresponding
number for average margarine is 2, then a sample of butter fat
mixed with margarine and giving the number R will contain
z per cent. of margarine, where

27 - R
z=100 x - »25—»_4(27—1{). .

The term “Reichert number ” (Reickert'sche Zahl) is frequently
given to the figure expressing the number of c.c. of decinormal
alkali neutralised by the distillate obtained when operating in
the way prescribed by Reichert, using 25 grammes of substance;
and similarly the terms “Reichert-Meissl number” and “Reichert-
Wollny number ”( Retchert- Meissl sche Zahland Reichert- Wollny'sche
Zahl) to the corresponding figures obtained when Meissl’s or
Wollny's modification of Reichert’s process is used (employing

* The Analyst, 1887, p. 203, et seq.; from the Milch Zeitung, 1887,
Y P
Nos. 32-35,
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3 grammes of substance). The two latter numbers are each
approximately double the first on account of the larger weight of
material. To avoid confusion between these different values, it
is convenient to translate them into terms of caustic potash
(KOH = 56°1) neutralised by the volatile acid obtained from
1,000 parts of substance, to which value the term “wolatile acil
aumber” (or volatile acid potash permillage) may be conveniently
applied ; this translation is effected by means of the formule—
Volatile acid number = Reichert number . . x 2244

” " = Reichert-Meissl number x 1:122

» » = Reichert-Wollny number x 1:122
The volatile acids thus indicated are usually considerably below
the total amount actually present ; according to Allen, the defi-
ciency is somewhere about one-fifth in the case of butter fat, and
presumably in about the same proportion in other cases. When
a nearer approximation is requisite to the total volatile acid
present, water must be added to the residue in the retort and
distillation recommenced, and so on as long as acid vapours pass
over; or more conveniently, steam may be blown through the
liquid from a separate boiling vessel.

BROMINE AND IODINE ABSORPTION.

Organic compounds containing a group of the character
— CR = CS - tend to combine with two atoms of a given
halogen such as bromine or iodine, forming a group of formula
— CRBr-CSBr -, or- CRI - CSI - . Accordingly, organic acids
thus constituted are capable of uniting directly with halogens to
an extent dependent on the number of times that such “douhl)
linked " carbon groups occur; thus oleic and ricinoleic acids,
which contain one such (]oubly linked pair of carbon atoms,
unite with Br,.
Oleic Acid. Dibromostearic Acid.
Cy;Hg3. CO. OH + Br, Cy;HgsBry . CO.OH
Ricinolelc Acid. Dibromoxystearic Acid.

Cy;Hg, { 85[ OH + Bn Ci7H3eBry { 83 OH

Similarly, linolic acid combines with Br,, as it contains fwo * such
doubly-linked pairs of carbon atoms.

]

Linolic Acid. Tetrabromostearic Acid.
Cl?Hal .CO.0H + Bl‘( = C|7H3|Bl‘4 .CO.0H
‘Whilst linolenic acid, containing 3 such pairs,t unites with Br,—
Linolenic Acid. Hexabromostearic Acid.
C],Hgg CO.0OH + Bl'n = C]yHggBl’o CO.OH

* Or possibly a trebly-linked pair of carbon atoms, forming the group
- C -C -, which, by uniting with Br,, produces a group of formula
— CBr, -~ CBr, -.

+ Or possibly onc trebly-livked pair, and one doubly-linked pair.
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In certain cases, the bromine addition products thus formed
are crystallisable, and thus afford the means of separating organic
acids from one another (pp.27,33,36); in any case, by determining
the quantity of halogen fixed by a given acid or mixture of acids,
useful information is often obtained as to the nature of the fatty
acids present ; for instance, if a mixture of stearic and oleic acids
took up, say, 45 per cent. of its weight of iodine, since stearic
acid takes up no iodine, and oleic acid 90 per cent. of its weight,
it would result that the mixture contained the two acids in
approximately equal quantities. Methods for the determination
of the amount of oleic acid in mixtures of this kind are of
considerable practical utility; in particular, the author has
found the method useful in determining the proportion of oleic
acid contained in the “ stearine” used for candle making.

Precisely the same remarks also apply to the glycerides of the
fatty acids, with the sole difference that their combination with
halogens generally takes place more slowly than is the case with
the fatty acids contained, or with the parent hydrocarbons of
these fatty acids.

As far back as 1857, attempts to utilise the reaction with
bromine for the practical discrimination of fats were made by
Cailletet, and subsequently by A. H. Allen, Mills, and others;
but although in certain cases useful results are thus obtainable,
in practice it is found that the use of iodine is preferable, more
especially when applied in the modified form proposed by Hiibl
(vide infra), where mercuric chloride and iodine are dissolved in
alcohol, and the compound solution allowed to act on the fat.

In this case, the product formed is not simply an iodine
addition product ; the mercuric chloride appears to be more or
less transformed into mercuric iodide, with formation of chloride
of iodine, so that the addition product contains both chlorine and
iodine; thus oleic acid, C,gH,,0,, treated with this reagent
becomes mostly converted into chloriodostearic acid, C,;H,,C110,,
and similarly in other cases. The chlorine thus added on is in
practice never reckoned as such, but as its equivalent in iodine;
so that 282 parts of oleic acid, when treated with Hiibl's reagent,
are regarded as combining with 2 x 127 = 256 parts of iodine,
although usually the compound produced is formed by taking up
127 parts of iodine + 355 parts of chlorine.

Bromine Process.—The bromine absorption process, as im-
proved by Mills and Snodgrass,* and Mills and Akitt,t consists
in dissolving bromine in carbon disulphide, or preferably carbon
tetrachloride, to a solution containing 06 to 0'7 per cent. of
bromine, and adding this to a solution of a weighed quantity
of oil in the same solvent, until no more combination takes place.
In the earlier experiments with carbon disulphide a slight excess
of bromine was added, and the colour, after standing 15 minutes,

® Journ. Soc. Chem, Industry, 1883, p. 435. + Ibid., 1884,15. 366.
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P t Specific
Substance. of Bromiue| Gnlu-lty at ’g}:’.{?“ Remarks.
absorbed. 119-12°, g

i

Almond oil, . . 26-27 9168 ... | Expressed from bitter

almonds.
» . . 5374 ‘9154 ... |Expressed from sweet
' almonds ; yellower.
Beeswax, . . 054 63-9 Eu%lish, a few months
old ; very yellow.
” . . 0 632 | Scotch,8yearsold ; pale.
» . . 629 w 2,  yellow.

0
" . e 0 633 - v
Ben ail, . . . b 5295 9198 «.e | Much solid fat.
yw . o+ e 5089 | 9161 .. | No solid fat.
Carnauba wax, . 33
Cod liver oil, . . 8312 | 9269 -« | Scotch,7 yearsold ; ran-;
cid ; clear portion used;
1 hour’s absorption.

»» . . 84°03 | -9292 ... | Norwegian, retined, 2
years old.

v . . 82:94 9257 ... |Japanese, 2 years old.

’» . . 8161 9277 <. | Scotch, 2 years old.

» . . 8669 9281 . | Crude, from liver refuse;
a few months old.

» . . 8301 | 9318 ... | Norwegian, 1 year old.

” .« e 8207 | 9278 oo | Scotch ”

Crotonoil, . . | 4666 | 9441 | .. |20 hours’ absorption.

Eucalyptus oil, . 9409 | 8691 . .

Horse fat, . . 3567 ... |Pasty; well mixed.

Japan wax, . . 233 505
,» (another sample), 1-53 50°8 .

Java nut oil, . . 3024

Ling liver oil, . 82:44 | -9295 «. |2 years old; 1 hour’s

absorption.

Maize germ oil, . 74:42 | 9262 ... |4 years old.

Mustard seed oil, . 46°15 ‘9152 ... | East Indian.

Myrtle wax, . . 634

Neat’s foot oil, . 38:33 | 9147 we | Thick.

Niger seed oil, . 3511 | 9244 | ...

Olive oil, . . 59-34 ‘9266 .. |Thick brown; ¢‘best

sulphocarbon.”

’» . . 6061 0382 ... | Thinner greener; ‘‘low

quality sulphocarbon.”}

Palm oil, . . 35-44 ... |Crude old Calabar.

" . . 34°96 ,y Lagos.

Peach kernel oil, . 2540 9175

Poppy oil, . . 56564 | 9244 | .. |Turbid; filtered.

Resin (common), . |11270 ... | Light colour.

Sealail, . . . 573¢ | 9241 ... | Pale;l1hour’sabsorption.

" . . . 5992 ‘9216 ... |Dark.

Sesamé oil, . . 4735 ‘9250

Shark liver oil, . 84:36 | 9293 .. |A few months old;

1 hour's absorption.

Sunflower oil, . . 5432 9391 ... |Colourless; about 16

years old.

Whale oil, . . 3092 | -9199 ... | Norwegian white whale:

very thick.

”» . . 4869 8780 ... |Bottlenose whale. l

-
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compared with that of a known amount of bromine dissolved in
carbon disulphide, so as to obtain a colorimetric valuation of the
excess; or the excess of bromine was estimated by adding
potassium iodide and titrating with thiosulphate. In the later
experiments with carbon tetrachloride, about 01 gramme of
oil was dissolved in 50 c.c. of tetrachloride, an excess of bromine .
solution added, and after 15 minutes the excess back-titrated,
either by the coloration method,* by iodide and thiosulphate,
or by a standard solution of 3 naphthol in carbon tetrachloride.
The table on p. 178 gives the results of a number of deter-
minations thus made. :
Iodine Process—Hiibl’s Test.—The iodine ahsorption pro-
cess of Baron Hiibl is thus worked.t An alcoholic solution of
mercuric chloride and iodine in pure 95 per cent. alcohol is pre-
pared by dissolving 50 grms. iodine in one litre of spirit, and
60 grms. corrosive sublimate in another litre, filtering the latter
if necessary, and mixing the two solutions; preferably they are
kept apart and only mixed a day or two before use;? the com-
pound solution rapidly loses strength (as regards free iodine) if
fusel oils are present in the alcohol, methylated spirit being wholly
inadmissible; in any case the liquid should be allowed to stand at
least a day before use, so that any small quantity of iodine-
consuming impurities may be eliminated as far as possible ; the
actual iodine strength must be determined from time to time to
allow for depreciation. From ‘2 to ‘3 grm. of drying oils, 3 to -4
of non-drying oils, or ‘8 to 1-0 grm. of solid fat, is dissolved in
10 c.c. of pure chloroform (s.e., containing no iodine-destroying
impurity), and to the solution 30 or 40 c.c. of iodine solution
added, more being added if on standing awhile the brown colour
lightens materially ; enough solution must be added in all to
give a large excess of free iodine when the action is complete
after several hours standing. The excess of iodine is titrated by
adding some aqueous potassium iodide solution (10-15 c.c. of
10 per cent. solution, along with 150 c.c. of water), and then
standard sodium thiosulphate (about 24 grms. to litre, standard-
ised by means of pure sublimed iodine, or by pure potassium
dichromate) until the blue colour with starch paste is just
decolorised, the starch being only added when nearly all the free

ith certain fish oils, the redness due to
ned by viewing through a solution of

1854, pp. 253, 281 ; in abstract, Journ,

¢ bromide is preferable to corrosive sub-
table. Some chemists only mix the two
wanted ; but according to the author’s
‘eases the chances of error. If mercuric
, if a solution of iodine in carbon tetra-
" jodine ahsorbed is in some cases largely
taken up with Hiibl’s fluid.
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iodine is destroyed. As the excess of iodine is dissolved partly
in the aqueous liquor and partly in the chloroform, the whole
must be well agitated. Unless a considerable excess of free
iodine is present, and the whole allowed to stand for several
hours, defective results are apt to be obtained with glycerides, as
the assimilation of iodine with these bodies is not always rapid;
free fatty acids combine with iodine more quickly. A good rule
is to use an excess of iodine approximately equal to the amount
absorbed,* and to allow the whole to stand until the next day
before titration of the uncombined iodine; one or more blank
experiments being simultaneously arranged to allow for possible
depreciation in strength of the iodine solution during the period;
this lengthened time is more especially requisite in the case of
oils absorbing large amounts of iodine. Thus the following
figures illustrate this point (Thomson and Ballantyne):—

! Iodine Number found.
Time of Absorption. | - - -

i Seal Oil. Linseed Oil.

2 hours. | 1366 1755

4 | 1408 1797

6 , i 145°1 1841

s 1458 1877

18 1458 1877 l

Similar figures have been published by various otherobserversin
the case of glyceridesabsorbing large proportionsofiodine, whereas,
with free fatty acids and glycerides absorbing but little iodine, the
reaction is ordinarily found to be practically complete in 2 hours.

When the iodine absorption of free fatty acids is to be
determined, it is unnecessary to dissolve in chloroform ; the
alcoholic mercury-iodine solution may be added directly to the
weighed fatty acids, previously thinned a little by warming
with a small quantity of pure alcohol. The following table
represents the amounts of iodine theoretically taken up by 100
parts of the several acids and their respective triglycerides :—

! Todine Absorption.

Name, Formula. ‘

Acid. Glyceride. |

Hypogteic acid, . . i Ci1gH3004 ' 100°00 ! 9525 |

Oleic acid, . . .| CisHsyOq 9007 ! 86-20 l
Erucic acid, . . « 1 CasHy20, 7515 72°43
Ricinoleic Mld. . o | CmH;qu ! 8524 { 81°76
Linolic &Cid. . . . C| aHagOg | 18143 173:57
Linolenic acid, . . Cy3sH30s | 274°10 262°15

* In the case of oils absorbing large quantities of iodine, a still greater
excess is preferable, about twice the quantity absorbed. 1In all cases the
quantity of iodine used for the blank experiment should be approximately
equal to the excess employed.




181

10DINE TEST.

e N NN.N- ses .ee N.v 1] eoe
op €196 $-03 9-%3 6.8 ‘
0135 8.c¢ 0-8¢ 01 ‘1.c£-0.9%
L3 0.0¥ c.% o1«
€01 0-1¢ 0-39 0¥
0-0L1 0-0% 8-1% 09
<6 €.061 0-t¥ 0-S¥ 0-0% o
€93 0-33 0-L3 o6y
t=d 3305 | Lob 8Ly ¢I1g ‘Y '$39-%.0¢
| 8-6¢ 0.3¥% geg ¢
6-261 068  ““ ‘0:099.l¢
0-83 0-08 089 “  ‘0-0.-0-99
‘plodeyjutaquiog!  g.881 | 818
1i-gs A U1 B 8 095 | 838 ¢ ‘C¥8-0.18
‘plodogyurdIquios  0.181 . 0¢ 0-£1 | F¥8 ‘' ‘L¥8-0.38
ott . kel . 0¢ 0¥l ¥8  “  '6-86°C-L6
120 . 6361 0 c¥ ;oo ** ‘c0l-66
*o[qnjosuy 0-LLT 351 1-05 | oot “  ‘cor-Le
[41 €161 8-£3 L3 gor ¢ ‘cor-101
o1l 0-¢61 C-08 L L3 901 ‘  ‘sol-col
101 0-061 €33 092 901  “  ‘801-¢01
801 S-681 e¥ | 083 1w
9-1+61 g.91 .03 ogr ¢ ‘Ler-ger
0-961 0-91 0-03 5 d SRR+ 2 8 31|
-6l 0.1 0-61 3 4 G
€-%61 €61 0-L1 8G1 = uvew ‘09[-9¢1
*) seoasaq *0 senasoq '0 se0u8q
78 plaamy ne | 3w &g womg
.a.-.” Hmmmuw«”“w"“_o ou.m...mﬂau.-..“o%.. “Paqi08qe oujpo jo aBvjudolag
el 110 40 Gormibs [ewIod Sehey WPV Mng

« e

‘xem osouedep ‘
* ‘|10 gnuiayo) _
« e . .»dw 1Png |
© * Y933nq Jounn N
* * ‘4933nq owoe)
‘qans wouty e[
. . . . -asc——dr—.n
‘o [aauery
* ‘io wieg
* 9ynq (eyay
*c ¢ ‘pag s Boy
* ‘{10 auog
© *‘[1o [au1ay 0Al1[()
. . . . a—mc 0.):°
‘110 1038%))
* ‘[10 puow|y
* ‘[10 [3u1ay jooridy _
‘1o paas adey
* ‘io syoury
** ‘[10 pasw uoyj0p |
. . . -mc wssgw
* ‘110 poaes urydum g
‘o b—&o”_
‘10N
‘110 passdiuaff
© ‘|10 passary

1

i
. e

« e .

e e

o« e e

D

TIA

SQ)
ONIXM(] NON "Al

1) HNIRY([
ATdavaadoly [T

S0 OX1AN(] IT
W) DNIRY(] ]




182 OILS, FATS, WAXES, ETC.

In actual practice, Hiibl found that pure oleic acid took up
89-8-90-5 per cent. of iodine, and obtained the values quoted ou
p. 181 on examining a variety of fats and oils by different pro-
cesses simultaneously, the substances being divided into 7 classes,
according to the magnitude of the iodine absorption.

Schédler gives the following values as those most generally
found pertaining to various oils and fats, &e. :—

Iodine Number of
Namo of Oil or Fat. | |
Oil, &c. ) Fatty Acids |
Almond, . . . . 82-83 87-90 |
Apricot kernel, . . . 100-102
Arachis, . . . . 94-96 96-97
Butter, . . . . 28-32
Bone, . . . . 66-68 56-57
Cacao butter, . . . 34 !
Castor, . . . . . 93-94
Charlock, . . . . 96-97
Colza, . . . . . 100-101 97-99
Cokernut, . . . . 9-9-5 8:5-990 .
Cotton seed, . . . 106-107 112-115 ‘
Curcas, : dicinal . 127 !
. medicinal, . 128-130
Codlivery prown, © . . 135-140 ,
Hemp, . . . 143-144 122-124 ‘
Hedge raduh. . . 105
Japanese wax, . . 42
Linseed, . . 177-178 155 !
Lallemantm (Gundaclnt). . 162 167 '
Lard, . . . . . 59-60
Maize, . . . . 1195 125 |
Nut (walnut), . . . 142-143 ‘
Olive (salad), . . . 82-83 87-S8 !
Olive kernel, . . . 82
Palm, . . . . . 513
Palm kernel, . . . 13-5-14 12
Poppy, . . . 134-135
Pumpkm seed . . . 121
Rape seed, 98-100 97-99 |
Suet (ox t.a.llow, beef tullow), 38-40 26-30 '
Seal, . . 125-130 |
Sesamé, e 103-105 110-111
Sunﬂower, . . . . 129 133-134 \
Sperm oil, . . . . 88
Spermaceti, . . . o 108 i
acamahac, . . . . " 63
Tallow (sheep), . . . 43-44 '
Ungnadia, . . . . 81°3-82 86-S7
Wool grease, . . 36

The following tables represent the collected results published
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by numerous observers,* during the last few years, as the
amounts of jodine taken up by 100 parts of different oils and
fats :—

VEGETABLE O1Ls.

Name. Minimum. Maximum. Average.
Fresh linseed oil, . . . 170 181 175
Commercial oil, . . . 148 181 170
Lallemantia oil, . . . 162
Hemp seed oil, . . . 142 158 150
Nut oil, . . . . 143 152 146
Poppy seed oil, . . . 134 142 138
Sunflower seed 0il, . . 122 133 128
Curcasoil, . . . . 127
Pumpkin seed oil, .o - 121
Maize oil, . . . . 120
Cotton seed oil, . . . 102 111 108
Sesamé oil, . . . . 103 112 108
Hedge radish oil, . . . 105
Rape seed oil, . . . 99 105 101
Apricot kernel oil, . . 99 102 100
Almond oil, . |, 98 102 98
Arachis oil, . . . . 87-3 103 96
Mustard oil, . . . 96
Castor oil, . . . . 83 85 845
Olive oil, . . . . 81 845 828
Olive kernel oil, . . . 818

ANIMAL Orrs.

Name, Mini Maxi Average.
Cod liver oil, . . . 126 153 140
Seal oil, . . . . 127 128 127
Japanese cod liver oil, . 120
Bottlenose oil, . . . - s 995
Porpoise oil, . . . 76'8
Neat's foot oil, . . . 703
Bone oil, . . . . 66 70 68
Porpoise oil oleine, . . 309 496 402
Bottlenose oleine,. . . 32-8

* Hobl, Moore, Dieterich, Wilson, Erban, Herz, Spiiller, Horn, Richter,
Krem:l, Beringer, and Benedikt ; collated by Benedikt.—Analyse der Fette
und Waclksarten, 2ad edition, pp. 298 and 317.
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SoLip Fars,

I Name. Mini Maxi Average.
Cotton seed stearine, . . 896
Goose grease, . . . 715
Hog's lard, . . . 56 63 59
Macassar oil, . 53

. Bone grease, 46'3 555 52
Palm butter, 503 539 51
Oleomargarine, . 475 553 50
Laurel butter, 49
Ox tallow, 40 44 42
Sheer’s tallow, 32-7 46-2 42
Woo ase, . . 36

. Cacao{:tur. . . 34 377 36
Nutmeg butter, . . 31
Butter fat, . . . 195 380 30
Palm kernel butter, . 103 175 14

i Coker butter, . . 79 94 9

l Japanese wax, . 42

Slightly higher values still for some of the drying oils have
been recently deduced by Holde in the course of an investigation
on the sources of error in the Hiibl test,* the cause being
assigned to more complete saturation with iodine through use

of a larger excess of solution.

.
.

i, .
L.

The following values have

Thus—

. .

. 179 to 180

175

. 139 to 143
. 106 to 109
. 110to 115
. 100 to 108

100 to 107

fatty acids from various commercial oils : —

also been recorded for the mixed

Morawski and Demskl. ' Williams. ‘

Linseed oil acids, . .
Hempseed oil acids,
Cotton seed oil acids,
Sesam¢ oil acids, .
Rape seed oil acids,
Arachis oil acids, .
Castor oil acids, . .
Olive oil acids, .

155-2 to 1559
1222 to 125-2
110°9 to 1112
1089 to 111°4

963 to 99°02

955 to 969
866 to 883
86°1

17
1
1056
939
902

o

‘5

IN]

o

Owing to the tendency towards absorption of oxygen exhibited

by drying oils and the fatty acids obtained from them, there is

* Journ. Soc. Chem. Ind., 1891, p. 954; from JNMitth, Kenigl. tech.
Versuchs, Berlin, 1891, 9, p. 81.
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always a liability to obtain somewhat different results with free
fatty acids as compared with the original oils from which they
were obtained, owing to partial oxidation during isolation and
drying. As a rule, absorption of oxygen seems to diminish the
iodine absorption as might, a priori, be expected.

Neglecting this alteration, the amounts of iodine absorbed by
an oil, &c., and by the fatty acids thence obtainable, necessarily
stand to one another in the inverse ratio of their respective
mean equivalent weights ; for if E be the saponification equiva-
lent of an oil, and F the mean equivalent weight of the fatty
acids thence obtainable, quantities of oil and free acid in the
respective proportion of E to F will combine with the same
quantity of wdme so0 that the iodine taken up by 100 parts of

oil will be B times that taken up by 100 parts of fa.t.ty acids ;

i.e., if I be the iodine number of the oil and I’ that of the fatty
acids—

_Fqn

I_EI
and

. E

If the oil, &c., consist wholly of triglycerides, E = F + 12:67
(p- 165) ; whence
F + 12:67

r=-F

=1 (l + ]?FG—.]-)

Hence for fatty acids of molecular weight between 250 and 330,
the iodine number of the fatty acids is between 51 and 38 per
cent. greater than that of the original oil ; so that for the great
majority of natural oils and fats, the iodine number of the free
fatty acids exceeds that of the oil by an amount sensibly close to
4D per cent. of the latter value.

Obviously, in some of the cases above tabulated, a notable
difference must have subsisted between the samples used for the
determination of the iodine number of a given oil, and of that of
the fatty acids derived from the same kind of oil, since the latter
values are, in some instances, less than the former ones instead
of exceeding them by about 45 per cent. of their value.

The theoretical amount of iodine corresponding with 100 parts
of pure olein is 86-2 parts. From the numbers above tabulated,
it is obvious that many of the fluid vegetable oils, usually
regarded as non-drying (arachis, almond, apricot kernel, &c.),
contain some small amount of glycerides of the linolic or drying
class, since their iodine absorptions exceed 86-2; a fortior:, with
oils of the intermediate class exhibiting a slight amount of
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drying quality (cotton seed, sesamné, sunflower, &c), a larger
iodine absorption is observed, corresponding with a still more
marked proportion of drying oil constituents,

ACETYLATION TEST — BENEDIKT AND
ULZER'S TEST.

When organic substances containing alcoholiform hydroxyl are
heated in contact with acetic anhydride, an action takes place
which may be regarded as the converse of saponification or
hydrolysis ; the hydroxylated body, X.OH, acts upon ‘the
anhydride in accordance with the equation—

Alcohol. Acetic Anhydride. Compound Acetic Ether. Acetic Acid.
. CyH,0 _ H
X.0H + gy0}o = X.0.GHO + ggolo

giving rise to a compound ether. Polyhydroxylated bodies
behave in the same way, one acetyl group being taken up for
each alcoholiform hydroxyl group present ; thus glycerol treated
with acetic anhydride becomes transformed into triacetin in
accordance with the equation—

Glycerol. Acetic Anhydride. Triacetin. Acetic Acid.
CHy. OH CH,. 0. C,H,0
CH.OH + 3(CH;0,0 = CH.O0.C,H, 0 + 3CH,0.
CH,.0H CH,.0.C,H;0

On this reaction is based a method for the analytical examination
of commercial glycerol (Chap. xxi1.) Benedikt and Ulzer have
also attempted to utilise this reaction to distinguish hydroxylated
org