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I. INTRODUCTION

Despite the importance of sstursted fatty acids and their
derivatives to the food, drug and chemical industries, no satisfac-
tory method of analysis for mixtures of these acids is presently
available. !’h;ln paper will attempt to show the theoretical limita-
tions of the current methods, largely chrometographic, and to present
the results of a search for a better method.

The higher fatty acids are usually separated by fractional dis-
tillation of their methyl or ethyl esters. Low temperature erystalli-
gation is also being used more frequently for fatty acid purification,
as well as for separation., However, these techniques are not readily
adapted for routine analytical procedures and especially for small
amounts of materials,

Refinements in uémum and improvements in the above procedure
have somewhat increased the reliability of these methods. Neverthe-
~ less, they are either time consuming or require special apparatus.
Mham::o; they do not mf'mt sharp separations and are conse-
quently not mml_e for quantitative determinations.

In searching for more reliable and simpler procedures for smaller
quantities, many workers have investigeted chrometographie techniques.
Fatty acids have been separated by these methods, but the results
leave much to be desired. The classical chromatographic method is

~ that of Ramsey and Patterson (1). Although it can be used for small

- Quantities of higher saturated fatty acid homologues, it is time con-
” suming and laborious. The recoveries range over 100: 10%. Only the
;"aq:amtim of even-numbered carbon atom acids from each other or odd-
. numbered carbon atom acids from each other can be achieved fairly
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: completely. Obviously there is a need for a rapid routine method for
analyzing mixtures of these fatty acids; espeeially when mixtures of
odd~ and even-numbered carbon atom fatty acids are involved.

These investigations were a part of a larger program devoted to
exploration of methods and uma of utilizing partition chromatographic
methods for analysis of substances of pharmaceutical nature. Previous
studies have shwon the applicability of this approach to the aspirin,

‘ phenacetin and caffeine combinations and to mixtures of ~hydroxy-
~ bensoate esters. The results of the latter studies are included in
~ this report in forms of reprint.
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II, KEED FOR ANALYTICAL METHODS FOR FATTY ACID
HIXTURES

There are innumerable ﬁotentm uses for a good method of
fatty acid analysis. These include produet control in the pharma-
ceutical and cosmetic industries; the determination of composition
of flavors, both natural and synthetic; the application to studies
of fermentation and food decomposition; and many others.

Despite the long history of fatty acid investigation, not many
workers have been attracted to its amalytical aspects. Because of
the apparent affinity of the members of the fatty acid series for
one another, their mixtures m difficult to separate without elabo=
rate techniques. These techniques have included fractional dis-
tillation, selective crystallisation, and chromatography.

Another obstacle has been the lack of pure materials. In the
cosmetic industry, for example, it has been postulated that the
gelling agent in most solid colognes is sodium stearate. Depending
upon the quality of the stearic acid used, there have been varying
amounts of gelling, Thus, Hystrene I-70 (Atlas Powder Company
stearic acid) produces better gelling than triple-pressed stearic
acid, Analysis of Hystrene T-70 showed it consisted of 1% or less

~ of oleic acid and about 70% of steariec acid. Triple-pressed stearie
acid, on the other hand, contained about 5% of oleic acid and about
5% of stearic acid., Hence the superior gelling with Hystrenme T-70
 over that with triple-pressed stearic acid corroborates the above

~ hypothesis.

Commercial stearic acid is prepared in large quantities and is

. graded according to its melting point. Depending upon the type fat




used and the method of preparation, different grades contain more

or less stearic aecid together with palmitiec acid and unsaturated
acids. The different grades are designated as: "Single pressed (M.F.
125-126° C)," "Double pressed (M.P. 129-130° C)," and "Triple pressed
(M.P, 130-131° ©)," |

| Surface active agents prepared from fatty aeids consume well over
~ two billion pounds a yeer of fatty scids., Soap-the alkaline salt of
!ﬂ.ﬁy acids-—accounts for the major portion of such products. The
unique straight chain hydrocarbon radical with the tewmllyrm-
tive group is ideal for achieving the maximum in delh'od surface ac-
 tive prepm:lu. The sodium salts of fatty acids ranging from Cyp to
3 G18 are excellent detergents, pnrbiemrly when selected and blended
for the specific purpose required, while those of shorter chain acids
impart more rapid solubility and low temperature performance. Hence
m- the control viewpoint, a good method of Iut}y acid analysis
would be of great practical value.

: Surface active agents produced from fats and oils have been
 classified as cationic, anionic, and non-ionic agents.

The cationic a&w&a are essentially substituted ammonias. Cer-
w.n salts of primary amines made from fatty acids are mall.nt
cationic surface active agents. Quarternary ammonium salts are like-
m cationic and are u#qd extensively as geMcidu and fungicides.
Jpstein, Harris and mm (2) varied the fatty acids from Cg to Cyg
determined tha mtcricim values of the eenpmda pmmud. Their
',g, showed that varying the fatty acid mdiu_l‘_, R, in
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0
where R = Clig=(CHp)y-Cmy had o decided effect on the bactericidal
. potency and that the 01], homologue had the meximum bactericidal ac-
’ tivity, The sequence of diminishing bactericidal power was as fol-

L ayapehape

Although cationic agents have received much wider aceclaim, there
are also numercus effective germicides wng the anionic surface active
sgents, In this group of surface active agents, fatty alkyl sulfates
Mibe bosn mosh widely studied, The straight shatn prinsry Oya to 01
compounds are effective against Gram-positive bacteria and much less
effective against Gram-negative types. |
Non-ionic agents have been used in pharmaceutical and cosmetic
! industries, primarily in emulsion formation., Thus, the glyceryl mono-
| stearate emulsifiers have been used to prepare emlsions of castor
oil, mineral oil, ete., for internal medication.” Cod liver oil and
_ vitemin oil emulsions have been prepared with Sorbitol oleate emulsi-
fiers. » ‘

In all of these, surface active agents, the purer the fatty acid
used, the more specific is the property of the product. Hence for ef-
fective quality contrel in manufacturing to produce Mfom; ‘reprodu~
b cible pmtu from different cheap raw materials, accurate analybical
. procedures would be extremely valuzble, |

Bwidu‘ the uses of surface wﬁwqmﬂn in pharmacy, their uses
in laundries and as cleaning and sanitizing agents are too well known
to require further comment, other than to winﬁ‘out that such usage
exceeds in volume any other use for surface active agents. They have




also been used in the textile industry for scouring wool, in kier-
‘ mum‘fef cotton, ete., as lubricants for wire drawing, as emulsi~
fiers ‘;f;ér waxes and polishes, and many others. The list of uses
‘ is inexhaustible, but this gives one some idea ol the scope of diverse
~ uses of different fatty acids which have resulted out of better me-
 thods of fractionation of fatty acid mixtures. \
" | As newer methods of anslysis became available, previously unre-
i ported eanpomata of fatty acids of some oils were discovered. Wikoff,
Kaplan and Berman (3), im trying to muwisatc the cause of spoilage
of M butter, reported the dimexfy of lauric and caprylic acids
in peanut oil -;t.n 19Lk. Previously to this in the literature, no men-
tion had been made about the presence of these acids in the analysis
of peanut oil, |

Thaunshauser, Sets and Bennetti (h) tmd on mlysiu that spleen
consained pthiti.e, stearic and nmm W&Wﬁina in the ratie
of 2:2:1, The analysis of Sphingomyelin rm red blood cells showed
that it was composed mainly of lignocerie %hmel.m. This fact
| had some yhyniologiml significance which they were mt. able to ex~
~ Bacteria are known to ferment glucose to 2,3-butanediol and as
4 whbonq products, all form organie acids. These acids are likely to
 be acetie, n-butyrie, formic, suceinic and lactic acids, For analysis
'v Oflthuo acids, a method by partition chromatography was developeds
. In studying the volatile flaver and odor constituents of pine-
| apple, small amounts of ester mixtures of fatty acids were obtained
: which were difficult to separate sharply. Subsequent hydz:olysu gave
& mixture of fatty acids which Kirehmer et al (5) were not able to
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separate and purify at that time. This gave them an impetus to develop
a method of analysis for that particular purpose.

1 Fatty acids are basic building blocks of polymerizable protec—

~ tdve autingg, Accordingly it is absolutely necessary to gain some
insight, first of all, in the composition of fatty acid mixtures obe
tained by the hydrolysis of the oil; secondly, how these fatty acids
undergo the process of polymerization. Finally, it is also of interest
to inspect the protective coatings which are based on the chemistry of
fatty acids and on their ability to polymerize. OUn these considerations,
tung oil, um:- oil, sardine oil, and other marine oils have been
successfully used in the paint industry.

Fractically all tredings in oils and oil bearing materials, as
well as many products derived from them, e. g., fatty scids, are now
conducted in an orderly manncr, under the trading rules maintained
by trade associations and governmental agencies, lany of the rules
- and the contraets for purchases specify the use of analytical methods
for evaluation purposes which have been investigated and adopted by
trade associations. The assurance with which these methods are used
' has been instrusental in establishing grester confidence between buy-
ers and sellers, thus almost completely eliminating trade controversies.
A further use of such analytical methods is in the field of research
on oil bearing materials, fats and oils of the products derived from
| them. By providing standardized means of evaluation, these methods
permit the properties of similar ﬁ to be measured and compared,

:; process control in research and production to be followed, and funda-
'-f mental research results of different workers to be correlated.
Fractically any of the uses of fatty acids and derivatives




thereof, which have been so briefly deseribed could be elaborated at
lmcth. Bvery use that has been mentioned is commercially significant.
:" E As the result of appearance of new fatty acid derivatives each year,

l' we have an expanding field of uses developing., Without entering inte
& dtocussion of fatty seids teshnology, one may euphasise thab whether
in obtaining proper solubility and detergency properties for soaps,

| ‘in achieving proper polymerization characteristics for drying oils or
~ in sttaining desireble plastic and organoleptic qualities for shorten-
 ing, knowledge of fatty acid composition in the raw materials is of

~ greatest value, In many instances, mere knowledge about fat will suf-
fj fice, but vm often knowledge of different fatty acids in respective
M is very important. As long as one fat is more svailable and an-
other more suitsble, there will be the desire for modification and

~ substitution of one for the other. It is by the combination of im-
 proved methods of fatty acid modification in s fat with a grester
knowledge of fat composition that good cause of flexibility in choice
fatty reaw materials will be advanced,

e




III, REVIEW OF METHODS FROPOSED FOR ANALYSIS
OF FATTY ACIDS

The available mlyt.iu; techniques may be divided inte twe
broad classifications: those designed for (1) determination of physi-
~ cal and chemical properties; (2) determination of chemical composi-
J;« tion, These are reviewed in turn in the following sections.

A, Methods for Determination of Fhysical and Chemical
Properties of Mixtures

These methods are cﬁploxad usually for the purpose of charac-

Mﬂ.ng nﬁm-d fatty acids md their derivatives as such. They in-

:‘Mmhemmmufwmmmhwsuuﬁmm

?i“'m, acid number, thiocyanogen mumber, saponification equivalent,

mm «mﬂ.ﬂlmt, ote. Phraiul properties sue.h as melting point,

wm point, setting point, transition temperatyre, snd refractive

m are alw used wherever possible. These methods are not used

M m MWM ot wl«mlsr amsiuem of these mixtures.

M methods can be w in certain isolated cases for detcmimhiau

ﬂ exact wnitim.

_ When the mixture is known to contain two saturated homologous

ds and an unsaturated scid, e.g., oleic acid, then the amount of

IS eid 0 dohemnined by mekns of fodine sud Ahiseyatogen mu-

jers and amount of saturated acids is determined by the observed neu-

trelization equivalent or molecular weight which will lie in between

‘respective values for two homologues. In case of esters, the

" turated component may be destroyed by permanganate oxidation
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~ prior to deternining the saponification value of the mixture.

If the unsaturated component is not oleic aeid but one with
higher unsaturation, then the caleulation of the composition of the

~ mixture becomes more involved. Hilditeh (6) has shown various mathe-
- matical treatment for such caleulaticns.

~ Longenecker (7,8) et al have pointed out the difficulties of de-
v ‘ternining the composition of mixed fatty acids by these methods. These
. sutiors have shown that in a mixture of methyl palmitate and methyl
 stearate, saponification equivalent must be determined ascurately to
£ 0,26 units in order to caleulate the composition to 11.0% of the
'Iwwlm‘ The authors also have proposed a method of determining
 the composition of methyl esters based on refractive indices with a
M degree of accuracy, provided there is available a refractometer
of the requisite precision. They have determined the refractive in-
dices of known binary mixtures of methyl esters of higher saturated
‘-f-» sty acids (C10~013) as reference standards. On the basis of this
ork, it was found that the composition of a binary mixture could be

-

determined to an accurscy of + 0.5% with an Abbe refractometer,

, Anslybical Nethods for Determination of Chemical Composition

~ These could be divided into four general elasses, all involving
M. except the first: '

1 Spectrophotomctric methods

" 2. Solubllity methods

‘ 30 Mﬂl&%ﬁn methods

L. Chromstographic methods.




1. Spectrophotometric Methods. (9)

The measurement of absorption spectra for fatty acids in the far
- réipion of ultre~violet has resulted in the development of the methods
- for quantitative caleulations otf the fatty acids with two or more

| doeble bonds present in fatty acids. The analysis of unsaturated
fatty acids is beyond the scope of this study and therefore the

( method hes not been discussed in detail,

2. Solubility Methods, (10-16) |

: There are available various methods t#r the seperation of fatty

"j acid mixtures which depend on relative solubilities of individual

. acids, their salts, or bromo derivatives in different solvents or in

‘the same solvent at different tenperatures. These methods make 1t

‘jnmn. to separate a mixture of fatty acids mm saturated and un-

mmrntod fractions and to separate the musmm acids into sub-

mum of different degrees of mutmt_im or into individual

'mm Nome of the methods is strictly quantitative owing to

m mutual solubility effects MM by one mm of the mix-

hﬁt on the mlubmty of m other components or vice versa, How-

ever, they afford a means of resolving rolauwly complex mixtures

s:laphr ones which can in turn be separsted further by other

These methods, however, cannot be used for the separation of the
2 of uatunml fatty aeids, and therefore have not been dis-

d here. However, it will be worthwhile to mention the low

ey ture erystallisation process. This solubility method is not

versal in its application, but with mixed acids of many fats and
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oils rather good npsrauo:w of saturated and mﬁuutad acids can

be obtained. : -
According to trade literature (17) Hmery Industries, Inc. began |

investigations on the solvent fractionation of fatty acids in 193) |

which eulminated in the development of a' pilot plant and subsequently

& semi-commercial unit for effecting this operation. In 1942, the

~ first of two commercial mu‘ for production of a variety of fatty

~ acid fractions by low temperature fractionation was placed in operation.

- The process has been applied to the production of stearic and oleic

 aeids from Twitchellised and distilled tallows at a rate of approxi-

- mately two million pounds per month. It is claimed that the process

. bas been applied to the sepsration of solid and liquid seids of 1in-

| seed, soybean, palm, sardine and cottonseed oils. |

’. ‘Distillation Methods.

| bistillation of mixed fatty acids and their’deﬂmﬁvu may be
od out to effect one of the several different types of separa-

, namely, (a) to sepsrate so-called volatile from non-volatile
iclds by means of steam (18,19,20); (b) to separate relatively non-
@: tile members of a homologous series by vacuum distillation; and
; to “paglt.a a relatively non-volatile acid from a non-distillable
b such as an oxidized or polymerized component by molecular
istillation,

& Steam diatmun% Most monographs (18, 19) and methods
is (20) eontain directions for conducting the separation of
ed volatile acids from non-volatile acids by steam distilla-
Iﬂus mebhod is of some utility as in the case of milk fats,
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nearly all of which c ontain short chain acids such as butyrie, eaproie,
eaprylic, etc. Cosoanut, palm kernel and related fats also contain
small amounts of acids which are somewhat more volatile than the long
chain acids with which they are associated,

Steam distiu&tion may serve to effect a partial separation of
the shorter chain from the longer chain acids, The volatilized acids
may then be recovered from the condensed distillate by extraction
:‘ with ethyl ether, After removal of the ether, the acids may be fur-

: M separated by frwtiml distillation through sn efficient dis-
anmg column,

Vacuum distillation of fatty acids and
" Mw nﬂm“a oom:twkn one of the most Wm& methods of

| mﬁm of these produeta. Only in tho past few years have these
m of fatty acid investigation received attention commensurate
Mth their importance in the laboratory and industry,

. A distillation unit (10) of whatever design must be of necessity
;ﬁmn between theory and practice, but it is possible to design
d operate such iquiment ‘wit«h a relatively high degree of efficiency,

.
B :

@ unit consists of four unmtm parts, namely, a boiler and a
ource of heat, a column including the packing and insulation, a still
M:Luding 2 condenser, reflux controller and & fraction cutter,
;"‘ means of produeing and controlling the vacuum,.

l‘ Under ideal conditions of fractional distillation, it should be
ble to resolve a mixture of components by completely removing
ssive molecular species at fixed temperatures and pressures. Also
¥s it might be assumed that one component of a given system
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should distil at a fixed temperature and pressure until all of that
component has been removed, following which the temperature of the
condensate vapor should rise to that of the next higher boiling com-
ponent and again remain constant until it has been removed. Such

) ideal conditions seldom prevail and in case of routine fatty acid or
. ester froctionstion, they are quite frequently not even approximated,
~ Distillation is more often than not carried out over a range of
temperatures and pressures without any very exact knowledge of the
manner in which these conditions are varying. The resulting frections
~ cannot therefore, be expected to be somposed of a single component,
or if the original mixture is very complex, cven of 3 very small nume
~ ber of components. This is true in many cases, as is evident from
 the examination of published data on acid and ester fractionation,

. Vyman and Barkdnlmn (21) found no very great difficulty in

' separeting binary mixtures eonsisting of nethyl bsters of myristie,
‘:fmuc and stearic scids but with a three component mm it was
Wte difficult to cmi.n complete separation. fach fraction, though
t in one. gster, was contaminated little with others. A
cond fractionation gave better separation.

Norris and Terry (22) have likewise discussed at length the
Lsite of good ester Metiomméu‘md illustrated with examples
tin degree of separation which is abuimbla with binary mixtures
m:t esters of oJ.eu mmm ‘acids, oleic and linoleic acids
d with U.5,P, stearic selds. 4

~ Since imwladgo of composition of a mixture of fatty acids or

rs is dnrmdmt to a large extent upon the known efficiency of

‘J
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any given fractionation apparatus and technique employed, there is
much need for additional systematie and painstaking investigation

in the field., All of the elements, ineluding relatively pure acids
and esters, many types of distillation equipment and a fundamental
~ Iknowledge of the theory of distillation are at hand for undertsking
B 1avestigitions.,

g os Molecular distillation, This differs from ordinary distil-
| lation by virtue of the fact that evaporation and condensation ocour
j;::.‘ in a highly evacuated atmosrhere (0,001 mm or less), between surfaces

.‘, separated by a very short distance, usually of the order of 1-2 cm,
| and by the further fact that evaporation of the distilland cccurs from
m surface of thin films (0.01-0,02 mm), Under these conditions,

' mﬁm of normally nonmdi.sﬁlhble, high molecular weight and
: mua unstable substances is possible.

From time to time, reviews (10) ecvmm tm- technique have
ed, and many types of distulauen mipnmt have been de-
ibed, together with their application to the separation of a
ve _" ty of substances.

Althmm mxeuular distillation h&c been carried out in the
ration of unsaturated fatty acids, no work has been reported in

' literature about the separation of higher saturated fatty acids.




L. Chromatographic Methods. | |
, The theory and practice of chromatography have been summarized
- in several major publications (23—»26). Although chromatography is

‘ - @ routine method in separations and analysis in some ﬁnldé, it has ,

not generally reached that stage of development in its application |
to the analysis of mixtures of fatty acids. J
From the seattered observations which are reproduced in the
‘, following discussions, it will be spparent, however, that chromatog- ‘
. raphy is an effective tool when applied to some specific problems.

L If the tendency to ay;{km@tiu ‘the ehromatographic information about
m analysis of mixtures of fatty aeids is accelerated, this method

r prove to be a very popular and powerful malyti«l method for |
the mixtures of fatty acids, f
The chromatographic techniques thus far developed for use in 1«
. y acid analysis fall into two general classest a. adsorption
ehromatography; b. partition chromstography.

: . dsorption chromatography, This general technique, which |
s fundanentally dependent on the differentisl adsorbability of the
Wu acids, ca; be mbdividod into several methods,which are

s up in the !ellwing sections. These methods generally suffer
a number of drawbacks. They are long involved, laborious, and
i procedures and take as long as three weeks to complete the

5is of binary mixtures of fatty aeids, such as mixtures of

earie and palmitic acids. Results leave much to be desired.
Bl ‘! Ankia sis, , )

In this method, the sample is applied to the top of an adsorption
@ in the form of a solution. When additional solvent is added,
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the adsorbed solutes migrate slowly down the column, the rate of mi-
gration being dependent upon the relative ease with which a particu-
lar le.lut_e is desorbed by the solvent or "eluate." By the elution
1 procedure, the adsorbed zones are separated one from the other and
~ can be washed from the column, one at a time. The least adsorbed
substance moves most rapidly and emerges first from the column. The
most adsorbed substance is the last to emerge.

Oraff and Skau (27) have separated partially oleic and stearie
B Retds on maguesium oxide solums, solaved by the sddition of phenol
red. The acids from visible zones which may be eluted by dissolving
‘i-.'_ua magnesia in dilute hydrochloric scid. Cassidy (28) deseribed
.:5'. the separation of lauric and stearic acids, and palmitie and uuria
m on a charcoal column using light petroleun as solvent,
~ ever, these experiments take many days or even weeks, and yiuld- of
m acids leave much to be desired (ca 60%),
 Stearic acid was separated from abietic m; by adsorption on
¢charcoal and elution with & variety of solvemts in an investigation
by Papps and Othmer (29), 1-Nitropropane gave by far the best re-

Rite. 4y
‘, - Using magnesium sulfate as adsorbent and petroleum ether as
solvent, Manunta (30) was able to segregate a model mixture of equal
arts of palmitic, stearic and oleic acids. Oleic acid was least
isorbed and palmitic acid was most adsorbed in this system. Mazume
and Ooswami (31) found slumina and magnesia to be the best ad-
ents for separating oleic and stearic acids, whereas Dutton (32)
M good up:mtien of these two acids using activated carbon.
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Dutton and Reinbold (33) investigated the separation of ethyl
stearate, oleate, linoleate, linolenate im all possible combinations
of two. They used alumina as adsorbent and 1.75% ethyl ether in pe~
- troleun ether as solvent. They observed fractionation in all six
| systens, the purity of the first component varying from 68 bo 83%
 and the second component verylng in purity from 61% to 76%. In all
~ cases the second component was more unsaturated ester (more strongly
 adsorbed),

This type of chromatography has 2ls0 been used for fractionating ‘

 methyl esters of fatty acids from beef adrensl lipids (3h), in pre- ,
. paring highly purified methyl linoleate and methyl linolenate from ’
D astiyl osters of 1inseed and perilla oil (35), in separating oxida- |
on products of unsaturated fatty acids (36-38), and in serubbing !
out free fatty acids from an oil (39). — 1
Above are given but a few examples which will serve to illus-

ite the wide range of usefulness of elution chromatography in fatty
When a solution containing a mixture of solutes is passed con-
usly through a column of adsorbent, the solutes are adsorbed

h the solution and are retarded to different degrees. The com-

ments appear in the effluent in order of their adsorbability, If
jssessive small increments of the effluent are analyzed by physical

' chenicel means, a front will be observed for each ¢ omponent in the
ire. When the last front appears, the composition of the percolate
the same as that of solution pressed in. The only component which

, 3




ie separated pure is that portion of the least adsorbed substance

which appears ahead of the second front. This technique is obviously

~ not intended as a preparative procedure. Its value lies chiefly in
. appraising a mixture for its complexity.

L Claesson (LO) has studied the separation of model mixtures of
fatty acids, ethyl esters of fatty scids, dibasic acids on active

. carbon. With silica gel dried at 800° C as adsorbent, the un-

. ssturated, seturated and brenched chain acids could be separsted.
\““ With charcoal as adsorbent, he has separated saturated acids, the
 adsorption ineressing with the chain length.

T s;z Displacement analyses.

iy

. v . If & sample to be anllyud is dissolved in a solvent and pressed

) M' a chromatographic column, and a mlntm of a more ctvengly
G m«l substance is prossed in after it, the solutes arrange them-
v ﬂvu in gones on the colwmn in order of adsorbability. As the
3 placer" substance advances down the column, the substances in
s _ ssuple arrange themselves in zones ahead of it, each in turn dis-
o lacing the next more weakly adsorbed substance. lach displaced

4 ‘ emerges from the column in a characteristic wmmtmtiun,
b h the more general caun. if concentration of solute is plotted

b the volume of effluent, a stepwise curve is obtained. The
igh of the step is §h¢mtor1atic of the substance in a given
romatographic .ynm, and the area under the step is proportional
quantity of the component.

m and Hagdahl (k1) have carried out separations of higher
ty acids using this technique. Pelmitic acid (0.5 per cent in

T8 R




alcohol) serves as displacer for myristic and laurie acids, but

pleric acid is the most useful displacing agent found. The authors

also showed that the displacement of linoleic acid is diffieult, as

the acid leaves the column only very slowly, mixed with the displae-

’  ing agent. The recoveries of this acid were only 70%.

! A study of the effeet of wnsaturation upon adsorbability of

E fatty acids on charcoal has been made by Holwan and Williams (L2).

. Saturated and unsaturated acids of the same chain length have been

separated by displacement in the range of L through 18 carbon atoms.

b Butyrie and crotonic acids were separated by displacement with capro-

ic acid in water solution. Valeric, 2-pentencic, and esproic scids

were separated in aqueous solution. Isovaleriec, & ,Q -unsaturated

isovaleric and caproic acids were separated similarly. Caproie and

mm acids were easily separable in LO% aqueous ethanol by dis-

placement with caprylic aeid. Undecenoic and ungecanoic acids were

perated in 50% aqueous ethanol solution by displacement with

lauric acid. Palmitoleic and pelmitic acids were separated in 95%

’} hanol solution by displacement with stearic asid.

» In G138 uﬁu; 'or;eie, petroselinic and lincleic acids have been
parated Mu stearic acid by displacement. The separation of lin-

¢ acid, its conjugated isomer and steariec acid was achieved by

isplacenent, with 0,9% arachedic seid in absolute sthanol. Impuri-

in fatty acids which could not be removed by repeated fractional

- ation were detectable by displacement chromatography.

) Carrier displacement analysis

5 This technique was introduced by T4selius and Hagdahl (43). In

‘ procedure, & proportionately large guantity of "carrier" sub-

%
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stances is added to the limited amount of sample to be separated.
When the sample plus carrier is displaced, the carriers and com-
~ ponents of the sample arrange themselves in zones, TM carriers form
f broad zones mdv the sample substances form narrow sones, between the
carriers.. Thus, the components of the sample are carried at the
fronts of the carriers, and small quantities of substances, too small
| 10 be detected as individusl sones, can be soparated.
_' Hlagdahl and Holman (L, LS) have deseribed the sepsrations of all
| the streight chain fatty acids from Gy-C20, using a mixture of 1 part
M G-60 and two parts Hyfle Super Cel. The best dipphcar for a
! m of acids is the next higher acid, and as solvent, mixtures of
 Water and ebhyl aleohol are used. Although under the correct condi-
tions, each acid gives & definite step, detectable optically as well
u by titration, Holman (46) in a later paper improves upon the
separation and obtains quantitative recoveries by the use of carrier
splacement. (Table 1).

Table 1

: Recoveries of individuval and totel acids in
ier displacement separations. Solvent, 0.05% methyl stearate.

Sample, mg. b8 3.85
Recovery, % 100.0 93.5

W., g 10.2 9.6

1 MOW, * m.h 100.1
almitic Sample, mg. 1L.0 1.5
b Emvury,, % 100.2 98.5
earic Jample, mg. Ak 1h.8
e Recovery, § 98.0 100.3
Total Recovery, % 100.1 100.1




22

I - If the small quantities of the acids are mixed with ten times

| the welght of their methyl esters in 95% ethanol, the acids emerge

~ immediately in front of their methyl esters. Titration of the ef-
fluent shows recoveries of 93.5-100.3%. A displacer for methyl es-
ters must also be employed, and Holman uses the next higher methyl
ester, For example, in separation of myristie, palnitic and stearie
~ scids, methyl laurate, myristate and palmitate are used as carriers
and 1% methyl stearate as the displacer.

1 The separation of branched and unbranched saturated fatty acids
as paluitic and isopalmitic acids has been achieved by carrier dis-
b placement. Using similar systems, the anﬁtubilztr of four differ-
 ent branched isomers of stearie acid has been demonstrated (L7).

: Displacement chromatography, although a new tmiquu, has
Wtabevmunmumimet separations, in some cases
 quantitatively too. It has been applied to fatty, acids, esters,
triglycerides, and sterol separations (72),

graphic procedure utilizes the differences in partition coefficients
f several solutes h;wm two liquid phases. One liquid phase is
imuobile by a solid carrier, the other is allowed to flow

ast the fmobile phase. In practice, partition chromstography is
6ty siniler to elution chromstography. The basic difference is

st in partition, amumpay, the immobile phase is liquid and
i separations depend upon the partition coeffieients of solutes
"ﬁl two liquid phases. Several variations of this basic method
ve recently evolved.




(1) Fartition chromatograpny or silica gel,

Smith (L8) applied partition chromatography on silica gel to
the separation of volatile fatty acids and obtained qualitative
separations of formie, acetiec, propionic, butyric and valeric acid.
The technique has been further developed by Elsden (L9). As formie
acid is strongly adsorbed, it must first be eliminated. The other
four acids are dissolved in chloroform eontaining 5% of butanol and
passed through a column of silica gel, which acts as the support for
 the stationary phase of water, colored with bromocresol green. The
l different acids are retained in order of their partition coeffic~
ients: acetic ic:ld at the top of the colunn and the other distributed
m the column in order of inereasing chain length, each scid form-
‘f, -liu a yellow zone. The determination of the Ry values allows the
identification of the acids. On washing the column with chloroform-
208 butanol, each zone passes out of the column in the filtrate. The
gones are estimated quantitatively by titration of the eluates with
n accuracy of 0.5-1.5%. Flsdon was not successful in eluting
> aeid oute - -

Several other w;rhn have improved on the method of Elsdon.
elsh (50) substituted benzene-butanol and Nijkamp (51) CClj-butanol
Elsdon's CHClj-butanol and obtained quantitative estimations of
getic acid. |

ﬁumw,ick et al (52,53) have obtained quantitative separa-

s (100X 14%) of the saturated volatile fatty acids (Cp to Cg),
"“ g three or at the most four acids in one column., Columns were
lica gel partition columns, having aqueous buffers as the sta-
phase and chloroform-butanol mixture as the mobile phase.

\.




No indicators were used on the column, but the column eluate was
titrated directly with 0,005 N KOH, Straight and branched chain
isomers, however, could not be separated,

 Fairbairn and Harpur (5L) used two columns of silica gel in

- series. The upper column retained Cz and C3 acids and the lower
separated C)~Cg acids, By disconnecting the two columns after the |
% Mg scids have passed through the first, quantitative estimations
| were carried out with an aceuracy of 1001 2%,

By using first an umttm column and rechromatographing the
higher acids on buffered colwmns, Gray et al (55) have achieved the
[‘ separation of isomeric acids as well as obtaining guantitative re-
Mu for all the acids present in rumen distillates. Ramsey (56) l
has also obtained a partial separation of n- and isobutyric acids
mm elsmethanol partition colum, using isooctane as eluant.
erie Cg wﬁ.cis were separated by Bueding and !alc (57) on Celite
c ns buffered at pi 6,5 with phosphate buffer and by using 5% to
', butanol in ghloroform mixtures as eluants for different acids.
E Ramsey and Pu,tmn (58) have used a column of silicic acid
aturated with methanol (eontaining bromocresol green as indicator)
! d a mobile phase of ilmhm to give the scparations of the

D : ."

it snatn taty acids from Cg to Oy with an acouracy of 100 10%,
lhm publication (1) the range was extended to the Cyy to Gy

(m carbon number acid mixtures or even carbon mumber acid

fures, but not all in a mixture) by using a silicic acid column

h a mixture of furfuryl alcohol and 2-aminopyridine as the

' phase, and n-hexane as the mobile phase. Recoveries here

LN
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[
¥

were also 100 X10% (Tables 2 and 3). Quantitative separations of
 straight chain fatty acids from Gy to Cjo have been obtained by

. Peterson and Johnson (59) using a celite column with 27 to 35 N sul-
A furic acid as the stationary phase and benzene as the mobile phase.

~ Table 2 (1)
Recoveries of lauric, myristic, palmitic, stearic acids
L m’m:iamm'

Stearle .10 10 100
R 9.3 93

-  Palmitie 10 9.7 97
. Mixture 1 9.8 98

Ryrstde o 10 9.7 97
] 97 97

Lauric 10 9l 9k

| 10,0 100

[ Stearte 10 9.3 93
Falmitie 20 18.8 9k
liyristic 5.5 110
| taurie 3 31° 103

 idxture 21

i
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Table 3 (1)

Recoveries of nonadecanoic, margaric, mmlmmu,
tridecanoic, hendecancic acids when mmﬁ

in m
o "_?222‘ ..u). ¢

fﬁm&@mu 9k

Margaric 1@ ' 9.l 9k

m 1{ Pentadecanoic 10 10.0 100
Tridecancic 10 9.5 95
| endecanoie 10 9.3 93
Nonadecanoic 20 18.8 9ok

sargaric 20 19.7 98
Pentadecanoic 20 19.h 97

s Tridecanoie 20 19.1 95
Hendecanoie 20 18.9 ; 9k

- Ramsey and Patterson's (58) method was’ employed for the de-
7;\"»* m of n-pelargofilc, n-caprylic and n-oénanthic aeids in the

gr " ,m‘ of a glycolipid by Jarvis and Johnson (60) and for

i : acid in the ugmum of trans-ll-octadecenoic acid
Mt et al C&). Feterson, Johnson, and Price (62) also used
8 method for mlraa.s of fatty acids in cheese. |

’ | Gas-liquid partition chrématography.

Mitian chromatography on silica gel has been extended by

e s and Martin (63) to columns using a stationary liquid phase

'f’ﬁ mobile gas phase (nitrogen). The columns consist of ki ft.

o

- - 4
BAREE U e dnm A
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or 11 ft. lengths of L mm internal diameter glass tube packed with
kieselgihr (size graded celite 5hS) which acts as the lmppert for
~ the liguid phua,; which for the separation of the volatile fatty

" acids, is a mixture of DC 550 silicone and stearie acid (10% w/w).
“!hoeudoftho column is drawn down to a capillary and by means of

i

 ing aqueous indieator (0,01% phenol red), The mixture of the acids

~ is applied by means of a micropipette to a fibreglass plug at the
m end of the column packing., A stream of nitrogen gas from a mano-
stat is then passed down the colum. The acids move down the column
generally in the order of the molecular weight and ave absorbed from
mitrogen gas stream by the water in the titration cell. The acids

B Gonvinasusly S1Areted iy seans of sn sxtemstiv vesunding eredts
controlled by a green sensitive photocell and an amplifier.

" By the use of this technique, all the n- and’ iso- acids from

‘iﬁ‘;. oraic to dodeecanoic acid can be separated and roughly quantitatively
. dmated in micro amounts. All the isomers of valeric acid (tri~
thylacetic, isovaleric, methylethylacetic, and n-valerie acid)
 also be separated.

K. &-Shasly (64) was successful in separating lower volatile
acids in rumen }et the sheep, kept on a variety of diets by
s-liquid partition ehromatogram of James and Martin (63).

:; This technique differs from ordinary partition chromatography
that 1t uses a non-polar solvent as the immobile phase. Boldingh
' 'm the separation of the 0g-Cy3 umn, using a column of

i
|/
¥

& thin rubber gasket fits into a bottom of a titration cell contain-




28

vuleanised Hevea rubber as support for benzene. By decreasing the
water content of aqueous methanol, acids of increasing chain length

~ eould be extracted from f-h. column, However, the operation of tho

© rubber columns is oritical, for example, the bemperature must be

:‘ kept between 21-23° C.

A simpler reversed phase column was described by Howard and

~ Martin (66) who made Hyflo supercel kieselguhr water-repellant by

: exposing it to vapors of dimethyl-dichloro-silane. The non-polar phase
 is readily supported by this material and the fractions of the

1 eluant flowing out of the e;alm nfc titrated and showed almost com-
plete separations of laurie, myristic, palmitic and stearie acids.

Phper chromatography is in reality one dimensional or two di-
- ional partition chromatography on a paper upperﬁ. |

The fatty acids from C1-Cy were separated by uri-m Mm
(67-71) using butyl alcohol containing ammonia. The detection of

the spots was carried out by spraying the paper with an incieator of
right pi range to show up the pil difference between the neutral
» round and the spots of the ammonium salts of the fatty acids.
omocresol green and bromothymol blue (LO mg in 100 ml Hp0) (68) as
1 as bromophenol blue (50 mg and 200 mg citric scid in 100 ml

0) (70) were recommended. Rg values are also given by authors.

. Quantitative estimation by measurement of the spot areas was
Meved by Reid and Lederer (71) after spraying the paper with al-
> bromecresol purple and exposing for a short time to NH3 fumes.
rply defined yellow spots on a blue background appear, which can




be traced onto graph paper, giving an accuracy of 2 to 5% when
three standards were run together with triplicate analyses on the
- same sheet. This method was found satisfactory for the analysis of
| fatty acids in the rumen of sheep after distillation, slso for the
detection of fatty acids in nematode parasites (71).
B Ptk and Tisk (7h) ecaversed velatile Sl me-sulatile: fably
 acids to the corresponding potassium hydroxamates and separated them
'._\If on the paper and visualized by treatuent with ferric chloride which
Molapu purple spots on a yellow background, Thompson (73) de-
mm this technique especially for fatty aeids and by employing
m aleohol-acetic acid-water mixture or Wumo-:am acid-water
Mm, uhilwed good separations of all uida from Gy to Cy. The
mu acids of saturated tutty acids from Cy to Cpp have Ry
‘ such that they are separable in an aqueous butanol system,
tho higher homologues were inseparable (7L). .
 Owing to their high solubility in lipoid solvents, the acids
n C10 upwards are not mdﬂy separated on paper Mum chroma-
.. Beldimh (15, 76) achieved good separations of ethyl es-
: on paper inpregnated with rubber latex. On such rubber coated
r strips, separations are possible with methanol and methanol-
jons as solvents. Ry values are only approximate as they depend
m amount of rubber in the paper. ‘
'hu behavior of high molecular weight fatty aeids was studied
, fuen and Budwig (77) who found filter paper & suitable medium
n Mﬂo determination of fatty acids by converting them
.‘} ctive salts and carrying out & micro-determination of the
value, The authors were successful only in separating pairs
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of acids, as oleic and butyric acids, oleic and linoleic acids, and
oleic and stearic acids by using 20-30% methanol for separating a

high molecular weight acid from a low one and 80-99% methanol for two
high ones.

Paper chromatograms are relatively inaccurate when compared with

‘If ¢olumn chromatograms. However, it‘ is apparent that paper chromato-
grams are adaptable to n&umlynn of fatty acids; it seems likely

. that within the next few years, it will be an area of intense research.

- 5, Comparison of Different Methods.

: It is of somewhat interest to compare directly the relative

4 merits and demerits of the several general methods considered above.

"'S_n one technique can be said to be generally superior over the rest.

! Bach method appears to have usually its particular area of utility.

Ms is often the case when no single good method is available.

% In the present instances we are not mﬂiw&irly concerned with

lods based on solubility or low temperature erystalliszation, as

se yield only semi-quantitative data and are not suited for analy-

tical purposes. These %uthod:, moreover, are designed for differ-
atietion, in main, between saturated and unsaturated acids.

| Distillation methods are presently probably more widely used

n the fats and oils field than all others combined. They are rela-

tv simple in theory and require only normal manipulative skill.
m reasonable nmlytiaal rnultn, Mwer. cmweubla

b in distilling oqaimt is necessary. mrthmn, relative-
‘huo samples of the order of a hundred grams are umlly used.
ﬂml’u, mor:over, are not toc satisfactory from an mlytwal

; nt because of the overlap between components. The method
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also requires an inordinate amount of time. }

Wherever chromatographic methods have been developed, they are
the methods of choice for the analysis. They require samples of the
order of milligram quantities. Results obtained by these methods
have been shown to be very reliable (Tables 1, 2, 3). One or more
various types of chromatography have been used to effect separations
~ of closely similar substances differing by one or more carbon atoms.
 Sharpness of separation of compounds having slight moleoular differ-
‘:} ences exceeds that of most methods of separation. However, some-

' times it takes 15 days to finish ene snalysis by chromatography. The
present state of knowledge of chromatographic methods' application to
k the field of fatty acid analysis is a little confusing because few

. experiments could be compared, However, recently some systemstized
experinents have aided in organizing the informatjon. If this ten-
dency to systematize the chromatographic informstion is followed,

the method will prove to be very powerful analytical method in the
analysis of fatty acid mixtures.
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IV, THEORETICAL ASPECTS

A. Simplified Theory of Partition Chromatography

4 review of the theory of partition chromatography is presented
below since it forms the basis for later discussions of various at-
tempts to develop optimum conditions for the method as applied to
the fatty acids. The discussion follows essentially that of Craig
(79) and Martin and Synge (80).

The treatment of the associated systems® is original with this
- Ppaper. |

The purpose of partition chromatographic separation may be com-
pared with that of eantinuous liquid-liquid extraction. For the
- ehromatographic method, m hbamﬂ procedure of eontinuous liquid-
 liquid extraction has been, however, simplified, and improved by
- imwobilizing one phase on a mechanical support, known to have none
;u- weak adsorptive properties.
| This analogy permits the calculation of concentrations of
m. at any time and place in a chromatographic column. The chroma-
phic column, foF this purpose, is regarded as being divided up
nto successive layers of such thickness that the solution issuing
each is in equilibrium with the mean concentration of the solute
1 the non-mobile phase throughout the layer. The thickness of such
layer is termed "H.E.T.P." (height equivalent to one theoretical
)« For the equations to be manageable, certain simplifying
sunptions have been made. It is assumed that the diffusion of

L

v", on the electronic computer machine.

- *The author is indebted to Mr. Lino Nelson for the calculations )
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the solute between two phases is independent of its concentration,
that is, the partition isotherm is linear and is independent of

pressure of other solutes.

On the basis of the above assumptions, the following equations

were derivedo
Let C, = concentration of solute per unit volume, in the internal
phase (non-mobile) in one theoretical plate

Cp, = concentration of solute per unit volume in external phase
, (mobile) in one theoretical plate

Vy = volume of internal phase in one theoretical plate
Vi, = volume of external phase in one theoretical plate
U = total amount in internal phase in one theoretical plate

H L = total amount in external phase in one theoretical plate
p k - partition coefficient
o =  concentration of solute in internal phase
" concentration of solute in external phase
po « + Total amount in internal phase in one theoretical plate
Gn x Vu:: U
soc Similarly, total”amount in external phase in one theoretical plate
- Cp,x V=1L
e +. Totalamount U L unity, .. UandLwill be fractions
g and by definition, K _ Cy
e r_ W
q 5
Uz o5 . .

Bt =1 e o vucu+VLcL:1 ( . ﬁ:VuG“ andL"‘-VLCL)

| 90D
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Substituting Cp hyg! and Vp, py Vg » we get
¥
Vugn*%ﬁ

* e Vucu<+l o.i u(l_‘_ >:1

* » ;. :: g Fmtionofselntainmtcmlplnn
i & _

.

. L1~ 2 2t - Fraction of solute in external phase,
p E% ~ kri 7

Consider the case where unit mass of a single solute is put
Qm the first plate and is then followed by pure solvent. We can
w up a table ahmrins the quantity of solute in uah plate,

::n:gum.; n Serial no. of plate, ¢ from top of the column
1 2 3 L 5
0 e b 0 0 0
1 ¥k
2 ® o 12
3 i3] 3@2{?. 3012 2
b ® W e g

"MB—'I and L= X
¢ that the quantity in each plate is a term of binomial expan-

(7+ x)® so that when n suceessive transfers, i. e., when n




successive certain volumes of solvent have passed,

Tt!n . t%‘!:’m-!n" qxt

Where ‘rg’_n amount in plate t after n such successive volumes of
1 solvent have passed, or after n transfers.

lhmnmtmnryum, as innmliaaehmtamm
~ column, it becomes cumbersome to work with the above equations. How-
ever, Stirling's approximations could be applied. Upon simplifica-

 tion n -
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This equation tells us the amount in plate t after n such

successive volumes of solvents have passed.

A convenient graphical method for representing such a distri-

bution results when the fraction or percentage present in a tube

is ylott-d as ordinate against ﬁu serial number of the plate as

.‘ abseissa, This gives a distribution, shown in Fig, 1, for a parti-
tion éatio of 1 and for theoretical plates. It will be noted that

- the curve is perfectly symmetrical. For higher number of theoreti-

 eal p:utu and tmafeﬂ, thc curve becomes normal curve of error.

From the above equation, it is possible to find which theoreti~
- cal plate will have the maximum concentration of the aolm.
| Near maximum concentration,

| Tt s ) " e
""ﬂrﬁm = s ool
fying, we m |

I-By - I-plej.w

. et
‘ I

.« » M‘f’kr:n‘t

o » tlkr+1) = n-kr

e b _ when n is very large,

= N,

= nix  where x fraction which is in the mobile phase.
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Here n could be taken as rate of flow of the pure solvent. X is
sometimes referred to as Hg value in the literature.
From this equation, we see that as n increases, i.e. s as more
and more solvent is poured through, the band of the solute in the
§ column will move down at a certain rate. The rate of travel of the
4 band t, is then given by rate of flow of the solvent times the frac-
] tion of the material in the external phase,.

There are two disadvantages of inereasing n:

(1) As more and more solvent is passed through the column, the
~ solution becomes Progressively more dilute because the solute becomes
seattered in more and more tubes as distribution proceeds (Table L),
In Fig. 2, it is seen that for 24 transfers
tube contains 16.L% of the original while
it eontains only 5.6%.

(Curve 4), the maximum

in 200 transfers (Curve D),
In sueh Processes, pngrmive dilution can-

» be prevented, since it is fundamentally a M of the process,

Table L
Total tubes
%, occupied by band

Curve spread X

15 60

21 L2

30 30

200 k2 21
Loo 60 15

1000 95

945




DISTRIBUTION PATTERNS FOR
INCREASING NUMBLR OF TRANSFERS

Number of transfers:
A 24
B 50
C 100
D 200

FRACTION IN TUBE

AA

0-20 %0 60 80 100 120 140
NUMBER OF TUBES

Fig., 2




’ Sy

Lo

(2) 4s a result of (1), breadening of the
'- _‘" the solute is scattered over a large
tice,

band occurs because
number of tubes. But in prac-
the polarity of the eluant is generally inereased so that the
substance elutes out over a small m#go

of tubes. This is shown in
?:lg. 3.

In the resolution of two oy more substances by ehroma tography,

it may be considered that the separation depends

upon the relative
rate of migration

of iadwmtly migrating band of one substance
._' a8 compared to that of the other,

As seen muly; the rates

~ are governed by ¢ = Rx, However, at times, Progressive broadening

of the band which is so proncunced when the partition isotherm ig

hon-linear, operates in sueh a menner that the effect of different

- ¥ates of migration is in part defeated,
411 the above equations have been derived eonsidering the
lquid-11quid distribution of solute between 2 phases,

‘n0. of plates,
Mhum,

lthmughout &
In case of chroszrwhy, besides having the dig-

fractions of aliquot portions are mllqe‘bed.
after a solute pPasses the ?th plate, it comes out,
ogous to the single

This means
This is
withdrawal method in liquid-liquid extrac-
If these withdrawn fractions are Plotted against the amount

w_;.

In that respective fraction, the curve represents a Paseal distri-

B curve, as shown in Fig, 3,

In case of liquid-liquid distri-
Ut "W’ the

distribution curve is symmetrical, but Paseal's distri-

itlon curve tails a little in the later part.,
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B, Theoretical Limitations of Partition Chromatographic
liethods FPresently in Use for Higher Saturated Fatty
Acids

In all cases of separation of higher fatty acid mixtures by
partition chromatography, no method of separation or analysis of
mixtures of higher fatty acics above Cy differing by only one
- methylene group has been reported. One possible reason for the
: diffieulty of such a _separation may lie in the fact that fatty
uid: tend to dimerize in non-polar solvents like n-hexane (81, 82).
i; m effect of this dimerization is reflected in the partition iso-
thern of the fatty acids in such & manner thet it becomes parabolic.
’l'ht deviation from linearity, it will be shown, results effectively
mamm;; of tho oluti.on peak in partition ehromatography,

In previous ‘theoretical diseussions of the process of partition
atography, it was assumed that the partition'isotherm of the
tance was linear. In the above case, however, as the partition

m is m—liaear, ~the distribution of the solute which results

" the liquid-lhmi.?: countercurrent distribution process like
tegnm is not calculable by means of the expansion of (y+x)".
J;,"‘” of this expansion is limited to those cases only where x and
‘ fractions of solute in external and internal phases in one

: ﬁ tiaal ﬁlate, are expressible in terms of an unchanging partition
cient and th. vnmu ratio of the phases in contact.

it the dimri.wsion ogeurs in one of the phases, thca the frac-
u either phase can only be expressed in ’eauu of the partition
fficient, volume ratio of the phases in contact, and the concentra-
w.r amount in either phase, This follows from the expression for
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equilibrium, for example, when dimerization oceurs in the lower

pPhase:
Kp.@; S -—&—.—.

Cp(1-x)

where Ep.c. = partition coefficient of the solute between
external and internal phases

€y = concentration of solute in internal phase

pPer unit volume

CL = concentration of solute in external phase

Per unit volume
A = degree of association

e (002 (0)?
PeCoe = EI%;T(T

0.0 (xp.et)g X (1"‘0()t (? )2
L

_ Ay, )2
= _W""'. p
32, vh
I ueVy
e ‘: 92‘. 1. 1
k5 0
where V“ volume of internal phase

VL volume of external phase
’;‘3
L

..<§mJﬁbaxguﬂ=g

i

(xp;g‘)a('l-o( }(Vu)(r) =K, we get K _ g?_

e U and L are respectively the amounts in the

internal ang external
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Phases, and K is the produet of true partition coefficient squared,

volume ratio, difference between degree of éssociation and unity,

- @nd the volume of internal phase,

Therefore the fraction of the material in the internal phase ig

L
rir
Substituting for Loy w2 ('," g _ Hzg
oo
we get, y _ ‘ U
bk
R
- iy

Stndlarly it ean be shown that the fraction of the material in the

? xterns phase will bﬂ’

x=1le K
U ¢

b K .
-Uisanunkmmfummonofaandr,

the expansion of (y 4+ x)®
1 only hold for n equal to O or 1,

1,, An view of the above aonaxaaamn,

1t was deeided to calculate
aiutribution.

which would result in the case lrharﬁ Partition iso-

‘ 13 parabolic, by a numerical method, Since such a caleulation

lw system of an appreciable mber of theoretical plates would

remely tedious, it wag deo:ldod to program the caleulation for

mmm emputar, available at thig institution.
12),

(IBK CRO

'm Programming for the ‘Computer caleulations followed the usual
lkmdng the quuid-l.iqnid countercurrent distribution scheme.,

€ ease of calculations and understanding, "theoretical Plates"
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‘ ~&re designated as "number of tubes" and so internal and external
. phases are divided into diserete portions, and r is taken as unity,
Beginning with the tubes in the position of zero transfer:

s 5 e

 Let us put the diserete portions of intemnal phase into the upper

| T of tubes and discrete portions of external phase into the lower

| fow of the tubes. When both the rows of the tubes are in the above
position, upper O tube contains some initial amount, say I, Now

I When we bring the lower row of tubes in the following position, (this
transfer is called zero transfer)

— (3] [2] [3
8] {3 e
the amount I will divide 1tself into two, upper and lower O tubes
Mecording to partition soefficient vilne, B ames
uﬂgmdmntmtholmertubaialg

in upper zero
after equilibrium hag

therefore -Ug + 19 = I

02
ul stituting Eﬁ" for Lg in the above expression, we get

g this quadratie equation, we get

Up~ =K\ K2 + )k1
2

ue - K 1‘lx2+ |
- it il




Ls
and Lg = I~ g,

After one transfer, the lower row of the tubes is shifted again to

the left to bring it in the position shown below: (This is called
first transfer),

e 10 18] [2] (9]

ol (31 (3] 3] ——
"\ The amount U 1n the upper 0 tube
- 0 tube and lower 1 tube,

will divide itself between upper

.. " 7 _
’ Wé ti = 92 where tl% = &;:mt in m:'upper‘a tube
arver first transfer

ﬁ-’munt in the lower 1 tube
after first transfer

ﬂ:: amount in the upper 0 tube
after zero transfer,

5 g -
.

2
¢+ substituting 2% for Ini', we get
2
T . - |
a% _}_V% ;69
» X

jolving the above quadratie equation, we get
1 H 2

Y. .
ok

ue for U3 is available from the caloulation from zero transfer,

he computer programming, this value was stored in a memory register
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for use in the next caleulation. The value of UL divided by K

muthsmlul:i,uhml% amount in the lower 1 tube after first
transfer.

The machine was programmed to repeat these caleulations for

. upper O tube through n transfers. In order thst all caloulations

:“ nmld be mfemd u terms of U, the values of !I" were mhino

R punchod 1nte sumnary cards o be used in caloulstions of vf Like-

-‘ nm, values of any @wm punched into summary cards, In the ma-
!hino procedure used, all the values of Wu were ulnuhtad befera

. mm::g with the ealeulnums of values of B‘

L e ealeulations of the value of ﬁ after the first transfer

Muded as tnums: for example, for 01, for upper 1 tube ;ﬁer
two transfers,

_ 5 il o G
the naterial balance for the upper 1 tube and lower 1 tube which are
in contact iss

@+ﬁ:&+ﬁ

g

B e
.o +w§}3: xug‘a— (vg)

: 3 () + xef - [xu{’ + .(ab?j i

ig the above quadratic equation, we get,
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0 _ k|x2 +1§;__££w§ - b2

" ..§+1Jx9+ B[K'Uln" (wl)ﬂ |

In this expression, 31 was available

from information punched
htn summary cards, and ﬂ% was available from information obtaimd
~ in the Preceding caleulation and stored in a menory ngiater.

The relations Just shown are sufficient for the caleulation of

th uqam..mm countercurrent distribution for any number of

Mmtioal plates. The type of distribution which results in the
tase of a parabolie

partition isotherm under Qeﬁa&damtion, is
shown in Fig., 4~10, for three different partition coefficients,

: 1 and 6 2/3, Fig. k7 show the distribution of three substances

bh thm three partition eoefficient values after 12,

0 transfers respectively, The development of diatﬁbution of sub~
"e%% having the above partition cosfficient values in shown in
g, 8-10,

It bmac :lmadutely apparent Mn an examination
wm. k=10,

” ;h

of the curves
that the deviation of thc isotherm from linearity re-

8 in tailing of tho band. Therefore,

| noe small number of transfers
1 result

in eﬁ‘ming & separation of materials whose partition

are non-linear. Nven though there is tenfold difference in

tm coefficients of two substances (2/3 and 20/3 in Fig. 7),
?6 tnmrera, in which case best separation would be expected,
m of one material is admixed with the other. Whilo in the
-', higher homologues of fatty acids where the d.ltferomn in the

bion coefficients of two successive fatty acids is only about one
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and one-half fold or less, it would be extremely difficult ¢6

separate them on chromatographie column, As the partition coeffi-

cients of two substances come closer and closger, separation of the
mixture of the two becomes worse and worse,
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- Vo EXPERIMENTAL STUDIES

In the present investigation, the search for a suitable analyti-
eal procedure for mixed saturated higher

,- along several lines. These studies, which were restricted to parti-
 tion chromatographic methods, included:
| A. Attempted improvement of Ramsey and Patterson's method

B. Utilisation of ion-exchange resins as combined holder
and buffer in partition chromatography

C. Investigation of a method based on conversion of the
acids to more easily separated chemical form.

fatty acide was directed
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A, Attempted Nodifications of Ramsey and
Patterson's lethod

Since from previocus discussions (page2f), the method of Ramsey

and Patterson (1) appeared most Proaising for analysis of mixtures

of higher homologues of fatty acids, possible improvements on this

80 that more Quantitative results could be obe
tained, In Ramsey and Patterson's method, fatty acids are separ-

fl method were sought,

~ ated on a silicic aeid column using 50:50 mixture of furfuryl

For eomparison Purposes later on, a run was made,

Y and Fatterson's method. FHagh fraction of 10 m1 was collected and

f, “nm against sodium ethylate, using bromocresol purple as indi-

°F and a stream of nitrogen as stirrer. Fig. 11 shows the results

tained. It becomes appgfmt that t}ha separation of the mixture of

: :ln_mt complete and therefore Quantitative results are diffie
it to caleulate,

- A possible theoretical drawback in the method of Ramsey and

may lie in the fact that the internal phase,

ﬂlthaugh aj.w
Hne, is not buffered,

In a non-buffered system, fatty aclds will
¢ dissociation in internal phase will deform the par-




RAMSEY AND PATTERSON'S METHOD
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therefore %ng% zed acid - tonstant,
onized ae:

Thus by using buffered columns,

the bands of ionizing substances may
be rendered sharp by promoting linearity in m effective

distribu-
tion isotherm and hence sharp pnks

should be obtained,
In order to study the effect

of buffer composition, different
amounts of

glacial acetic aeid Wwere added to the internal phase,

When glaeial acetic acid was added equal to one-tenth the amount of

2-aminopyridine on a molar basis in the internal phase, separation

‘ nf the um:-o of stearic, palmitie, matm, laurie and capric

: uid was only partially obtained, as shown in Fig. 12, Besides,

! ﬁkﬂlly B was fast eupunting and as a result deposited

some acid
et the tip of the column,

However, the separation looked better
than that nehiwed by Raascy and Plttaraon'

s method in the hands
:It the present worker,

Evaporation of the eluant was deduced by using Skelly C in-

M of Skelly B bmuao the boiling pe.’mt of ﬁkelly C is muech

} dsar tkun that of Skelly B, This time the amount of glaecial

scetic u:!.d in the internal phase was reduced to one~fifteenth the

. unt of Enanimpyridine, caleulated on a molar basis. Eluting

',' higher acids with Skelly C, good separation of the mixtures of

¢y Palmitic, myristie and laurie acids was obtained (Fig, 13),

. uplnuon is best achieved, 80 far, using a Proper buffer of

2 8leohol-2-aminopyridine and glacial asetic acid,

Kmuvor,
ﬂ‘bqpku were made

to cheeck the Quantitative ruultl.

, Ia trying to find some other solvent combinations, unbuffered
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triethylene tetramine was used as internal phase on

silicie mid..
When with this systenm,

Skelly C was used as elmtr,‘
found to distribute over & wide range

did not take place,

acids were
of fractions, and separations

Failure of separation probably may lie in two
(1) a buffer was not used;

ratty' aclds may tend to dimi‘!.u.
the offo}aﬁiw dutribu#ion isotherm o
liuutm curves to tail,

Teagong!

(2) external phase being Skelly
¢,

Both promote non-linearity of
f fatty acids, thus helping

Hence a buffer composed of

10 ml ethylene glyeol
10 ml triethylene tetramine
different amounts of glaeial

Was used as internal Phase. FEthylene glycol was used to Promote

in the internal phase, Biisnpwpyl

16T was used as external pPhase so that fatty acids may not di-
rize,

the solubility of fatty soids

It was found,

however, that when the amount
eld was 3.9 ml,

of glacial acetie
not a né;ntglo-_ acid was eluted out,
dcetic acid was slowly inereased,

Wuke over a wide range of fractions,

20
"

As the amount of
fatty acids were found to
and no separation was
When the amount of glacial acetic acid in the internal

86 was 5.46 ml, all acids were eluted out in the

first 100 m1
the eluant,

5' A number of other aqueous alkaline
E

d as internal phases,
b away by diisopropy)

buffers (up to pi 9,0) were
but m the fatty aeids were eluted out

ether, and even by Skelly ¢, However, it
n that a highly alkaline buffer was necessary to hold the

. internal phase, if diisopropyl ether is used as external




Phase to stop the di.mriuticn effect

of fatty acids, 4g
not

alkaline buffer wigy silieic aeiq be-
another Suppert had to.pe found,

Possible to use highly

Cause of mutual mlubility,

it was,

53




B, Attempted Use of Ion-exchange Resins in
Fartition Chromatography

1, Ion-exchange Fartition Chromatography of Higher Fatty Acids.
2: Introduction, In the previous section, which deals with
the modification of Ramsey and Fatterson's method,
ﬁut aqueous buffers up to pH 8 were not able
-. the eolm,

it was shown

%o hold the acids in

and the acids were alntod out very quickly by diiso-

| PO cthor, This indlates the necessity of high alkaline g

. fers as internal phase, With such highly alkaline bnm'm, how-
;_f‘wﬁr. silicic acid cannot be used ua the mechanical mppert, bh
cause of the incompatibility of the two, A possible solution to

m mblu was the use of ﬁmoly powdered ion-exchenge resing as
7”. m&i 'ﬂmﬂt

@hrmtqgmphy on 1@;»%&3@; resins is of comparatively

nt origin, partly because the commercial Production of suitable

esing hu mihd datinitien of properties desirable in a resin

i.n to be used for thmﬁnmpby. A range of resins is now

lable, strongly acidic, weakly acidie, strongly basic and weak-
'.Mﬂo o

wad

Komhmga ehmtamphy, which has proved useful in other

ration prmnnz, hu found 1ittle application in the aepnnt&an
5is of fatty acids. The common fatty acids

na have nurly the
lou:lmti.nn amauntu, and therefore

it becomes somewhat diffi-
t- separate them on 1m~exchangc resins as anions, However,

e is a Possibility of separating fatty acid mixtures on the
i ‘c‘f differential adsorption of fatty acids on ion-exchange
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reging,

Ion-exchange resing,

80 far, have been used as ien-mhnnging
“‘iﬂ‘r

There have been no reports made in the literature of the
use of ion~exchange resins as mechanieal support for the mm'.:
Phase in the partition ehmmatomphy. L ‘
. @re insoluble, high molecular weight
| acidie or basie groups free,

Because lon~exchange resing
polyvleetrely&u with tha:l_r

advantage could

By adding either the alkali or the
".*nfid according to desired pi buffer,

Thus having the pen:ib_ility of buffering
(8 high alkeline pi (13-12), it appeared poss
" nosogues of fatty acids,

ian-emhangu resing

ible to separate highey
Unlike silieic aeid,

resins are stable
8% highly alkaline internal phase,

ﬁi,isepmpyi ether was used as
Phase to avoid the dimrisatiqn of fatty acids,

3 be Theory, As the lon-exehange

resin particle ig surrounded
J ueous phase wiich is biffered,

and an orgenic phase is moving

/s the situation has been created just like counte

T eurrent liquide
quid extraction,

As from one side, elé‘bo is being taken out, it
haves like the single withdrawal method, and the mathematics is

8 the one discussed Previously. The curve thus obﬁiwad will be
o Pascal's distribution curve, |

they were ground to

e result of grinding 1s obvicusly that ‘the

the particle 'aisu, the greater the surface area. Gannillly.




internal phase so that the powder just becomes wet and not slurry-

like, To this wet mags, external phase is added, and slurry is

made, This slurry is packed in the column,
cautions in packing of

taking the usual pre=-
chromatographic columng,
Anm»me IBA~LOO, a strong base resin (Rohm and Haas); Ame

mww XE~6li, @ weak carboxylic acid type (Bohm and Haas); Amber-

.~ lite IR-120, a nuclear sulfonic (Rohm ang Haas) were tried as sup-

- ports as well as buffering agents, Stationary or internal phase

m alkaline or aeidie solution of different pi, Gmenlly, di-

the substances used were

titrating them with stan-
| aleoholic base, using 0,1% metacresol purple

cator and bubbling N2 as stirrer,

€. Results and discussion., Amberlite IRA-LOO (in the free

se form) was used with distilled water and 50% diethylenetetra~
dne in water as internal phases,

mepyl ether was used as eluant, As
uidia, eluates were easily analyszed by

solution as ine-

In both cases, it was rm
batamu none of the four aeids

st rie, laurie, myristie, and palmitic) was eluted out, ev

8h 20% ehloroform in diisopropyl ether.
»l.utim down to pH 7,91,

hat the resin was too b&az’w

A number of other aque-
all containing about 25% ethylene
B0l, were tried as internal phases. Sti11

the acids were not
ed out.

h seems that actually ion~exchange took place,

Fatty acid
' 8 replaced OH™ ions from resin,

and therefore nothing was
ed out with 20% chloroform-diisopropyl ether. Frobably more
' external phase would have eluted them out,
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As amberlite IRA-LOO was found very basic, smberlite XE-&,
which is a weakly acidie resin, was used, ﬁsiﬁg different intiml
phases of different pi values up to 12.00 and eluting with diiso-
Propyl ether, it was found that everything was eluted out right away,
This happened because as soon as the Muml phase was mixed with
‘the resin, it being weakly acidiec, the final pn of internal phase
became acidic, around pH 5,00, As a result, fatty acids baem over-
1 whelmingly soluble in diiwmwl ether and were eluted out right
s b

Considering the above results, it was decided to neutralize
 the acidie groups of resins by washing the min in 10% nqu;au-
-} m To the neutral resin, now internal phun with different pH
values were tried.
v Internal phase was made up of 80% ethylene glyecol and 20%
Squeous phase. When the pil of internal phase was from 7 to around
11,0, on sddition of bhe sample of acids, it was found that the chan-
8 were formed in the body of the resin column. Frobably, ‘thi-s

t " o0 0

G&/ﬁ\

I A the state of the resin was in alkaline condition, the carboxyl
were ionized and the two negative charges on the carboxyl groups
,Ij ed each other, keeping the strusture of the molecule extended,

‘ above. But on addition of acidie samples, chax’én on the
groups were neutralized in some cases and in some cases

Te partly neutralized. Again the resin, being weakly acidie,

ionize. As a result, there was no force left between 2
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carboxyl groups as a repellent, and the structure collapsed to its
original shape,

0 HO © 0 HO_ 0
¢ oH g C—0OH ¢

This could have resulted in breaking up of the resin column.

When the pil of the internal phase was increased a little higher,
between 11,5 to 12,00, it seemed as if it was transitional pi. Around
. pi 11,5, once, every acid was eluted out, and once nothing came out.
Results were not consistent and reproducible. Channeling did not
- quite seem to take place at this pi. Aryound pi 12,00, after getting
- about 50 ml of eluate, the columm stopped and no more eluate came
| through., The reason for this behavior became ¢lear when the column
‘was run at pH 12.55. At this pH, a cake-like material was formed on
the top of the column when the sample was added. This blocked the
sage of the eluant going through. Even under the pounds of pres-
b of nitrogen, not a single drop came through. This explains why
e column stopped trickling at pH 12,00, .
} This cake formation may be due to the surface active property
the soaps of higher fatty acids. These soaps in high concentra~
fon form micelles or gel-like structures in aqueous phase. When
sample of higher fatty acids was added on the top of the column,
%o the high alkaline pH of the internal phase, soaps were formed
‘lhou soaps were concentrated on the top; as a result, micelles
gt have formed.
?:‘-u seen above, too high or low pH resulted in gel formation or
neling, respectively. Where neither oceurred, there was also no
on of fatty acids.
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Caking is due to the surface active Property
and therefore Very hard to eliminate, but

nated if a stronger acidie resin were used
heutralized,

of the fatty acids,
channeling eould be elimi-
+ Even though it win be
the acidie group will be strong enough to be
and thus channeling could at least be Prevented,

On this basis,

ionized

amberlite IR-120, a nuclear sulfonic resin, wag
the internal phase was made up of 8oz’
eol plus 20% aqueous Phase of different pi values,

used, Here also, ethylene gly.

. and to use the sodiunm salt of the resin,

The range between P 11.5 and 11.6 was

found eritieal, At
11,52, once the separation

of the mixture of myristic and palmitic
acids was achieved,

but the results Were not reproducible,
every acid was eluted hmt., and there was no separation,
When the pH was higher than 11,

At 11,57,

60, a1l the acids were held in
e column. External Phase did come through,

mation probably occurred because the solvent flow was stopped.
| Amberlite TRA-120 benayeg Just like amberlite
P, channeling did not take place,
'_‘ In the case of high pid,

At pH 11.95, micelle

A6k, except at
because it was a stronger
almost invariably, cake-like material
°n occurred,

. However, this does not exclude the possibilities of using ione

resins in any other mamner, If lon-exchange did take place '
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in case of stronger basic resins like amberlite IRA~4OO, then by

eluting with &queous solutions of different P, it ought to be pogsi-

ble to elute different acids out of the column, Whether the separa-

tion of the mixtures of faﬂy acids could be

hard to Prediet because the ion;tsatsian eonstants of the higher fatty

acids are very close, and therefore it becomes diffieult to separ-
ate them as anions, Hmmm', there is a possibility of separation
on the basis of differential adsorption,

effected op not, is

~In a single yun with amberlite IE-120, separation of minié
| and paluttic acids was effected at pil 11,52,
| such ags yi!, Packing of the ael»m,‘ rate of
’; 'Q»J.em, separation of these agids may,

If optimum conditions,
flow of eluant, ete, s are
therefore, be obtained,

“: &aea these conditions aPpear to be so ¢

ritical, thig approach ig
' probably not too feasible,

were not Successful, the feagi-

' ity of such methods in the analytical field hag been demonstrated

0y the separation of lower dicarboxylic aclds, as discussed in the
lext section,




2. i:n-»mhange Fartition Chromatography of Iaanr Diearboxylic
ids.

The tuubmty of nsiug powdered 1mmh&ag¢ nsins as the nd-

sorbent for the mtnml pmu in partition ehmwmphy is demone

ttuted in this study, It must be kept in mind that this ayshn is

quite unlike the usual ‘an-smhmgn ehmﬁcmm composed of one
liquid phase, the mmmz uolvent and a solid phase, the resin, In

the application of the rnina to wﬂiﬂm chromatography,

one is
| ‘Ming with a triphase system,

emso& of two liqums and a solid

E Phase. Although extensive studies on !:&nplo fon~exchange chronatog-

] raphy have been made, no work hu apparently been done wi.th the
b Mﬁn ‘y““o

mim

To Muutﬂte the workings of the wethaé, it has bam uppltcﬂ to

iho separation of mixtures of lmm' diurbaxylie acids. Higuehi et

ﬂ (83) have reported a nthad of separation of diearbozyuo acids
(6 to cm) by partition chromatography in 1952. They have used

icic aeid Ior the mppurt of the internal phnu, w!mzh is 1M

cit ut‘ butfer; pi 5.26. By eluting with diframt nlumtu, ﬁhdy

i separated bm:oic, sobaeiw, anlt.te, aubam and pimlio lcida.
ﬁs u&ad were ﬂmmsing aummta of wml in &lemmm, dif-
t pmnuhxn for different acids.

' | Tt was decided to use amberlite XE~6l, a weak carboxylic acid
b8in, powdered to around 100 mesh instead of silicic acid. To

‘tho resin at pi 5.20, follmg procedure was adopted, Thirty

of resin m suspended in distilled water and was titrated po-
riuuy against 1 M NaOH. It was found that 13.5 milli-

b
i

nts of NaOH was required to raise the pi from 2.50 to 5.20.
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This provided a Means of obtaining any Proportion of

aqueous phase,
as d&ﬁm.

Generally in these experiments, 30 grams of resin wag

The sample was prepared as in the earlier method (83) by dis-
solving sebacie, suberic and pimelic acids in teamyl

‘alechol by heat-
ing and then making up to the volume with chloroform

» This mpl‘,
~ when chromatogrammed on a wlunn, Prepared as previou

sly deseribed
[ (refer to the last section),

gave an elution chromatogram shown in
P Mg, 1, It 1s evident from the figure, that the mixture was com-
: Pletely resclved, Sebacie acid, however, seemed to hau yielded
w0 distinet peaks,

A second run was made with very slow rate of
m%mo

Sebacic aeid again gave two peaks,
‘that 5% n-butanol in chloroform might have wa
from the resin,

It could pe possible

shed out gome acidity

and it might have come out where sebacie acid wag
being eluted out.

Washing the lon-exehange
imes should take ac.{dlt} out,
-m used, it was found

resin with pure n-butanol four to five
if any. When this butanol-washed pes.
that the sample of sebacic, suberie and
elic acids still gave four peaks instead of three (Fig. 15),

f what the first two Peaks could
+ (a) The first peak could be either y) dicarboxylic acid op

el acid, and the second peak
laie acid; or (b) Wnile
0l by

1 There are a few pPossibilities o

could be either sebacic acid opr

trying to dissolve the acids in tn

e t-amyl
heat, acids might be forming moncesters with t-anyi; alco~
- Therefore,

the first peak eould be monoesters, and the second
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peak, sebacic acid. As the recoveries of suberie and pimelic acids
‘are quantitative, it seems, only sebacic acid forms monoesters with
t-amyl aleohol, if this possibility is true.

In the first possibility, as the azelaic acid was available,
pure and recrystallized, it was deecided to add some azelaic aeid to
the sample of sebacic, suberic and pimelic aeids. If the impurity
. in the above chromatogram is aselaie acid, four peaks will be ob-
 tained, and 1f 1t is not aselaic acid, bhe chromatogram will show
- five peaks because of five molecular species, Figure 16 shows the
,'- ehronatogran obtained with such a sample. It shows five peaks.
:Ma means that sebacic acid cannot have azelaie acid as impurity,

: Cjy dicarboxylic acid was not available at this time, it was not
possible to find out whether the first peak was C11 dicarboxylie

d or not.

Out of these experiments, still two possibilities were left.
her C11 dicarboxylic acid is present or monoesters of uids,

inly monoester of sobwie acid, are present.

| Since it was not possible to have €1y diearboxylic acid, it
j_""ﬁuedvtu prove the identity of the first two peaks by charac-
it. A few columns were run, using only sebacic acid asg
le. A typleal ehrometogram has been ishown in Fig. 17, The
under the two different peaks '#m collected and acidified,
d acid was extracted with diatm ether. Acids were re-

ied from water. Melting point of sebacie acid reported in
rature is 133° C. The aecid recovered from the first peak
waaw C as melting peint, and the acid from the second
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peak gave 129.5° to 130.5° C, This shows that probably both acids
are the same, and this did not turn out to be a good characterig-
ing method.

However, by ehromatogramaing the samples over again through the
two different columns, if the two acids are different molecular
- species, they will come out as before at two different positions on
| slution. If both are sebacie acid, then they both will give peaks
at the same position on the graph,
N Figure 18 shows the curves obtained from the two different
 Both gave peaks at the 23rd fraction, This proof that both acids are
:m same is definitely more ms&ths. If at all Cyy dicarboxylic
‘8cids or monoesters are presemt, their melting points would be differ-
ant and on the column, they will come out sb dffferent positions too.
fore, there are some other phenomena taking place in the ion~
exchan e columns. '
| The other phenomena which are anpﬂybcdng tos
 (a) rate of flow of the external phase

(b) the m@ of internal Phase present

(e) the tomtim of equilibrium between monomers and

dimers of sebacic acid.

- (a) To check the effects of the rate of flow on sebacie acid,
\ columns were run at different rates of flow of the eluant.
4 M fractions were collected at the rate of 5 ml in 15 minutes,
n the above cases, sebacic acid splits up in about half and half
two different peaks. When the column flow was extremely slow,
B 1 40 hale an howr; She smsunt of soid tn cxeh fraction was

acids,
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separations of sebacic, suberic and pimelic acids. When L ml were

collected in half 'nn hour, sebacic acid splits up again into 50:50

portions in two different peaks. The only difference observed was,

when the rate of flow was fast, peaks were sharp; when the rate of

flow was slow, peaks were broad., This shows that the rate of flow

of the eluant is not the cause for the split of sebacic acid,

(b) As the rate of flow and the splitting of sebacic aeid

: ~ Were not correlated, different amounts of internal phase with the

- same buffer capacity were used to investigate

the cause of split-
~ ting of sebacic acid.

When 5 ml of internal phase was used, splitting of sebacic acid
~ ocourred, but the separation between sebacie

and suberic acids did
}m take place,

Increasing the amount of water in the internal
m. separation between suberic and sebacic became better and bet-

ter, but sebacic acid was always split into 2 peaks, about half and
Balf up to 25 ml of internal phase. When 30 nl of internal phase

¢ used, sometimes one peak of sebacic acid was obtained, some-
imes splitting occurred. ' This showed that the amount of the in-
phase had some ox;wt on sebacic acid which caused it to

plit into two peaks.,

(¢) There is one more possibility that the equilibrium is tak-

g place between monomers and dimers of sebacic acid., Sebacic acid

mples, prepared by dissolving the acid in t~amyl alcohol by heat,
8 analysed imnediately and after 2k hours of its preparation, 30

Of internal phase were used all the time. If equilibrium between

ers and dimers reaches after a certain time, it will show in
chromatograms. It was found that in the samples analyzed
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immediately, occasionally splitting of sebacic acid occurred, and
occasionally it did not. The same results were found in the analy-
sis of the samples after 2L hours,

The sample timumumabouunmmsiaowmot
sebacic acid, Splitting did occur, no matter what sample size was
used, |

It seems that the amount of internal phase is probably the
| only factor responsible for splitting sebacic acid. Higher amounts
}‘1 of aqueous phase could not be used because the mass became too wet,
~ vhuh eventually might clog up the column. However, no matter what
the conditions were, when splitting occurred, only sebacic acid
- 8plit up and not aszelaic, suberic or pimelic acids. This was very
 noticeable, | *
| From the separation of mixtures of sebacie, aselaic, suberic
: nd pimelic acids on ion-exchange columns, it is apﬁnmt that the
- xchange resins could be used successfully in partition chroma-
phy for dual purposes: .

(a) asa mechanical support

(b) asa bufto;d.ng agent with the internal phase.

There are all kinds of resins available, and if attempts are
ade to systematize the chromatographic information thus obtained,
his method of separation by partition chromatography using ion-

' e resins might prove to be very popular and powerful analy-

g 4

-
&
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C. Separation Methods Based on Conversion
of Fatty Acids to Amines

1. Theoretical and Experimental Bagis for the l«&hﬂd.

In the several methods discussed in the preceding sections,
chromatographie separations have been applied directly to the mix-
tures of free fatty acids. There are, however, a number of possi~
ble advantages which can be gained by resorting to chemical cone
version prior to the separatory process. In the following, the re-
sulte of an investigation of one promising pmodum based on this
approach are presented.

There are several eriteria that a new chemical form of the sample
mist meet, if it is to permit superior chromatographic separation and '
analysis. These are:

l. It must be readily and quantitatively formed from the fatty
- acid sample.

2. It must be readily assayable after elution from a pnrt.iuon
_ muatemphic column,

3. It must exhibit no great tendency to undergo association in
the selected solvent pair.

he TIts partition coefficient in a suitable partition system

b show great semsitivity to chain length.

5. A suitable adsorbent for the internal phase must be available,
It M&hylnimathyl esters of the fatty acids appear to fulfill

th e requirements.

| These esters can be readily prepared from the acids by the way

f the corresponding acid chloride. The reactions can be represented




by the following equations:

o) 9 1
”\ + 8001, >R’ mﬁﬂr HCL
61
(v) ,,9 ,653 49 CHs
ReC  + HOCHguGHp-N. ~ —> R0 |
R ol O-Gily-Gip=Y-Cily

. The first reaction corresponding to the conversion of scid to seid
 ehloride by use of thionyl chloride can be rendered essentislly
Muuuu in the presence of excess reagent. Since two of the
. products are volatile and progressively removed from the resction
site, the reaction is driven to completion. The possible import-
B svivoor o2 Sovesns yield in this step may lie in insufficiency
 of reaction time and in degradation of the acid chloride after its
. mum. '

The second reaction takes pluowupidlyandmmmbly

be expected to be quantitative, especially in mmo of a great
mauotwmawnwvmuwnﬁw&umm
mummuammm.mmmmummum

 pected. Moreover, the presence of the basic group would lead to ;
 Schotten-Baumann resction conditions, further facilitating the
‘esterification stop. |

- To determine the optimm conditions for the acid chloride
fomation, a series of experimental runs were made under the follow-
ing conditions: :
| About 0.2 meq. of cach fatty acid sample was reacted individually ? 4
¥ith 2 nillinoles of thdonyl chloride in 2 al of Skelly G. After '
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letting the reaction proceed for the preseribed time and temperature,
excess dimethylaminoethyl alcohol was added M the reaction mixture.
Five ml of 1 M bicarbonate buffer, about pi 9, was moa and esters
were extracted by Skelly C. The extractants were collected in a
25 ml volumetric flask. Five ml of this solution was used as sample
in the chromatographic column for the analysis of their ester con-
tent. Internal phase was 1 M citrate buffer at p L.50. Esters of
different m:hia wors alnied by different solvents as shown under
b “Rescmmended Procedure® (page 52). |

| Preliminary studies indicated that at high temperatures, irregu~
‘hr mavm«wm obtained. At ﬁn’ C, recoveries of all the acids

tried (Tables 6—9) were 97% or better within L hours, except those |

- of nonanoic acid, which was later found to be impure (Table 12), Per
: «nt recoveries reported in these tables are the ratio of the amount
~ of the ester recovered after chromatographic procedure to the amount
of the total acidity in the starting fatty acid samples. - Lower re-
mm« may have been due to the impure starting material,

e
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Table 6
Undecanoie Acid (at 60° C)
Bun No. of hrs, Meq. acid Meq. ester 4
no. refluxed reacted  recovered  Recovery
after chromatography
1 b 0,2088 0,208k 99.8
i 6 0.2088 0,2050 98.0
3 0.2088 0.1503 91.2
L 10 0.2088 0.1968 9kl
5 12 0.6420 0.5520 86.0
} Table 7
Decanoie Aeid (at 60° C)
Run  Wo. of hrs. leq. acid Meq. ester %
noe refluxed reacted  recovered Recovery
1 3 0.3056 0.3030 9943
2 b . 0.3056  0.2996 977
3 5 0.3056 0.3056 100,0 .
h 6 0.3056  0.3010 98.8 '




1
n I
Table 8
Nonanoie Acid (60° ¢)
Run No. of hrs. leq. acid Meq. ester %
no. refluxed reacted  recovered  Recovery
1 3 0,246k 0,1623 65.8
2 3 0.2u6l  0.1620 65.6
3 b 0.2L6k 0.1629 66.0
L b 0,246 0.1650 67.0
5 b 0,246k 0.1525 62.0
6 B 0.2L6L 0.1657 67.2
»
- Table 9
. Octanote Aetd (60° €) |
Bun No. of hrs. leq. acid Meq. ester %
no,  refluxed reacted  recovered  Recovery N
1 37 02183 0,262 96,7
2 b - 0.2783  0.2680 9&.3 :
3 5 0,2783 0.2716 9745
"




The second criterion of the derivative form, i. e., relative
ease of its analysis, has been already deseribed in part in the
preceding section. The esters are readily analysed in the solution
in tlmm by titrating with standard perchloric acid in glacial
teetic acid, Of the several indicators tried, quinaldine red and
Musndiphmyluim were found more suitable than others. The
color change of both the indicators was sharp in Skelly C as well
as in chloroform, but whenever diisopropyl ether was present, only
Quinaldine red did not give a sharp color change., About 1 micro-
equivalent of excess perchloric aeid was sufficient for the sharp
- color change, Benzeneazodiphenylamine became the indicator of
| chotce because of sharp color ehangs in all different solvents used
: To determine whether there was any significant tendency for the
. ester molecules to undergo assoclation, a study of partition coeffici-
" ents of these amino esters was carried out as follows:

Suppose Oy ester is being partitioned. nl of Gy ester
. solution in diisopropyl ether was shaken with 100 ml of squeous
: buffer, pd L.6. It wag found that partition coefficient was 1.087,

M the same solution of diisopropyl ether was again shaken with

ficient was 0.748. On successive fractionation, it was found that
value was stabilized at 0.6, This showed that the partition
isothern was linear in case of amino esters.

Table 10 and Fig. 19 show such constant partition coefficients
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Table 10

1.67
27
07

o

(cu.euwaoa from K values at p L.6)
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of different esters. It is apparent from the slope cbtained that the
partition eoefficients incressed by a factor of four approximately for
each carbon atom increase in the fatty acid chain.

In case of Ramsey and Patterson's (1) method, partition coef~
ficients increased by a factor of approximately two for every two
carbon atom increase in the chain length of the fatty acid. Thus
the partitioning behavior of amino esters is considerably more
sensitive to chain length than the corresponding fatty acids.

Because of thg acidic nature of the aqueous solution used as
the internal phase, it was possible to use silicic acid as adsorb-
ent, It was later found, however, that the esters were significantly
adsorbed on silicic acid, resulting in somewhat peorer separation
in many cases. No special study, however, was made about sdwrbmta:
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2. Development of the Partition Chromatographic Methods for the
Separation of Mixed Esters of C4-Cg and Cg~Cyy Fatty Acids.

On the basis of previous discussions, two methods for the
separation of mixed fatty acid esters were developed.

First, the mixtures of esters of €g, C9 and G0 Mi& were used
for separation., In the chromatographic column, the rate of movement
of each ester is governed by t = Ryx
where t w rate of movement of the ester

R) = rate of movement of the solvent )

B nﬁ
r 4+
K = partition coefficient = cone. in o e
conc,. in aqueous %n

r = 1 (approximately)

lmjamotmuicummm-dmmomlm, the
height of the column was about 25 em, and it held approximately 25
ml of external phase. Therefore, Rj = 1 om/ml.

» o For Cg ester, x = 0,675 o 0.403

L ]

+ o to travel 25 em in the column, gE = 62d ml of eluant.

8t around 62d ml of the eluant, we should find the maximum con-
sentration of Cg ester.

Similarly, for Co ester,

t = Ryx X Uel7 = 0.806

. tglxﬂ.MnO.m c‘/‘l of eluant

*
)




76

.o 25 = 25“ ml of the eluant,
. ‘

The peak of Cyp ester should be at 25th ml of the eluant,

From the above calmhtima, it is mtod that separation
might m take place between Cyg and ) utm. Mmu they both
will be eelmsg out taxath-r, while separation um.w take place
between Cg and 09 esters,

?xmmm.mmwgmmwmma silicie
acid eolumn (30 grams), wsing 1 M citrate buffer at pi 5.00 as in-
ternal phase, The external phase was diisopropyl ether. Iach frec-
tion contained about 5 ml of eluant.

When these data were compared with the theoretical caleulations,
it was Mﬂmﬁﬁohdumkcthﬁmﬂ, while theoretically it .
should have a peak at about 25th nl of the eluant. Similarly, Cg
OMMCMIWMﬁﬁttM eluant while it should have
@ peak around 3lst ml of the eluant, and 0g ester had a peak around
160th ml instead of theoretical 62d ml of the eluant,

Mutud caleulations were strictly based on partition ef-
_ tmm,mmwmmn, it was found that the es-
ters were held Mk more than expected by partition effect. It was
‘Mdent, ‘then, that some other phenomenon m playing a part in the
t separation of esters. As dimerization of ntm in diisopropyl
ﬂm 1s not possible, adsorption of esters on silicic aeid looked
A mbtbh bouun ntm bo!.ug amines eould be adsorbed by siliecic
id. Also the skewedness in the elution curves of Cg and Cg esters
ec mt besides partition c!tnt, there was some other eff:ow

2, .l part.
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 As the separation of Gy, Cg and Gy esters was achieved by
using 1 M eitrate buffer, pd 5.00, on silieie acid, it was decided
to add Cyy ester to the supumdmhaukm;n As the
separation of 0y; ester from % ester was not possible at pil 5,00,
Pl of the internal phase was decreased to k.5,

Figure 21 shows the elution curves of €11 and Gy esters, It
mmm&mmmcmmmtuﬁuﬁofﬁwm
mmuamm, the adsorption of esters on anmumu-
| came more significent. Hence the tailing effect was cbm
L S A Phase, separation between Uyy and
Gy esters was effected (Fig. u).

Fignuzj shows the elution curves etﬁwm&y esters when 1
%hc pi of the Mcml phase was 4.5 and external phase was diisow
mmﬂhtr %annmanmmmm.trntmm
f huing This adsorption orroet was partly counteracted by using

. more polar solvent. Thus when 15% ehlmeimmm ether was

'  used as eluant, e, ester was eluted out sharply. (See Fig. 2l,).
© Final mﬁuﬂ rer the sepsration of Cgs cg, ;o @nd Cyq esters
‘. ‘Surned out as follows:

| Using silicte acid as support for internal phase, pil hes 1 u
eitrate bufter sample in Skelly G is added at top. The chromato-

grem is developed with Skelly C unman_ ester is nl.uud out, After
+ .»n diisopropyl ether is added and G ester is eluted out. After
that, 15% ehlorofom 1n aiisepropyl ether is sdded to elute out Cg
ester and then 5015011GiiC1y in diisopropyl ether is added to elute
u Cg ester. A complete smuum of L esters is shown in Fig.
| These aolmt combinations were obtained after trying out many
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different combinations of solvents so that the sharpest peak for
each could be obtained. ‘

After achieving the separation of Cg, Cgs Gy and Gy esters,
it was decided to separate Cyp ester with above mixbure.

From Fig., 2k, it was evident that at P 1,50, separation be-
tween Cy2 ester and Gy esters was not possible because of strong
adsorption. A column was yun, however, to see the results. Figure
ﬁm.mmummm%m%xmm Separation did
not take place.

| Figure 26 shows the elution curves of C12 and Gy esters when
the pif of the intemal phase was O and external phase was Skelly
c. Iﬁm«lnrMu%ﬁm%m-mao, tdnmimot
esters became significant, If there had been mo adsorption, mum
f have been possible to separate Gy and Gyy esters at pi 4.0,
h Different solvent combinations and different pif were used in
. &n attempt to separate the Cyp ester from Gyy ester. Figures 27-29
tjfm the elution curves of C1o and €11 esters. Separation did not
m place, wmﬂasnm used in the external phase, re-
~ gardless of its concentration, always one peak was obtained.
Attempts were made to minimise the adsorption effect in the case
- meuﬁm«f%m%mn-momwach?u. ‘
2, Silicic acid had strong affinity for amine esters. If this af-
finity for osters could be preferentially satisfied by adding some
ther amine to the internal phase, probably the adsorption effect
B0uld be out down. Figure 30 shows the partial separation obtained
hen 2% dimethylaminoethyl aleohol was added to b he internal phase,
fl .02, Separation was better but was not complete.
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Another way to eliminate adsorption is to add methyl alechol
in the internal phase, Methyl alecohol solubilizes the amino esters,
thus preventing them from being adsorbed by silicie aeid. On this
basis, a column was run with 10% methyl aleohol in the internal
phase, pil 4.0, Skelly C was used as external phase. Figure 31 shows
the elution curves obtained. Instead of expected separation, strong
adsorption was noted.

To see what happens to partition coefficient values of Cyo and
11 esters when methyl aleohol is present in the internal phase, de-
terminations of the partition coefficient values were carried out

between different pii and Skelly C. Aqueous phase was made up of 75%
methyl aleohol plus 25% buffer. Figure 32 and Table 11 show the re-
sults obtained. It becomes evident that methyl alechol reduces the
difference between partition coefficient values of two successive
members of esters used. Hence it should be avoided,

\ Another method to reduce adsorption is the use of some support
which does not adsorb these esters, Solka~-floe, a highly purified
wood cellulose, was used as support. Oy and Cyq esters were not
separated by using 1 M citrate buffer, pi L.5, and Skelly C (Fig. 33).
These solvent combinations worked when siliecie acid was used as sup~

.

Because a method was developed on silicic acid for the separa-
tion of esters of Cg, Cy, 1o and G}, aeids, it was decided to de- |
- velop a method using Solka~floe for the separation of the esters of
- lower acids. When the solvent combination, P L.50, and Skelly C
were used, separation of Cg end C; esters was effected. Figure 3
; shows the elution curves of Og and Cy esters. As the pH found in
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Table 11

JPH % ester i 511 ester
“he2h 6.58

2.98 2,09

0.92 0.85

0.k7 0.0

0,18 0.1k

0.16 0.1h

80




31
this case was high because the esters were held in column strongly,
it was decided to use pii 5,0, Sharp peaks were obtained with Skelly
C (Fig. 35). Figure 36 shows the elution curves of Cy and G esters,
Ag C4 is strongly held in the column, also is more adsorbed. There-
fore, 50:50 ehloroform-diisopropyl ether was used to elute Gy ester,

Figures 37 and 38 show two curves obtained when rates of move-
ment of the mlmt_ in both cases were different. Figure 37 shows
the elution curves of Cg, Cy and Cg esters when 7 ml of eluant were
collected in half an hour. Figure 38 shows when 5 ml of eluant were
collected in half an hour. When the rate is fast, sharper peaks are
obtained, less adsorption takes place, but there are possibilities
that the separation might become worse. When the rate is slow, ‘
broader peaks are obtained, significant adsorption is observed, but
separation is complete, So by trial and error, one has to find such
& rate of flow of eluant that one gets sharpest peaks, yet separa-
tion is complete.
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3. Recommended Procedure for Analysis of Mixed Fatty Acids, Cg-Cg
or Cg~Cq7. '

The following method, on the basis of preceding dimuﬂ.on. is
recommended for the analysis of mixed fatty aecids, C4~Cg or Cg-Cqy.

8., Preparation of reagents.

(1) Preparation of known solutions of fatty acids:

A separate solution of each fatty acid expected in the unknown
is made up in Skelly C solvent, the solution to contain about LO to
50 milligrams of the acid per milliliter. Standardization of each
solution is carried out by titrating an aliquot portion of the fatty
acid solution against standard alccholiec NaCH.

(2) Preparation of the unknown sample solutiont L

A solution in Skelly C of the unknown sample is made in such

a manner that each milliliter contains about 0.2 teo 0.25 milli~
equivalents of the total acids.
(3) Preparation of thionyl chloride soclution? .

A solution of thionyl chloride is made in Skelly C, such that
each milliliter of this solution contains 2 te 2.5 millimecles of
Mﬁ. chloride.

(L) Preparation of 1M bicarbonate buffers
‘ 0.166 gram of NagCO3 and 8.k grams of NalCO3 is dissolved in
100 milliliters of distilled water.
. (5) ﬁopnn@i.m of 0,01 N perchloric acid in glacial acetic aeid:
E 8.5 ml of 72% perchloric acid is mixed with 200 or 300 ml of
| glactal acetic acid and 20 ml of acetic anhydride. Dilute to one '
liter with glacial acetic acid and allow to stend overnight to per-
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mit complete reaction of acetie anhydride with the water present.
This nluﬂ.on of perchloric acid in glacial acetic acid is about
0.1 N. Ten milliliters of this solution is dilutgd to 100 milli-
liters with glacial acetic acid and standardized against potassium
aeid phthalate in glacial acetic acid as directed below,

About 0.05 gram of potassium acid phthalate is weighed sc
curately and added to 20 ml of glacial acetic seid. The mixture is
refluxed gently a few mimutes to effect solution. After cooling,
methyl violet (0.28 in glacial acetic acid) is added and the solu-
tion is titrated with perchloric acid to the first disappearance
of the violet tinge.

(6) Preparation of indicator:

Ten niluma of hmzmmpbm is dissolved in 100

‘ ll. ot Mm udth uid.

Four nmuxm of one luwln fatty acid solution or one milli-
liter of each solution of different fatty acids under investigation
are plpntm dlmﬁy mw the cold-finger upmutu.  Total acid
cmmtutian, Wmtam, will be 0.8 to 1.0 milliequivalent.

If the tu%ty acid solution is of unknown sample, four milli-
liters of unknown solution are pipetted into the cold-finger appara-
tus. | |

To the fatty acid solution in cold-finger apparatus, four milli-
liters of thionyl chloride solution is added. The apparatus is

| elosed by msans of the condemser and is dipped inbe ax oil-bath,

, humammnu,uao“a. The reaction is allowed to proceed
~ for approximately 3 to L hours. After this #m, the wia»ﬂncw
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apparatus is taken out of the oil-bath and is cooled by dipping it
into the cold water. The condenser is slowly lifted up and simul-
taneously washed by about two milliliters of Skelly C. There is no
danger of acid chlorides being volatalized because the boiling points
of these cw; are generally around 200° C. 5.2 ml of dmthyl-
aminoethyl alecohol is added slowly to the resction mixture, with
ecoling and swirling to avoid any loeal overheating.

After about fifteen mimutes, 5 ml of 1 M bicarbonate buffer
is added and the whole reaction mixture is shaken, When the two
layers separate, upper Skelly C layer which eontains dimethylamino
ethyl esters of the fatty acids, is pipetted out rith a long medi-
cinsl dropper into & 25 ml volumetric flask which already contains
5 ml of distilled water. About two milliliters of pure Skelly C
is added to the reaction mixture, the whole reection mixture is
shaken by swirling, and upper layer is again pipetted with the
long medicinal dropper into the volumetric flask. #xtractions are
continued until 25 ml are mede up. These 25 ml consist of 20 ml
of Skelly C solution of esters of fatty acids and § ml of water.

*

Five ml of Skelly C solution is used for the chrometographic pur-

POsee
Co cwww of the m -
(1) Apparatuss

| MumuuthhMcolm,ﬁ«muw. A \
E close-fitting glass plunger is employed in packing the columns.
(2) Reagents: »
| Silicic acid, chrematographic grade (Mallinekrodt Co.)
Solka-floe, BN 200 (Brown Co.)
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1 k¥ citrate buffers, pil L.50; and pil 5.00

Freshly distilled diisopropyl ether

Chloroform (analytical reagent grade)

Skelly © ,

Glacial acetic acid.
(3) Paeking of the eolumns:

(a)‘ For higher uﬁw acid esters:

Thirty grams of silieic scid and 30 ml of 1 M eitrate buffer,
p 4.50, are thoroughly worked together in a beaker with a test
tube or a thick klnmnd. mema«:&wsm
added and a homogeneous slurry temd by vim& stirring. This
slurry is packed immmm inte the column, care being taken
to prevent formation of ni:r mkm or other forms of Mmgmi«-
ty. Each mm is packed dum, uniformly quite firmly with the
plunger.

(b) For lower fatty acid esters:

%mt:th.wumﬁumquma
Solka~floc and 30 ul of 1 ¥ eitrate buffer, pi 5.00, are used in-
stead of silicie Auid'md P L.50 buffer respectively. In mk:lng
each increment, care should be taken not to squeeze water out of
Solka-floc, as 1t is easy to squeese water out by applying high
Pressures in packing, Pressure is applied only up to the point

’ where water is seen being squeezed out.

(L) Sample addition and elution:

In both the cases, 5 ml sample of the Skelly C solution of
esters is pipetted into respective columns. Sample is allowed to

~ Tun through completely and then 2 ml of pure Skelly C solvent is




pipetted in, washing the sides of the column down. After this
portion is completely absorbed, column is set up on the fraction
collector and different fractions are collected in test tubes.

In case of higher fatty acid esters, dimethylaminoethyl un-
deeylate is eluted out with Skelly G, dimethylaminoethyl caprate
is eluted out with freshly distilled diisopropyl ether, dimethyl-
aminoethyl nonsncate is eluted out with 15% chloroforn in diiso-
propyl ether, dimethylaminoethyl octancate is eluted out with 50%
chloroforn in diisopropyl ether.

As a modification of above elution process, if heptanoic acid
is present, then dimetiylaminoethyl octancate is eluted out with
3% phenol in benzene and dimethyl heptancate is eluted ok with
50% chloroform in diisopropyl ether.

‘ In case of lower Mty ioidq, dimethylaminoethyl ocuﬁum
and heptylate both are eluted out with Skelly C and dimethylamino-
ethyl hexanoate is eluted out with 50% chloroform in diisopropyl
ether. ' |

As & modificstion of above procedure, if valerie acid is a
present, then dinvibpiontasetiyl Besinsate 1o diobed ak with 44
isopropyl ether and dimethylaminoethyl valerate is eluted out
with pure ehloroform.

(3) Analysis of the eluates:

| To cach test tube in the eluate, equal smount of glacial acetic
acid is added, This mixture is titrated with stendard perchlorie

1 acid solution in glacial acetic acid, using 0.01% solution of

- benzeneazodiphenylamine as indicator. I;Ltmm‘m is bubbled

 through in each tube for stirring purposes only.

L
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(6) Caleulations: |
WMM‘mMmummm;mcMm

added together. mmmum M.mhau

a.mxmewhmmm:wwm,

mt.mmm«xmamw
mmm&mnmmm.ﬁaauuman
-one mole of ester,




he Results and Diseussion.

Results obtained by analyzing three synthetie mixtures of Cg,
€7 and Cg fatty acids by recommended procedure are shown in Table
12. Percentage yield reported here is the ratio of the ester re-
covered after chromatography to t he acidity in the starting sample
of fatty acid used, Reproducible results have been cbtained,

Table 13 shows the composition of nonanoie sample used throughe
out the investigation of tnis report, Table 1i shows the result of
one synthetic mixture of 69-% fatty acids, Although the results
are in harmony with the results obtained when each individual acid
was esterified and chromatogrammed (Tables 6~9), further studies |
of this procedure are necessary,

In the separation of esters of mixed fatty acids, only parti-
tion effect is supposed to take place., It was found, however, that
significant adsorption of esterson silieiec acid also took place.
Due to this adsorption effect, C12 ester was not separated from Cyy
ester. Attempts to Wn the adsorption effect were not succesge
ful, Even though Solka-flee was found less adsorptive than silieie
acid, further studies about none or weakly adsorptive supports are
highly desirable.

As the partition coefficient values of amino esters of fatty
acids are found to differ by a factor of four to every one carbon
atom increase in chain length, it would be Possible to separate the
amino esters by counter-current distribution. In counter-current
distribution, there would be no adsorption effect encountered, as
in chromatography,

L




Table 12

Analysis of Synthetic Mixtures of
Lowey | atty Aeids

Run Components Neq. acid lNeq. ester 4
no. of mixture added recovered Recovery
| #Octanoic acid 0.2783 0.2822 - 101.3

*Heptanoie aeid  0,3078 0.2866 93.2
*Hexanoic acid 0.3582 0.3290 92.0

2 Octanoic acid 0.2783 0.2800 - 102.0
Heptanoic acid  0,3078 0.286) 93.3

3 Octanoie acid 0.,2783 0.282} 101.8
Heptanoiec acid  0.3078 0.2896 94.0

Table 13

Nonanoic Acid
(Refluxed at 610“, 5 hours)

Run Components Heq. acid lMeq. ester %

no. of mixture reacted recovered Recovery

Undecanoie acid none -

1 Decanoie aecid 0.2L64 none -
Nonanoie aeid 0.160L 65.0
Octanoie aeid 0.0378 15.L

Table 14 .
Analysis of ggz Synthetic Mixture
(at C, 5 hours)

Run Components Meq. acid Meq. ester %
no. of mixture reacted found Recovery

Undecancie acid  0.208) 0.2074 101.0
1 Decanoic acid 0.3056 0.3100 101.0
Nonanoie acid 0.2L6l 0.1680 68.1




VI. GENERAL CONCLUSION

mmumoxmummuaimmmmimdmmm
sults, the following conclusions seem to be warranted.

1. The method of Ramsey and Fatterson for analysis of mixed
higher fatty acids is improved by the addition of a water-soluble
organic acidic agent to the internal phase.

2, A new method of partition chromatography based on the use
of ion-exchange resins both as mechanical suppert and as buffer has
been developed.,

3+ It has been shown that dimethylaminoethyl esters of Cg,
G9s 10, and Cy) scids can be synthesized in quantitative yields by
the method described above. ' :
” h. These esters can be separated completely on a silicic acid
column using, as the internal phase, 1 M citrate buffer at P L4.50,
The column is eluted by a succession of organic solvents.

5. The esters of the lower fatty acids s&, Cys and Cg have
been separated on Solka~floe columns., The internal phase was 1 M
citrate buffer at'pﬂ 5.00, The external phase was Skelly C and 50%
ohlemtmu-dunmm ether.

6. Adsorption of esters on siliecie acid and Solka-floc has
been minimized by the addition of dimethylaminoethyl alechol to the
internal phase.
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VII. GSUMMARY

Several different approaches were made in attempts to develop
better metihods of analyses of saturated higher flttj acids. Studies
were made of separations based on (1) modifications of Ramsey and
Fatterson's method; (2) partition chromatography on ion~exchange
resins; and (3) conversion of fatty acids to amines,

Somewhat better separations of mixtures of higher even numbered
carbon atom fatty acids was achieved when furfuryl aleohol, 2eaminoe
Pyridine, glacial acetic acid buffer was replaced in Ramsey and
Fatterson's method, Successive members of higher homologues of
saturated fatty acids were not separated,

The essential feasibility of using ion-exchange resins for
smm partition chromatographic purposes has been demonstrated by
complete separation of mixtures of lower dicarboxylic acids., The
separation of higher saturated fatty acids en ion-exchange columns
was, however, unsuccessful, aMﬂy due to the surface active
property of higher ta@_t? acids,

Dimethylaminoethyl doriw&im of fatty acids have been pre-
pared. Preliminary studies wwcd the conversion of fatty acids
to amino esters to be essentially qmuuuw. Fartition eoceffi-
clents of the esters were determined between aqueous buffer, pH
ko6, and diisopropyl ether, and from these values theoretical cal-
culations for the elution of different esters were made. Although
the theoretical caleulations based on strictly partition process
did not check well with the experimental results obtained on silieie
acid eolumns (because of somewhat concurrent adsorption) they were
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helpful in the development of proper solvent combinations.

Two methods of separation of fatty acid esters have been de-
velopeds (1) Esters of Cg-Cyy acids were separated on silieic aeid
column, (2) Esters of Cg-Cg acids were separated on Solka=floe
columns, Significant mm&m of esters ocourred on silicic acid
~and somewhat less on Solka-floc. Attempts to minimise this adsorp-
tion by adding dimethylaminoethyl aleohol and methyl alechol in the
internal phase were not fruitful. Although the separation achieved
wag complete and could be carried out with an-u amounts of fatty
acids up to Cy) aeid, the tailing effect due to the adsorption pro-
¢ess hindered the separation of acids of high molecular weight.




APPENDIX

STUDIES ON SEPARATION AND ANALYSIS OF HIGHER
DICARBOXYLIC ACIDS BY PARPITION CHROMATOGRAPHY

An analytieal procedure (1) for separation and determination
of a,,-am diearboxylic acids by partition chromatography has beenm
reported in the literature. This methed is being used for control
purposes in industry. Attempts were made in our laboratories to
extend this methed to determination of higher straight-chained
dicarboxylie (“10"’91#) acids.

To test the feasibility of this approach, partition coefficients
of Gw. ﬂu. 013. and ou, dicarboxylic acids were determined between
5% n-butanel in @emt&m and buffers of different pH. Results are
shown in Table I and Figure 1. As expected, a slops of 2 was ob=
tained. In case of 613 and Gl.b diearboxylic acids, pH range was
too low to give reliabdle data, since the determinations were carried
out in the systems tn vhich the acids were nearly all in the orgsaic
layer.

Figare 2 shows the elution curves of ﬁm; 011, 013 and ou
diearboxylic acids when internsl phase was 1 M phesphate buffer,
pH 644 on silicic scid and external phase was 5% n-butanel in chloro-
form: Instead of four different peaks, only three peaks have been !
obtained. This means two acids have come out together. From parti-
tion coefficients data, it was clear that separation between 013
and cm diearboxylic was not pessible. Therefore, the first peak
is composed of 313 and Gy, dicarboxylic acids, the second peak is
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that of au dicarboxylic acid, and the third one is that of am
dicarboxylic acid.

Separation between ¢ and 613 could be achieved either by

14
raising the pH of internal phase or by decremsing the polarity of
the external phase. Determimation of partition coefficient values
of °1# and 313 dicarboxylic acids between 7.01 pH W!’or and 5%
u-hutml-mm:, gave the values as 1.24 and 2.38, respectively
(Table I). Thie means uparation should take place at pH 7.00

by eluting with 5% n-butanol-chloreform.

Pigure 3 shows the elution curves for ew. Gu. 013 and 014
dicarboxylie acids when PH of internal phase was 7.01 and externsl
phase was different percentages of n~butanol in chloreform for "
different acids. There was no separation between Cy) and 13 di~
earboxylic acide. :

The difficulty was found to have resided in the addition of
sample. Sample was usually prepared in 5% $eamyl &leoholumwlj
solution. Usually 5 ml sample wes used. Now when sample in 5%
ulcehal«ehlamfom.nélmioa was added on the top of the columm,

1
sway, although 1%, 2%, or 3% butancl-chloroform solvents were
used as eluants. That sample of 5 ml containing 5% t-amyl alcohol-
umal:, had enough polarity to elute out 01“ and 013 tciap together.

This was found out when samples were prepared in pure GKGZL:’. and

cl& and ¢ 3 being too soluble in 5% slcohol were eluted out right

only two milliliters of sample were used, so that a sharp band
might form on the top of the column.

Figare 4 shows the chromatogram obtained when internsl phase
wvas pH 7.00, 1 M phosphate buffer, eluant was pure chloroform and
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iv

sample was added in puve chloroform. It has certainly resolved
the mixture of Cyy ond 013 acids, but a new peak sppeared this
time,

If this new peak would not have appeared, it would have been
eagier te separate cm. 613.- cu and cm dicarboxylic acid using
pH 7.00 buffer on silicic aeid and adding sample in pure chlore-
form, but evidently this new peak should be investigated first.

This new peak in front of cu dicarboxylic acid could be 015
dicarboxylie acid impurity or it might be & monoester of either
313 or cl# diearboxylie aeid with t-amyl aleohol. Characteriszation
of all three peaks were carried out as follows:

Three acids from three peaks were extracted with diethyl -thu‘
after acidification of the fractions containing respective acids
and their melting points were determined. Results are as follows:

1st peak: Not emough .. could not be determined.

2nd peak; 115-119° ¢.

3rd Peak: 90-102° C.

Melting point of Gm dicarboxylie acid was found to be 116-1210 ¢,
therefore second poait was that of le diearboxylic acid. Melting
point of °l3 diearboxylic seid was found to be 70-100° €, therefore,
the third peak was that of 013 diearboxylic scid.

All three acids were rechromatogrammed on three different columns
and Figure 5 shows the curves obtained. This proves that all the three
acids are different molecular species. Second and third peaks are !
Gl.l& and 013 dicarboxylic acids, respectively, but as the melting point
of the first was not determined because of insufficient material,
it could not be decided.

Considering the recoveries of cm and 013 dicarboxylic acids,
only 75% of ¢ 14 Beid was recovered, while 96% of Gy, dicarboxylic
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acid was recovered, therefore if the acid in the first peak is

monoester at all, it should be of C

18 dicarbvoxylie acig mainly.

Caleulation of recoveries on weight basig shows that the amount

in the first peak plus the amount in the second pesk exceeds

100% by 75%. Therefore, the first peak could not be monoester

of °m diearboxylic acid.

This leaves only one alternative; that the first peak could

be 615 dieardoxyliec acid. Caleulating as 615 dicarboxylic seid,

the amount in the first peak plus the amount

in the second peak

is around 100%. This shows that Cyy dicarboxylic sample used had
Gy dicarboxylic seid (around 256) as impurity.

However, no attempt has yet been made either to separate 615

dicarboxylic ameid completely or to determine

of all four scids.
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