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INTRODUCTION 

The necessity for the application of reversed phase systems for the separation 
of water-insoluble compounds was first recognised by BOLDINGH~ who ‘employed 
rubber coated papers for the’ separation of esters of higher fatty acids. We have 
recently considered the efficiency of this me,thod and have investigated the possibility 
of using other nonpolar substances as paper impregnating materials and of various 
solvents as developer@. More recently we have carried out experiments with a few 
reversed phase systems and have studied their effect on the RF values of higher fatty 
.acids. The results of these studies, including the details of the quantitative method 
for the determination of higher fatty acids (saturated C,, to C,,. acids and oleic, 
linoleic, and linolenic acids)“, are presented in this paper. 

MATERIALS AND METHODS 

The apparatus in its simplest form consisted of a square wooden frame covered with a 
greased glass plate. A small Petri dish with developing solvent was placed at the 
centre ‘of the tray.,The paper was supported by glass rods which, rested on the slots 
made in the wooden frame. A desiccator or bell-jar over a glass plate was also used 
in place of a wooden frame; 

Materials for iqtwegnating the $a$er 

The materials used for impregnating the paper were: (I) liquid paraffiu(Igo-220”) 
fraction ; (2) Vaseline (white petroleum jelly) obtained from Chesebrough ,Manufac- 
turing Co. Consd. ; New York; (3) Dow Corning High Vacuum Grease; (4) Dow 
Corning Stopcock Grease (a Dow Corning silicone lubricant). The last two are 
products of Dow Corning Corporation, U.S.A., processed and distributed in India by 
Metropolitan Architects and Engineers Private Co. Ltd., Calcutta. 

The material to be impregnated was dissolved in benzene IO y. (w/v). Pieces of filter 
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paper of the desired size were impregnated by the capillary ascent technique. After 
air drying for 1/2 11 the papers were ready for use, 

Sol?vevtts 

A number of.solvents were investigated. Aqueous acetone, aqueous ethanol, aqueous 
methanol and aqueous acetic acid were successfully used for the separation of fatty 
acids. However, for the separation of “critical pairs” the solvents used were either 
glacial acetic acid-formic acid (88 %)-hydrogen peroxide (30 %) (6: I : I) or methanol- 
formic acid (85 %)-hydrogen peroxide (30 :A) (6 : I : I). 

Choice of various grades of filter p5a@rs _* 

Earlier investigators have used various grades of filter paper-“-G. In the present 
work Whatman No. I and Whatman No. 3 sheets were compared, and Whatman 
No. 3 was found to be more suitable. 

The micro-pipettes required for measuring out the test liquid on to the filter paper 
were (I) Technic0 S61 BS 797 2o”-0.2 ml, and (2) Technic0 502 BS 797 2o”--0.05 ml. 

AnaZyticaZ firocedure 

Circular paper of 24 cm diameter was used. The test solution (in ethanol) was applied 
as a spot onthe circumfc!iience of a circle of I cm radius drawn around the centre of 
the circular filter paper. The amount applied at a spot varied from 50 to IOO pg. A 
filter paper wick was inserted into a hole at the centre of the filter paper. The length 
of the wick was adjusted in such a way that the distance between the surface of the 
filter p,aper and solvent was I cm. When the solvent had travelled a distance of IO cm 
from the circumference of the inner circle, the chromatogram was removed and 
washed twice in tap ,water to remove .the solvent. It was then kept immersed for 
15 ,min in a..o.L o/o mercuric acetate.solution containing’o.5 ml of acetic acid per litre. 
Excess mercuric acetate was removed by washing the chromatogram in running 
tap water for 45 min. The chromatogram was air dried and then sprayed with 0.2 o/b 
solution of s-diphenyl carbazide in 95 o/o ethanol. The purple coloured bands obtained 
were cut into small pieces and eluted with 5 ml of I : I mixture of freshly distilled 
methanol and toluene. The absorption maximum was at 540 rnp when determined 
spectrophotometrically (Fig. i); .hence the estimations were carried out, using .a 
Klett-Summerson photoelectric calorimeter with green filter (530 mp). 

. . 
EXPERIMENTAL RESULTS : 

. 

lucfluence of the grade of filter papers . 

The easily available Whatman No. I and Whatman No. 3 filter papers were tried. 
They were impregnated with IO Y. liquid paraffin in benzene. The four even-numbered 
saturated fatty acids (Cl, to C,,) and oleic, linoleic and linolenic acids in 20 pg 
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Fig. I. Absorption spectrum of the mercury-klil3henyl carbaeicle complex formed during the 
estimation of higher fatty acids. Solvent: methanol-toluenc (I : I), Instrument: Beckman DU 

spectrophotometer. 

quantities were spotted and separated by the circular paper chromatographic tech- 
nique. The observations are given in Table I. 

The results given in Table I indicate that though both grades of Whatman filter 
paper gave good separation, with Whatman No. 3 the separation was quicker. The 
RF values were slightly higher for Whatman No. 3 filter paper with both the solvent 
systems. Acetic acid (go yO) gave higher RI;~ values than the glacial acetic acid- 
formic acid (68 %)-hydrogen peroxide (30 yO) (6 : I : I) system’ for the saturated higher 
fatty acids. 

SoLvent systetis 

The use of acetic acid, especially at high temperatures, gave rise to a very pungent 
odour. Hence the other solvent systems reported in the literature2 were tried. Various 
concentrations of the aqueous solvents were also &tried. It was observed that So% 
aqueous ethanol, go o/o aqueous acetone and gs o/o’ aqueous methanol. gave good 

_ separation of the fatty acids on IO o/o ,liquid parafhn-impregnated Whatman No. 3 
.: filter paper. .The results are given in Table II. .- 

Although all the three solvents tried gave a good, separation, aqueous acetone 
and aqueous methanol were better as they effected the separation in a shorter:time. 
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TABLE I 
,: I:,/, 

, i ( ‘,.(., 
S,:.’ 

“COMPARATIVE EFFIdIENbY OF WHATMAN.NO. I AND WHATMAN NO. 3 FILTER PAPERS IN THE SEPAtiAT;Oi’- 

OF, HIGHER FATTY ACItiS BY REVERSED PHASE CIRCULAR PAPER CI-IROMATtiGRAPHY’ 
,, ‘1.’ 

:3kq 

. (n) With go yO acetic acid as developer 

Gvdc of paper 
Distnmc of Tinrc of 

RF valncs of l&her fatty acids .“$.:. 

lit.?vclop- dcvclop- Saturated 
intprcgmztcd wttt (cm) tttent (t&k) 

Utrsatwatcd (.’ :‘ 

Laurie Myrvistic Pahitic St6la*ic Oleic Lholeic C_irrd!erriq :, ‘. .f., 
I.,. 

Whatman No. I IO 315 0.81 
.” 

..0.67 0.50 0.39 0.52 0.66 “’ 
Whatman No. 3 

0*‘7g’..,‘.:T 
IO 155 0.85 0.76 0.66 o-55 0.65 0.74 0.83 “,._’ 

.: 

‘. 
._’ 

. (b) ,With glacial acetic acid-fbmic a&d (88 %)-lzydrogen peroxide (30%) (6.r: I) as deveZo$er* : .,‘.;y. :t 

Grade of paper Distarlce of Time of 

.’ 
irnpregrrated devetofmerrt (cm) devClopnlet~t (it+) 

Whatman No. I IO 330 
Whatman,No. 3 IO ~65 

RF vatves of Iriglrfr fatty acids (salrtrated) ” ,: .I 
‘.,# 

Larrric Myristic Patnritic Stcaric : :,:. 
. ,. ,.I 

’ -> 
0.60 0.74 0.43 0.32 ..:: 

0.76 0.65 0.55 0.48.. ‘., L:,: 
: 

* This solvent kidises the unsaturated hi&cr fatty’ acids quantitatively. Hence their &!F, value&:’ 
cannot be recorded. :. 

: 
‘.“.. : 

TABLE II 
i 
‘. 

COMPARATIVE EFFICIENCY OF VARIOUS SOLVENT SYSTEMS FOR THE SEPARATION OF HIGHER FATTY AC& 

BY CIRCULAR PAPER CHROMATOGRAPHY ON IO o/o LIQUID PARAFFIN IMPREGNATED 
:. I‘ 

.;. 

WHATMAN NO. 3 FILTER PAPER .‘. .’ 
: 

.., ,.’ ,’ 
Rp values of hi&r fhcty acids 

Unsaturated 

,: .:, CL; 

Solvclrt system Saticratcd ;$ 
. . . 

Latrric Myrislic Palmil ic Stearic Oteic 
. 

,’ Linolcit Lwotth,-;,‘:j, 

A~&&sethanol ‘( 80 %) 
. 

;o 
.:;.,: : 

I95 0.79 0.72, 0.64 0.51 0.63 0.70 d.79:::::‘:; 
Aqueous acetone (go %) .I0 90 0.87, .0.75 0.67 0.53 0.66 0.74 

‘o,86 ..‘,:f 

Aqueolfs metfianol (9.5 %) IO 75 0.81 0.73 0.62. 0.50 0.63 0.72 
,d,$O ::::,::; 

: ;.’ . . ,,‘:,: . 
: . “,‘, ..: ,.,,, 

: ,, :.. ‘y 

‘. ,Methan$ is preferable to acetone for high temperature chror&tograIjhy, Since if, has& !,“:‘g 
:, 

high. boiling pbint. “. 
.(‘,). !j 

. . ,,, ,:..y 
.: .,, Ye. ‘..-, .:,,/‘, ‘,,“,q( :: : . . . 

,” F+t3 ime of methad fbr the se&GaEion ,of fatty .,acids at high .tewqberatwes dnd for $2c-‘:;:‘~Y 
.’ 

+&ration of !?2riticaL @airs” 
., ,. ;,;;‘,,;‘.., 

,’ S’,,’ ‘,), ,,$ .,. ,, 
‘. ‘, ., .‘..\$j 

I. ::,:* 
.By using me?han&fo&i$c acid-hydrogen ‘,peroxide (G : 1.5 : I,.s). 'the, ‘uns~turated”::::S1.: 
fatty- acids,:weye os$ised and thus, the s&rated fat$y acids .could be ‘1 &e&iGely ‘:l’$$ 

.- separ+kd from their “kritical paqtiiers”. .s ” ” . . : ,’ 
: ,I 

“. ‘I ‘I:- ~::-f._$ 

-~~en:aqueou~,methanol (& %) &as used ‘for, the separation of the fatty ticids,of’.;@ 

“, 
‘fhe Ted., kkeds of A’denatitheri pavo+za at:, 55 O (the higher t&npe&ure, was nkce&ary’, ;$g 
to.+e@&g,.the higher fatty’adidk beyoiid C,,), it was’found to give five &sat&&ed.’ ‘;::Y$” 
,a@ight s&.x&ted higher fatty acids,-as,obtained.karlier with 90% ‘acetic acid solvex&F~,“_i$ 

I ‘, ,. ,, c,‘?., 
: ..’ 
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Use of other im$regnating materials 

Pafler impregnated with IO yO Dow Corning Stopcock Grease (Silicone Lubricant),. Three 

concentrations of aqueous methanol were trie,d for the separation of higher fatty 
acids on this paper. At a concentration of ‘95 o/o aqueous methanol the fatty acids 
(C,, to C,, and oleic, linoleic and linolenic) showed a tendency to separate but moved 
too close to the solvent front. At a concentration of 85 o/o methanol a good separation 
was obtained, but the movement of the fatty acids was slow. When go o/o. aqueous 
methanol was used the movement was good and a separation of the fatty acids was 
effected (Table III). 

TABLE III 

li!p VALUES OF HIGHER FATTY ACIDS ON WHATMAN NO. 3 FILTl%R PAPER IMPREGNATED WITH IO y. ]>0\%' 

CORNING STOPCOCK GREASE (SILICONE) AND DEVELOPED WITH 90 o/o AQUEOUS METHANOL 

RF vaLues of lriglrcrjally acids 

Distance of ’ Tinw of 
Lkvclop?mnt (on) &velopwwtrt (mirt) Salwaled Utrsa!trraterl 

Laurie Myristic PaltAt ic Stcnric Okic Litrdcic Liuolwic 

IO 15” 0.70 0.57 0.45 0.38 0.46 0.56 o.Gg 

Pa$er im$regnated with Dow Corrcing Nigh Vacuum Grease. When Whatman No. 3 
filter paper was impregnated with IO y. of this material, it was observed that the 
solvent (even g5 o/o aqueous methanol) moved very slowly and that the movement 
was also uniformly centripetal. When the paper was impregnated with 5 y. of the 
material and used with So o/o aqueous methanol, the acids separated well but moved 
too close to the solvent front; when the concentration of methanol was reduced 
to 50 y. there was very little movement and practically no separation of the fatty 
acids, but when the methanol concentration was raised to 65 %, a good movement 
and separation was obtained as .indicated in Table IV. 

TABLE IV 

2~ VALUES OF HIGHER FATTY ACIDS ON WHATMAN NO. 3 FILTER PAPER IMPREGNATED WITH 5 y0 DO\\’ 

CORNING HIGH vAcuunx GREASE AND DEVELOPED WITH 65 o/o AQUEOUS METHANOL 

; :’ RF values of highdrfntty acids 

Distance oj T~imc of Saturated 
&vdopln~~lt (Wl) dmdop~mxt (ruiu) 

Uwatwatcd 

: ,. Latrric Myristic Pnlrnit ic Stcaric Ofeic t~iriolcic Lholrrlic 

IO 125 0.85 0.73 0.52 0.41 0.51 0~71. o.s4 

6. Pa$er impregnated with vaseZi?ze (white petroleum jelly). On the IO y. vaseline- 
; impregnated paper the higher,, fatty acids moved very little when developed with 
, 80 Oh aqueous methanol (Table Va) ;’ with go y. aqueous methanol, there was good 

movement and separation of the fatty acids. 
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A good separation of the fatty acids could be effected by reducing the nonpolar ’ 

phase content ,instead of increasing the polar phase concentration in the reversed t 

phase system. This was achieved by reducing, the Vaseline concentration to 3 yO and ‘z; 
by using,,80 yO aqueous methanol as the developer (Table Vb). 

TABLE V 

EFFECT ON THE Rp VALUES OF HIGHER FATTY ACIDS OF THE CONCENTRATION OF VASELINE (NONPOLAR. 

PHkSE) AND OFAQUEOUS METHANOL (POLAR PHASE) IN THE REVERSED PHASESYSTEMS 

(a) 10 y0 Vaseline-coated papev ” 

RF vnLue.s of Iriglicr fully acids 
A q1MJtlS Disiatrce of Time of 
mctha,rol dt?velQp,lrerri developnrew Saturated Uusnturntcd 

(%I (CWl) (m iIt) 
ikttric M yristic Palrtritic Steuric OlCiC Linolcic Linotcrbic 

so IO “-55 0.38 0.30 0.23 0.18 0.22 0.31. 0.37 :I 
90 IO 215 0.87 0.72 0.63 0.53 0.60 0.71 0.85 ) 

;. 

(b) 5 yO Vaseline-coated paper 

Rp vatuds of higher futty acids 
A queotrs Distancr! of Tilrre of 
wellran Saturated Urrsaturuted 

(%I 
devek&b2nt devclopmoct 

(m&u) 
.’ : Luuric hlyristic PaLMtic Stcaric Oleic Liuoleic Lirrotkwic 

80 IO 90 0.96 0.81 0.60 0.48 0.60 0.79 0.94 
70 IO 125 ,’ 0.50 0.40 0.26 0.16 0.25 0.39 0.51 

Qua~titat& estkatiort of higher fatty acids 

The general procedure has been indicated previously3. The details as regards the 
spectral analysis curve (Fig. I) and the Klett readings for the.four saturated (lauric, 

.‘,. 

myristic, palmitic and stearic) and the three unsaturated (oleic,;linoleic and linolenic) 
acids (Table Via and b) and for the three critical pairs (lauric-linolenic, myristic- ‘,I. 
linoleic and pahnitic-oleic) of fatty acids (Table VIc) are given. 

Recovery eqberiments 
‘: 

The results of the above analytical method were checked as follows. Known amounts ,’ ,‘. 
of the ,fatty acids were added to those obtained from a strain of As;bergiLZ?ds niger; 
after development of the res,pective chromatograms (with and without peracid modi- .:: 

ficatione), the amounts of each fatty acid were determined before and after Lddit’ion : :, 

of the known amounts of fatty acids (Table VII). .’ 
;,;: 

DISCUSSION 
: : 

As regards the use of various reversed phase systems for the qualitative analysis of 3 
fatty acids, it was observed that on Whatman No. 3 filter paper the separation of the ::; 

fatty acids was more rapid than on Whatman No. I filter paper, although both ,’ ,.; 
., 
,’ 

J. Chromatog., 7 (1962) 507-515 .‘.:I 
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TABLE VI 

USING A ICLETT-SUMMERSON PHOTOELBCTRIC COLORIMETER WITH GREEN FILTER 

FOR THE HIGHER FATTY ACIDS SEPARATED BY VARIOUS SOLVENTS, AFTER 

MERCURY-S-DIPHENYL CARBAZIDE COMPLEX WITH, A I : I METHANOL-TOLUENE MIXTURE 

(a) go o/$ Aqueous acetic acid as developer for individual fatty acids 

Laurie Myrislic 

KielL mudings for 

Paknilic S1caric OIeic Lirrolcic Litroletric 

IO 8 I3 16 6 8 I3 22 

20 =7 25 31 II I4 25 
30 25 38 48 16 20 38 2; 
40 34 2:: 63 21 26 50 90 
50 2 

20 
78 26 65 

60 
114 

79 93 32 33; so I35 

(b) Glacial acetic acid-formic acid (88 %)-hydrogen peroxide (30 %) (6: I: I) as developer 
for the saturated fatty acids 

Laurie 

Kkll readings for 

My&tic Palmilic Slearic 

IO ,7 12 I4 6 
20 I7 24 28 I2 

30 24 36 
40 33 2; 24 

=7 
22 

2: 40 75 
49 77 92 

:4 7 

(c) go yO Aqueous acetic acid as developer for “critical $ai,vs” of fatty acids 

Cottcorlratiotr of eack 
fatly acid itb Ihe mix~rtre 

~c(slo*o5 ml) Lawic-litrolctric 

h’lett readings for 

filyristic-lholeic Palnritic-oleic 

IO 29 26 23 
60 52 
88 79 2: 

grades of paper were equally sensitive. Among the impregnating materials examined 
and found to be equally useful for the separatiori of fatty acids, liquid paraffin may 
bk .preferred because of its easy solubility in the solvent used for impregnation-,andq 
because of its cheapness. 

,411 the developers studied gave good separation of the fatty acids; with aqueous 
methanol and aqueous acetone the separation was quicker; with the other developers, 
particularly aqueous ethanol, it .was rather .slow. At high temperatures it may, be 
inconvenient to work with aqueous acetic acid as a developer, since it gives off a 
pungent odour. Under these conditions aqueous methanol may be preferred; this 
solven’t .has also the. additional advantage of having a higher boiling point than ace- 

tone. At room temperature any of the quick developers may be used. 

/. Chromatog., 7 (1962) 507-s 15 
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TABLE VI1 

RBCOVERY OF FATTY ACIDS ADDED TO THOSE OBTAINED FROM k~S$e@&4S &get’ 

(a) 90 O/O il peozrs acetic acid as developer 

Futiy ncids 

Total amourct 
of fatty acids 

expected 
(W 0.05 w 

Total anrotctlt 
of futly acids 

recovered 
(MlO.05 rm 

PerceWa+z 
recovery of 
fully acids 

Linolenic and lauric Nil 20 Laurie 20 19.6 gs.0 

20 Linolenic 20 X9.4 97.0 
lhnoleic and myristic 32.4 00 Linoleic 52.4 50.9 97.2 

20 Myristic 52.4 5=*3 97.9 
Oleic and palmitic 45.8 2 0 Palmitic 65.5 G4.G 98.2 

Oleic 20 65.S 63.9 97.1 
Stearic 23.G 30 Stearic 43.6 42.8 gs.z ;_ 

(b) Glacial acetic ucid-fovwic acid (86 o/o)-?lydvogew peroxide (30 %) (6; r:.r) as deveEopev 

Fatty aci& 
Fatty ncids jn 

AspcrgUts 9riger 
‘4~~rourrt of forty 

acids added 
(~6lo.o~ W (fwo.os w 

Total a?,rotrnt 
of futty acids 

cxfiectcd 
(.ug/o.og ml) 

Total aarourrt 
of fatty acids 

recovered 
r/q/o.og ml) 

Percmtage 
recovery of 
_t&ty acids 

Laurie Nil 20 Laurie 20.0 19.2 96.0 

20 Linolenic Nil Nil - 

Myristic Nil PO Myristic 20.0 19.3 96.5 
20 Linoleic Nil Nil - 

Palmitic “7-7 20 Pslmitic 47.7 47.5 99.6 i 
20 Oleic 27.7 26.S 96.4 -. 

Stearic 22.8 20 Stearic 42.8 42.5 99.3 ‘, 

The RF values for fatty acids could be altered suitably by adjusting the concen- ‘. 

tration of the impregnating material or the concentration of the developer. This is also 
a point of considerable interest in the chromatographic separation of fatty acids. 

‘.’ 
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SUMMARY 

. 
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A detailed study of various reversed .phase systems for the qualitative analysis of 
fatty acids has been made and it has been shown, among other things, that the ,liquid _ 
paraffin-aqueous methanol system is a most convenient one. 

% ,‘$P .,kh ,p 
. The details of. a fairly simple and ,rapid method for the quantitative estiniation ;,: 

of higher fatty acids have also ‘been discussed. 
11 
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