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Among the first reports of applications of thin-layer chromatography (TLC), 
using the apparatus and techniques of STAHL, were descriptions of separations of 
fatty acids and other lipids l’2. It was immediately realised that TLC was an ideal tool 
in the detection, separation and isolation of fatty acids containing oxygenated sub- 
stituents and as an aid in elucidating the structures of such compounds394. The 
introduction of silver nitrate impregnated adsorbents as a means of separating 
compounds differing in degree or type of unsaturation 6-7 has greatly increased the 
usefulness of TLC for analytical and structural investigations of oxygenated fatty 
acids. 

Because of the large number and variety of oxygenated fatty acids in our 
possession and our interest in studies of naturally occurring epoxy and hydroxy 
acids and their derivatives, we considered it appropriate to invest&& the migration 
characteristics of a wide range of these compounds on thin layers of silica gel and of 
silver nitrate impregnated silica gel. The results of this investigation reported here 
demonstrate more fully than hitherto the wide possibilities of these TLC procedures in. 
analytical and structural work in the fatty acid fieId. 

EXPERLBIENTAJ. 

Matevials 
The 1% and 377hydroxy-oleates and -stearates were isolated from samples 

sent by A. P. TULLOCH’ * who also very generously provided samples of the 16-, 15-, 
14-, 13-, II-, 7-, 6- and 5-hydroxystearates. The Io-hydroxystearate was a gift from 
A. T. JAMES***, the 4-, 3- and z-hydroxystearates were synthesised by conventional 
procedures and the IZ-, g- and S-hydroxy isomers were obtained by hydrogenation 
of appropriate natural. unsaturated hydroxy acids. Most of the unsaturated mono- 
hydroxy acids were isolated from seed oils : Iz-OH-cis-g-octadecenoic (ricinoleic) 
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28 IL. J. MORRIS, D. M. WJZARRY 

from castor, g-OH-cis-I2-octadecenoic from Stro$hadzzts kot47zb~, g-OH-tram-10, 
tralzs-Iz-octadecadienoic (dimorphecolic) from Dimor~hotheca awantiaca, g-OH- 
tram-Io,cis-I2- and x3-OH-cis-g,tragzs-II-octadedadienoic acids from Artemisia 
a2lshtJtizm, B-OH-octadec-g-yne-tralzs-II-enoic from Sa?zta&a albac?gz and B-OH-g,Iz- 
octadecadiynoic and B-OH-g,II-octadecadiyne-I7-enoic (plus small amounts of 
their x3-ene vinylogues) from Ongoelzea gore (isano oil), Prom methyl ricinoleate were 
derived 12-OH-tragzs-g-octadecenoate (ricinelaidate) and x2-OH-g-octadecynoate 
(ricinstearolate) by elaidinisation and by bromination-dehydrobromination respec- 
tively. 

The saturated cis- and tram-epoxy esters were prepared by peracetic acid 
oxidation of the corresponding cis- and &arts-monoenes. ‘cis-12,x3-Epoxyoleate was 
isolated from Vernonia antizehnintica seed oil and also from partially epoxidised 
linoleate whence was also isolated the isomeric cis-g,Io-epoxy-r2-octadecenoate. 

The bromohydrins were prepared from the corresponding epoxy esters by 
reaction with anhydrous hydrogen bromide in diethyl ether, a cis-epoxide giving a 
mixture of tkreo- and a tragzs-epoxide a mixture of erytlzro-bromohydroxy derivatives. 
Each bromohydrin preparation was a mixture of two positional isomers, e.g. g,Io- 
epoxystearate gave g-bromo-r:o-hydroxystearate and ro-bromo-g-hydroxystearate. 

The tlzreo- and evytlzro-12,13-dihydroxystearates and -oleates were derived 
from cis-12,x3-epoxyoleate. and the remaining dihydroxy esters were prepared from 
the corresponding cis-monoenes by dilute alkaline permangariate oxidation to give 
the evythro-diols and by performic acid oxidation to give the three-isomers. 

Procedawes 
Thin layers (ca. 250 ,u) of “Merck” silica gel G were applied to glass plates 

(20 )< 20 cm or 10 x 20 cm) with the Desaga equipment. Silver nitrate impregnated 
layers were prepared by, using aqueous silver nitrate solutions instead of water for 
mixing with the silica gel. As a standard procedure, 1.25 g of silver nitrate was dis- 
solved in 50 ml of water and. mixed with 23.75 g of silica gel G to coat five 20 x 20 cm 
plates. This gave a standard adsorbent layer with uniform impregnation of 5 % (w/w). 
Prepared plates were protected from the laboratory atmosphere ,by storage in a 
sealed cabinet and were activated for 30 min at IIOO just before use. 

Samples were applied as dilute (ck. I %) solutions in chloroform and develop- 
ment was carried out with diethyl ether-hexane mixtures in closed tanks lined with 
solvent-soaked filter paper, Spots were located by spraying with 50 y0 aqueous 
sulphuric acid, 30 o/0 chlorosulphonic acid in acetic acid, or IO Oh phosphomolybdic 
acid in ethanol followed in each case by heating to 200~ to char the organic materials, 
by spraying with 2’,7’-dichlorofluorescein (0.2 y. 'in ethanol) and viewing, under 
ultraviolet light, or by iodine vapours. This last procedure was not effective on 
impregnated plates. 

RESULTS 

Monohydroxy esters 
The considerable effects of positional isomerism of substituted aliphatlc com- 

pounds on their mobilities in adsorption. chromatography are dramatically demon- 
strated’in Fig. I which illustrates a thin-layer chromatogram of all seventeen isomeric 
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hydroxystearates. As expected, the IShydroxystearate which has a primary hy- 
droxyl group is more polar than any of the secondary hydroxyl isomers. The state- 
ment by SWBBARAO et d8 that primary and secondary hydroxyl groups were equiva- 
lent in polarity on TLC is obviously erroneous, a.s two of these authors have since 
demonstrated without specifically stating itD. Their original conclusion was the result 
of comparing esters and alcohols each having the same number of hydroxyl groups 
but without considering the obvious increase in polarity conferred by an ester group, 

Fig. I. Thin-layer chromatogram of isomeric methyl hyclroxystearatcs on Silica Gel G. The posi- 
tion of the hyclroxyl group is indicated by the sample number. Developing solvent was cliethyl 
cthcr-light petroleum (I : I) and spots were locatecl by spraying with 50 o/o H,SO, ad charring. 

The secondary hydroxyl isomers show increasing mobilities from the 17- to the 
13- and Iz-hydroxystearates and then steadily decreasing mobilities down to 5- 
hydroxystearate with the 4-, 3- and z-hydroxy isomers again progressively less polar. 
The facile explanation that intramolecular hydrogen bonding between the hydroxyl 
and the carboxyl groups of the 4-, 3- and z-hydroxystearates is the cause of their 
decreasing polarities is wrong since the corresponding lceto and acetoxy isomers, 
where hydrogen bonding is manifestly impossible, show very similar patterns on 
TLC. The migration characteristics of these and other series of isomeric compounds 
will be described in a later publication in this series, when it is hoped some rational 
interpretation of the effects of positional isomerism on TLC behaviour will be pro- 
posed. 

Natural hydroxy acids, particularly those occurring in vegetable oils, are 
seldorn saturated and, valuable as TLC of the saturated esters may be, some know- 
ledge of the migration characteristics of the esters of naturally occurring unsaturated 
hydroxy acids is also desirable. Fig. 2 illustrates thin-layer chromatograms of a 
number of natural and synthetic unsaturated hydroxy esters ‘on silica gel and on 
silve,* nitrate impregnated silica gel. Appropriate saturated derivatives have been 
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(b) 
Fig. 2. Thin-layer chromatograms on Silica Gel G (a) and on 5 y0 w/w silver nitrate knpregnatccl 
Silica Gel G (b) of methyl esters of the following hydroxy fatty acids: I = IS-OH-octadecanoic; 
2 = I&OH-cis-g-octadecenoic ; 3 F 
rz-OH-octadecanoic ; 6 = 

x7-OH-octadecanoic ; 4 = I7-OH-cis-g-octadecenoic : 5 = 
Iz-OH-cis-g-octadecenoic; 7 = x2-OH-lrauts-g-octadecenoic; S = 

Iz-OH-octadecynoic; g = g-OH-octadecanoic; IO = g-OH-cis-I2-octadecenoic; I I = g-OH- 
Ivans- ~o,lvans- I z-octadecadienoic ; I 2 = g-OH-lrans- Io,cis- 1 2-octadecadienoic ; 13 = I3-OH-cis-g,- 
Ivans-II-octadccadienoic; 14 = 8-OH-octadecanoic; 
16 

15 = 8-OH-octadec-g-yne-Ivalzs-I: I-enoic; 
= 8-OH-octadeca-g, I I-diynoic + &OH-octadeca-g, I 1 -di yne- x7-enoic ( + their two - I3-ene 

vinylogues). Developing solvent was diethyl ether-light petroleum (3 : 2), spots were located by 
spraying with 50% H,SO, and reproduced by photocopying. 
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included so that the effects of degree and type of unsaturation on mobilities can be 
assessed. 

On unimpregnated silica gel (Fig. za), isolated double bonds have little or no 
effect on mobility relative to the corresponding saturated ester (compare sample 
2 with I, 4 with 3, 7 and 6 with 5 and IO with 9). Conjugated &Jams unsaturation 
vicinal to the hydroxyl group has similarly little or no effect (compare sample 12 

with IO and 13 with 5 ; sample 5 is rz-hydroxy rather than x3-hydroxystearate but the 
two are nearly identical as shown in Fig. I). Despite the lack of effect of a vicinal 
cis,tra?zs-diene system a tragzs,tragzs-dienol is more polar than its saturated analogue 
and may be resolved also from its cis,tragzs-isomer (compare sample I I with IO and 12) . . 
Although not shown here we have also demonstrated this for ,,I3-hydroxy-trarts,tralzs- 
~,II-octadecadienoate which is similarly separable from its cis,tragzs-isomer (sample 
13). Whereas an isolated triple bond appears to confer slightly increased polarity 
(compare sample 8 with 6,5 and 7), triple bonds in conjugated systems adjacent to the 
hydroxyl do not, and such compounds are apparently slightly less polar than the 
saturated analogue (compare samples 15 and 16 with 14). 

On silver nitrate impregnated silica gel (Fig. 2 b) the selective retention of 
many of the unsaturated hydroxy esters due to m-electron complexing with the silver 
ions permits further differentiation within this class of compounds, Hydroxy esters 
with isolated unsaturated linkages are all retained preferentially and. are clearly 
separated from their saturated analogues, but the degree of such retention is not 
always the same (compare sample z with I, 4 with 3, 6, 7 and 8 with 5 and IO with 9). 
Thus the Iz-hydroxy-cis-g-enoic ester is held back relatively more strongly ,than the 
g-hydroxy-Iz-enoate and the 18, and I7-hydroxy-g-enoates. In the second part of 
this series we will show that these differences are due partly to the position of the 
double bond in the chain, which in the case of unsubstituted monoenoic esters are 
sufficient to permit separation of isomers such as the 6-, g- and II-monoeneslO~ll, and 
partly to the relative positions of the double bond and the hydroxyl and carbometho- 
xyl groups. The resolution of the saturated, trams-monoethenoid and cis-mono- 
ethenoid Iz-hydroxy esters is as satisfactory as that obtained with their unsubsti- 
tuted analogues and, in addition, the isolated triple bond (sample 8) is shown to 
complex nearly as strongly as does the cis-ethylenic bond (sample 7). 

The three conjugated dienols (samples II, 12' and 13) have all been retarded 
by complexing, to some extent, the two cis,tra?zs-dienols relatively more than their 
tra7zs,tragzs-isomer (sample II). The degree of complexing of these compounds has.been 
considerably less, however, than that of comparable hydroxy esters with one isolated 
c&-double bond (samples 7 and IO). This may be due to three factors; delocalisation 
of the z-electrons in conjugated systems, less favourable conformations for coinplex- 
ing of such systems relative to isolated double bond systems, and steric hindrance 
toward complexing exertecl by the adjacent hydroxyl group. 

The hydroxy esters with conjugated unsaturation containing acetylenic bonds 
(samples 15 and 16) have been retarded hardly at all by complexing except for that 
fraction of sample 16 which has, in addition, an isolated double bond at the end of the 
chain. This was, indeed, the first procedure by which this isano oil hydroxy ester 
fraction could. be subfractionated and this separation simplified matters sufficiently 
for the structures of the four hydroxy polyacetylenic acids in this oil to be determined 
for the first timer29 18. 
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Ej5oacy esters 

Fig. 3a illustrates the mobilities on silica gel of three pairs of cis- and tram- 

isomeric saturated epoxy esters and of two monounsaturated cis-epoxy esters. As 
with the hydroxy esters, the position of the epoxy group in the chain has a consider- 
able effect on mobility whereas the presence of an isolated double bond (compare 

1 2 3 4 5 6 7 8 

(a) 

3 4 7 8 

(b) 

Fig. 3, Thin-layer chromatogrsms on Silica Ccl G (a) and on 5 y0 (w/w) silver nitrate impregnated 
Silica Gel G (b) of methyl esters of the following acids: I =f cis-6,7-epoxyoctadccanoic ; 2 = Ivans- 
G,7-epoxyoctadecanoic ; 3 = cis-g,xo-opoxyoctadecanoic; 4 = kuzs-g,Io-epoxyoctadecanoic: 
5 = cis-13,14-epoxydocosanoic; 6 = Irnns-13,x4-epoxydocossnoic; 7 = cis-~2. I3-epoxy-cis-g- 
octacleccnoic; 8 = &s-g, x0-epoxy-cis-rz-octadecenoic. Developing solvent was clicthyl ether- 
light petroleum (I : 4) and spots were located by spraying with 50 y0 H,SO, and charring. 

samples 3 and 8) has none at all. The pattern of migration is the same, considering 
the four c&-epoxy C, 8 esters, with the 6,7-compound least mobile, the g,Io-compounds 
of intermediate mobility and the Iz,r3-epoxy ester the most mobile of the series 
studied. 

Besides these effects of positional isomerism on mobilities, geometrical iso- 
merism of epoxy compounds is also shown to have a marked effect. Thus excellent 
separation of the cis- and tvans-isomers of each pair has occurred, the tvans-epoxide 
in each case (samples 2, 4 and 6) being less polar, an observation already made with 
the g,ro-epoxystearate isomers x4. This may be the result of the greater inherent 
polarity of a czk-epoxide group coupled to the conformational effect of the more open 
environment of the cis-epoxide which allows a less hindered approach of the group to 
the surface of the adsorbent than the.corresponding tracts-isomer. 

The incorporation of silver nitrate in the adsorbent layer results in specific 
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retention of the unsaturated epoxy esters so that such compounds can be readily 
differentiated from their saturated .analogues as shown in Fig. 3b. As with the anal- 
ogous hydroxy esters, the position of the double bond in the chain and relative to 
the c)thcr adsnmfive groups has an effect on the degree of such retention. Thus, al- 
though the g,10’- and Iz,r3-epoxy isomers are clearly different in mobilities on silica 
gel they migrate together on silver nitrate-silica gel. 

Halohydroxy esters 

One of the simplest and most certain ways of verifying that a given spot on a 
thin-layer chromatogram corresponds to an epoxy compound is to treat a micro- 
sample of the material with anhydrous hydrogen chloride or hydrogen bromide in 
diethyl ether. Epoxy groups are thereby quantitatively converted to chlorohydrins or 
bromohydrins and a comparison by TLC of the original and the reacted samples will 
clearly demonstrate the disappearance of the epoxy component and the appearance 
of the more polar halohydrins. 

The migration characteristics of the bromohydrins derived from the series of 
epoxy esters described above are illustrated in Fig. 4; the chlorohydrins and iodohy- 
drins behave in an identical manner and cannot be distinguished from analogous 
bromohydrins by adsorption TLC. Positional isomerism has the same effect on the 

(b) 
Fig. 4. Thin-layer chromntograms on Silica Gel G [a) and on 5 o/0 (w/w) silver nitrate impregnated 
Silica Gel G (b) of methyl esters of the following acids: I = l~~eo-G,7- + --/,G-bromohydroxy- 
octadccanoic; 2 = evytlzro-G,7- + -7,G-bromohydroxyoctadecanoic: 3 = three-g,Io- + -zo,g- 
bromol~ydroxyoctadecanoic ; 4 = erylltro-9, IO- + -Io,g-bromohydroxyoctadecanoic; 5 = Ihreo- 
13,14- + -14,13-bromohydroxydocosanoic; 6 = c~ytI~o-13.14- + -14,x3-bromohydroxydoco- 
sanoic ; 7 = three-12,13- + -13,x2-bromohydroxy-cis-g-octadecenoic; 8 = Wee-g,~o- + -Jo,g- 
bromohydroxy-cis-~z-octadecenoic. Developing solvent was dicthyl ether-light petroleum (3 : 7) 
and spots were located by spraying with 50% H,SO,, and charring. 
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relative mobilities of these compounds as with their parent epoxy esters, Thus the 
rate of migration is 6,7- c g,Io- c 12,13- for the C,, derivatives and these, in turn, 
all migrate slower than the 13,r+substituted C,, esters. With the halohydrins there 
is no clear differentiation in migration rates between three- and cry&o-geometric 
isomers as there was between their parent cis- and tragzs-epoxides, although SUB- 
BRRAO et aZ.8 appear to have obtained it between bhreo- and erythro-13,Iq-chloro- 
hydroxydocosanoic acids. Our interpretation of our results is that when the epoxy 
groups are split to give halohydrins free rotation along the bond between the two 
substituted carbons is then possible so that the preferred conformations are less differ- 
ent than those of the more rigid epoxides. 

The most remarkable aspect of the TLC of bromohydrins, however, is the res- 
olution of each pair of t&co-positional isomers except for the Grao-I3-bromo-q- 
hydroxy- and Utveo-q.-bromo-r3-hydroxydocosanoates. This extremely specific 
type of separation had been noted previously with the 12(x3), 13(12)-chlorohydroxy- 
oieates” where some effect of the double bond was considered to be responsible. This 
explanation, however, is clearly invalidated by the fact of the similar separations of 
the tlzreo-6,p and the tlzreo-g,ro-bromohydroxystearate pairs. 

On silicic acid impregnated with silver nitrate (Fig. 4.b) the monoenoic bromo- 
hydrins are again distinguished from their saturated analogues. In this instance there 
appears to be some interaction between the silver nitrate and the bromohydrin 
groups as there is some distortion of the spot shapes and the positional isomers of 
samples.3, 7 and S are no longer clearly resolved as on the unimpregnated adsorbent. 

Fig. 5. Thin-layer chromatogram on Silica Gel G of the methyl esters of the following fatty acids: 
= ZJweo-G,7-clihydroxyoctaclecanoic; z = 

&hyclroxyoctadecanoic; 4 
evythro-6,7-dihyclroxyoctadecanoic: 3 = &co-g,~o- 

octacledanoic: G 
= eq9Jtro-g, I o-clihydroxyoctadecnnoic ; 5 = tJweo-1z,13-dihyclroxy- 

cenoic ; 8 
= evylhvo-12,13-dil~ydroxyoctaclecanoic; 7 = Wee-12,13-dihyclroxy-cis-g-octade- 

= evyllzro- 12,13-dihyclroxy-cis-g-octaclecenoic : g = IJweo-13,14-clihyclroxyclocosanoic; 

iid 
= evytlwo-13,14-clihyclroxydocosanoic; Mt ‘= mixture of 1,3,5 and g; M, = mixture of 2,4,6 

ro..‘Developing solvent was &ethyl ether-light petroleum (4: I) and spots were located by 
spraying with 50 o/O I-I&40, and charring. 
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Dihyd~oxy esters 
The effect of positional isomerism on mobilities is again evidenced by the chro- 

matogram of vicinal dihydroxy esters illustrated in Fig. 5. The pattern of migration 
is the same as that shown by the monohydroxy, epoxy and halohydroxy analogues of 
these esters. The differences in mobilities between the isomers either of the three- or 
of the evythro-series of esters shown are sufficient to allow their separation from mix- 
tures of all four (samples Mt and M,) . Since erythro-diols are readily and quantitatively 
prepared by dilute alkaline permanganate oxidation of cis-monoenoic acids, this 
provides a procedure for the separation of some isomeric monoenes from each other. 
The facile cleavage of such diols either to aldehydic fragments with periodic acid or 
with lead tetra-acetate or to acidic fragments with permanganate-periodate then 
allows unequivocal identification of natural monoenes so separated. 

Geometrical isomerism has only a marginal effect on the relative mobilities of 
arytlwo- and t!zreo-dihydroxy esters which is; in OUT hands at least, not sufficient to 
allow separation of the mixture of a pair of geometrically isomeric esters. SGOUTAS 
AND I<UMMER~W~ and SUBBARAO et aLs have apparently achieved separations of 
isomeric pairs of dihydroxy acids but, in the latter case at least, we consider this 
to be a result of solubility differences rather than differences in polarity. Substantial 
differences in mobilities of tkreo- and evytlzro-dihydroxy isomers, however, are obtained 
by chromatography on silicic acid impregnated with boric acid, sodium borate or 
sodium arsenit+ 10. 

Incorporation of silver nitrate in the layer permits the separation of unsaturated 
dihydroxy esters from their saturated analogues as with the other series of compounds 
described here. For even greater selectivity, double,impregnation ‘of the ,silicic acid 
with both silver nitrate and boric acid permits simultaneous resolutiti of saturated 
and unsaturated three- and erythro-dials”. 

DISCUSSION 

The fact that positional and/or geometrical isomerism could have appreciable 
effects on migration characteristics on TLC of substituted aliphatic compounds 
was apparent from previous reports of separations of a few isomers by our- 
qelve&G, 1% 14,18 and by otllers8~Qv 15917, *rh L e present work, on a large number of isomers 
of different types, indicates more fully than hitherto the highly selective separations 
which are possible even on unimpregnated adsorbent layers. This selectivity is on the 
basis of positional isomerism in most of the s?ries of compounds studied but, in suit- 
able cases, geometrical isomerism of functi nal groupings is also an important con- 
tributory factor. The only complete series o ! isomers described is the monohydroxy- 
stearate series but the patterns of migration of those isomers of the epoxy; halohy- 
droxy and dihydroxy esters which were available parallel that of the hydroxy series. 
The indication is that approximately the same pattern will be obtained with the 
isomers of all classes of substituted long-chain derivatives. This we are finding with 
the isomeric series of keto-, hydroxy- and acetoxy-C:,s and CgO esters .and the corre- 
sponding alkanediols and diacetates and also with the isomeric C,,-monoenoic esters 
on silver nitrate-silicic acid. The results of these investigations will be the subject of 
.subsequent publications in this journal. Attempts to interpret the factors giving rise 
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to these variations in the mobilitics of isomeric compounds will be deferred until these 
studies are complete. 

These variations in mobilitiss of isomers are suff!cient to allow separation and 
at least tentative identification of those epoxy esters which are known or may be 
surmised to occur naturally and of the halohydrins or diols which may be derived 
from them.The possibility also exists, as indicated above, of separating the commoner 
naturally occurring isomeric monoenoic acids via their dihydroxy derivatives. A 
much wider range of monohydroxy C,,-esters, namely the 18-, 17-, 13-, ID, IO-, p, S-, 
3- and z-hydroxy isomers, are known to occur naturally although generally as un- 
saturated compounds, From the separation pattern of hydroxystearates shown in 
Figs. I and z it is clear that TLC may be of considerable value in preliminary identifi- 
cation of such compounds, particularly when by argentation-TLC some indication 
of the degree and type of unsaturation of the natural unsaturated acid may be obtained. 

It has recently been found 18--2O that positionally isomeric hydroxy ester; and 
related compounds exhibit differences in retention volumes on gas-liquid chro- 
matography which are sufficient to allow identification of thirteen of the seventeen 
possible hydroxystearates Is. TLC provides a simpler and more rapid procedure but 
there are clearly instances when the complementary use of these two microanalytical 
procedures will be necessary for unequivocal identification. GLC is less suitable than 
TLC and argentation-TLC as a general procedure for characterisation of unsaturated 
hydroxy esters because of the propensity of some of these compounds to degrade 
during chromatography at high temperatures21, a fact which may sometimes be 
turned to advantage as a further indication of structure3913. 

These studies by GLC, by TLC and by argentation-TLC may be carried out on 
only microgram quantities of material so that the main portion of a naturally occur- 
ring acid available in possibly very limited amount may he reserved for the final 
verification of structure by chemical degradation. They are, therefore, of consider- 
able importance in structural investigations and may be expected to be utilised more 
frequently in the future. 

SUMMARY 

The migration behaviour on thin-layer chromatograms of a large number of 
isomeric hydroxy, epoxy, bromohydroxy and vicinal dihydroxy substituted long- 
chain fatty acids is described. Considerable and systematic variations in ‘mobilities of 
positional isomers are apparent and geometrically isomeric epoxy and bromohydroxy 
compounds have differing migration rates. On unimpregnatecl silica gel the presence 
of unsaturated groupings seldom affects the migration of these compounds relative 
to their saturated analogues but incorporation of silver nitrate in the layer permits 
their differentiation according to the degree and type of unsaturation present. 
The procedures described are of great value in structural identification of oxygenated 
fatty acids isolated from natural sources, particularly when used in conjunction with 
other separatory and analytical techniques. 
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