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TABLE VII
Relative Intensities of the 1st, 8th and 10th Orders of Diffraction of the Continuous Layer Lines of Palmitic Acid and Its 9- and 10-Keto Derivatives ?
Relative Intensities
Foor/f Foos/f Foo.10/f F'2001/£2 F2o08/12 F200.10/12
001 008 00.10
) X: —2.044 —1.063 —1.526 4.18 1.13 2.33 151 3.5 4.7
9-keto-p.a....... -—1.962 —0.265 —2.251 3.85 0.07 5.07 139 0.02 10.1
10-Keto-P.d.cciieiiinecrnecriininnennes ‘ —1.789 —1.523 —0.725 3.20 2.32 0.53 116 7.2 1.1
2 Compare with Figure 13.
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Acid-Treated Florisil as an Adsorbent for

Column Chromatography

K. K. CARROLL, Collip Medical Research Laboratory, University of Western Ontario, London, Canada

Abstract

Acid-treated Florisil, prepared by the action of
hot concentrated hydrochloric acid on Florisil,
was found to be a useful adsorbent for separa-
tion of phospholipids and other complex lipids
by column chromatography. This material gave
separations similar to those obtained with com-
mereial silicic acid but its coarse mesh size sim-
plified the technical operations and permitted
faster flow rates. Its use is illustrated by separa-
tions of model compounds and of lipids extracted
from liver and brain.

Introduction

Florisil, a commercially-prepared magnesia silica
gel, has been used successfully in our laboratory for
several years as an adsorbent for the separation of
different classes of neutral lipids by column chromatog-
raphy (3). The order of elution of neutral lipid
classes from Florisil columns is the same as that
observed with columns of silicic acid, but Florisil
has the advantage of a coarse mesh size which makes
for easier handling and move rapid flow rates. In

spite of its coarse mesh size, Florisil seems to have
as much adsorptive surface as the commonly used
fine mesh preparations of silicic acid, and lipid loads
of 10 mg or more per gram of adsorbent may be
readily separated without evidence of overloading.

Although Florisil proved very satisfactory for the
separation of mneutral lipid classes, it could not be
used to separate and recover phospholipids satisfac-
torily. Only part of the phospholipid was recovered
by eluting the columns with methanol and there
seemed to be no clean separation of different phos-
pholipid classes (3). Rouser et al. (18), working
with beef brain lipids, also reported difficulties due
to trailing of peaks. They found that large volumes
of solvents were required for elution of phospholipids
and some of the adsorbent (magnesium silicate) was
eluted along with the lipids.

Free fatty acids, like phospholipids, are adsorbed
more strongly on Florisil ecolumns than on silicie acid -
columns, but it is possible to recover free fatty acids
quantitatively by inecluding acetic acid in the eluting
solvent (3). This is a further advantage of Florisil
over silicie acid, since the free fatty acid and triglycer-
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300g Florisil
+

900 cc conc HCI

several hours

at 100 C.
Regidye Supernatant
+ decanted
900c¢c conc HCI
overnight
at 100 C.
Residue Supernatont
washed with water decanted
till neutral
dried overnight
at 10-120 C.
Dry Residue
+
900 cc conc HCI
overnight
at 100 C.
Residue Supernatant
washed with water till neutral. decanted

Then washed with metharol,
chioroform and ether.

dried overnight
at 100-i20 C.

Acid-treated Florisii

Fra. 1. Flow sheet of the procedure used for preparation of
acid-treated Florisil.

ide fractions tend to overlap on silicie acid whereas
they are easily separated on Florisil.

It seems likely that the selective retention of ionic
lipids on Florisil is due to its magnesium content.
Analytical data provided by the supplier (Floridin
Company) is: MgO 15.5 = 0.5%, SiO, 84.0 + 0.5%,
and NagSo, 0.5% average (1.09% maximum). The
presence of magnesium is in fact the main distinguish-
ing feature between Florisil and silicic acid and
methods used for the preparation of these two ma-
terials are rather similar. In each case the starting
material is an aqueous solution of sodium silicate
(water glass). Silicic acid or silica gel (used synony-
mously in the literature (21)) is prepared by addition
of a strong acid (hydrochloric or sulfuric) which
converts the sodium silicate (I) to an acidic form
(IT), which polymerizes by elimination of the ele-
ments of water (9) to form chains consisting of
alternating silicon and oxygen atoms (ITI). The
exact mechanism and the nature of the molecular
species involved are uncertain and this simplified
description should not be taken too literally. Cross-
linking between chains can also occur by a similar
mechanism, giving a 3-dimensional structure. Water
is adsorbed to

Na
(]) O,H O]H O,H O|H
N aO—S\i—ONa HO‘—SIi*OH —O_Sii—o_Si_O—Sli—O
0 OH OH OH OH
Na
I IT ITY

Vor. 40

these chains, particularly in association with the
silanol' (Si—OH) groups, so that the whole structure
is highly hydrated. The gel which precipitates is
separated and dried, usually at elevated temperatures,
to remove most, but not all, of the adsorbed water
and to fix the gel structure by further elimination of
the elements of water from adjacent silanol groups.
Florisil is prepared by addition of magnesium sul-
fate to an aqueous sodium silicate solution. This
produces a hydrated polymer with a structure sim-
ilar to III except that some of the silanol groups are
replaced by —8i—~0—Mg—OH or —Si—0—Mg—0—8i—
groups. This gel is also dried at an elevated tempera-
ture (500F) to remove adsorbed water and to set

" ot ‘; e
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F16. 2. a) A commereial preparation of silicic aeid suitable
for chromatography (x250).
b) A particle of acid-treated Florisil at the same mag-
nification (x 250).
¢) Acid-treated Florisil at lower magnification showing
the range of particle size (x100),
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the gel structure. Material with greater adsorptive
activity is prepared by subsequent heating at 1200F.
From this brief discussion it can be seen that
treatment of Florisil with a strong acid to replace
Si—~0—Mg—OH and Si—0—Mg—0—S8i groups with
Si—OH groups should yield a silicic acid polymer
similar to commercial silicic acid. Treatment of
Florisil with dilute hydrochloric aeid at room tem-
perature did in fact give a product whose chromato-
graphic properties with respect to free fatty acids
more nearly resembled those of commercial silicic
acid (4). However, this material was not entirely
satisfactory as an adsorbent because the ease of elu-
tion of free fatty acids and of phospholipids depended
to some extent on the column load. A small load of
an individual component was more difficult to elute
from the column than a larger load and required
either more eluting solvent or an eluting solvent of
greater polarity. This behaviour was attributed to
the presence in the adsorbent of residues of mag-
nesium or other metals sufficient to retard small loads
of ionie lipids. The difficulty was overcome by using
repeated treatment with concentrated acid at elevated
temperatures, and the resultant product appears to
be a useful adsorbent for the chromatography of
phospholipids and other complex lipids such as
cerebrosides.
Procedures
Preparation of Acid-Treated Florisil
Florisil (300 g of 60-100 mesh material activated
at 1200F) was mixed with 3 vol of concentrated
hydrochloric acid and heated on a steam bath for
several hours. The hot supernatant was decanted,
the residue was washed with a little concentrated
hydrochloric acid, and then heated overnight with
another 3 vol of concentrated acid. The following
day the hot supernatant was again decanted and the
residue was washed with water—first in the flask by
decantation, and then on a Buchner funnel until
the washings were neutral. The residue was sucked
dry and then heated for 24 hr in an oven at 110-
120C. Finally this material was again heated over-
night with 3 vol of hydrochloric acid and again the
hot acid was decanted and the residue washed with
water until neutral. In this instance the washing
was continued with ca. 400 ml each of methanol,
methanol-chloroform (1:1), chloroform and finally
ether. The treated Florisil was allowed to air-dry
and was activated by heating overnight at 110-120C.
It was then ready for use and was stored in a stop-
pered flask at room temperature.

Cholesterol
Paimitate
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A flow-sheet of the procedure is shown in Figure 1.
The quantities used provide enough material for
about 20 twelve-gram columns. Larger batches could
presumably be prepared and it is also possible that
the proportions of hydrochlorie acid to Florisil could
be reduced. The first treatment with acid probably
removes most of the magnesium and the second and
third treatments were included to eliminate residual
traces. Heat activation between the second and third
acid treatments was included to remove most of the
adsorbed water from the gel structure so that on the
third treatment acid could penetrate more readily
to remove metal ions from relatively inaccessible
sites. The final washing with organic solvents re-
moves a certain amount of colored material which
otherwise is eluted during the running of chromato-
grams. Some of this material is probably derived
from impurities in the hydrochlorie acid, and it
seems desirable to use a good grade of water-clear
acid for this procedure.

Acid-treated Florisil prepared in this way has ap-
proximately the same particle size as the Florisil
prior to treatment. Figure 2 illustrates the difference
in particle size between this preparation and a com-
mereial brand of silicic acid commonly used for col-
umn chromatography. :

Chromatographic Methods

The column chromatograms were carried out with
12 g lots of adsorbent packed in chromatographic
tubes 1.2 cm in diam. This amount of aecid-treated
Florisil gives a column 20 em in height as compared
with 15 em for Florisil. In packing columns, it was
found more convenient to prepare a slurry of acid-
treated Florisil in solvent for addition to the column
rather than adding the dry material to a column filled
with solvent as was done in the case of Florisil.
For chromatography of neutral lipids, columns were
packed in Skellysolve B (a mixture of hydrocarbons,
mainly n-hexane) and eluted with solvent mixtures
used previously with Florisil columns (3). For
chromatography of phospholipids and glycolipids, col-
umns were packed in chloroform and eluted with
75 ml of that solvent, followed by 75 ml each of
solvent mixtures containing 5,10,25, and 50% meth-
anol in chloroform and finally with 75 ml of methanol.

For thin-layer chromatograms (TL(C), thin glass
plates (3%4”X 4", thickness 1 mm) were coated with
Silica Gel & (prepared according to Stahl, E. Merck,
A. G. Darmstadt, Germany) by means of a Desaga
applicator and dried in an oven at 120C for 2 hr.

299  Tripalmitin Monopaimitin
15¢
Chotesterol
+
Dipalmitin
30 40 50 60 Fraction
Number.
" " 2% Methanol
™ 5% - 25% *— in Ether.
——————— ETHER IN HEXANE i

Fi6. 3. Separation of neutral lipids on a 12 g column of acid-treated Florisil. Five ml fractions were collected. The column load
consisted of 30 mg each of cholesterol palmitate, tripalmitin and cholesterol and 15 mg each of dipalmitin and monopalmitin. The
elution schedule was the same as that used previously for Florisil columns (3).
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F16. 4. Chromatography of commercial synthetic phospholipids on 2 12 g column of acid-treated Florisil. Elution was carried out
with 75 ml of each of the solvent mixtures indicated. Eleven ml fraetions were collected. The thin-layer ehromatogram was run on
Silica. Gel G. Developing solvent: chloroform-methanol-water 65:20:3. SF—solvent front, O—origin. From left to right:

Lane 1) material eluted with 239 methanol in the uppsr chromatogram

2) commercial phosphatidyl choline (dipalmitoyl)

3) material eluted with 509% methanol in the lower chromatogram
4) material eluted with methanol in the lower chromatogram

After the plates were developed with either hexane-
ether-acetic acid (60:40:1) or chloroform-methanol-
water (65:20:3), they were sprayed with concentrated
sulfuriec acid and heated on a hot plate until the
charred spots appeared and the residual sulfurie
acid evaporated.

Separation of Model Compounds

The pattern of elution of neutral lipids from acid-
treated Florisil is shown in Figure 3. This pattern
is similar to that observed previously with Florisil
(3), except that tripalmitin and dipalmitin were
eluted earlier in relation to cholesterol palmitate and
free cholesterol. Because of this, the cholesterol and
dipalmitin peaks overlapped on acid-treated Florisil.
In earlier studies it was found that the positions of
tripalmitin and dipalmitin on Florisil chromatograms
were more sensitive to the moisture content of the
adsorbent than were those of cholesterol palmitate
and cholesterol, and this may also hold true for acid-
treated Florisil. The separations obtained may thus
depend on the temperature nsed for activation of
the acid-treated Florisil.

In contrast to the abave compounds, palmitic acid
behaved very differently on acid-treated Florisil,
Whereas it was retained on Florisil throughout the
clution procedure shown in Figure 3, it was eluted
from acid-treated Florisil immediately after tripalmi-
tin, and partially overlapped the tripalmitin peak.
This is analogous to the behaviour of free fatty acids
on silicic acid eolumns (10). The behaviour of phos-
pholipids on acid-treated Florisil was also much the
same as on siliciec acid. When a commercial sample
of synthetic dipalmitoyl-Li-a-glycerylphosphoryl-
ethanolamine was chromatographed with inereasing
amounts of methanol in chloroform, the major peak
was found in the 25% methanol fraction (Fig. 4),
A commercial sample of synthetic dipalmitoyl-Li-a-
glycerylphosphorylcholine gave two major phospho-
lipid peaks, in the 50% methanol and pure methanol

fractions respectively. Investigation of the original
sample with TLC showed that it contained two main
components which were separated on the column of
acid-treated Florisil. Comparison of these two sub-
stances with samples of liver lecithin and egg lecithin
and with a pure sample of dimyristoyl-L-a-glyceryl-
phosphorylcholine on TLC indicated that the material
eluted from the column with methanol was probably
phosphatidyl choline. The other component was not
identified.

Separation of Liver Lipids

Normal rat liver lipids prepared by the method
of Folch et al. (7) gave the pattern shown in Figure
5 when chromatographed on acid-treated Florisil with
chloroform and methanol as eluting solvents. TLC
indicated that neutral lipids, which run near the
solvent front in the system used, were eluted mainly
with chloroform. The 5% methanol fraction also
appeared to contain small amounts of neutral lipids,
but in addition there were several compounds with
lower mobility. The 10% methanol fraction gave one
main spot on the TI.C. The material in these two
fractions was not identified further but may contain
phosphatidic acids and polyglycerophosphatides (8,
21). Phosphatidyl ethanolamine was eluted with 256%
methanol in chloroform and this fraction may have
contained phosphatidyl serine. The elution of phos-
phatidyl choline began in the 50% methanol fraction
and continued in the pure methanol fraction. The
latter also contained sphingomyelin. The location of
phosphatidyl inositol has not been determined.

Separation of Brain Lipids

Lipids of white matter of normal human brain
were prepared by a scaled-down version of the pro-
cedure described by Carter et al. (5), using as ex-
tracting solvents acetone and ether, both at room
temperature, followed by hot ethanol. Chromatog-
raphy of the acetone, ether, and ethanol extracts on
acid-treated Florisil gave the patterns shown in Fig-
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ure 6. TLC gave some indication of the complexity
of these fractions and the degree of separation
achieved on acid-treated Florisil.

The acetone-soluble material consisted largely of
cholesterol, which was eluted in the chloroform frac-
tion, but appreciable amounts of other lipids were
also present and were eluted in later fraections. The
ether and ethanol extracts gave very little material
in the chloroform eluent. The material eluted with
10% methanol in chloroform seemed to be mainly
cerebrosides as judged by the TL.C and by sugar and
phosphorus analysis (Table I). Gas-liquid chromatog-
raphy of the fatty acid components of this fraction
gave patterns which were also characteristic of cere-
brosides. This was the largest fraction in the hot
ethanol extraet, making up about 40% of the total.

The material eluted with 25% methanol in chloro-
form made up 55 and 25% respectively of the ether
and hot ethanol extracts. This fraction of the ether
extract appeared to consist mainly of phospholipids
while the corresponding fraction from the ethanol
extract had a fairly high sugar content and a rather
low phosphorus content. The TLC indicated that this
fraction from both the ether and ethanol extracts was
a mixture of a number of different compounds. The
third major peak in the ether and ethanol extracts
was eluted with methanol and consisted of a mixture
of lecithin and sphingomyelin in each case, as judged
by TLC.

Discussion

The separations observed on acid-treated Florisil
were analogous to those obtained with columns of
commercial silicic acid (6,8,12,15,19,20,21), but the
coarse mesh of the Florisil preparations simplified the
_technical operations involved in packing and running
columns. It has been reported that better separations
can be achieved by using material of finer mesh size

Plate A. Plate B
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TABLE I
Analysis of Brain Lipids from Columns of Acid-Treated Florisil

Fraction from Column

10% 25%
Methanol | Methanol Methanol
Sugar (%)3....... 22.1 2.3 0.9 Kther Soluble
Phosphorus (%) 0.6 4.1 4.5 Lipid
Sugar (%)™ .oceinneennn, 24.8 12.3 0.6 Hot Ethanol
Soluble
Phosphorus (%) P....... 0.1 1.5 4.1 Lipid

& Sugar calculated as galactose and determined by a direct anthrone
method (2). Values less than 1% are probably due to non-specific colors.
b Phosphorus determined by the method of King (11).

(10,14), and this may be a factor to consider in at-
tempting separations of substances with very similar
chromatographic properties, but for a preliminary
fractionation of lipid classes from a crude extract
the simplicity of operation of acid-treated Florisil
columns appears to outweigh possible losses in resolv-
ing power. Recoveries of material were in general
better than 90%, whether ecalculated in terms of
weight or of lipid phosphorus applied.

Borgstrom (1) showed that neutral lipids and phos-
pholipids could be separated on silicie acid by eluting
the former with chloroform and the latter with
methanol and subsequently, Hirsch and Ahrens (10)
used a single silicic acid column to separate individual
classes of neutral lipids and some phospholipids.
However, this involves a lengthy elution time, and
since phospholipids are eluted last, they are subjected
to prolonged contact with column packing material,
which may result in some decomposition. Further the
use of methanol alone as eluting solvent, as in the
Hirsch and Ahrens procedure, is not well-suited to
the separation of complex mixtures of phospholipids.

Our approach has been to elute the neutral lipids
from acid-treated Florisil as a group with chloroform,
and then to separate different phospholipid and gly-

e
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Fia. 5. Separation of rat liver lipids on a 12 g column of acid-treated Florisil. The column load was approximately 100 mg. The
elution schedule was the same as in Figure 4 and 11 ml fractions were collected.
The thin-layer chromatograms were run on Silica Gel G and developed with chloroform-methanol-water 65:20.3.
front, O—origin.
From left to right: Plate A
Tane 1) standard mixture of phosphatidyl ethanolamine (PE) (impure), phosphatidyl choline (PC) and sphingomyelin (S)
2) chloroform fraction from the column chromatogram
3) 5% methanol fraction
4) 10% methanol fraction

SF-—solvent

Plate B
Lane 1) standard mixture of PE, PC and 8 (spotted more heavily)
2) 259% methanol fraction from column ehromatogram
3) 50% methanol fraction
4) methanol fraction
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colipid classes on the same column by stepwise in-
creases in the methanol content of the eluting solvent.
In some instances the neutral lipids in the chloroform
eluent from our columns were subsequently fraction-
ated on a Florisil column by the procedure described
previously (3). Florisil is still preferred for this
separation, mainly because it gives a clean-cut separa-
tion of triglycerides and free fatty acids, which tend
to overlap on either acid-treated Florisil or com-
mereial silicic acid.

One advantage of carrying out these separations
on two columns is that each of the columns can be
conveniently packed and eluted during a working day.
The elution time for chromatograms such as those
shown in Figures 5 and 6 was 4-5 hr, and, since flow
rate is not a limiting factor, the separations could
perhaps be done in shorter times by increasing the
rate of flow. The effect on resolution of altering flow
rate was not investigated with acid-treated Florisil,
put in earlier studies with Florisil columns an in-
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crease in flow-rate up to 180 ml per hr gave no ap-
parent loss in resolving power.

A useful discussion of the forees involved in bind-
ing lipids to silicic acid has been provided by Rouser
et al. (17,18), who pointed out that silicic acid
columns may fail to give reproducible results because
of variations in the water content of the system or
because of differences in the silicate and free salt
content of the silicic acid. Lack of reproducibility
due to these factors may be minimized in acid-treated
Florisil, since treatment with hot concentrated acid
followed by washing with water should eliminate most
of the silicate and free salt from Florisil, and the
water content of the product can be controlled by the
temperature used for the final activation. When Flori-
sil columns were eluted with solvent mixtures contain-
ing appreciable amounts of methanol, the eluent con-
tained extraneous material which was thought to be
free salt present in the absorbent and magnesium
silicate itself (3,17,19). This was not a problem with
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F1e. 6. Separation of lipids from white matter of human brain on 12 g columns of acid-treated Florisil. The column load was
approximately 100 mg in each ease. The clution schedule was the same as in Figure 4, and 11 ml fractions were collected.

The thin-layer chromatograms were run on Silica Gel G.

Top Plate: developing solvent: hexane-ether-acetie aeid 60:40:1; From left to right:

Lane 1) cholesterol (Ch) standard
5% methanol fraction
10% methanol fraction
259 methanol fraction
509 methanol fraction
methanol fraction

chloroform fraction from chromatogram of acetone soluble material

Center Plate: developing solvent: ehloroform-methanol-water 65:20:3.
Lane 1) standard mixture of éerebrosides (Ce), phosphatidyl ethanolamine (PE), phosphatidyl choline (PC) and sphing-

omyelin (S) in order of decreasing R: values.

2) 109 methanol fraction from chromatogram of ether soluble material

3) 259% methanol fraction
4) methanol fraction

TLower Plate: developing solvent: chloroform-methanol-water 65:20:3.
Lane 1) standard mixture of cerebrosides (Ce), phosphatidyl choline (PC) and sphingomyelin (8)
2) 10% methanol fraction from chromatogram of hot ethanol soluble material

3) 259% methanol fraction
4) methanol fraction
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acid-treated Florisil, which indicates that the inter-
fering material had been removed by the procedure
used for preparation.

One drawback of silicic acid ehromatography is its
failure to give clean separations of some classes of
lipids such as lecithin and sphingomyelin. Acidic
lipids also overlap with non-acidic lipid fractions (13,
16,17,18). Acid-treated Florisil undoubtedly shares
these deficiencies, but it seems almost inevitable that
any type of column used for preliminary fractionation
of complex naturally-occurring mixtures will give some
overlap of different lipid classes. The simplicity of
operation and rapid flow rates of Florisil and acid-
treated Florisil columns, coupled with the fact that
they do provide separation of a number of different
lipid classes, suggests their use for certain types of
fractionation.
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Special Methods of Purifying Fatty Acids
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Abstract

Preparative gas chromatography and thin-
layer chromatography have been used success-
fully in several purification applications. Both
methods are very good when small (10 mg or
less) , samples are involved. In fact, the low
capacity of the methods is actually an advantage
in such cases and is a major reason for using
the methods. When larger samples are to be
prepared by gas chromatography, the low ca-
pacity becomes a problem. However, by the use
of conventional purification procedures to con-
centrate the desired component as much as pos-
sible, and the use of large columns (up to 1 in.
diameter) gram quantities of rare fatty acids
have been successfully prepared. Gas Liquid
Chromatography has been an invaluable tool
where other purification methods have failed.

Introduction

REPARATIVE gas-liquid chromatography (GLC) and

thin-layer chromatography (TLC) have become
important methods in purifying fatty acids and their
derivatives. Separations either impossible or unduly
difficult in the past have yielded to the new methods.
However, even though the techniques appear very
attractive, and indeed do have great potential, the
practical application of them in the purification of
lipids is often very difficult.

Typical applications will be described here. It is

intended that these examples should illustrate the
the scope of the methods and, especially in the case
of relatively large scale GLC preparations, the ex-
amples will indicate detailed techniques wuseful in
actually applying the methods. Auxiliary methods
such as distillation and ecrystallization will also be
set in proper perspective.

The first section describes concentration steps that

should be taken prior to preparative chromatography.
In the second section the preparation of uniformly
carbon-14 tagged fatty acids is used to illustrate
GLC purification of relatively small amounts of
methyl esters. This is followed by an example of
the use of thin-layer chromatography to prepare
small amounts of radioactive cholesteryl palmitate.
The last section covers in some detail the use of GLC

to prepare larger amounts (1-10 g) of methyl esters.

Procedures

Concentration of Fatty Acids from Natural Sources

A desired fatty acid is often present in very low
concentration in a very complex mixture. If any
appreciable amount of the component is needed
(such as a gram) chromatography techniques are at
a disadvantage because of their inherently low ca-
pacity. It is usually worthwhile, therefore, to use
conventional separation procedures to concentrate
the component into a smaller sample. Every effort
is made to purify to the greatest possible extent in
this way—preferable to about 90%.

Although it is impossible to make general rules for
the concentration procedure, certain guides have been
listed below :

1) Select a source of the desired fatty acid which
contains a reasonable concentration of the acid. The
source selected will not necessarily be that which
contains the highest concentration. Two factors which
often lead to some other source are a) availability,
and b) interference from components which are hard
to separate.

2) Analyze by GLC, preferably using both polar
and non-polar stationary phases.

3) Try to determine which impurities will be hard
to separate or at least what their characteristics are.
This may be done entirely by careful GLC with
standards, or it may require attempted separations



