






















2 A. AFFONSO

way 12 circular, inclined collection troughs were obtained. At the lowest point of the
rings, a hole was made so that pieces of hard polyethylene tubing, E v E 2, ••• E 12,

could be fitted thus making delivery tubes for the liquid that would be collected in
the troughs. The slant of the rings makes complete drainage of the liquid collected
into 12 small test tubes possible.

2gem

D

1-----------14 em ------~-__i

Fig. I. Set-up for centrifugal chromatography.

The fraction collector was mounted in a wheel and ratchet arrangement (F)
so that each collection trough could be brought in line with the set plaster of Paris
disc B. The plaster disc was fixed directly to the motor spindle by sandwiching it
between two pieces CCI of tightly fitting thick pressure rubber or polyethylene
tubing. The hole in the disc should fit snugly the motor spindle.

On one side of the cylinder H, two rests PI and P 2 were fixed so that a 2 em
broad strip of set plaster of Paris could be fixed with tape. The purpose of the strip
was to serve as a pilot for the separation. Since it moves with cylinder H, as the sep
arated fractions leave the disc and are collected in the troughs, a part of each of
them impinges on the strip leaving thus a print. When the strip is removed and de
veloped with iodine or Dragendorff reagent, in case of alkaloids, it is possible to fix
exactly in which test tube the different constituents have been collected.

The solvent is fed from a separating funnel D having at its end a glass tube DI
drawn to a point. The solvent could therefore be added in a regulated rate at a place
slightly off the center.
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CENTRIFUGAL CHROMATOGRAPHY ON PLASTER OF PARIS 5

Collection of separated fractions
The separated constituents in the case of alkaloids are collected in the 12

troughs. Each trough is placed in position for 1 min. In order to find out where the
constituents have been collected, the strip P (Fig. 1) is developed with ,iodine or
Dragendorff reagent. The alkaloids appear as sharp bands. By placing the developed
strip in its original position, the troughs which contain each alkaloid can be easily
located.

RESULTS

Fig. 2 shows a photograph of the progress of separation of eosin and malachite
green. The bands are marked A, B, C. The dyes were not very pure and this explains
the additional band in case of eosin. Time for separation = 1 min. Time for collection
of eosin was 3 min after the start, and for malachite green 4 to 6 min after the start.

Fig. 3 shows a photograph of the progress of the separation of atropine and
veratrine. Time for separation = 1 y:! min. Time for collection was 3 to 5 min after
the start for veratrine and 7 to 8 min for atropine.

The purity of each alkaloid was established by re-chromatography on plaster
strips as described previouslyi.

SUMMARY

A method of centrifugal chromatography using set plaster of Paris discs is
described. Solvents suitable for separatting a mixture of two dyes and two alkaloids
are also described. A specially constructed fraction collector is described and results
show, that both separation and recovery are possible within a few minutes. The method
offers a rapid way to chromatographic separation and studies are in progress on its
use for other types of substances and on the use of gradient elution techniques.
Studies on industrial applications are also, being made.
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16 L. ROHRSCHNEIDER

Der mittlere Fehler einer Doppelbestimmung betrug fUr 16 Stoffe, die auf
16 zweimal im grossen Zeitabstand mit der gleichen stationaren Flussigkeit belegten
Trennsaulen gemessen wurden, 3.5 Indexeinheiten. Der Messfehler ist stark saulenab
hangig (1.2 Einheiten fUr Dioktylsebacat; 5.7 Einheiten fUr Carbowax 4000) und wenig
stoffabhangig (2.9 Einheiten fur 2-Athylhexen-I; 5.2 Einheiten fUr Cyclopentanol).

BERECHNUNG DER ERGEBNISSE

Zur Berechnung der fur die Stoffe und Trennflussigkeiten charakteristischen
Daten, die im folgenden Stoff- bzw. Saulenpolaritaten genannt werden sollen, stehen
660 Indexdifferenzen von 30 Stoffen auf 22 stationaren Flussigkeiten zur VerfUgung.
Gesucht sind 5 X 30 = ISO Stoffpolaritaten und 5 X 22 = no Saulenpolaritaten.
Fur 5 Stoffe auf einer Trennsaule ergeben sich fUnf Gleichungen mit 25 unbekannten
Stoff- und 5 unbekannten Saulenpolaritaten, die alle der Form:

.11 = ax + by + cz + du + es

gehorchen.
Diese fUnf Gleichungen sind 25-fach unterbestimmt, wir mussen fUr 25 Unbe

kannte (willkurliche) Zahlen setzen, urn die Gleichung lasen zu kannen. Da physi
kalisch sinnvolle Grassen fUr die Wechselwirkung der einzelnen Stoffe mit den Trenn
flussigkeiten nicht bekannt sind, setzen wir willkurliche Zahlen, die fUr eine Berech
nung von Indexdifferenzen ausreichen, fur eine quantitative Betrachtung der inter
molekularen Wechselwirkungen aber unzureichend sind. Fur die fUnf Standard
substanzen Benzol, Athanol, Methylathylketon, Nitromethan und Pyridin werden
als Stoffpolaritaten die in der Tabelle III angegebenen Werte eingesetzt.

TABELLE III

a b c d e

Benzol 100 0 0 0 0

.Athanol 0 100 0 0 0

MethyHithylketon 0 0 100 0 0

Nitromethan 0 0 0 100 0

Pyridin 0 0 0 0 100

Fur jede stationare Fliissigkeiten ist dann:

x .11Benzol 100

y .11Athanol 100

Z .11MethylathYlketon 100

U .11Nitromethan 100

S .11Pyridin 100.

In Tabelle I sind die fUr jede Trennflussigkeit charakteristischen Saulenpo
laritaten fUr die in dieser Arbeit verwendeten 23 stationaren Flussigkeiten angegeben.

j. Chromatog., 22 (1966) 6-22













22 L. ROHRSCHNEIDER

22 Trennfliissigkeiten und 30 Stoffe werden durch je 5 Grossen charakterisiert, so
dass 660 Indexdifferenzen mit einem mittleren Fehler von 6 Indexeinheiten berechnet
werden konnen. Der Retentionsindex von 30 Stoffen auf 22 Trennfliissigkeiten wird
angegeben. 25 Indexdifferenzen auf einer polaren Trennfliissigkeit werden mit
einem mittleren Fehler von 4 Indexeinheiten vorausberechnet.

SUMMARY

Stationary liquids can be 'characterized by the retention index differences of
5' selected compounds (benzene, ethanol, ethyl methyl ketone, nitromethane and
pyridine). This method is based on the additivity of intermolecular forces. Twenty
two stationary liquids and 30 substances have been characterized from the data for
the 5 compounds. Thus 660 index differences can be calculated with a mean error of 6
index units. Twenty-five index differences on a polar stationary liquid are predicted
with a mean error of 4 units.
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SO formed was then shaken vigorously in a flask fitted with a Dreschel head, through
which was passed a continuous stream of warm air saturated with water vapour.
Copious fumes of hydrogen chloride were evolved for some hours, and the air stream
was stopped when no further hydrogen chloride could be detected in the exit stream
- after about 12 h.

The resultant damp material was dried for about 12 hat 60°, 0.1 mm pressure.
The dried material was then used for gas chromatography (Phase I).

Subsequently a batch of Phase I was treated with hexamethyldisilazane after
the manner of PERRETT AND PURNELL5, in order to remove any "active" centres.

Thermal analysis of the phase
On the assumption that the organic grouping n-C16H 33 is attached to the Celite

surface in the form of:

O_Si(O

C16H33-Si~0-Si(~
O-S<

o

then from the example of the preparation given above, the total organic content
(C16H 33) would be expected to be 14.5 % w/w of the whole material.

Thermal analysis of the final product gave an ash of 86.1 %, by weight, giving
an indirectly analysed organic content of 13.9 %. This was thought to be in excellent
agreement with the value predicted from the reactant quantities.

Chromatographic characteristics of hexadecyltrichlorosilane/Celite combined phase
Gas chromatography was carried out on a Griffin and George D. 6 Gas Density

Balance chromatograph, using a 2 m, 0.6 cm O.D. stainless steel U column con
taining about 12 g of the combined phase/support. The column was operated at
successively increasing temperatures up to 250°. At each stage, after a little initial
bleed-off of volatile material, consistent retention and chromatographic characteris
tics were obtained over substantial operating periods. There was no evidence of any
decomposition of the phase in continual operation at,2500.

The phase was compared under similar operating conditions with a freshly
prepared phase of IS % E. 301 Silicone Oil on 36-60 mesh acid and methanol washed
Celite which gave closely similar retention times.

Examples of various classes of compound, and various mixtures were success
fully chromatographed: benzene, acetone, neohexane, octene-I, heptyne-I, nona
diyne-I,8, n-pentyl acetate, tetrachloroethylene, n-pentanol, trimethyl-n-hexyl
silane, trimethylethoxysilane, tri-n-propylsilane, trimethylstannane (thermal break
down above 75°), petroleum ethers in ranges from 40-60° and 300-325°, methyl-n
butyldichlorosilane, tetraethylplumbane, essential oil extracts, and phosphonitrilic
fluorides and chlorides.

No effective chromatography was possible for methanol, formic acid, n-butyl
amine, thiophene and silylamines, these either showing breakdown or greatly dis
torted peak shape. However, similar characteristics were observed on Silicone Oil
for these compounds.
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Only in the case of chlarosilanes containing the highly active Si-Cl groups was
any interaction with the phase found (presumably due to reaction with unblocked
Si-OH groups). Small percentages of these materials present in mixtures were ab
sorbed, even after treatment of the phase with hexamethyldisilazane, although only
a small proportion of a complete chlorosilane sample was lost under similar conditions.

TABLE I

tR' (combined phase) *
Compound

(CHshSiC6H13n 1.15
(CsH 7n)sSiH 1.26

CH.· C4H gSinC12 1.24

* tR' = adjusted retention time.

This effect has, in fact, proved useful in distinguishing small quantities of chlorosilane
by-products produced in catalysed redistribution reactions of aIkyIsilanes.

DISCUSSION

Structure of the phase
If it is assumed that the Celite support material is a complex matrix, then two

possibilities are open for the bonding of the hexadecylsilyl group to it; they are (I)
by direct reaction, and (2) by adsorption and hydrolysis.

(I) Direct reaction. Assume initially that after initial drying the silicate struc
ture is of the form:

When this is perfectly dry, hexadecyltrichlorosilane will have no reaction with
the chain, but by the passage of moist air, we can achieve structures as follows:

This may then react with the chIaro-groups on the long chain silicon compound
forming structures of the type:
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There is an added advantage that it should be possible to clean the phase,
should it become contaminated, by the use of suitable solvents, since there is little
possibility of Si-O-C bond breakage. Once any low-boiling material is removed,
there should be no bleed-off under any normal operating conditions.

The phase could well prove useful for employing with ionisation detectors,
where high stability and minimum bleed-off is essential.

SUMMARY

The preparation of a new type of gas-liquid chromatographic phase (where the
stationary phase is most probably chemically bonded to the support phase) is de
scribed. A brief comparison between this phase and a conventional silicone oil phase
for gas chromatography is made.
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TLC OF BENZALDEHYDE 2,4-DINITROPHENYLHYDRAZONES 37

(I) Spots of 3-5 }, (6-10 A for mixtures) were applied from 0.1 mg per ml
solutions in chloroform or tetrahydrofuran so that their diameter did not exceed 3 mm.

(2) Spots were air dried for 15 min.
(3) Desaga tanks were lined with Whatman No. I filter paper and the ground

glass covers were sealed with silicone grease.
(4) Sandwiches were carefully dried before each development.
(5) Chromagram sheets and glass plates were activated for 30 and 60 min,

respectively. Chromagram sheets were stored in a desiccated chamber and glass
plates were used immediately.

(6) All development was over a distance of 100 mm.
(7) Spots were located 20 mm from the bottom of the sheet or glass plate. The

distance from the edge and between adjacent spots was also 20 mm.
(8) Three spots of a given binary mixture (benzaldehyde and a substituted

benzaldehyde 2,4-DNPH) and three spots of each component of the mixture were
chromatographed on a 20 X 20 cm sheet or glass plate as illustrated in Fig. 1.

o 0

o 0

II 1Il

t) 0

o 0

II III

o 0

o 0

II 1Il

Fig. 1. Separation of 2,4-DNPH mixtures. Adsorbent: silica gel. Solvent: benzene. I = Benzalde
hyde 2,4-DNPH; II = mixture of benzaldehyde and 3-methoxybenzaldehyde 2,4-DNPH's;
III = 3-methoxybenzaldehyde 2,4-DNPH.

RESULTS

It is generally agreed that a much more useful comparison of chromatographic
values is found when they are reported relative to a standard compound7,8. For our
purposes, the unsubstituted benzaldehyde is most convenient; thus, we define:

RF substituted benzaldehyde 2,4-DNPH
Rbenzaldehyde = R F benzaldehyde 2,4-DNPH

The relative values obtained are presented in Table I. A comparison of the
precision of the various apparatus and conditions studied is presented in Table II.

DISCUSSION

Separation of binary mixtures
Ten of the nineteen substituted benzaldehyde 2,4-DNPH's that were chromato-
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The conditions used fail to separate all isomeric compounds with the exception
of the 2-hydroxy just discussed and the strongly polar nitrosubstituent.

An interesting case is found in the observed results with 4-dimethylamino
and 4-diethylaminobenzaldehyde 2,4-DNPH's. Under the conditions studied, the
former is clearly separable while the latter shows an Rbenzaldehyde value much
closer to 1.00 and in several cases was only partially separated. This may be a result
of the greater hydrocarbon character of the diethyl molecule.

The remaining nine compounds, those containing either a halogen or alkyl
substituent, all showed Rp values close to that of benzaldehyde 2,4-DNPH and when
chromatographed as mixtures were totally inseparable. In early attempts to improve
the separations, a substantial number of additional solvent systems were tried.
Ethyl acetate, chloroform and tetrahydrofuran, as well as the mixtures benzene
chloroform, benzene-ligroine, and benzene-ethyl acetate were investigated. All
of these attempts failed to produce the desired results and in most cases were less
satisfactory.

Since at the time of this study Eastman Chromagram sheet was available only
with silica gel coating, it was not possible to vary the nature of the adsorbent.

Comparison of apparatus and conditions
The precision of Rp values was determined as the standard deviation of 100

values submitted by 44 different workers. The maximum value of ± 0.033 obtained
in this manner is well within the limits of ± 0.05 that is generally considered satis
factory. This is true of tanks and sandwiches, Chromagram sheet, and glass plates.
Typical results are shown in Table II.

Agreement among a smaller number of determinations (12 to 24) for the various
substituted compounds was generally better than ± 0.02. A given individual was
able to reproduce Rp values with still greater precision. In neither instance did more
than an occasional average deviation exceed ± 0.02.

A striking observation is the large difference in Rp values for a given compound
in tanks and sandwiches. The large Rp values in the sandwiches result from the in
herent difference in the two techniques. The tanks are presaturated with solvent
whereas the atmosphere inside the sandwich is saturated by the moving solvent
front as it advances. Since more solvent passes through a given spot of compound
in the sandwich, the Rp value is largerll.

The use of the relative value, Rbenzaldehyde, produced the agreement
shown in Table I and discussed above. It should be noted that this is true not only
for the comparison of Chromagram sheets in tanks and sandwiches, but includes
the values obtained on glass plates as well. This clearly illustrates the greater utility
of Rstandard values as compared to simple Rp values.
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QUANTITATIVE SEPARATION OF STEROIDS IN OILY SOLUTIONS BY

MEANS OF THIN-LAYER CHROMATOGRAPHY WITH CONTINUOUS

ELUTION

G. CAVINA AND G. MORETTI

Istituto Superiore di Sanita, Rome (Italy)

(Received September loth, 1965)

In previous work conducted in this laboratory on microtechniques applicable
to the isolation and determination of steroids possessing hormonal activity in the
presence of lipid organ extracts, a description of a method of separation and deter
mination of corticosteroid and lipid constituents present in the total lipid extract of
rat adrenal glands using thin-layer chromatography was given1 .

Further studies dealing with the extension of this technique to the general
problem regarding the separation of steroids less polar than corticosteroids, such as
progesterone, testosterone and 19-nortestosterone esters and estrogens, from mixtures
of lipids such as incubates, organ extracts and oily solutions, resulted in a method
for the isolation and determination of some steroid hormones in oily solutions used
for pharmaceutical purposes.

The methods described in the literature for the separation of steroids in such
oily pharmaceutical preparations are based on physico-chemical separations, such as
countercurrent extraction with ethanol and hydrocarbons2,3, adsorption chromato
graphy on Florisil as described by UMBERGER4 and TAPPI et al.5, or partition chromato
graphy using either ethanol on ground silica and iso-octane2, or polyethylene glycol
600 on ground silica and hexane6 or nitromethane on ground silica and heptane7•

These methods have generally been described for individual problems.
Some applications of paper chromatography to the separation of steroids in

oily solutions have also been reported, although they are less numerous than those
described for other pharmaceutical forms or for purity controlsB- ll . ROBERTS AND
FLOREy12 have described the determination of long chain esters of testosterone and
IJoc-hydroxyprogesterone in concentrated oily solutions (125-250 mg/mI) using
paper chromatography followed by quantitative determination with isonicotinic
hydrazide reagent in acid methanol as described by UMBERGER4 using the same
reagent as the means of elution.

A similar technique13 to that for the determination of the 3-cyclopentyl enol
ether of progesterone (Quingesterone) in oily solutions in the presence of its trans
formation products14, has recently been described for the separation and determina
tion of 19-nortestosterone decanoate (nandrolone decanoate) from oily solutions (con
centration 50 mg/ml).

Thin-layer chromatography has been applied to the quantitative analysis of
steroids of various degrees of purity15, to corticosteroids and natural cortical extracts16,
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Thin-layer chromatography
20 X 20 cm plates coated with Merck Silica Gel G washed in a Soxhlet for

24 h with chloroform and mixed with 0.3 % Dupont Luminescent Chemical 609 were
used. The thickness was 0.5 mm; activation was carried out for 30 min at 105°.

The following mixtures were used as solvents:
(I) petroleum ether b.p. 65°-peroxide-free ethyl ether-acetic acid (70: 30: I);
(2) petroleum ether b.p. 65°-peroxide-free ethyl ether-acetic acid (50: 50: I).
Glass tanks 18 X 25 X 22 cm fitted with smaller internal glass vessels having

capacities of 100 ml for the solvents were used for the continuous chromatography.
The inner vessels were placed on glass supports 5 cm from the bottom in such a
manner that the upper edge of the plate, tilted at about 50° with respect to the base,
was a few mm under the cover of the tank. The samples were applied as single spots or
as a wide band on a line 3 cm from the lower edge of the plate. Continuous elution was
carried out by placing 4 strips of Munktell 20 paper 3.5 X 20 cm* and another one
of 15 X 20 cm on the upper edge of the plate. The strips were held firmly in place
by means of a 20 X 5 cm glass slide and two clamps. The strips were so pressed on
to the layer over an area of 3.5 X 20 cm at the upper edge of the plate. In this way,
absorption of most of the triglycerides into the four 3.5 X 20 cm sheets was possible.
The 15 X 20 cm sheet acted as an extension of the plate with the purpose of syphoning
the solvent out of the container so as to allow continuous elution.

The prepared plate, described above, was so arranged in the tank as to allow
most of the filter paper (20 X 15 cm) to pass through a narrow slit left between the
cover and edge of the tank.

Solvent was put in the inner vessel which contained the lower part of the plate
and the chromatogram was allowed to develop for the necessary time. In these ex
periments solvent I was run for 8 h and solvent 2 for 3 h. Under these conditions the
bands of the various steroids ran mean distances of about 3.5-7.5 cm. They were
clearly separated from the bands of the two diglyceride isomers (1,2 and 1,3), which
ran for 10.2 and 11.3 cm (the distance is calculated from the starting line to the central
points of the bands).

Quantitative separation of the steroids from oily solutions
The steroids were prepared in oily solutions as described above. They were

diluted with heptane for the purpose of making them more fluid and to reduce the
concentration of the steroids to 5 or 2.5 mg/ml. A Hamilton micro-syringe set at
50 fkl or 100 fkl was used for the deposition. The sample was distributed in small drops
of equal size along a continuous line of 7 cm.

250 fkg of steroids were placed on each line. On every 20 X 20 cm plate it was
possible to chromatograph in parallel either two samples or one sample and a control
sample of oil or the adsorbent. The heptane dilutions and the amount of oil to be
separated by chromatography are shown in Table 1.

Plates were developed with solvent I for 8 h (1st system) or with solvent 2 for
3 h (2nd system). They were then examined under U.V. light at a wavelength of
254 mfk and the zones corresponding to the steroids were marked together with one at
the same height for the control.

* Other types of chromatography paper that are thick and porous can also be used.

j. Chromatog., 22 (1966) 41-51

























DETERMINATION OF CHOLESTEROL IN AUTO-OXIDATION MIXTURES

TABLE II

55

RChol-VALUES AND COLORS OF THE SPOTS IN FIG. I

Colors were observed immediately after spraying with SbCl3 solution and after heating the plate
at 100 0 for 3 min. The results of the second observation are given in brackets. The peroxide
reactions were obtained on other plates. The V.V. fluorescence was observed in long-wave ultra
violet light.

No. RChol' Colors of the spots from samples

A andB C and D E

0 0.00 blue (gray)c orange (brown)b. C pink (violet)b. C
I 0.04 pink (brown)b pink (violet)
2 0.07 pink (brown)b

3 0.09 pink (brown)b pink (yellow)

4 0.15 blue (yellow)d blue (yellow)d blue (yellow)d

5 0.20
6 0.24 pink (violet)

7 0.3 1 (brown)
8 0·37 blue (brown) blue (brown) (brown)
9 0-46 blue (brown)

10 0.52 (brown)
II 0·55 blue (brown) (violet)
12 0.60 blue (blue) blue (blue) blue (blue)
13 0.65 blue (blue) blue (blue) blue (blue)

14 0·75 pink (brown) pink (violet) (violet)
IS 0.82 blue (blue)b. C blue (blue)b. C violet (violet) b. C
16 0.86 (brown)
17 0·93 (violet) blue (brown)C pink (violet)
18 1.00 orange (maroon) orange (maroon) orange (maroon)
19 1.08 d (crimson)
20 1.12 blue (blue) blue (blue)d
21 1.16 violet (maroon) (maroon)d
22 1.19 blue (violet) violet (violet)d

• RF value related to cholesterol.
b Peroxidic reaction with KI-starchll.

CPeroxidic reaction with Fe2+-SCN-.12
d Fluorescence in V.V.

Thin-layer chromatography
Glass plates zoo X zoo mm were coated uniformly with silica gel H to a thick

ness of 0-4 mm according to the procedure suggested by the supplier. After coating,
the plates were dried in the atmosphere. Beginning at 10 mm from one edge, I mm
channels spaced zo mm apart were engraved with a jeweler's screwdriver. Nine strips
of 20 mm were obtained, allowing nine separate samples to be run simultaneously.
The plates were washed overnight in the usual manner in a chamber with ethanol
and activated at lOOo for z h. Immediately after cooling, the samples containing zo
zoo fLg cholesterol in a solution of chloroform were applied at a point in the center of
each strip, 30 mm from the lower edge. For sampling, 50 fLl Hamilton syringes with
Chaney-adaptors were used and heat was applied to the bottom of the plates for
samples larger than zo fLl in order to facilitate the evaporation of the solvent.

The plates were placed in a chromatography jar lined on three sides by filter
paper and immersed to a depth of 10 mm from the lower edge in a mixture of chloro
form-acetone, 4: I by volume. The solvent was allowed to rise to a height of 160 mm
above the starting points. This development required about 35 min. The plates were
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removed and dried at 100° for 5 min and upon cooling were sprayed with distilled
water. The spraying was started at a safe distance in order to avoid the peeling of dry
silica gel by the air stream. Upon spraying, the cholesterol spots (Rp ~ 0.6) became
visible by viewing the plate on black paper. From the center of the spots, distances
of 8 mm in the starting direction and 12 mm in the flow direction were marked off
on the strips. The marked parts of the wet silica gel strips were then transferred into
15 ml centrifuge tubes by using a micro spatula which had been ground flat at the
end and bent 5 mm from this edge. The silica gel remaining on the spatula was removed
with a stirring rod which was put in each centrifuge tube. Using two spatulas, one
bent and one straight, the operation could be carried out more quickly. The centri
fuge tubes were dried for 10 min at 100° and the silica gel scraped from the walls to
the bottom by the stirring rods. To avoid the oxidation of the finely dispersed chole
sterol, the samples must be worked up immediately.

Color development
2 ml of glacial acetic acid containing 0.1 % ferric chloride were added to each

tube and the mixture was stirred vigorously with the stirring rod. The tubes were
then heated in a water bath at 80° for 6 min.

After cooling, I ml color reagent was added to each tube and the contents were
mixed thoroughly. The tubes were heated in an oil bath at 100° for 20 min while the
liquid level was kept above the surface of the contents of the tubes. The tubes were
allowed to cool in cold water and after removing the glass rods they were centri
fuged at 3000 r.p.m. for 15 min. The supernatant solution was poured carefully into
glass cuvettes of 10 mm path length and the absorbance was read using a Beckmann
DK-2 spectrophotometer against a reagent blank at 45omfL. The absorbance remained
constant for about 2 h. The reagent blank was made from 2 ml of glacial acetic acid
containing 0.1 % ferric chloride and I ml color reagent in the previously described
manner omitting the centrifugation. From each batch of thin-layer plates, blanks
were made with silica gel, which was scraped from a 4 cm2 area at the edge of the
plate. The absorbance of these blanks was found to be equal to that of the reagent
blanks at 450 mfL·

Calibration curve and calculation
Solutions were prepared by diluting 2,4,6 and 8 ml of standard cholesterol

stock solution to 10 ml with chloroform, and 20 fLl samples containing 20, 40, 80, 120,

160 and 200 fLg cholesterol were applied. The absorbances were measured after the
described procedure above. The calibration curve obtained by plotting absorbance
versus micrograms of cholesterol is a straight line passing through the origin. The
cholesterol values of the samples were calculated from the calibration curve or conve
niently from the ratio of the absorbance of the unknown sample to that ofa standard
cholesterol sample.

RESULTS AND DISCUSSION

Fig. I shows the pattern of the products in samples oxidized under different
conditions such as elevated temperature or gamma irradiation. It is seen that the
number of the degradation products is much greater than has been assumed on the
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reversible synchronous motor, swivel-mounted so that the pinion can be quickly
disengaged from the rack. The vertical motion is at a rate of 18.7 mm/min. There are
upper and lower limit switches that restrict the travel to a maximum of 183 mm,
starting about 3 mm from one end. A full scan takes 9.8 min. A reversing switch
allows immediate shifting from downwards to upward motion. A tubular metal cover
protects the light chamber from interference by room light.

The optical systems were designed by the author. For fluorescence scanning
it is desirable to project on the thin-layer surface a horizontal band of light, as intense
and uniform as possible. This is approximated by using a cylindrical lens (5.5 mm
wide, focal length 5.6 mm) mounted on an interchangeable metal slide within the
sample chamber and directly in front of the second entry aperture. The lens projects
a widened image of a I X 3 mm rectangular slit in an interchangeable plastic slide
mounted in front of the first entry aperture near the fluorescent lamp. Since the
image is projected on a surface set at a 45 0 angle to the lens and the slit is illuminated
by the very diffuse light from a GE F4T4/BL fluorescent lamp the band of light on
the thin-layer surface is about 16 mm wide and not perfectly uniform in thickness or
intensity.

The nature of the light band produced by this optical system was analysed by
applying to a thin-layer plate a series of I ,ul spots of a fluorescent solution, positioned
vertically 5 or 10 mm apart and horizontally at distances from 0 to 5 mm to the right
or left of the center line. The spots had a radius of about 2 mm. When this test plate
was scanned, the peak fluoresced light intensity proved to be the same for spots
positioned 0 to 3 mm on either side of the center, but it decreased to 90 % of the maxi
mum value at 4 mm and 80 % at 5 mm. Resolving power was measured by the inten
sity of fluoresced light in the center of the I-mm wide dark region between spots
separated by a vertical distance of 5 mm. This intensity was about 7 %of the maximum
in the region from 0 to 5 mm to the left of center where the distance from lens to
surface varies from 3 to 8 mm. To the right of center resolving power decreased,
minimum light intensity being 25 % of maximum at 5 mm to the right. While re
solving power is somewhat increased by using a 0.5 X 3 mm light slit, the major
factor lowering resolution seems to be broadening of the effective light band by
internal reflections within the thin layer.

The light system for fluorescence scanning can be used for reflectance scanning
of light-absorbing spots, but the reflected blank light is so intense that a 0.1 X 3 mm
slit is preferable; it may even be necessary to introduce a light-reducing aperture
in the secondary filter compartment. The extremely wide band has the advantage
that the full width of the absorbing spot is scanned, i.e., all the material in the spot
contributes to absorption of light. However, sensitivity (as measured by peak re
duction in light intensity) is relatively low since a large fraction of the band of light
never encounters any absorbing material. If a pinpoint light source is used instead
of a slit the cylindrical lens still spreads it out into a relatively wide but non-uniform
band of light. Therefore a second lens system, a double-convex lens (5 mm in diameter,
focal length 7 mm) mounted on an interchangeable metal slide, is used to replace the
cylindrical lens. The circular lens, used with a pinpoint source, can project a very
small spot of light on the center of the thin-layer plate. Such a system, however, is
very sensitive to small changes in shape and centering of the spot; even if the sub
stance being chromatographed is applied as a wide band, perfect uniformity is diffi-
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cult to achieve. Use of a pinpoint source has therefore been discontinued. For high
sensitivity scanning, the combination of the circular lens with a 0.1 X 3 mm slit was
adopted; this projects a thin uniform band of light about 4 mm wide on the plate.
This is wide enough to cover most spots or at least to have an averaging effect over
the greater part of the spot width, and yet not so wide that a large fraction of the
light fails to encounter the spot. It is affected by serious off-centering of the spot;
however, this can be minimized by spotting a fairly wide band of material initially.
Even if the initial band is not homogeneous, the averaging effect of scanning with a
band of light tends to correct for this.

OPERATION, CONTROLS AND RECORDING

The recorder output of the Aminco photometer is 50 mV and any potentio
metric recorder of 100 mV or higher sensitivity, I sec or faster response, and chart
speed of the order of 20 mm/min will give satisfactory scans. We have used a Bausch
and Lomb VOM-6 recorder at 25 mV sensitivity and chart speed of 25 mm/min;
this amplifies the photometer output by 2, and its zero-setting control is sometimes
useful to keep scans on-scale.

Except for occassional use of the zero-setting control of the recorder (and
changes of lens and slit systems) all operating adjustments are made with the Fluoro
Microphotometer controls. The zero-adjust control allows setting the recorder pen
to zero or 100 in the blank region of a chromatogram at the start of a scan. The
meter-multiplier control allows switching of photometer sensitivity over a 1000

fold range in steps of 1.0, 0.3, 0.1, etc. The light systems of the scanner are designed
so that the maximal sensitivity required is usually not greater than 0.01, where zero
stability of the photometer is very high. Even the most intense spots can then be
scanned at a sensitivity of 1.0.

The first scan is normally in the downward direction at maximum sensitivity.
If an intense spot gives an off-scale scan the chromatogram can be re-scanned in the
upward direction at a lower sensitivity by using the scanner reversing switch. Time
can often be saved by reversing the scanner as soon as an off-scale spot has been
scanned, simultaneously decreasing sensitivity la-fold and readjusting the zero
setting. If the reverse-scan is still off-scale or now gives too small a peak, the scanner
is again reversed and sensitivity readjusted. This allows satisfactory scanning of the
intense spot in a few minutes. While the area of a scanned spot can be measured with
a planimeter, it is more convenient to approximate it to an isosceles triangle and meas
ure peak height and base width in mm. The product of height X base X photometer
sensitivity is the" relative area", which measures the light intensity change caused by
the spot. If a spot is so spread out that it does not scan as a triangle, it is probably
best to spot a more dilute solution and chromatograph it.

Scanner performance with fluorescent spots using adsorption chromatography on silica
gel G

In all tests the scanning system has always given identical repetitive scans of
anyone thin-layer plate. The performance tests indicate the sensitivity and range
normally attainable, but the variability found is entirely in the chromatographic
operation.
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The fluorescent test substance used was a crystalline preparation of the fluor
anthenyl urethane of cholesterol, m.p. 184-186°, prepared from recrystallized chole
sterol (m.p. 144-145°) and fluoranthenyl-3-isocyanate synthesized from commercial
3-aminofluoranthene and phosgene. A stock solution in toluene at 0.163 flg/fll (equiv
alent to 0.1 flg/fll of cholesterol), and a I: 8 dilution in toluene (equivalent to 0.oIz5
fig/fll of cholesterol) were prepared. Test spots were applied to the silica gel G plates
(thickness of layer about 850 11 wet, 6z5 fl dry) in the center 10 mm from one end.
A Hamilton PB-600-1 repeating dispenser with a Hamilton 705 50-fll syringe (Hamil
ton Company, Inc., Whittier, Calif.) was used to deliver I-fll droplets. Quantities
of I, z, 4, 8 and 16 fll were applied, each droplet being allowed to dry before applying
the next. Chromatograms were developed in a I: I mixture of cyclohexane and ben
zene, completed in less than an hour, then dried for 10-15 min before scanning. When
a plate was re-scanned several hours later the scan was identical, but after z4 h there
was slight loss of fluorescence intensity.

The use of unusually thick layers made the plates even more fragile than the
usual zoo-300 fl layers. The intention was to increase the capacity, but the greater
fragility is an inconvenience during chromatography and scanning of thinner layers
would normally be preferable.

Table I lists the data for triplicate runs. Scanning used the I X 3 mm slit and
cylindrical lens, with a primary filter of peak transmittance at 365 mfl (Corning 7-60)
and a secondary filter cutting off wavelengths below 485 mfl (Wratten 8). The relative
areas of triplicates show standard deviations of the order of zo "la, caused by large
deviations in peak heights or base widths. The mean relative area per flg of cholesterol,
however, is remarkably constant over a wide range, although it declines above 0-4 flg
of cholesterol. Spotting of a large volume of a dilute solution or a small volume of
more concentrated solution does not seem to affect the scans. Base width of peaks is
increased less than z-fold by a 16-fold increase in volume spotted and a Ioo-fold
increase in quantity spotted. RF values vary; but there is no striking change with
increasing load, nor any clear correlation between RF and relative area in replicates.
It seems probable that most of the fluoresced light is emitted from the upper 100 fl
of the thin layer. The variability may be caused by variations in the quantity of
fluorescent substance migrating upward into this surface layer as the chromato
gram dries. It would probably be less if a zoo or 300 fl thick layer were used, and
might also be reduced by making drying conditions uniform.

Scanner performance with fluorescent spots using adsorption and partition chromato
graphy on A vicel-silica

Avicel-silica forms extremely tough layers on glass, and is used routinely in
our laboratory for partition chromatography, in which the layer must be pre-coated
with a stationary phase liquid.

The microcrystalline cellulose, Avicel (American Viscose Division of FMC
Corporation, Newark, Del., U.S.A.) was introduced for TLC by WOLFROM et al.4 ; in
our experience, layers of pure Avicel have been less satisfactory than I: I mixtures
of Avicel and silica (without binder). The I: I Avicel is prepared by mixing zo g of
Avicel and zo g of silica with zoo ml of distilled water in a Waring blendor at high
speed for IS min. The warm, creamy mixture is briefly subjected to a water-pump
vacuum while gently shaking, to remove air bubbles. It is then spread on the glass

j. Chromatog., 22 (1966) 60-70
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stationare Phase Diathylenglycolsuccinat Polymer bei dem eine Trennung der Sub
stanzen schon bei einer Temperatur von 160° maglich war. Bei der Arbeit mit Silicon
elastomer war es notwendig hahere Temperatur (bis 180°) anzuwenden. Bei hoheren
Temperaturen ergab sich jedoch die Gefahr der Zersetzung einiger Substanzen wahrend
des Entwickelns, die z.B. bei Dehydrolinalylacetat, Citral und Pseudojonon auf
getreten sind. Daher war es vorteilhafter, fur die Analyse dieser Substanzen eine
niedrigere Konzentration der stationaren Phase und einen hoheren Durchfluss des
Tragergases bei niedrigerer Arbeitstemperatur anzuwenden. Auf Diathylenglycol
succinat Polymer wurde jedoch Dehydrolinalool und Dehydrolinalylacetat nicht ge
trennt, und wir verwendeten fur ihre Trennung Siliconelastomer und die Temperatur
von 140°. Unter diesen Bedingungen kam es aber wiederum nicht zur Trennung des
Dehydrolinalylacetats und des cis-Citrals. Fur die Trennung einer grasseren Anzahl
von Substanzen dieser Gruppe nebeneinander war die Anwendung der programmier
ten Temperatur von IZO-~OOo vorteilhafter (Fig. z).

200·

Fig. 2. Trennung eines Gemisches von 2-Methyl-2-hepten-6-on, Dehydrolinalool, Undecan, cis
Citral, trans-Citral, 0(-Jonon, p-Jonon, cis-Pseudojonon und trans-Pseudojonon (von links nach
rechts) mittels Gaschromatographie. Stationare Phase: Siliconelastomer SE-30. Programmierte
Temperatur: 120-200°/15 min. Tragergas: H 2 ·

Mit Hinsicht auf die geringe Fluchtigkeit dieser Substanzen bei Laboratoriums
temperatur kann fur ihre Analyse auch die Chromatographie auf Kieselgelschichten
dienen, wobei sich z.B. z-Methyl-z-hepten-6-on, Dehydrolinalool und Dehydrolinalyl
acetat trennen lassen, und ausserdem noch eine Reihe von Verunreinigungen bestimmt
werden kann. Fur eine vollkommenere Unterscheidung der Substanzen mit dreifacher
Bindung war die Anwendung von Kieselgel mit einem Zusatz von Silbernitrat von
Vorteil, da Substanzen mit dreifacher Bindung nahe dem Start aufgehalten werden.
Die Dunnschichtchromatographie hat sich fur die Trennung von Pseudojonon und
Citral nicht bewahrt. Auch die Unterscheidung von cis-trans-Isomeren brachte unter
den gewahlten Bedingungen keinen Erfolg.

Eine weitere Phase stellte die Analyse einiger Zwischenprodukte der Synthese von
Isophytol vor (Tabelle III). Als stationare Phase bewahrte sich fUr die Trennung dieser
Substanzen Diathylenglycosuccinat.Wenn auch in vielen Fallen Siliconelastomer Ver
wendung fmden konnte, gaben wir dem Diathylenglycolsuccinat den Vorzug, da die

j. Chromatog., 22 (1966) 71-83
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Arbeit bei einer niedrigeren Temperatur durchgefuhrt werden konnte. Fur die ganze
Gruppe wahlten wir eine Arbeitstemperatur von 190° und fUr den Probeneinlass 270°.
Es ergab sich die Moglichkeit, Hexahydropseudojonon, 3,7,rr-Trimethyl-3-hydroxy
I-dodecin und 3,7,rr-Trimethyl-3-hydroxy-I-dodecen auch bei 150° zu chromato
graphieren, wobei auch die Temperatur des Probeneinlasses wesentlich niedriger ge
halten werden konnte. Die angefUhrten Bedingungen ermoglichten die Losung prak
tisch aller Aufgaben, die bei dieser Gruppe in Betracht kommen. Nur Pseudojonon
konnte neben 6,Io,I4-Trimethyl-5-pentadecen-2-on oder Phyton nicht bestimmt wer
den, doch dies kommt in der Praxis nicht in Frage. Fur solche Trennungen ware die
Anwendung von Siliconelastomer und die Temperatur von 210° unter erhohtem
Durchfluss des Tragergases notwendig. Auf diese \iVeise kam es nicht zurTrennung der
beiden Isomere, des 6,Io,I4-Trimethyl-5-pentadecen-2-ons von Phyton. In der wei
teren Phase war die Bestimmung der Isophytols neben dem Dihydroisophytol schwierig,
da beide Stoffe almliche Elutionsvolumina besitzen* . Fur die Analyse von Phytolneben
den angefUhrten Substanzen war es notwendig, die Temperatur 200-210° und erhohten
Tragergasdurchfluss anzuwenden.

Die angefiihrten Schwierigkeiten konnen durch Anwendung der Dunnschicht
oder Papierchromatographie ausgeschaltet werden. Die dunnschichtchromatographi
sche Trennung der Stoffe ist unter Benutzung der gebrauchlichen Sorbenten nicht
gelungen, da sich diese zwischen den Rp-Vlerten 0.60-0.80 bewegten. Mit Hinsicht
darauf, dass es sich urn Substanzen handelt, die sich durch Anwesenheit und Anzahl
der Doppelbindungen und dreifachen Bindungen unterscheiden, versuchten wir dieses
Problem durch Zugabe von Silbernitrat zu dem Sorbenten zu losen. In diesem FaIle
wurden die Substanzen mit dreifachen Bindungen besonders stark aufgehalten
(3,7,1 I -Trimethyl-3-hydroxy-I -dodecin und 3,7,11 ,I5-Tetramethyl-3-hydroxY-I-hexa
decin). sodass es gelang, auch die Gruppe 3,7,rr,Is-Tetramethyl-3-hydroxy-I-hexa
decin, Isophytol, Dihydroisophytol und Phytadien zu trennen (Fig. 3). Dieses Problem

• ••
•1 2 3 1 2 3

Fig. 3. Trennung eines Gemisches von 3.7,1I,Ij-Tetramethyl-3-hydroxy-I-hexadecin (I), Isophytol
(2) und Dihydroisophytol (3) mittels Dunnschichtchromatographie. Links: Kieselgel G. Rechts:
Kieselgel G mit AgN03 .

kann auch mit Hilfe der Papierchromatographie gelost werden, nach Uberfuhrung der
entsprechenden Alkohole in 3,5-Dinitrobenzoesaureester. Infolge der langwierigen
Darstellung der Derivate gaben wir jedoch der Dunnschichtchromatographie den
Vorzug.

* Nach Privatmitteilung von H. BOBER (Munchen) konnen beide Substanzen an Kolonnen
von 1/8" unter Einspritzen von 0.1 III Proben getrennt werden.

j. ClzrOlnatog., 22 (I966) 7I-83
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Bei der letzten Phase der Synthese von Vitamin A analysierten wir mittels
Gaschromatographie die Zwischenprodukte des 3-Methyl-2-penten-4-in-1-ols, die sich
auf Reoplex (bis zu Methylvinylketon) und auf Siliconelastomer (Carbinole) chro
matographieren lassen. Die Bedingungen und Resultate sind aus der Tabelle IV er
sichtlich.

Weiterhin kam die Bewertung von Pseudojonon neben 0':- und p-Jonon und
P-C14-Aldehyd in Betracht, fUr welche sich als stationare Phase Siliconelastomer und
die programmierte Temperatur von 160-190° bewahrte. Weitere Stufen stellen dann
schon feste Substanzen mit zu hohem Siedepunkt vor. Fur deren Analyse benutzten
wir die Papier- oder Dunnschichtchromatographie. Die Analyse der C2o-Diole fUhrten
wir auf Kieselgel-G-Schichten oder auf Papier im System DimethylformamidjCyclo
hexan durch. Bei ahnlichem Zeitanspruch der beiden Methoden besteht der Vorzug
der Dunnschichtchromatographie in dem empfindlicheren Nachweis. Ahnlich kann
das Vitamin A und seine Ester durch beide Methoden analysiert werden. In diesem
FaIle ist auch bei der Papierchromatographie der Nachweis sehr empfindlich, wenn
die Stoffe auf Grund ihrer Fluoreszenz im V.V. licht oder chemisch durch empfind
liche Reaktion mit Antimontrichlorid bewertet werden. Die Ergebnisse der Trennung
sind aus der Tabelle V ersichtlich.

DANK

Wir danken Frau J. STANISLAvovA fUr die technische Mitarbeit bei der Dunn
schichtchromatographie, Herrn Dr. J. WEICHET fUr die Durchlesung des Manuskripts
und Herrn Dr. J. WEICHET, Ing. L. BLAHA und Ing. K. KALINA fUr die Uberlassung
einer Reihe von Substanzen.

ZUSAMMENFASSUNG

Zur Verfolgung der moglichen Zwischenprodukte der Synthese von Pseudo
jonon, Isophytol und Vitamin A wurden Gas-, Dunnschicht- und Papierchromato
graphie angewendet. Die Gaschromatographie wurde fUr die Verfolgung aller Zwi
schenprodukte, mit Ausnahme der Endphasen der Synthese von Vitamin A, benutzt.
Die Dunnschichtchromatographie hat sich besonders fUr einige Zwischenprodukte
der Synthese des Isophytols bewahrt, die sich durch Anwesenheit und Anzahl von
Doppel- oder dreifachen Bindungen unterscheiden. Ahnliche Substanzen, sowie die
Endphasen der Synthese des Vitamins A, wurden gleichfalls mit Hilfe der Papier
chromatographie bewertet.

SUMMARY

In order to follow the production of the possible intermediates in the synthesis
of pseudo-ionone, isophytol and vitamin A, gas, thin-layer and paper chromatography
were employed. Gas chromatography was used to follow and determine all the inter
mediates, with the exception of those formed during the last stages in the synthesis
of vitamin A. Thin-layer chromatography was found to be particularly useful for
determining some of the intermediates in the synthesis of isophytol, which differ by
the presence and number of double or triple bonds. Similar substances as well as those

j. Chromatog., 22 (I966) JI-83
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formed during the last stages of the synthesis of vitamin A, were also determined by
paper chromatography.
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Fig.,!. Plot of RthyroglobuZln against logarithm (molecular weight) for thin-layer gel filtration r of
proteins on Sephadex G-200.

Fig. 2. Thin-layer chromatogram on Sephadex G-200. Mixture containing from top to bottom
respectively. diglycylglycine, a-lactalbumin, ovalbumin, bovine serum albumin, human y-globulin
and thyroglobulin.

TABLE I

COMPARISON OF Rthl/roglobulln VALUES OF PROTEINS ON THIN-LAYER CHROMATOGRAMS USING

DIFFERENT SEPHADEXES

Protein Molecular Rthl/roglobulln
weight

G-50 G-IOO G-200

biglycylglycine 189 0·53 0·45 0.30
Cytochrome c 12.400 0.82 0·52 0.40
a-Lactalbumin 15.500 0.85 0·55 0.41
Chymotrypsinogen 25,000 0.89 0.63 0·45
Ovalbumin 45,000 I 0·74 0.56
Bovine serum albumin 67.000 I 0.82 0.65
Human y-globulin 160,000 I 0·97 0.87
Thyroglobulin 670,000 I I I
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INTRODUCTION

Methods of quantitative determination of sugars by paper chromatography
can be divided into two groups. The first group quantitatively determines the colored
compound that is formed on a chromatogram upon oxidation of a sugar by an oxi
dizing agent. The colored compound is either extracted and determined spectro
photometrically or determined by a transmittance densitometer. Such a compound
is triphenyltetrazolium chloride which is reduced to a formazon compound which is
extracted and determined by a spectrophotometer (WALLENFELSl, MATTSON AND
JENSEN2 and TRAVELYAN et al.3).Another such compound is ammoniacal silver nitrate
which upon reduction by a reducing sugar to silver black is measured with a trans
mittance densitometer (McFARREN et al. 4 ) or a radiometer (BEER5).

The second group of methods extracts or elutes the sugar from a cut-out spot
on a paper chromatogram in which the sugar was first located by a guide strip tech
nique. Then the sugar is determined by a standard micro-colorimetric method
(\iVHISTLER6 and HOUGH AND JONES7). The latter method is preferred because sugars
are easily and quantitatively extracted or eluted off the chromatogram with water
and the color development which is formed by the reaction of a sugar and a reagent
is more easily controlled in a test tube than that on the paper chromatogram. Ex
traction is done either by an extractor (DUFF AND EASTWOOD8) Of simply by immersing
the spot on the paper in water (WHISTLER AND HICKSON9 and DUBOIS et al. 10 ).

SHALLENBERGER AND MOORESll simultaneously extracted and determined sugars
separated on Whatman No. I paper. After papeLblank correction, standard deviation
was found to be less than 5 fhg in the range of 10-200 fhg of sugar. DIMLER et al.l2

modified the elution method of DENT13 for sugar analysis and recommended that
elution should be carried out at room temperature and the rate of elution should be
carefully controlled to avoid channeling which causes incomplete elution.

This paper describes a rapid quantitative procedure with high reproducibility
suitable for the large number of determinations involved in routine analysis for
sugars in plants. The solvent which was developed gave, good separation of sucrose,
glucose and fructose, all of which are commonly found in plants. The sugars from

* Approved by the Director of the' New York State Agricultural Experiment Station for
publication as Journal Paper No. 1454, Sept. 14, 1965.
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curve established for each batch of reagents. 2 ml of the reagents instead of I ml was
used in the sugar determination on eluates from paper chromatograms because the
volumes of eluates were approximately 2 ml.

Chromatography
Four spots of each sample of sugar solution were placed 4 cm apart on Whatman

No. 31\11\1 paper with a 1\1isco spotting pipette. The amount of sugar per spot should
give a concentration of 10-150 flg for each sugar determined. \iVhen multiple spotting
was found necessary to give this concentration, the spot was dried in an air stream
of 60° before respotting. A standard sugar mixture consisting of raffinose, sucrose,
glucose, fructose, arabinose and xylose was spotted on the edge of each chromato
gram as references. A solvent which gave good separation of sucrose, glucose and
fructose was water-saturated n-butanol, 95 % ethanol and trichloroethylene (6: 2: 2,
vjv). Chromatograms were developed descendingly for 32 h at 32° without equili
bration. Longer developing time was needed to separate the higher oligosaccharides.

Development temperature of 32 ° was chosen because it improved definition,
separated in less time (particularly with the slowly moving oligosaccharides),
permitted handling of a larger quantity of sugars, and it was easy to maintain
(CHAN18).

The chromatograms were dried at room temperature. The chromatogram was
then cut into strips. One strip of the sample (the guide strip) and the reference strip

-----------A

~ --------------E

---------------F
--------- -----G

-- ----------H

--------------1

Fig. I. Specifications for the assembly of the micro-elution tube. (A) a I em in height x 3 em in
diameter plastic cap holding 3 ml water; (B) seal with paraffin; (C) 10 em of a glass tube with 0.5 em
bore; (D) a strand from a glass wool wick 10 em lOIig; (E) loose cellulose powder; (F) 0.4 em
filter paper plug; (G) small plug of glass wool; (H) IS-ISO mm test tube; (I) a rolled-up "cut-out
square" of a paper chromatogram.
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of the standard sugars were sprayed with the following improved benzidine reagent
(CHAN AND CAIN19): A mixture of 10 ml of 5 % benzidine in glacial acetic acid plus
10 ml of 40 % aqueous trichloroacetic acid was diluted to 100 ml with 95 % ethanol.
Aldoseswere revealed as brown spots after heating at 70° for 10-15 min, then ketoses
were revealed as yellow spots after additional spraying with 1.0 % HCI in 95 %
ethanol and heating again at 70° for 10-15 min. These colored spots were marked
with aid of a black light lamp. The chromatogram was reassembled. The sites of
sugars on the three unsprayed strips were located by reference to the guide strip
with a centimeter allowance on either end of the sugar spots.

The squares containing the sugars were cut out from the unsprayed strips of
paper chromatogram and eluted by distilled water with a micro-elution tube. The
specifications for the micro-elution tube are shown in Fig. 1.

The "cut-out square" of paper was rolled up diagonally with forceps. It was
inserted half way into the micro-elution tube so that it touched the filter paper plug,
which was adjustable. The pointed tip of the paper was squeezed, and the micro
elution tube was placed in a graduated test tube in a slightly tilted rack so that the
tip of the paper was in contact with the test tube wall. This facilitated the run-off
of the eluate. 3 ml distilled water were added to the plastic cup. The rate of capillary
siphoning by the glass wool wick should be approximately equal to that of the paper so
that little or no water accumulates above the filter paper plug. This held back excess
water if siphoning was too rapid. The whole set-up was enclosed in a humidified box
while elution proceeded overnight. To those test tubes collecting eluates containing
sucrose, raffinose, or stachyose, two drops of I % invertase were added before elution.
This allowed hydrolysis of these sugars as they were eluted into the test tube.

RESULTS

A solvent for paper chromatography was developed to give a good separation of
sucrose, glucose and fructose. After a series of studies on various proportions of water
saturated n-butanol, 95 % ethanol and trichloroethylene, 6: 2: 2, v/v was found to be
a good combination. Table I shows the comparison of the RG values (reference to
glucose) of some sugars by this solvent with several solvents studied by PARTRIDGE
AND WESTALL20. Its RG values compared favorably with the slowly developing
n-butanol-NHa (I % w/v) and better than the n-butanol-acetic acid-water (4:1:5,
v/v).

Complete elution in the range of 47-142 f1g glucose from 15 cm2 Whatman
No. 3MM paper was accomplished with 2-4 ml distilled water (Table II). Percentage
of recovery varied from 101 to 102 %. The standard deviation of the mean was less
than 1.1 f1g glucose in the 47-142 f1g range tested. 100 f1g raffinose was eluted com
pletely as shown by testing the paper with improved benzidine reagent afterward.

Sucrose, glucose, fructose and ribose were used to test the percentage of recovery
and the reproducibility of the procedure. Table III shows a 91 to 99 % recovery with
a standard deviation of less than 2 f1g and with less than 3 % error.

The endosperm of peach, Prunus persica var. Halehaven, was extracted with
70 % ethanol and prepared for paper chromatography as described. Total reducing
sugar and total sugar were determined on the partially purified extract. The total
sugar was determined after hydrolysis by 1 % invertase; The difference between

j. Chromatog.~ 22 {1966) 95-101





100

TABLE IV

B. G. CHAN, J. C. CAIN

COMPARISON OF SUGAR DETERMINATIONS ON PEACH ENDOSPERM BEFORE AND AFTER CHROMATO

GRAPHY

(mg glucose per g dried endosperm)

Unidenti- Sucrose
fied
sugar

Glucose Fructose Total
reducing
sugar

Total
sugar

Before chromatography
After chromatography
Standard deviations (flg) * *

4.20

0.II4

(29· 2 ) *

26.6 46.3

0.174 0.028
38.1

0.199

lOo.8
(88.6)*

0.220

130 .0

(II5· I )*

0.°78

* Values in parentheses are calculated.
** Standard deviation of nine determinations.

total sugar and total reducing sugar represented non-reducing sugar, the sucrose
fraction. 91 % of this sucrose fraction was recovered as sucrose after chromatography
(Table IV). Sucrose was further identified by invertase hydrolysis on the chromato
gram as follows. The chromatogram was sprayed with I % invertase on the area
containing sucrose and kept in a humidified chamber for several hours. It was devel
oped at right angles to the first development with the solvent. When dry it was
sprayed with benzidine reagent. The monomers of sucrose were identified as glucose
and fructose by comparison with standards. Other sugars found in appreciable
quantities were fructose, glucose and an unidentified reducing sugar; the percentage
of errors was from less than I % for glucose to 2.7 % for the unidentified sugar.

DISCUSSION

The described method provided a simple procedure for quantitative sugar
analysis of plants by paper chromatography with good reproducibility. The chromato
graphic solvent which was developed gave a good separation of sugilrs which was

\, .
comparable to that by the n-butanol-NH3 (I % w/v) solvent of PA·RTRIDGE AND
WESTALL20. The percentage of recovery was 90.8 for sucrose and 99.3 for glucose.
SHALLENBERGER AND MOORESII found 93.7 % recovery of sugars in the 10-200 flg
range. The high percentage of recovery of sugars from paper chromatograms is
because only I % sugar was lost during chromatography due to lag or absorption
between the original spot and the final spot (KOWKABANY AND HORDIS2I). Percent
error of the present method varied from 1.6 for ribose to 2.9 for glucose. This is in the
order of the 2 % error of the Somogyi-Nelson copper colorimetric method assessed
by SHU22•

Ion exchange resins are commonly used for partial purification of sugar ex
tracts. WILLIAMS et at. 23,24 studied the use of resins for this purpose and found the
resins were superior and more convenient than the old lead precipitation procedure.
However, HULME25 warned against the use of strongly basic anion exchange resins
which may decompose the sugar to lactic acid. Amberlite IR 45 (OH-) adsorbed
the organic acids which could be eluted with a volatile acid and were suitable for
organic acid analysis. Dowex 50 (H+) adsorbed the amino acids which could be eluted
with 10% NH40H and were suitable for amino acid analysis. Thus, this method of
sugar analysis fitted into a general analysis of plant material.

1'.Chrom,.atog., 22 {.I966):,95-I01











ANION EXCHANGE SEPARATION OF ORGANIC ACiDS 105

both at 28° and at 80°. In these runs very fine and carefully fractionated resin par
ticles were used. It is seen that at the flow rate used in these experiments a sharpening
of the elution curves occurred at the elevated temperature. This can be explained
not only by the lower peak elution volumes, but also by a decrease in the height of a
theoretical plate due to more rapid diffusion (cf. ref. 2). With less regular resin
particles no sharpening of the curves was observed. This is explained by the fact
that the non-uniform flow over the cross section of the column has a predominant
influence upon the broadening of the elution curves.

Deviation on strip record, mm

200

100

G

F

80'

p

or--·-L.--'-----LJ.......l..--'---'---L--

200

100

G 28"

F P

00 500 1000
Eluate volume, ml

Fig. 2. Separation of II mg glyceric acid (G), 21 mg formic acid (F) and 30 mg pyruvic acid (P).
Eluant: 0.1 M sodium acetate. Column: 6 X 805 mm Dowex I X-8, 18-23 fl. Flow rate: 3.3 ml
cm-2 min-1 .

The experiments referred to in Fig. 2 were carried out with a batch of resin
other than those used in Fig. I and Table 1. It is seen that with both resins the position
of the curve corresponding to glycerate ions is only slightly affected by the tempera
ture, whereas those corresponding to formate and pyruvate appear earlier in the
chromatogram at the elevated temperature. When only these acids are involved,
the decreased selectivity at high temperature has no detrimental effect upon the
separation.

Another observation worth mentioning is that with the resins used in this
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SUMMARY

109

The elution of organic acids from anion exchange columns with sodium acetate
solution at elevated temperatures was studied. In most systems very little can be
gained by working at elevated temperatures when using a resin of low particle size.
In some separations the decreased selectivity seriously affects the result.

With aldonic acids an interfering epimerization can be detected even at 60°,
and with uronic acids serious destruction occurs at this temperature.

REFERENCES

I K. A. KRAUS, R. J. RARIDON AND D. L. HOLCOMB, J. Chromatog., 3 (1960) 178.
2 O. SAMUELSON, Ion Exchange Separations in Analytical Chemistry, Almqvist and Wiksell,

StOCkholm, and Wiley, New York, 1963.
3 G. E. B:)YD, F. VASLOW AND S. LINDENBAUM, J. Phys. Chem., 68 (1964) 590.
4 B. ARWIDl AND O. SAMUELSON, Svensk I<em. Tidshr., 77 (1965) 84.
5 U.-B. LARSSON AND O. SAMUELSON, J. Chromatog., 19 (1965) 404.
6 B. ALFREDSSON, S. BERGDAHL AND O. SAMUELSON, Anal. Chim. Acta, 28 (1963) 371.
7 O. SAMUELSON AND R. SIMONSON, Svensk Papperstid., 65 (1962) 363.
8 O. SAMUELSON AND L. O. WALLEN IUS, J. Chromatog., 12 (1963) 236.
9 O. SAMUELSON, Studier R6rande Jonbytande Fasta Amnen, Esselte, Stockholm, 1944.

10 O. SAMUELSON, K. J. LJUNGQUIST AND C. PARCK, Svensk Papperstid., 61 (1958) 1043.
II H. T. BONNETT AND F. V". UPSON, J. Am. Chem. Soc., 55 (1933) 1245.
12 O. SAMUELSON AND L. WICTORIN, Svensk Papperstid., 67 (1964) 555.

J. Chromatog., 22 (1966) 102-109





ION-EXCHANGE THIN-LAYER CHROMATOGRAPHY. XV. III

of glass plates one long sheet of the plastic material (21.0 cm X full length*) is coated
at a time, and a glass plate (127 X 21.5 X 0.6 cm) is used as a mounting board in
stead of a plastic template**.

The glass template is laid on the bench with one long side protruding a few mm
over the edge. The bench top should be horizontal, otherwise the template must be
leveled. This may be done by attaching thick adhesive tape to the bottom of the tem
plate.

Prior to coating the plastic sheet is degreased on one side using a commercial
cleanser and is rinsed on both sides under tap water. After excess water has been
allowed to drain, the wet sheet is placed on the glass template in such a way that the
front edge protrudes about I mm over the corresponding edge of the template***. The
sheet is being attached firmly to the template due to adhesion forces. Subsequently,
the surface of the sheet is dried by wiping with a towel.

After the slit width has been adjusted to 0.5 mm, the applicator is placed on
the right hand side of the sheet so that its guide bar is in contact with the template
edge protruding over the bench. To ensure an even surface the empty spreader is
moved twice over the sheet. It is then filled with a PEl-cellulose suspension which is
prepared as follows:

20 g commercial 50 % poly(ethyleneimine) solution is diluted with distilled
water (700 ml), adjusted to pH 6 with concentrated Hel, and made up to I I with
water (final concentration: 1%).

A suspension of 22 g cellulose MN 300 in 145 ml of the I % PEl hydrochloride
solution is homogenized for 15-20 sec in an electric mixer. In order to remove air
bubbles the suspension is transferred to a beaker and is stirred about I min with a
glass rod. Subsequently, it is poured into the applicator and is stirred a few seconds
in the applicator chamber. The sheet is then coated immediately. (A narrow band along
one side of the sheet will be left uncoated due to the fact that the sheet is I cm wider
than the slit of the spreader.)

The coated sheets are allowed to dry overnight at room temperature. This will
result in a layer with optimal ion-exchange properties. Under no circumstances should
drying of the layer be accelerated by heating.

After drying, the sheet is cut into shorter pieces; 7-10 cm wide strips from
both ends of the long sheet are discarded. For cutting the coated sheets, a cutting
board is recommended.

After cutting, the layers are washed to remove impurities which would inter
fere with separations and assays. The following procedures may be used:

1. Sheets are washed by ascending irrigation with distilled water in the same
way as PEl-cellulose layers on glass plates7 §. The water is allowed to rise in a direc
tion perpendicular to the coating direction. Impurities are removed most effectively
if a wick of thick absorbent paper (e.g., Whatman NO.3 MM) is attached to the top
region by stapling.

* The commercial sheets may be cut with scissors. Alternatively, they can be obtained
cut-to-size from local dealers.

* * A glass template is not required if a hard and completely level bench is available; in this case
the sheet may be laid directly on the bench top for coating.

*** This will prevent the suspension from entering the space between glass template and sheet
which would alter the layer composition close to this edge of the sheet.

§ It was found unnecessary to "scratch" the bottom part of the layer as described for glass
plates7 ,8, because PEl-cellulose layers are bound more firmly to plastic material than to glass.
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methanol (see refs. 7 and 9) and is dried. Its layer is then brought into contact with
the starting area of a fresh sheet and is held in place by attaching two flat magnetic
bars or a magnetic bar and a metal sheet to the uncoated sides. Subsequently, chro
matography is carried out in the usual way. The compound(s) is (are) transferred
quantitatively to the fresh sheet during development.

Quantitative procedures*
Transfer procedure. This technique, which comprises direct transfer of the nu

cleotide from the layer to a paper wick, subsequent elution from the paper and spec
trophotometryS, may be used on plastic sheets. A tri~ngle-shaped area containing the
substance spot is cut out with scissors rather than isolated in situ8• To hold the triangle
its uncoated side is attached to an uncoated sheet of the same plastic material using a
small drop of acetone. About 3 mm substance-free layer between the triangle base
and the spot is scraped off with a razor blade, and the paper wick is brought into
contact with the straight-cut edge thus obtained. Eluant is applied to the opposite
comer with a micropipet as described8•

Direct procedure. This technique is made possible by the paper-like properties
of the ion-exchange sheets. The area of the compound to be assayed is located under
short-wave ultraviolet light. A rectangle around the spot is marked with a pencil and
is cut out using a cutting board or sharp scissors. Care must be taken that the uncoated
side is clean. The rectangle is transferred, layer side up, to the bottom of a tube.
Eluant (LO ml) is added slowly from a capillary pipet, e.g., a 1Ooo-f'l Carlsberg pipet.
We found 0.7 M MgC12-2.0 M Tris hydrochloride, pH 7.4 (100:1, v/v) to be capable
of quantitatively eluting all common mononucleotides, e.g., nucleoside 4iphosphate
sugars, nucleoside mono-, di-, and triphosphates. After an extraction time of I h,
which is sufficient for these compounds, the eluate is transferred to a centrifuge tube
with a capillary pipet and is centrifuged at 2000 r.p.m. for 5 min. Subsequently,
extinction at 260 mf' is measured against a blank value from an adjaf:ent area of the
sheet processed in the same manner as the compound area. A Zeiss spectrophotometer
(model PMQ II) or a Cary spectrophotometer (model 14) equipped with a sensitive
slide wire may be used. It is possible to scale down the quantitative procedure to the
I mf'mole range by reducing the eluant volume and using microcuvettes.

As special examples, quantitative determinations of dAMP, DDP-glucose,
TDP and ATP were carried out on sheets prewashed according to procedure 3 (see
above). For the elution experiments,s f'l of solutions containing L4-2.O mf'moles
nucleotide/f'l each were spotted in replicate. Compounds were chromatographed
using the following solvents: 0.5 M LiCl (dAMP), 0.3 M LiCl (UDP-glucose), and
LO M LiCl (TDP). Development distance was 10 em. Stepwise elution? was used for
ATP: 0.5 M (NH4)2S04 solution was allowed to ascend to 3 em ftom the origin,
followed, without intermediate drying, by 0.7 M (NH4)2S04 up to 10 em. After
drying, direct extraction was carried out as described above.

Radioactive nucleotides (32P) may be assayed prior to elution: rectangles are
cut out as described, transferred to planchets for counting and are subsequently
eluted for spectrophotometry. For semiquantitative assays of labeled compounds,
sheets are scanned in standard equipment for scanning paper chromatograms.

• Since assays of very small quantities (a few m,umoles) are intended, precautions have to be
taken to ensure a low and even background, see ref. 8.
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The sheets may be cut to any size desired. Microscopic slide size sheets were
found to be useful for preliminary experiments and for development of new solvent
systems. The borate system for separation of nucleotide sugars (see Fig. I) was
developed using a series of such sheets. On the other hand, descending separations of
complex mixtures may be carried out on 30-40 cm long sheets.

For many separations, ascending chromatography is sufficient, and resolution
of complex mixtures9,10 can be achieved by two-dimensional ascending chromato
graphy on ion-exchange layers. Some closely related mononucleotides, however, are
difficult to separate by simple ascending development, e.g., the GDP-glucosefGDP
mannose pair. These nucleotides can be partially resolved by ascending development
with a borate solvent (Fig. I); descending continuous-flow development, using the
same solvent, results, however, in a much more distinct resolution (see Fig. I) *.
Separation of these compounds on paper requires development times of 70 hours and
7 days, respectively, depending on the solvenF2. As a rule, solvents of low elution
power (Rp values of the compounds to be separated < 0.2, preferably 0.05-0.15) are
best suited for continuous-flow chromatography on ion-exchange layers.

In the case of two-dimensional separations, cutting the sheet after chromato
graphy in the first dimension (see above) and individually developing each section
obtained makes possible a resolution of practically all common mononucleotides on
one plate**.

The novel rechromatography procedure described under Experimental facili
tates further analysis and purification without time-consuming desalting steps.

Although chromatography paper impregnated with poly(ethyleneimine)14,15
resembles PEl-cellulose layers in many respects, a comparison13 clearly shows the
latter to be superior with regard to sensitivity and resolution power. For a comparison
between PEl-paper and other anion-exchange papers, see ref. IS.

Quantitative results
In Table I data are listed which illustrate the reliability and effectiveness of

the direct elution procedure described. The results closely resemble those obtained
with the transfer procedure previously described for glass platess : accurate and pre
cise spectrophotometric determinations of small quantities of individual nucleotides
can be performed. The direct technique, however, is less time-consuming: quantita
tive analysis of a compound can be completed within 75-90 min after separation.
V.V. spectra may also be recorded.

DISCUSSION

The results presented show PEl-cellulose thin-layer sheets to combine advan
tages of both paper and thin-layer chromatography. Due to the thinness of the plastic
material (0.25 mm) used as a support for the anion-exchanger and to the stability
of the layer the sheets can be cut with scissors or a cutting board. They may be folded
without disrupting the layer continuity, and a paper wick may be attached by stap
ling. These three operations make possible the following analytical procedures:

* The solvent used is also capable of separating other nucleoside diphosphate sugars according
to the hexose moiety 13.

** Unpublished experiments.
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OPT had previously been employed by PATTON AND FOREMAN23 as a simple colori
metric agent for the detection of glycine, histidine and tryptophan in paper chromato
grams, it has never been used in detecting histamine chromatographically.

Preliminary tests showed that unless the histamine were in aqueous solution,
i.e. ionized, it did not form a fluorochrome with OPT. It also became apparent that
for ultimate sensitivity the OPT would have to be applied in a solvent in which
neither histamine nor the histamine-OPT condensate would dissolve. Indeed the
following requisites proved desirable for the OPT spray solvent;

(I) Dissolves OPT, and provides stable non-reactive milieu.
(2) Immiscible with water.
(3) Does not dissolve histamine.
(4) Releases OPT to aqueous phase.
(5) Does not interfere with histamine-OPT condensate formation.
(6) Does not dissolve condensate.
(7) Neither fluoresces nor quenches fluorescence.
Over 125 solvents were screened by these seven criteria, and it was found that

xylene, p-xylene and diethyl ether were the best. They met all of the requirements.
<X-Chloronaphthalene and dibutyl carbitol were two other satisfactory solvents, but
xylene and p-xylene proved to be best in general usage. Spraying solutions of OPT
in any of these solvents on an alkaline spot of dilute histamine on Whatman No. I

paper was regularly followed by the appearance of a blue color when viewed under
ultraviolet light (3600 A). This color was faint and evanescent at the greatest dilutions,
apparently due to the photosensitive nature of the condensate formed. It should be
noted that unlike histamine the condensate is thermolabile.

Next, it was shown that OPT in a 0.2-1 %(wjv) concentration gave the optimal
sensitivity. Samples from different companies showed variations, but the best and
most consistent results were obtained by using OPT from California Biochemical
Corporation. Immediately preceding the application of the OPT spray, the chromato
gram was rendered alkaline to promote OPT-histamine condensate formation. For
this, the best spray proved to be 0.2 N sodium hydroxide (fluorescent grade, Hart
man-Leddon Company, Inc.), although a pH II buffer was also satisfactory. Under
exceptional instances, e.g. when using the magnesium silicate plates, this alkaline spray
step could be eliminated.

Using the 0.2 N NaOH-1% OPT p-xylene sprays, sixty papers and thin-layer
plates were screened to see which afforded the greatest degree of spot test sensitivity
(Table II). Magnesium silicate thin layer proved to be the most satisfactory of all the
supportive media studied. Although similar sensitivity could be achieved with other
paper and plates, magnesium silicate gave the most vivid and lasting spot reaction.
Viewing was best done under an intense Wood light.

Having established the technique of o-phthalaldehyde fluorescent spot testing
for histamine, we turned to examine its specificity (Table III). Previous authors had
reported that OPT formed fluorescent condensates with certain biologic compounds.
Under the conditions of testing in our laboratory, only histidine and glutathione
(reduced) were found to interfere significantly. It was found that these two compounds
could readily be separated from histamine by either chromatographic or electro
phoretic means. With this background we turned to the application of the OPT
technique to chromatography and electrophoresis.
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interfering biologic compounds (Table III), it is possible to detect rapidly traces of
histamine in an aqueous medium. With the employment of chromatography of
varying types, it has been possible to isolate and identify histamine with precision.
In our experience, neither paper chromatography nor thin-layer chromatography
was ideal, since sensitivity was relatively low. With the addition of an electrical field,
these techniques became more satisfactory. However, in all of our studies the singular
and best approach was thin-gel electrophoresis. This had all of the advantages of
reproducibility, speed and sensitivity (Table VI and Fig. r). The electrical field re-

TABLE VI

SUMMARY OF RECOMMENDED TECHNIQUES FOR FLUOROGRAM DETECTION OF AQUEOUS HISTAMINE

HYDROCHLORIDE

Alkaline spray followed by I % OPT in p-xylene. l~ead in U.v. light.

Technique Absorbent system Solvent Time Detection
limit (fig)

Spot test: thin-layer plate Magnesium silicate None Instantaneous 0.01
Paper chromatography Whatman No. I Propanol-o.2 N

ammonia (3: I) 3h 1.0
Thin-layer chromatography Cellulose MN 300 Propanol-o.2 N

ammonia (3: I) 30 min 0.1
Paper electrophoresis Whatman No. I Buffer pH 4.6 30 min 0.05
Thin-layer electrophoresis Cellulose MN 300 Buffer pH 4.6 30 min 0.02
Thin-gel electrophoresis Ionagar 1% Buffer pH 4.6 10 min 0.005

suIted in marked separation of all of the interfering substances which give fluorescent
condensates with OPT. Thus in our laboratories this technique has been employed
regularly with success.

Quantitation of the fluorogram has proved to be a difficult problem. None of
the equipment tested by us proved satisfactory, but this is still under study. It is
possible, however, to elute the histamine spot in the chromatogram and reap the
elution photo-fluorometrically.

4-AnOdeO
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c Citrulline
.2 Tryptophan
8 Homocystine
= (Dopa-yellow)

o

o
i

Histidine
Nor-epinephrine
(Dopamine-brown)

OCalhOde-

i
Histamine

Fig. I. Specific separation of histamine on o-phthalaldehyde fluorogram. Thin-gel (agar) electropho
resis (ro min, 200 V, 0.004 ml sample, pH 4.6 buffer). Localization and size of spot drawn to scale.
Dilution limits for identification in 0.004 ml sample: ro-6 histamine, histidine; ro-5 nor-epine
phrine, citrulline, glutathione; ro-4 tryptophan, dopamine, dopa; homocystine (saturated so
lution). Over sixty other biologic compounds gave no fluorescence at dilutions of ro-3 or greater.
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NOTES

Isolation of 1-kestose and nystose by chromatography on a cation
exchange resin

In studies of the transfonnation of sugars in sugar beets during storage it was
desirable to detennine r-kestose [O-",-D-glucopyranosyl-(I -+ 2)-0-,B-D-fructofurano
syl-,B-D-fructofuranoside] quantitatively by measuring the density of spots on chro
matographic paper sheets developed by alkaline silver nitrate. A supply of r-kestose
was required as a standard because different sugars give different densities upon
reaction with alkaline silver nitrate. Kestose is not commercially available, but prep
arations cif several kestoses by paper chromatography and I-kestose by carbon
column chromatography have been described!. Recently BINKLEY isolated both
I-kestose and 6-kestose from cane final molasses by column chromatography with
several different stationary phases2• BINKLEY AND ALTENBURG also isolated a tetra
saccharide fructosyl-I -kestose [0-",-D-glucopyranosy1-(I -+ 2)-O-,B-D-fructofuranosyl
(r -+ 2)-0-,B-D-fructofuranosyl-(I -+ 2)-,B-D-fructofuranoside] which was named nys
tose3. They obtained this sugar from a mixture of oligosaccharides by column chro
matography with granular carbon as the adsorbent.

Procedures described for separating sugar mixtures! include paper chromato
graphy', gas-liquid partition chromatography5, thin-layer chromatographY', gel
filtration', and chromatography on ion exchange resins8• Chromatography on ion
exchange resins appears to be one of the simplest methods available and it seemed
worthwhile to describe the preparation of crystalline I-kestose and nystQse by this
procedure.

Experimental
Preparation of oligosaccharide mixture. After the method of GROSS2, 20 g of

sucrose in 8000 of water and 0.2 M phosphate buffer (200) of pH 7 was incubated
48 h with a dialyzed solution of Taka-diastase* (ro g) in water (50 ml) for 24 hat 20°,
boiling for 3 min stopped the reaction. The solution was freed from coagulated protein
by filtration.

Paper chromatography. Paper chromatography was run in the organic layer of a
mixture of I-butanol, glacial acetic acid, and deionized water (4: I: 5, v{v). A sample
of I JLI (about IO % solids) was placed on Schleicher & Schlill No. 2043-B paper sheets
and allowed to develop descending for 20 h. Air-dried papers were dipped in an
indicator containing I ml of saturated silver nitrate in 200 00 of acetone, dried, and
dipped in 0.5 % sodium hydroxide in ethanol. The sheets were air dried for about I h,
then dipped first into saturated sodium thiosulfate in 60 % alcohol and then into
60% ethanol. The alcohol-washed chromatograms were dried in air.

Separation of oligosaccharides. A column 4.5 cm across X I67 cm high with a
coarse fritted disc as a support was prepared. The resin bed (4.5 cm X r22 cm) was
fonned from slurry of 200-400 mesh Dowex SoW X4 (4 % cross-linkage with divinyl
benzene in the K+ form). The resin was conditioned and eluted with 0.2 % potassium
benzoate to prevent microbial growth and 2.5 mmoles 'each of glucose, sucrose, and

• Diastase, Pharmaceutical Grade (Aspergillus oryzae) , Mann. Research Laboratory, Inc.,
New York 6, N. Y. Reference to a company or product name does not imply approval or recom
mendation of the product by the U. S. Department of Agriculture to the exclusion of others that
may be suitable.
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when the acids were run on a column with no liquid phase, they were completely
eluted in less than I5 ml. The column packing consisted of Haloport F (I5 parts),
silicone DC 550 (2 parts) and behenic acid (0.2 parts) and contained about the same
weight of liquid phase as that prepared on Chromosorb W. This column was run with
a flow rate of 30 mljmin except that I5 mljmin was used for testing performance. The
curves obtained after 0,24,72 and I44 h with dry gas are shown in Fig. 8. Wet nitrogen
was then passed through the same column. There was no immediate change but some
improvement was evident after 5 h (curve A, Fig. 9) and after 48 h (curve B, Fig. 9)
the performance was almost as good as when freshly prepared. Further evidence
that the support was not involved in the deterioration of the Chromosorb W-silicone
oil-behenic acid packing was provided by the observation that wetting the carrier
gas had no apparent effect on the adsorption of acids by a Chromosorb W column with
no liquid phase.

The results obtained with the Haloport F column and the column packed only
with Chromosorb W implicated the liquid phase as the source of instability when dry
carrier gas was used. To determine whether one or both components were involved,
columns were prepared in which each component of the liquid phase was omitted in
turn.

Chromosorb W-silicone DC 550 packing
This packing consisted of acid-washed Chromosorb W, batch II (IO parts) and

silicone DC 550 (4 parts). Performance was tested at a flow rate of IO mljmin, other
wise the flow rate was 30 mljmin. Curve A (Fig. IO) was obtained with the freshly
prepared column and there was no apparent change in performance after 48 h. Wet
nitrogen was then used and the performance slowly improved. After 144 h there was
some resolution of six of the seven acids (curve B, Fig. IO). Thereafter no further
improvement took place.

Chromosorb W-behenic acid packing
This packing consisted of acid-washed Chromosorb W, batch II (IO parts) and

behenic acid (0-4 parts). The flow rate was maintained at 30 mljmin but performance
was tested with a flow rate of IO mljmin. Curve A (Fig. II) was obtained when the
freshly prepared column was run with wet nitrogen. Formic and acetic acids were not
resolved and most of the acids appeared to tail badly. Later it was found that formic
acid tailed so badly on columns prepared with batch II Chromosorb* that it over
lapped all the acids of the test mixture except n-valeric acid. Consequently a mixture
containing acetic, propionic, n-butyric and n-valeric acids was used for testing
performance and curve B (Fig. II) was obtained after 72 h. Dry carrier gas was then
used and after 24 h operation curve C (Fig. II) was obtained. The column was run for
a total of I68 h without any apparent deterioration.

Chromosorb W-paratfin oil-behenic acid packing
Although the experiments described above clearly show that the deterioration

* This material was later found to contain appreciable quantities of acid-soluble iron which
may have caused tailing of formic acid. With the exception of the behaviour of formic acid, columns
prepared with silicone oil-behenic acid on batch II Chromosorb W exhibited the same loss of
resolving power under dry conditions and restoration with wet carrier gas, as those prepared with
batch I.
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of silicone oil-fatty acid packings under dry conditions is attributable to the silicone
oil, further confirmation was sought by re-placing the silicone with paraffin oil. The
packing consisted of acid-washed Chromosorb W, batch II (10 parts), paraffin oil
(4 parts) and behenic acid (0-4 parts). The column was operated with dry carrier gas
at a flow-rate of 30 ml/min. No change in performance was apparent after 72 hand
excellent separation as shown in Fig. 12 was obtained.

Effect of water in the sample
In view of the improvement effected by adding water to the carrier gas and

the conflicting reports about the effects of water in the sample, a few experiments
were carried out to determine the effect of water in the sample on the separation by
a silicone oil-behenic acid-phosphoric acid column, using wet carrier gas. A freshly
prepared column was used and curves A, B, C and D (Fig. 13) were obtained when
0, I, 2 and 4 ,ul of water, respectively, were added to I ,ul samples of fatty acid mixture.

That the effects observed were not due to deterioration of the packing was
demonstrated by subsequent application of an anhydrous sample, which gave 2.

curve practically identical to curve A, Fig. 13. Amounts of water up to I ,ul did not
interfere with the separation but amounts in excess of this caused poor separations.
particularly of the lower acids.
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Fig. 13. Effect of water in the sample on the separation of a mixture of C1 to Cs acids on a column
of 40% (w/w) silicone DC 55°,4% (w/w) behenic and 4% (w/w) orthophosphoric acids on acid
washed Chromosorb W (batch II). Samples: I ,ul mixture of acids without added water (A) or with
the following amounts of water added: I ,ul (E), 2 ,ul (C) and 4 ,ul (D). Wet nitrogen flow rate:
15 ml/min. Column temperature: 130 ± 1°. Acids: as in Fig. I.

DISCUSSION

The results of the present study clearly show that silicone oil-stearic acid and
silicone oil-behenic acid stationary phases have very short useful lives under dry
conditions at 130°. Deterioration can be prevented by continuously adding a small
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amount of water to the carrier gas or by incorporating a small amount of ortho
phosphoric acid in the stationary phase. The latter modification, however, may cause
partial decomposition of any formic acid present in the sample5• The satisfactory
performance of freshly prepared columns is probably due to the presence of small
amounts of water which, however, are eluted from the column during the first few
hours of operationS.

The experiments reported above clearly show that the silicone oil component
of these packings is a source of instability under dry conditions. The possibility that
the Chromosorb W support is also involved has not been eliminated completely.
However, the performances of the paraffin oil~behenic acid and the lightly loaded
behenic acid columns strongly suggest that the support is not involved.

KELLER, BATE, COSTA AND FORMANll have reviewed the literature dealing with
changes which occur in the immobile liquid phase during gas-liquid chromatography.
The effect of these changes on retention volumes was discussed further by KELLER AND
STEWART12• The stationary phase of a gas chromatographic column may undergo
physical and chemical changes during use. KELLER AND STEWART12 classified as
physical changes, those which change the total amount of liquid and/or its distribution
on the support. It is conceivable that physical changes as defined by KELLER AND
STEWART12 could, on the Chromosorb W support, give rise to adsorption effects which
would be reversed by addition of water to the carrier gas13. However, the fact that the
resolving power of the silicone-behenic acid phase was lost also on the non-adsorptive
support, Haloport F, under dry conditions, shows that deterioration was not due to
unmasking of adsorption sites by movement of liquid phase.

KELLER et alP cited a number of reports of chemical changes in silicone liquid
phases but most of these changes were observed at temperatures considerably higher
than 130°. The loss of resolving power under dry conditions and its restoration by
water suggest that the changes observed in the present study may involve dehydration
and hydration reactions in the liquid phase. MARTINl4,15 proposed that adsorption
of the solute can occur on the surface of the liquid phase as well as on the surface of
the support.

If carboxylic acids are adsorbed at the liquid-gas interface under dry con
ditions, then addition of water or phosphoric acid to the system presumably prevents
this by saturating the adsorption sites. It might be expected that even under dry
conditions the adsorption sites would be masked by the behenic acid in the stationary
phase. However, the long hydrocarbon chains of the behenic acid molecules may
prevent them reaching adsorption sites at the gas-liquid interface. Some evidence
consistent with this is McINNES' observation3 that longer chain volatile acids (heptanoic
to decanoic) can be separated on DC 550 silicone columns.

The necessity for using a wet carrier gas with silicone oil-behenic acid (or
stearic acid) columns for separation of volatile fatty acids precludes their use with
detectors that respond to, or are dampened by water (e.g. thermal conductivity and
argon ionisation detectors*) : If formic acid is absent from the samples, loss of resolving
power may be prevented by including phosphoric acid in the stationary phase. Some
of the difficulties associated with the separation of mixtures containing formic acid
have been discussed5,1O.

* FOSTER AND MURFIN16 recently reported that the response of the hydrogen-flame ionization
detector too, is depressed by water.
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(2) En admettant que ces echanges existent et que la colonne en soit la cause,
si nous faisons varier Ie temps de contact, en affichant une temperature initiale plus
ou moins elevee et en operant aune vitesse de programmation plus ou moins grande,
nous devrions observer des modifications dans les proportions relatives des differents
pics. Rien de tel ne se produit et, aux erreurs d'experiences pres (de l'ordre de 5 %),
les surfaces respectives sont equivalentes d'une experience al'autre comme Ie montre
Ie Tableau 1.

TABLEAU I

Gaz vecteur: Azote 47.5 mljmin. Temp. injecteur: 325°.

TO Progr. Temp. elution des 3 %Caleule par triangu- Temps d'elution des 3
depa1't pies lation pies

200 0 +4° 310 319 325 35·7 54. 2 10.1 3o/ ro" 32 '3 2 /1 34'12"
200

0 +3° 3°2 310.5 318 38 54·3 7·7 39'03" 4 2 / 22 /1 44'37"
225° +4° 308 317.5 324 32 5S 13 22'36" 24'oS" 26'S2"
22So +3° 3°1 310 317 34·3 S3·7 12 28'S9" 32'18" 34'33"
22So +2° 294 3°2 31S 38 S2·S 9·S 38'13" 44'08" 4]'2]"
2S00 +4° 306 3 1S 321.5 34·7 so.8 14·S IS'44" 18'06// 19'46"
2500 +3° 3°0 3°9 3 1S 32-4 53. 1 14·S 19'39" 22'5 0 /1 2S'OS"
2S00 +2° 294 3°1 308 34·7 S4 11.3 24'30'1 28'45" 32'1 I"

27So +4° 307·S 315 321 32.1 S1.6 16·3 8'4S" 10'46" 12'25"

27So +3° 3°1 3°9 3 I S 30 .3 S3·7 10 10/3 2 " 13'22/1 IS'30"
275° +2° 296 302 ·S 308 30 .6 S3· 6 IS·8 12'04" 15'44" 18'42"
27So + 1° 288 293·5 298 31.4 52.9 IS·7 15'02" 20'57" 2S'48"

(3) Les spectres I.R. du produit de depart et du produit recupere en totalite
a la sortie de la colonne, effectues en solution ameme concentration, sont identiques
qualitativement et quantitativement a l'exception d'une legere alteration, dans Ie
spectre du produit recupere vers 1710 cm-I. On observe d'ailleurs la meme alteration,
insignifiante dans Ie spectre d'un glyceride simple, pur, recupere apres chromato
graphie.

(4) Le chromatogramme du glyceride SP 2 comporte trois pics (Fig. 3) dont
nous avons attribue l'origine, dans l'ordre, aux glycerides P a (3IIO), SP 2 (320°),
S2P (327°); chacun de ces pics a ete "piege" a la sortie de la colonne, operation
delicate etant donne la resolution relativement faible et la quantite de substance
injectee reduite et qui a demande des chromatographies repetees.

Chacun des produits ainsi recuperes a ete identifie de la fa<;on suivante:
(a) Nouvelle chromatographie en phase gazeuse: on obtient alors un seul pic

elue a la temperature initialement observee dans Ie chromatogramme du produit de
depart.

(b) Transformation des acides gras constitutifs des glycerides en esters methyli
ques et determination quantitative de la composition du melange ainsi obtenu.
Les resultats rassembles dans Ie Tableau II, compte tenu du fait que la proximite
des pics sur Ie chromatogramme du glyceride SP 2 ne permet pas une recuperation
excIuant rigoureusement les produits voisins, confirment qu'il s'agit bien de la structure
assignee d'apres la temperature d'elution.

Nous pensons ainsi avoir demontre qu'un glyceride mixte prepare par la me-
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(309°) et du tristearide (319°) pour des conditions operatoires de colonne et de pro
grammation de temperatures identiques bien entendu.

La separation des glycerides P 3, SP2, S2P et S3 est relativement aisee (Fig. 4) et
apporte ainsi une premiere preuve du bien fonde des suppositions faites par divers
auteurs dans l'interpretation des chromatogrammes de glycerides d'huiles naturelles.

CONFIRMATION DES RliSULTATS PAR CHROMATOGRAPHIE EN COUCHES MINCES

Les differents composes ont ete testes par la methode de KAUFMAN et af.9.

Cette methode, d'emploi tres different n'a pu etre valablement exploitee que dans Ie
cas des triglycerides d'acides myristique et palmitique.

Les chromatogrammes obtenus sont representes Fig. 5.

Methode A Methode B

MP2 PM 2 P3 MPz PM z M 3
a b a b

0 0 0

C:· t"'\ 0 0 0--'

D 0
, .... -, ,-,

0,-- I , '
'-'

0 D 0

Fig. 5· Chromatographie en couche mince selon KAUFMANN et a,l.9 des triglycerides derivant de,
acides myristique et palmitique prepares par les methodes A et B.

Les chromatogrammes de la partie gauche de cette figure se rapportent aux
produits resultant de la methode A, les designations a et b indiquant que la synthese
a ete faite respectivement apartir d'un mono ou d'un diglyceride.

Ces chromatogrammes montrent dairement que la methode A conduit bien aun
melange de triglycerides, et confirment les resultats de la chromatographie gazeuse.

Dans la partie droite de la Fig. 5, les composes MP 2 et PM 2 prepares selon la
methode B, et les deux triglycerides homogenes M3 et P 3' servant de temoins pour les
chromatogrammes de la partie gauche, ne donnent effectivement qu'un seul spot, con
firmant la purete des produits obtenus par cette methode.

CONCLUSIONS

La chromatographie en phase gazeuse et, conjointement, la chromatographie
en coudle mince, ont permis de montrer d'une fa<;:on certaine que la methode A de

J. Chromatag., 22 (1966) 266-273







274 JOURNAL OF CHROMATOGRAPHY

GAS-LIQUID CHROMATOGRAPHY OF SUBMICROGRAM AMOUNTS OF
DRUGS

1. PREPARATION, SCOPE AND LIMITATION OF COLUMNS

COLIN McMARTIN AND HAROLD V. STREET

Department of Forensic Medicine, University of Edinburgh (Great Britain)

(Received October 25th, 1965)

For certain aspects of toxicological work, it is essential to be able to carry out
analyses rapidly. If gas-liquid chromatography is to be used in such analyses, the
retention times of the drugs involved must, therefore, be made quite short. Retention
times may be reduced by (a) using a high flow-rate of carrier gas, (b) shortening the
column, (c) raising the column temperature or (d) reducing the percentage of liquid
phase on the column. However, (a) and (b) are limited because if the flow-rate is too
high or the column too short the resolving power of the column is lost, and there is an
obvious limitation under (c) depending on the thermal stability of the stationary
phase and of the sample. This means that support material coated with a small
amount of a non-polar liquid phase must be used if short retention times are to be
obtained for polar compounds of high molecular weight. Unfortunately, the use of
column packings prepared from diatomaceous earth coated lightly with non-polar
liquids for gas chromatography of drugs and other polar compounds results in an
unsatisfactory peak shape, manifested by a sharp leading edge and a flat trailing
edge which returns slowly to the baseline. When smaller samples are used, the time
between injection and peak maximum increases and the peak shape is more distorted.
Use-preconditioning may also occur. These effects can be explained in terms of ad
sorption of the sample by the surface of the support material. Drugs with hydrogen
atoms capable of forming hydrogen bonds seem to be adsorbed strongly and this
would suggest that adsorption may involve hydrogen bond formation. Several
attempts to reduce this adsorption have been described.

Various support materials have been investigated by other workers. Of these,
supports prepared from diatomaceous earth seem to have been used most widely
and a number of ways of treating calcined diatomaceous earth have been reported.
Using glass microbeads PARKER, FONTAN AND KIRK! found that the resolution of the
column was poor and peak tailing occurred. A support material prepared from "Tide"
was described by DECORA AND DINNEEN2 and shown to give better results than an3
acid-washed support prepared from diatomaceous earth. SMITH AND RADFORD
compared a number of diatomaceous supports and showed that the adsorption by
firebrick was greater than that of several flux-calcined products.

Acid-washing of support material was described by JAMES AND MARTIN4 in
an early paper on gas chromatography. Celite was washed with concentrated hy
drochloric acid and then with water until neutral. The function of acid-washing
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ENHANCEMENT AND MODIFICATION OF ISOTOPE FRACTIONATION

DURING THE PARTITION CHROMATOGRAPHY OF 3H AND 14C LABELED

STEROIDS·

VACLAV CEJKA**, ELIZABETH M. VENNEMAN AND NEL BELT-VAN DEN BOSCH

Department of Internal Medicine***, University of Amsterdam, Binnengasthuis, Amsterdam (The
Netherlands)

AND

PETER D. KLEIN

Division of Biological and lYledical Research, Argonne National Laboratory, Argonne, Ill. (U.S.A.)

(Received October 12th, 1965)

There is a growing awareness of the occurrence of isotope fractionation during
preparative or analytical resolution of labeled steroids by chromatographic means.
Such instances have been observed by JENSEN AND JACOBSEN1 for estradiol-4-14C and
estradiol-r,z-3H in paper chromatographic systems; byTAIT2, CEJKA AND VENNEMAN3

and by LARAGH, SEALEY AND KLEIN4 for aldosterone-r,z-3H diacetate-r-14C on celite
columns and paper chromatograms, and by KIRSCHNER AND LIPSETT5 for testoste
rone-r,z-3H acetate-r-14C on gas-liquid chromatograms. The general occurrence of
such fractionation in analytical separations has recently been reviewed by KLEIN6 •

Isotope fractionation of doubly labeled steroids is a particularly vexing con
sequence in the separation processes when isotope dilution measurements are being
carried out, since the anticipated criterion of purity (a constant isotope ratio) is not
to be found. LARAGH, SEALEY AND KLEIN4 have described the mathematical basis for
determining the isotope dilution when isotope fractionation is present, but an alter
native approach is to ascertain whether the degree of fractionation itself can be al
tered. Such an approach, if fruitful, might also yield information on the mechanism(s)
whereby one isotopically substituted steroid exhibits a different mobility from the
same steroid with a different label.

One indication that the isotope fractionation of aldosterone-r,z-3H diacetate
from aldosterone diacetate-r-14C might be modified by experimental circumstances
came to light in an exchange of data between the Binnengasthuis and Argonne
Laboratories. In the system used by CEJKA AND VENNEMAN, the displacement
between the 3H and 14C forms was 1.85 % whereas LARAGH AND SEALEY (at Columbia
University College of Physicians and Surgeons) had found the displacement to be less
than half as much: 0.65 %. A point-by-point comparison of procedures suggested that
the composition of the stationary phase influenced the degree of separation and that
further modifications might be possible. The present report is a verification of this
possibility.

* Work supported in part by the U.S. Atomic Energy Commission.
** Present address: Division of Biological and Medical Research, Argonne National Labora

tory, Argonne, Ill., U.S.A.
*** Head: Prof. Dr. J. G. G. BORST.
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TABLE II

V. CEJKA, E. M. VEKNEMAN, N. BELT-VAN DEN BOSCH, P. D. KLEIK

ISOTOPE FRACTIONATION FACTORS DETERMINED FROM ISOTOPE RATIO MEASUREMENT FOR ALDOSTE

RONE-4-14C AND ALDOSTERONE-I,2-3H ON VARIOUS STATIONARY PHASES

Run H 2O IO % Methanol 30 %M et~anol 50 % Methanol 80 % Methanol

LlM% ± S.E. LlM% ± S.E. LlM% ± S.E. LlM% ± S.E. LlM% ± S.E.

I 0·73 ± 0.07 1.50 ± 0.14 1.32 ± O.II 1.53 ± 0.07 0.88 ± 0.10

2 0.68 ± O.II 1.63 ± 0.10 1.53 ± 0.17 1.73 ± 0.15 1.05 ± 0.10

3 0.85 ± 0.04 1.43 ± 0.06

4 1-47 ± 0.06

Average 0.75 ± 0.06 1.56 ± 0.06 1.41 ± 0.09 1.54 ± 0.09 0.96 ± 0.08

A similar series of columns was packed and run to determine the effect of the
stationary phase composition of the separation of 3H-cortisone from 14e-cortisone.
The column data for these runs are shown in Table III and the displacements ob
tained are shown in Fig. 3. Aneven more striking effect of the methanol concen
tration can be seen in the region of 10 % methanol, where the fractionation effect
attains a value of more than 3 % and then declines to less than 0.3 %at 80 % methanol.

The effect of the stationary phase composition on the log retention volume of
aldosterone and cortisone is shown for .a standardized column length of 40 cm in
Fig. 4. Instead of the anticipated straight line, there are two components to the
relationship, one decreasing the retention volume, the other maintaining or increasing
it. These intersect somewhere in the region of 30 % methanol for both steroids. Further
more, cortisone, which is less polar than aldosterone and should be expected to have
a lower retention volume at all methanol concentrations, displays an anomalously
high retention volume on those columns in which water is the stationary phase. There
is, however, no anomalous behavior in either series ascribable to, or related to,
the changes in isotope fractionation.

TABLE III

CHROMATOGRAPHY OF CORTISONE-I,2-3H AND CORTISONE-4-14C ON CELITE PARTITION COLUMNS

WITH VARIOUS STATIONARY PHASES

Stationary phase Column Retention volume (ml) ± S.E. Dispersion (ml) ± S.E.
length
(em) 14C 3H HC 3H

H 2O 15 241.54 ± 0.20 243-40 ± 0. I 7 12.70 ± 0.20 13.20 ± 0.18

249.66 ± 0.14 251.35 ± 0.22 13.56 ± 0.16 13·53 ± 0.23

lO % methanol 15 52.14 ± 0·°7 53.38 ± 0.13 5.24 ± 0.08 4·93 ± 0.14

52.56 ± 0.04 53.73 ± 0.22 4.36 ± 0·°5 4-42 ± 0.28

30 % methanol 4° 58.35 ± 0.05 58.92 ± 0·°5 3.18 ± 0·°5 3.23 ± 0·°5
60.39 ± 0.02 60.86 ± 0.02 3.52 ± 0.02 3.54 ± 0.02

50 % methanol 4° 82.lO ± 0.12 82.47 ± O.II 4.63 ± 0.12 4-42 ± O.II

78.46 ± 0.08 78.90 ± 0·°4 4.02 ± 0.07 3.87 ± 0·°3

80 % methanol 60 166.48 ± 0.03 167.°4 ± 0.05 7.32 ± 0·°3 7.18 ± 0·°5

149.19 ± O.lO 149·74 ± 0.04 7.02 ± 0.10 6.67 ± 0.04
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thickness of 280 /k. After air drying, the plates were activated in an oven at 7So for
30 min. Acetone solutions (I-2 /kl containing S-IO /kg) of test substance were applied
along a line 2.S cm from the lower end of the plate and developed by the ascending
method, till the solvent front was about 13 cm from the starting line. After evapo
ration of the solvent, the spots were located on the plate by spraying with one of the
chromogenic reagents, then exposure of the plates to ammonia vapors.

The developing solvent systems utilized were:
(A) 2.S % acetone in benzene.
(B) Toluene-ethyl acetate (I: I).

Detecting reagents were:
(I) TCNE reagent: 2 % tetracyanoethylene in benzene.
(2) DDQ reagent: 2 % 2,3-dichloro-S,6-dicyano-I,4-benzoquinone in benzene.
(3) Chloranil: I % tetrachloro-p-benzoquinone in benzene.
(4) N,2,6-Trichloro-p-benzoquinoneimine: 2 % solution in ethanol.
(S) Gibbs reagent: 2 % 2,6-dibromo-N-chloro-p-benzoquinoneimine in benzene.

Materials
Compounds I, 14, 2I, 33, 3S, 41-43, chloranil and 2,3-dichloro-S,6-dicyano-I,4

benzoquinone were obtained from J. T. Baker Chern. Co., Phillipsburg, N.]., USA;
compounds 2,3,S,7,8,II-I3, IS, 16, 19, 20, 22, 23, 28, 32, 39, 40, 4S, and 46 were ob
tained from K & K Laboratories, Inc., Plainview, N.Y., USA; compounds 4, 9, IO,
24-27,30, 3I, 34,36-38 and 44 from Aldrich Chemical Co., Milwaukee, Wisc., USA;
compound 29 from FMC Corporation, Middleport, N.Y., USA; tetracyanoethylene,
N,2,6-trichloro-p-benzoquinoneimine, and 2,6-dibromo-N-chloro-p-benzoquinone
imine from Eastman-Kodak Laboratories, Rochester, N.Y., USA; compounds 6, 17
and 18 from Wateree Chemical Co., Lugoff, S.c., USA.

RESULTS AND DISCUSSION

Tables I and II depict the spot colors of various classes of sulfur compounds
on paper and thin-layers utilizing detecting reagents I-S, followed by exposure of
the chromatograms to ammonia vapors.

A number of general observations as to their chromogenic behavior to the
variety of detecting reagents can be made.

1. Sulfoxides are more reactive than sulfones toward the detecting reagents
screened both on paper and thin layers, e.g. sulfoxides yield immediate colors whereas
the sulfones are detected after several minutes or require development at 80°. The
greater chemical stability of the sulfone group as compared to the lower oxidized
state (sulfoxides) is well recognizedso- s3. Sulfoxides have been found to form strong
hydrogen bonds with alcohols54 and phenolss4- s6 in addition to forming complexes
with iodine57, iodine cyanide58 and antimony pentachloride59• Sulfones, conversely,
are weaker bases (poorer donors) due to the net decrease in the electron density on
the sulfur and oxygens57 •

2. The substituted p-benzoquinone type detectors, e.g. DDQ reagent (detector 2)
and chloranil reagent (detector 3) were more sensitive than the halogenated quinone
imine detectors. The Gibbs reagent and N-2,6-trichloro-p-benzoquinoneimine, with
the DDQ reagent being the detector of choice for the differentiation of sulfoxides,
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sulfones and sulfides both on paper and thin layers. DDQ has been shown to be a
strong electron acceptor readily forming complexes with suitable electron donors60 ,61.

The oxidative potential of DDQ is about 1.0V compared with 0.7r V for chloranil62 ,63

suggesting the more active role of the former reagent towards complex formation.
ANDERSEN64 has indicated the utility of DDQ for the detection of aromatic amines,
hydrocarbons and phenols on paper chromatograms, with the resultant color reaction
being attributed to the formation of n-complexes. The hypothesis is advanced that in
the case of sulfoxides (although sulfur as well as oxygen possesses a lone pair of
electrons)57, 58 complexing with DDQ may occur via oxygen, as in the previously
noted complexes of sulfoxides with iodine and phenols57.

3. The halogenated quinoneimine reagents studied in this work (detectors 4 and
5) as well as the TCNE reagent also exhibit usefulness for the differentiation of sulfox
ides, sulfones and sulfides on silica gel chromatoplates, both before and following
ammonia-vapor exposure. SEARLE65 and McALLISTER66 have indicated the ability of
quinoneimine reagents to form complexes with glyoxaline-2-thiols and 2-alkylthio
glyoxalines, respectively. The TCNE reagent has been previously shown to form
colored complexes with a variety of aromatic hydrocarbons67,68.

4. Sultones and alkyl thiols also tested, were shown not to interfere in the differ
entiation of sulfoxides, sulfones, and sulfides, by the detection reagents utilized in
this study.

5. The exposure of both paper and thin-layer chromatograms to ammonia
vapors (after the application of the detector reagents) generally resulted in the accen
tuation of spots. GRAHAM69 had previously noted the utility of ammonia exposure
after the utilization of N-(p-dimethylaminophenyl)-rknaphthoquinoneimine for the
detection of halogenated aromatic hydrocarbons on paper chromatograms.

Table III illustrates the Rp values of sulfoxides, sulfones and sulfides as deter
mined in the two solvent systems on silica gel DF-5 chromatoplates. For both the
2.5 % acetone-benzene and toluene-ethyl acetate (r: r) systems the Rp relationships
of the above moieties is as follows:

(a) sulfides> sulfones > sulfoxides; (b) for the substituted aryl sulfones; p
chlorophenyl > p-fluorophenyl > p-aminophenyl; (c) for the isomeric aminophenyl
sulfones; m-aminophenyl > p-aminophenyl.

For the alkyl sulfoxides, sulfones and sulfides studied, utilizing both solvent
systems, there is essentially a linear relationship when the Rp values are plotted
versus the number of substituent carbon atoms, with the Rp values increasing with
increasing chain length.

Although the separation of n-, iso-, and tert.-butyl sulfides can be affected by
both solvent systems, neither system could resolve iso- and sec.-butyl sulfides or
iso- and sec.-butyl sulfones.
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SUMMARY

L. FISHBEIN, J. FAWKES

The chromatogenic and chromogenic behavior of II sulfoxides, 20 sulfones and
14 sulfides is described. Useful differentiation of these compounds can best be accom
plished using 2,3-dichloro-5,6-dicyano-1,{-benzoquinone or tetracyanoethylene
detecting reagents. Separation has been accomplished on thin-layer chromatograms
utilizing a toluene ethyl acetate (I: I) or 2.5 % acetone-benzene solvent system.
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THIN LAYER CHROMATOGRAPHY OF INDOLYL-ACRYLYL-GLYCINE

AND OTHER URINARY INDOLES

1. L. HANSEN AND M. A. CRAWFORD'

Department of Physiology, Makerere University College Medical School, Kampala (Uganda)

(Received September 27th, 1965)

It has been shown that apparently healthy people in both East and West Africa
utilizing the plantain (Musa sp.) as a staple food, excrete indoles to an extent which
would be considered as pathological in individuals living on a European type of dietl-2 •

The plantain contains large amounts of s-hydroxytryptamine (S-HT) (ca.
So p..g/g pulp) which is excreted mainly as s-OH-indolyl-acetic acid (S-HIAA). The
presence in the urine of other S-HT metabolites such as S-HIAA-glycine and -glucu
ronide, N-acetyl-S-HT-glucuronide and s-OH-tryptophol has been reported in the
literature3 , 4, 5. Further it has recently been shown that urine from banana-eaters
frequently contains indolyl-acrylyl-glycine6, a substance which so far only has been
found in large amounts in the urine of Hartnup disease7•

In order to investigate the reasons for the presence of the indolyl-acrylyl-glycine
in the urine it therefore became necessary to establish a simple and rapid technique
for identification of this and other indoles.

Routine determinations of urinary indoles have so far mainly been carried out
by paper chromatographyS; however, the development of thin layer chromatography
offers excellent possibilities for efficient and rapid separations. The present investiga
tion was carried out to separate indolyl-acrylyl-glycine and some of the most common
urinary indoles by thin layer chromatography.

MATERIALS

Adsorbents
Kieselgel G according to Stahl;
Kieselgel GF254 according to Stahl;
Kieselguhr G according to Stahl;
Aluminiumoxyd G according to Stahl.

Solvents
Analytical grade reagents were used without further purification.

Standards
The non-conjugated indoles examined (S-HT as creatinine-sulphate and trypt

amine as HCl) were available from commercial sources.

, Present address: Department of Biochemistry, Nuffield Institute of Comparative Medicine,
Regent's Park, London, N.W.1.
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(A) I ndolic acids
Medium I: Diethyl ether-petrol ether (60-80 0 )-formic acid (75:25:2).
Medium Ia: Diethyl ether-petrol ether (60-80 0 )-acetic acid (75:25:2).
Medium VII: Diethyl ether-acetic acid (100: I).
Indolic acids were separated in acidic systems containing small amounts of

either acetic or formic acids. It is known that the indole nucleus is unstable in pres
ence of strong acid and it would be natural to prefer the weaker acetic to the formic.
Since double chromatography (i.e. 2-dimensional chromatograms using the same
solvent in both directions) did not show any decomposition of 4 of the 5 indolic acids
examined, and since formic gives sharper spots than acetic acid, system I was pre
ferred.

Two spots could be detected after chromatography of indolyl-acrylic acid with
either of the systems I and I a. Bands of the two substances located under V.V. were
eluted from the Kieselgel GF 254 layer with acetone-water (I: I). In both cases
chromatography of each of the two fractions resulted in two spots identical with the
original. Repetition of this procedure with either spot reproduced two spots at the·
original RF values; on elution V.V. absorption peaks were identical for both spots.
It was therefore assumed that the presence of the two spots on the chromatograms
was due to isomerization rather than to decomposition.

The presence of two isomers could be explained by the fact that indole
in solutions will normally be present in both the indole and indolenine form
(see Fig. I).

Since the double-bond in the side-chain in indolyl-acrylic acid is conjugated
with the double bond in the pyrrole ring, it is possible that both the cis and trans form
of the indolyl-acrylic acid could be found in a tautomeric equilibrium.

H" c.....H
/~C= "COOH

l~"w~
I

H

Fig. 1. Diagramatic representation of the possible tautomeric rearrangements of indolyl-acrylic
acid which could give rise to the cis-trans isomers and double spots on the chromatogram.

It was obvious that the amount of the less polar and less stable of the two
isomers increased during storage of a solution. A double chromatogram also suggested
that isomerization took place during the chromatographic procedure. Attempts to
further prove the assumed isomeric character of the two spots were considered to be
outside the scope of the present investigation.

The solvent systems I and I a were the only ones of the systems investigated
which were able to separate both indolyl-propionic acid, IAA, indolyl-acrylic acid and
5-HIAA. It was, however, not found possible to obtain separation between indolyl
lactic acid and 5-HIAA. Separation of these two substances would be achieved using
system VII.

These three systems will only allow migration of indolic acids whereas the other
indolic groups B-D plus urea remain at origin.
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C. MICHALEC, Z. KOLMAN

Syste'm 2

This system gives a very clear separation of CMRS and CDRS and is very
suitable in cases where the sulfatide fraction was purified from other sphingolipids
by column chromatography.

Fig. 3. Separation of human blood serum sphingomyelins by continuous paper chromatography
on Whatman No. 3 paper impregnated with silica gel in System 1 visualized with acid fuchsin
uranyl nitrate. 1 = SPH1S ; 2 = SPHu '

Fig. 4. Separation of sulfatides on Schleicher and Schiill No. 289 paper impregnated with silica
gel in System 3. Detection: pinacryptol yellow and cresyl violet. A = sulfatide fraction from
human kidney; B = sulfatide fraction from human brain. 1 = CMHS; 2 = CDHS.

System 3
This offers the same resolution as System 2 for CMRS and CDRS but the mobili

ties are higher. CMR, CDR and CTR are also separated but without further subfrac
tionation. If this system was used two-dimensionally with System I an excellent
separation of cerebroside fractions was obtained. The spots on silica gel impregnated
paper are more compact than on untreated paper as described by SVENNERHOLM5•

System 4
This is advantageous for the differentiation nonhydroxy and hydroxy fatty

acid fractions in the CMR fraction. In this system the mobilities of these two frac
tions are very different. Other sphingolipids remained near or on the start line.

Systems
The system which consists of chloroform and acetone with the addition of

propionic acid permits satisfactory separation of CMRS fractions with nonhydroxy
and hydroxy acids. A two-dimensional technique using System 3 for the first dimen
sion and System 5 for the second makes a complete separation of all sulfatide frac
tions possible (Fig. 5).

System 6
The characterization of individual ganglioside fractions is possible with this
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Fig. 5. Two-dimensional chromatography of human kidney sul£atides on Schleicher and Schiill
No. 289 paper impregnated with silica gel. First dimension: system 3; second dimension: system 5'
Detection: pinacryptol yellow and cresyl violet. I = CMHS-N; 2 = CMHS-OH; 3 =' CDHS·

Fig. 6. Two-dimensional chromatography of human brain gangliosides on Schleicher and Schiill
No. 289 paper impregnated with silica gel. First dimension: system 3; second dimension: system 6.
Detection: cresylviolet. I = G6 ?; 2 = G;; 3 = GJ ; 4 = G3 ; 5 = G 2 ; 6 = G1 .

system. All fractions below G4 are well separated but have high mobilities. Disialo
and trisialogangliosides eventually aminoglycolipids are only partially resolved.
An increase of methanol and ammonium hydroxide concentration (e.g. chloroform
methanol-12.5 % ammonium hydroxide, 12:8:2.0) leads to the separation of the
trisialogangliosides into 3 fractions and the disialogangliosides into 2 fractions.
Ganglioside fractions below G4 remained unseparated and run near to or with the
solvent front as the other sphingolipids. The solvent mixture chloroform-methanol
12.5 % NH40H (10: 3: 0-4) is especially useful for monosialogangliosides, which it
separates into 3 fractions. Other gangliosides remain at the start.

The two-dimensional combination (first dimension: system 3; second dimen
sion: chloroform-methanol-12.5 % NH40H, 12: 7: 1.6) gives a good resolution of the
whole spectrum of gangliosides (Fig. 6).

System 7
This system is useful for the identification of CMH-N and CMH-OH which are

well separated near the starting line. It also appears possible to use this mixture for
the separation of c:eramides.

DISCUSSION

The chromatographic systems described in this paper show good potentiality
for the identification of various types of sphingolipids. Excellent results were obtained
especially with the purified fractions obtained after column chromatography on
Florisil, DEAE cellulose, silica gel etc. By the combination with certain color
reactions it is possible to characterize with good precision the whole range of sphingo
lipid fractions. The methods described here have a wide application in the analysis
of these substances in biological material.
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pumped through the system at a rate of 30 mljh for 20 to 30 min. The stopcock is
then turned to a position to receive solution through the outlet of the first stopcock,
which is positioned so that buffer I (Table I) is pumped from the reservoir through
the column until the eluate attains a pH of 3.90. The procedure usually requires
about 3.5 h. The Autograd is filled with the proper buffers, reconnected, and the sys
tem is ready for another analysis.

Standard mixture of imidazole compounds. The apparatus is standardized by the
use of a mixture of synthetic imidazole compounds, each of which was found in individ
ual studies to be recoverable in a single peak from the ion-exchange column.

A stock solution is made by weighing 125 [Lmoles each of the following com
pounds: imidazolepyruvic acid* , imidazolelactic acid* *; L-tyrosine, L-histidine
and L-carnosine obtained from Nutritional Biochemicals Corp., Cleveland, Ohio;
imidazoleacetic acid· HCI, dihydrourocanic acid (imidazolepropionic acid), urocanic
acid· H 20, and 4-amino-5-imidazolecarboxamide' HCI from California Corp. for
Biochem. Research, Los Angeles, Calif.; and L-homocarnosine obtained from Regis
Chern. Co., Chicago, Ill. The compounds are placed into an IOO ml volumetric flask
and 5 ml of 6 M HCl added. As some of them dissolve with difficulty, the mixture is
heated slightly by placing the flask in hot water until solution is achieved. The solution
is cooled, brought to volume, and stored in 5 ml amounts in ampules under N 2 at
-20°.

Various concentrations of the stock solution which are applied to the column
are obtained by diluting the solution with appropriate amounts of citrate buffer,
pH 2.2 ± 0.03, prepared from the following: 21.0 g citric acid· H 20, 8.3 g NaOH
(97 'Yo), 16.0 ml HCI, O.I ml caprylic acid, 20.0 ml thiodiglycol, and diluted to I liter
with waterll.

TABLE II

CONSTANTS FOR VARIOUS IMIDAZOLE COMPOUNDS AND TYROSINE

Compound Concentration (ftmoles) Average Maximum de-
constant viation from

0·I25 0.250 0.500 I.OOO mean (%)

Imidazolepyruvic acid 2.20 2.20 2.20 0.0
Imidazolelactic acid 15.76 15.96 16.20 15·97 1.4
Tyrosine 5.68 5. 00 4·54 5.07 12.0
Imidazoleacetic acid 19.92 20.08 20.24 20-41 20.16 1.2
Urocanic acid 14.80 14.64 14.98 14·97 14.85 0·9
Dihydrourocanic acid

(imidazolepropionic acid) 19.04 18.80 18.56 19.02 18.86 1·5
4-Amino-5-imidazole carboxamide 1.76 1.82 1.88 1.82 3·3
Histidine 19.12 18,72 18.96 19.58 19.10 2·5
Homocarnosine 12.00 12.16 11.86 12·14 12.04 1-4
Carnosine 13.12 13.80 13.50 13.66 13.67 4.0

The constants for each imidazole compound are computed in the same manner
as the constants for amino acid analysis as given by SPACKMAN et al.7 , and are given
in Table II for the apparatus used in this laboratory. Each laboratory will, of course,

* Prepared by the methods of SPOLTER AND BALDRIDGE9 and BALDRIDGE AND AUERBACH10 .

** Obtained through the courtesy of Dr. H. BAUER, National Institutes of Health. Bethesda,
Maryland.
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TRENNUNG DER SELTENEN ERDEN. IV.

Die Neigungen der Geraden in den Fig. lund 2 liegen bei den verschiedenen
Elementen zwischen 3.2 und 4.3 und konnen wegen der nicht konstanten Ionen
starke nicht zur Berechnung von y verwendet werden. Bei etwa konstanter Ionen
starke in Fig. 3 ergeben sich die in Tabelle III angefUhrten Neigungen m-y, die mit
den nach Gl. (7) berechneten Werten fUr m verglichen werden.

KI[L] + 2 KI·Kz[L]Z + 3 KI·Kz·K3[L]3 + 4 KI·Kz·K3·K4[L]4
m = ----------------------------

I + KI[L] + KI·Kz[L]Z + KI·Kz·K3[L]3 + Kl"Kz·K3·K4[L]4

Die Vverte fUr m wurden mit Hilfe der von DEELsTRA UND VERBEEK angegebe
nen Stabilitatskonstanten berechnet6. Obwohl die Bestimmung von log R M und damit
auch die von m-y mit gewissen Fehlern behaftet ist, zeigen die aus mehreren Ver
suchen erhaltenen Werte, dass die durchschnittliche Ligandenzahl in der organischen
Phase zwischen 0.2 und 0.5 liegt. Auch an Sulfonsaureaustauschharzen werden
partiell komplexierte Seltenerdionen zuruckgehalten7•

1.0

o

1.6 1.4 1.2 1.0 pL La PI" Pm Eu Tb Ho Tm Lu
Ce Nd Sm Gd Dy Er Yb

Fig. 3. Abhangigkeit der log RM-Werte fiir La, Sm und Ho von pL der OI:-Hydroxyisobuttersaure
bei Gegenwart von 0.2 M NaClO•.

Fig. 4. Vergleich der papierchromatographisch und rechnerisch ermittelten Trennfaktoren fiir
a-Hydroxyisobuttersaure. x = papierchromatographisch erhaltene Werte; 0 = berechnete
Werte.

Die log RM-Werte verschiedener Seltener Erden unterscheiden sich bei Ab
wesenheit eines Komplexbildners im Elutionsmittel nur wenigz. Daher sind die
grossen Unterschiede bei der Komplexelution auf die Unterschiede der Komplex
stabilitatskonstanten zuruckzufUhren. Die Fig. 4 und 5 zeigen die papierchromato
graphisch und rechnerisch6 erhaltenen Trennfaktoren in Bezug auf das Element
Gadolinium. Fur den Trennfaktoren !Y.. der Elemente A und B gilt:

RM-Wert bei Anwesenheit des Komplexbildners, R M = RM-Wert bei
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cellent mixture. Therefore, thin layers were prepared using 0.10 M TiOA-o.IO M
Amberlite LA-I (I: I, vjv) as amine mixture. Comparison of the data so obtained
(Fig. 3) with those summarized in Figs. 2 and 6 shows a close agreement between that
predicted and found. Elution time is also intermediate between those found with the
separate components.

With TiOA, correspondence between paper (Fig. 5) and thin-layer data is as
good as in the case of Amberlite LA-I.

Tri-n-octylamine. TnOA, the only amine used until now to a significant extent
(cj. ref. 6 and Table I), yields thin layers of reasonable quality and its adsorption
power is fairly high (Fig. 7).

Tetrahexylammonium chloride. This ammonium salt has approximately the
same adsorbing power as TiOA (Fig. 8), but it forms many badly tailing spots,
especially with Cu, Mn and Bi. Moreover, the detection of some ions, e.g. Sb, is difficult.
Here, as with some other amines, especially Zn and Cd form thinnish spots when
10 M or cone. HCI are used as eluants; there is hardly any reaction with reagents
such as 8-hydroxyquinoline, but the thinnish spot-looking very much like a finger
print-makes detection easy.

Hyamines I622 and IOX. From these two very analogous quaternary ammo
nium salts Hyamine 1622 was chosen for thin-layer experiments. Some difficulties
were encountered during equilibration, separation of the organic and aqueous layers
being a time-consuming process, that took at least some hours. When preparing
thin layers, the "twice dipping" technique (see under METHODS) was often used.

Fig. 9 shows that Hyamine 1622 adsorbs more strongly than the Amberlites,
but cannot bear comparison with most of the other compounds tested. Results
found with low normalities of HCl (0.5-2.0 N) looked somewhat less reliable, though
no real difficulties were encountered.

Hyamine 2389. This mixture of quaternary salts yields very thin silica gel
layers sometimes, but the average elution time is still fairly short, being 7.5 min only.
Therefore, Hyamine 2389 may have advantages in this respect, but the experimental
results are not too satisfactory, irreproducible Rp spectra being obtained for e.g.
Sb and Bi (cj. legend to Fig. ra). Moreover, the adsorbing power is less than with the
Amberlites, even though the 0.1 M solution has a higher effective strength as one of
the components bears two functional groups.

As regards the problems met when using the Hyamines in paper chromato
graphy, one is referred to the section on paper chromatography below.

Primene JM-T. This primary amine with which the migration rate of the eluant
varies surprisingly little with HCl normality, has fairly weak adsorbing qualities. It
contains quite a few impurities, that form a broad fluorescing zone at the solvent
front with 8-hydroxyquinoline, which gives difficulties when detecting Mn. The identi
fication of Pb also proved difficult, probably partly due to the long tailing spots ob
tained at intermediate HCl strengths.

Primene yields deviating results with Bi (cj. Fig. II with e.g. Figs. 2, 6 and 12);
similar deviations were found with the Hyamines (Figs. 9 and 10).

Aliquat 336. The Aliquat-silica gel suspension is remarkably unstable and the
silica gel settles faster than with any of the other amines tested: within a few hours
a hard cake forms on the bottom of the container, which can, however, be suspended
again by thoroughly mixing for some minutes, so that this phenomenon causes no
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Papierstreifen neigen dazu, sich aufzuwi.Hben, wodurch der leitende Kontakt verloren
gehen kann. Dies Hisst sich durch Beschweren mit einem kleinen Gewicht, etwa in
Form eines 3 cm langen Glasstabchens von rechteckigem Querschnitt, vermeiden.

Beim Auftragen der Substanzmischungdarf die Oberflache des Cellogel
streifens nicht verletzt werden. Ein dunner Polyathylenschlauch (innerer Durchmesser
0.7 mm), der an einer Injektionsspritze befestigt ist und ein Aufsaugen und Aufbringen
von sehr geringen Flussigkeitsmengen (0.5 ,Ill) moglich macht, hat sich bei tinseren
Versuchen gut bewahrt. Beim Arbeiten mit radioaktivem Material kann das Schlauch
stuck leicht ausgewechselt werden. So lasst sich eine Kontamination der Injektions
spritze vermeiden, da bei den verwendeten geringen Flussigkeitsmengen die aktive
Losung mit dem Glaskolben selbst gar nicht in Beruhrung kommt. Vorteilhalft ist
auch ein feiner Pinsel* zum Aufbringen des Substanzgemisches. Man macht mit
der Pinselspitze einen feinen Strich am Start oder man setzt die Pinselspitze auf den
Startpunkt an und uberHisst es der eigenen Saugfahigkeit des Cellogels, eine gewisse
Flussigkeitsmenge aus dem Pinsel herauszusaugen3• Wenn man nicht eine bestimmte
Substanzmenge quantitativ auf den Streifen ubertragen muss, sondern es nur auf
eine Bestimmung der relativen Mengenverhiiltnisse der Komponenten der Mischung
ankommt (wie z.E. der Seltenen Erden bei der Bestimmung der Herkunft von
Opium4), so kann man die Pinselmethode anwenden. Bei geringen Unterschieden in
der Wanderungsgeschwindigkeit ist dieses Verfahren vorteilhaft.

BEHANDLUNG DES STREIFENS NACH DER ELEKTROPHORESE

Nach dem Abschalten der Spannung werden die FilterpapierzufUhrungen
entfernt, die beiden Enden des Cellogelstreifens kurz abgetupft, der Streifen von der
Glasunterlage abgelost und auf eine andere Glasplatte geeigneter Lange so aufgelegt,
dass zwischen dem Streifen und der Glasoberflache moglichst keine Luftblasen ein
geschlossen werden. Die Platte mit dem Streifen wird nun fUr 5-10 Min in einen auf
8o-IOOo aufgeheizten Trockenschrank gelegt, wobei der Streifen transparent wird.
Bei Anwesenheit grosserer Mengen mancher anorganischer Kationen erkennt man den
gewanderten Substanzfleck auf dem Cellogelstreifen auch daran, dass die sonst
praktisch glasklare Folie an dieser Stelle trub bis undurchsichtig erscheint. Besonders
deutlich war dies bei unseren Arbeiten mit Strontium-go, Barium-14° und Scandium
46. Strontium-go und Yttrium-go, sowie Barium-140 und Lanthan-140 lagen praktisch
tragerfrei vor, wahrend Scandium durch Neutronen im Reaktor aktiviert worden
war und betrachtliche Mengen inaktives Scandium enthielt. Bei diesen Streifen war
nach dem Erwarmen im Trockenschrank der Scandiumfleck stets mit freiem Auge
erkennbar, wahrend die tragerfreien Nuklide nur durch ihre Strahlung lokalisiert
werden konnten. Die auf dem Cellogelstreifen vorliegenden radioaktiven Substanzen
sind nach dem Erhitzen im Trockenschrank ganz im nunmehr transparenten Cellogel
eingebettet. Mit den so behandelten Streifen kann verhaltnismassig bequem hantiert
werden, da diese auch beim Wischtest keine nennenswerten Aktivitaten abgeben.
In einigen Fallen gelang es nicht, den Streifen transparent zu erhalten. Bei den mit
Glykolsaure, Milchsaure oder IX-Hydroxyisobuttersaure getrankten Streifen war dies
z.E. dann der Fall, wenn die Konzentration der Saure unter 0.2 molar war.

.. Marderhaar, Grosse 0 (fiir Aquarelle)o
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