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INTRODUCTION

In spite of the excellent results that can be obtamed by: normal film chromatogl aphy,'
there are situations in which a single development of a chromatogram does not give
satisfactory resolution of the components of a mixture. To improve the resolution,
two equivalent methods are available. In the first, the process of multiple develop-
ment, the chromatogram is developed in the normal way. When the sclvent reaches a
pre-determined level on the film, the chrnmatoplate (or strip) is withdrawn from the
developmg tank, and after the solvent has evaporated from the film, the chromato-
gram is again developed in the normal manner. The process may be repeated as often
as is necessary to obtain a satisfactory result. Equations for determining the optimum
number of developments have been given by TRUTER?.

- The technique of multiple development'is tedious and less convenient to operate
than the alternative process, namely continuous development. Unfortunately, to
subject a film chromatogram to continuous development, special apparatus is re-
quired. In those p1eces of equlpment that have been described hitherto, the direction
of solvent-flow is abmormal. Film chromatograms are normally developed by the
ascending-solvent technique. In the devices designed by STANLEY AND VANNIER?, by
MisTRYUKOV3 and by REISERT AND SCHUMACHER! the solvent-flow is downward, and
in the devices described by MoTTIER® and by BRENNER AND NIEDERWIESERS it is
horizontal. As a consequence of the abnormal direction of solvent-flow, bpec1al ar-
1angements are required for feeding the solvent on to the film. :

- To maintain a continuous flow of liquid through the film, the solvent must be
1'emoved when it reaches the further limit of the adsorbent. In-the descending-devel-
opment technique the solvent is allowed to drip off the chromatogram whereasin:the
horizontal-developmerit technique the solvent is allowed to evaporate when it reaches
the far edge of the adsorbent. Hitherto, no simple and satisfactory method for
continuous development by the ascending-solvent technique has been described. Ifa
chromatogram is developed in an open tank, the results are unsatisfactory because the
solvent evaporates from the entire surface of the chromatogram; for' satisfactory
results, it is absolutely essential to limit evaporation of the solvent to a strip of adsorb-
ent which is not part of the working area. In the apparatus described here, continu-
ous: development is obtained by allowing the solvent to ascend the film which:projects
through a slot in-the lid of the tank. The dimensions of the slot are such as to restl 1ct
evaporation to that part of the adsorbent which is outside the tank. SR
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Besides permitting continuous development to be carried out very simply, the
slotted lid can also be employed as an auxiliary in increasing the resolution in a single-
stage development. In general, the smaller the spot of sample at the origin, the better
will be the resolution. The slotted lid may be used for converting a relatively large
spot of sample placed at the or1g1n mto a line about o. 5 mm wide at the opposite side
of the film.

Apparatus EXPERIMENTAL |
The process described here requires a developing tank from which the strip or plate
will project by 1—2 cm when placed vertically in it. Other dimensions of the tank
should be the minimum required to hold the plate. The lid is the important feature.
For the development of chromatostrips, the lid is in two parts; one is a specially
shaped piece of brass and the other is merely a glass cover for the remainder of the
tank. For standard plates it is more convenient to use a machined brass strip and two
glass plates as the lid. The essential features of the design of the brass strlp are shown
in I‘1g I. ’l he dlmensmns of the b1 ass strip wh1ch are not qhown must be ad]usted to
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Fig. 1. Plan of the machined brass strip which is 6 mm thick. The hatched area represents the
section of the chromatoplate.

suit the developing tank and the glass plate available so that, when the apparatus is
assembled, the chromatoplate is efiectively sealed all round except for the small gap
facing the adsorbent film. When the brass is 6 mm thick, a gap of about 1 mm between
the adsorbent surface and the recess in the brass strip is satisfactory; if thinner sheets
of brass are.used, the gap must be correspondingly smaller. During development of the
chromatogram, the solvent climbs-up the film and when it reaches the exposed part of
the adsorbent vutside the tank, it evaporates, and so contmuous development of a
vertical chrn.natogl am.is achieved. :

M etkods

A solution of a commiarcial dye, Oil Red OS, in methylene chloride was spotted ontoa
chromatoplate which had been prepared in the conventional manner using silicagel G
(film thickness: 250 um). The charged plate was then placed in the tank with the
‘adsorbent -coated swface of the glass facing the brass strip and ‘“‘clamped’’ by closing
up to the other porcions of the lid. Carbon tetrachloride was used as the developmg
solvent-and the sides of the tank were lined with filter-paper soaked in solvent.
Formation of a hair-line origin was carried out as follows. A line sample of a solu-
tion of Oil Red O$ was placed on the adsorbent in the usual way, the charged plate
was. placed in the deve]opmg tank, the slotted-lid was assembled and the chromato-
gram was “‘developed’” in chloroform-methanol (1o:1). After about 1 h the dye.
sample had been transferred to the opposite end of the chromatoplate where it formed
a line about 0.3 mr in width. The plate was then withdrawn from the tank and after
the solvent had evuporated from the film, the adsorbent was reactivated by heating
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the chromatoplate to 110° for 5 min. Subsequently, the chromatogram was developed
from the hair-line origin, using carbon tetrachloride as the solvent, by the continuous
technique already described (Fxg 2) the halr-lme or 1g1n is st111 clearly marked by the
most polar fractmn . .

primary origin

front

hair-line origin

—

Fig. 2. One-dimensional continuous development of Oil Red OS from a hair-line ‘_origin. Adsorb-
ent: silicagel G. Solvent: carbon tetrachloride. Time: 18 h. Distance from origin to front:r5 cm.

- The chromatogram shown in Fig. 3 was prepared in a similar manner. After
development in the first direction in carbon tetrachloride, the sample was compressed
into a second 'hair-line origin at right angles to the first origin by development in
chloroform-methanol (10: 1) Subsequent treatment of the chromatogram was exactly
as described above. :

RESULTS AND DISCUSSION

For the formatmn of a halr-lme orxgm a good solvent which carries the sample w1th
or near the solvent front, is required. When, the solvent level reaches the upper edge of
the slot, it evaporates and the sample is gradually deposited in the form of a line at
the edge of the solvent front. With colourless samples it is important to ensure thatall
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Fig. 3. Two-dimensional contmuous development of Oil Red OS. Adsorbent: silicagel G. Solvent:
carbon tetrachlorxde Time: 16 h'in each direction. Distance from origin to front:16 cm.

the material has reached the front ; no dlfﬁculty is encountered if the processis allowed
to continue for longer than the mininum time. If a solvent which can de-activate the
adsorbent has been used to produce the hair-line origin, e.g., one containing methanol,
the adsorbent shouid be reactivated by a brief thermal treatment. Under normal
laboratory conditions hvdroxylic solvents alone are not suitable for preparmg a hair-
line origin because they do not evaporate quickly enough; they form rather irregular
fronts above the level of the slot. _ _ _ . ,
~ In two-dimensional work the hair-line origin may be used for either or both
developments. Fig. 3 shows an overloaded (total load: 2.4 mg) two-dimensional chro-
matogram in which the hair-line origin was used for both directions. The test sample,
Oil Red OS, is a mixture of:
Mc\ N

> _> <O M
——! Cy a
O>_N/N_< N \N/\'j / O>_N/ N—<Ca>"N\N/\ j_
~OH - T ~OH Me,
4-o-toly1azo- -tolu1dme—>~°-naphthol and \ylylazo-xyhdmc—)o-naphthol

As all the p051t10na1 isomers of xylene are present in the starting materlal the product
would be expected to be a complex mixture of isomers. Fig. 3 shows that the mixture
has béen resolved into fourteen fractions and on the original chromatogram an addi-
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tional four faint spots could be detected. Normal chromatography of the dye, using
either benzene or methylene chloride as the developing solvent, failed to resolve the
mixture into more than two fractions.

SUMMARY

A simple, inexpensive slotted lid which enables a film chromatogram to be developed
continuously, and its application for transferring a sample to a hair-line origin, is
described. ' ‘
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