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COMPONENTS

A STREAM DIVISION VALVE FOR USE IN AUTOMATIC COLUMN

CHROMATOGRAPHY

P. X. CALLAHAN

Department of Chemistry, Stanford University,
Stanford, Calif. (U.S.A.)

(Received November IIth, 1963)

Automatic column chromatography is particularly useful when analysis (with auto
matic monitoring and recording devices) and preparative fractionation of the effluent
are achieved simultaneously. With certain monitoring devices such as ultraviolet
spectrophotometers and radioactive scanners, no problems arise. With other types
of monitoring, such as color reactions which destroy the material under examination,
the only practical approach is a constant and accurately controllable division of the
effluent stream into analyzed and collected portions. A simple and inexpensive device
for this general purpose has been developed in this laboratory and has been used
satisfactorily with a BeckrnanjSpinco Amino Acid Analyzer (Model 120).

The device, designated a stream division valve, consists of a rotary valve which
is positioned by a solenoid and spring in opposition, the former being actuated at
intervals by a timing device (see Fig. 1).

Timing device

The timer used on this stream-division valve consists of a microswitch riding on a
split disk which is turned by a synchronous motor. Thus, when the two halves of the
split disk are superimposed, the microswitch is open and closed for equal intervals
of time. If the two halves of the disk are placed in opposition to each other, the micro
switch has a complete disk on which to ride and will be open continuously. Thus,
by suitable overlapping of the two halves of the split disk, between 50 % and 100 %
of the effluent stream may be diverted to a fraction collector. In practice, it is found
that the analyzer will not give satisfactory results with less than 10 % of the effluent.
A synchronous motor of 0.5 r.p.s. proved quite satisfactory in this application. This
timing device is now commercially available from Western Electro-Mechanical Co.,
300 Broadway, Oakland 7, Calif.

Valve

Since most analyzers require that a constant, known amount of effluent be flowing
through the reaction coil and colorimeter at all times, this dictates that the actual
valve be slightly more complicated than that which is necessary for the mere splitting
of fractions (see Fig. 3). A second flow of liquid, equal in flow rate to the effluent
stream, must be available so that when the effluent is diverted to the fraction collector,
this second liquid can be diverted to the reaction coil, thus maintaining a constant
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Fig. 1. Assembly detail of the stream division valve. This drawing to scale shows the assembled
stream division valve. The timing assembly, constructed as shown for this device, is now commer
cially available from Western Electro-Mechanical Co., 300 Broadway, Oakland 7, Calif. The
solenoid used is a Guardian type I4-Cont-II S-A.C. Those structures shown in dashed lines are,

as per convention, behind other structures.

flow rate to the reaction coil and colorimeter. This is accomplished by placing three
outlets on one face of the valve and two on the other. Outlets A and B of valve face 2

(part NO.4 in Figs. 2 and 3) are connected to a fraction collector and the reaction
coil of the analyzer respectively. Inlets I and 3 of valve face I are connected together
and supplied by the auxiliary liquid flow while inlet 2 is supplied by the column
effluent stream. Since inlets and outlets are equally spaced in their respective faces,
when outlet A is positioned opposite inlet 3, outlet B opposes inlet 2 and auxiliary
liquid flows to the fraction collector while column effluent flows to the analyzer
reaction coil (see Fig. 3, ON position). When valve face 2 is rotated so that outlet A
is opposite inlet 2, outlet B then opposes inlet I and column effluent flows to the frac
tion collector while auxiliary liquid flows to the analyzer reaction coil (OFF position,
Fig. 3). If this rotary valve is reciprocated between these two positions, the column
effluent will be divided between the fraction collector and the analyzer reaction coil.
The accuracy of the division is assured by the precise flow rates available from the
metered analyzer pumping system.

The backpressure created by the flow of liquid in the narrow gauge reaction
coil tubing in the analyzer is equalized by using an equal length of the same bore
teflon tubing leading to the fraction collector. This eliminates the possibility of
"rebound" of the liquid column when the valve is rotated, and has an added advantage
in that the optical density of an aliquot of the liquid being discharged into the fraction
collector is, at the same time, being measured by the colorimeter and recorded on
the analyzer chart.
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Fig. 2. Exploded views of valve assembly. This drawing shows an exploded view of the valve
assembly in its front view and its left side view as defined by the valve position in Fig. I. Metal
parts I, 3, 6, 7 and 8 are preferably constructed from stainless steel and coated lightly with silicone
grease to decrease corrosion and friction. The tightness of the valve is adjusted by tightening or
loosening the tension nut. This adjustment is made less critical by placing 1/16 in. rubber pads in
the positioning pin holes of valve face I. An assembled view comparable to the left side view of the

valve may be found in the drawing labeled ON in Fig. 3.

Fig. 3. Top view of valve action. The two positions of the rotary valve are shown in this diagram.
The numbers next to the components in the diagrams refer to the components so labeled in Fig. 2.

The designations ON and OFF refer to the operation of the solenoid.

EFFLUENT DIVISION

The amount of column effluent returning to the analyzer is estimated by determination
of the length of time for which the valve occupies each position. The ratio of the time
during which the valve returns the column effluent to the analyzer to the time of a
complete cycle of the valve is the fraction of the total sample being analyzed and
recorded. A more precise determination of this ratio may be obtained by volumetric
measurements or by the use of flow meters. The amount of liquid flowing to the
fraction collector and through the analyzer should be determined while the valve is
operating with only the column effluent liquid flowing.
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4 P. X. CALLAHAN

RESULTS

This stream division valve has been tested by applying standard amino acid mixtures,
collecting fractions, and re-applying the effluent fractions to the analyzer. The values
for the amounts of the amino acids recorded and collected differed from the calculated
values by not more than 5 %, while the fractions collected varied from the peak
position on the recorder by not more than 12 sec. The valve is now in routine use for
the purification and preparation of peptides.
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of the valve, but also for the choice of materials for the final design of the valve.

This work was supported by a grant from the United States Public Health
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SUMMARY

A stream division valve which allows the division of a column effluent for analysis
and collection in automatic column chromatography is described. Details of the con
struction of this valve as well as the results obtained in using it are presented.

}. Chromatog., I5 (I964) I-4



































CHROMATOGRAPHY OF COMPLEX MIXTURES 21

TABLE I

Rp VALUES OF AROMATIC HYDROCARBONS AND COLOURS OF THEIR COMPLEXES WITH TCE

Colour of complex Rp
Compound with TeE n-Hexane Cyclohexane Benzene

Naphthalene rose-violet 0.50 0.40 0·94
I-Methylnaphthalene grey-violet 0·47 0.46 0·94
2-Methylnaphthalene red-violet 0-46 0·47 0·93
I,2-Dimethylnaphthalene grey-blue 0-48 0.56 0·94
I,3-Dimethylnaphthalene grey-violet 0.42 0·53 0·95
I,4-Dimethylnaphthalene grey-blue 0·55 0·54 0·95
I,5-Dimethylnaphthalene green-blue 0·44 0·47 0·93
I,6-Dimethylnaphthalene green-blue 0-47 0-47 0·94
1,7-Dimethylnaphthalene dark grey 0.50 0.52 0·95
2,3-Dimethylnaphthalene blue-violet 0.36 0.40 0·95
2,6-Dimethylnaphthalene blue-violet 0-46 0·44 0·93
2,7-Dimethylnaphthalene violet 0-45 0·44 0·94
2-Ethylnaphthalene brown 0·55 0.52 0·93
2,3,5-Trimethylnaphthalene blue-grey 0.50 0·47 0·93
2-Phenylnaphthalene red-violet 0·34 0.38 0.92

Biphenyl orange 0-45 0-45 0·95
3,5-Dimethylbiphenyl orange 040 042 0·93
4,4'-Dimethylbiphenyl light violet 0·39 0-44 0·94
4,5-Benzindane grey-green 0.50 0.50 0·96
Acenaphthene coffee green 0.5 2 0·53 0·95
Fluorene red-violet 0.40 0.40 0·95
Phenanthrene violet 0.36 0-40 0·93
I -Methylphenanthrene violet 0.29 0.32 0·94
Anthracene blue-green * 0-40 0.42 0·95
2-Methylanthracene blue-green * 0-40 0-40 0·94
Pyrene grey-green 0·35 0.38 0·93
Fluoranthene brown-violet 0.30 0.25 0.92

Chrysene grey 0.18 0.18 0·94

* Colour disappears within a few seconds.

The colours of TCE complexes are also given in Tables I and II. It is known!6
thaJt the colour formation is connected with the donor-acceptor charge transfer
between 7l electron pairs of aromatic conjugated systems and cyano groups on the
unsaturated C skeleton!7. The colour of the complexes in the visible part of the spec
trum has some relation to the structure of the substances under investigation. Hydro
carbons with simple benzene nucleic or substituted nuclei have colours from yellow
to red, e.g. benzene - yellow, tetramethyl benzene - red, diphenyl- orange, diphenyl
meithane - orange, 3,s-dimethyldiphenyl - light violet. Tri- or polycyclic aromatic
hycilrocarbons are grey to violet. A special position is occupied by phenols and some
heterocyclics, where, as previously mentioned, the colour change with time indicated
that the complexing proceeds by stages. There are also characteristic group colours,
e.g. red to brown for indoles and blue for carbazoles. Heterocyclic compounds with
tertiary nitrogen in the nucleus yield weak yellow to yellow-brown colours.

]. Chroma/og., IS (1964) 15-28
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TABLE II

R p VALUES OF AROMATIC S, 0 AND N COMPOUNDS AND COLOURS OF THEIR COMPLEXES WITH TCE

Rp
Compound Colour of complex

n-Hexane Cyclohexane Benzene Chloroform Ether Acetone

5 compounds

Thionaphthene brown 0·.47 0·53 0·93
Diphenylene sulphide violet 0.46 0-44 0·90

o compounds

Cumarone yellow-orange 0.41 0.41 0·90
Diphenylene oxide brown-red 0·37 0-40 0·92
4-Hydroxyhydrindene red-brown 0.02 0.01 0.29 0.21 0.81 0·94
5-H ydroxyhydrindene grey-violet 0.00 0.00 0.18 0.16 0.88 0·95
2,3,5-Trimethylphenol dark violet 0.00 0.00 0.28 0·33 0.82 0·96
2,4,5-Trimethylphenol grey 0.00 0.00 0.24 0.26 0.91 0·92
3,4,5-Trimethylphenol brown-violet 0.00 0.00 0.15 0.17 0·90 0·96
3-Methyl-5-ethylphenol brown 0.00 000 0.19 0.18 0.90 0·94
I-Naphthol orange o.or 0.01 0.32 0.26 0.85 0·94
2-Naphthol brown 0.00 000 0.20 0.17 0.86 0·95
2-Hydroxybiphenyl yellow-brown 0.03 0.02 0·55 0.50 0.90 0·94
4-H ydroxybiphenyl blue-violet 0.00 0.00 0.23 0.20 0.92 0·95

N compounds

Indole brown (green edge) 0.03 0.02 0.65 0.63 0·95
2-MethyJindole orange 0.03 0.02 0.65 0.60 0·95
3-Methylindole brown (violet edge) 0.02 0.03 0.65 0.70 0·92
5-Methylindole brown 0.03 0.03 065 0.65 0·93
7-Methylindole brown 0.04 0.04 0.64 0.65 0·95
Carbazole ultramarine blue 0.03 0.02 0·74 0·75 0.92
2-Methylcarbazole sky blue 0.03 0.02 0·77 0.70 0·92
Quinoline red-orange 0.00 0.00 0.02 0·45 *
2-Methylquinoline red-orange 0.00 0.00 0.04 0.40 *
4-Methylquinoline brown-orange 0.00 0.00 0.04 0-40 *
7-Methylquinoline brown-orange 0.00 0.00 0.03
8-Methylquinoline brown-orange 0.00 0.00 0.03 0.38 * 0.70 *
2,6-Dimethylquinoline brown-yellow 0.00 0.00 0.04
7,8-Benzoquinoline brown-orange 0.00 0.00 0.01
lsoquinoline brown-orange 0.00 0.00 0.03 0·44 *
1-Methylisoquinoline brown 0.00 0.00 0.02 0.29 *
3-Methylisoquinoline grey-brown 0.00 0.00 0.02
2-Phenylpyridine brown-orange 0.00 0.00 0.02
Acridine yellow-orange 0.00 0.00 0.00 0.01

* Tailing from the start to the given R p value; in the case of small samples remains at the start.
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This is in accordance with experimental results, as may be seen from Fig. 7.
With a driving velocity of 0.22 cm/min (Fig. 7a) the pairs diphenyl and ace

naphthene and acenaphthene and fluorene overlap (b > 2a), but with a velocity of
0.63 cm/min (Fig. 7b) the separation is better than required by b = 2a and no over
lapping can be recorded with a driving velocity of 1.49 cm/min (Fig. 7c) (b~2a).

On the other hand, the zones of fluorene and phenanthrene (Fig. 7a) are well
separated, even when the driving velocity of the plate is 0.22 cm/min, because
Lltmax is 3.7 min and

8 0.30
Vmln (fluorene/phenanthrene) = -- - -- . 0.216 = 0.163.

3·7 0.84

v=o.22cm/min 6=o.Jocm

(a)

!1N\
CH,-CHz

~ 0-0 B 06'.

~ ~ m 09aEl m
".= o.63em / m'"

5

(b)

6=0.85 em

(c)

"oO.63em/min 6.Q1Ocm

(d)

AM/\
(e)

,,- 1,49""/"'in

5
D=o.30cm

Fig. 7· Examples of zone broadening at different plate driving velocities and different side diffu
sion hindrances.
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TABLE III

25

MEASURED VALUES OF EFFECTIVE DIFFUSION COEFFICIENT D, PROPORTIONALITY FACTOR k BETWEEN

TIME AND ZONE WIDTH, AND HEIGHT OF A THEORETICAL PLATE H FOR SOME AROMATIC HYDRO

CARBONS

Compound b d D X I0 4 k X I0 2 H X I03

(em) (em) (em'/see) (em/sec) (em)

Biphenyl 0·75 18.0 0·335 6·55 2.06
Acenaphthene 0.85 18.0 0·43 7.42 2.65
Fluorene 0·95 18.0 0.56 8·49 3.30
Phenanthrene 0.80 18.0 0.38 7.00 2·35

Mean 0.84 18.0 0·43 7·37 2·59

Finally the example in Fig. 7c shows that the zone broadening on the plate
without prevention of lateral diffusion gives the same results with a driving velocity
of 0.63 cm/min only as was found in the case of a driving velocity of 0.22 cm/min
(Fig. 7a) and notches 0.30 cm wide, because b > 2a. A thin-layer chromatogram
developed with the same parameters, but with artificial prevention of lateral diffu
sion at O.lo-cm intervals is practically a copy of the corresponding gas chromatogram,
because b~ 2a.

A pplication to coal tar research

The complexity of coal tar mixtures is extremely great. Gas chromatography alone
is not able to yield a complete separation of compounds. It may be shown that the
amount of GC-information about the composition of coal tar and similar materials
decreases with increasing boiling points of the compounds19- 21 . The new possibilities

a~, ,
5 10 min

7

b.
2

c ....~
3

d ~

e

f· .............1'L
....~

Fiig. 8. Gas chromatograms (numbers correspond to those given in Table IV and Fig. 9). (a) original
mixture; (b) hydrocarbons extracted from thin layer; (c) extracted zone of quinoline; (d) extrac
ted zone of 4-hydroxyhydrindene; (e) extracted zone of 2-hydroxybiphenyl; (f) extracted zone of

I-naphthol; (g) extracted zone of 2-naphthol.
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TABLE IV

PHYSICAL AND CHROMATOGRAPHIC VALUES FOR COMPONENTS OF THE STANDARD MIXTURE I

Gas-liquid Thin-layer

No. Compound
Boiling point chromatography chromatography Colour of complex with

(OC) silicone elastomer silica gel/benzene tetrcuyano-eth')'lene
(220°) '1;2 Rp

I Naphthalene 23 8 0-46 0·95 rose-violet
2 Quinoline 237 0.67 0.02 yellow-brown

3 4-Hydroxyhydrindene 247 0·77 0.29 brown

4 3-Methylisoquinoline 251 1.0 0.02 yellow··brown

5 Indole 255 0.60 0.60 brown (rose*)
6 5-H ydroxyhydrindene 255 0·94 0.18 violet (light

blue-violet*)

7 Biphenyl 255 1.0 0·95 orange
8 3-Methylindole 266 1.1 0.65 purple (rose *)
9 2,4-Dimethylquinoline 273 1.4 0.03 brown-yellow

10 Acenaphthene 277 1.8 0·95 green
II 2-Hydroxybiphenyl 286 1.9 0.50 brown
12 I-Naphthol 288 2.1 0.32 orange
13 2-Naphthol 296 2.2 0.20 brown

14 Fluorene 298 2·9 0·95 violet

* Self-colouring in the presence of air oxygen at 1000
•

of the method described appear to be clear from the information in Table IV on the
composition of standard mixtures of compounds with boiling points ranging from
zoo to 300°.

The chromatographic data are summarised in Fig. 9, which shows the separation
on the plate and this is followed by gas chromatograms of the original mixture and
separated materials extracted from a group of zones or from individual zones (Fig. 8).

The mixture of compounds with boiling points up to 400° was separated in the
same way and is described in Table V and illustrated in Fig. 10.

This method was successfully exploited in research on the composition of coal
tars, but it must be mentioned that it may be used without serious changes for the
separation of other complex mixtures of industrial nature.

TABLE V

PHYSICAL AND CHROMATOGRAPHIC VALUES FOR COMPONENTS OF THE STANDARD MIXTURE II

Boiling point GLC, silicone T Le, silica gell Colour of complex withNo. Compound (OC) elastomer (300°) benzene + n·hexane tetracyano-ethylene
'1,2 (r: r vlv) Rp

I Acenaphthene 277 0·35 0·93 green
2 I-Naphthol 288 0.40 0.12 orange
3 2-Naphthol 296 0-40 0.07 brown
4 Fluorene 298 0·59 0·93 rose-violet
5 Phenanthrene 340 1.0 0·92 violet
6 Acridine 344 1.1 0.01 yellow-green
7 Carbazole 353 1.2 0·55 ultramarine-blue
8 I -Methylphenanthrene 359 1.4 0·92 violet
9 2-Methylcarbazole 364 1.6 0·58 sky blue

10 Fluoranthene 384 2.0 0·92 violet
II Pyrene 394 2.60 0·90 grey-green
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SUMMARY

A new multi-dimensional chromatographic technique is described. flg to mg quanti
ties from the gas chromatogram are placed on the start-line of a thin layer of adsorb
ent or of a sheet of chromatographic paper, which is moved past the orifice of the
gas chromatograph and then developed in the usual manner. Thus, separation of the
materials is obtained by exploiting the two most extreme possibilities given by the
existing chromatographic methods, viz. gas-liquid chromatography, which separates
according to the relative volatility of compounds (in the direction of the time-axis
along the start), and thin-layer chromatography or paper chromatography, which
separate according to the type of the functional group (in the vertical direction).
After the extraction of the separated materials from the thin-layer or paper, GLC, on a
suitably selected stationary phase, may be repeated if necessary. The theory for
separation and experimental details are given. Further possibilities are obtainable by
programming the driving velocity of the plate (paper) which acts in the same manner
as temperature programming of a GC column.

The method described was used successfully in the research on the composition
of coal tar, but can be applied to other complex mixtures of compounds of different
chemical character.
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THE USE OF A WINDOWLESS GAS-FLOW COUNTER

FOR DETECTING WEAK f3 EMITTERS ON PAPER CHROMATOGRAMS

HORACE E. DOBBS

U.K. Atomic Energy Res~anhEstablishment,
Wantage, Berks. (Great Britain)

(Received October 21St, 1963)

INTRODUCTION

The windowless gas-flow scanner1- 10 is one of the most sensitive methods for detecting
the distribution of weak f3 emitters on paper chromatogram strips. The fact that no
window separates the counting volume from the active sample permits the estimation
of the weakest f3 emitting isotopes, i.e. tritium, which has a maximum energy of
IS keY, all of the f3 particles being absorbed by windows with a superficial density
greater than 0.6 mg/cm2.l1 This type of detector also has the advantage that it pro
duces a continuous trace of the distribution of activity on the chromatogram as
opposed to the histogram produced by sub-dividing the paper into sections and
counting these individually. These advantages would seem to indicate that a window
less flow counter is the ideal chromatogram scanner. The method does have its limi
tations, however, and when an apparatus of the type was set up in this laboratory to
determine the distribution of tritium and carbon-I4 labelled compounds on one
dimensional chromatograms the first results showed a complete lack of reproducibility.
It was found that the discrepancies could be attributed to three basic causes, namely:
the gas flow rate through the counter, the build up of static charge on the paper,
and losses due to volatilisation of the active compound from the paper chromatogram.
It was also found that scans from opposite sides of the same chromatogram were
different, and that the scanner appears to be approximately eight times more sen
sitive to spots containing tritiated stearic acid than it is to spots containing tritiated
benzoic acid on the same chromatogram. Each of these factors has been investigated
separately and a procedure devised whereby it is possible to produce reproducible
scans from the same chromatogram. The need to calibrate the sensitivity of the
scanner for each individual spot on the chromatogram is discussed and a combustion
procedure for this briefly described.

APPARATUS

The active chromatograms were scanned in a gas flow proportional counter, shown
schematically in Fig. I, which is similar in basic design to that described briefly
by KISIELESKI AND SMETANA6. The paper chromatogram strip is attached to a plate
that passes through a hemi-spherical counting chamber. A rack attached to the plate,
driven by a pinion connected to an electric motor via a gear box, enables the speed

]. Chromatog., IS (1964) 29-38
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Head
amplifier
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EXPERIMENTAL

Fig. 1. A diagram showing the essential components of the chromatogram scanner and its asso
ciated electronic equipment.

at which the paper traverses the sensitive volume of the counter to be varied. A
sliding plate containing rectangular slits of various dimensions is located between
the counting chamber and the paper strip. This defines the area of the chromatogram
counted at anyone instant, and affects the resolution of spots. The counting gas
(go % argon, 10 % methane) is introduced at two points inside the hemi-spherical
chamber, and at two points outside the sensitive volume. The gas inlets to the count
ing chamber are connected to a common supply which is regulated by a needle valve
and measured with a Rotameter flow meter. The two flushing inlets are connected
to a separate Rotameter. The gas passes out of the counter via the tunnels through
which the plate and slit regulator pass.

The E.H.T. (about 2000 V) to the counter is supplied by a power unit (AERE
Type 135gA). The pulses are amplified by a head amplifier (AERE Type 1049C),
and a main amplifier (AERE Type 1430A), the output of which is connected to a
ratemeter (AERE Type 1037C) and a Sunvic recorder.

Setting up the equipment

To determine the optimum conditions for running the scanner a piece of filter paper
spotted with tritiated stearic acid and carbon-14 labelled palmitic acid was sprayed
with a 10 % polyethylene glycol 600 in ethyl alcohol solution, and allowed to dry.
The paper was attached to the base plate and the appropriate spot introduced into the
counter when necessary.
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PAPIERCHROMATOGRAPHIE ATHERISCHER OLE

II. DIE DENSITOMETRISCHE BESTIMMUNG UNGES.ATTIGTER TERPEN

ALKOHOLE UND -ESTER IN .ATHERISCHEN OLEN

G. RICHTER' UND P. MUSCHOLL

Miinchen (Deutschland)

(Eingegangen den 28. Oktober 1963)

In z\vei vorgegangenen Publikationen berichteten wir tiber ein von uns entwickeltes
neues Verfahren der papierchromatographischen Trennung von atherischen Olen l ,%.

Das charakteristische Kennzeichen dieser Methode ist die adsorptive Chromato
graphie intakter Ole an einem mit Paraformaldehyd impragnierten Ederol-Papier,
ohne dass vorher Derivate hergestellt werden mtissen. Das von uns entwickelte
Papier ermoglicht damit erstmals auch eine direkte spektrophotometrische Aus
wertung der Papierchromatogramme von atherischen Olen. wie sie auf anderen
Stoffgebieten bereits durchgefiihrt worden ist3- lO• Zum Unterschied von einzelnen
bisher veroffentlichten. sowohl auf Papier4· 5 als auch auf Dtinnschichtplattenll

durchgeftihrten ahnlichen Bestimmungsmethoden kann dabei auf eine vorangehende
Elutionll oder mit Fehlern8 behaftete Photoreproduktion der Chromatogrammflecken
verzichtet werden. {)ber Einzelheiten unserer Methode wird im folgenden aU!'fiibrlich
berichtet.

Densitometer
METHODIK

Ais Messgerat verwendeten wir das von GRASSMANN UND HANNIGl3• 14 in die kliniscbe
Serum-Eiweiss-Analyse eingefUhrte Densitometer (Fig. I). Dieser sog. "Elphor
Integraph.... steIlt ein fUr die Methode der Transmissionsmessung entwickeltes
vollautomatisches, selbst integrierendes Spektrophotometer dar, welches gleichzeitig
die Extinktionskurven der gefarbten Chromatogrammflecken aufzeichnet und deren
Flachenwerte numerisch anzeigt. Ein Vorteil dieses Gerates ist ferner. dass nicht ein
~achlaufschreiber die Kurve zeichnet, sondern die Kurvenpunkte jeweils im Augen
blick der Messung gestochen werden. Die im Gerat verwendete Null-Messmethode
gewahrleistet ein besonders hohes Mass an Genauigkeit, da jeder einzelne Messwert
erneut auf die Nullinie bezogen wird. Das Gerat arbeitet wie die meisten Densitometer
eindimensional. Es ist deshalb erforderlich, dass die Anfarbung des Chromatogramm
flecken tiber die ganze Lichtspaltbreite des Gerates gleichmassig erfolgt, was durch
strichformiges Auftragen erreicht wird13.

Papier und Dosiemng der SUbstanzmengm

Das Chromatogrammpapier muss ftir die Densitometrie optisch moglichst einheitlich
sein. Das Ederol-Papier Nr. 208 erschien uns nach zahlreichen Versuchen mit anderen

• Dr. GUNTHER RICHTER. 8 MUnchen J 5. Platenstr. 6, Deutschland .
•• Hersteller: Fa. Dr. Render & Dr. Hobein. MUnchen 15, Deutschland.
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TABELLE IV

FEHLERGRaSSEN BEl DER DENSITOMETRISCREN MESSUNG DER TESTSUBSTANZE);

Svbsta... M ro'-f' 1m Fm E,n Eto

eraniol 22.32 536,840,000 0·77 0.24 22.32 ± 0.24 == 0.16
Linalool 18·54 2,209,300,000 1.57 0.50 18.54 ± 0.50 ± 0·33
Linalylacetat 10.25 230,540,000 0.5 1 0.16 10.25 ± 0.16 ± 0.11
Citronellol 10·39 808,170,000 0·95 0.30 10.39 ± 0.20 ± 0.20

n Prozenten ausgedriickt ergibt sich fur die einzelnen Stoffe folgender mittlerer
Fehler (jm) fur die Einzelmessung:

Geraniol ± 0.7
Linalool ± 1.8

ERGEBNISSE

Linalylacetat ± 1.1
Citronellol ± 1.9

Vergleichenae Qualitiitsermittehmg einiger handelsublicher iitherischer Ole auf chemisch
analytischem, dettsitometrischem una gaschromatographischem Wege
Eine Anzahl frischer und gelagerter Lavendel-, Lavandin-, Citronell-, und Melissen
ole (vgl. Fig. 6) untersuchten wir mit Hilfe der aufgestellten Eichkurven nach unserem

Fig. 6. Fiir die densitometrische Mcssung angeferl:igtes Pa.pierchromatogramm. FJiessmittel:
Methylisopropylketon_-Heptan (5:20, V/V); Anfarbung: Osmiumtetroxyd. lund 2 = 100 und
200 f.lg agyptisches Geraniumal; 3 und 4 = 100 und 200 Ilg ceylonesisches Citronclltil; 5 und

6 = 150 und 200 Jlg javanisches Citronella!.

densitometrischen Verfahren und nach bisher ublichen chemisch-analytischen
Methoden (siehe Tabelle V und VI). Dabei liessen sich oft erhebliche Unterschiede
Z\ chen den Analysenergebnissen feststellen.

Die densitometrisch und gaschromatographisch bestimmten Werte liegen unter
den cbernisch bestimmten. Die Abweichungen der densitometrischen Ergebnisse von
den gaschromatographischen sind einmal dadurch zu erkHiren, dass es sich bei
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activity in the various areas was determined by counting with an end window Geiger
tube10 . Identification of labeled unknown was made by co-chromatography with
unlabeled compounds and comparison of radioautographs with ninhydrin sensitive
areas. Exact coincidence of areas was accepted as indicating identical compounds.
Distillation of phenol was performed either in the absence of any additives or by the
method of DRAPER AND POl.LAROll . The water-saturated phenol solvent was pre
pared by adding the distillate or residue to a limited amount of water until a single
phase was obtained. Acid and alkaline hydrolysis of the glycine condensation products
was perfom1cd in a sealed tube at 20 lb. prcssure and 250 0 F for 2 hours.

DISCUSSION AKD RESULTS

A two-dimcnsional chromatogram of glycine-z-HC on Whatman No. I filter paper
with water-saturated phenol as the initial solvent and butanol-propionic acid-water
as the second solvent is shown in Fig. 1. While a number of active areas were present
in addition to glycine, only three gave evidence of being formed during the chromato
graphic process. Thcse areas, labeled I, II and III, consistently streak in the water
saturated phenol solvent with their tailing end coinciding with the glycine area.
Thi type of streaking suggested that the unknown. were being formed during the
development of the chromatogram in phenol. Their RF values in the second solvent
system \w're considerably larger than that of glycine, thus providing excellent re-

ORIGI~J
Fig. 1. ]{adioautogram of chromatogram of glycine-2- 14 '. Whalman o. I filler paper. alvents:

phenol-waler (first dimension); II-butanol-propionic acid-water (second dimension).
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66 1. T. CLARK

All chromatographic runs were made at 25° with descending solvent flow in the
machine direction of 22-in. strips of the resin-loaded paper. For the separation of
monohydric and dihydric phenols with solvent A, the paper strips were preconditioned
for several hours in a jar of saturated water vapor before applying the phenols.
The moisture content of the paper was found to reduce the rate of solvent front
movement and to avoid elongated spots that resulted from rapid solvent trave1.
No preconditioning was necessary for chromatographic separations that used solvent
B. Chromatography jars were well saturated with vapors of the solvent to be used.
W"ith solvent A, solvent travel was 40 em in 21/ 2 h. With solvent )3, the front moved
38 em in 4 h.

Sheets were dried in a circulating air oven at 50° for 5 or 10 min .. Spots were
detected by a light spray of diazotized sulfanilic acid followed by 20 % sodium
carbonate12.

RESULTS AND DISCUSSION

RF values that were determined are given in Table I through IV. These values shO"\v
slight variations in different runs, apparently depending upon humidity of the paper
and flow rate of the solvent. A difference of RF value of about 0.05 was necessary to
obtain resolution of mixtures of compounds with solvent A. In general, ortho-isomers
could be separated from either meta or para forms, such as 0-, m- and p-cresols, but a
mixture of meta- andpara-isomers was not resolved. Excellent separa.tion of a mixture
of the four catechols and four guaiacols listed was possible with solvent A. Of the
dimethylphenols, the 2,3-, 2,4- and 2,5-isomers could not be separated, and the
3,4-isomer was only partially separated from the 3,5-isomer with solvent A.

The chief advantage of solvent B, butanol-water-acetic acid (6:2: I), was the

TABLE I,

MONOHYDRIC PHENOLS

Rpvalue
Compound

Phenol
o-Cresol
m-Cresol
p-Cresol
o-Ethylphenol
m-Ethylphenol
p-Ethylphenol
p-Propylphenol
o-Phenylphenol
m-Phenylphenol
p-Phenylphenol
p-Benzylphenol
2,3-Dimethylphenol
2,4-Dimethylphenol
2,5-Dimethylphenol
2,6-Dimethylphenol
3,4-Dimethylphenol
3,5-Dimethylphenol
Biphenol
2,2'-Dihydroxybiphenyl

Solvent A

0.28
0-48
0-40
°-41

0.67
0.5 2

0·55
0.69
0·54
0·35
0.3 2

0.5 1

0.56
0.58
0·57
0.72

°-45
0.48
0.02
0.14

Solvent B

0·73
0.81
0.81
0.81
0.87
0.87
0.86
0·92
0·75
0·73
0.70
0.83
0.82
0.82
0.86
0.89
0.82
0.82
0.24
0·53
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ETUDE CHROMATOGRAPHIQUE D'ECHANGE ISOTOPIQUE DU Bi 73

puis l'ether de petrole jusqu'<'t un deplacement total de IS cm. La mesure de la radio
activite du chromatogramme revele un pic au point de depart attribue a BiCla, un
pic au front de l'eluant correspondant a BiPha, ainsi que la presence d'un compose
entierement elue par Ie benzene, non entraine par l'ether de petrole et qui pourrait
correspondre a une etape intermediaire dans Ie marquage de BiPha (Fig. 3 a).

Dans les conditions experimentales du marquage, la formation de BiPh 2Cl est
possible:

et Ie compose intermediaire peut etre identifie avec Ie chlorure de diphenyl-bismuth.
Effectivement la chromatographie de BiPh2Cl prepare selon la reaction (I) apartir de
BiPha ou de BiCla marques, devoile non seulement que les conditions d'elution sont
ceUes de ce compose intermediaire, mais reveIe aussi l'instabilite de BiPh 2Cl qui est
decompose en cours de chromatographie selon la reaction inverse de (I). Ce n'est qu'en
solution suffisamment diluee que Ie pic de BiPh 2Cl est nettement mis en evidence.

Le radiochromatogramme d'un melange de BiPha et de BiCla marque par
a6Cl, obtenu avec Ie benzene, presente deux pics correspondant a BiCla* (RF -,- 0) et
BiPh2Cl* (RF = I).

Le compose intermediaire identifie, il est possible de suivre par analyse chromato
graphique l'evolution de l'activite de BiCla, BiPha et BiPh2Cl en fonction de l'age
de la solution. La duree relativement longue de la chromatographie au cours de la
queUe peuvent se poursuivre des reactions rend Ie calcul de la cinetique de la reaction
aleatoire. Un exemple de la repartition du radio-bismuth entre les trois formes, en
fonction de l'age de la solution, est represente sur la Fig. 4. Apres un marquage initial

10 20 ao

ostPha
ostela
xstPh2 CI

~o

Fig. 4. Repartition du bismuth radioactif en fonction de l'age d'une solution de Bi(RaE)CI3
0.5'10-3 M et BiPh3 2'10-2 M dans Ie melange alcool-benzEme.

rapide, l'augmentation de l'activite de BiPha est plus lente et tend regulierement
vers un palier, atteint d'autant plus vite que la temperature est plus eIevee. Les ac
tivites de BiCla et de BiPh 2Cl varient periodiquement et en sens inverse pour at
teindre finalement des valeurs tres faibles.

A partir de ces resultats, il est possible de proposer Ie mecanisme de marquage
suivant. Dans une premiere etape, BiPha et BiCla s'additionnent pour former Ie
chlorure de diphenyl-bismuth:

(2 )
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A simple uni-dimensional separation of nucleosides

In work connected with the analysis of nucleosides in pharmaceutical preparations
we required a fast separation of adenosine, cytidine, guanosine, inosine and uridine
from each other for purposes of subsequent quantitative determination.

On searching the literature twenty-one different separations were found using
mainly buffered or alkaline butanol or isoamyl alcohol as partition systems or aque
ous ammonia or buffers for adsorption chromatography on paper. However, none of the
published separations gave good Rp differences for all five nucleosides, with the possible
exception of when piperidine1 was used, but no Rp value was quoted for inosine in
this case.

As we wanted a rather fast separation, it was decided to try to improve on the
adsorption systems already published. The direction in which this search was oriented
was given by previous work of this laboratory2, which had indicated that cellulose
ion exchangers can function as adsorbents as well as exchangers and that the ad··
sorbtive properties depended on the type and the polarity of the substituents chosen
to confer ion exchange properties to the cellulose.

The Rp values of the five nucleosides on a number of ion exchange papers are
given in Table 1. Excellent separations with five well-defined spots were obtained
with diethylaminoethylcellulose paper (Whatman DE-2o) using water as solvent as;
shown in Fig. 1. The nucleosides are visible as dark spots under ultraviolet light.
If placed on the paper in dilute Hel a light spot due to chloride ions is noted near the
origin.

Resin-impregnated papers retained all the nucleosides strongly, with the ex
ception of the weak base WB-2 paper which, however, did not separate all five
nucleosides.

TABLE I

Rp VALUES OF NUCLEOSIDES ON CELLULOSE ION EXCHANGE PAPERS

Paper Solvent Adeno
sine

Cyti
dine

Guano
sine Inosine U1'idine

0·90 0.92 0.40 0·74

0.64 0.68 0.67 0.86

0.13 0.15 0.40 0.70

0.02 0.02 0.04 0·34

0.15 0.14 0.22 0.46

Whatman 3 MM Water 0:48 0.32 0.52 0.70 0.77
(pure cellulose)

Whatman AE 30 Water 0.61 0.79 0.18 0.15 0.42
(aminoethyl-cellulose)

Whatman DE 20 Water 0.57 0.80 0.20 O.II 0.37
(diethylaminoethyl-cellulose)

Macherey-Nagel strongly basic anion exchange paper Water 0.68
(with quaternary ammonium groups)

Whatman CM 50 paper Water 0.90
(carboxymethyl-cellulose)

Whatman CT 30 paper Water 0.85
(cellulose citrate)

Whatman P 20 paper Water 0.84
(cellulose phosphate)

Macherey-Nagel strongly acidic cation exchange paper Water 0.68
(with sulphonic groups)

Whatman DE 20 0.5N all spots on the solvent front
HCI

Whatman DE 20 0.5N 0.52 0.77 0.28 0.35 0.69
NH40H
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NOTES

torily in our solvent systems. However, Hyflo Super-Cel due to its larger particle size
tended to plug the nozzle of the chromatography spray bottle.

TABLE I

Rp VALUES OF REFERENCE COMPOUNDS AND PRODUCTS FROM ENZYMATIC DIGEST OF )~ALTOSE

Adsorbent

Filter- Hyfio- Hyfio Super-Cel: Kieselguhr
Cel Super-Cel Filter-Cel(6: 4) G

1VIaltose digest
Unknown 0.76 0·94
Glucose 0.67 0·94 0.76 0.96
Maltose 0.48 0.84 0.5 1 0.83
Isomaltose * 0.25 0.71 0·35 0.71
Panose * 0.15 0.50 0.16 0·55
Unknown 0.06 0.32 0.28
Unknown 0.00 0.00 0.00 0.00

Reference compounds
Xylose 0.85 0·94 0.90 0·95
Glucose 0.67 0·94 0.76 0·95
Maltose 0.48 0.84 0.51 0.83

Development time (min) 80 30 50 50

* Tentative identification.

Conclusions

As a result of our work to date we have found the availability, low cost and high resolv
ing power of ordinary filter aid materials make them excellent adsorbents for thin
layer chromatography of carbohydrates. It is hoped similar results can be obtained
with other classes of compounds.

Grain Processing Corporation, Muscatine, Iowa (U.S.A.) JOHN 1.. GARBUTT

1 E. STAHL AND U. KALTENBACH,]. Chromatog., 5 (1961) 351.
2 G. PASTUSKA, A. Anal. Chem., 179 (1961) 427.
3 c. E. WEILL AND P. HANKE, Anal. Chem., 34 (1962) 1736.
4 J. H. PAZUR AND T. ANDO, Arch. Biochem. and Biophys., 93 (1961) 43.
5 S. C. PAN, A. A. ANDREASEN AND P. KOLACHOV, Science, lI2 (1950) lIS; ]. Am. Chem. Soc .•

73 (1951) 2547·
6 1. BEKERSHY, Anal. Chem., 35 (1963) 261.

Received August 6th, 1963
]. Chromatog., IS (1964) 90--92

A method for the gas chromatographic separation of eS1ltrogens
employing a solid injection system *

In recent communications from our laboratory, the gas chromatographic separation
of synthetic mixtures of estrogens as well as their isolation from biological material

• This investigation was supported in. part by a research grant from The Heart Association of
Southeastern Pennsylvania and the American Medical Association Education and Research
Foundation.
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The B-9 extract separated on paper reacts with the reagent and gives a dark blue
spot against a yellow background. In a very short time the background turns dark
blue, and location of B-9 is difficult or impossible. This problem can be prevented by
spraying immediately with 2 N ammonium acetate.

Crops Research Division, Agricultural Research Service,
U.S. Department of Agriculture,

Wenatchee, Wash. (U.S.A.)

GEORGE C. MARTIN
MAX W. WILLIAMS

1 J. A. RIDDELL, H. A. HAGEMAN, C. M. J'ANTHONY AND W. L. HUBBARD, Science, 136 (1962) 391.
2 L. P. BATJER, M. W. WILLIAMS AND G. C. MARTIN, Proc. Wash. State Hort. Assoc., 59 (1963) 124.
3 G. C. MARTIN, M. W. WILLIAMS AND L. P. BATJER, Proc. Am. Soc. Hort. Sci., Rept. 84·
4 J. A. ROMBERGER, U.S. Dept. Agr., Forest Serv., Pacific Southwest Forest Range Expt. Sta., (1960).
51. SMITH, Chromatography, Vol. I, Interscience, New York, 1960.

Received January 24th, 1964
]. Chromatog., IS (1964) 95-97

Countercurrent distribution of D-lyxose-1-14C*

During the course of countercurrent distribution studies, we observed that D-Iyxose
I_14C migrated less rapidly than its unlabeled counterpart during countercurrent
distribution. These data are similar to those previously reportedl for D-arabinose-I-l4C
and extend to these aldopentoses, during countercurrent distribution in cydohexane
ethanol, PIEZ AND EAGLE'S2 caution concerning the use of coincidence of radio
activity and an index of mass as the criterion for identity in studies of labeled amino
acids. Implicit in such migration of solutes during countercurrent distribution as
well as chromatography is the considerable error that can result in the selection of a
single fraction rather than the peak for determinations of specific activity.

Materials

D-Lyxose-I-l4C and D-xylose-I-l4C with specific activities, respectively, of 0.18 and
0.21 mC per millimole were purchased from Calbiochem. The radiochemical purity of
all compounds was found to be higher than 98 % when mass calculated from observed
characteristic absorbance and absorbance index3 was compared with mass computed
from radioactivity and sample specific activity. o-Aminobiphenyl, purchased from
Chemical Procurement Laboratories, College Point, New York, was purified by
recrystallization.

Experimental

Countercurrent distribution. Twenty to 30 mg of a mixture of inert pentose and radio
active isomer with a final specific activity of 35-40 ftC/mmole were dissolved in 100 ml
of lower phase of the cydohexane-ethanol system described in Fig. 1. The solution,
after 24 h to permit anomeric equilibrium, was introduced into the first five tubes of
the 100 tube countercurrent train. At the end of the indicated number of transfers,
sampled tubes were dried in moving air at 22°. Dried samples were counted for

* Supported by a U.S. Public Health Training Grant.
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Thin-layer chromatography of cyclodextrins and some other sugars

using microchromatoplates

Schardinger dextrins (cyclodextrins) are a homologous group of cyclic saccharides
consisting of rt. 1,4 bound glucose units. They are obtained from the breakdown of
starch by the action of Bacillus macerans amylase. Their general formula may be
expressed by (I):

CH20H CHpH CHpH

)-0\ - )-0\ /----=-0\

/ \! \ / \
L/lo_J~/Lo-~~

I I I
OH OH n OH

'---------0---------'
(I)

in which n = 4 for rt.-cyclodextrin, n = 5 for tJ-cyclodextrin, and n = 6 for y-cyclo
dextrin.

They are important in that they can form inclusion compounds. During a study
of the preparation and properties of cyclodextrins we thought it useful to develop a
simple and rapid procedure to distinguish rt.- from tJ-cyclodextrin, and the cyclo
dextrins mentioned from some other sugars, viz. glucose and maltose, produced
during the preparation of cyclodextrins. y-Cyclodextrin is not included in our obser
vations, as we have not yet succeeded in isolating it.

CRAMER1 succeeded in separating rt.-, tJ- and y-cyclodextrin on Schleicher &
Schull 2045 b paper, using butanol-2-pyridine-water (I: I: I, v/v/v) as a developing
solvent (circular chromatogram). However, we have been unable to separate rt.- and
tJ-cyclodextrin in this way. On the other hand we did succeed in separating (X- and
tJ-cyclodextrin by using a developing solvent described earlier by CRAlV!'ER2 which
consistedofn-butanol-dimethylformamide (dmf)-water(2: I: I, v/v/v). In our opinion
it is not advisable to use Schleicher & Schull 2045 b paper as described by CRAMER, as
the time of separation is about 48 h. We obtained more rapid results (18 h approxi
mately) by using Whatman No. I paper. In our opinion the best indicator spray is
I % alcoholic iodine solution. This results in the formation of a purple compound
with rt.-cyclodextrin and a yellow one with tJ-cyclodextrin. The latter is visible only
after the brown 12 background has evaporated sufficiently; in some cases this may
take I h.

In view of the long separation time of the method described above and of the
rather poor identification procedure, we have developed a rapid chromatographic
procedure to separate rt.- and tJ-cyclodextrins. For this we used the microchromato
plates as described by PEIFER3.

Preparation of chromatoplates

1. Silicic acid layers. We used Kiesel-G "Merck", and followed PEIFER'S3 proce
dure. The plates (71/2 X 21/ 2 cm) were steamed and dried to obtain less fragile coatings.
The initial activity of the plates was very constant, as was shown by chromato
graphing the test fluid of the firm of Desaga (60, Hauptstrasse, Heidelberg, Germany)
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NOTES

TABLE I (continued)

II3

Compound

1-Benzyl-I -phenylhydrazined

I-Benzyl-I-phenylhydrazone of:
Mannose
Arabinose

I-Benzyl-I-phenyl-phenylosazone of:

Mannoheptulose
Glucose
Fructose
Sorbose
Arabinose
Rhamnose

Free sugar, acid or lactone;

Dronic acids
Sugar acids (saccharic acid, and

galactonic acid)
Lactones (galactonolactone, glucono-

lactone, glucuronolactone)
Heptulose
Hexoses
Pentoses

Method of
preparation

Ref. No.

8d
8e

II
II
II
II
II
II

0.76
0.96

1.08
1.16
1.16
1.17
1. 2 3
1. 2 3

0.00
0.00-0.05
0.00-0.05
0.05-0 .09

0.00
O.oo-o.or
0.or-o.05

a R G = distance migrated by compound/distance migrated by glucose phenylosazone on same
chromatogram.

b Derivative not reported previously.
C Spot not discrete, streaking or bearding.
d Prepared from recrystallized hydrochloride derivative, see text.
e Principal spots.

dissolved separately in 95 % ethanol containing an equivalent amount of potassium
hydroxide and 50 to 100 ftg of each free base was spotted on the paper. Twenty-five
ftg of 2kdinitrophenylhydrazine was spotted from pyridine.

The free sugars, acids, and lactones were dissolved in water, and their derivatives
in pyridine. One to 5 ftg (0.6 ftl) of the sugar 2,4-dinitrophenylosazones, about 12·5 ftg
(2 ftl) of the uronic acid 2kdinitrophenylhydrazones, and 25 ftg (2 ftl) of the other
derivatives were spotted. Arabinose and mannose phenylhydrazones are somewhat
labile in pyridine and were spotted as soon as they dissolved.

Chromatography. The solvent was a mixture of formamide-ethyl acetate-water
(I: 20: I v/vIv), shaken and allowed to separate into two phases. Separation is rapid.
The upper phase was used as the mobile phase, the lower phase was discarded.

The chromatographic chamber was a cylindrical glass jar 30.3 cm in diameter
and 60.5 cm high, sealed with a weighted glass lid. The wall of the jar was lined with
Whatman No. I paper thoroughly wet with mobile phase, and the bottom of the jar
was covered with mobile phase. The chamber was equilibrated at least 16 h before use.

As soon as the papers were spotted, two papers were suspended from each of
two glass troughs in the jar and the troughs were filled with solvent. To assure a
well-equilibrated atmosphere, the paper liner was rewetted at the beginning of each
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Notes on semimicro preparative thin-layer chromatography

Details of preparative thin-layer chromatographic techniques used in this laboratory
and mentioned in two recent papers!,2 are described here since they are of general
application. They have been used in the isolation of 2- to s-mg quantities of material
for subsequent identification by ultraviolet and infrared spectral studies and by
chromatographic comparison.

Overdeveloping thin-layer plates

For the separation of contiguous spots and bands on thin-layer plates, a continuous,
descending method was developed. It gave much better separation at higher loading
than BRENNER AND NIEDERWIESER'S method3 and was easier in operation and gave
better separation than repeated, ascending development. It resembles the continuous,
descending methods by which STANLEY et al. 4 washed plates and which MISTRYDKOV

recently described5, as well as the descending method mentioned by BIRKOFER et al. 6•

It requires less special equipment than these published methods and makes use of
the weight of the plate itself for providing contact with a soft, cloth wick. Although
the apparatus is not as simple as that recently reported by BENNETT AND HEFTMANN7,

the method requires less handling of the delicate plates and is easier for routine use.
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Plate coatings of activated alumina and unbonded fluorescent silica (silica gel HF 254'

Brinkmann Instruments, Inc., New York) were employed at thicknesses of 0.25 and
0.50 mm. To minimize side effects during development and to facilitate handling,
approximately I em wide bands of surface layer were removed from each vertical
edge of the plates. Application of sample and of chromogenic reagents was accom
plished by means of a precision streaking device2 ,8.

The developing apparatus, whose important details are ,hown in Fig. I, consisted
of the usual thin-layer plate rack of stainless steel modified so as to support a standard
8.5-in. paper chromatographic trough in its g-in. metal cradle, bearing the appropriate
antisiphon and anchor rods. Leading from each side of the solvent trough and extend
ing over the antisiphon rods are wicks against which thin-layer plates are leaned,

LOOP OF COTTON FLANNEL

THREAD SEAM

I

I,,, ;;J
''1

I e"
I V / STREAKyv

WICK DETAIL
THIN
LAYER
PLATE

SURFACE
LAYER

Fig. 1. Apparatus for continuous downward development.

layer side inward, at an approximate angle of 70°. The bottom edges of the plates
rest on absorbent mats of heavy filter paper. The entire assembly is contained in a
suitably sized chromatographic tank with a well-fitted cover. The wicks consist of
a loop of fuzzy cloth (white cotton flannel) sewn to a strip of chromatographic paper
(such as Whatman No. I)-see separate wick detail in Fig. 1. This construction
prevents marring of the thin-layer surface while affording good contact, the paper
providing a slow solvent feed. The wicks are prewashed with solvent using spare
plates.

In operation, two sample-streaked plates are lowered into the solvent saturated
tank and pressed firmly against the wicks so that contact is made above the streak.
Development begins at once. The time required for the solvent front to migrate to
the bottom of the plates is noted and a total time of some multiple of this is tried.
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