


























4 E. GIL-AV, Y. HERZBERG-MINZLY

values). In the present examples, for instance, the kinetic constants varied from
2.0' ro-2 to 1.4' ro-4 secl (half life time 30 sec to roo min respectively)6.

Many reagents should be suitable for use in subtraction chromatography,
provided conditions in the subtracting column are adjusted in accordance with the
requirements of eqn. (r). H can be taken as approximately equal to unity, except
where the retention volume is relatively small (see EXPERIMENTAL). VR can be varied
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Fig. 2. Plot of log retention volume (relative to n-pentane) versus boiling point for different classes
of hydrocarbons on non-crystalline chloromaleic anhydride at 40°, Net retention volume of n
pentane 11.3 ml, on a 1 m X 4 mm column containing 7-4 g of a mixture of solid support and

CIMA in the ratio 2: 1.

by the amount of stationary phase used, and the effective value of the kinetic
constant can be modified by choice of temperature, by the addition of catalysts or by
dilution. For example, when experimenting with mercury acetate as a reagent for
the partial subtraction of mono-olefins7, it was found necessary to dilute the acetate
considerably with ethylene glycol in order to bring the half life time into a proper
range (25 sec and roo sec for r-hexene and cyclohexene, respectively).

DISCUSSION OF RESULTS

Differentiation between cis- and trans-I,3-dienes

Chromatographic peaks due to cis- and trans-r,3-dienes can be distinguished readily
from each other by partial subtractio\l. with dienophiles. The trans-isomers, indeed,
easily undergo Diels-Alder addition, whereas the cis-isomers8 ,9 react very much more
slowly or not at all.

Piperylene is the simplest example of a r,3-diene showing geometric isomerism.

]. Chromatog., 13 (1964) 1-9



PARTIAL SUBTRACTION CHROMATOGRAPHY 5

The commercial product gives two peaks on a column with silver nitrate-glycol as the
stationary phase. vVhen the mixture was run on a dual column containing silver
nitrate-glycol and ClMA, respectively, the proportion of the first peak decreased
relatively to the other, and with a higher contact time (helium flow rate, 11.4 mljmin)
dropped below that of the second peak (see Table I and Fig. I). It is easily seen from
these data that the pentadienes emerge in the same order on both chromatograms,
and that the first peak corresponds to the trans-isomer and the second peak to the
cis-compound. In the same way it was possible to distinguish between the peaks due
to cis- and trans-1,3-hexadiene. In both cases, as the flow rate altered, areas corre
sponding to the cis-isomer did not change with respect to an added inert substance.

The method has been used to prove the formation of trans-1,3-pentadiene in the
elimination reaction of the tosylate of trans-2-methylcyclobutanoPo. The nature of
the by-products, accompanying the expected 3-methylcyclobutene, could thus be
ascertained unambiguously.

Another interesting application is the identification of the geometric isomers
of I,3-hexadien-5-yne, prepared from 1,5-hexadiyne by action of potassium tert.
butoxide in tert.-butanolll . As shown by chromatography with a stationary phase
such as tri-o-tolyl phosphate or Octoil, the product was found to consist of a small'
amount of unchanged starting material and two major components with peak areas
in the ratio 5.5 A.5. On a CIMA column the peaks emerged in the same order, as could
be seen by their respective areas. 'Nhen the flow rate of the mobile phase was reduced
(see Table I), the second of the large peaks gradually decreased relative to the other
and, thus, was ascribed to trans-1,3-hexadien-5-yne*. The assignment was confirmed
by preparative G.L.P.c. and infrared spectroscopy of the isolated fractionsll . It is
to be pointed out that the trans-form of the 1,3-hexadien-5-yne has the larger reten
tion volume, contrary to the behaviour of the 1,3-penta- and hexadienes, as well as
of some monoolefins on polar stationary phases12.

Differentiation of structural types of con/ugated dienes

Structutal factors may markedly influence the rate of reaction of conjugated dienes
with dienophilic reagents. In particular, alkyl substitution and inclusion of the diene
system into a five-membered ring increase reactivity considerably. Available infor
mation in the literature6 , 9,13 on the direction and magnitude of such effects may be
used with advantage for the identification of chromatographic peaks, as shown below.

(a) Crude 2,4-hexadiene, prepared from crotonaldehyde and ethyl magnesium
bromide14 , gave on a silver nitrate-glycol column a chromatogram consisting of three
peaks. According to ALDER AND VOGT14 there is formed, in fact, in addition to the
expected trans, trans- and trans, cis-2,4-hexadienes, also trans-1,3-hexadiene. When
the product was chromatographed at different flow rates on a column containing
CIMA, it was found that the first peak decreased rapidly, the second peak more
slowly, while the third peak remained unchanged (Table I). The last peak dearly
corresponded to cis, trans-2,4-hexadiene, which does not react under mild conditions.
The other peaks were due to trans, trans-2,4-hexadiene and trans-1,3-hexadiene; their
assignment could be made on the ground that substitution at both ends of a diene

* It l~ag. been reportedll that with maleic anhydride the dien-yne forms 1.2,3,6-tetrahydro-3
ethynyl phthalic anhydride.

]. Chroma/og., 13 (1964) 1-9



6 E. GIL-AV, Y. HERZBERG-MINZLY

system (trans, trans-z,4-hexadiene, first peak) more effectively promotes Diels-Alder
addition than a similar substitution at one end only.

(b) To illustrate the distinctive behaviour of cyclopentadiene, a mixture con
sisting of isoprene, cis- and trans-r,3-pentadiene, cyclopentadiene, and n-hexane
(reference substance) was passed over a CIMA column at 40° (Table II). Only four
peaks were found on the chromatogram even at the higher rate of flow of the carrier
gas, as the cyclopentadiene had reacted completely on passage through the column.
The non-appearance of a fifth peak was not due to low efficiency of CIMA as a station
ary phase, since, as shown on Figs. Z and 3, the polar CIMA has about the same
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Fig. 3. Plot of log retention volume (relative to n-pentane) versus boiling point for different classes
of hydrocarbons on p,P'-oxydipropionitrile at 40°.

selectivity towards various groups of hydrocarbons as p,p' -oxydipropionitrile, and
all five compounds present in the sample were readily separated on the latter phase.

Peak identification by accurate kinetic data

Accurate measurement of the rate of subtraction of a peak, and comparison with
that of the component assumed to be present, can be used as a method of identification.
Such a procedure is of interest in cases in which preliminary peak assignment has been
made, e.g. on the basis of the retention volume, but further confirmatory evidence is
required. The reproducibility and accuracy of the method is seen in Fig. 4, in which
comparison is made of the isoprene and trans-r,3-pentadiene peaks appearing in the
chromatogram of the mixture described in Table II. The values of log xO/x for the
second and third peak of the sample closely fit the curves of the respective pure
components. Special care must of course be taken to operate under the same con-

]. Chroma/og., 13 (1964) 1-9
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amount of ether as solvent, and immediately poured into the chromatographic
column. The ether was evaporated by passing carrier gas through the column after
installation in the apparatus, care being taken to avoid moisture.

The quantities of material injected into the column were adjusted so as to obtain
symmetrical peaks, and the areas were calculated by multiplying heights by peak
width at half height.

In experiments in which only a CIMA column was employed, the contact time
(t) was obtained directly from the chromatogram by dividing the distance from the
injection point to the peak maximum by the speed of the recorder paper. For dual
columns t was calculated from the equation VOR = j Ft. VCR, the corrected retention
volume was determined by a separate measurement using the ClMA column only;
j, the pressure gradient factor, was obtained by estimating the pressure (Pi) at the
head of the ClMA section of the dual column on the assumption that resistance to
flow was proportional to length17 ; F, the flow of carrier gas at the exit from the ClMA
column at atmospheric pressure (po), was measured with a soap bubble meter (the
ClMA was always placed at the exit side of the dual column system).

Determination of the peal< order of the components of crude 2,4-hexadiene

This was carried out on a 2 m column with a saturated silver nitrate-glycol solution
as the stationary phase (chromatogram A) and on a I m CIMA column (chromato
gram B). The ratio of solid support to liquid phase was 2: I on both columns. The
ClMA was not purified by crystallization and was liquid at room temperature. On A
the areas of the peaks with respect to n-hexane were in their order of emergence,
(r) 0.95, (2) 0-42, (3) 1.02. The first peak on B had the same relative area with respect
to the inert reference substance as the third peak on A, and was therefore ascribed
to the non-reacting cis, trans-2,{-hexadiene. As to the first and second peaks on B,
extrapolation of the values of log area x/area n-hexane (Table I) showed that at zero
time the first component had a larger area than the second component (log relative
area ~ 0 and -0.4, respectively). Hence it followed that on both chromatograms the
order of emergence of the peaks was the same.

TABLE III

H VALUES OF DIENES ON A CHLOROMALEIC ANHYDRIDE COLUl\'1N AT 40°*

Compound H

Butadiene 0.68
Isoprene 0.84
trans-1,3-Pentadiene 0.89
trans-1,3-Hexadiene 0.89
trans,trans-2,4-Hexadiene 0.94
trans-1,3-Hexadien-5-yne 0.98

* For details on column see Table I, footnote f.

H values of dienes on a chloromaleic anhydride column at 40°

H is calculated from the retention volume according to the equation:

V'
H=~

VR
(2)

]. Ch1'omatog., 13 (1964) 1-9
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EIN GERAT ZUR

MARKIERUNG VON CHROMATOGRAMMEN

A. Z. BUDZYNSKI

Abteilung fur Raaiobiologie una Gesunaheitsschutz, Institut fur Kernforschung, Warschau 9 (Polen)

(Eingegangen den 8. Mai 1963)

ALLGEMEINES

Eine Kombination von Papierchromatographie mit radiometrischen Methoden hat zur
Entstehung einer neuen Technik gefUhrt, die als Radiochromatographie bekannt ist.
Es gibt prinzipiell zwei Wege bei dem radiochromatographischen Verfahren. In dem
ersten FaIle wird eine Mischung von radioaktiven Bestandteilen auf dem Filterpapier
getrennt. In dem zweiten kann man eine nichtradioaktive Mischung chromatogra
phieren und die in den Flecken enthaltenden getrennten Substanzen unmittelbar auf
dem Filterpapier markieren.

Urn die Markierung der Chromatogramme durchzufUhren, ist es notwendig, sie in
eine radioaktive Lasung einzutauchen. Ein Uberschuss des markierenden Stoffes wird
nachher durch mehrmalige Spiilung entfernt. Zu diesem Zwecke wurde eine spezielle
Vorrichtung entwickelt, in der die obengenannten Tatigkeiten, gleichzeitig mit einer
grossen Zahl von Chromatogrammen, vorteilhaft durchzufiihren sind.

EINZELHEITEN DES GERATES

Das Prinzip der Vorrichtung geht von der Voraussetzung aus, dass bei der Markierung
der Chromatogramme Eintauchen von grossen Oberflachen des Filterpapiers in kleine
Volumen der radioaktiven Lasung erwunscht ist.

Diese Bedingung erfullt ein hohes und schmales Gefass, vom Querschnitt eines
flachen Sechseckes. Das Chromatogramm wird in dieses Gefass entlang der grasseren
Diagonale hineingeschoben und kann in ihm mit radioaktiven Lasungen behandelt
sowie mit Spiilflussigkeiten gewaschen werden.

Das Gerat wird aus zwei verschiedenartigen Grundelementen zusammengesetzt:
(I) aus zwei ausseren Grundelementen, von denen eine Oberflache gefrast wird;

die zweite Oberflache bleibt glatt und ist nach aussen gerichtet,
(2) aus einer beliebigen Zahl von inneren Grundelementen, deren beide Oberflachen

gefrast werden.
Nach der Zusammenstellung der Grundelemente entstehen lange, flache, sechs

eckige Gefasse; ihr Volumen betra~t etwa 5.5 ml pro 10 cm Lange. Die Dicke der
FlUssigkeitschicht macht beiderseits des Chromatogramms kaum etwa 2 mm aus. Die
Fig. list eine Skizze der beiden Grundelemente sowie eines runden Sockels, an dem
die zusammengefUgten Grundelemente befestigt werden.

j. Chromatog., 13 (1964) 10-13





















20 K.ABEL

temperature rise is important, but is not critical within limits. If the rate is too slow,
unsymmetrical peaks with shoulders occur for each c011?-ponent. \lVe have found that
IOO-W cartridge heaters, operated at IIS V provide adequate heating rates when using
carrier flow rates of less than 100 mljmin provided a low mass heat transfer block such
as aluminum is used to provide even heat transfer from the cartridge heaters to the
precolumn. We normally use flow rates of about 20 to 40 mllmin through 1116 in. I.D.
columns and at these flow rates, no problems have been encountered.

With this system "instantaneous" injections are not required and indeed, are
not desirable. Better results are obtained, particularly with solvent venting, if the
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Fig. 6. Comparison of programmed temperature precolumn, isothermal partition column operation.
Top:05 ,ul of 0.05 %es~e~ solution injected onto hot precolumn without venting. Middle: 3 ttl of
0.05 Yo ester solutIOn Injected onto cold precolumn without venting followed by progra.mmed
precolumn. Bottom: 3 ,ul of 0.05 % ester solution injected onto cold precolumn with 10 sec vent

followed by programmed precolumn.
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28 N. L. GREGORY

EXPERIMENTAL

A detector was constructed as shown in Fig. I, with an 18 pC 226Ra source. For cali
bration purposes it was mounted in an oven at the output of a gas chromatograph
employing a 4 ft. packed column of 4 mm I.D., and a gas density balance detector4•

Provision was made for diluting the gas stream leaving the density balance before it
entered the electron capture detector. The carrier gas used was nitrogen.

The variation of current through the detector with changing bias voltages
applied to the source, between (G) and (D), is shown in Figs. 2a and 2b, which are
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Fig. 2. Anode current versus source bias voltage with differing scavenge gas flow rates: (a) anode
voltage = 4.5 V; (b) anode voltage = 9 V.

plotted with different collector voltages applied between the anode (A) and the
cathode (D) of the detector chamber. The different curves in each figure were obtained
with different scavenge gas flow rates.

Figs. 3 a and 3 b sho,,: the variation of electron current with changing collector
voltage with two different rates of gas flow, and with various bias voltages applied
to the source chamber.

The working conditions selected for stable operation were with the source bias
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in such detectors is carried by free electrons rather than by negative ions has been
confirmed in this laboratory (unpublished work). Thus it is probable that the effect
of gas flow rate is concerned with movement of the positive ions which are created
in the source chamber by the radiation from the radioactive source.

This movement of positive ions can influence the electron current in two ways, (i)
by dispersing the positive ion space charge left in the source chamber by the with
drawal of electrons and (ii) by a process of "ambipolar diifusion" (see e.g. ref. 6), i.e.
positive ions are carried by the gas stream from the source chamber into, or towards,
the detector chamber (B) against the applied field. As electrons are attracted towards
the positive ions their movement from the source into the detector is facilitated by
the flow of scavenge gas. The process may well influence the relative collection
efficiencies of the two "anodes" (A) and (D).

In short, the electron current through the detector depends on the two applied
voltages and upon the gas flow rate and the actual current observed is the result of a
balance between a number of different processes. It can be seen, however, that it is
possible to choose a working point at which the current is not critically dependent on
anyone variable. Thus stable operation can be secured.

The mechanism of the external source is obviously rather complex and, in its
present form the gas flow rates necessary for its successful operation are larger than the
carrier gas flow through average analytical columns. They are not, however, so large
as to dilute unduly the sample entering the detector, when working with packed
columns. Indeed, it has been found convenient to use additional dilution between
the column and the detector and it is probable that when working with specific
compounds for which electron capture detectors have high sensitivity, it could be
used in its present form with capillary columns.

It is possible that a considerable reduction in the scavenge gas flow could be
made if the source chamber were redesigned in such a way as to increase the effec
tiveness of the source bias voltage; perhaps an additional "pusher" electrode could
be used. Also little attention has been paid to the size of the hole (C) through which
the electrons are transferred, and to the thicknesses of the plate (D) and its insulator
(H). These factors may each be expected to influence the efficiency of transfer of
electrons from the source chamber to the main chamber and the dependence of
electron current on gas flow rate.

With small collecting voltages applied to the anode, the linearity of the detector
is of the same order as that of other electron capture detectors, and the use of these
small collecting voltages ensures that the small fields in the detector under these
conditions do not materially increase the energy of the electrons in the chamber.
Thus one factor which can introduce anomalies in detector sensitivities is elimi
nated.

When using higher collecting voltages the detector response may be anomalous
at low sample concentrations. The use of pulsed voltages has shown that the anom
alous response is a function of mean current through the chamber rather than of
the applied voltage, and that time constants of the order of seconds are involved.
This implies that space charges, or surface charges, are of great importance in the
operation of the detector. Different and possibly better performance may therefore
be expected with a source of size different from the 18 f.lC adopted here, and with
detectors designed to minimise the effects of surface charges.

]. Ch1-omatog., I3 (I964) 26-32
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The gas flowed through a sufficiently large cavity (about 0.3 ml) between the
splitter and the active volume of the detector to ensure that considerable mixing took
place. It could thus be regarded as a continuous sample, rather than a series of pulses,
as it entered the detector.

RESULTS

The way in which the detector response was controllable by electrical adjustment of
the pulse width and pulse repetition frequency is demonstrated by Figs. 3 and 4, in
which the sensitivity of the detector and splitter, regarded as a unit, is compared with
an arbitrary standard setting; a relative sensitivity of unity corresponds to a djlution
factor of approximately I.6 %. Smooth control was, in fact, achieved over a range of
sensitivities of rather greater than roo: r, i.e. from about 6 % to below 0.06 'Yo. In this
range the dilution ratio was not critically sensitive to the value of pulse voltage (Fig. 5)
provided that this was sufficiently large. The range of dilution factors could be extended
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Figs. 3 and 4. Effective sensitivity as a function of pulse width and pulse repetition period. Square
pulses of peak height 100 V. Dilution factor at relative sensitivity of 1 = r.6 %.

in either direction by changing the pump speed C\'V r) and making corresponding
changes in dilution flow (NV 2), thus altering the gas flow to which the sample was
added.

The flexibility of the system is demonstrated by the chromatograms of Fig. 6.
Curve (a) is a chromatogram of a mixture of chlorinated methanes taken from the gas
density balance record. Curve (b) is the corresponding simultaneous chromatogram
from the electron capture detector operated, in this case, with a constant dilution
roughly appropriate for comparison of the chloroform peaks in the two records. The
other peaks in the electron capture record are not accurately measurable. On repeating
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hydrogen formed by decomposition. The fiat portion is interpreted as saturation of the
gas-density balance, and the small positive peak is identified as tetramethyltin.
This shows some rearrangement reaction must take place in or on the stationary phase

b

C

I

Time in min

Fig. 7. Elution pattern of alkyltin hydrides.
(a) Trimethyltin hydride; (b) tetramethyltin;

(e) dipropyltin dihydride.

t-

a

Fig. 8. Elution pattern of trimethyltin hydri
des on squalane. (a) Hydrogen; (b) tetrame

thyltin.

because the trimethyltin hydride was identified as pure before injection on to the
column. The reaction of the hydride with the phase was not unexpected, since the
hydride readily adds to a triple bond27, and less easily to a double bond. If some un
saturation was present i~ the squalane, then the reaction:

R - C = CH + Me3SnH --+ R - CH = CHSnMe3

is possible. However, this reaction does not produce hydrogen, or tetramethyltin.
In a radical-mechanism, which is favoured by NEUMANN, NIERMANN AND SOMMER28 ,

it is possible that a reaction of the type:

Me3SnH + R-C=CH--+ R-CH=CSnMe3 + H

can take place. The hydrogen atom formed may then abstract hydrogen from further
trimethyltin hydride forming hydrogen molecules and the radical MesSn. Such a
radical could again react with trimethyltin hydride, abstracting a methyl group, and
so forming the tetramethyltin. Exchange reactions of this type between differing
tetra-alkyl-tins are being studied, in an attempt to elucidate these points. Compounds
of the type R - CH = CHSnMes are perfectly stable and can be chromatographed
without decomposition, when the molecular weight is low, i.e. up to R = C7 (alkyl).

]. Chroma/og., I3 (I964) 48-55
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AN APPROACH TO KINETIC STUDIES

USING RADIOCHROMATOGRAPHY ON THIN LAYERS

PART 1.

c. J. MOYE

C.S.R. Research Laboratories, Rosev-ille, Sydney (A ustraiia)

(Received May 9th, 1963)

INTRODUCTION

A common technique used in biosynthetic studies, is that of counting radioactive
samples at "infinite thickness". When obtained by counting at infinite thickness,
the activities of samples derived from a common parent compound, can be related to
one another and the parent compound with the minimum of correction1.

It occurred to us that the same technique applied to thin-layer chromatography
should offer considerable advantages in semi-quantitative kinetic studies of complex
reactions. One would require that:

(i) the adsorbent layers be uniformly thin, but at infinite thickness to the ra
diation being emitted,

(ii) the compounds be uniformly distributed in depth through the thin layer
before and after chromatography, and

(iii) all the reaction products be well separated by the chromatographic procedure,
so that they do not interfere with one another when they are counted. The separation
necessary would depend on the resolution of the scanner.

In order to test the above hypothesis, we required a scanning unit sufficiently
sensitive to detect 14C and 35S radiation* emitted from a thin-layer chromatogram.
The unit described was suitable for this purpose.

I t soon became apparent in preliminary studies, that the technique could be
improved by using more uniform thin layers. Better results were also obtained when
the thickness of the adsorbing layer was adjusted to give a weight of adsorbent of
22-25 mg/cm2 . This was probably due to difficulties in obtaining uniform distribution
of sample when spotting on thicker layers. We therefore designed the second unit
described herein, which is a modification of a spreader described in the literature2 and
commercially available**. Both units are simply constructed and inexpensive. Results
of kinetic studies using this new technique, will be described elsewhere.

* The technique is uniquely suited to studies with these isotopes, (and others emitting f3
particles of similar energy), since ca. 22 mg/cm2 represents infinite thickness of an absorber for
these isotopes, and this thickness is suitable for thin-layer chromatography.

** From Camag, Chemie Erzeugnisse und Adsorptions Technik, A.G., Hombergerstr. 14,
Muttenz B.L., Switzerland.

J. Chromatog., 13 (1964) 56-60
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THIN-LAYER CHROMATOGRAPHY OF

RESIN ACID METHYL ESTERS

DUANE F. ZINKEL AND JOHN W. l,"OWE

Forest Products Laboratory *, Fonst Service,
U.S. Department of Agriculture, Madison, Wis. (U.S.A.)

(Received June 6th, 1963)

INTRODUCTION

The problem of separating and identifying resin acids has been the subject of con
siderable research effort. A partition chromatographic system has been employed
but is rather tedious and complete separations are not obtained1 . Partition paper
chromatography has been applied with limited success2 ,3. Gas chromatography has
been used with partial SUCCf>SS4; in the Forest Products Laboratory, resin acid
methyl esters have been gas chromatographed without isomerization of the sensitive
abietadienic acid esters5. Mass spectroscopy has been used successfully6. However, a
much simpler method is desirable.

DANIELS AND ENZELL7 have successfully applied a method, developed by \VICK

BERGs for the separation of unsaturated hydrocarbons by partition of their silver n 
complexes between hexadecane and aqueous methanol, to the separation of resin acid
methyl esters. It seemed quite possible from this work that a more convenient
system could be developed having the silver salt in the stationary phase. Indeed,
thin-layer chromatography using silver nitrate impregnated silica gel has been
successfully applied to some difficult separations of unsaturated fatty acid esters9

and triglycerides1o. The acetic acid containing solvent system of BARRETT, DALLAS
AND PADLEylO was ruled out because of the probability of acid isomerization of the
resin acid esters. The ethyl ether-hexane system of MORRIS9, however, offered prom
ise.

EXPERIMENTAL

Glass plates (zoo mm X zoo mm) were coated with a slurry of alumina (aluminum
oxide G with binder, Research Specialties Co.) and silver nitrate solution using a
spreader set for a thickness of z50 fl. A solution of 1Z g silver nitrate in zo ml water
was diluted with 40 ml methanol and the resulting solution added to 30 g alumina
and mixed by shaking. The plates prepared with this coating were allowed to air
dry overnight. Before use, the plates were dried at noo for 30 min.

The resin acid methyl esters were prepared using a freshly distilled ethyl ether
solution of diazomethane in a similar manner to that of SCHLENK AND GELLERMANll .

The diazomethane solution was added dropwise to I % solutions of pure or mixed
resin acids in 9: I (vjv) ethyl ether-methanol at 0° until a slight excess of diazome-

* Maintained at Madison, Wis. (U.S.A.), in cooperation with the University of \Visconsin.
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pig. 4. A photograph showing lhl' whol", separating s\·slem. In the middle. the sep",ration chamber.
on the Jelt the cooling aggn'galc. ;lnd under I hl' table. the electric generator.

a reservoir bottle (Fig. 2), into tllis vessel which is provided with an overflow device.
In this way the liquid level in the vessel is maintained (constant-level vessel. isee
Fig. 2), but can be varied with the aid of the adjustable overflow device which in
Fig. 2 is shown as the drip vessel. The constant-level vessel, the gap separating the
plates and the delivery cup represent a 5~'stem of communicating tubes; this ensures
that the same level of liquid is also maintained in the cups. Buffer solution may be
drawn from another vessel (pressure vessel) in which the liquid level is considerabl~'

higher for filling the chamber and rinsing it quickly after a test.
The troughs for the electrodes are cemented to the top plate. Holes in the top

plate, which also extend through the bottoms of the troughs for the electrodes. con
nect the troughs with the separating chamber. Small tubes made of Trovidur are
glued into these holes. To prevent the buffer solution in the troughs mixing with the
huffel solution intended for the separation. the small tubes arc firmly packed with

1. C/H·"'Jli/./ng .. I] (19(,4) III-liS
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This equation has been based on the following postulates:
(i) Any kind of Rp variations can be classified in one of the previously mentioned

three groups, i.e. there are no factors which can influence differently the individual Rp

values of the compounds co-chromatographed or, at least, such factors if they exist,
cannot cause significant changes in the Rp's.

(ii) All Rp variations are additive properties, i.e. the coefficients a and b of eqn. (4)
represent in each case the sum of many individual coefficients aI' a 2, as, ... , or bJ , b2 ,

bs, ... , corresponding to different experimental variables which are not individually of
any practical importance.

It is obvious that coefficients a and b can be determined experimentally by
measuring in each case the Rp values of two authentic samples:

(RpO)A - (RpO)B
a = -------- and b

(Rp)A - (Rp)B (5)

APPLICATIONS

where (RpO)A' (Rp°)B are the tabular Rp values, and (Rp)A' (Rp)B the measured ones
of the two reference compounds A and B.

It should be noted that although eqns. (3) and (4) look very similar, they are
actually different, namely, the sum of the two parameters of eqn. (3) is obviously
equal to one, while this is not necessarily true in the case of the general eqn. (4).

One-dimensional run

An acidic hydrolyzate of a polysaccharide was submitted to paper chromatographic
separation using the isopropanol-water 80: 20 (v/v) solvent system. The tabular R G

values of various monosaccharides in this system (Table I) were taken from SMITH5.

TABLE I

RG VALUES OF MONOSACCHARIDES ON WHATMAN NO.4 PAPER.• TAKEN FROM SMITHS

(Solvent: isopropanol-water, 80:20)

Compound RG Compound Rc

Rhamnose 1.52 Sorbose J.02
Ribose 1.37 Glucose 1.00
Fucose 1.35 Galactose 0.80
Xylose 1.30 Glucosamine 0.65
Arabinose 1.12 Muramic acid 0.62
Mannitol 1.10 Galactosamine 0.50
Dulcitol 1.05 Inositol 0·35
Sorbitol 1.05 Glucuronic acid 0.20
Mannose 1.05 Galacturonic acid 0.15
Fructose 1.05

The chromatogram is illustrated in Fig. 3, where it is evident that this hydrolyzate
contains five components, one of which (spot C) is galactose. The measured distances
of the spots from the starting line are: lA = 4.1 cm, lB = 8.7 cm, lc = II.O cm,

J. Chromatog., 13 (1964) 128-138
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The phenols were kindly supplied to us by Dr. H. MORITA of the Soils Research
Institute, Canada Agriculture, Ottawa.

Indole-3-glyoxylic acid, indole-3-glyoxyl chloride, indole-3-glyoxylamide and
methyl.indole-3-glyoxylate were synthesized from indole by the methods of SHAW
et al.S . 3-Cyanoindole, indole-3-aldoxime, indole-3-carboxylic acid and indole-3-acrylic
acid were synthesized from indole-3-aldehyde by the methods of SHAW et al.

Indole-3-carboxylic acid, prepared by the carbonation of the Grignard reagent
formed with ethyl magnesium bromide and indole9 and recrystallized from aqueous
ethanol was not chromatographically pure. On the other hand this acid prepared by
hydrolysis of crude 3-cyanoindole by SHAW'S method did not require further re
crystallization and gave only one spot in both isopropanol-ammonia-water (8: I: I)
and butanol-acetic acid-water (4: I: I). It decomposed at 246° (uncorr.). The product
from the Grignard reaction decomposed at 220°-225°.

8-Hydroxyquinaldic acid was prepared by a four-step synthesis from o-anisidine
and crotonaldehyde in good yield by the method of IRVING AND PINNINGTOK10,11.

Most of the substances from commercial sources were chromatographically pure
and gave sharp melting points. 2,3-Dimethylindole, gramine and 5-benzyloxygramine
yielded more than one spot which may have been due to decomposition during
chromatography. Catechol and 3-methoxycatechol were unstable giving spots and
streaks on the paper. The latter compound became discolored even when stored in the
refrigerator in 95 % ethanol.

Methods

The chromatography was carried out on Whatman No. I paper using the ascending
method in butanol-acetic acid-water (4: I : I) and isopropanol-ammonia-water
(8:1:1). The spray reagents used were: (a) Ehrlich aldehyde reagent, prepared by dis
solving 2 g p-dimethylaminobenzaldehyde in a mixture of 80 ml of 95 % ethanol and
20 ml of 6 N HCp2. (b) p-Dimethylaminocinnamaldehyde (DMCA) reagent, prepared
according to HARLEy-MASON AND ARCHER' by dissolving 2 g of this aldehyde in a
mixture of 100 ml of 95 % ethanol and 100 ml of 6 N HCI.

The chromatograms were equilibrated with the solvent for 2 h and developed
overnight (16 h). After air-drying, they were sprayed with one or the other reagent,
dried in front of a fan and then placed in an oven set at 70° for 5 min. After this
treatment they were allowed to remain at room temperature for 48 h. Papers sprayed
with DMCA turned very dark after 24 h, but the strong spots remained outlined on the
paper. Papers sprayed with the Ehrlich reagent had very little background color. All
papers were examined under ultra-violet light using a Blak-ray, long wave n.v. lamp
before and after spraying with color reagent.

For chromatography, the substances were dissolved in a suitable solvent,
generally 95 % ethanol or acetone and made up quantitatively to a concentration of
I mg per ml, and 10 ,Ill were spotted at the starting line with a micro-pipette. Because
some of the substances did not react at this level some chromatograms were run using
20-30 ,Ill per spot.

RESULTS AND DISCUSSION

The color reactions, R p values, V.V. data, etc. for the indole derivatives and related
metabolites are given in Tables I, II and III. Equations and formulae referred to
throughout the text are found in Figs. I and 2.
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CHROMATOGRAPHY ON ION EXCHANGE PAPERS

X. SOME DATA FOR CELLULOSE ION-EXCHANGERS WITH ORGANIC

SOLVENTS

M. LEDERER AND V. MOSCATELLI

Laboratorio di Cromatografia del C.N.R., Istituto di Chimica Generale ed Inorganica, Rome (Italy)

(Received June 21St, 1963)

The influence of organic solvents on the ion exchange behaviour of several metal
ions on cation and anion resin papers and on zirconium phosphate paper was recently
reported by us!.

Cellulose ion exchange papers have already been employed for two-dimensional
chromatography of metal ions using an organic solvent mixture in one direction2 •

However, no systematic work similar to our study with resin papers! has been reported
so far and this seemed to us of interest both for analytical purposes and for the un
derstanding of the effect of organic solvents on ion exchange.

The work described here was thus undertaken and its aim was to study a large
number of ions in some solvent systems where the amount of organic solvent can be
increased gradually (i.e. systems in which the solvents are completely miscible).
For this purpose zN HCI containing varying quantities of either ethanol or acetone
was selected.

The following four papers were chromatographed together in one container by
the technique already described!:

Whatman No. I pure cellulose paper,
Whatman cellulose phosphate paper P zo,
Whatman diethylaminoethyl-cellulose (DEAE) paper DE zo,
Whatman aminoethyl-cellulose paper AE 30.

The results are given in Fig. 1-4 where the metal ions are grouped roughly
according to their complexing properties.

DISCUSSION

Fig. I shows the behaviour of Ni(II), AI(III), La(III) and Th(IV) which all are known
not to form complexes with zN HCI in any of the mixtures examined.

AI, La and Th adsorb to some extent on cellulose phosphate probably due to the
formation of phosphate complexes, otherwise the R p curves for the metal ions on the
exchange papers are almost identical with that on Whatman No. I paper i.e. a parti
tion mechanism seems to be responsible for the retention on the paper.

Fig. 2 shows the behaviour of several metal ions which form anionic complexes

]. Chromatog., 13 (1964) 194-198
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RESULTS AND DISCUSSION

Much trouble was encountered in revealing the spots, because of the very
small amount of ions used, together with a slight acidity retained by the paper even
after prolonged drying. To detect Li+ spots, an alcoholic solution of 0.1 g/IOO ml of
I-amino-5-hydroxyanthraquinone was sprayed on the paper3. The spots became
visible on exposing the strips to ammonia vapours. Better results were sometimes
obtained by dipping the strips in a 0.1 N NaOH solution. Na+ spots were detected as
sodium zinc uranyl acetate, visible in V.V.light. Strips were dipped into the develop
ing solution prepared according to BARBER AND KOLTHOFF4 . Checks were also per
f(j)rmed using 22Na tracer. K +, Rb+ and Cs+ spots were made visible as alkali lead
cobaltinitrites; the paper was sprayed with the solution recommended by MILLER
AND MAGEE5 . Be2+, Mg2+ and Ca2+ spots were clearly visible in V.V. light after
spraying the strips with 0.1 % 8-hydroxyquinoline solution in 50 % alcohol, and
exposing them to ammonia vapours6. To detect Sr2+ and Ba2+, the strips were treated
with a 0.5 % sodium alizarinsulphonate solution in water? The spots became visible
a few minutes after spraying and exposing the strips to ammonia vapours.

Most of the work was performed with two different concentrations of HDEHP
in cyclohexane solutions, namely 0.100 and o.oIoM; experiments were also performed
with 0.075, 0.050 and 0.025M HDEHP, with particular attention to 0.050M.

Elutions were made using different concentrations of acetic acid. When the
concentration of the acid used was low, de-aerated water was used to prevent any
effect of dissolved CO 2 on the pH determination. Each point was checked at least
onG:e under the same conditions, except in a few cases in which the relative position of
results at various concentrations left no doubt as to their reliability. Reproducibility
of the RF values within ± 3 % was considered satisfactory, because of the shortness
of the chromatograms and of the difficulty often encountered in obtaining an exact
view of the real shape of the eluted and developed spots. Where bigger discrepancies
appeared, as in the case of very high acetic acid concentrations, several chromato
grams were run and the average result was taken.

General

Experimental RF values for alkali and alkaline-earth ions are shown in Table I as
functions of the molarity of the acid eluent for paper treated with 0.010 and 0.100 M
HDEHP. In Fig. 2 results are plotted against the log of acetic acid concentration.

As already pointed ouF, the relationship between the extraction coefficient E~
for a given element in a liquid-liquid extraction and the RF value in a chromato
graphic system in which the same extractant is used as the stationary phase and the
same inorganic solution is used as the eluent, can be written as:

log E~ = log (;p - 1) + log k (1)

where k is a constant that depends on the experimental conditions. Information
can therefore be obtained on the extraction mechanism, responsible for the retention
by the stationary phase of the cations involved, by stUdying the behaviour of the
quantity (I/RF - I) as a function both of the concentration of hydrogen ion in the
aqueous phase (since HDEHP acts as a cationic exchanger) and of the concentration

]. Chromatog., 13 (1964) 2II-2 2 3
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34. RADIOACTIVE COMPOUNDS

KARMEN, A., MCCAFFREY, 1. AND KLIMAN, B.: Derivative ratio analysis: A new method for
measurement of steroids and other compounds with specific functional groups using radio
assay by gas-liquid chromatography. Anal. Biochem., 6 (1963) 31-38 - amixture of an
unknown quantity of testosterone and a known quantity of unlabelled internal standard with
the same functional group is acetylated by [I4C]-acetic anhydride and from the radio
activity ratio of internal standard the quantity of testosterone is calculated.

I{ING, Jr., J. : The chromatographic separation of the hydrogen isotopes, including tritium. ]. Phys.
Chem., 67 (1963) 1397-1397.

PHILLIPS, T. R. AND OWENS, D. R. : The analysis by gas chromatography of hydrogen isotopes and
mixtures containing hydrogen and helium. Nucl. Sci. A bstj'., 17, NO·7 (1963) 1834 (Abstr.
No. 14149) - H 2 , D 2 and HD are separated on A120 3 coated with Fe20 3 quantitatively
and T 2 qualitatively.

TENNY, K. S., GUPTA, S. c., NYSTROM, R. F. AND KUMMERON, F. A.: The synthesis of tritium
labelled 9,Io-oleic acid.]. Am. Oil Chemists' Soc., 40 (1963) 172-175 - methyl esters of CI6
acids on DEGS at 220°.

35. MISCELLANEOUS COMPOUNDS AND COMPLEX MIXTURES

BAUMANN, F. AND LAVIGNE, J. B.: Quantitative gas chromatographic analysis of xylene oxidation
products. 4th Intel·n. Symp. Gas Chromatography, East Lansing, Michigan State Univ.,
June I7-2I, I963 - e.g. aromatics, aldehydes, acids, phenols, ethers, on asphalt at 240°.

BLUMBERG, E. A., MALIEVSKIl, A. D. AND EMANUEL', N. M.: (Influence of solvents on liquid phase
oxidation mechanism of n-butane). Neftekhimiya, 3 (1963) 541-547 - alcOhol, 4 ketones and
acetic esters on a mixture of stearic acid and triethylene glycol at 80°.

BROWN, R. A. AND QUIRAM, E. R.: Analysis of o-xylene oxidation products by combined gas
chromatographic and spectroscopic techniques. Appl. Spectr., 17, No.2 (1963) 33-36 - iden
tification of 17 hydrocarbons and 15 oxygenated compounds; retention data on Apiezon L
and DC-200 silicone oil at 20-225° (programming).

HALL, VII. K. AND HASSEL, J. A.: Microcatalytic studies of the hydrogenation of ethylene. 1. The
promoting effect of adsorbed hydrogen on the catalytic activity of metal surfaces. ]. Phys.
Chem., 67 (1963) 636-643.

JEFFERY, P. G. AND KIPPING, P. J.: The determination of constituents of rocks and minerals by
gas chromatography. II. The determination of gaseous constituents. Analyst, 88 (1963)
266-271 - separation of CO and gaseous hydrocarbons on alumina.

KNIGHT, J. A. AND SICILIO, F.: Radiolysis products from the X-irradiation of 2,2,4,6,6-penta
methylheptane. Radiation Res., 19 (1963) 259-267 - hydrogen, CC C12 hydrocarbons on 8
different GS and GL fillings.

Lo CHANG TA-CHUANG AND SWEELEY, C. c.: Characterization of lipids from canine adrenal glands.
Biochemistry, 2 (1963) 592-604 - fatty acid methyl esters and aldehydes on PEGS at 170°.

LYsyJ, 1., OFFNER, H. G. AND BEDWELL, V. E.: A gas chromatographic method for the determina
tion of trace amounts of carbon. ]. Chromatog., I I (1963) 320-326 - coupling of an induction
furnace with a gas chromatograph.

Nuss, G. R.: Application of group-type analyses in multiple column configurations and in trace
analysis. 4th Intern. Symp. Gas CMomatography, East Lansing, Jl!Iichigan State Univ., June
I7-2I, I96] - backflushing was applied.

OZERIS, S. AND BASSETTE, R.: Quantitative study of gas chromatographic analysis of head space
gas in dilute aqueous solutions. Anal. Chem., 35 (1963) 1091- alcohols up to 0.1 p.p.m., keto
nes or esters up to 0.01 p.p.m.

'PRITCHARD, J. G. AND VOLLMER, R. L.: The meso and racemic forms of 2,4-pentanediol and certain
of their derivatives. ]. Org. Chem., 28 (1963) 1545-1549 - retention data of 2,4-diacetates,
cyclic sulphides (at 130°)' dichlorides (at 80°) and dibromides (at 100°) on Carbowax.

SMITH, B. AND DAHLEN, J.: Gas chromatographic analysis of a mixture of acetaldehyde, acetone,
vinyl acetate, acetic acid, paraldehyde, acetic anhydride and ethylidene diacetate. Acta
Chem. Scand., 17 (1963) 80I-804-on tetraamylsilaneand dimethyldioctylsilanecolumnat 95°·

SMITH, J. R. L. AND NORMAN, R. 0. C.: Hydroxylation. 1. The oxidation of benzene and toluene
by Fenton's reagent. ]. Chem. Soc., (1963) 2897-2905 - retention data for aromatic hydro
carbons, phenols, acids anq halogenated derivatives on LAC-2R-446 with H 3P04 or on
2,4-xylenyl phosphate at 160° Or 125°.

SlrEDMAN, R. L. AND MILLER, R. L.: Some pitfalls in studies related to gas chromatography. ].
Chromatog., II (1963) 409-4II - losses of C2-C6 fatty acid methyl esters and phenols on
evaporation from solutions of low concentration.

ZAUDER, H. L. AND ORKIN, L. R.: Applications of gas chromatography to anaesthesiology. 1. Gases
and vapour.]. Can. Anaesthetists' Soc., 10 (1963) 228-240 - retention data of 8 anaesthetics
on silicone oil at 75°.

J. Chromatog., 13 (1964) 576-59J
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