








































































UBER DIE PROGRAMMIERTE GASCHROMATOGRAPHIE. III. 27

Folgt dem Temperaturprogramm ein kontinuierliches Tragergasprogramm,
so hat Gleichung (I) folgende Form:

t t

V N = jFe{to - te) + F c Je jePi(t)]dt + jtFe{tk - tel + JRdp jFeePi(t)]dt. (3)
~ ~

Ptinzipiell kann das Temperaturprogramm gleichzeitig mit dem Beginn des
Tragergasprogrammes ausgeschaltet werden, d.h. (tk - tel bzw. (t p - tel sind gleich
Null. Da in der Praxis jedoch dies nur auf Kosten von Reproduzierbarkeit und
Genauigkeit erreicht werden konnte, ist es ratsam, den Wert der obigen beiden
Differenzen auf ungefahr I Minute zu bemessen. Ebenso konnte prinzipiell das
Temperaturprogramm gleichzeitig mit der Einwaage, dh. bei to = 0, beginnen. In der
Praxis wird'auch dies zweckmassig vermieden. Wenn jedoch Einwaage und Tempera
turprogramm von zwei verschiedenen Personen durchgefiihrt werden, so kann man
die bei Temperalurprogrammen ubliche Reproduzierbarkeit und Genauigkeit
erzie1en. Der erste Teil der Gleichung (I) andert sich in diesen Fallen naturlich
grundsatzlich. Fur den Fall to = 0 hat die Gleichung folgende Form:

t t t

V N = Fe (J e j[Pi(t)]dt - Jep j[Pi(t)]dt) + jtFe{tk - tel + JP jFe[Pi(t)]dt +
o 0 t

k

Vergleicl;1t man Gleichungen (I), (2) und (3), so sieht man, dass ihre ersten beiden
Glieder identisch sind. Sie sind fUr das Grundchromatogramm kennzeichnend und
sind an der Tragergasprogrammierung effektiv unbeteiligt. Bei der Berechnung der
Tragergasprogrammierung braucht man sie deshalb nicht zu berucksichtigen. Es ist
die Strecke (tRp - tel des Grundchromatogramms, die durch kombiniertes oder
kontinuierliches Tragergasprogramm modifiziert werden kann. Da auf dieser Strecke
schon isotherme Verhaltnisse bestehen, kann man die folgenden Gleichungen auf
stellen:

(a) bei etappenmassiger Tragergasprogrammierung :

jFe{tRP- tp) = jeFep(tRdp-tp).

(b) Bei linearer Tragergasprogrammierung:

. (2 jtF e + (tRdp - tk - I)L)
7F~{tRP-tk) = ------2----- (tRdP-tk).

(5)

(6)

Gleichungen (5) und (6) ermoglichen nach Substitution der entsprechenden
Daten des Grundchromatogramms die Berechnung der doppelt programmierten
Retentionszeit und danach, auf Grund ihrer Kenntnis, die Kritik bzw. Korrektur der
Programmierung. Fur die niedrigste Analysenzeitdauer ware es wunschenswert, den
KoeffizientenjcFcp in Gleichung (5) und den Faktor I;, in Gleichung (6) moglichst hoch
zu wahlen. Diese Werte konnen jedoch nicht beliebig gewahlt werden, da nach dem
Dberschreiten eines Maximalwertes die Aufeinanderprogrammierung der Komponen
ten erfolgen wurde. Wenn es sich nur urn die Programmierung einer einzeInen Kom
ponente handelt, setzt der maximalen Rohe des Tragergasprogramms natiirlich nur
die Konstruktion des Gerats Grenzen. In der Praxis sind aber im allgemeinen mehrere
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(9)

Komponenten zu programmieren, weshalb der Maximalwert des Tragergasprogramms
berechnet werden muss. Dies bleibt jedoch nur auf die Berechnung des maximalen
Wertes vonjcFcp und L beschrankt.

Den H6chstwert vonjcFcp erhaIt man folgendermassen:

LlVmin
(jcFcp)max = ----

2 [(~) + L1

~)]

Die Berechnung des maximalen Werts von List jedoch komplizierter, da bei
linearer Tragergasprogrammierung fUr jede zu programmierende Komponente paar
weise zu bestimmen ist, ob eine AUfeinanderprogrammierung vorliegt. 1m allgemeinen
kann man anilehmen, dass das Programm dann maximal ist, wenn fUr aHe Kompo
nenten die Gleichung

tRdp,(z) - tRdp(z-l) = 2 [(lJ + C.z~)] (8)

erfullt ist.
Das maximale Programm kann fur aHe z Werte infolge der Zusammensetzung

der Proben meistens nicht verwirklicht werden. Deshalb muss man so arbeiten, dass
der Wert L max soweit wie m6glich erreicht wird.

Mit dem aus Gleichung (7) errechneten Wert jcFcp lasst sich die doppelt pro
grammierte Retentionszeit der Komponente im voraus berechnen:

(tRP - tp)jFc
tRdp = -.---- + t p .

(1cF cp)max

Unsere Versuche wurden mit einem Apparat Carlo Erba Fractovap Modell C
bzw. D an kunstlichen Modellen durchgefuhrt. Das in Tabelle I angegebene Gemisch
ergab Fig. 3, das in Tabelle II angegebene Fig. 4 und 5. 'Die Nummerierungen der

TABELLE I

Komponente

I Luft
2 Aceton
3 Benzol
4 Toluol
5 m- und p-Xylol
6o-Xylol
7 Nitrobenzol
8 o-Nitroathylbenzol
9 p-Nitroathylbenzol

TABELLE II

Komponente

t Aceton
2 Benzol
3 Toluol
4 Athylbenzol
5 Methylsalicylat

). Chromatog., 29 (1967) 24-31

Sdp. (CO)

56.5
80.08

no.80
138.8-138.0
144·~

210·9
223·5
241.50

56.5
80.08

110.80
136.15
223·3
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Departement Radioelements, CEN Saclay, CEA, B.P.2, Gil Sur Yvette, Essone (France)

(Received December 22nd, 1966)

INTRODUCTION

Several methods of separating hydrogen isotopes and isomers by gas-solid
chromatography have been published in the last few yearsl - 13.

In all these methods, excepting that studied by GA~TAND YANGs, the separation
is carried out at liquid nitrogen temperature.

At this temperature hydrogen is retained permanently with helium as carrier
gas by several absorbant materials including Molecular Sieve 4N. In a study of the
static absorption of hydrogen isotopes by PANCHENKOV et al.l4 this absorbant phase
shows the best selection capacity with respect to the other Zeolites A and X, the
Mordenites, the aluminosilicate catalyst, silica and aluminium oxide.

We studied the use of this stationary phase in the separation of hydrogen
isotopes at temperatures above 77°K, using helium, argon and neon as carrier gases.
We found that in the range -IlO to -160°C, with helium as carrier, we obtain a
total resolution for the six isotopic species in the region of -140°C. Argon gives a
separation of hydrogen, hydrogen tritide and tritium, but with poorer resolution than
that obtained with helium, while neon behaves in the sal1ile way as helium.

We were also able to calculate the heats of absorption for hydrogen deuteride,
hydrogen tritide, deuterium, deuterium tritide, tritium.

EXPERIMENTAL

The diagram of the apparatus used is given in Fig.!. It consists of a Perkin
Elmer chromatograph F6-3T with carrier gas flow-rate regulator and thermal con
ductivity detector employing thennistors, and a cryostat containing the column. This
cryostat, the 2 ml ionisation chamber and the glass injector connecting the chromato
graph to the vacuum apparatus, were builtiilthe laboratory. The cryostat allows the
temperature to be regulated to ± 1°C. The columns were prepared with Molecular
Sieve 4A from the Union Carbide Corp. Two methods of activation were used: helium
or nitrogen sweeping of the filled column for 4 to 8 h at 250°-300°C, and degassing of
the sieve under vacuum at 4S00-soo°C before filling.

The columns are made of copper, with an internal diameter of 2 mm and length
varying between 30 and 200 cm. The samples of isotopic mixtures were prepared with
tritium produced by the Radioelements Department (Saclay), hydrogen from the"Air
Liquide" Company, and deuterium from the Stable Isotope Section (Saclay), equili
brated by electric discharge. All the carrier gases were purified by passage over
Molecular Sieve SA at liquid nitrogen temperature.

]. Chromatog., 29 (1967) 32-43
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Fig. r. Diagram of apparatus: 1 = vacuum apparatus; 2 = sample glass bulbs; 3 = Toepler
pump; 4 = injector; 5 = mercury manometer; 6 = carrier gas; 7 = Perkin-Elmer chromato
graph; 8 = thermal conductivity detector; 9 = ionization chamber; 10 = column; II = probe
and thermocouple; 12 = heating element.

RESULTS AND DISCUSSION

Helium cal~rier

Grtho-para hydrogen separation. The ortho-para hydrogen separation can be
achieved in the temperature range from -13So to -160°C. Fig. 2 shows the chroma
tograms obtained on a column of Molecular Sieve 4A, 2 m long and 2 mm in diameter,
activated at 2S0°C under a gas flow.

It can be seen that in spite of the distance between the peak maxima (the
separation factor reaches ex = 1.21), we fail to obtain total resolution because of the
presence of an intermediary plateau.

The presence and size of this plateau depends on the activation of the column.
In highlY' activated columns (soo°C under vacuum), no separation is obtained and
the hydrogen appears as a single peak (Fig. 3). The rate of passage of the hydrogen
through the column also has some influence on this separation. An incipient separation
can be observed on a highly activated column with high flow rates, whereas with low
flow rates a single peak is obtained (Fig. 4a and b). As a general rule a better separation
is obtained at very low temperature with a fast flow. It seems that highly activated
Molecular Sieve 4A (checked for absence of iron) can have a catalytic effect on the
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Fig. 6. Plot of In Vg against inverse temperature.

absorption H can be calculated from their slopes 15,1€. The heats of absorption thus
obtained are as follows:

LlHHD '= 2.30 ± 0.1 kcal
LlHHT = 2-40 ± 0.05 kcal
LlHD2 = 2.64 ± 0.1 kcal
LlHDT = 2.74 ± 0.1 kcal
iJH T2 = 2.80 ± 0.05 kcal
The precision of the iJHHT and iJH T2 values is greater because of the larger

number of experimental points obtained.

Argon carrier
The use of argon as carrier gas was studied because of the greater sensitivity

obtaina1?le with a thermal conductivity detector in the measurement of hydrogen and
with an ionization chamber in the determination of HT and T 2'

This gas can be used down to -160°C and separates He,H2 ,HT,T 2 ; because of
its high absorption on Molecular Sieve 4A, the retention times for the same column
and under the same flow rate and temperature conditions are shorter than with helium
and the separation factors and resolutions are lower. Under the best temperature
conditions, -143-150°C, with a flow rate of 40-50mljmin, we obtain:,Cl(T2/HT) =

1.61-1.69; 0!.(HT/H2} = 1.34; R(T 2/HT) = 2.09-2.20 R(HT/H 2} = 1.42, (the columns
used were moderately activated).

Neon carrier
With neon as carrier total separation of H 2, HT, D 2, DT, T 2 can be obtained.

]. Chromatog.,' 29 (1967) 32-43





GAS-SOLID CHROMATOGRAPHY OF HYDROGEN ISOTOPES 43

with tdn and tdr2 corrected retention times of components I and 2, and WI
and W 2 widths at the base of peaks I and 2.

n = number of effective theoretical plates,

n = 16 (;f
k = capaaity ratio,

tdr t r
k=~=--I

tm tm

SUMMARY

Molecular Sieve 4A can be used as the stationary phase in the gas-solid chroma
tographic separation of hydrogen isotopes and isomers: the separation is studied as a
function of the different factors involved (temperature, flow rate, activation of the
stationary phase).

From the determination of the specific retention volumes as a function of
temperature it was possible to calculate the heats of absorption of hydrogen deuteride,
hydrogen tritide deuterium, deuterium tritide and tritium.
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When linoleic acid is heated with alkali, rearrangement to conjugated isomers
takes place. It has been found! that the amount of rearrangement to these isomers is
negligible at reaction temperatures up to 1Z00 but increasing amounts of isomerisation
products are formed as the reaction temperature is increased. At a reaction temperature
of Z34°, about Z % of the linoleic acid has not been isomenised. When four vegetable
oils were heated at z34° it was found that about 5 % of the linoleic acid originally
present had not been isomerised. Other investigators2- 5 have found that varying
amounts (up to 6 %) of linoleic acid remain unisomerised after reaction with alkali
at 180°.

It has also been shown6 that, when carboxylic acids are converted to the
corresponding acetates and hydrocarbons, gas chromatographic retention data for
the corresponding methyl esters, alcohols and acetates are very· similar when they
are chromatographed under the same conditions.

The purpose of the present work is to investigate the action of alkali on tinoleyl
acetate and on oetadeca-g,lz-diene and to separate the conjugated isomers by means
of gas chromatography. A comparison can then be made with the amounts of con
jugated isomers obtained from the corresponding acid, acetate and hydrocarbon.

EXPERIMENTAL

Preparation of derivatives
Octadeca-g,Iz-dienyl acetate (linoleyl acetate). Linoleic acid (puriss. Koch-Light

Laboratories Ltd.) was reduced to octadeca-g,lz-dienol with aluminium :lithium
hydride and this alcohol was converted to its acetate by reaction with acetyl chloride6 •

Octadeca-g,Iz-diene. Octadeca-g,lz-dienol was converted to its p-toluene
sulphonate and this derivative was reduced to the diunsaturated hydrocarbon using
the method of DYEN, HAMMAN AND SWERN7•

Alkali isomerisation
The derivative (zoo mg) was heated with potassium hydroxide-diethylene

glycol for I h as described previously!. In the case of the acetate, reaction with the
alkali brought about hydrolysis and therefore, after isolation of the isomerisation
products from the reaction mixture, they were converted to the acetates by reaction
with acetyl chloride.
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blood. The mixture is placed in a boiling water bath for 5 min, then cooled in ice-water.
6 ml of ether-washed 60 % potassium hydroxide solution is added making certain that
the mixture is at least pH ro. The mixture is then shaken with two 30 ml portions of
washed ether, the combined ether extracts are washed successively with 5 ml of 2.5 %
ether-washed sodium hydroxide solution and two 5 ml portions of water. The washed
ether extract is shaken with 5 ml of o.rN sulphuric acid; the two phases are separated
and the aqueous phase is made alkaline (again to about pH ro) by dropwise addition of
60 % ether-washed potassium hydroxide solution and extracted with 20 ml of washed
ether. The ether phase is dried with purified anhydrous sodium sulphate and evapo
rated to dryness in a conical centrifuge tube held in the steam from a boiling water
bath.

Procedure for liver
20 g of liver is macerated with 20 ml of water and 27 ml of concentrated hydro

chloric acid and the mixture is heated in a boiling water bath for 5 min and then cooled
in ice-water. 24 ml of ether-washed 60 % potassium hydroxide solution is added
slowly with stirring, making sure that the mixture is at least pH ro, cooled in ice-water
and then shaken with two roo ml portions of washed ether. The combined ether
extracts aJ!e washed first with 20 ml of 2.5 % sodium hydroxide solution, then with
20 ml of water and finally with 10 ml of water. The washed ether extract is shaken
with ro ml of o.rN sulphuric acid and the aqueous phase is made alkaline (again, pH
not less than ro units) with ether-washed 60 % potassium hydroxide solution and
extracted with 20 ml of washed ether. The ether is shaken with about r g of purified
anhydrous sodium sulphate and evaporated to dryness in a conical centrifuge tube
over a boiling water bath.

GLC ANALYSIS OF THE SEPARATED FRACTIONS

The residue from each of the above fractions is dissolved in roo,ul of ethanol and
5 ,ul of this solution is injected into the GLC apparatus. For quantitative results, an
internal standard may be included in the ethanol. If there is a relatively large amount
of residue in the conical tube, it may be necessatyto'use more than roo ,ul of ethanol
and then to inject a larger volume of the solution.

RESULTS AND DISCUSSION

Amount of drug intrQduced into gas chromatograph
Many published articles dealing with gas-liquid chromatography do not give the

actual weight of compound introduced into the chromatograph. In some cases, it is
stated, for example, that r-3 ,ul of a 0.5 to 1.0 % solution of a drug was injected. A
tracing of the chromatogram is shown but the reader does not know whether the peak
he sees was obtained with r ,ul of a 0.5 % solution or 3 ,ul of a 1.0 % solution (or any
other combination), i.e. it is not clear whether 5 ,ug or 30,ug of drug were responsible
for the peak shown. Certain manufacturers too have a habit of showing very tall thin
peaks displaying very little tailing and of stating that these peaks were obtained by
injection of "x" ,ul of solution but without stating the concentration of drug in the
solution. The reporting of results in this form is most unsatisfactory; in the sub-
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microgram region it may be completely misleading. For instance, there is no difficulty
at all in obtaining reasonably good peak shapes when 30 pg of morphine are used on
some conventional columns but I pg of morphine usually fails to emerge at all from
such columns.

When the weight of compound injected is not stated it becomes very difficult,
and in some cases impossible, to assess the value of other ,vorkers' results. This is
especially so when, in many cases, the exact details of column preparation are not
given. Where amounts are stated for alkaloids, these are usually greater than I ,ug, and
are often of the order of 20 pg. Also, because peak shapes are not shown in many
cases, and where they are shown tailing may be quite marked, it is unwise to extra
polate to the sub-microgram region.. It is my experience that, with conventionally
"silanised" supports in metal columns, very few alkaloids can be "run" satisfactorily
in amounts less than 2 pg.

Column preparation
In the preparation of packed stainless steel columns there are two very im

portant factors to be considered. One is the treatment of the diatomaceous earth, the
other is the treatment given to the metal column itself. McMARTIN AND STREET13,14

incorporated tristearin in their procedure for coating the diatomaceous earth because
the ester was found to increase peak heights without, apparently, affecting the tailing.
Such columns are stable at temperatures up to 245°. However, after our papers had
been published, I observed that when "tristearin-columns" are run for several hours at
temperatures around 310°, such as may be required to run brucine in a "reasonable"
time, they subsequently show very bad tailing not only at 245 ° with some of the
alkaloids but also when the temperature is dropped to about 160° to "run" the
barbituric acid derivatives. This difficulty has been overcome by omitting tristearin
and modifying the "silanising" procedure in the manner described below.

We noted in our original article (McMARTIN AND STREET13) that we obtained
effective "silanisation" using wet Chromosorb Wand dichlorodimethylsilane (DDS).
It is interesting to note that it has now been found that heating the diatomaceous
earth (in the absence of air) with a water-saturated SE 30 solution produces powders
which show remarkably little adsorption and which are stable at temperatures up to
320° with sub-microgram amounts of a wide range of drugs. The preparations are also
reproducible. Similar results can be produced by heating wet diatomaceous earth with
"dry" SE 30 solution in toluene. However, the final preparation in this case is not
always reproducible, possibly because it is difficult to obtain an even distribution of
water throughout the powder. It is possible that water may be required for hydrolysis
of the SE 30 and that the breakdown products so produced, effectively "silanise" the
diatomaceous earth at 370°.

The second important factor is the treatment of the steel column. For the pro
duction of low adsorption columns, it is essential that a new steel surface be heated
with a silicone gum rubber in the absence of air. It is not sufficient to pour a solution of
SE 30 down the tube and then to heat this, probably because the coating of the metal
is thereby uneven. The simplest way is to pack the tube with one of the SE 30 coated
fractions and to heat this in a stream of nitrogen. A possible explanation of the effect
of this treatment is that a thermal breakdown product of SE 30 may react with the
metal oxide on the inner surface of the metal column to produce a layer wb.:ich is less
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in the sample at a concentration of 0.5 flg per ml of sample. In some cases, e.g.
trifluoperazine, recovery may be up to go % whilst in other cases e.g. morphine, re
covery may be as low as 50 %. Morphine and other alkaloids possessing an acidic
group in addition to their basic amino group represent a special case because of their
amphoteric nature. Under the conditions described, using diethyl ether as the ex
tracting solvent, the recovery of morphine is never greater than 60 %. Although
mixtures of n-butanol and benzene, or isopropanol and chloroform are more efficient
extracting solvents, ether has been deliberately chosen because ether is more easily
purified than the other solvents referred to, it can also be kept in a purified state, and
it is more convenient to remove, after extraction, because of its high volatility. Again,
in the case of strychnine and brucine, ether is not the ideal extracting solvent but, in
my opinion, solvent purity is especially important when working with microgram and
sub-microgram amounts of drugs, relatively large volumes of solvent, and low attenu
ation settings on the gas chromatograph. It must also be remembered that we are
dealing here with the transfer from glass vessel to glass vessel of microgram amounts
of polar compounds and that adsorption of the drugs could be expected to occur on the
glass surfaces. The adsorption might be even greater on g1'ound glass surfaces. Indeed
the surprising thing is that the recoveries are so high.

In the extraction procedures described above for blood and liver, it was sug
gested that the brief pre-treatment with hot concentrated hydrochloric acid could be
used for those alkaloids which have been shown to be stable under such conditions.
An extension of this procedure is to use it in cases where the alkaloid is unstable under
such conditions but which is converted (preferably quantitatively) into a product or
products which can be readily identified. In this connexion, we have observed that
d-propoxyphene is converted by the hot HCl treatment into two compounds which
are separable by GLC on one of our SE 30 columns. This fact was recently used by us
in one of our routine cases as evidence to suggest that d-propoxyphene had been
ingested. Neither direct extraction nor tungstic acid treatment revealed the presence
of d-propoxyphene. We have not yet identified the compounds responsible for the two
GLC peaks, but there is no evidence for the presence of unchanged d-propoxyphene
following the acid treatment.

Alkaloids in biological media
In the section on alkaloids in pure solution, it was noted that the detection limit

for many drugs is of the order of 0.01 flg. When these drugs are extracted from
biological material, using one of the procedures described above, the "background"
collected during the process usually prevents the use of the GLC apparatus at
maximum sensitivity. Thus an attenuation of sensitivity of not less than 20 has been
used and it is at this attenuation level (I/20 of maximum sensitivity) that 0.1 ftg of the
drugs is readily detected, i.e. give a recorder peak height of at least 1/10 of full scale
deflection. The tracings shown in this paper are given merely as examples of ",·hat can
be achieved with these columns, and anyone intending to use the procedure should
establish his own conditions to suit his particular purpose.

For a given alkaloid, the retention times, in many cases, were identical for I flg
and 0.1 flg. In aU cases, the increase in retention time, as the injected amount was
changed from I flg to 0.1 flg, was not gI;eater than 5 %.

Although it is of great importance to display the shap'es of the peaks obtained
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TLC OF POLYCYCLIC AROMATIC HYDROCARBONS III

phase, 20 % DMF in ethyl ether (v/v). (2) Cellulose acetate plates: mobile phase,
ethanol-toluene-water (17:4:4, v/v/v).

EXPERIMENTAL

Preparation of pt,ates
The adsorbent is prepared by placing 20 g of cellulose and 100 ml of water in a

Waring blender <!i.nd homogenizing at high speed for 3 min. With a thin-layer appli
cator, the slurry ~s applied to the plates (20 X 20 cm) with a thickness of 0.5 mm or
500 ft. (Five plates can be prepared with this amount of slurry.) After coating they are
allowed to completely air-dry. Before use, each of the prepared plates is washed in a
chromatographic tank by allowing the mobile solvent, iso-octane, to migrate to the
top of the plate. The plate is removed from the tank and the excess iso-octane allowed
to evaporate. The plates are then stored in a desiccator until needed.

General development procedure
50 ml of the m9bile phase, iso-octane, is poured into the development chamber

and allowed to equilibrate for atleast 30min. The polycyclic hydrocarbons are prepared
in benzene and spotted at levels of 0.2-0.5 ftg along the starting line drawn 1.5 cm
from the bottom of the pre-washed plates. In addition, 0.5 ftg of benzo[a]pyrene is also
spotted on the plate. Using a glass funnel the dipping tank is then filled to 1/8 in. of the
rim with the immobile phase (20 % vlv DMF in ethyl ether). The plate is inverted and
carefully immersed in the dipping tank to within 0.5 cm of the starting line of the
spots. The plate is then removed from the tank and the excess immobile phase allowed
to drain for about 15 sec. The plate is inverted and placed (with the starting line facing
downward) in the developing chamber containing the mobile phase, iso-octane. The
chromatogram is allowed to develop in the dark until the solvent front has reached the
top of the plate (about 1.25 h). Then the plate is removed from the chamber and im:
mediately examined under both long and short wave ultraviolet light in the Chromato
Vue Cabinet. With the aid of a labeling template, the position of each fluorescent spot
is determined and the RF value calculated.

Quantitative estimation of hydrocarbons
The fluorescent spots on the adsorbent are outlined in the Chromato-Vue

Cabinet. The plate is removed from the cabinet and the adsorbent around the spots is
scraped off with a spatula and discarded. Each outlined spot of the adsorbent is then
collected in a 125 mOl' beaker and the polycyclic hydrocarbon is eluted by extracting
with 5 to 10 ml portions of hot methanol until fluorescence under ultraviolet light can
no longer be seen in the last portion of solvent. (Three or four extractions are ordina
rily enough to remove the polycyclic aromatic compounds from the adsorbent.) The
flask is swirled repeatedly during the extraction operation and the individual extracts
successively filtered through the 30 ml pressure filter under nitrogen pressure into a
50 ml glass-stoppered Erlenmeyer flask. The combined methanol eluate is concentrated
to 0.5 ml or less on a ;;team bath under nitrogen. (Do not evaporate to dryness!) The
solution is then transferred to a I cm cell, the volume adjusted to I ml with methanol
and the ultraviolet spectra recorded using methanol in the reference cell. Any maxima
observed are compared with those in the spectra of known polycyclic aromatic hydro-
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TABLE I

CHROMATOGRAPHY SOLVENTS

R. F. POWNING, H. mZYKIEWICZ

Solvent No. Solvent composition *

n-Pro Isopro tert.- n-Bu Isoam Etk Water Amn
Bu

Time (k) on

SiMca Gel
HR

Silica Gel
G

I

IA
2

2A
3
3A
4
4A
5
5A
6
6A

7°
7°

72

72

7°
7°

5°
5°

3° 1.6 2.8
3° 1.5 2.8
27 2·7 3·5
27 2.8 3·5
35 3.6 5. 8
35 3·7 6·7

5° 7° 4° 1.7 2'·5
5° 7° 4° 1.2 2·5

5° 60 3° 1.6 2.8
5° 60 3° 1.8 2.8

7° 4° 2·3 3·4
7° 4° 2·3 3·3

* The above components were n-propanol, isopropanol and t/wt.-butanol (BDH laboratory
grade) and n-butanol, isoamyl alcohol, ethanol and ammonia (sp.gr. 0.91) (BDH ana.lytical reagent).

chlorinated over a solution of chlorine in carbon tetrachloride for 30 min. These proce
dures were carried out in covered glass troughs in which the plates were supported face
up above the water or the chlorine solution. After aeration for I h the plates were
sprayed with starch-iodide reagent. With this technique 0.,5 fJ-g of oligosaccharide
could easily be detected. A similar sensitivity could be obtained by spraying the plate
with a solution of 0.2 N potassium permanganate in 4 N sulphuric acid and warming
slightly for about 15 min. The originally pink plate changes to a brown background
with white spots. Although the chromatograms can be examined at this stage, a much
greater contrast can be obtained by neutralising the acid on the plate over ammonia
and then spraying with saturated benzidine hydrochloride (or o-tolidine) in 2 % acetic
acid. The spots then appear white on a dark blue background.

RESULTS

Preliminary experiments showed that results with thin-layers of microcrystalline
cellulose were similar to those found for paper chromatography2, and that alumina
thin layers were inferior to those made with silica gel. On Kieselguhr G with the sol
vents listed in Table r, no separation was observed between the oligosaccharides, and
all migrated close to the solvent front. Modification of solvents by decreasing water
content had the effect of leaving an increasing amount of oligosaccharide at the origin
with the remainder going to the solvent front. Silica Gel G and HR were selected for
further study and the Rp values obtained are listed in Table II. All the results show a
linear relationship between RM value, log (I/Rp-I), and degree of polymerisation of
the oligosaccharide. A selection of these relationships is given in Fig. I. Addition of
ammonia to solvents for silica gel plates invariably reduced the Rp values and it also
appeared to increase resolution slightly and to reduce tailing. The type of chromato
gram obtained can be seen in Fig. 2. When two developments on Silica Gel G were
used, excellent resolution of oligosaccharides was obtained (Fig. 2). Due to the re-
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2. Dimension

Fig. 1. Separation of nucleo-derivatives on purified cellulose layers. 1st dimension: n-propar.ol
25 % ammonia-water (6: 3: I, vJv); 2nd dimension: isopropanol-saturated ammonium sulphate
water (2: 79: 19, vJv). Absorption spots are hatched, fluorescence spots are surrounded by an
interrupted line. For remaining conditions cf. experimental part. Note: DPNH and TPNH show
fluorescence, which changes after several hours drying to absorption. R p value of CTP in. the
second dimension: 0.83. (schematical)

separation of the compounds considered above, will be very useful for characterization
of nucleo-derivatives in biological material as well as for the detection of nucleo
derivatives isolated from organ extracts by column chromatography. Since in our
laboratory paper chromatography is a well established technique for the separation
of nucleo-derivatives, we began to use our solvent systems for 1'1..C on cellulose layers.
Nucleic acid bases, nucleosides, nucleotides and related compounds can be separated
on cellulose layers using the solvent systems given in the experimental part. It is a
requisite that chromatography is carried out without chamber saturation (cf. Ex
perimental). The ammonium sulphate solution, which is used for development in
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DUNNSCHICHTCHROMATOGRAPHIE VON SULFOXIDEN UND DINITROTHIOATHERN. 1. 145

Wir untersuchten den Einfluss der relativen Luftfeuchte auf die dunnschicht
chromatographische Trennung der Sulfoxide bei Verwendung eines Fliessmittelge
misches und A120 3 als stationare Phase. Ferner ermittelten wir die Abhangigkeit der
Fliessmittelentmischung yom Wassergehalt des A1 20 3•

10

0.1 0.2 Q.3 0.4 0.5 0.6 0.7 0.8 Pjpo

Fig. 3. Abhangigkeit der Retentionswerte der Sulfoxide von der r.F. Stationare Phase: Al20 3-D;
mobile Phase: Benzol-Methanol (9: I). I = Dioktylsulfoxid; 2 = Dibutylsulfoxid; 3 = Dimethyl
sulfoxid.

Die niederen Glieder der homologen Reihe der Sulfoxide lassen sich auf "akti
vem" A1 20 3-D mit Benzol-Methanol (Vol. Verh. 9: I) trennen. Aus Fig. 3 geht hervor,
dass die Rp-Werte* mit steigender r.F. sinken, das Adsorbens also scheinbar aktiver
wird und erst bei relativen Dampfdrucken > 0.7 wieder ansteigen, allerdings nur fur
die hydrophoberen Sulfoxide. Zwischen lund 5 % r.F. tritt keine Trennung ein,
wahrend von 20 bis 60 % r.F. die Rp-Wert-Anderungen im Verhaltnis zu anderen
Bereichert gering sind; die Rst-Werte (bezogen auf Dioktylsulfoxid) sind nur annahernd
konstant (Tabelle I).

Errechnet man unter Annahme der empirischen Beziehung27.

die Standard-Rp-Werte (RpO) fur fifo = 0-4, so ergibt sich sogar zwischen 20 und
68 % r.F.eine hinreichende Konstanz (Tabelle II); a und b sind Konstanten, jedoch
abhangig Von der relativen Feuchte und anderen Chromatographie-Bedingungen.)

DISKUSSION

Es hat nicht an Versuchen gefehlt, einen fUr die Dunnschichtchromatographie
gunstigen Bereich der relativen Feuchte zu finden. GEISS und Mitarbeiter13 geben fUr
Polyphenylgemische als solchen 28-50 %. r.F. an (reproduzierbares Plateau). An Hand

* Die Rp-Werte (iiblicher Rp-Wert x 100) wurden bewusst auf die <x-Front bezogen, obzwar
eine Entmischung des Elutionsmittels (nicht sichtbar!) eintritt.
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Fig. lund 2 veranschaulichen dies an Hand der Trennung der Oktyl-n-alkyl
und Methyl-n-alkylsulfoxide sowie der Phenyl-n-alkyl-sulfoxide. In Fig. 2 kommt
gleichzeitig die gute Trennmoglichkeit von den korrespondierenden Sulfiden zum
Ausdruck.

00 0 0 S2
,+5 2 3 4

3+4

0 °
0 4

0 0° 3 OJ
c

2+5 5 2
~
.~
0::

~

0 0
I, 1

x-
S, S

-- 2. Richtung

I
Fig.!. Zweidimensionale Trennung in der Reihe der n-Oktyl-alkylsulfoxide. Stationare Phase:
AI20 a-DjDNP; mobile Phase: I. Richtung: Benzol-Pyridill (20: I); 2. Richtullg: Methallol
Wasser-Pyridin (5: I : I). (I) Oktylmethylsulfoxid; (2) Oktyl-n-hexylsulfoxid; (3) Oktyl-n
oktylsulfoxid; (4) Oktyl-n-dodecylsulfoxid; (5) Oktyl-n-athylsulfoxid.

0 0 0 0 D 0 S2
1}2,3 4 5 6 7 8

0 0 u (.)

6,7,8 6 7 8
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I
x-

s, s
- 2. Richtung I

Fig. 2. Zweidimensiollale Trennullg der Phellyl-n-alkylsulfoxide und ihrer Sulfide. Bedingullgen
wie Fig. I. (I) Phenylmethylsulfoxid;(2) PhenyHithylsulfoxid; (3) Phellylbutylsulfoxid; (4)
Phenylhexylsulfoxid; (5) Phenyldecylsulfoxid; (6) Phellylbutylsulfid; (7) Phenylhexylsulfid;
(8) Phellyldecylsulfid.
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Das Gemisch wurde im Punkt S aufgetragen; Sl und S2 sind die Vergleichs
Starts fUr die jeweilige Richtung. Zunachst wurde adsorptiv mit Benzol-Pyridin
(20: I) elui:ert. Nach einer kurzen Zwischentrocknung wurde die Schicht mit DNP
impragniert und im Winkel von 90° zur ersten Richtung mit Methanol-Wasser
Pyridin erneut eluiert.

DISKUSSION

Obzwar sich die permanenten Dipolmomente der symmetrischen Dialkyl
sulfoxide nut unwesentlich unterscheiden (alternierend in der "homologen" Reihe !)7,
ist adsorptiv - natiirlich abhangig von der jeweiligen mobilen Phase - eine diinn
schichtchrornatographische Trennung der niederen Homologen moglich. So gelingt mit
Benzol-Methanol als Laufmittel eine Trennung der symmetrischen Dialkylsulfoxide
nur bis zum Di-n-pentylsulfoxid4, wahrend mit Benzol-Pyridin dieselbe noch bis zum
Di-n-nonylsulfoxid moglich ist. Die Phenyl-n-alkylsulfoxide lassen sich mit Benzol
Methanol nicht (RF > 0.60), wohl aber mit einem Benzol-Pyridingemisch bis zum
Phenylhexylsulfid trennen (Fig. 2). Dioxan erweist sich vor allem fiir die asymmetri
schen n-Alkylsulfoxide als recht brauchbares Elutionsmittel, jedoch ist ab Hexyl
methyl(athyl)sulfoxid eine Trennung nicht mehr moglich.

Auch in anderen homologen Reihen (z.B. der Dinitrophenylthioather) gelingt
adsorptiv nur eine Trennung der kurzkettigen Verbindungen. Diese Feststellung traf
schon MANGOLD8 fiir die Dinitrophenylderivate primarer Amine.

Hier wird die polarisierende Wirkung der stationaren Phase deutlich, denn mit
wachsender Kettenlange diirften die Unterschiede in der Polarisierbarkeit zwischen
den aufeinanderfolgenden Homologen abnehmen und folglich nur die ersten Glieder
der homologen Reihen adsorptiv mit Erfolg getrennt werden konnen.

Bemerkenswert ist in diesem Zusammenhang, dass die Sulfone, die gegeniiber
den Sulfoxiden ein weit hoheres Dipolmoment aufweisen, schwacher als ihre korres
pondierenden Sulfoxide adsorbiert werden5. Auch hier mochten wir die unterschied
liche Polarisierbarkeit fiir den offensichtlich verschiedenen Mechanismus der Adsorp
tion verantwortlich machen.

Verteilungschromatographisch gelingt an DNP eine Trennung der Sulfoxide mit
einer Gesamt-Kohlenstoffzahl > 12 innerhalb der homologen Reihen mit Methanol
Wasser-Pyridin als Laufmittel, ausgenommen sind hiervon die Methyl- und die
Athyl-n-alkylsulfoxide. Ferner diirften die RF-Werte der langkettigen n-Alkyl
sulfoxide im wesent1;ichen nur von der C-Zahl und nicht oder nur wenig von der unter
schiedlichen Grosse der Alkylreste abhangen. (So haben z.E. Oktyl-n-hexyl- (0.76) und
Di-n-heptylsulfoxid (interpol. 0.74) fast gleiche RF-Werte.)

Uberall dort, wo eine destillative oder extraktive grobe Fraktionierung schwierig
ist (Arbeiten mit geringen Substanzmengen), gewinnt die diinnschichtchromatogra
phische Trennmoglichkeit von Gemischen, die kurz- und langkettige Verbindungs
typen enthalten, an Bedeutung. - Die Kombination der Adsorptions- mit der Ver
teilungschromatographie im zweidimensionalen Trennverfahren, deren Vorteile schon
KAUFMANN und Mitarbeiter9 erkannten, ermoglicht die Analyse solcher Gemische.

Wie aus Fig. I hervorgeht, gelingt adsorptiv in der Reihe der Oktyl-n-alkyl
sulfoxide mit Benzol-Pyridin die Trennung der Methyl- und Athylverbindung
(verteilungschromatographisch nicht moglich), wahrend in der 2. Richtung durch
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Verteilung die Verbindungen ab Pentyloktylsulfoxid getrennt werden kannen. Die
Phenylalkylsulfoxide lassen sich adsorptiv bis zum Phenylhexylsulfoxid (1. Richtung)
und von hier ab verteilungschromatographisch (2. Richtung) trennen (Fig. 2).

Oft genugt jedoch ein Laufmittel zur Charakterisierung einer Verbindung nicht.
Ebenso sind Kombinationen verschiedener Laufmittel im zweidimensionalen Ver
fahren angebracht.

Liegen z.B. Dialkylsulfoxide, Methyl-n-alkyl- und Athyl-n-alkylsulfoxide sowie
Phenyl-n-alkylsulfoxide nebeneinander vor, so kannte man mit Benzol-Methanol
zunachst letztere abtrennen. In der zweiten Dimension kann man adsorptiv die kurz
kettigen und zum anderen verteilungschromatographisch die langkettigen Ver
bindungen trennen.

ZUSAMMENFASSUNG

Die Rp-Werte reprasentativer Vertreter der Dialkyl-, Methylalkyl-, Athylalkyl
sowie der Phenylalkylsulfoxide auf Aluminiumoxid wurden fur verschiedene Lauf
mittel bestimmt. Benzol-Pyridin (20: r) und Dioxan erwiesen sich fUr adsorptive
Trennungen, Methanol-Wasser-Pyridin (5:r:r) zur Trennung langkettiger Ver
bindungen mittels Verteilungschromatographie (stationare Phase Dinonylphthalat)
am geeignetsten. Durch Anwendung zweidimensionaler Verfahren 1st eine Identifizie
rung der Verbindungen eines komplexen Sulfoxidgemisches weitgehendst maglich.

SUMMARY

The RF values of representative dialkyl, methy-l alkyl, ethyl alkyl, and phenyl
alkyl sulphoxides were determined on aluminium oxide for various eluants. It 'was
found that benzene-pyridine (20:r) and dioxane were most suitable for adsorption
chromatography, while for the separation of long-chain compounds by partition
chromatography (stationary phase dinonyl phthalate) a mixture of methanol-water
pyridine (5: r: r) could best be used. By using a two-dimensional procedure, the
identification of the components of a complex mixture of sulphoxides is largely
possible.
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hand observing the hackgrounrl fluctuations, making further arljustments of the
backing-off voltage if l1ecessary to keep the background always above zero on the
chart-recorder.

The chromatogram of the largest standard is now run through mechanically by
engaging the magnetic dutch on the synchronous motor-drive of the scanner, and the
chart recorder is switched on to obtain a record. A reasonably satisfactory standard
chromatogram should give a record in which all "background" zones are within ±3 %
(Ls.d. units) of a mean which lies between 3 % and 5 ':.;, of full-scale deflection, and in
which the largest peak ha<; a maximum between l)o % and 98 % of full-scale deflection.

The chart recorder is now re-started and the chromatograms are fed by hand
into the scanner in sequence. The chart is marked with a pencil to indicate the ref
erence number of each chromatogram. With a long series of "unknowns" it is useful
to pro\·;de a check on stahility of the apparatus by re-scanning one or more of the
standards once or twice during the middle or at the end of the series. The smoothest
operation is secured by linking the "unknowns" strips head-to-tail with short lengths
of adhesive tape and piling them in zig-zag fashion in a shallow tray at the level of the
inlet to the scanner. The lirst strip is introrluced by hand, following which the whole
series is pulled through without further manual assistance. The beginning and end of
each scanning record is conveniently indicated on the chart record by brief excursions
of the pen to (or below) the zero line, caused by the sudden increases of light trans
mission in the gaps between successive strips; or by excursions to full-scale deflection
if the strips are linked by opaque adhesive tape.

The problems that may arise during this procedure are of two sorts. The first
are those due to instability or failure of any part of the electronic apparatus or light
source. It is useful to have spares of any particularly vulnerable components at hand
for such emergencies. The second class of problems comprise those which arise from
defects or intrinsically unavoidable features of the chromatograms. The commonest
problem is the need to measure both large and small peaks on the same chromato
grams. Sometimes one or two unknowns may contain unexpectedly large peaks which
exceed the largest standard. linless two recorders can be run in parallel at conveniently
different sensitivities the only way to overcome the first problem is to carry out two
series of scans at different sensitivities, including the standards so that two calibration
curves can be constructerl. Peaks overshooting full-scale deflection in the high
sensitivity run are neglected, and the smaller peaks are measured only from the record
taken at high sensitivity.

An "unknown" peak which exceeds in height the peak given by the largest
standard can be measured by extrapolation in the following manner. The strip con
taining the largest unknown is fed into the scanner by hand and the backgrowld level
and sensitivity setting adjusted until the peak gives 90-95 % full-scale deflection. The
scanner and chart-recorder are now run mechanically and all "excessive" unknowns
are scanned at the new setting in company with the two or three largest standards. If
the areas and extrapolated estimates of quantities obtained for the "unknovms" are
within the range known from previous studies to give linear calibration curves with
the absorptiometric method in question, these extrapolated values can be used \vith
reasonable confidence.

In the case of methods involving a color reaction carried out on the paper, the
limiting factors on the linearity of calibration curves will almost certainly be chemical
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in origin and not optical or instrumental2,'. If, however, light-absorbing derivatives
have been prepared by some standardized method before chromatography the limita
tions are confined to those of optical or instrumental origin. In such cases good or
reasonable estimates of unexpected and excessive amounts of "unknowns" can be
obtained by scanning at wavelengths away from the maxima usually used. Thus, in
the absence oi non-specific absorption, excessive amounts of keto-acid dinitrophenyl
hydrazones which are nonnally scanned at 390 mfl (BUSH AND HOCKADAy13) can be
scanned in the visual range at approximately 480 mfl (at which the molecular ex
tinction coefficient is much smaller) and estimated by an extrapolation of the calibra
tion curve of the standards carried out at the same wavelength. It is more convenient
when possible to use samples which contain quantities small enough to be in the
nonnal working range of the instrument with the color reaction in question.

Processing the chart records
The basic details of this procedure have been discussed previously' so that the

account here is confined to an example showing how the 4-channel digital read-out is
used. Fig. 8 shows an untouched section of a chart-record containing a typical well
defined peak of large size (cortisone revealed by alkaline BT, approx. 50 flg) and below

-.
- -

Fig. 8. Section of a. scanning record of a paper chromatogram illustrating the method of calculating
areas under a single peak from the 4-channel digital record. See text for full description_
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by using a large, poorly focussed image on the entrance slit of the monochromator.
Second, the elimination of incident and scattered light in directions non-perpendicular
to the paper is achieved mainly by collimating slits, and the dimensions of the mono
chromator do not lend themselves to an inexpensive condensing system.

(4) The grooved paper guides produce an undesirable amount of friction to the
entry of paper strips along the first curved part of the guides. The finely grooved section
of the guides should be confined to the central straight portion of the paper's track
immediately below the photomultiplier, and should preferably be highly polished.

(5) The lack of a cross-scanning device (WIEME17) means that good quantitative
estimations can only be obtained with chromatograms prepared and run so that the
resulting absorbing zones are regular bands at right-angles to the axis of the strip, and
fill the whole width of the strip2,7. Techniques to secure such zones are available but
require slightly more skill and time than those which will suffice for good zones in the
form of "spots"2.

A large number of scanners for paper and thin-layer chromatograms, and for
electrophoretograms have been described (e.g., refs. 19-23). The earlier generation of
such instruments (up to around 1954) have been discussed previously2,4,18. One of
the most satisfactory of these, and the only one in which a careful appraisal of the
optical pathway appears to have been made, was that of BROWN AND MARSH14. This
was designed to fit the Beckman Model DU spectrophotometer, the output of which
was fed to a suitable potentiometric chart recorder. Both absorptiometric and
fluorometric measurements could be made by using appropriate filters. These authors
were the first to point out that the irregular background absorption of filter paper did
not seriously affect the accuracy with which quantitative estimation could be carried
out by this means. In another pioneering study REES, FILDES AND LAURENCE16
defined carefully the- requirements for accurate quantitative scanning of paper
electrophoretograms of proteins stained with dyes such as bromphenol blue. WIEME17

made a major contribution by devising a scanner which also scanned rapidly across
the paper strip. The majority of other scanning instruments have been designed as
attachments to commercially available spectrophotometers or fluorometers (e.g.,
refs. 14: 22-24)·

The latter and all the available commercially supplied scanners suffer from more
or less serious defects. The three principal defects to be found in these instruments are:

(I) The optical pathway does not meet the requirements for efficient operation
either as absorptiometers or fluorometers2,7.

(2) The paper or thin-layer chromatogram must be mounted on a drum or linear
frame for transport across the scanning beam of light.

(3) The I):lovement is unnecessarily slow.
The last two defects make the procedure unnecessarily lengthy and tedious.

The first makes the method almost totally dependent upon absolutely reproducible
chromatography (i.e., shapes of zones) for any accuracy of quantitative measurement,
and it is not usually possible to obtain linear calibration curves.

The present instrument has been designed so as to avoid these defects. Un
mounted strips are fed into the input orifice of the apparatus and scanned at I em/sec.
A continuous train of chromatograms linked by adhesive tape can be fed into the
machine so that its operation is fully automatic for an hour or more, during which
time up to 72 strips of 50 em length can be processed per hour. The most important
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of paper chromatograms has been argued previously in detai12,7. There seems little
doubt that the present instrument performs with an overall instrumental and com
putational standard error of approximately ± I % as expected from the ratings of
the electronic equipment that is employed. On the basis of past experience one can
expect to be able to adapt any well-established absorptiometric method for quantita
tive scanning of paper chromatograms, as long as it does not employ reagents and
conditions which destroy or caramelize filter paper. With the equipment described in
this and a previous paper!, 95 % confidence limits of from ± 2 % to ± 4 % should be
achieved without too much difficulty. A considerable number of methods which
employ aqueous reagents or other easily controlled conditions should be adaptable
for the manual treatment of the chromatograms with reagent followed by the use of
the scanner. This is the case for instance with the alkaline blue tetrazolium method for
reducing steroids6and of BAROLLIER'S ninhydrin-cadmium reagent for amino acids2•

Although acceptable analytical performance compared with other chromato
graphic methods is an essential feature of direct scanning of paper chromatograms,
and could 110t have been expected on the basis of published results up to 1954, the
main advantage of the method is its speed and potential productivity. Although
conventionally sized paper chromatograms are slow to run compared with gas-liquid
chromatograms, large numbers can be run at the same time in cheap and relatively
compact apparatus, and the running time involves no personnel working time2,3. The
overall productivity of the scanning method is thus very much greater than any other
existing method of quantitative estimation by chromatography for comparable
capital and, running costs. The present machine produces a chart record of a 50 cm
chromatogram (equivalent to approx. 2000 theoretical plates for a typically overrun
strip29) in 50 seconds, i.e., at rates of 504 chromatograms in seven hours' running.

In fact, the present machine has never been used to process more than about
200 chromatograms in anyone day even though it has serviced simultaneously up to
four separate research projects most of its working life. The preparation of extracts
suitable for chromatography, and the processing of the chart records are the rate
limiting steps in analytical procedures of this type. The present machine has processed
approximately 25,000 chromatograms in its working life despite a considerable amount
of "down time" spent on modification, development work, and transport between
laboratories. In the last 12 months one research group carrying out a large scale
survey of ten individual urinary steroids by a modification of the general fractionation
scheme of BUSH AND WILLOUGHBy6 has been able to process over 1500 urines (i.e.,
approx. 5000 chromatograms) using this apparatus, at the same time as it was being
used for two other major research projects.

Chromatograms of the usual size may contain ten or more separated substances
that are detected by anyone colorimetric method, but it is unusual to obtain well
separated zones with more than eight components on each strip. With many research
problems one adopts a system giving five or fewer zones to be measured per strip.
Direct measurements in our laboratory showed that a skilled worker takes approxi
mately 1.8 min per zone for the computation of peak areas by triangulation (MOORE,
STEIN ANI) SPACKMAN30) and 0.8 min for computation from the 4-channel integral
record described here. For a batch of chromatograms 5o·cm long containing an average
of five zones per strip, therefore, 50 sec work scanning the strip produces 4-0 min
computational work, plus approximately 10 min per batch of chromatograms for
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construction of a calibration curve, checking dubious results, etc. Reading quantities
from the calibration curve and tabulation of the results take an average 0.4 min per
peak. Thus, a batch of 50 chromatograms would require approximately 42 min scan
ning time plus approximately 10 min for warming up and initial adjustments, or a
total of 52 min work with the instrument. This would then need approximately 5 h of
computation and tabulation. These figures agree well with the usual routine experience
of our laboratory with this method.

It will be obvious that the problems of processing chart records of this type are
entirely similar in principle to those of processing the record of gas-liquid or other
types of column-effluent-monitored chromatography. Specialized digital computers
such as the Infotronics peak integrator (Infotronics Corp., Houston, Texas, U.S.A.)
have been used successfully for peak area computation in ion-exchange chromato
graphy of amino acids and in gas-liquid chromatography31. The background "noise",
however, is much greater from paper scanning than from liquid or gaseous effluent
monitoring methods. This, and the rapid speed of the scanner described here, made it
impossible to achieve reliably reproducible results with the Infotronics instrument
during a recent trial. It seems likely that the best method of overcoming the bottle
neck imposed by the computational part of the procedure is to convert the photo
metric signal to a convenient digital form on paper or magnetic tape and process this
off-line with a general purpose digital computer. A variety of computer programs have
been reported recently which greatly facilitate this part of the work32- 36 . Most of them
have been used for the calculation of amino acid analyses using the automatic ion
exchange method of SPACKMAN, MOORE AND STEIN30• The calculation of quantities
from peak areas on chromatogram records of whatever sort is complex unless attention
is confined to "ideal" chromatograms with zero background drift and noise, and
perfectly separated peaks7, 31. There is little doubt, however, that the use of fast digital
computers will enable the full productivity of chromatogram-scanners to be achieved3 .

A detailed consideration of this topic will be given in a later paper of this series.
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SUMMARY

Electrdmic apparatus for photometric scanners of paper chromatograms is
described, together with its testing and use. The apparatus includes a logarithmic
densitometer based on SWEET'S circuit, a stabilized supply for a tungsten light source,
a voltage-to·frequency converter for providing integral records, a four-pen event
marker with decade-counters and pen-drivers to give a convenient 4-digit integral
record alongside the direct chart record of the scan, and a stabilized voltage source
for a retransmitting slidewire capable of providing a 0 to -10 V output from the
scanner (via'the recorder) suitable for driving the voltage-to-frequency converter
or other types of analogue-to-digital conversion apparatus.
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The separation of ribolumazines from flavines has become an important problem
in recent times since complex mixtures of these compounds are encountered in studies
of flavine biosynthesis in flavinogenic organisms.

Ashbya gossypii and the related flavinogenic ascomycetes Eremotheciu.m ashbyii
produce riboflavine and appreciable amounts of the intermediate, in riboflavine
synthesis, 6,J-dimethyl-8-ribityllumazine and of its oxidation product 6-methyl-J
hydroxy-8-ribityllumazinel - 4• Large amounts of flavine coenzymes are formed in
Eremotheciu.m ashbyii, but neither FAD* nor FMN have so far been reported in
Ashbya gossypii.

Analytical methods based on paper chromatography are reported in the litera
ture1 ,2,5,6. However they do not appear adequate for quantitative work, particularly
if aimed at the estimation of all the compounds in question.

Some procedures using column chromatography have been described more
recently7-9. Two of them may be used in sequence9 to resolve mixtures containing the
lumazines, FMN and riboflavine. For routine work on broth extracts it seemed desirable
to have procedures which allow a ready separation of the lumazines and all flavine
coenzymes (FAD included), over a wide range of concentration of each component
relative to the others. Indeed the assay of FAD and FMN in Ashbya gossYPii is
hindered by differences of several orders of magnitude in the content of these com
pounds, riboflavine and the ribolumazines. Conditions for a complete analysis were
therefore studied.

The methods developed are reported in the present paper, as well as their
application to the study of flavinogenesis in Ashbya gossypii.

MATERIALS

Riboflavine was kindly supplied by Hoffmann-La Roche. FMN was from Sigma
Chemical Co. FAD was prepared by the procedure of CERLETTI AND SILIPRANDIlO •

6,J-Dimethyl-8-ribityllumazine and 6-methyl-J-hydroxy-8-·ribityllumazine were iso
lated from Eremotheciu.m ashbyii as described by MASUDA1 and by KUWADA et al3 .

Fluorimetric measurements were made either with a Farrand spectrofluori
meter, equipped with two grating monochromators and a photomultiplier tube
rP28, or with a Klett fluorimeter, lamp filter Corning glass 5543 (transmittance band

* Abbreviations used: FAD = flavine-adenine dinucleotide; FMN = flavine mononucleotide.
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step for the assay of mold extracts. The elution was followed by recording the absorp
tion at 260 mfl-. Each peak was then measured at 350 mfl-, 400 mfl- and 450 mfl-. As a
first approach fluorescence Was measured throughout the elution with a filter fluori
meter. Each peak was then assayed at the excitation and emission wavelengths
characteItistic for each compound. The elution pattern of the mycelial extract from a
flavinogenic strain is shown in Fig. 2. Fig. 3 shows the pattern obtained, under identical
conditioIis with a non-flavinogenic strain. In this case only one peak, containing FMN
and FAD, is eluted by water. Regarding the sensitivity of the methods, no 6-methyl-J
hydroxy-8-ribityllumazine was detected and the second peak due to 6,J-dimethyl
ribolumazine, did not appear. Only small amounts of riboflavine were eluted by IN
HCI.
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Fig. 3. Elution pattern on a carboxylic ion-Exchanger of the extract of a non-flavinogenic strain of
Ashbya gossypii. 83 g of mycelium (wet weight) from a submerged culture at the fourth day of
fermentation, corresponding to 3.44 g of proteins, were separated from the broth by filtration, and
extracted with 0.01 M KCl-(0.03 M KH 2PO.-K2HP04 buffer, pH 6.8) (94: 4) at 80°. The extract
was applied to a column, 50 cm x 3 cm2, packed with Amberlite IRC 50, H form. Eluant was H 20
followed by IN HCI, at a rate of 30 ml/h. 5-ml fractions were collected at 2°. Ordinates: ( )
absorbance at 260 mfl; (- - - -) absorbance at 450 mfl; (_._._. -) fluorescence intensity measured
with a filter fluorimeter as compared to a standard containing 0.079 flg fluorescein/ml taken as 100.

The first peak eluted by H 20 from the Amberlite column, containing the flavine
coenzymes and, in flavinogenic strains 6-methyl-J-hydroxy-8-ribityllumazine, was
fractionated by chromatography on a cellulose column. A preliminary treatment was
required. Indeed, other non-identified V.V. 2.~sorbing substances from the mold
contaminate the eluate from the ion exchanger and on the cellulose column inter
fere with the separation of 6-methyl-J-hydroxy-8-ribityllumazine from FMN. The
ribolumazine is therefore extracted quantitatively from the effluent from the ioIi
exchanger with n-butanol followed by ether. Traces of FMN in this extract are readily
separated on the cellulose column. FAD and the bulk of FMN remain in the water
phase with UV. absorbing contaminants. Contaminants are satisfactorily separated
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SUMMARY

189

The separation both on an analytical and on a preparative scale of flavines and
ribolumazines is described. The quantitation of these compounds in flavinogenic and
non-flavinogenic strains of Ashbya gossypii is reported. The content of each coenzyme
in flavinogenic strains is similar to the corresponding flavine in the non-flavinogenic
strain. Flavinogenic strains contain about 2,300 times more riboflavine than FAD.
Lumazines were not detected in non-flavinogenic strains.
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CHROMATOGRAPHlE SUR COUCHES MINCES D'ECHANGEURS D'IONS

Fig, 9. Radio-chromatogramme d'un m~lange de cations alcalino-terrcux sur rcsine cationique
Dowex 50 WX 2 (a droite: courbe et autoradiographic realisees un mois apres).

la Fig. 9) ont apporte une continnation supplementaire de l'identite des elements
separes, grace a leurs periodes differentes. De tn~s bans rcsultats ont egaJement ete
obtenus sur couches minces de resine complexante Chelex 100 (Na+) avec une solution
aqueuse de NH"NOa 2M. On observe un ordre inverse dans la separation des alcalino
terreux, les complexes avec la resine ayant une stabilite croissante du baryum au
calcium (Fig !O).

Fig. 10, Radio-chromatogramme d'un melange de cations alcalino-terreux obtenu sur resine
cationique complexante Chelex 100.

M etaux lottrds
Toutes les chromatographies des melanges de cations lourds ont ete realisees sur

resine Chelex 100 (H+)l8.
Premier groupe: Ag+. Hg+, Pb2+. La separation de ces trois elements a He

obtenue a l'aide de la technique dite des "Developpements repetes". Trois chromato
graphies ascendantes successives ont ete realisees: la premiere avec HNOa 2M
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methylbutanes, were achieved on a modified bentone column, a type which has
hitherto been applied mainly to the separation of aromatic compounds and hydro
carbonslO,11. Of a large number of other stationary phases investigated, none afforded
separation of the first mentioned pair of isomers.

tert.-Pentyl bromide and iodide were unfortunately decomposed to a considerable
extent in the 4 m bentone column, although not on squalane. This difficulty was over
come for the bromide by use of a short (I m) glass column at 20°, in which good
resolution from neopentyl bromide was obtained, without observable decomposition.
tert.-Pentyl iodide was still decomposed appreciably however, even under these
conditions, and is best determined by aqueous hydrolysis or infrared analysis, after
preparative scale separation of all except the neo- and tert.-isomers on squalane.
Repeated use of the bentone column for these unstable halides resulted in loss of
resolving power.

The 3-halogenopentanes were the only isomers which could not be completely
separated from all other pentyl structures. This represents no disadvantage unless the
2- and 3-halogenopentanes, the 1-halogeno-2-methylbutanes and the 1-halogeno-3
methylbutanes, are all present in one sample, in which case the 3-halogenopentane
content may be obtained by calculation from both chromatograms. Such a com
bination of products is unlikely to be obtained. With boron tribromide, a reagent
which favours alkyl rearrangement, the straight chain pentanols gave only straight
chain halides12 ; preliminary experiments with the branched pentyl alcohols indicate
that in no case would all these isomers be produced.
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NOTES 243

Se,S). The similarity of elution times is affected by the boiling points and by the mole
cular weights.

An example of different separation of substances on two different phases is
provided by di-n-butyl sulfide which, on squalane at 90°, has a higher elution time
than phenyl methyl sulfide, whereas on dinonyl phthalate under the same con
ditions the reverse is true. Similarly, phenylselenol has a shorter elution time than
dipropyl selenide, and dibutyl selenide greater than phenyl methyl selenide, whereas
on dinonyl phthalate it is reversed.

Qptimum separation of a mixture of sulfides and selenides is achieved at 90° on
20 % squalane at a flow rate of 60 mljmin. Thiophenol is not separated from dipropyl
selenide (Fig. 2).

Of the various graphical relationships, we plotted the relationship between
log VR and the number of carbon atoms in the individual' derivatives on both liquid
phases. Fig. 3 shows its linear course in dialkyl and alkyl aryl derivatives.

When the elution data for the various ethers, sulfides and selenides are compared
it may be seen that the elution values rise from oxygen to selenium, i.e. with the
increasing atomic weight of the central element.

Results have been summarized in tables and graphs.
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silicate) was added to Alumina G in a concentration of 300 mg!30 g (I %) and a sus
pension was prepared as above.

Silica Gel G. A suspension of 30 g of Silica Gel G (E. Merck, Darmstadt) and
60 ml of water was prepared as for Alumina G.

Silica Gel GF. The fluorescent indicator (see Alumina GF) was added at a con
centration of I % and the suspension was prepared as for Silica Gel G.

Polyamide G. A suspension was prepared by mixing 4.5 g of polyamide (Woelm
TLC) and 500 mg of Ioo-mesh precipitated calcium sulfate (CaS0 4 • 2H 20) with 4j ml
of methanol for I min.

Polyamide GF. 50 mg of the fluorescent indicator was added and a suspension
was prepared as for Polyamide G.

Silica Gel GF on flexible plastic sheets. Eastman Chromagram Sheets, Type
K 301 R, obtained from Distillation Products, Inc., Rochester, :.r.Y., were activated
by heating for 30 min in a forced-air oven at 100° and were stored in a desiccator over
silica gel.

General conditions
Table I shows the adsorbent and the developing solvent systems used in this

study.
For reproducibility of the Rp values, the amount of drug applied to the plate

should be in the range of 0.5-1.5 flog. The origin should be at least ~: em from the bottom
edge of the plate. It was also necessary to have the chromatographic chamber com
pletely saturated with the solvent. To accomplish this the walls were lined with filter
paper which dipped into the solvent. After 15-30 min the chamber became saturated
with solvent vapor.

For solvent systems in which a volatile acid or base was used, the plate was

TABLE I

SOLVENT AND ADSORBENT SYSTEMS FOR THIN-LAYER CHROMATOGRAPHY OF DRUGS USED IN

MEDICATED FEEDS

System No. Mobile solvent Proportions Mini
IO em

Adsorbent

I n-Butanol-water-acetic acid * 80: 20: 2.5 90 Polyamide G or GF
2 Acetone-acetic acid 100:2 15 Alumina G or GF
3 Ethanol-ammonium hydroxide 80:20 80 Alumina G or GF

4 Diethyl ether-dimethyl sulfoxide-
n-butanol-acetic acid 98: I: I :0.2 15 Silica Gel G or GF

5a Hexane-acetone-n-butanol 21:2:2 25 Silica Gel GF
(flexible plastic sheet)

5b Hexane-acetone-n-butanol 21:2:2 25 Silica Gel GF
6 Diethyl ether-ethanol-acetic acid 96 :3: 1 25 Polyamide GF

7 Acetone-n-butanol-acetic acid 78 : 20 :2 20 Polyamide G or GF
8 Diethyl ether-n-butariol-acetic

acid 73: 25: 2 20 Polyamide G or GF
9 n-Butanol-water-acetic acid 80:20:5 90 Silica. Gel G or GF

10 Ethyl acetate-acetic acid 75: 25 60 Silica Gel G or GF
II Pyridine-benzene 50 :50 45 Silica Gel G or GF
12 n-Butanol-acetic acid 75: 25 60 Silica Gel G or GF

* The mixture was shaken in a separatory funnel and the lower layer was discarded.
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dimethylguanidine, N-aminopropylagmatine, hirudonine, propylguanidine, mercapto
ethylguanidine, isoleucaguanidine, histaguanidine, hydroxyguanidine, hydroxyhomo
arginine, andouine, homoagmatine, taurocyamine, homoarginine, and ~-guanidino

butyric acid., e-guanidinocaproic acid, p-hydroxy-y-guanidinobutyric acid, Cl-guani
dinovaleric acid, y-guanidinobutyric acid, p-guanidinoisobutyric acid andp-guanidino
propionic acid, were synthetized by us starting from the corresponding amino deriva
tive and S-ethylthiourea, according to the method described for the synthesis of guani
dinoacetic acid by BRAND AND BRAND16•

Arginiinic acid and ~-chloro-Cl-guanidinovalericacid were synthetized in our
laboratory according to HAMILTON AND ORTIZ17• Octopine was prepared according to
the technique of HERBST AND SWART18 with ~-bromopropionicacid; desmethyloctopine
and arginine·NO<:,No<:-diacetic acid were synthetized in the same way with mono
chloroacetic acid.

~-Keto-Cl-guanidinovaleric acid and ~-keto-y-guanidoxybutyric acid were
obtained enzymatically, according to LACOMBE et al. 19, starting from arginine and
canavanine, respectively, and L-amino acid oxidase of viper poison. Streptidine was
prepared from streptomycin, according to HUNTER et al. 20•

We synthetized y-guanidinobutyraldehyde by adaptation of the method
described by WITT AND HOLZER21 for the synthesis of succinic semialdehyde. y
Guanidinobutyramide was obtained from y-guanidinobutyric acid with thionyl
chloride, and y-guanidinobutanol by the sulphydric reduction of y-guanidinobutyral
dehyde.

Finally, lombricine was kindly supplied to us by Prof. A. H. ENNOR (Depart
ment of Biochemistry, John Curtin School of Medical Research, Canberra, Australia).

In Table I a summary is made of all the compounds tested, with their mobilities
after electrophoretic and chromatographic development expressed in cm (absolute),
and relative to those of glycine (RG). An indication is also given of their behaviour
with the detecting reagents tested, with special reference to the reagent of Sakaguchi.

Fig. I shows the spacial disposition of all the substances tested in the two
dimensional development, while Fig. 2 represents a real separation of 26 of the
guanidine derivatives which reacted positively with the Sakaguchi reagent.
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Granada (Spain)
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in red light from a photographic Safe-Light, equilibrated over the solvent for 4 h, and
run by ascending flow at 25°. The spots were located by their fluorescence under ultra
violet light (Wood's light) and also by Salkowski's reagent.

It is reasonably clear that the Rp value of the IAA depends on the purity of the
isobutanol component, and not on that of the methanol. In this connection it is of
interest to note that using a solvent of tert.-butanol and water (4:1 by volume),
GUERN3 quotes an Rp for IAA of 0.27, whilst SEN AND LEOPOLD4 using the same sol
vent system give an Rp value of 0.80. Our own cursory examination of this latter
solvent has yielded an Rp of 0.80 for IAA.

It is essential, at least in the conditions obtaining here, to use the purified iso
butanol at once after distillation. Table II shows the effect of storage under various
conditions of the isobutanol component on the Rp value for pure IAA.

TABLE II

THE EFFECTS (j)F STORAGE CONDITIONS OF THE ISOBUTANOL COMPONENT ON THE RF VALUES OF
PURE IAA

Conditions of storage of the
redistilled isobntanol

Time elapsed after distillation (h)

o

In light, room temperature
In dark, room temperature
In dark, -IOq

0.20-0.30
0.20-0.30
0.20-0.30

Streak
Streak
Streak

0.80-0.90
0.80-0.90
0.80-0.90

At present we have no clear indication of the nature of the causes of these
effects, but from the results reported here, it seems clear that considerable attention
must be paid to the purity of the solvents used in the chromatography of indoles.
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The Amberlite WA-2 paper required washing with HCI and distilled water as well as
placing the spots 3 cm behind the liquid front to avoid the formation of double spots.
The ions to be chromatographed were dissolved in the acetate buffer as their nitrates.
Metal ions which are usually stable as anionic complexes (e.g. AuCI4-) were not
studied. Uramyl ions precipitated in the buffer. The RF values obtained with various
molarities of sodium acetate-acetic acid are shown in Tables I and II.

TABLE II

R p VALUES OF METAL IONS ON AMBERLITE WA-2 PAPER

Eluents; I 3 N sodium acetate-3 N acetic acid;
2 2 N sodium acetate-2 N acetic acid;
3 I N sodium acetate-I N acetic acid.

Ion

Ag+
1'1+
Bi+++
Cd++
Pb++
Hg++
Cu++
Fe+++
Co++
Ni++
Mn++
Zn++
AI+++
Sc+++
y+++
La+++
Ce+++
Zr++++
Be++
Mg++
Ca++
Sr++
Ba++
Co(NH3)6+-H
Co(en)3+++
Re04 -

Eluent

I 2 3

0.17 0.13 0.06

0·33 0.24 0.20

0.02 0.00 0.00

0.21 0·14 0.06

0.15 0.06 0.02

0.05 0.03 0.00

0.21 0.15 0.04

0.00 0.00 0.00

0.5 8 0-48 0.25

0·57 0-46 0.27

0.64 0.5 0 0.3 1

0·35 0.23 0.13

0.00, 0.52 0.00, 0.41 0.00, 0.41

0.04 0.02 0.00

0.23 O.II 0.03

0·14 0.07 0.03

0.16 0.08 0.02

0.03 0.03 0.03

0.18, 0-46 0.10, 0.33 0.05,0.18

0·79 0.64 0.48

0·49 0.38 0.23

0.48 0·37 0.27

0.3 2 0.26 0.15

0.04 0.02 0.02

0.01 0.01 0.00

0·75 0.68 0·55

Fe(III) and Zr(IV) yield diffuse comets on Whatman CM-50 paper. Beryllium
and aluminium give double spots on the Amberlite WA-2 paper. Most other ions
give elongated spots on the Whatman CM-50 paper and very compact sharp spots on
the.Amberlite WA-2 paper. Perrhenate was chromatographed as it is a monovalent
anion which is strongly adsorbed on neutral surfaces and gives thus an indication of
the adsorption effect. Co(NH3)6+++ and Co(en)3+++ were examined to see whether
there are great differences between trivalent ions which could complex with the carbo
xylic groups and those (i.e. the complexes) which could not.

As shown in the tables the cobalt complexes have RF values of the same order
as the trivalent metal ions and hence there seems to be little indication that complex
formation is predominant.
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Separation of americium from rare earths by reversed-phase partition
chromatography

Solvent extraction with quaternary ammonium salts of high molecular weight
has been proposed recently by MOORE! and, independently, by the present authors2,

as an alternative method of separating trivalent actinides from lanthanides in thiocya
nate media.

The same chemical system, basically, has been used by us in a series of reversed
phase partition chromatography experiments to effect laboratory-scale separations of
americium (III) from the rare earths. Some separations between single rare earth
elements have also been obtained.

Experi~ntal

Celite (80-120 mesh) obtained from the BDH Ltd. England, made hydrophobic
by immersion in a (5 %) ether solution of dichlorodimethylsilane was used as the
supporting solid. Column beds were prepared by mixing the treated Celite with 0.3 M

9000

NH4SCN 0.1M
H2$04 0.1 N

8000 I

RE. 24lAm

7000

6000 ,

u5000
u-E<i
U

4000 I

3000

2000

1000

170 Tm

o 8 16 24 32 40
Millilitre of effluent

Fig. 1. Separation of americium from rare earths.
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solution of Aliquat-336 (methyl-tri(n-alkyl) ammonium, principally octyl and decyl,
obtained from the General Mills Inc., U.S.A.) in the thiocyanate form and transferring
the resulting slurry to a 5-4 mm internal diameter glass colullln plugged with glass
wool. The excess of extractant, not adsorbed on the solid support, was displaced by
washing the column with the thiocyanate solution used for the first elution step. The
height of the bed was 10 cm and the eluent flux 0.78 ml cm-2min-1. A small aliquot
(50 A) of a thiocyanate solution containing the tracers to be separated was transferred
to the top of the resin bed and elution was carried out by the usual chromatographic
techniques.

241Am, 144Ce, 147pm, and 152+I54Eu were obtained froIn the Radiochemical
Centre, Amersham, England. 140La and 170Tm were prepared by neutron activation of
high purity lanthanum and thulium in the nuclear reactor G.Galilei of CAMEN. The
samples taken from the elution steps were gamma-counted using a well-type NaI

N~SCN 9MINH SCN TMI NH4 SCN 5M
H2S04 0.02N H,~040.021H2S04 0.02N

2500

2000

1500
u
u.....,.
E
d.
U 1000

500

o 20

147Pm

~
I \

I \
I \
I \
I \
I \
I \
I \
I \
I \
I \

170Tm

100

241.Am

120

Fig. 2. Separation of 14oLa, 144Ce, 147pm, 152+154Eu, 170Tm and 241Am.

(TI) scintillation counter except for samples of wPm which were deposited on glass
discs and beta-counted with a G.M. counter.

Results
A relatively rapid separation of amenclUm from the rare earth group was

obtained using the eluent composition specified in Fig. 1. A small quantity of sulfuric
acid was added to the thiocyanate eluent to enhance the separation as suggested by
MOORE1 . In Fig. 2 a selective elution of lanthanum, cerium, promethium, europium,
thulium and americium is reported, obtained by gradient elution with thiocyanate
solutions of decreasing concentration.

A group separation of americium from the rare earth elements was also obtained
using an ascending chromatography technique with paper (Whatman No. I) strips

J. Chromalog., 29 (1967) 30 9-3 II









3I 4 NOTES

it shows that it would be also possible to use this method for the isolation of Co(II)
from Fe(III) and hence for cobalt determination in the stainless steels.

Results and discussion
Some ENS8B, AISI 32I and XIS UNI I808 stainless steel samples were

analyzed by means of the described technique: the results are reported in Table I,

TABLE I

TUNGSTEN CONTENTS IN 18-8 TYPE STEELS

Type Sample No. Weight (mg) Tungsten (%) Mean value Mean error
(p.p.m.) .

(p.p.m.) (%)

I 31.0 1.190' 10-1

2 39·7 1.087' 10-1

EN 58 B 3 25·3 1.160' 10-1

4 21.1 1.195'10-1

I 26·5 1.05' 10-2

2 25.6 1.20' 10-2

AISI321 3 25·5 1.35' 10-2

4 25.6 -1.30' 10-2

I 28·7 6.4' 10-3

2 26.2 6.5' 10-3

UNI1808 3 22·3 6.9' 10-3

4 25. 1 7,1' 10-3

105
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I- 1= -1- ----
I-
I-- ---I-- - .. t - f- j--

1--,-- 1-- -
A

I--I--IH+++-I---+-+--- --,- I- -1-+-+-1--

lfi',
f B

[j A , C
103 1.-h. '. Il" ~- - l--,

0 ••••••

P-I~"'-':; I-' 7.\1",>.....
'>:;:; 1/\u
~

I'\, " 1\ \
102 \. '"

-., . r\ '\

1---
D

i\.
1~00 250 300 350
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1,158
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67. 2

± 49

±6

± 3.2

4-

5

6

Fig. 3. Gamma-spectra of the eluted fractions: (A) chromium; (B) tungsten; (C) cobalt; (D) iron
(the absence of cobalt was tested on the sum peak at 2.5 MeV).
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which shows that this method is suitable both for low and medium tungsten concen
trations. The relative mean error (5 % fqr four determinations) is a normal one for
activation analysis techniques.

The tungsten fraction and the other three fractions were radiochemically pure,
as shown in Fig. 3.

Kel"F-TNOA columns could be used for 10 consecutive cycles. On the basis of
these results the Kel-F-TNOA columns were found suitable for the isolation and
determination of tungsten, and subsequently cobalt in stainless steels. They have a
great capacity and selectivity, very well defined elution curves, and give a radio
chemically pure tungsten fraction. The time required for this method is about three
hours including the irradiation time.
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Erratum

]. Chromatog., 26 (1967) 276-279

Page 278, the formula:

(I-Ea X Va)
V (ml) = ~----- X V P

E b X Vb

should be replaoed by:

(
' Ea x Va)V (ml) = 1-----

E b X Vb
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from the toxicological point of view, so that further applications to this field are in
progress.

Fig. I. One-dimensional chromatogram. Solvent: 1.2 h. 10 em. Layer: poly-E-caprolactam rcsin
eM 1007S (205°). Loading: 10 fig in 0.01 ml mcthanol. Number~: cf. Table 1.
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N"OTES

Dunnschichtchromatographische Trennung homologer Reihen von
n-Alkylhalogeniden

Die Identifizierung bei Raumtemperatur fhissiger n-Alkylhalogenide (AH)
durch ihre Siedepunkte wie auch durch die Schmelzpunkte ihrer festen Derivate
ergibt bei kleinen Mengen, insbesondere in Gemischen, experimentelle Schwierig
keiten. So zeigt sich z.B. die Problematik von Schmelzpunktsbestimmungen in den bei
S-Alkylphenylthiuronium-Pikraten gefundenen Werten fUr folgende n-Alkyle:

n-Heptyl = 1270 n-Octyl = 130
0

n-Hexyl = 128 0 n-Pentyl = 1420

n-Decyl = 128
0 n-Butyl = 144

0

Nach Dberfuhrung in N-Alkylpyridinium-Halogenide (NAPH) oder S-Alkyl
phenylthiuronium-Pikrate (SATP) konnen AH dunnschichtchromatographisch noch
identifiziert werden, wenn die Auftragsmengen der festen Derivate bei etwa 20 ,ug
liegen.

p-Alkoxyazobenzole und N-Alkylphtalimide erweisen sich hinsichtlich Dar
steHung und Auftrennung (Schwanzbildung) als weniger geeignet. Wahrend die NAPH
auf Kieselgur G-Schichten unzersetzt als solche wandel'll, erfolgt bei SATP an hydro
phobiertem Kieselgel HF 254 Auftrennung in die S-Alkylphenylthiuronium-Basen und
Pikrinsaure, die mit der Front der Entwicklungsflussigkeit durchlauft.

Experimentelles
Darstellung der NAPH. Alkylhalogenide, trockenes Pyridin und Nitromethan

werden im Volumenverhaltnis 1:4:10 im siedenden Wasserbad I Std. erhitzt. Nach
Entfemung der fluchtigen Anteile am Rotationsverdampfer wird der Ruckstand mit

t-------------lFront

-I-- -----jFront

o
o

o
o 000000 0000 ()

o

o
o

_0_._._._._._._._._._._ Start
1 2 3 4 5 6 7 8 9 10

°0 o
o

o
o
° 0

_:_._._._._._. .~..Q._._._. Start
1 2 3 4 5 6 7 8 9 10 11

Fig. I. Homologe Reihe der N-Alkylpyridinium-Broll1;ide (n-Alkyle von C1 bis C10)' aufgetragen in
I %-iger methanolischer Lasung auf Kieselgur G(Merck). Detektion mit Silbernitrat-Dichlor
fluorescein.

Fig. 2. Homologe Reihe der S-Alkylphenylthiuronium-Pikrate (n-Alkyle von C1 bis ClO), aufge
tragen in I %-iger athanolischer Lasung auf Kieselgel HF254 (Merck), paraffinimpragniert (Phasen
umkehr!). Punkt II = Pikrinsaure. Detektion im V.V.
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5P-Androstan-3P-ol- I 7-one (3{3-Aetiocholanol-
one), (6) 516; (7) D51

-- acetate, (5) 338
5P-Androstan-I7P-ol-3-one, (7) D 52
Androst-5-enediol, diacetate, (I) 24 I
-- monoacetate, (I) 241
Androst-5-ene-3P,I7a-diol, (7) D52
-- 3P-acetate 17oc-benzoate, (7) D54
Androst-5-ene-3p,I7P-diol, (I) 20g; (7) D52,

D59
3p-acetate, (7) D 54
3P-acetate 17P-benzoate, (7) D 54
3P-acetate 17P-tosylate, (7) D 54
17p-benzoate, (7) D 59
diacetate, (7) D 54

Androst-5-ene-3P, 7a-diol- I 7-one, (g) D 45
-- diacetate, (g) D45
-- monoacetate, (g) D45
Androst-5-ene-3p,IIp-diol-I7-one, (I) 234
Androst-5-ene-3P,I7P-diol-II-one, (I) 235
Androstenedione, (g) 85, 346
Androst-I-enedione, (I) 241
5oc-Androst-I-ene-3,I7-dione, (g) 340
Androst-4-ene-3,I6-dione, (7) D 51
Androst-4-ene-3,I7-dione, (I) 20g, 234, 241,

466 ; (4) 335; (6) 516 ; (7) D5 I , D59; (g)
340

Androst-5-ene-3P, IIP, 17P-triol, (I) 20g, 235
Androst-4-ene-3, II, I 7-trione, see Adrenostero

ne
Androst-5-en-3p-ol, (7) D5 1
Androdrost-5-en-3p-ol-I7p-carboxylic acid me

thyl ester, see 3P-Hydroxyandrost-5-ene-
17P-carboxylic acid methyl ester

Androst-4-en-IIp-ol-3,I7-dione, (I) 234; (2) 305
Androst-5-en-3P-ol-7, I 7-dione (7-Ketodehydro-

epiandrosterone), (4) 335
Androst-5-en-3P-ol-II,I7-dione, (I) 234
Androstenolone acetate, (g) 346
Androst-2 or 3-en-3-01-17-one, see ,,12 or ,,13_

Androsterone
Androst-4-en-I7oc-ol-3-one (I 7oc-Testosterone),

(I) 234, 466
Androst-4-en-I7P-ol-3-one, see Testosterone
Androst-5-en-3P-ol-I7-one, see Dehydroepi

androsterone
5P-Androst-g-en-3oc-ol-I7-one, (6) 516
Androst-5-en-3P-ol-7-one- I 7P-carboxylic acid

methyl ester, see 3p-Hydroxyandrost-5-
en-7-one-I7P-carboxylic acid methyl ester

Androsterone (5oc-Androstan-3oc-ol-I 7-one), (I)
234, 24 1; (2) 305; (4) 335, 337; (5) D 35;
(6) 516; (7) D 51; (8) 28, 451; (g) 336, D44

-- acetate, (5) 338; (7) D5 1
,,12 or L13-Androsterone, (I) 241
Aneurine, see Thiamine
Angophorol, (6) D 30
I,6-Anhydro-4-deoxy-p-D-arabino-hexopyrano-

se, (10) D25
I,6-Anhydro-4-deoxy-P-D-xylo-hexopyranose,

(10) D25
I,5-Anhydro-2-deoxysorbitol, (I) 109
oc-Anhydrodigitoxigenin, (I) 245
p-Anhydrodigitoxigenin, (I) 245
p-Anhydrodigoxigenin, (I) 245

Rp VALUE INDEX, VOLS. 1-10

p-Anhydrodigoxigenone, (I) 245
2,2'-Anhydro,- I-(3',5"-di-O-mesylarabinosyl)-

uracil, (g) D23
I,4-Anhydro-D-dulcitol, (1'1 109
Anhydrofumigaclavine B, (8) D25
I,6-Anhydro-tJ-D-galactopyranose, (6) D 37
I,5-Anhydro--D-glucitol-6-phosphate, (4) Dg
I,6-Anhydro--{3-D-glucopyranose, (I) 109; (6)

D37
I,6-Anhydro-{3-D-gulopyranose, (6) D 37
2,7-Anhydro-p-D-altro-heptulofuranose, (4) 393
2,5-Anhydro-D-mannitose, (I) 109
I,6-Anhydro-p-D-mannopyranose, (6) D 36
2.3'-Anhydro-I-(5'-O-mesyllyxofuranosyl)-

uracil, (g) D23
Anhydroribltol, (6) D 3
-- 5-phosphate, (6) D.3
p-Anhydrosarmentogenin, (I) 245; (8) II5
p-Anhydrouzarigenin. (I) 245
Anhydrovitamin AI' (8) 535, 536
Anhydrovitamin A 2 , (8) 535, 536
I,5-AnhydIO-D-xylitol, (I) 109
Anileridine. (6) 347
Aniline, (I) xxi; (4) D6; (6) DI2, ])23; (7) DI3;

(8) 186, Ig5, 326, D27; (10) 375,378, DI3
--, N-acetyl derivative, (6) D23
--, N,N-dimethyl derivative, (I) xxi; (8) 3:26,

D27
--, N-3,5-dinitrobenzoyl derivative, (5) 478
--, N-ethyl derivative, (10) D 13
--, N-ethyl N-3,5-dinitrobenzoyl derivative,

(5) 478
--, N-glucuronide, (6) D23
--, N-methyl derivative, (I) xxi; (8) D28;

(10) DI3
--, N-methyl N-3,5-dinitrobenzoyl deri.va

tive, (5) 478
Aniline Blue B, (3) D22
Aniline-o-sulphonic acid (Orthanilic acid), (6)

Dr:z; (g) 474
Aniline-m-sulphonic acid (Metanilic acid), (6)

DI'2; (g) 474
Aniline-p-sulphonic acid, see Sulphanilic acid
Aniline Yellow (p-Aminoazobenzene), (5) D 17;

(g) D39
I-Anilinoanthraquinone, (4) D 30, D 31
Anisaldehyde (p-Methoxybenzaldehyde), (I)

355; (8) 327
-- cyanoacetohydrazone, (7) D40
-- 2,4-dinitrophenylhydrazone, (2) D4
Anisic acid (p-Methoxybenwic acid), (I) 355;

(6) 472, DIg; (g) 66
Anisole, (I) 354; (6) 41; (8) .326
Anisyl alcohols, see Methoxybenzyl alcohols
Anserine, (3) 26, 38
Anthanthrene, (2) gI, g2; (3) I08; (7) 422
Anthocyan I, (2) 174, 185
Anthocyan II, (2) 174, 185
Anthocyanidin, (6) D2g
Anthracene, (I) iv, xv, xxii; (2) gI, D5; (:i) 108;

(6) 32, 424; (8) 186; (IO) 174
Anthracene-I,2-quinone, (2) ]) 5
Anthra.cene-I,4-quinone, (2) D 5
Anthracene-I-sulphonic acid, (2) 613
Anthracenoanthracene, (2) gI, g2

































































































































































































Ninhydrin and related compounds, paper
and thin-layer chromatography... 274

Nitro compounds, thin-layer chromato
graphic studies of their charge
transfer complexes with amines
.......................... 120, 258

Nucleic acid bases, separation on cellulose
layers " . . .. 126

---, separation on PEl-cellulose layers
using gradient elution and fluoro
metry of spots.. . . . . . . . . . . . . . .. 133

Nucleosides, separation on cellulose layers 126
-.--, separation on PEl-cellulose using

gradient elution and direct fluoro-
metry of spots.. . . . . . . . . . . . . . . . 133

Nucleotides, separation on cellulose
layers.. . . . . . . . . . . . . . ... . . . . . .. 126

---, separation on PEl-cellulose using
gradient elution and direct fluoro-
metry of spots 133

Octadeca-9, I 2-diene, alkaline isomeriza-
tion studied by gas chromato-
graphy 44

Oils, analysis by gas chromatography.. . 44
Oligosaccharides, chitin, separation by

thin-layer chromatography. . . . . . IrS
Opium alkaloids, separation by poly

amide layer chromatography .... 391
Paper chromatography, apparatus for the

rapid quantitative photometry of
paper chromatograms.. . . . . . . . .. 157

Peganum harmala alkaloids, separation by
high-voltage ionophoresis, . . . . . .. 388

Pentyl halides, isomeric, gas chromato-
graphy 218

Peptides, separation from amino acids in
urine by ligand exchange chroma
tography. . . . . . . . . . . . . . . . . . . . .. 398

Phenacetin and related compounds, iden
tification by thin-layer chromato
graphy in tubes.. . . . . .. . . . . . . . . .. 287

4- (Phenylazo) -benzenesulphonamides,
separation by thin-layer chromato-
graphy 255

Polyesters as stationary phases in gas
liquid chromatography of terpe
noids .. . . . . . . . . .. . . . . . . . . . . . .. 333

Poly(ethylene terephthalate) oligomers,
separation by thin-layer chroma
tography. . . . . . . . . . . . . . . . . . . . . . 265

Rare earths, carrier-free, determination
by ion exchange at room temper-
ature ., . . . . . . . . . . . . . .. .. . . . . .. 203

---, reversed-phase partition chroma-
tographyof 309

Rat bile and urine, thin-layer chromato
graphy following intravenous ad
ministration of safrole, isosafrole
and dihydrosafrole 267

Reaction chromatography, gas-liquid!
thin-layer chromatographic deri
vatization technique for the iden
tification of carbonyl compounds
and alcohols. . . . . . . . . . . . . .. 80, 88

Rp values, prediction of.. . . . . . . . . . . . .. 247
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Safrole, thin-Ia.yer chromatographic stu-
dies on rat bile and urine following
intravenous administration of . . .. 267

Samarium and europium mixtures, aug
mentation of the separation in ion
exchange elutions with EDTA... 210

Selenides, sepa.ration from sulphides and
ethers by gas chromatography. . .. 239

Sesquiterpenoids, valerian, separation by
gas-liquid chromatography. . . . . . 341

Splitter assembly, glass-Teflon continu
ously variable, for the Autoprep
705 chromatograph 223

Steel, stainless, determination of tungsten
by actIvation analysis, using re
versed-phase column chromato-
graphy 311

Steroids, chromatographic separation of
17-hydroxycorticosteroids on Se-
phadex LH-20 246

---, retention behaviour in gas chro
matography with a series of com
bination columns.. . . . . . . . . . . . .. 235

---, separation and characterization of
various classes by thin-layer chro
matography .. . . . . . . . . . . . . . . . .. 393

---, use of desoxycholic acid in column
liquids for gas chromatography.. . 7

Sugars, countercurrent distribution of
labelled anomeric methyl arabino-
sides and methyl O(-D-mannoside.. 103

Sulphides, separation from selenides and
ethers by gas chromatography. . . . 239

Sulphoxides, influence of- the relative
humidity on the thin-layer chro
matographic separation of. . . . . .. 142

---, separation of mixtures by one- and
two-dimensional thin-layer chro
matography ., . . . . . . . . . . .. . . . . .. IjI

Terpenoids, gas-liquid chromatography
of valerian sesquiterpenoids. . . . .. 34 I

---, separation by gas-liquid chromato
graphy using polyesters as station-
ary phases.. . . . . . . . . . . . . . . . . . .. 333

Tetryl, thin-layer chromatographic study
of its charge-transfer complexes
with some amines. . . . . . . . . . . . . . . i58

Thin-layer chromatography, an efficient
and convenient drier for chromato-
grams.................. 296

---, prediction of R p values. . . . . . .. 247
---, recording short-wave ultraviolet

absorption on chromatograms by
pinhole photography. . . . . . . . . . .. 252

Tocopherols, thin-layer systems giving
maXImum separation of 0(- and
p-tocopherols . . . . . . . . . . . . . . . . .. 293

N-Trifluoroacetylated amino acid n-amyl
esters, separation by gas chroma
tography using mixed stationary
phases 49

2.+,6-Trinitrophenetole, use as a column
liquid for gas chromatography. . . . IS

2,4,6-Trinitrophenyl-J'\-methylnitramine,
see !retryl
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TABLE 9

CHROMATOGRAPHIC DATA VOL. 29 (1967)

TLC R F VALUES OF THIAMINE PHOSPHATES

(T. ONO AND lVL HARA, Bitamin, 33 (1966) 512-515; C.A., 65 (1966) 4239g).

Thin layer: Silica Gel G.
Solvent: Pyridine-water-ammonia-methanol-acetic acid (6: 6: 5: I: I).
Detection: Thiochrome fluorescence method using a mixture of ethanol-I 0 % sodium hydroxide

2.5 % potassium ferricyanide (2; I :0.05).

Compound R F

Thiamine 0.92
Thiamine monophosphate 0.50
Thiamine diphosphate 0.17
Thiamine triphosphate 0.08

TABLE 10

TLC R F VALUES OF SOME Cinchona ALKALOIDS

(F. WARTMANN-HAFNER, Pharm. Acta Helv., 41 (1966) 414).

Thin layer: Silica Gel G.
Solvent: Benzene-ether-diethylamine (20: 15 :5) .
Detection: Dr = V.V. light (360 nm).

D 2 = Potassium iodoplatinate.

Alkaloid R F Dr D 2

Quinamine 0·99 light violet violet
Quinicine 0·35 violet violet
Quinidine 0·44 blue violet
Quinine 0.25 blue violet
Cinchonidine 0.41 light violet dark blue
Cinchonine 0·54 light violet violet-blue
Hydroquinidine 0·35 blue violet
H ydrocinchonidine 0·35 violet grey-green
Hydrocinchonine 0·49 violet violet
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