






















2 Eo SOCZEWINSKI; W. GOLKIEWICZ, H. SZUMILO

and logarithm of the mole fraction of the acti'le solvent in the binary developing
solvent! and ,t linear relationship between the RM values of related organic bases
(adsorbed by single point adsorption) and their pKl, values in aqueous solutions2 .

Silica belongs to a group of adsorben1:3 w~~h predominately proton donor
propertiesa- 5 ; it, therefore, seemed of interest "0 irve,;Lgate whether the law of mass
action could also be applied to adsorbents ·'·'.':LJ (' ..fkrent properties, first of all to
polyamide which is an adsorbent commonly 113,,:" 'n TLC, particularly in the chromato­
graphy of proton donor solutes, such as pher ·)ls. amino acids etc.6.

Polyamide has a structure of linear il:o:;:;cules in which the -CO-NH- groups
are separated by alkyl chains; the molecules are held together by a three-dimensional
network of =NH· .. OC= hydrogen bonds6. In adsorption of proton donor molecules,
the carbonyl gr:lUps play the role of active sites as a result of their increased basicity
due to a mesomeric effect (ef. ref. 7, for formamide); however, the =NH groups can
also contribute to adsorption properties, although in a minor degree, according to
some reports in the literatures. Nitrocompounds and some other types of compounds
can be also strongly adsorbed by interaction with free amino groups6,9. Certain strong
solvents with small molecules (CHCla, CH2CI2, CH2CI-CH2Cl) can loosen the structure
of polyamide forming a gel which can dissolve the molecules of the solute6; other
solvents, e.g., formic acid, can dissolve the polyamide completely.

From a theoretical viewpoint we shall consider the adsorption of a proton donor
solute (class A or AB in the classification proposed by PIMENTEL AND MCCLELLAN10)

from a mixed solvent of the N + B type (i.e., diluting solvent, e.g., cyclohexane,
mixed with an electron donor solvent, e.g., cyclohexanone). It is assumed that the
adsorption of the solute is caused by H-bonding with the polyamide carbonyl groups
and that the variation of the solvent composition does not entail changes in the
polyamide structure. Under these conditions the scheme of molecular interactions
involved can be represented by the diagram in Fig. Ia (solid lines represent H-bonding,
dashed lines-dipole-dipole interactions, dotted lines-dispersion forces). Thus, as
opposed to the adsorption by silica where the decisive process is competition of solute
and solvent for active sites ofthe adsorbent surface (Fig. Ib), in the case of adsorption
on polyamide the governing process is competition of the solvent and active sites for
the solute (ef. BARK AND GRAHAMll). Solvation of the less strongly adsorbing part of
the solute molecule is similar in the adsorbed and non-adsorbed state and thus is
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Fig. 1. Diagrammatic representation of interactions involved in adsorption from an electron
donor solvent S diluted by an inert solvent N by polyamide (a, proton donor solute) and silica
(b, electron donor solute).
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MOLECULAR MODEL OF ADSORPTI( :··.P',C;VIATOGRAPHY. III. II
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Fig. 8. Experimental R iV[ vs. log X s relationships for developing solvents composed of cyclohexane
and dioxane.

Fig. 9. Experimental RlV[ Vs. log X s relationships for developing solvents composed of cyclohexane
and tetrahyclrofu ran.

slopes are observed up to X s = 0.5, the slope increasing to Z.o in the range of higher
concentrations of tetrahydrofuran (Fig. 9). The dihydroxy-benzenes migrated only
at higher concentrations of tetrahydrofuran, the slope being twice that of the expected
value as in the acetone systems.

In view of complicating effects it was difficult to demonstrate a clear correlation
between the basicity of the solvent and its elution power. Apparently the solvation
power increases from acetone (pKA = -7.z) through methyl ethyl ketone (pKA =

-7.2), to dioxane (pKA = -3.22) and tetrahydrofuran (pKA = -z.08). The
strongest solvation effects were observed in the case of cyclohexanone (pKA = -6.8)
presumably due to the good accessibility of the carbonyl group. Steric factors can also
play an important role in other solvents, and in the case of dioxane the fact that two
ether oxygens are present in a single molecule should be taken into account. Moreover,
even with solvents where the steric situation of the active group is similar (e.g., a
homologous series of ketones), the chromatographic data are not strictly comparable
when the molecular level properties are considered, unless the molar volumes of the
solvents are taken into accounP. Even if it is assumed that the volume of the solvent
per I g of the adsorbent (Vsolv/Wads) is constant for various solvents, the difference
in the molar volumes of two solvents results in the molar ratio of the active groups of
the solvent and of the adsorbent not being identical; for a solvent with a lower molar
volume its active groups are in a larger excess, so that the mole fraction X A of the
active groups of the adsorbent surface is lower. The same reasoning also applies to a
series of mixed solvents where the molar volume of the active solvent (e.g. acetone)
differs from that of the diluting solvent (e.g., cyclohexane); X A (and thus also kO,
cj. eqn. I) is then a decreasing function of X s and this effect may contribute to the
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abnormally high slopes of the R M vs. log X s relationships (Fig. 4), the second contri­
bution probably being due to competition of acetone molecules for the adsorption sites
.resulting, from dillole-dipole interactions. For higher homologues, whose molar
volulYies are comparable to that of cyclohexane, both effects are less pronounced and
the slopf's are approximately equal to the expected values. The better agreement

. observed for diethyl ketone and cydohexanon(~could thus be attributed to thefollowing
circun [." tances :

(1) Molar volumes comparable to that of the diluting solvent, cyclohexane.
(2) Lower molar volume concentrations of carbonyl groups even at high values

of.x s so that the v;L[iation of the formation constants with Xs is reduced and the non­
specific solvation of the surface carbonyl groups becomes differentiated kss at higher
and lower values. of X s.

(3) Any swelling of the polyamide is reduced in comparison to acetone systems.
(4) Decreased experimenta,l errors due to changes in composition of the solvent

caused by evaporation.
For solvents differing in molar volumes it may be aavantageous to substitute

mole fractions for molar concentrations; analogous RM VS. solvent composition
relationships would then be obtained. The formation constants would then have other
numerical values and would be more strongly dependent on the concentration of the
active solvent, in comparison with the constants expressed in mole fractions.

The authors are aware of the fact that in view of the above mentioned compli­
cating effects the relationships derived require further investigation and improvement,
and at the present moment can be only regarded as semi-empirical; nevertheless, it
is remarkable that in most cases linear RM vs.log X s relationships have been obtained,
the slopes being different for monohydroxy-, dihydroxy- and trihydroxy-compounds;
this partial agreement with theoretical prediction apparently suggests that in certain
types of non-aqueous solvents the decisive mechanism is also solvation of the hydroxyl
groups ofthe solute (cj. BARK AND GRAHAM, ref. II). A further stimulus to present the
provisional conclusions and experimental results is the importance of solvent com­
position effects in the theory of optimization of chromatographic solvent systems;
moreover, the theoretical relationships suggest that the realization of the simplified
model could allow one to determine the solvation constants (Kzs,KzS2) from RM VS.

log X s relationships (see Figs. 2,3), provided that an appropriately modified adsorbent
of the polyamide type is employed and the complicating effects can be eliminated or
accounted for.
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DETERMINATION OF AMMONIA OI{ AMINO ACID SAMPLES 53

and primary standard ammonium sulfate (Fisher) were from the designated suppliers.
a-N-Benzoyl-L-Iysinamide was a synthesized productI5. The amino acid analyzer was
a standard Beckman model 120B instrument equipped with an additional intermediate
length column (30 cm). The pH 5.28 buffer reservoir was protected from the atmos­
phere by a citric acid guard tube.

Enzymatic reactions were terminated by the addition of half a volume of 20%
sulfosalicylic acid and the tubes were centrifuged after having been cooled for at least
30 min. An aliquot of the supernatant solution was placed on a 0.9 X IS cm column of
Aminex A-S resin surrounded by a water-jacket kept at S7°. The sample was rinsed
into the column as usual with the eluting buffer (3 X 0.2 ml), the column head was
filled with buffer, the buffer outlet was secured to the column, and buffer was pumped
through at a rate of 68 ml/h. After 10 min, the buffer in the column head was removed,
and a second sample was placed on the column. Buffer was pumped through again for
10 min, and this was repeated two or three more times. After the application of the
last sample, the ninhydrin pump was turned on (34 ml/h) and the effluent stream was
sent to the reaction coil. After use, the column was regenerated with 0.2 N sodium
hydroxide, and equilibrated with buffer as usual.

RESULTS AND DISCUSSION

Before proceeding with any experiments, the suitability of the reagents was
verified. Some previously unopened bottles of reagent grade sulfosalicylic acid could
not be used because they contained too much ammonia. The common buffer tris­
(hydroxymethyl)aminomethane was ammonia free, but was deemed unsatisfactory
for use because it gave a slight colour with ninhydrin (C = 0.08 relative to 22.0 for
lysine) and was eluted from the column with the basic amino acids. Phosphate buffer
was incompatible with the calcium ions required for tryptic action assays. A most
satisfactory buffer proved to be TESI6, which is completely ninhydrin negative.
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Fig. I. Chromatography of ammonia on a 0.9 X 15 cm column of Aminex A-5 resin at 57° eluted
with 0.35 N sodium citrate, pH 5.28, at a flow rate of 68 mJjh. Ammonia solutions consisted of
I ml of 20% sulfosalicylic acid, I ml of 0.02 IV! TES buffer, x ml of a 6,umolejml ammonia stock
solution, and I-X ml of water. The blank had x = o. One-milliliter samples were deposited on
the column at la-min intervals.
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Fig. 4. Abhangigkeit der Sorptionswarmen, berechnet nach KNOZINGER UND SPANNHEIMER, von
der sorbierten Menge. Gc = Glucose, La = Lactose, Na = Natriumchlorid.

die. ersteren bei derjenigen sorbierten Menge entnommen werden, welche dem Peak­
Maximum entspricht. Dies ist der grosste ermittelte Wert fUr die sorbierte Menge.
Die nach KNOZINGER UND SPANNHEIMER erhaltenen Werte sind dann grosser als die
anderen (bei Glucose und Lactose urn 1-2 kcal/mol), stimmen aber doch einigermassen
iiberein. Die Berechnung aus der Temperaturabhangigkeit des Retentionsvolumens
gilt als die genauere Methode.

Wie die Tabelle I zeigt, liegen die in trockenem Helium gefundenen Sorptions­
warmen in der Grossenordnung der Verdampfungswarmen der Aromastoffe (n-Pentan
6.2 kcal/mol, Aceton 7.7 kcal/mol, Essigsaureathylester 8.7 kcal/mol, Athanol 10.3

kcal/mol). Sie sind bei den Zuckern an demselben Festkorper normalerweise urn so
grosser, je grosser die Verdampfungswarme des Aromastoffs ist. Die Sorptionswarmen
an Natriumchlorid verhalten sich umgekehrt und erreichen mit 20 kcal/mol bei Aceton

TABELLE I

SORPTIONSWARMEN IN TROCKENEM HELIUM (IN KCAL!MOL)

Aromastoff Glucose Lactose Saccharose N atriumchlorid

n-Pentan 5.65 ± 0.29 7.04 ± 0.01
Aceton 8.79 ± 0.06 8-40 ± 0.04 9.87 ± 0.02 19.95 ± 0.19
Essi gsaureathylester 9.57 ± 0.09 9·53 ± 0.05 12.95 ± 0.02 11.50 ± 0.03
Athanol 11.33 ± 0.08 10.20 ± 0.06 12.35 ± 0.01 9.25 ± 0.04

eine Grosse, welche eine andere als physikalische Sorption vermuten lasst. An den
Zuckern hingegen diirfte stets physikalische Sorption erfolgen.

Dasselbe gilt fUr die Sorption in Gegenwart von trockener Luft (Tabelle III).
Die gefundenen Werte sind aber stets etwas grosser, mit Ausnahme desjenigen von
Aceton an Natriumchlorid. Daraus ist zu schliessen, dass die Ergebnisse von Ver­
suchen in Helium nicht unbedingt auf die lebensmitteltechnologische Praxis iiber­
tragen werden konnen, denn hier finden Sorptionen meist in Gegenwart von Luft statt.

In Gegenwart von Wasser (Tabelle II) wurden durchweg noch grossere Sorptions­
warmen gefunden, und zwar besonders grosse bei solchen Aromastoffen, welche gut
in Wasser loslich sind. Es scheint so, als ob hydrophile Aromastoffe an einer in Gegen-
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SUMMARY

A simple and efficient method for the identification of steroid cardenolides as
their "fJ" -anhydro derivatives has been developed, resulting in greatly reduced
retention times and enhanced resolution. Retention data of eighteen cardenolides on
three liquid phases are reported. Spectral evidence is presented showing that the
tertiairy 14fJ-hydroxy group is neither affected by esterification nor etherification.

INTRODUCTION

In connection with biogenetic studies of physiologically important natural
products, the need arose for developing a reliable method for the detection of Digitalis
cardenolides on a microgram scale, which may also be applied to radioactively labelled
metabolites. Several colour reactions with 3,5-dinitrobenzoic acidl- 3, picric acid4- 8 ,

m-dinitrobenzene9 and 204,2'04'-tetranitrodiphenyllO are known for the characteri­
sation of the free genins or their glycosides on thin-layer and paper chromatographyll.
However, none of these reactions can be regarded as specific. The criteria for a specific
chemical reaction must be based upon the salient features of the compounds to be
investigated.

The socalled cardioactive steroids are distinguished by the presence of a tertiairy
hydroxy group at the C-14 ring junction. The pseudoaxial configuration of the alcohol
group makes this class of naturally occurring compounds unique among the steroids.
Together with the conjugated five membered lactone ring in the case of the carden­
olides, or the doubly conjugated six membered pyrone ring in the case of the bufa­
dienolides, this oxygenated substituent defines the strong biological activity of the
cardiotonic steroids. We have thus focussed our attention to the 14fJ-hydroxy group.
In particular its lability caused by I,3-diaxial interaction with the 17fJ-butenolide
moiety, and its tertiairy nature. Our approach consisted in utilising this very in­
stability as a point of attack.

Because of its high sensitivity, reproducibility and resolution, as well as its
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applicability for the measurement of labelled steroids, gas-liquid chromatography 12

appealed to us as the analytical method of choice.

EXPERIMENTAL

Materials and methods
Digitoxigenin, gitoxigenin and digoxigenin were obtained from K & K Labora­

tories, Plainview, N.Y. Their purity was verified by TLC with two solvent systems,
ethyl acetate and chloroform-methanol (9:1). All solvents were analytical grade and
redistilled before use. Thionyl chloride was freshly distilled shortly before use. Bis­
trimethylsilylacetamide, hexamethyldisilazane and trimethylchlorosilane were pur­
chased from Pierce Chemical Company, Rockford, Ill. All silylation reactions were
conducted in glass vials under nitrogen atmosphere. Melting points were determined
on a Kofler hot stage under microscopic magnification and were not corrected.

Thin-layer chromatography
TLC was performed on 4 X 20 or 20 X 20 cm glass plates, coated with 0.2 mm of

Silica Gel HF254 (E. Merck, Darmstadt). The spots were visualized either by spraying
with KEDDE reagentl3 at room temperature, or with 50% aqueous sulphuric acid and
heating at IIO

o for 2 min.

Infrared spectroscopy
IR spectra were recorded on a Perkin Elmer 457 double beam grating spectro­

meter equipped with a beam condensor. Micro disks of 1.5 mm diameter were used.
The potassium bromide pellets were dried under an IR lamp before measurement.
Cardenolide-potassium bromide weight ratios were maintained at I: 100.

Gas-liquid chromatography
A Hewlett-Packard F & M, Model 402 high efficiency gas chromatograph,

equipped with dual hydrogen flame ionisation detectors, was used. Column support
consisted of 100-120 mesh silanized Gas-Chrom Q (Applied Science Laboratories,
State College, Penn.). Three types of glass columns were used: column A, 90 X 004 cm,
coated with 3 % SE-30; columns Band C, 180 X 0.3 cm, coated respectively with 3 %
OV-I and 3% QF-1. Operating conditions were: oven temperature 250°, injection
port temperature 275°, detector temperature 285°, input attenuation 10, output
attenuation 16. Helium carrier gas flow was held at 23 mljmin for column A and' 33
mljmin for columns Band C at 40 p,s.i. inlet pressure. A Hamilton 10 ,ul syringe
(Hamilton Company, Whittier, Calif.) was used for all injections.

Preparation of"fJ"-anhydrodigitoxigenin (]fJ-hydroxy- jfJ-carda-I4,20,' 22-dienolide) I I a
A solution of 20 mg of digitoxigenin (Ia) in 0.6 ml of anhydrous pyridine was

cooled in an ice bath. Under nitrogen atmosphere was added 0.2 ml of trifluoroacetic
anhydride and the esterification allowed to proceed at room temperature for 2 h.
The yellow coloured reaction mixture was then cooled again to 0° and a solution of
0.04 ml of thionyl chloride in 0.2 ml of anhydrous chloroform added. After 16 hat 4°,
2 ml of methanol was added, the crude reaction product taken up in 150 ml of a mixture
of chloroform-ether (2: I). The organic extract was washed successively with dilute
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of DANSYL-oestriol was obtained over a range of 0.1 to 50 p,g oestriol in the original
sample. So it can be said that measurements can be made on I ml of a 24-h urine that
contains approximately 0.1-50 mg oestriol. The only adjustment required is change
in the sensitivity setting of the spectrofluorimeter.

Reproducibility was studied on twenty urine samples. Duplicate samples were
measured; then recovery experiments were performed with known amounts ofstandard
oestriol added before and after hydrolysis of the urine. The standard deviation between
duplicates was ± 4-4 % of the quantity of oestriol. There was no significant difference
between recovery of oestriol added before or after hydrolysis. Thus the average
recoveries, with standard deviations, were 92.4 ± 7.7% and 92.9 ± 7.2 %, respective­
ly, for oestriol added before and after hydrolysis of the urine.

DISCUSSION

It is by no means certain that oestriol determination is the best oestrogenic
measure of foetal distress. Thus COHEN3 ,4 has shown that oestrogen fractions other
than the three classical ones may be of importance, especially in complicated pregnan­
cies, and that these compounds are acid labile. A further drawback in methods involving
acid hydrolysis is the destruction of oestriol in the presence of large quantities of
sugar, as may occur in diabetic pregnancy.

Despite these reservations, oestriol measurement is still a valuable aid in
obstetric practice, and a need exists for a speedy and specific method for its determi ~

nation. Not only does TLC satisfy this requirement for specificity, but presumably
the method could also be applied to the labile oestrogens if a sufficiently mild, though
speedy, procedure could be found for their release from the conjugates.

In the present method, the advantage of fluorescence has been added in
order both to permit location of the separated oestriol and to provide great sensitivity.
The latter factor allows for the dilution of the urine by a factor of 10 before hydrolysis,
which means that any deleterious effect of sugar will be minimised. A further benefit
of the fluorimetric method is that oestriol may be measured over the whole concen­
tration range, without the need to dilute the sample or to change the standard.

Since derivative formation is performed on the crude ether extract of the
hydrolysed urine and purification is effected by means of TLC, the whole procedure is
speedy, and a complete analysis can easily be performed during one working day. It
may also be noted that many samples may be analysed simultaneously since the time­
consuming steps are hydrolysis, evaporation of solvent, derivative formation and
chromatography. There is no theoretical limit to the number of samples that can be
put simultaneously through these stages.

As may be seen in Fig. I, DANSYL-ated urine extracts give rise to slight tailing
in the chromatographic system used. In theory, therefore, it should be necessary to
measure the background fluorescence and to subtract this 'blank' determination from
the oestriol value. This could indeed be important when measuring samples in which
the level of oestriol is much less than I mgjday. However, in pregnancy urine there is
no significance in measuring quantities less than this. Inasmuch as 'blank' values in
normal pregnancy excretion of oestriol are less than I % of the measured value, it is
unnecessary to measure the background fluorescence.

Similarly, in theory, it is advisable to use more than one standard sample, but
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CHROMATOGRAPHIC BEHAVIOUR AND CHEMICAL STRUCTURE. 1. rog

their solvent system but in an acid solution, n-butanol-acetic acid-water (4:r :5), and
obtained a similar mean value for G(C H 2) of -0.20. Due to the small number of com­
pounds investigated, they did not calculate any other group constants.

Table III shows the Rp and RM values of II amino acids (Nos. 32-42). The
values of phenylalanine and tyrosine are listed in the second part of this work32 under
aromatic acids in order to make it possible to calculate the R M constant of the phenyl
group. In this other paper the data of other amino acids run in methanol solutions
can also be found.

Comparison of experimental and calculated R.~f values shows that a high discre­
pancy is only observed with glycine due to its vicinal groups. The calculation of the
NH2-group constants was done in the same way as for hydroxy compounds. Here too,
emphasis was put on the relative positions of the amino and carboxyl groups (Table VI).
The high positive value of G(e-NH2) which was obtained according to the following
equation is notable:

G(e-NH2) = R M 6-amino caproic ~RivI caproic = +1.58 (5)

A similar relation between the group constants for the NH2-group was observed by
SCHAUER AND BULIRSCH5. They too, found G(a-NH2) and G U3 -NH2) to be close together,
whereas the group constants of the remaining positions showed distinct differences.

Halogen acids
The halogen acids (Nos. 43-53) display a rather complex behaviour. Chloro-,

bromo- and iodoacetic acid for instance have almost identical R p values. The R p

TABLE IV

HALOGEN ACIDS

No. Acid RIo'
expo

measured calc.

RIo'
calc.

---

43 Difiuoroacetic 0.67 -0.3 1 -0.28 0.66 0.03 a.or

44 Trifiuoroacetic 0.7 8 -0·55 -0·5° 0_76 0·°5 0.02

45 ChIoroacetic 0.5 2 -0.04 -0.06 0·53 0.02 0.01

46 2-Chloropropionic 0.64 -0.25 -0.28 0.65 0.03 0.01

47 2-Chlorobutyric 0·75 -0-48 -0.50 0.76 0.02 O.OJ

48 Dichloroacetic 0.64 -0.25 -0.28 0.66 0.03 0.02

49 Trichloroacetic 0·74 -0·45 -0.50 0.76 0.05 0.02

50 Trichlorolactic 0.69 -0·35 -0.3 1 0.67 0.04 0.02

51 Bromoacetic 0·54 -0.07 -0.06 0.5 6 o.or O.Ol

52 Tribromoacetic 0-75 -0-48 -0·5° 0·73 0.02 a.oI
53 Iodoacetic 0·54 -0.07 -0.06 0·53 o.or a.or

----- ------ ---- ---- --- -- ---- -----

values obtained experimentally lead to the conclusion, that the number of halogen
atoms rather than kind and position of the halogens are of more importance for the
R p value. Therefore an attempt was made to obtain good agreement between measured
and calculated R p values with a small number of group constants and to keep the
calculation of the theoretical R p values of halogen acids as simple as possible. Asa
first approximation it appears to be sufficient to introduce, apart from the group

.f. Chromatog., 45 (1969) I04-II2
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TABLE VI

III

BASIC CONSTANT, GROUP CONSTANTS AND BINDING INCREMENTS

Adsorbent: Cellulose HR 300 (Macherey, Nagel). Solvent: n-Butanol-diethylamine-water (84: I :
14). Temperature: 23° ± 1°.

Basic constant
Aliphatic C-atom
Chain branching, in a-position

in other positions
C = C double bond
OH in a-position

in {i-position
in )I-position

NH2 in a-position
in {i-position
in )I-position
in e-position

CHO in a-position
CO in a-position

in )I-position
COOH
Halogen atom, the first if in a-position

any other one
-0-, ether groups
SH in a-position
- S03H

-0.96
-- 0.22
-0.03
-I-o.I4
-1-0.09
-1-0·49
-1-0.5 6
-1- 0 .76
-1-0.9 8
-1- I. 0 4
-I-I.I4
-I- I.5 8
-1-0. 07
-0.07
-\-0.23
-I-I.26
-0.I4
-0.22

-\-0.27
-0.13
-\- 1.59

E.g. the R M value for valine is calculated thus: R M = Co -\- CICOOH) -\- 4CIC) -I- Cta-NH2) -\­
C(branChlng). R M = -0.96 -I- I.26 - 0.88 -\- 0.98 + o. I4 = -\- 0·54 (see No. 39).

used. The calculation was done by inserting the experimental R M value and the
group constants determined (Table VI) in equation (I). For instance one can determine
the basic constant Go from butyric acid and alanine in the following way:

R M butyric = Go + G(COOH) + 3G (c)

RM alanine = Go + G(COOH) + G\a-NH2) + zG(C)

Go = ~0·96

Go = -0.96

(7)

(8)

The mean value obtained from 14 different acids by this method was found to be
Go = -0.96.
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NOTES 131

flame ionisation detector and fitted with stainless steel columns (6 ft. X tin.) was used.
The column packing was Gas-Chrom 80-100 mesh size containing IS % by weight of
Apiezon M. A column temperature of 170° was maintained while nitrogen was used
as carrier gas.

Terpenoid samples. iJ-Sesquiphellandrene and iJ-bisabolene were contained in
fractions from the chromatography on silver nitrate treated alumina (234 g containing
34% silver nitrate) of distillation fractions (b.p. 89-90.5° at 1.0 mm) from the essential
oil of ginger. Benzene in hexane (I :5) was used as eluant. Purity was demonstrated
by the usual spectroscopic and chromatographic procedures and by satisfactory
combustion analyses.

Nerolidol (75 ml) in pyridine (375 ml) was added to phosphorus oxychloride
(ISO ml) in pyridine (375 ml) and allowed to stand for 48 h then heated at 100° for I h.
Subsequent working up yielded a yellow oil containing two major products. These
were separated using an Auto-Prep Model 705 preparative gas chromatograph fitted
with a 20 ft. X ~ in. column packed with 20% Apiezon M on Gas-Chrom. Satisfactory
combustion analyses combined with close ultraviolet, infrared and proton magnetic
resonance spectral correlations with results reported in the literature3- 5 revealed these
compounds to be trans-a-farnesene and iJ-farnesene. Another compound present was
tentatively identified as cis-a-farnesene.

The author wishes to thank Dr. M. D. SUTHERLAND of the University of Queens­
land for many helpful suggestions and kindly supplying samples of the various mono­
terpenes and anymol.
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Fig. 2. Cross-section of top plate and gas inlet showing design necessary for arc welding. Dimen­
sions arc in inches.

Apparatus
Pump description. Photographs of the assembled and disassembled pump are

shown in Fig. 1. It consists of a metal bellows operating inside a Plexiglass (Rohm and
Haas acrylic plastic) cylinder. The cylinder is closed off at the ends by stainless steel
end plates. The flange of the open end of the bellows is arc welded onto one of the end
plates, the top plate, as shown in Fig. 2. A Teflon a-ring at each end provides a seal
between the Plexiglass cylinder and the end plate. The a-rings are located in grooves
in the cylinder as recommended by the manufacturer (Parker Seal Company, Culver
City, Calif).

In this experimental pump, the cylinder (length 2! in., LD. 2 in., wall 0.5 in.)
was made of transparent Plexiglass to allow inspection for gas bubbles and bellows
position during loading and elution.

The best commercial bellows for this pump was a so-called welded bellows
(Model No. 6r050, Metal Bellows Corporation, Chatsworth, Calif). The bellows was
so elastic that the pressure absorbed during one full stroke (1.25 in.) within the cylinder
was only 1.8 p.s.i. Hence, at say r80 p.s.i., the flow rates at initial contraction and final
complete expansion differ by only r %.

Pump loading. The pump is loaded with eluent by applying partial vacuum to
the gas port in the top plate. This causes the bellows to contract and produce suction
in the liquid port in the Plexiglass cylinder.

The initial air in the liquid chamber is easily removed by a few filling cycles
before connecting the pump to the column. After loading with eluent, the liquid port
is connected to the center port of a 3-way valve, the loading valve, from which one
exit leads to the column, and the other exit to the bottom of an eluent reservoir. ]n
this manner, air is prevented from entering the liquid chamber during successiye
loadings. A nitrogen gas tank is connected to the gas port through a pressure-reducing
valve and gas pressure increased until the desired liquid flow rate is obtained at the
column exit.

Test solutions. The pump was tested by chromatographing a mixture of the
principal bases from DNA and RNA.

Two test buffers were used: 1.6 M citrate adjusted to pH 6.5, and 0.05 M citrate
adjusted to pH 5.58 with HC!.

Column. The microcolumn consisted of a 0.191 X ll2 em resin bed of Aminex
A-4 spherical cation-exchange resin (Bio-Rad Laboratories, Richmond, Calif). The
resin bed was contained in nylon pressure tubing (rooo p.s.i. rating; r/8 in. a.D.;
0.075 in. LD.). The nylon column was formed into a loop (4 in. in diameter) and kept
in a water bath at 55° by means of a Haake circulating pump.

Sampling valve. A sample injection valve was connected between the 3-way
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The number of theoretical plates (N) was computed from the standard de­
viation (0-) of the stachyose elution peak by the relationship2:

(2)

The height equivalent to a theoretical pl~te (HETP) is obtained by dividing N by
the column height.

Results and discussion
Tigh tly cross-linked Sephadex gels exhibit a remarkable resistance to acid

hydrolysis. Unlike the more loosely cross-linked gels, Sephadex G-I5 and G-IO with­
stand boiling in I N HCI for up to 10 h without noticeable deterioration; complete
hydrolysis could be achieved by boiling in 6 N HCI for a comparable length of time.
The resistance of these gels to acid hydrolysis suggested that gentle hydrolysis might
improve the chromatographic characteristics by the removal of hydrolyzable con­
taminants. The existence of non-dextran contaminants in Sephadex may be inferred
from its anomalous adsorption of aromatic3 and alphatic substances4, the presence of
fixed negative charges3 and the release of UV-absorbing material5.

Acid hydrolysis resulted in three major effects: an increased number of theo­
retical plates, an increased internal volume and an increased effective pore size. From
a practical standpoint, the most important modification is a 127% increase in the total
number of theoretical plates (N, Table II). By doubling the number of theoretical
plates, the resolution becomes equivalent to that of a column twice its length without
the dilution and prolonged elution time which occur as the column length is increased.
A factor contributing to improved resolution is a 17% increase in internal volume
(Vi, Table II). However, this factor alone does not explain the major improvement
seen above. The increase in effective pore size is seen in Fig. I as a displacement of the
relative elution positions of the test molecules. Fig. 2 indicates that this increase in

TABLE II

THE ELUTION VOLUMES (Ve) AND DIFFUSION COEFFICIENTS (Kd ) OF TEST MOLECULES CHROMATO­

GRAPHED UNDER TWO DIFFERENT CONDITIONS

Columns: Sephadex G-15, 1.5 X 85 cm. (A) V o = 49.6 ml; Vi = 61.7 ml; N (stachyose)a =
1I00 plates; HETP = 0.77 mm/plate. Expanded in distilled water for 24 h. (B) V o = 51.8 ml;
Vi = 72.2 ml; N (stachyose) = 2500 plates; HETP = 0.34 mm/plate. Expanded as column A
and then boiled in hydrochloric acid for 2 h.

Column A Column B

Ve K d Ve K d

Blue dextran 49. 6 0.0 51.8 0.0
Stachyose 68·5 0.3 1 81.2 0-4 1
Maltose 81.5 0.52 95·5 0.60
Glucose 88.0 0.62 102·3 0.70
Ethylene glycol 96.0 0·75 I09·8 0.80
Deuterium oxide 101.3 1.0 124-0 1.0

a Number of theoretical plates as determined for stachyose.
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arbeiten mit einem "Technicon-Mehrkanal-Aminosaure-Autoanalyzer". Das fUr dieses
System verwendete Ninhydrinreagenz ist etwa wie folgt zusammengesetzt: 20.0 g
Ninhydrin, 1.6 g Hydrindantin, 650 ml Athylenglycolmonomethylather (peroxydfrei)
und 350 ml Natriumacetatpuffer pH 5.5 (ammoniakfrei), verdiinnt mit einer Lasung
aus 1500 ml Athylenglycolmonomethylather (peroxydfrei) und 1500 ml Wasser (am­
moniakfrei) .

Der grosste Nachteil beim quantitativen Arbeiten mit diesemReagenz liegt in
der enormen Instabilitat des Ninhydrins und Hydrindantins gegeniiber Sauerstoff
und Licht, ein weiterer Nachteil am verwendeten "Methylcellosolve". Dieses Losungs­
mittel ist verhaltnismassig teuer (in peroxydfreier Form 42,- DM pro Liter). Es muss
deshalb laufend im Laboratorium aus p.A. Ware in hochgereinigter Form hergestellt
werden. Dazu ist es erforderlich, das Losungsmittel mit Eisensulfat und Phosphor­
saure peroxydfrei zu machen. Nach dem Abfiltrieren von dem ausgefallenen Eisen­
sulfatschlamm muss es dann im Vakuum unter extrem gereinigtem Stickstoff destil­
liert werden. Das so gereinigte Methylcellosolve ist auch im Ktihlschrank aufbewahrt
nur begrenzte Zeit stabil, vor allem nur begrenzte Zeit peroxydfrei zu halten. Nicht
jedes Laboratorium, in dem Methylcellosolve verwendet wird, kann sich diese sehr
zeit-, arbeits- und gerateaufwendige Reinigungsprozedur leisten. Und doch hat sich
bis heute keine wesentlich andere Zusammensetzung des Reagenzes fUr die Auto­
analyse gefunden.

Ein weiterer Nachteil der Verwendung von Methylcellosolve, insbesondere beim
Arbeiten mit Technicon-Geraten, ist das durch das Losungsmittel hervorgerufene
Pulsieren des segmentierten Gas-Fltissigkeitsstromes hinter dem Heizbad. Dieses
Phanomen ist der Herstellerfirma bekannt und es wurde verschiedentlich versucht, die
Fliessunregelmassigkeit im FHissigkeitsstrom zu eliminieren, u.a. durch Nach­
schaltung von Kapillarschlauch. "Vie allgemein bekannt ohne allzu grossen Erfolg.
Das Pulsieren lasst sich einigermassen verhindern durch probeweise Variation des
Stickstoffzuftihrungsschlauches zum Mischkaktus nach der Proportionierpumpe.

Wir selbst haben lange mit den verschiedensten Lasungsmitteln und Puffern
gearbeitet und versucht, beide Nachteile einigermassen zu eliminieren. Insbesondere
aber wollten wir die Stabilitat des verwendeten Reagenzes erhohen und-wenn
maglich-das Reinigen des Lasungsmittels ganz umgehen. Dass wir dabei gleichzeitig
eine Reagenz-Lasungsmittelkombination fanden, die auch das Pulsieren des segmen­
tierten Fltissigkeits-Gasstromes verhinderte, hatten wir nicht ohne weiteres erwartet.

Zusammensetzung des Ninhydrinreagenzes
DasjReagenz ist wie folgt zusammengesetzt: 16.0 g Ninhydrin, 1.2 g Hydrin­

dantin, 1650 ml Athylenglycol p.A. (Merck), 1000 ml 0.5 M Citratpuffer pH 5.5

und 650 ml dest. Wasser (ammoniakfrei).

V orbereitung des Reagenzes
Das Ninhydrin und das Hydrindantin werden unter Riihren mit einem Magneten

in dem auf ca. 100 0 erwarmten Athylenglycol gelost. Danach wird die Lasung mit
0.5 M Citratpuffer und Wasser vermischt. Durch die Verwendung von Citratpuffer
erreichen wir gleichzeitig die Ausschaltung von Fremdsalzen im System. Die Zusam­
mensetzung des Reagenzes geht konform mit der Zusammensetzung aller Elutions­
pufferlosungen.
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Die Segmentierung der zugefUhrten filissigen Phase mit Stickstoff behalten wir
bei, da schon geringe Sauerstoffanteile zur Zerstorung des Hydrindantins fUhren.
Beim Arbeiten mit nachgereinigtem Stickstoff ist es aber nicht notig, diesen weiter
liber Pyrogallol zu reinigen, wie vielfach empfohlen wurde.

Beim Arbeiten mit Methylcellosolve als Ninhydrinlosungsmittel nimmt die
absolute Peakhohe jeder einzelnen Aminosaure von Chromatogramm zu Chromato­
gramm abo Nicht so beim Athylenglycol. Die PeakhOhe bleibt liber den gesamten
Chargenzeitraum nahezu konstant (zu jeder vorhergehenden Analyse und Saule).

Bisher haben wir aus bekannten Grunden das Ninhydrinreagenz immer Freitags
fUr die kommende \;Voche neu angesetzt. Dass sich, durch den Alterungsprozess uber
das Wochenende einstellende Gleichgewicht im Reagenz und die dadurch erreichte
grossere Stabilitat, sind noch ungeklarte Faktoren. Es liegen bei uns zu diesem Zeit­
punkt noch keine eingehenderen Untersuchungen daruber vor, ob sich das Reagenz
bei Verwendung von Athylenglycol in diesem Punkt anders verhalt als bei Verwendung
von Methylcellosolve. So viellasst sich aber sagen, dass die Verwendung, auch von
frisch hergestelltem Athylenglycol-Ninhydrin-Reagenz keine steigende oder fallende
Basislinie ergibt.

Bei Athylenglycol als Losungsmittel ist die Eigenfarbung des Ninhydrins im
440 nm-Bereich etwas starker als bei Methylcellosolve. Arbeitet man im gleichen
Colorimeterempfindlichkeitsbereich wie bei Verwendung von Methylcellosolve, so tritt
eine Verschiebung der Basislinie urn 0.05 bis 0.07 Extinktionseinheiten auf. Das macht
sich aber nicht storend auf die Analyse bemerkbar.

Die Loslichkeit des Hydrindantins in den gangigen Losungsmitteln, insbeson­
dere wenn sie Wasser enthalten, ist ausserordentlich gering. Das kann sehr leicht zum
Auskristallisieren dieses Salzes, insbesondere in den Schlauchleitungen fUhren, und
diese nach einer gewissen Zeit blockieren. Urn festzustellen, wie lange das Hydrin­
dantin bei unserer Reagenzzusammensetzung in Losung bleibt, haben wir das Reagenz
unter unglinstigen Bedingungen eine Woche bei -4 0 und Atmospharenluft aufbe­
wahrt. Wahrend dieser Zeit traten keinerlei Kristallisationskeime auf. Danach wurde
dieses Reagenz zur Analyse verwendet. Die Nachweisempfindlichkeit hatte sich
gegenuber dem normalerweise hergestellten Reagenz nicht verandert.

Mit diesem Athylenglycol-Ninhydrinreagenz wurde, unter Verwendung von
Technicon-Aminosaure-Standard-Losungen die "Prazision" oder "Reproduzierbar-

TABELLE II

)lOR-LEVeIN FARBAEQVIVALE:>;TE

In Klammern die Werte ftir Methylcellosolve.

Aminosiiure

Asparaginsaure
Threonin
Serin
Glutaminsaure
Prolin
Glycin
Alanin
Valin
Cystin

F arbaequivalent

0.965 (1. 03)
0.941 (1.0 4)
1.02 7 (0.99)
0.955 (r.OI)
3.056 (4.66) (440 nm)
1.023 (0.97)
0.978 (0.97)
0.926 (1.00)
0.999 (1.98)

Aminosiiure

Methionin
Isoleucin
n-Leucin
Tyrosin
Phenylalallin
NH 4 +
Lysin
Histidin
Arginin

F arbaequivalent

I.Oll (r.02)
0·960 (0.98)
1.022 (1.01)
1.000 (1.°4)
1.007 (1.05)

(1.°9)
1.082 (0.89)
1.056 (1.°3)
1.066 (1.°7)

------._. ---- ---------- ----
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CHRo:Il. 4340

A simplified method for the preparation of immunoglobulin G by gel
filtration-centrifugation

There is an extensive bibliography on the methods used in the preparation of
(-globulin. SCHl·J.TZE ,\~D HERE:VIA:"SJ presented an up-to-date review. KISTLER A:"n
:\ITSCHMAJ\;.:2 emphasized the preparation of y-globulin for therapeutic purposes.
Due to the high degree of purification of the finished product, each of these methods
requires the application of accurate techniCJues or results in poor efficiency (see also
BAl;MSTARK et al.3).

Here a simplified tt'chnique for the rapid preparation in the laboratory of an
immunoelectrophoretically almost pure y-globulin G is described.

Euglobulin was precipitated from human serum by saturating one-third of the
serum with ammonium sulphate. The precipitate was washed with a 30% solution
{)f ammonium sulphate and then dissolved in aqua dest. The euglobulin solution was
centrifuged with Sephadex G-200 (40-J20 fi) \"hich hact been equilibrated in distilled
water with a specific conduction ()f (J = 2.6q3· 10.7 (I',Q em) (For conductivity
measurements see Table I.)

T.-\BLI·: I

RESl'LTS OF C-O:-;lllJCTlVITY ~IEASUREMl'::-;TS

For the measurements a \\'hcatstollt' i>ri,lge of lip to 1000 c/sec \\"<\,; employed.

.Vfatrrial

l-Iulllall ,;erUIl1 pool
F 1

I',
",

COl1ductivitv
(1lDol'lj .

6.6'10 ' [0 3

O.I()X· 10 3

2.°4;-)'10-3

.'). 7('0 . 10-3

Ten millilitres of human serum pooled from clinically healthy donors were mixed
with 5 ml of a saturated solution of ammonium sulphate, and the precipitate was
\\'ashed t\\'ice in a 30~~, solution of ammonium sulphate. (Sufficient centrifugation is
necessary for adequate separation of the proteins in solution.) After washing, the
precipitate was collected in 3 ml of aqua dest. or in a I % solution of ~ aCI.

The serum of patients with y G-myeloma was used in other tests. For the results
of these tests see Fig. 2.

For centrifugation, the upper part of the centrifugation tube (see Fig. r) was
filled to the brim with a dense Sephadex gel and centrifuged for 5-6 min at a velocity
of 500-600 r.p.m. (swing-out centrifuge; radius, 20 em). Too many revolutions or the
use of other types of gel may produce separation of gel surface.

c\fter the first centrifugation of the Sephadex gel, the euglobulin solution was
placed on the gel surface and then centrifuged again at a velocity of 500 r.p.ll1. for
5 min. The filtrate obtained was designated Fl' In order to obtain a complete elution
of proteins, 3 ml of ciistilled water were added to the gel surface, and centrifuged for
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CHROM·4354

Visualization reagents for quantitation of carbohydrates on thin-layer
chromatograms by transmission densitometry

NOTES

The quantitation of carbohydrates by transmission densitometry of thin-layer
chromatograms has been reported recently. MIZELLE et al.l described an aniline-oxalic
acid reagent for identifying and quantitating the sugars of flavonoid glycosides, and
LAMKIN et al.2 an aniline phthalate reagent for quantitation of the neutral mono­
saccharides in glycoproteins and glycopeptides. Unfortunately, the use of these aniline
reagents was limited to reducing sugars. HUBER et al.3 reported the quantitation of
D-glucose and its oligomers that were visualized by spraying with 50% sulfuric acid
and heating at 140° for 30 min. LEHRFELD4 quantitated trimethylsilylated carbo­
hydrates that were visualized by spraying with 5% sulfuric acid in ethanol and heating.
Although sulfuric acid reagents are applicable to both reducing and nonreducing
carbohydrates, no study to determine the optimum application of sulfuric acid has
been reported. Other charring techniques for visualization of chromatograms are
known5- 8 . This investigation was undertaken to evaluate four sulfuric acid charring
techniques for their suitability in the quantitation of carbohydrates by transmission
densitometry.

Experimental
Cleaning of glass plates. Grease on our glass TLC plates caused spots on our

chromatoplates and also a flaking of the adsorbent layer from apparently good chro­
matoplates. A careful scouring of each plate eliminated this problem but was tedious,
time-consuming, and often scratched the plates. Boiling the glass plates in a detergent
solution followed by rinsing with distilled water effectively eliminated all grease spots.

The cleansing procedure is simple, fast, and efficient when the plate holder and
tank shown in Fig. I are used. The holder separates the plates and ensures that all
surfaces are exposed to the detergent solution. The holder containing the plates is
placed in a boiling detergent solution for one-half hour. After the solution cools, the
plate holder is removed; the plates are rinsed with distilled water and left to dry. The
entire cleaning is carried out with the plates in the holder.

The holder and tank were fabricated from stainless steel. The tank is 9 in. wide
X 6 in. deep X II in. high. The basic dimensions of the holder are 8 ! in. wide X 5 ! in.
deep X 7 in. high. A handle projects 7 in. above the top plate of the holder.

The holder consists of two slotted plates and one perforated plate (8 ! X 5! in.)
separated by 6 in. and t in., respectively, and held by four ~ X 7 ~-in. rods threaded
and bolted at the ends. The handle is a bent ~ X 32 i-in. rod threaded at the ends and
bolted to hold and separate the perforated plate from the lower slotted plate. The
perforated plate supports the TLC plates and facilitates drainage.

This holder accommodates ten 8 X 8-in. plates or forty 2 X 8-in. plates. Although
the slots in this apparatus are t X 8 i in., their size or the space between them may
be reduced to accommodate more plates and still use the same basic design and di­
mensions.

Preparation of chromatoplates. Glass plates (20 X 20 cm) were coated with a
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CHROM·4349

The separation of neomycin sulphate, polymyxin B sulphate and zinc
bacitracin

ISS

There are several pharmaceutical formulations which contain neomycin, poly­
myxin B and zinc bacitracin in various admixtures and dosage forms1 and the sepa­
ration of these into their components could facilitate their routine estimation.

The separation of antibiotics by paper chromatography has been reviewed in
detail by BETINA2. Other chromatographic techniques have been widely used for the
separation of antibiotics in general. FOPPIANI AND BROWN 3used a thin-layer technique
for the separation and potency determination of neomycin sulphate. GUVEN AND
OZSARI4 separated neomycin, polymyxin B and bacitracin using thin-layer chromato­
graphy on silica gel using a mixture of benzene, water and acetic acid. BRAMMER AND
HEMSO;-..r·5 were unable to separate polymyxin B and neomycin, using electrophoresis
on cellulose acetate with 0.07 M barbital buffer (pH 8.6). They used Ponceau S for
the detection of the antibiotics. However, LIGHTBOWN AND DE RISSI6 were able to
separate bacitracin, polymyxin B and neomycin using agar gel electrophoresis with
Tris-maleate buffer at pH 5.6. In this case the antibiotics were located using the
production of inhibition zones after inoculation with the appropriate organism and
subsequent incubation. The production of colour with ninhydrin has been used
extensively for the detection of peptide antibiotics and for the quantitative estimation
of neomycin by MAEHR AND SCHAFFNER7 and THORBURN BURNS, LLOYD AND 'VATSON­
WALKERS.

Experimental
A ntibiotics and reagents. Polymyxin B sulphate (690 flg/mg) , neomycin sulphate

(810.6 units/mg), and zinc bacitracin (60 units/mg) were dissolved in I % sodium
ethylenediamine tetracetate to give a final concentration per millilitre of: neomycin
sulphate B.P., 483 units; zinc bacitracin B.P., 360 units and Polymyxin B sulphate,
146 units, approximating the commercial aerosol spray under investigation.

All reagents were of analytical reagent grade. Ninhydrin, 0.2 g dissolved in
100 ml n-butanol, was used as spray reagent. Ninhydrin stabilising reagent was
according to Merck9 and the ninhydrin quantitative reagent was prepared according
to the method of JACOBS10. Of Ponceau S 200 mg were dissolved in roo ml of 3 %
trichloroacetic acid and excess dye was removed with 5% acetic acid.

Paper chromatography. All separations were carried out on vVhatman NO.3
paper, using the following solvents: Sl = n-butanol-water-glacial acetic acid (30: 13 :8) ;
S2 = n-butanol-glacial acetic acid-pyridine-water-ethanol (60:15:6:5:5); S3 = n­
butanol-water-glacial acetic acid-pyridine-NaCl (30: 12:7:2 :0.1).

Thin-layer chromatography. For thin-layer chromatography 5 cm X 20 cm
Kieselgel G (Merck) plates were used. The following solvents were used: S4 = n­
butanol-glacial acetic acid-water-pyridine (30 :22 :38 :6) and S5 = n-butanol-water­
pyridine-glacial acetic acid-ethanol (60: 10: 6: IS :5)·

Electrophoresis. For electrophoresis a Shandon (Kohn Mark II) apparatus was
used. Cellulose acetate (Oxoid) strips of 2.5 X 20 cm or Whatman No. I paper, strips
of 5 X 20 cm were used. For paper the solvent S6 = glacial acetic acid-formic acid-
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Diskussion der Rp-Werte
ANP-m-Kresol weist gegeniiber ANP-o- und ANP-p-Kresol eine geringere

Wanderungsgeschwindigkeit auf. 2.3-Dimethylphenol Hisst sich nach Veratherung
mit S 2 und S I (nur auf Polygram SIL S-HRjUV254) von den isomeren Dimethyl­
phenolen abtrennen. Methoxylgruppen bewirken in 0- und o,o'-Stellung zur O-ANP­
Funktion eine wesentliche Erhahung der Adsorptionsaffinitat. Die Trennung der
ANP-Nitrophenole wird auf Kieselgel G mit S I ermaglicht. Eine Acylgruppe im
Substrat setzt den R p -Wert betrachtlich herab. ANP-a- und ANP-tI-Naphthol kannen
gut differenziert werden. Carbonsauren laufen nicht oder nur geringfiigig. Sie sind
somit leicht von den iibrigen phenolischen Verbindungen abzutrennen. In polaren
Laufmittelsystemen besitzen Carbonsauren hahere aber wenig unterschiedliche Rp ­

Werte. 0-, m- und p-Aminophenollassen sich als ANP-Derivate auf Kieselgel G sepa­
rieren. Mit zunehmender Zahl an 4-Acetyl-2-nitrophenoxygruppen wird im allge­
meinen die Adsorption erhaht. Auf lVIN-Kieselgel S-HRjUV254 als Polygram-Fertig­
folie erscheinen die Substanzen als punktfarmigescharfe Flecken, so dass auch bei
geringen Rp-Wert-Unterschieden gute Trennungen maglich sind.

Methodik
20 X 20 em-Platten werden in der iiblichen Weise mit je 8 g Kieselgel G (Merck)

in 16 ml Wasser beschichtet und an der Luft getrocknet. Als Fertigfolie verwendet
man MN-Polygram SIL S-HRjUV254 (5 X 20 em). Die ANP-Derivate werden in
0.5 %iger acetonischer oder dimethylformamidhaltiger Lasung aufgetragen. Bei
Kammersattigung chromatographiert man bis zu einer Laufhahe von 13 em. Zum
Nachweis der ANP-Derivate auf Kieselgel G dient Rhodamin B im UV-Licht.

Herm Dr. P. WOLLENWEBER (Macherey, Nagel & Co., Diiren) danken wir fUr
die Uberlassung von Polygram-Fertigfolien, Frau S. WILDENHAIN fiir gewissenhafte
experimentelle Mitarbeit.

Sektion Chemie, Lehrstuhl fur Organische
Chemie der Bergakademie FreibergjSa. (D.D.R.)

WOLFGANG ViTILDENHAIN
GUNTER HENSEKE

GERT BIENERT

I H. OELSCHLAGER, W. TOPORSK1, P. SCHMERSAHL UND C. WELSCH, Arch. Pharm., 296 (1963)

107.
2 W. "V1LDENHA1N, G. HENSEKE UND G. BIENERT, Acta Chim. Acad. Sci. Hung., im Druck.
3 W. W1LDENHAIN UND G. HENSEKE, in Vorbereitung.

Eingegangen am 2. September 1969
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Book Review

CHROM·4355

Thin-Layer Chromatography, edited by E. STAHL, translated by 1\1. R. F. ASHWORTH,
znd Ed., Springer-Verlag, Berlin, 1969, 1041 pages, price $ 3z.00 (in English).

The second German edition of this compendium was published in 1967 and has
been reviewed earlier (cf.]. Chromatog., 35 (1968) 448). Many non German-speaking
users of thin-layer chromatography will welcome the appearance of this translation
of an invaluable reference book. M. R. F. ASHWORTH is to be congratulated on the
fluency of his translation and the book is well organised and indexed and attractively
presented.

For the benefit of newcomers to the technique who may not be familiar with
earlier versions of this book it consists of two sections; just under zoo pages are devoted
to the techniques and materials used and the remaining 800 pages to a systematic
coverage of applications of TLC. Many authorities have made contributions to the
book which the Editor, STAHL, has combined well. Inevitably, after the process of
translation, the book does not include references to recent work and other deficiencies
which strike the reviewer are the sketchy treatments of sample transfer from thin
layers and of problems associated with impurities in or on adsorbents, eluents and
apparatus. In any further edition of this book one would hope that attention might
be given to the relation between thin-layer and column chromatography, particularly
noting recent developments in the latter field. Notwithstanding these criticisms the
book represents a tremendous effort by many people and is, and will remain, an
essential source book of information about an invaluable technique.

Esso Research Centre,
Abingdon, Berks. (Great Britain)

S. G. PERI{Y
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20. PROTEINS

20a. Proteins
KELER-BACOKA, M. AND PUCAR, Z.: Two-dimensional electrochromatography of human hapto­

globin and plasma protein-hemoglobin complexes. Clin. Chim. Acta, 23 (1969) 431-436.

21. PCRINES, PYRIMIDINES, NUCLEIC ACIDS AND THEIR CONSTITUENTS

2Ia. Purines, pyrimidines, nucleos'ides, nucleotides
ALBERT, A., PFLEIDERER, vV. AND THACKER, D.: 1,2,3.4,6-Penta-azaindenes (8-azapurines).

Part VI. Methylation of 8-azapurine. j. Chem. Soc. (C), (1969) 1084-1085 - PC and TLC.
ARIMA, T, UCHIDA, T. AND EGAMI, F.: Studies on extracellular ribonucleases of Ustilago sphaero­

gena. Characterization of substrate specificity with special reference to purine-specific
ribonucleases. Biochem. j., 106 (1968) 609-613.

BOLLACK, C., KLEIN, E. AND EBEL, J .-1'.: Alcoylation des acides nucleiqucs. III. Inhibition de
l'action de la ribonuclease 1'1 apres methylation ou allylation en N, de la guanine. Bull.
Soc. Chim. Bioi., 50 (1968) 2363-2371 - PC and TLC.

CHHEDA, G. B., MITTELMAN, A. AND GRACE, JR., J. 1'.: Nucleosides in human urine. I. Isolation
and identification of N 2-dimethylguanosine, I-methylinosine, and N 2-methylguanosinc
from normal human urine. j. Pharm. Sci., 58 (1969) 75-78.

CHU, T. M., MALLETTE, M. F. AND MUMMA, R. 0.: Isolation and characterization of ,'i'-S-methyl­
5'-thioadenosine from Escherichia coli. Biochemistry, 7 (1968) 1399-1406 - PC and TLC.

DESREUMAUX, S., BARBRY, G. AND SEGARD, E.: Ultramicromethodes d'analyse chromatographique
des nucleosides et des oligonucleotides, apres marquage externe par Ie borohydrure tritie.
Symp. V, Chromatog., Electrophorese, Bruxelles, 1969, p. 296-304'

GANGLOFF, J. AND EBEL, J. P. : Etude de l'action de l'acide monoperphtaliquc sur les ribonucleo­
tides et les acides ribonucleiques de levure. Bull. Soc. Chim. Bioi., 50 (1968) 2335-2350.

MARTIN, D. M. G., REESE, C. B. AND STEPHENSON, G. F.' The action of diazomethane on ribo­
nucleosides. Preparation of ribonucleoside 2'- and 3'-methyl ethers. Biochemistry, 7 (1968)
1406-1412 - PC and TLC.

l~OTTMAN, F. AND HEINLEIN, K.: Polynucleotides containing 2'-O-methyladenosine. 1. Synthesis
by polynucleotide phosphorylase. Biochemistry, 7 (1968) 2634-264 I - PC and TLC.

SAWICKA, T AND CHOJNACKI, T: Formation of uridine diphosphate sugars from 32P-labeled
hexose phosphates in human red blood cells. Clin. Chim. Acta, 23 (1969) 463-468.

SERLUPI CRESCENZI, G.: The separation of nucleotides by electrophoresis and chromatography on
ion-exchange paper. Symp. V, Chromatog., Electrophorese, Bruxelles, [969, p. 314-320~·

vVhatman DE-81 paper, polyethylene-coated and uncoated.

22. ALKALOIDS

FISHBEIN, L. AND FALK, H. L.: Chromatography of methylenedioxyphenyl compounds. II. Al­
kaloidal derivatives. Chromatog. Rev., II (1969) 1-100 - PC and TLC; a review with 245
references.

23. OTHER SUBSTANCES CONTAINING HETEROCYCLIC NITROGEN

NEUHAUSER, S. AND WOLF, F.: Zur Trennung von Alkylpyridingemischen. III. Papierchromato­
graphie der Alkylpyridine. j. Chromatog., 39 (1969) 53-60 - changes of R M values as a
function of chemical structure, nature of alcohol and water content in solvent system.

24. ORGANIC SULPHUR COMPOUNDS

See TLC section.

25. ORGANIC PHOSPHORUS COMPOUNDS

NEUZIL, E., JENSEN, H. AND LE POGAM, J.: Separation chromatographique de la ciliatine ct de la
phosphoethanolamine. j. Chromatog., 39 (1969) 238-240 - ion-exchange paper vVhatman
ET-81.

27. VITAMINS AND VARIOUS GROWTH FACTORS

PAILES, W. H. AND HOGENKAMP, H. p. c.: The photolability ofCo-alkylcobinamides. Biochemistry,
7 (1968) 4160-4166.

28. ANTIBIOTICS

HETTINGER, T. p. AND CRAIG, L. C.: Edeine. II. The composition of the antibiotic peptide edeine A.
Biochemistry, 7 (1968) 4147-4 153.

J. Chromatog., 45 (1969) 165-11;1;

























GAS CHROMATOGRAPHY

Gas Chromatography

1. REVIEWS AND BOOKS
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CHlZHKOV, V. P.· (Circulating gas chromatography). Zavodsk. Lab., 35 (1969) 129-134 - review
of 4 I references.

JANAK, J.: (Gas chromatography in organic chemistry and industry). Chem. Listy, 63 (1969) 156­
166.

VIILLMOTT, F. ,V.: An informal symposium of the gas chromatography discussion group. J. Gas
Chromatog.: 6 (1968) 569-571 ~- a critical review.

2. FUNDAMENTALS, THEORY AND GENERAL

2C. Thermodynamics and theoretical relationships
CONDER, J. R.: The derivation of thermodynamic information from asymmetrical chromato­

graphic peaks when more than one distribution mechanism contributes to retention.
J. Chromatog., 39 (1969) 273-281.

Sm, S. T. AND RIJNDERS, G. \\T. A.: High-pressure gas chromatography and chromatography with
supercritical fluids. II. Permeability and efficiency of packed columns with high-pressure
gases as mobile fluids under conditions of incipient turbulence. Separation Sci., 2 ([967)
699-727.

Sm, S. T. AND I~IJNDERS, G. W. A.: High-pressure gas chromatography and chromatography with
supercritical fluids III. Fluid-liquid chromatography. Separation Sci., 2 ([967) 729-753.

Sm, S. 1'. AND RIJNDERS, G. \\T. A.: High-pressure gas chromatography and chromatography with
supercritical fluids. IV. Fluid-solid chromatography. Separation Sci., 2 (1967) 755-777.

2d. General
BELEN'KIl, B. G., NESTEROV, V .V. AND TURKOVA, L.!D.: (Universal method of quantitative inter­

pretation of chromatograms). Zh. Anal. J<him., 24 (1969) 267-269.
CROWE, P. F. AND SPICER, D. S.: Peak-width equation and some related values. J. Gas Chron/atog.,

6 (1968) 515-518.
FRASER, R. D. B. AND SUZUKI, E.: Resolution of overlapping bands: functions for simulating band

shapes. Anal. Chem., 41 (1969) 37-39.
GRANZHAN, V. A. AND SHEVCHUK, I. M.· (Dielectric permeability as a factor determining gas

chromatographic separation). Neftekhimiya, 8 (1968) 908-914.
ROHRSCHNEIDER, L.: Eine Methode zur Charakterisierung von gas-chromatographischen Trenn­

fliissigkeiten. II. Die Berechnung von Retentionsverhaltnissen . .f. Chromatog., 39 (1969)
383-397.

STERN, R. L., KARGER, B. L., KEANE, W. J. AND ROSE, H. C.: Studies on the gas-liquid chromato­
graphic separation of diastereoisomeric esters. J. Chromatog., 39 ([969) 17-32.

3. TECHNIQUES I

]a. Detectors
ACKMAN, R. G.: The flame ionization detector: further comments on molecular breakdown and

fundamental group responses. J. Gas Ch1'om.atog., 6 (1968) 497-501.
BOCH[NSKI, J. H. AND STERNBERG, J. c.. Electron capture detector having separate ionization

and sensing regions. U.S. Pat., 3,378,726 (April 16,1968).
DALE, ,V. E. AND HUGHES, C. C.' A modifiecl flame photometric detector. J. Gas Chromatog., 6

(1968) 603-604.
GUIFFRIDA, L. E.: Flame ionization detectors. U.S. Fat, 3,372,993 (March 12, 1968).
GUILLOT, J., BOTTAZZI, H., GUYOT, A. AND TRAMBOUZE, Y.: A gas chromatographic selective

detector for hydrogenatable material. J. Gas Chromatog., 6 (1968) 605-608.
McCoY, R. W. AND CRAM, S. P.: Ion current measurements of gas Chromatographic effluents with

a selective hydrogen flame ionization detector. J. Chromatog. Sci., 7 (1969) 17-23.
KA[SER, R., STOLL, W. AND FISCHER, K.: Nonlinea1ity of flame ionization detector - a simple

method of absolute measurement. Chromatographia, 2 (1969) 20-22.
RUDENKO, B. A. AND METLYAEVA, S. Y A.: (Design of argon ionization detector without radioactive

isotope). Zavodsk. Lab., 35 (1969) 156-157.
RVNBRANDT, J. D., RING, D. F. AND RABINOVITCH, B. S.: Multi-stage modular column gas chro­

matography. J. Gas Chromatog., 6 (1968) 531-532.
SOKOLOV, D. N. AND GOLUBEVA, L. K.: (Application of dual detector chromatograph in analysis

of organic compounds). Zavodsk. Lab., 35 (1969) 143-145.
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4c. High-speed GC
KIRKLAND, ]. ].: Controlled surface porosity supports for high-speed gas and liquid chromato­

graphy. Anal. Chem., 41 (1969) 218-220.

4d. Special rnicrotechniques a'"d junctional analysis
PENNINGTON, S. N. AND BROWN, H. D.: Carbon and hydrogen analyses of the components of a

mixture utilizing separation-combustion gas chromatography. J. Gas Chrmnatog., 6 (1968)
505-508 .

SIMMONDS, P. G., SHULMAN, G. P. AND STEMBRIDGE, C. H.: Organic analysis by pyrolysis-gas
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152- 153.
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ALlEV, R. R., GAGARIN, S. G., Y ANOVSKIi, 1\1. 1. AND ZHOMOV, A. K.· (Chromatographic study of
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BRUNNOCK, J. V. AND LUKE, L. A.: Separation of naphthenes and paraffins on an alkali-treated
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PHOTOMETRIC SCANNING OF THIN MEDIA CHROMATOGRAMS. I. r99

practice this condition is met by a slit aperture, extending over the full width of the
chromatogram and applying the solution to be chromatographed in bands over the
whole width of the medium. At higher concentrations, however, errors are incurred
if the distribution of concentration is not exactly uniform over the band. This error
can be reduced or avoided if the area of the scanning beam is reduced to virtually a
point. This arrangement is usually termed "flying-spot scanning". Subsequent integra­
tion of the signals Ie obtained for each spot has to be performed over the whole zone.
If Beer's law can be assumed to be valid, the usable range can be extended to higher
concentrations by using a logarithmic converter before summing of the individual
spot signals. If considerable deviations from Beer's law are to be expected, more
complicated procedures than simply forming the logarithms of the spot signals should
be used. More details about this will be found in a subsequent paper to be published
soon.

The difficulty with spot scanning and subsequent integration is to determine the
area over which integration has to be performed. The criterion, therefore, has to be
derived from the spot-output signal Ie exceeding a certain preset threshold value.
Since the area of the scanning spot is small, the noise content in Ie is high and the
decision whether a particular Ie is above or below threshold is affected with a high
degree of uncertainty. Some smoothing and curve fitting operations on the set of
values Ie obtained may alleviate this problem; they will, however, need processing
by a computer.

There are still other sources of error to be mentioned, namely variations in the
coefficient of surface reflection "IfJ (see eqn. 4) and instability of the light source 10 ,

They are discussed in the following paper. These sources of error are of equal influence
in single- and double-beam difference forming instruments; the latter device, however,
produces a much better optical signal to noise ratio. Double-beam instruments
appear, therefore, to be preferable for all but the most unsophisticated measurements
and our further attention will be centred on them.
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The double-beam method appears to possess important advantages in compar­
ison with any presently conceivable single-beam arrangement. This paper is intended,
therefore, to extend the results obtained for the single-beam device to the double-beam
difference system. The meaning of the symbols is the same as in the preceding paper
and in addition the general theoretical relationships given there will be used here
again. Those equations developed in the preceding paper and used here are denoted
by adding [rJ to their number.

BALANCE OF BEAMS

For efficient noise rejection it is evidently necessary that both beams should
ideally possess equal spectral energy density Co and cR, and also an equal spectral
bandwidth and equal spatial cross section F = F R (the index R will here always
refer to the reference beam).

In practice, of course, all those conditions cannot ideally be met and a finite
difference in radiant flux f o remains.

lOR = 10 (1 + fJ) (fJ ~ 1) (1)

In addition to the differences in the radiant flux between the two beams there is also
a certain difference in transmission for these two wavelengths.

Fig. 1. Schematic representation of a dual beam chromatogram scanner with difference system.
(according to SALGANICOFF et af2). L = light source; Ml ,M2 = monochromators; V = vibrating
mirror; Sll = slit I; P = chromatogram; S12 = slit 2; Ph = photodevice; T = chromatogram
transport mechanism; A = amplifier; H = recorder; D = device for obtaining difference signal.

In order to keep this difference small, the two beams should be spectrally as
close together as the width of the absorption band permits. In agreement with eqn. 5
[rJ we may now write

g(l,o - ).R) = go + Y

A R = A(1 + go + y)

.4R = /1(1 + go) (go ~ I) (2)

10w'i Rs = IoAs(1 + fJ) (1 + go)
;::,,; 10As(1 + fJ + go)

In order to cancel out as much of the background optical noise as possible, it is de­
sirable that in the average both sides of eqn. 3 should be equal. For this purpose a
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On the other hand, the column appears to be separating the organic compounds
on the basis of a gas-liquid partition mechanism rather than adsorption. The peaks
are very symmetrical and in addition many of the trends found in gas-liquid chro­
matography data also appear in this evaluation. Hence, it appears reasonable to view
the separations as gas-liquid in nature.

In the study of the polypropylene columns, Test Mixture 3 containing water,
acetone, n-propanol and ethyl acetate was injected and the efficiency was calculated
from the chromatograms. All of the organic compounds gave much the same shaped
curves; hence only one plot for organic compounds is shown. In Figs. 4 and 5 Van
Deemter plots for water and ethyl acetate of Test Mixture 3 are shown at five different
temperatures. The plots for the organic compounds deviate from the hyperbolic shape
predicted by theory. The fact that the polypropylene column is limited as to transfer
probably accounts for the atypical shape.

The improvement of efficiency with increasing column temperature is often
found for gas-liquid columns and is explained by the decrease in the ratio of d l

2 jD v
where d l is the liquid film thickness and D l is the solute diffusivity in the liquid phase.
This same explanation is not too unrealistic for plastic materials if the gas-liquid
mode of separation is allowed for such a column.

With respect to the Van Deemter plots for water, the data are much the same
as the data found on all columns for a nonpartitioned material. The anomalous
curve at 130 0 can only be explained by increased interaction of water vapor with the
polymer at higher temperatures where the polymer is softer.
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Fig. 6. Van Deemter plot showing the variation of efficiency (HETP) with changes in column flow
rate (mljmin) at two temperatures. Column: 30-60 mesh Polypropylene PD 500; sample: 1 ,ul
hexane.

Fig. 7. The variation of efficiency with increasing sample size. Column, 30-60 mesh Polypropylene
PD 500; column temp., 100 0

; column flow rate, 13 mljmin; sample, (A) water from Test Mixture 3;
(B) n-propanol from Test Mixture 3.
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by a gas-liquid partition mechanism. Their behavior can be successfully explained
on the basis of gas-liquid chromatography theory.

While the partition of a gas on a plastic seems a little strange, it has been report­
ed earlier. LYSYJ AND NEWTON4 prepared a column packing from 50 % Kel-F 300 solid
support and 50 % halocarbon oil. The packing was plasticized by refluxing with tri­
chloroethylene. The finished packing was a 50: 50 mixture and was a free flowing
powder. This monophase gel, as they called it, had good separating ability for halo­
genated samples. The author believes that separations on polypropylene are similar
in nature to those described by LYSYJ AND NEWTON.

Efficient separations are favored by high column temperature and slow flow
rates. The practical temperature limit is above 130°. The softening point of poly­
propylene is 150°. Although the author never worked above 130°, operation up to
150° appears practical. This might improve efficiency even more if the general trend
holds up to 150°.

From the practical point of view, the most significant finding of this study is
that polypropylene, in the dry state, can separate most organic compounds from
water. Hence, these columns are quite useful for water analysis. Using the 60-80 mesh
PD 500 polymer, the author set up a standard curve for water in absolute ethanol.

From the theoretic point of view, the most significant finding of this study is
that polypropylene is behaving much like other polymer supports. This means that
polypropylene that has been specially prepared for chromatography could be very
useful.

Coated polypropylene
While the use of polypropylene as a generally useful support has been precluded

by its lack of inertness, the material is useful as a coated support in several specific
cases. As was stated earlier, water and most one-carbon organic compounds are not
retained significantly by the polymer. In addition, some inorganics are not retained.
A good example of a difficult separation which is possible on a Carbowax polypropylene

Water

2 3 4 5 6
Time (minutes)

Fig. 9. Representative chromatogram showing the separation of ammonia from dilute ammonium
hydroxide. Column, 2.5% Carbowax 600 on 30-60 mesh Polypropylene PD 500; column tempera­
ture, 85°; flow rate, 30 mljmin; sample, I ,ul dilute ammonium hydroxide.
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column of LYSYJ AND NEWTON, the work on various divinylbenzenestyrene polymer
beads, our research and the work of BAUM. Judging from BAUM'S typical chromato­
grams the HETP values for his separations are in the same order of magnitude as in
our polypropylene work. From the practical standpoint, this makes polypropylene
the polyolefin of choice because of its greater temperature limit.

DEFINITION OF TERMS

Column flow rate. The volume flow rate that has been corrected to the tempera­
ture in the column.

Flow rate. The volume flow rate measured by a soap bubble flow rate meter at
the column exit.

Efficiency (HETP). The HETP used in this paper is the normal HETP as
opposed to the relative HETP which is measured from the air peak.

Specific retention volume. The volume of gas at 0° required to elute one-half of
a solute from a column which contains I g of liquid phase and has no pressure drop
or free gas space.

Conversion from column flow rate to linear flow rate for 30-60 tnesh PD 500
colt~mns. I em/sec = 7.5 ml/min.
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corded2,3 behaviour of compounds containing the NH group appear most readily to
be explained in terms of the silylation process.

More detailed investigations into the behaviour of aromatic acids form the sub­
ject of this paper.

EXPERIMENTAL

Dejinit£ons and abbreviations
The term silylation is used rather than the more accurate trimethylsilylation;

derivatives are referred to as TMS derivatives. The following abbreviations are also
used: BSA, bis-(trimethylsilyl)-acetamide; HMDS, hexamethyldisilazane; TMCS,
trimethylchlorosilane; TFA, trifluoroacetic acid; pyr, pyridine. Benzoylglycine and
its derivatives are referred to as hippuric acids and phenylacetylglycine and its
derivatives as phenaceturic acids. Two physiologically important phenolic acids.
4-hydroxY-3-methoxymandelic acid and p-hydroxyphenyllactic acid, are referred to
as VMA and PHPL respectively.

The chromatographic properties of each substance, described in terms of
methylene unit (MU) values, was determined by the procedure of DALGLIESH et al. 2

using as standards even-numbered straight-chain hydrocarbons from C12 to C28 .

Ll MU (OV-17 - OV-r) values were obtained by sUbtracting values found using long
OV-r columns from those lising long OV-r7 columns and bMU (OV-r7 or OV-1) values
by subtracting values obtained using the short from those using the long columns.

The chromatographic behaviour of some amides and indoles was complicated by
their tendency to form two or more peaks. In practice the peak (or major peak) formed
using HMDS (Table II) was considered to be normal and additional peaks, all ob­
viously formed more readily with BSA (Tables I and II) were considered to be "dif­
ficult" .

Materials

All reagents were of the best available quality. Pyridine was stored over solid
KOH. BSA and reagents derived from it were prepared from freshly opened I ml
ampoules (Sigma London Ltd.) and used immediately. The following silylating re­
agents were employed: BSA; BSA-pyr (r: r); BSA--TMCS (4: r); HMDS-pyr (no fixed
composition; sometimes TMCS was added as catalyst); HMDS-TFA prepared by add­
ing TFA (0.5 ml) and HMDS (4.5 ml) to pyridine (5 ml); the mixture was allowed to
stand overnight and appeared to be stable indefinitely if protected from moisture.

Most aromatic acids were obtained commercially but many were synthesised or
received as gifts for which we are particularly indebted to Dr. J. W. 1'. SEAKINS. Most
substances appeared to be chromatographically pure although small secondary peaks
were occasionally observed. A few of the cheaper commercial products such as hip­
puric, cinnamic and 2,6-dihydroxybenzoic acids gave appreciable secondary peaks.
Several aroylamides gave peaks identified as the parent aromatic acids, of whose pos­
sible presence we were warned. Minor peaks from ketoacids were probably decompo­
sition products of these unstable compounds. A sample of m-hydroxyhippuric acid
isolated from the urine of a subject fed m-hydroxybenzoic acid contained hippuric acid
as impurity. Since no authentic sample was available, m-hydroxyphenylhydracrylic
acid, a major constituent, was isolated from human urine by paper chromatography.
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when silylation was carried out in BSA-pyr and this reagent was used for most sub­
sequent experiments.

Compounds (usually 1--4 mg, the larger quantities being used when MUs were
high) together with 0.5 mg of each hydrocarbon standard were dissolved in 0.5 ml
BSA-pyr and the mixture allowed to stand at least overnight before chromatography.
It was frequently possible to silylate and chromatograph several compounds simul­
taneously without ambiguity. Results are recorded in Table l.

Most members of two groups of compounds, indoles and amides, usually gave
multiple peaks although secondary peaks were in many cases neither sufficiently large
nor sufficiently consistent in formation to merit inclusion in Table I, particularly in the
amide series. Thus, owing to limited supplies of material, an investigation into the
unexpectedly large difference in MU values (OV-17) between the isomeric hydroxy­
methoxy hippuric acids (Table I) necessitated several repeated chromatograms of the
original extracts, with and w'ithout addition of extra BSA. It was noticed that in some
experiments each isomer gave a small secondary peak of similar MU value to that of
the major peak from the other isomer. Similarly several examples were noted where
amides and indoles present in mixtures gave results differing from those recorded in
Table I. For example in various experiments 5-hydroxyindolylacetic acid gave rise
to two peaks, N-acetyltryptophan to only one peak, and a third peak MU value 21.12
on OV-17 was observed from N-acetylphenylalanine.

Further observations indicated additional discrepancies between the behaviour
of some amides and indoles when alone and when added to urine extracts. Thus whilst
5-hydroxyindolylacetic acid seemed reliably to form only one peak in urine, indolyl­
acetic acid gave sometimes two peaks and at other times only the peak of MU value
19-41 (OV-l) or 22.00 (OV-17). Hippuric acid, invariably present in urine extracts, gave
in addition to the normal peak MU 21.13 (OV-17) variable amounts of a "difficult"
peak MU 19.88 (17.91 on OV-l) not observed with the pure compound.

This latter peak appeared to be formed more easily if extracts were dried with
particular care before silylation. In one such extract the proportion of this peak was in­
creased by the addition of extra BSA, and still further increased when TMCS was then
added. When similar extracts were silylated using BSA alone or BSA-TMCS formation
of the "difficult" peak appeared to be complete, or nearly so, since only a small peak
(which may have been due to some other compound) remained at MU 21.13 (OV-17).

The effect of moisture was investigated in an extract silylated with BSA-pyr
which showed a particularly high proportion of the "difficult" peak from hippuric acid
and both peaks from added indolylacetic acid. After the initial chromatogram on
OV-IJ water was gradually added to the extract by breathing gently into the container
which was then shaken and allowed to stand 5 min before re-chromatography. Repe­
tition of this process caused the gradual diminution of the "difficult" peak from hip­
puric acid and its eventual complete replacement by the normal peak. By contrast, the
procedure resulted initially in a large increase of the peak MU 22.00 from indolylacetic
acid at the expense of the peak MU 22-44, but little further change occurred sub­
sequently. Since that of lower MU must be considered the "difficult" peak in the case
of indolylacetic acid, water may well have a catalytic effect on its formation (e.g. ref. 5).

Silylations with HMDS
Silylation of simpler aromatic acids may be effectively achieved with HMDS-
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pyr. The reaction is slow but may be speeded up by addition of TMCS (e.g. ref. 2).
Neither variation proved satisfactory when applied to indoles and amides, whether
pure or added to urine extracts. Results obtained appeared to be a function of time. In­
doles gave double peaks, the relative proportions of which varied with time. Peaks
were formed slowly from amides, sometimes obviously in very poor yield. Products
were unstable in the presence of TMCS (stability was not tested with the uncatalysed
reaction). Experiments with the above reagents were abandoned mainly because the
insolubility of many substances, and of urine extracts in HMDS and/or pyridine made
it impossible to devise any sort of consistent technique when dealing with them. The
formation of a precipitate of ammonium chloride when TMCS was used also proved
inconvenient.

It seemed possible that a catalyst alternative to TMCS could be found which
would be free from the latter objection and would promote the rapid formation of
homogeneous solutions. In point of fact the first, and only, two substances tried proved
highly efficacious: addition of trifluoro- or trichloroacetic acid to suspensions of even
highly insoluble substances such as acetyltryptophan in HMDS-pyr (I :1) resulted in
rapid solution within a few minutes. When MUs of indoles and amides were redeter­
mined (Table II) after silylation with HMDS-TFA solution of all substances, with one
exception, occurred almost instantaneously and samples were injected after IS min
reaction time. The exception was phenylacetylglutamine which dissolved slowly, prob­
ably because the sample assumed the consistency of a gum when in contact with the
reagent: reaction was allowed to continue overnight and the mixture was centri­
fuged to remove undissolved material which was probably inorganic in nature (per­
sonal communication from Dr. ]. \;Y. T. SEAKINS).

Under the above conditions substances gave single peaks with the exception of
three indoles (Table II) which yielded apprecia bleamounts of secondary "difficult"
peaks. However slow formation of 'difficult' peaks occurred with other indoles when
the[solutions were allowed to stand.

Further experiments on silylation
When indolyllactic, indolylacetic or S-hydroxyindolylacetic acids were silylated

(HMDS-TFA; IS min) in the presence of indolylcarboxylic acid the latter two com­
pounds gave traces of "difficult" peaks after IS min, presumably as the result of a cata­
lytic reaction involving the "difficult" peak formed relatively easily from indolyl­
carboxylic acid. Ether extracts were prepared in duplicate from S illl samples of six
normal urines. To one of each pair of extracts was added indolylacetic and S-hydroxy­
indolylacetic acids (I mg each). After silylation (HMDS-TFA; IS min) chromato­
graphy (OV-I7) demonstrated the formation of "difficult" peaks from both indoles but
in no case was the area estimated to be more than about 2 % of that of the corres­
ponding normal peak. Areas of "difficult" peaks were approximately doubled when
repeat chromatograms were carried out after 2.S h reaction time.

A synthetic mixture containing hydrocarbon standards together withp-hydroxy­
phenyl-acetic and -lactic acids, indolylacetic and S-hydroxyindolylacetic acids,
N-acetylphenylalanine and o-hydroxy-, m-hydroxy- and p-methoxyhippuric acids was
silylated under various conditions and chromatographed on OV-I7 after suitable
periods of time. One aliquot was treated with HMDS-TFA for comparison with results
obtained when a second sample was silylated with BSA-pyr (24 h). Another aliquot
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with immunological activity were carried out as described previouslylo. The complex
was extracted from mycelia of Trichophyton mentagrophytes by the slightly modified
phenol-water method of WESTPHAL et aU!, and was purified by gel filtration on a
Sephadex column. Copra meal mannan and Yuri glucomannan, which were extracted
from coconuts and lily bulb, respectively, were kindly supplied by Dr. Y. TAKEUCHI
(Department of Agricultural Chemistry, Gifu University).

Gas chromatography
A Hitachi Model K-53 gas chromatograph equipped with a temperature pro­

grammer and flame ionization detector was employed throughout this investigation.
The V-shaped stainless-steel column, 2.0 m long with an I.D. of 3 mm, was packed
with 3 % Silicone SE-52 (Gaschro Tech. Co. Ltd., Tokyo) on acid-washed, silanized
80-100 mesh Chromosorb W (Gaschro Tech.).

Chromatography was carried out isothermally at 185 ° with the injection port
at 230°. Flow rates, adjusted for optimal efficiency, were 47 mljmin, 43 mljmin and
270 mljmin for nitrogen as carrier gas and for hydrogen and air as detector gas,
respectively.

Preparation of anhydrous methanolic Hel
Calcium oxide was added to methanol (reagent bottle); the mixture was allowed

to stand overnight and was subsequently filtered and distilled. For preparing an­
hydrous methanolic HCI, hydrogen chloride gas was dissolved into the anhydrous
methanol. The hydrogen chloride gas was produced by stepwise dropping concen­
trated sulphuric acid on NaCI and dried by passing it through U-calcium chloride and
phosphorous pentoxide tubes.

M ethanolysis
Ten milligrams of each of the monosaccharide standards (glucose, galactose and

mannose and of the polysaccharides (an immunologically active polysaccharide-pep­
tide complex (PPC), Copra meal mannan and Yuri glucomannan) were refluxed with
2 ml of anhydrous methanolic HCI in a sealed ampoule at 100° for 5 h. The hydro­
lysates were passed through the column (3.0 X 0.7 cm) containing Amberlite CG 120
Type I (CH 3COO-) 100-200 mesh resin for neutralization.

5 and 2 mg of mannitol as an internal standard were dissolved in the standard
sugar and hydrolysate solutions, respectively.

Preparation of TMS derivatives
To each methanolyzed sample containing mannitol was added 0.3 ml of sily­

lating reagent (TMS-HT), a mixture of pyridine-hexamethyldisilazane-trimethyl­
chlorosilane (10:2:1). The reaction mixture was shaken vigorously for about 30 sec
and then warmed for 5 min at 60°. 1- to 2-,u1 aliquots of each mixture after centrifu­
gation were used for injection into the gas chromatograph.

RESULTS AND DISCUSSION

Although gas chromatography is a useful and suitable technique for analysis of
sugar components in biological materials, it is difficult to obtain a satisfactory re-

J. Chromafog., 45 (1969) 244-249









































DETERlVIINATIOK OF CREATI"I:-iE I:-i SOUP PREPARATlO?\S

conjuction with a Mini-Pump (Milton Roy Co., Fla., U.S.A.) and a Beckman DB-G
double-beam spectrophotometer fitted with a Io-in. Beckman recorder and a micro­
cell with a quartz window, a light path of 10 mm, and a total volume of 0.3 ml (cata­
logue Beckman No. 97290).

The reagents were: HCI, 2 :V; Brockmann's III alumina; Buffer pH 4.30 = 0.3
M sodium acetate, adjusted to pH 4.30 ± 0.02 with glacial acetic acid; Buffer pH 3.70
= 0.3 N! acetic acid, adjusted to pH 3.70 ± 0.02 with 40% NaOH; I mN! cytosine in
buffer pH 3.70; 0.5 m111 creatinine in buffer pH 3.70. 0.1 ml/l of caprilyc acid was
added to all buffers as preservative.

Procedure
A sample of a soup preparation, a dehydrated soup, or a tinned soup was weigh­

ed out accurately and dissolved in distilled water in such a way as to obtain a solution
containing about 0.5 ,umole of creatinine per m1. vVhenever necessary, the fat and the
insoluble components were removed by treating part of the solution with kieselguhr
and by filtering it through a \\Thatman No. 40 paper. About 20 ml of the filtrate were
collected, and exactly 10 ml were transferred with a pipette into a flat-bottomed por­
celain dish. 5 ml of 2 N HCI were added, and the mixture was evaporated to dryness
on a boiIingwater bath. The dry residue was taken up in 5 ml of 2 N He] and again evap­
orated to dryness. Vihen the residue was very dark (particularly in the case of soups),
this operation \vas repeated for a third time. The residue \vas finally dissolved in exact­
ly 10 ml of distilled water and filtered through a Whatman No. 40 paper. The filtrate
was then passed through an Allihn tube (I.D. 0.9 cm), packed with 2.5 g of Brock­
mann's alumina. About 6 ml of the eluate were collected, and 5 ml were then transfer­
red with a pipette into a flat-bottomed porcelain dish. I ml of 2 N HCl was added, and
the solution was evaporated to dryness on a boiling water bath. The residue wasdissolv­
ed in exactly 5 ml of a I m]\l! solution of cytosine in pH 3.7 buffer, and, whenever
necessary, filtered through a \Vhatman No. 42 paper.

About I ml of the filtrate was put on the chromatographic column and eluted
with a pH 4.30 buffer at a rate of 120 ml/h and at a temperature of 56° The eluate was
monitored for creatinine in the L'V region at 240 m,u and at a slit width of 1.5 mm.

The column needs to be regenerated only when loss of efficiency or resolution is
noticed. Regeneration is carried out by passing 10 ml of 2 iV HCI through the column
and then some I N NaOH until the NaOH front, which is chtrker, reaches the bottom
of the column. The latter is then re-equilibrated with 30-40 ml of a pH 4.30 buffer.

RESULTS AND DISCUSSION

The data in Table I indicate that this method gives accurate and reproducible
results. These results were obtained for (a) a laboratory soup preparation, (b) a com­
mercial soup preparation, (c) a dehydrated soup and (d) a tomato soup. An accurately
known amount of creatinine was added to each of these, and sample (b) also contained
some meat extract, in which the creatinine had been accurately measured. The added
creatinine was always recovered with a good accuracy, and the standard deviation
never exceeded ± I. 1%.

Sample (d) was the most interesting because it contained some substances that
simulate creatinine in JAFFE'S test (i.e. give the same color when reacted with sodium
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The present method has dispensed with the ether extraction which is time-con­
suming, rather difficult and gives rise to inaccuracies. Our method is thus rapid, accu­
rate and easy to carry out. The use of an internal standard, cytosine, which closely fol­
lowed creatinine in the elution, means that the amount of sample placed on the column
need not be accurately known.
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Fig. 1. (r) Chromatogram of a tomato soup with meat extract; (2) chromatogram of a tomato soup
without meat extract; (3) chromatogram of a standard mixture of creatinine and cytosine.
a = Creatinine; b = adenine; c = cytosine; x = unknown from tomato.

For calculation of results, the method of the ratio of peak areas using an internal
standard was adopted. At creatinine concentrations of 0.2-1 ,umole/ml, the calibration
curve was a straight line. To obtain very accurate results, it is useful therefore to elute
occasionally a standard mixture, containing cytosine in the same amount as added to
the samples to be analyzed, also containing creatinine in an amount very close to what
is expected to be present in the samples to be analyzed. This operation minimizes the
inevitable instrumental error.

CONCLUSIONS

The mee,od proposed for the determination of creatinine in soup preparations
and soups containing meat extracts is more accurate and less time-consuming than the
methods used so far. Furthermore, it enables one to avoid the inconvenience caused by
creatinine-like interfering substances which make the analysis inaccurate in the case
of tomato soup.
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gel thin layers, some other investigators2- 4 , testing the separation and detection of
various mixtures of antioxidants on silica gel or acetylated cellulose, have not
obtained satisfactory results. The use of polyamide powder in TLC has been introduced
by DAviDEK et al. 5 ,6 and by EGGER7, and the application of this stationary phase for
the separation of various natural and synthetic products has been frequently reported
to date (for a review see HORHAMMER et al.8). This chromatographic adsorbent has
also been successfully applied to column chromatography for the analysis of many
groups of natural phenolic9- 16 as well as other17 products. DAVIDEK18 has used poly­
amide layers ("loose layers") to obtain a distinct separation of gallic acid from its
alkyl esters and to shorten the long development time which is inevitably required
in paper chromatography. Later COPIUS-PEEREBOOM19 succeeded in preparing firmly
bound layers of polyamide, containing such a binding agent as starch or polyvinyl
acetate to improve the "loose layers". He has found these layers to be useful for the
separation of fat antioxidants.

However, the authors were confronted with several problems when making
use of the above experiences:

(r) Testing DAvIDEK's method18, it proved impossible to prepare a uniform
firmly bound thin layer of polyamide.

(2) Using "loose layers" great care had to be taken to avoid disturbing or
damaging the thin layer, especially during solvent development and during spraying
with a visualizing reagent.

(3) A good distribution and sharpness of the spots of alkyl esters of gallic acid
were observed neither on "loose layers" nor on polyamide layers containing a binding
agent.

The present investigation was undertaken to eliminate the above-mentioned
difficulties experienced when using polyamide layers and to propose a simple and
reliable method for the separation and identification of antioxidants from fatty foods.

EXPERIMENTAL

Thin-layer chromatography
Adsorbent. Polyamide powder (obtained from E. Merck, Darmstadt, G.F.R.)

was used as the adsorbent. Before use it was washed with benzene in a centrifuge
tube and thereafter with a volume of methanol equal to twice the volume of poly­
amide powder. It was dried at 60°.

Reagents. Gallic acid and six of its alkyl esters (Table I) were obtained from
Tokyo Kasei Kogyo Co., Ltd. Before use they were twice crystallized from dilute
ethanol. Test solutions were prepared by dissolving ro mg of each of the compounds
in 20 ml of acetone. Aliquots (,al) of this solution were used for detection and sepa­
ration.

The visualizing reagent was prepared by dissolving ro mg of analytical reagent
grade 2,6-dichloroquinone-4-chlorimide (obtained from Tokyo Kasei Kogyo Co., Ltd.)
in roo ml of isopropanol.

The solvents used are listed in Table III. They were all of analytical reagent
grade.

Apparatus. Thin-layer applicator and accessories were obtained from Yasawa
Seisaku Co., Ltd. Glass plates were 20 cm X 5 em. The chromatographic chamber had
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TABLE I

STRUCTURAL FORMULAS OF GALLIC ACID AND ITS ALKYL ESTERS

HO

Ho-P-COOR

HO

271

Compound

Gallic acid

Methyl gallate

Ethyl gallate

Propyl gallate

Isoamyl gallate

Lauryl gallate

Stearyl gallate

R

H
CH 3

CH 2CH3
CH 2CH2 CH"

jCH3

CH 2CH 2CH\
CH 3

CH 2 (CH 2 ) lOCH3

CH 2 (CH 2) I6CH"

a diameter of 9 cm and a height of 27 cm. The UV light source (3650 A) was supplied
by Manasulu Ultraviolet Kagaku Kogyo Co., Ltd.

Preparation of polyamide layers. According to the method generally used in the
preparation of silica gel thin layers, glass plates were coated with a slurry composed
of IS g of polyamide powder and 50 ml of isopropanol. An applicator giving a thin
layer approximately 250 fl thick was used. After drying the plates in air for about
IS min, they were further dried at 60° for 30 min and allowed to cool at room tempera­
ture. Then they were stored, until required, in a dessicator containing silica gel.

Development and detection. 0.5-1 fll of the test solution of gallic acid and its
alkyl esters were spotted with a micropipette on the starting line 2 cm from the
bottom of the plate. The plate was then placed inside a chamber containing the mobile
phases to a depth of about I cm. Development was carried out by the ascending techni­
que until the solvent front had travelled a distance of 10 cm from the starting line.
After development the plate was dried in air, and the spots were observed under UV
light before spraying with the visualizing reagent.

Col%mn chromatography
Adsorbent. Polyamide powder (obtained from lVI. Woelm, Eschwege, G.F.R.)

was used as the adsorbent. Before use it was treated in a manner similar to that
described for TLC.

Reagents. Of the test compounds listed in Table I, gallic acid and stearyl gallate
were used after two crystallizations from dilute ethanol.

The solvents n-hexane, benzene, acetonitrile, methanol and ethyl acetate were
of analytical reagent grade.

Apparat%s. The column used consisted of a glass tube, I cm in diameter and
20 cm in length, and was equipped with a cockstop and glass wool.

Preparation of the polyamide col%mn. A slurry of polyamide powder and n-hexane
was poured into a glass tube to make a IO-cm high column bed. A round piece of filter
paper was placed on the surface of the column bed.
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were considerably variable because of such interfering materials in the extract as
lipids, tocopherols and fat-soluble pigments. Thus polyamide column chromatography,
previously reported by us20, was applied to remove these extraneous substances.

Judging from the RF values of the compounds on polyamide thin layers, elution
of gallic acid and stearyl gallate on the polyamide column was examined by the
following process. One milliliter of a test solution, prepared by dissolving 10 mg of
stearyl gallate in 10 ml of benzene, was applied to a polyamide column and eluted
with a mixture of ethyl acetate-methanol (I: 4). Every 2 ml of the effluent were collect­
ed in a small test tube immediately after loading the solvent onto the column, and
each sample was transferred to a Io-ml flask for evaporation at 40-450 under reduced
pressure. Each residue was dissolved in 10 ml of methanol to measure the absorbance
of stearyl gallate of Amax = 275 mf! with I-cm quartz cells using methanol as a
blank.

The behavior of gallic acid on a polyamide column was examined in a procedure
similar to that used for stearyl gallate. However, the test solution for the column
was prepared by dissolving gallic acid in ethyl acetate, and the absorbance of each
effluent fraction was measured at }'max = 270 mf!.

Each elution pattern of the two compounds obtained by this procedure is shown
in Fig. 3. It may be observed from this figure that each I mg of gallic acid and stear)'l
gallate on the polyamide column is completely eluted when the effluents have reached
about 20 ml.
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Fig. 3. Elution patterns on a polyamide column of stearyl gallate and gallic acid with methanol­
ethyl acetate (4: r) as the solvent system.

Separation and identification of gallic acid and its alkyl esters from fatty foods
The separation and identification of gallic acid and its alkyl esters from beef

tallow, lard or olive oil, in which each compound was added at a concentration of
100 p.p.m., were carried out according to the procedure described in EXPERIMENTAL.

It was found that the RF values of these compounds on polyamide thin layers were in
good agreement with those of the standard substances.

Such a method is also applicable to the analysis of gallic acid and its alkyl
esters in any other fat-rich foods.
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SUMMARY

Five nucleo derivatives have been chosen for quantitative in situ determination
by reflectance spectroscopy after two-dimensional separation from a complex mixture
by thin-layer chromatography on cellulose. The use of an internal standard to com­
pensate for fluctuations in the chromatographic procedure resulted in an improveme'lt
in the reproducibility of data by about 3-4% relative standard deviation. Average
accuracies obtained with the method in the analysis of an artificial mixture ranged
between 5.r and 4.0 %. The use of a linear calibration curve of substance to standard
ratio plotted versus square root of concentration proved most advantageous. The
use of one set of calibration curves for the analysis of mixtures on various days gave
an average error of about r6% but was tremendously timesaving. The method was
successfully applied to the analysis of nucleo derivatives in an extract of cartilage red
bone marrow.

INTRODUCTION

Reports on the reflectance spectroscopic evaluation of nucleo derivatives have
been previously communicatedl- 4. Time studies revealed no significant changes, either
with regard to peak shift or intensity of maxima, over a 24-h period3 . Shifts of maxima
over an analytically useful concentration range were ±2 nm (el ref. 3).

In view of these facts, it was decided to work out a quantitative in situ re­
flectance spectroscopic method for some nucleo derivatives with the use of the Zeiss

* For part VIn cf. ref. 3.
** To whom all inquiries are to be sent.

*** Present address: Sandoz Ltd., Basle, Switzerland.
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ION EXCHANGE IN FUSED SALTS. IV.

EXPERIMENTAL

299

Chemicals
All reagents (ERBA RP products) were dried at 1I0

0 for 24 h, mixed in proper
proportions and then dried again at 1I00. Dimethylsulphone (DMS) was supplied by
K & K Laboratories; crystalline zirconium phosphate in the sodium form (ZPNa)
was obtained by titrating the hydrogen form (ZPH) prepared according to a procedure
described in a previous paper5 ; ZPK was obtained from ZPNa as reported by TORRAC­
CA6 . The anhydrous sodium and potassium forms of the exchanger were obtained by
vacuum drying at 160° and 1I0

0
, respectively.

A pparatus and procedures
The experiments were performed in an electrical furnace, the temperature of

which was controlled by a Ni-Cr thermocouple and SAE 136 thermoregulator at ± 5 0.

Several ZPNa (or ZPK) samples (I g) were added to 50 g of NaN03-KNO"
mixtures, at various compositions, contained in a Pyrex cylinder provided with a
sintered-glass disk (G 4) at the bottom. Each sample was left for a given time at the
operating temperature, vacuum filtered at 450°, cooled and then washed several
times with fused DMS at 160° to eliminate the small amount of nitrates adhering to
the surface of the exchanger even after careful filtration *. Finally the excess of DMS
was removed by washing with acetone at room temperature.

Isotherm_ curves were obtained by determining the ionic equivalent fraction
of potassium (XK) in the exchanger at the various melt compositions. The equivalent
fraction of potassium in the melt (XK) before and after the equilibrium was assumed
to remain constant, since the number of mequiv. of alkali counter-ions in I g of ex­
changer is negligible with respect to the number of mequiv. contained in 50 g of
fused solvent.

A nalyticalprocedures
400-500 mg of the exchanger were dissolved in 20 ml of I il,£ hydrofluoric acid,

and distilled water was added to 100 m\. The alkali metal ions were determined with
an E.E.L. flame photometer. Orthophosphate and zirconium ions were determined
as reported in ref. 7.

X-ray diffraction patterns were obtained with copper radiation (Cu Ko:, Ie =

I.542A).

RESULTS AND DISCUSSION

Stability of crystalline ZP in fused alkali nitrates
Crystalline ZPH exhibits a good thermal stability, condensation of its acid

groups to pyrophosphate starting at about 320°-350° and reaching to completeness
only at about 600°4.

Some preliminary experiments in NaN0 3 at 350
0 showed that the hydrogen

of the exchanger can be easily substituted by Na+ During the exchange, nitrogen

* During the washing with DMS ion-exchange reactions seem to be excluded, since it was
shown experimentally that the composition of the alkali nitrates dissolved in DIVIS was equal
to that of the solvent.
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dioxide was evolved from the melt, the displaced H + reacting with NOa- according
.to the schematic reaction:

By percolating fused NaNOa over ZPH, full conversion to ZPNa was obtained.
It must be noted that direct conversion of the hydrogen to the sodium form in fused
salts is not possible for the amorphous ZP (ref. 3), owing to its lower thermal stability
(condensation to pyrophosphate starts at about 180°). vVhen ZP is converted in salt
form, condensation of phosphate groups cannot occur, and the exchanger can be
heated at very high temperatures without decomposition. The chemical stability of
crystalline ZP was thus checked by contacting for different times I g of ZPNa (or
ZPK) with 50 g of fused NaNOa (or KNOa) at various temperatures.

Both crystalline ZPNa and ZPK were found to be very stable in molten alkali
nitrates until about 500°. Above this temperature phosphates were released to the
solvent, their amount increasing with the contact time and temperature (see Table I).
For this reason, all the ion-exchange experiments were performed at temperatures
lower than 5000.

TABLE I

DEGREE OF HYDROLYSIS OF ZPK IN MOLTEN KN03 FOR DIFFERENT TIMES AND TEMPERATURES

Temperature (0C)

45 0

550

55°
55°
600

65°
7°°

Time (days)

3°
r
2

3
r
I

I

Degree of hydrolysisa

<r%
~ 5%
~ 7%
~ 10%

~IO%

~ 20 -:- 30 %
80 -:- 100 %

d
number of mmoles of phosphate released

a Expresse as: X 100
total number of mmoles of phosphate in the exchanger

Ion-exchange rate
Since the equilibration time could be dependent on the process under considera­

tion and on the ionic composition of the melt, the time necessary to reach equilibrium
for some ionic fractions of the melt was determined before determining isotherm
curves.

At X K = 0.25, 0.75 and 0.90, equilibrium was reached in less than two days

for both processes, while longer times (about 4 days) were required for the Na+-R+*
process at X K = 0.50. It was noted that for X K = 0.95, equilibrium was not reached
even after 18 days (Fig. I). However, if the sample was contacted with the melt for
a longer time, the first interplanar distance of the exchanger was increased from
S.7 A (pure ZPK) to 11.3 A, and nitrates were found in the exchanger even after
prolonged washing with DMS. This phenomenon can be explained assuming that, for
very long equilibration times, the melt can penetrate the exchanger. Therefore, to be

* The convention Na+-K+ and K+-Na+ represents Na+ replacing K+ in the exchanger and
vice versa. .
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again. Thus the isotherm curve shows another vertical portion at X K = 0.95 until
pure ZPK is obtained.

Similar considerations can also be made for the isotherm Na+-K+.
The interplanar distances were determined at room temperature in this work.

Therefore to establish for certain the phase transformations occurring at 450°,
determinations with a high-temperature X-ray camera, at present not available in
our laboratory, will be necessary.
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carrier gas and the deactivating gas before entering the reference arm o~ tL? cell and
the column. Mixing was effected by inserting in the carrier gas line a steel nt;~·(lle con­
nected through a capillary to the cylinder of the deactivating gas. The scheme oi the
mixing device is shown in Fig. 1. The flow of the two gases was monitored by two rota­
meters before the mixing point, while the total flow rate was measured at the end of
the column.

Columns were made of copper tubings each 15 m long. They were packed
separately, tested and sealed together to the desired length of 60 m. The total number
of theoretical plates, measured on the nitrogen peak was 45 000 with a linear gas veloc­
ity of 1.6 cm/sec where the minimum HETP was obtained. Such a low value of the
linear gas velocity can be explained by the fact that at low temperature the diffusion
is low so that the minimum of the Van Deemter curve is shifted towards the low veloc­
ities.

mV

14~

Time (min)

Fig. 2. Gas chromatographic separation of nitrogen isotopes. Column, 60 m X 4 mm LD.; temp.,
77°K; inlet pressure, 1.7 atm; flow rate, 75 mljmin.

475 485 495

Under these conditions the chromatogram shown in Fig. 2 was obtained. The
sample injected was 0.2 cc. Resolution was 1.2 and the ratio of corrected retention
volumes was 1.03, which shows that under our conditions an unusually large isotope ef­
fect takes place.
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TABELLE I

DIE AUF DIE L~NGE EINER C-C-EINFACHBINDUNG BEZOGENEN QUADRATISCHEN MlTTELWERTE

DER RADIEN, DIE ZAHL DER DURCH DREI C-C-BINDUNGEN GETRENNTEN KOHLENSTOFFATOME,

UND DIE RETENTIONSINDIZES DER ISOMEREN ALKANE C 6 BIS C S (BEl 25°)

Temperatur: 25°.
------- ----- --- -----

Substanz K R 2 n 3 Retentionsindizes

I Sq [OD-1 JDMS
---._-----

n-6 1.4132 3 600 600 600
2M-5 1. 2 5 10 3 5 69. 1 568.6 567
3M-5 1.1965 4 582 .8 5 8 I.5 585

2,2M-4 1.°37° 3 534. 6 53 2 .9 53 1
2,3M-4 I.0895 4 565. 1 56 3-4 56 7

n-7 1. 727 I 4 7°°·0 7°°.0 7°°
2C\1-6 1.5672 4 666.1 665·5 664
3M-6 1.4865 5 675·3 673·9 677
3 A -5 1.4°59 6 684-4 684. 6 691

2,2M-5 1.3288 4 624. 2 622·9 620
2,3M-5 I.3 273 6 669·1 666·9 675
2,4M-5 I.4074 4 629. 2 628.0 624
3,3M-5 1.2487 6 655·3 642 .3 660

2,2,3M-4 I. 17°1 6 635·9 63 2.7 64°

n-8 2·°449 5 800.0 800.0 800
2M-7 I. 89 I 3 5 764-5 763 8 763
3M-7 1.7984 6 771.9 769. 8 774
4M-7 1. 7673 6 766.9 765.3 769
3 A-6 1. 6744 7 771.9 769. 2 777

2,2M-6 1.6464 5 718. I 7 16.2 714
2,3M-6 1.6 142 7 75 8.6 755. 8 764
2,4M-6 1.6449 6 73°·8 728 ,7 729
2,5M -6 1.7377 5 72 7. 8 726 .2 723
3,3M-6 1.523° 7 74°-4 73 8 3 744
3,4M-6 1.5525 8 768 .1 765.5 778

2M-3A-5 1.5214 8 757. 6 755 1 767
3M-3 A-5 1-43°6 9 769-4 7653 782
2,2,3M-5 1.4°10 8 733. 2 729.9 74 1

2,2,4M-5 1.493 I 5 68 7. 1 685-4 681
2,3,3M-5 1.3698 9 754-4 749 8 7 68
2,3,4M-5 1-4612 8 748 .8 749 75 8

-------

stationaren Phasen S und Pals Funktion von n a und KR2 zu untersuchen. Aus den
Gl.(I) und (2) folgt:

Prazise Messungen der Retentionsindizes samtlicher isomerer Alkane C5 bis
C8 bzw. C9 an verschiedenen stationaren Phasen liegen von TOURRES3 an Squalan
und von DIEDEREN4 an Octadecen-I und Dimethylsulfolan vor (s. Tabelle I). Da die
Retentionsindizes geringfiigig von der Temperatur abhangen, wurden - um die
Messungen beider Autoren vergleichen zu konnen - die Werte von TOURRES auf eine
Temperatur von 25 ° extrapoliert.
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In den Fig. 2 und 3 sind ftir die isomeren Octane und in Fig. 4 fUr die isomeren
Hexane und Heptane die Differenzen der Retentionsindizes an den stationaren
Phasen Octadecen-r und Squalan (Fig. 2) bzw. Dimethylsulfolan und Squalan (Fig. 3
und 4) als Funktion von KHZ - mit n 3 als Parameter - dargestellt. In allen Fallen
ergibt sich der durch Gl.(3) beschriebene lineare Zusammenhang zwischen LlI, n a
und KHZ. Die Aufspaltung, d.h. die Konstante AD, wird umso grosser, je grosser das
Dipolmoment der stationaren Phase ist. Analoge Untersuchungen5 tiber Fltissigkeits­
gemische, die isomere Alkane enthalten, haben gezeigt, dass diese Aufspaltung auf
die Induktionskrafte, deren Grosse durch das Dipolmoment der einen Phase und
der - nur von n 3 und nicht von KHZ abhangenden - Polarisierbarkeit der isomeren
Alkane bestimmt wird, zurtickzufUhren ist.

-4

\B1.4 K.2 1.6 K"'2
~ ~

Fig. 2. Die Abhangigkeit der Differenz der Retentionsindizes LITOD-I der isomeren Octane an
den stationaren Phasen Octadecen-r und Squalan von n 3 und K R ". Die eingezeichneten Geraden
entsprechen der Gl.(3)·

Fig. 3. Die Abhangigkeit der Differenz der Retentionsindizes LlIDMS der isomeren Octane an den
stationaren Phasen Dimethylsulfolan und Squalan von n 3 und KRZ• Die eingezeichneten Geraden
entsprechen der Gl. (3).

-4

Fig. 4. Die Abhangigkeit der Differenz der Retentionsindizes LlIDlIfs der isomeren Hexane (-0-)
I

und Heptane (0) an den stationaren Phasen Dimethylsulfolan und Squalan von n 3 und K R ".
I

Die eingezeichneten Geraden entsprechen der Gl.(3).

Die Konstanten AD und ED haben fiir die isomeren Alkane C6 bis C8 folgende
Werte:

Octadecen- r-Squalan
Dimethylsulfolan-Squalan

- 3-47
- r 1.28
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Aus den Gleichungssystemen (r) und (2) bzw. (r) und (3) kann man KR2 eliminieren:

I p = loon + ap(na-na(o)) + cp(Is - loon)

bzw.

LlI = I p - Is = u(na - na(Q») + y(Is - loon)

Zwischen den Konstanten der Gln.(r-s) bestehen noch folgende Beziehungen:

(5)

B p
ap = Ap-A s ­

Bs

B D
a = AD-A s ­

Bs

B p
Cp =-

Bs

B D
Y = B

s

(6)

Tragt man die an einer (stark polaren) Phase gemessenen Retentionsindizes
isomerer Alkane als Funktion der an einer zweiten (unpolaren oder schwach polaren)
Phase gemessenen Retentionsindizes (Is-Ip-Diagramm) auf, so erhalt man ein
System paralleler Geraden, deren Abstande durch n a bestimmt werden. Das prinzipiell
gleiche Ergebnis erhalt man, wenn man ill als Funktion von Is (oder Ip) auftragt
(s. Fig. s).

Aus den an einer unpolaren (oder schwach polaren) und einer stark polaren
stationaren Phase gemessenen Retentionsindizes kann man in einem Is-Ip-Diagramm
unmittelbar die isomeren Alkane in Gruppen mit gleichen vVerten von n a aufgliedern.
Da, wie Fig. r am Beispiel der isomeren Octane zeigt, der Retentionsindex von
isomeren Alkanen mit gleichen vVerten von n a eine eindeutige Funktion von KR2

ist, ist es moglich, durch die Messung der Retentionsindizes an zwei stationaren
Phasen unterschiedlicher Polaritat die isomeren Octane eindeutig zuzuordnen. Die
quadratischen Mittelwerte der Radien hoherer molekularer isomerer Alkane unter­
scheiden sich in einigen Fallen nur wenig, so dass dann nicht in allen Fallen eine
eindeutige Zuordnung allein aus den Messungen der Retentionsindizes an zwei
stationaren Phasen moglich ist.

Fasst man in einem Is-lp-Diagramm Verbindungen zusammen, die jeweils
die gleiche Anzahl primarer, sekundarer usw. Kohlenstoffatome enthalten, so liegen

700 720 740 760 780 --
Is

Fig. 5. Die Abhangigkeit der Differenz der Retentionsindizes LlIDMS der isomeren Octane an den
stationaren Phasen Dimethylsulfolan und Squalan vom I{etentionsindex an Squalan.
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Direct hydrogenation of unsaturated fatty acids on the support of the gas­
liquid chromatographic column

When qualitatively identifying fatty acids separated by GLC analysis, extrapo­
lations from plots of relationships between the logarithms of specific elution volumes
and the number of carbon atoms, polar and nonpolar phases, the number of double
bonds, Kovats' indices, etc. can be used. To supplement data on qualitative identifi­
cation of unsaturated and saturated fatty acids in a mixture, the so-called discrimina­
tion chromatogram, i.e. a new GLC analysis of the sample after its chemical treatment
by bromination, oxidation or hydrogenation, can be used.

LANDOWNE AND LIPSKI1 analyzed mixtures of unsaturated and saturated fatty
acids using bromination. They first carried out a GLC analysis of an untreated
sample and then compared the results with those of a GLC analysis of derivatives
of unsaturated fatty acids after bromination. CARTONI et al. used bromination for the
separation of stereoisomers of 9: lo-octadecenoic acid on an open tubular capillary
GLC column2 . JAMES AND WEBB3 used an oxidative method for distinguishing un­
saturated and saturated fatty acids, and GUNSTONE AND SYTER4 used the oxidative
method for determination of the structure of some unsaturated fatty acids. FARQUHAR
et al. introduced GLC separation of unsaturated and saturated fatty acids before
and after hydrogenation in a microdevice using platinum as catalysts. SMITH6 applied
this method for qualitative and quantitative analyses of fatty acid in milk fat by
GLC, for example. Bromination and/or hydrogenation in combination with GLC
analysis of fatty acids as described above are introduced by BURCHFIELD AND
STORRS? in the chapter S1tbtraction methods of their monograph. Microhydrogenation
of unsaturated fatty acids on filter paper with the use of palladium as catalyst was
described by KAUFMANN AND CHOWDHURy8 ; the combination of this method with
GLC analysis of fatty acid mixtures was published by KOMAN9 .

In the present paper, direct hydrogenation of unsaturated fatty acids by filling
the GLC column with palladium as catalyst precipitated on Celite is described, and
the separations are compared with results achieved on the column without catalyst.

Experimental
Preparation of columns. Two identical aluminium columns 2 m long and 4 mm

in diameter were packed with 12-4 g of Celite having a particulate diameter of 0.12­
0.15 mm. Celite was floated, acid washed1o, silanized with dichlorodimethylsilanell

and coated with 20 % DEGS which was prepared according to ref. 12. At the inlet
of one column, 250 mg of Celite with freshly precipitated palladium were added.

Preparation of the catalyst. Palladium was precipitated and applied as described
in refs. 8, 13 and 14, dealing with distinguishing" critical pairs" of unsaturated and
saturated fatty acids by partition paper chromatography. In our case, unsilanized
Celite was used as a support and promotor of the catalyst. The precipitation of palla­
dium was carried out under the following conditions. 6-4 ml of a 10 % solution of
palladium dichloride and 10 ml of a freshly prepared mixture of 80 ml of 20 % KOH
and 20 ml of 40 % formaldehyde were added to 1.0 g of unsilanized Celite. Then the
Celite was washed for 10 min with a 5 % solution of acetic acid, and the acid was
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Chromatographic conditions. Before use both prepared columns were conditioned
for 24 hat 220°. For conditioning, as well as for the GLC analysis of fatty acid mix­
tures, hydrogen as carrier gas was used. Optimal values of the hydrogen flow (65 mIl
min) and the optimal column temperature (197°) were determined experimentally.
For the assay 0.1-0.35 ,ul of fatty acid mixtures, a temperature of 295 ° at the injection
port of the gas chromatograph (typeCHROM 3*) and isothermic conditions were used.

Res$tlts and discussion
The results of the GLC separations of some natural fatty acid mixtures on the

columns with and without palladium, presented in Figs. 1-3, indicate a complete

mV
1.0

mV
1.0

Er

B

25MIN

Fig. 3. Chromatograms of mixtures of fatty acids separated on columns without (left-hand side)
and with palladium (right-hand side). P = palmitic (C16 :0); S = stearic (C1S :0); 0 = oleic (C1S :1) ;
A = arachidic (C20:0); Ei = eicosenoic (C20 :1); EiD = eicosadienoic (C20 2); Er = erucic (C22 :1) ;
and B = behenic (C22 :0) acid.

, , 12, ,,, ,, ,
, :!,

'", ,", I" 13
~,

"
I, ,, 11 II , \

~
" "
" "
" ':, , ,, ,

, ,
, I, ,, , >!

", :, ........ _--,-' 15 16

10 20 30 40 50 60 70 80 90 100 110 120 MIN

Q5

:>•1.0

Fig. 4. Chromatograms of a mixture of fatty acids: part of sample unhydrogenated (full line) and
part pre-hydrogenated on paper before GLC analysis according to ref. 9 (dotted line). Individual
peaks: F "" 9 = palmitic acid (C16 :0); I "" I I = stearic acid (C1s :0); J "" I 2 = oleic acid (C1S:1);

I3 = linoleic acid (C18 :2); K = arachidic acid (C20:0); L"" I4 = eicosenoic acid (C 20 :1); IS =
eicosadienoic acid (C20 :2); iVI "" I6 = behenic acid (C22 :0); N "" I 7 = erucic acid (C 22 :1) * *.

* Manufactured by Laboratorni pfistroje n.p. Praha, Czechoslovakia.
* * In all figures the peaks in front of palmitic acid belong to short-chain minority fatty acids

of the analysed mixtures.
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Using 70 % isopropanol as solvent, we found that Ll-fac(N) and Ll-mer(N) isomers
are formed initially (detectable after less than 5 min) in the reaction of Co(OH)3 with
S-( ,)-, or RS-a-alanine, respectively. The same isomers were also detected in the
reaction of [Co(NH 3)6]C13 with the same ligands, although according to the litera­
ture 2 ,9 this method would give only insoluble A-fac(N)-Co(S-, or RS-a-alaninatesJs.
These results, which will be published in more detail elsewhere, are supported by the
fact that in Co (a-amino-acidate)3 complexes little stereospecificity occurs.

Experimental
Geometrical isomers of Co(S-(+)-a-alaninate)3 were prepared according to

DENNING AND PIPER3 and characterized on the basis of elemental analysis, electron
absorption spectra (il-fac(N): Amax = 375 and 520 pm, B = 150 and 188; A-mer(N):
Amax = 375 and 535 pm, B = 95 and 60), and specific rotation (L1-fac(N): [X]D =

-986°; A-mer(N): [a]D = -655°).
Chromatography was carried out on silica gel coated (MN-G, Macherey,

Kagel & Co.) glass plates (10 X 20 em). Ten microlitres of an approximately 1'10-4 M
solution of isomers were applied on the starting line (I em from the lower edge of the
plates). The plates ,vere developed to a height of 10 em. Detection was made with Na2S.
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NOTES

Thin-layer chromatography of some substituted esters and diamides of
malonic acid on silica gel

In the synthesis of some pharmaceuticals in which malonic acid esters were used
as intermediates, it was necessary to conduct some purity control tests. Though sub­
stituted malonic acid esters have mostly been studied by GU,2, not much TLC3 work
seems to have been published. Therefore it was interesting to know the TLC be­
haviour of mono- and disubstituted esters and also diamides of malonic acid.

The substituted malonic acid esters were prepared by alkylation. Diamides
could be synthesized through aminolysis of the corresponding esters. The nonreactive
ethylbutylmalonic acid ester was converted via the Na derivative of m-phenylene­
diamine to the di(m-amino)anilide of ethylbutylmalonic acid according to the process
OfSTERN4 •

Experimental
Materials. 10 ftg of each substance were applied on a thin-layer plate pre-coated

by Woelm with Silica Gel F 254/366. After equilibration ascending chromatography
was carried out at 20° in standard glass tanks. The solvent systems used were: (I)
cyc1o-hexane-ether-toluene (3: 2: I); (II) benzene-ethyl acetate-ether (8: 3: 2); (III)
benzene~methanol(5: I).

Visualization. The thin-layer plates were viewed under UV light at 254 ITlft. Not
all substances quenched the fluorescence. Only diamides could be identified by this
method. For this purpose the plate was put in an iodine chamber before examining it

TABLE I

COLOURS AND R p VALUES OF MALONIC ACID ESTERS

-C4Hg

-C2H5
-C2H 5
-C2H 5
-C2H 5
-C3H 7
-CH3
-CH2 - CH = CH 2

-Br
-H

-H
-C2H5
-H
-C4Hg

-C2 H 5

-H
-H
-CH2 -CH=CH2
-C4 H g

-H

R p value in solvent
system I

0·53
0·54
0-47
0·57
0·44
0-46
0.30

0-48
0-49
0.26

Colour of the spots

deep violet
yellowish
deep violet
yellowish
yellowish
deep violet
deep violet
yellowish
yellowish
deep violet
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under UV light. For the mono- and disubstituted esters of malonic acid, a solution of
Bromocresol Green/Bromophenol Blue and potassium permanganate5 was tested as a
spraying reagent. In this case, the spots were neither so defined nor was the colour so
stable. Moreover, this spraying reagent was not sensitive enough. A better method of
visualization was applied. The thin-layer plate was placed in an iodine tank for 1-2
min and then immediately sprayed with Bromocresol Purple6 • The spots could be seen
in normal light.

Results
\JVith Bromocresol Purple, monosubstituted esters gave blue whereas the di­

substituted esters showed yellowish blue spots. On the basis of these colours, one can
differentiate between the mono- and disubstituted malonic acid esters. The results have
been recorded in Tables I and II.

TABLE II

R p VALUES OF MALONIC ACID DIAMIDES

o
j
C-NH-R
I 3

R 1 -C-R 2

I
C-NH-R3
j

o

R1 R 2 R3

H -C4H 9 -C6H 5

H -C2H s -C6H s

-C2H s -C 4H 9 -Q
NH2

-C4H 9 -H -8

Solvent system

II

II

II

m

R p value

0.15

0-45

0.61

0.60
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CHROM·4357

Thin-layer chromatographic investigations of some synthetic compounds
having laxative properties

In the past few years, synthetic laxatives have been more widely used in
pharmacy than those derived from plants. (The reasons are too obvious to be dis­
cussed here.) 4A'-Dihydroxydiphenylisatin or its acetyl derivatives, well-known for
their laxative properties, and a few other related substances are studied herein.
Quality control was necessary at various stages of production, and thin-layer chro­
matography (TLC) proved to be a very suitable method for this purpose. Because
very few publicationsl - 4 have appeared in this field, a systematic investigation of
such substances by TLC was considered worthwhile. In all these compounds, the
dihydroxy- (or diacetoxy-)diphenyl group was a common feature, as shown below.

~}
c---------

Experimental
Thin-layer plates approx. 0.25 mm thick were prepared manually5 or using

an applicator. The adsorbent used was Silica Gel GF Woelm TLC. The plates could
be used after drying at room temperature for about 24 h. TLC plates of Woelm
precoated with Silica Gel F 254/366 could be used with equal success.

All substances, except phenolphthalein, were synthesized. While thiazolyl
derivatives (compounds 8-rr) were prepared according to GEIGER et al.6 , 4A'-di­
hydroxydiphenyl-pyrid-2-yl-methane and its diacetyl derivative were synthesized
according to SEEGER AND KOTTLER7•

The following solvent systems were employed: (I) chloroform-acetone (r: r);
(II) chloroform-cyclohexane-ethyl methyl ketone (r: r: r); (III)chloroform-benzene­
ethyl methyl ketone (r: r: r); (IV) carbon tetrachloride-cyclohexane-ethyl methyl
ketone (r: r: r); (V) carbon tetrachloride-benzene--ethyl methyl ketone (r: r: r) ;
(VI) chloroform-benzene-acetone (r: r : r).

The solvent front was allowed to advance 10 cm from the starting line. After
development, the plates were dried and then viewed at 254 mfh under an UV lamp.
The separated substances showed up as dark spots against a greenish fluorescent
background. Table I shows the RF values of various substances on plates prepared
manually.

Discussion
In these experiments, it was found that for compounds r-7 and compounds

8-rr solvent systems VI and II, respectively, proved to be most suitable. The separa­
tions were equally good whether the thin-layer plates were prepared manually or
using an applicator or wheth·er TLC plates of Woelm precoated with Silica Gel

J. Chromatog., 45 (1969) 3 2 4-3 2 5
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TABLE I

1VO. Substances Solvent systems

I II III IV V VI

Phenolphthalein 0.80 0·39 0.61 0.28 0.64 0·57
2 Diacetoxyphenolphthalein 0·93 0·75 0.86 0.58 0.82 0·79
3 4,4'-Dihydroxydiphenyl-pyrid-2-yl-methane 0.76 0.I4 0·[9 0.13 0.22 0·35
4 4,4'-Diacetoxydiphenyl-pyrid-2-yl-methane 0·94 0·59 0.65 0·5 1 0·57 0·74
5 4,4'-Dihydroxycliphenylisatin 0.66 0.15 0.20 O.IO 0.27 0.29
6 4,4'-Diacetoxydiphenylisatin (Diphesatin) 0·91 0.50 0.61 0·35 0·57 0.69

7 4,4'-Diacetoxydiphenyl-N-acetoxyisatin
(Trisatin) 0·94 0.83 0·92 0·74 0.88 0.86

8 4,4'-Diacetoxydiphenyl-4-methylthiazol-2-yl-
methane 0.84 0.65 0·79 0-49 0.7 2 0.85

9 4,4'-DihydroxY-3,3'-dimethyldiphenyl-4,5-
dimethylthiazol-2-yl-methane 0.69 0-40 0·53 0.27 0-44 0.63

10 4,4'-Dihydroxydiphenyl-4-ethyl-5-methyl-
thiazol-2-yl-methane 0.66 0·35 0-49 0.23 0-4 2 0·59

II 4,4'-Dihydroxydiphenyl-4-methyl-5-ethyl-
thiazol-2-yl-methane 0.61 0.30 0-42 0.20 0.36 0·53

F 254/366 were used. Rp values on plates prepared manually were slightly higher
than on precoated plates or on those prepared using an applicator. Acetyl derivatives
showed RF values greater than those of their corresponding hydroxyl compounds.
The increasing number of acetyl groups on the molecule enhanced the corresponding
RF values.

The authors thank Mrs. H. FRISCHKORN for her technical assistance.
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CHROl\:I. 4383

A technique for improved thin-layer chromatography of phospholipids

NOTES

Although many systems utilizing thin-layer chromatography are available for
separations of phospholipids by thin-layer chromatography, it has been very difficult
to get good separations of a complex mixture of phospholipids on a single plateI ,2.

The present communication details methodology for improved resolution of compo­
nents of such mixtures without prior laborious column separations before application
to thin-layer plates.

In 1963, HORROCKS3 reported several modifications of the stationary phase
which improved phospholipid separation on thin-layer chromatograms. One of these
was the addition of 20 ml of a saturated solution of sodium borate to 40 ml of water
which was mixed with 30 g of Silica Gel G and applied to the thin-layer plate. This
modification of the stationary phase was reported by these workers to give improved
separation of phospholipids with a one-dimensional system of chloroform-methanol­
ammonium hydroxide (65: 24: 4). In addition, several two-dimensional systems for
the separation of phospholipids with various proportions of chloroform-methanol­
ammonium hydroxide are also available in the literatureI ,4,5. The modification
proposed in this paper involves the use of a stationary phase of Silica Gel G buffered
with borate buffer at pH 8. Thirty grams of Silica Gel G were suspended in 60 ml of
borate buffer (0.02 M sodium tetraborate, 3 ml; 0.02 M boric acid, 100 ml) and were
made fresh each time plates were prepared. After the plates had been spread and
dried at room temperature for several hours, they were activated at 100

0 for 1 h. The
plates then could be stored over dessicant until use. Before being used, the plates had
to be reactivated at 100

0 for 1 h.
Two solvent systems were tested for the separation of phospholipids on these

plates, i.e. a one-dimensional system consisting of chloroform-methanol-water (65:
25: 4) and a two-dimensional system previously described by SKIDMORE AND ENTEN­
MAN 4 . For the first dimension a system consisting of chloroform-methanol-7 N

TABLE I

R p VALUES FOR TWO SYSTEMS FOR SEPARATION OF PHOSPHOLIPIDS

Adsorbent: SGG = Silica Gel G (E. Merck). SGG (borate) = Silica Gel G made up with borate
buffer at pH 8. Solvent systems: I = Chloroform-methanol-7 N ammonium hydroxide, in the
ratios (a) 60:3S:5 and (b) 35:60:5. II = Chloroform-methanol-water (65:25:4)'

PhospholiPids Two-dimensional system One-dimensional system

sec sec (borate)

b Ia Ib Ia Ib

Cardiolipin 0.91 0·94 0.91 0·95
Phosphatidic acid 0·77 0.71 0·73 0.7 1
Phosphatidyl ethanolami~e 0.65 0.60 0.60 0.60
Phosphatidyl serine 0.20 0-47 0.14 0.15
Phosphatidyl choline 0.36 0.36 0·35 0.30
Phosphatidyl inositol 0.30 0.64 0.17 0.66
Lysophosphatidyl choline 0·14 0.09 0.09 0.09

j. Chromatog., 45 (1969) 326-328

sec sec (borate)

II II

0·92 0.91

0.83 0.75
0-40 0·35
0.60 0.53
0.30 0.24
0.23 0.13
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ammonium hydroxide (60: 35: 5) was used, while for the second dimension the system
was chloroform-methanol-7 N ammonium hydroxide (35: 60: 5). "Vith both solvent
systems the buffered borate plates gave improved resolution of the phospholipid with
less streaking and diffusion. This improved resolution enables one to separate quanti­
tatively up to zoo pg of each of seven phospholipids. Total phospholipids were de­
tected by immersing the entire plate in a closed container with iodine crystals and
iodine vapors. Ninhydrin spray was used to detect amino nitrogen groups6, and acid
molybdate for phosphate?, anthrone and diphenylamine6for glycolipid and Chargaff's
reagent for choline6.

Table I shows the RF values (distance of center of spot from starting point
divided by distance of solvent front from starting point) of seven phospholipids
separated by the two-dimensional system and six phospholipids separated by the one­
dimensional system. Figs. I and z show the comparison of thin-layer plates with the
two-dimensional system only.
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Fig. 1. Thin-layer chromatogram of phospholipid standards on Silica Gel G. The developing
solvent in the first direction was chloroform-methanol-7 N ammonium hydroxide (60 :35 :5) and
in the second, the ratio of the same solvent was 35:60:5. 0 = origin; LPC = lysophosphatidyl
choline; PS = phosphatidyl serine; PC = phosphatidyl choline; PI = phosphatidyl inositol;
PE = phosphatidyl ethanolamine; PA = phosphatidic acid; and C = cardiolipin.

Fig. 2. Thin-layer chromatogram of phospholipid standards on Silica Gel G in borate buffer at
pH 8. The developing solvent in the first direction was chloroform-methanol-7 N ammonium
hydroxide (60: 35: 5) and in the second, the ratio of the same solvents was 35: 60: 5. For abbrevia­
tions, see the legend to Fig. I.

It may be seen from Table I that the plates buffered at pH 8 with borate buffer
give better separation than those not bufiered with both solvent systems for phos­
phatidyl serine, phosphatidyl inositol, and phosphatidyl choline. As shown on the
tracings of the thin-layer plates (Figs. I and z), much less diffusion of the spots occurs
under conditions of borate buffering. This was confirmed by doing a recovery experi­
ment. Samples of zoo pg of each phospholipid were applied to these plates and the
phospholipids separated by the two-dimensional system. The spots were recovered

]. Chromatog., 45 (I969) 326-328
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from the plates and analyzed for lipids and phosphorus9. Calculation revealed that
95 % of the starting material was recovered.

An additional benefit of this method is that the complex mixture of phospho­
lipids extracted from bacteria could be separated without the use of previous column
separation and on a single plate. Other procedures required prior purification of the
extract before adequate resolution could be obtained on the plates.

This work was supported by National Science Foundation grant GB-8383 and
Public Health Service research grant AIro7247 from the National Institute of Allergy
and Infectious Diseases.
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CHROM·4348

Determination of inorganic radioiodide in l311-labelled compounds by means
of thin-layer chromatography

Organic compounds labelled with a radioiodide for use in medical diagnosis or
therapy generally contain inorganic radioiodide as their main impurity. According to
current regulations, the radioiodide content should never exceed 5 %.

Several techniques are used for the determination of inorganic radioiodide,
viz. paper chromatography, paper electrophoresis, thin-layer chromatography, pre­
cipitation, thin-layer electrophoresis, etc. Several authors, pharmacopeias, Atomic
Energy Commissions and commercial firms such as Squibb, Abbott, Amersham,
Hoechst, etc. have published on this topiC1- 1O .

Using thin-layer chromatographyll-12, we have devised a method for separating
radioiodide from organic molecules13- 16 • We have tried to reduce the development
time of the chromatogram and looked for readily available solvents for use with most
of these compounds; I N hydrochloric acid was found to be the most suitable.

J. Chromatog., 45 (1969) 328-330
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Chromatograms were prepared by us on glass plates using Silica Gel G (Merck); the
chromatogram was developed at ambient temperature and the substances localized
by chemical and autoradiographic means. Quantitative determinations were made
with a model 7200 Packard Radioscanner, which is capable of detecting 0.5 % radio­
iodide concentrations.

Experimental
Ascending chromatography was carried out on Silica Gel G (Merck), 250 ft, using

I N HCI as the solvent. The development was I5 min. The R p value of the radio iodide
was 0.98-1.00.

Table I lists the 131I-Iabelled organic compounds chromatographed with this
solvent and the corresponding RF values.

Fig. I shows the clear separation of the labelled substances from the inorganic
radioiodides.

TABLE I

R p VALUES OF 131I-LABELLED SUBSTANCES

No. l:llI -labelled substance R p value

p-Aminohippuric acid 0.0

2 Diphenylhydantoin 0.0

3 "Hypaque" sodium 0.0

4 Hippuran 0.25

5 " Urografin" 0.0

6 Albumin 0.0

7 Eose Bengal 0.0

8 " Biligrafin" 0.0

9 " Alilinulina" 0.0

10 Insulin 0.0

II 'ISH 0.0

12 Sodium iodothalamate 0.04

13 "Diprocon" 0.3 6

14 Bromosulphalein 0.0

15 Iododeoxyuridine 0.0

16 Chlorambucil 0.0

17 Iodoform 0.0

18 y-Globulin 0.0

19 Congo Eed 0.0

20 "Cystokon" 0.0

21 "Telepaque" 0.0

22 Iodoantipirine 0.0

23 Fibrinogen 0.0

24 Bilirubin 0.0

25 Biliverdine 0.0

26 H.G.H. 0.0

J. Chromatog., 45 (196 9) 3 28-330
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The method is considered suitable for rapid control procedures at the plant and
in situations where it is not easy to obtain various chromatographically pure solvents.

Note
When the experiments are repeated under the same conditions but using glass

fibre (ITLC), the displacement times are reduced from IS min to 3 min for the same
distance.
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CHRmI. 4360

lon-exchange adsorption of radionuclides by ferrocyanide molybdate

33 r

A number of compounds containing ferrocyanide show selective adsorption of
radionuclides, especially of 137CS (refs. r-r9) and some, therefore, have been used
for selective adsorption of cesium from a mixture of radionuclides. BAETSLE et al.
investigated the relationship between the MojFe ratio in "ferrocyanide molybdate
(FeMo)" and the mixing ratio of the starting materials. They clarified the crystallo­
graphic structure, and they also determined the ion-exchange behavior and some
column characteristics of FeMo for several radionuclides20 - 23 .

In work on the preparation of zinc ferrocyanide, it was found that the composi­
tion and ion-exchange behavior of a ferrocyanide were greatly dependent on the
mixing ratio of the starting materials. This tendency was also observed in the prepa­
ration of nickel or copper ferrocyanide. In order to confirm the existence of such
correlations among the compounds containing ferrocyanide, we prepared three
varieties of FeMo by varying the mixing ratio of the starting materials. One of them
(No.3) was found to be hardly soluble in water, permitting adsorption of radionuclides
in aqueous media.

In the present paper the following studies are reported: (r) comparison of the
solubility or adsorption behavior of three adsorbents, (2) relationship between the
distribution coefficient of No. 3 and nitric acid concentrations, (3) variation of
adsorption behavior of NO.3 with or without addition of concentrated salts, (4) ad­
sorption behavior of several radionuclides for NO.3 in sea water, and (5) isolation of
137CS from sea water containing 85Sr , 144Ce, 137CS, etc. through the column studies.

Experimental
Preparation of adsorbent. Three varieties of adsorbents were prepared by adding

0.2 M Na2MoOc o-4 iVI HCl to 0.2 M Na4Fe(CN)6-0-4 M HCl in the mole ratios of
O.I,r, and 8 to r, respectively. The resulting precipitates were numbered in series:
adsorbent No. I, NO.2 and NO.3. The adsorbents were ground, dry-sieved through
a 200-300 mesh sieve, and used for batch equilibrium studies. Adsorbent No. 3
sieved through a 50-roo mesh sieve, was used for column studies. The adsorbents
were analyzed by the method reported by BAETSLE et al. 21 .

Batch equilibrium studies. Distribution coefficients (mljg), Ka, of radionuclides
were determined by batch equilibrium studies. 0.1 g of adsorbent was weighed in a glass­
stoppered test tube to which 5 ml of a desired solution containing a radionuclide were
added. After a given period of agitation at 25.0 ± 0.5°, the mixture was centrifuged at
8000 g for I min and the radioactivity in 2 ml of the supernatant was counted
using a conventional well-type scintillation counter.

Column studies. Seven grams of adsorbent were slurried with about 70 ml of
0.1 M nitric acid and poured into a conventional glass column (I.D. I cm), pulled to
a tip and plugged with glass wool at the outlet. The resultant bed was usually ro cm
high. Adsorption and elution were run at a flow rate of 5 mljmin.

All reagents used in the experiment were of reagent grade.

Results and discussion
Comparison of three adsorbents. The MojFe ratio of adsorbent NO·3 was 3-4,

j. Chromatog., 45 (1969) 331-335
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Fig. 1. Dependence of J{a values on the shaking time. 0-0, J{a values in dioxane-water (r: r);
£:,-£:" J{a values in water.

Fig. 2. Dependence of K a values for several radionuclides on the concentrations of nitric acid.

which is lower than that reported by BAETSLE et al. 21 . No. I and 2, which were
water soluble, could not yield the reliable analytical values. NO.3 was hardly soluble
in water. The solubilities of No. I and 2 were decreased by adding an equal volume
of dioxane to the aqueous phase. The Ka values increased when the shaking time was
increased, with the equilibrium attained at 30 min (cf. Fig. I). At equilibrium, the
Ka values decreased in the following order: NO.3> No.2> No. 1. Since NO.3 was
hardly soluble in water, it was used for the subsequent batch and the column studies.
In an aqueous medium, the adsorption equilibrium for 137CS was attained at 10 min.

I !

eFts 432
-log concentration (M)

Fig. 3. Dependence of J{a values for the radionuclides on their concentrations in the initial solution.
CF = radionuclides without addition of the carriers.
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Subsequent batch equilibrium studies were, therefore, carried out by shaking for
10 min.

Distriblttion coefficients of NO.3 and nitric acid concentrations. The dependence
of the Ka values for 137CS, 59Fe(III), 144Ce(III), 60CO, 85Sr and 95Zr (IV) on the con­
centrations of nitric acid is shown in Fig. 2. The individual points are an average
value of 4-6 determinations. The slope is -I for Cs/R, -2 for Co(II)/H and Sr(II)/H,
and -3 for Fe(III)/H and Ce(III)/H over the concentration range from around 0.1

to 2 11'l nitric acid. The observed slopes of 137CS and 85Sr are almost consistent with
those reported by HGYS AND BAETSLE20. The decrease in Ka values for 95Zr (IV)
observed for the lower range of nitric acid concentration might be due to the hydrol­
ysis in the solution. Fig. 3 shows the dependence of Ka values for the radionuclides
on their concentrations in the initial solution. The Ka values for the radionuclides
(carrier-free) remain almost unchanged over the concentration range not exceeding
ion-exchange capacity, indicating that the observed Ka values of the radionuclides
are due to their own ion-exchange affinities. In the concentration range from around
0.1 to 2 AI nitric acid, the dependence in Fig. 2 suggests that these radionuclides are
adsorbed by an ion-exchange mechanism.

TABLE I

INFLUENCE OF THE ADDITlOK OF CONCENTRATED SALTS ON THE DISTRlBUTlOK COEFFICIENTS

Nuclide Distribution coefficient

o.Il'd O.I Nl HN03 + O.I 1'vl HN03 + HN0 3 +
HN0 3 0·5 11'l NH.No 3 a 0.5 jill NaCla sea waterb

59Fe 3 X 104 7 X 102 Z X Ia:~ X 103

60CO
5 X 103 Z X 102 4 X 102 X 102

65Zn 3 X 10' Z X 10:) 3 X 103
4 X 103

S5Sr z X 103 < 1 5 4
95Zr I X 103 Z X 102

5 X 102 7 X 10

IJ6RuNO 7 5
144Ce 4 X 10' < I Z X 10 1 X 10
l:l7CS 5 X 10' 3 X 102 8 X 103 5 X 103

a Dissolution of NH4N03 or NaCI in 0.1 M HN03 to make 0.5 jill solutions.
b Addition of HN03 to sea water up to a molar concentration of 0.1.

Distribution coefficients of NO.3 in concentrated salt solutions. Table I shows the
variation in Ka values for several radionuclides on addition of concentrated salts to
0.1 M nitric acid. The Ka values for 85Sr or 14'Ce decrease markedly on addition of
these salts to a much larger extent than expected from mutual exchange of ammonium
or sodium ions. The reason for these decreases probably lies partly in the interaction
of 85Sr or 144Ce and the concentrated salts. The extent of the decrease in Ka values
on addition of sodium chloride is less than that on addition of ammonium nitrate.
Such a minor decrease in sodium chloride may be due to the fact that the ion-exchange
affinity of the adsorbent for sodium ions is lower than that for ammonium ions.

In the case of sea water, Ka values for 59Fe, 60CO and 137CS are considerably
higher than those for 85Sr , 106RuNO and 144Ce. The Ka values for these radionuclides
in sea water are nearly equal to those in 0.5 M sodium chloride. The concentration
of sodium chloride in sea water corresponds to about 0.5 ]\Il (ref. 24). In sea water,
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the amount of sodium chloride is dominant over all the other components: magnesium,
calcium, potassium, strontium, aluminum, organic materials, etc. The finding that
the Ka values for the radionuc1ides in sea water are nearly coincident with those in
0.5 M sodium chloride may be explained by the fact that the radionuc1ides in extreme
minority are governed by an ion-exchange property of the ferrocyanide molybdate
without suffering any disturbance from the coexisting materials in large quantity.
As stated above, it is noteworthy that the Ka values for 85Sr or 144Ce decreased marked­
lyon addition of the concentrated salts. Such a decrease could not be observed when
using any other compounds containing ferrocyanide such as potassium', cobalt,
nickel, zinc, sodium, or potassium zinc ferrocyanide. It may, therefore, be considered
to be the characteristic adsorption behavior of the ferrocyanide molybdate.

Isolation of 137Cs from a mixture of radionuclides in sea water. When 1 I of sea
water spiked with 85Sr, 144Ce and 137CS was passed through a column (1 X 10 cm), the
spiked 137CS was quantitatively adsorbed by the column and a large portion of 35Sr
and 144Ce(go %) passed through. The 85Sr and 144Ce retained were eluted with 50 ml
of 1111 ammonium nitrate-o.l 111 nitric acid solution. The adsorbed 137CS was eluted
by 4 M ammonium nitrate-4 M nitric acid solution (Fig. 4). The maximum activity

1+----- 5 •• E1 ------ E2 -

70

50

1150

Fig. 4- Isolation of 137CS in sea water containing 85Sr , l"Ce and 137CS. S = sea water containing
85Sr , l"Ce and 137CS; £1 = I lW NH.N03-0. I M HN03; £2 = 4 lW NH.N03-4 IvI HN03. Column,
I X 10 em, 50-100 mesh.

was obtained at 30 ml of the effluent. From the whole effluent of 100 ml, 137CS was
recovered quantitatively. The y-ray spectra characterization showed that the 137CS
effluent was not contaminated by 85Sr and 144Ce. 59Fe and 60CO were added to the
above-mentioned sea water which was allowed to pass through the column, followed
by the elution of 85Sr and 144Ce by the same procedure as mentioned above. 59Fe and
60CO along with 137CS adsorbed by the column were eluted with 4 11!J. ammonium
nitrate-4 M nitric acid solution. When these radionuclides were eluted immediately
after adsorption, 137CS was recovered by about 100 %, 59Fe by 60 % and 60CO by 70 %.
After standing for more than one day, recovery of 137CS remained the same, but a
large portion of the adsorbed 59Fe and 60CO could not be eluted. Such poor recoveries
may be ascribed to an isotopic exchange or an isotopic displacement occurring between
the adsorbent and 59Fe or 60CO. Behavior of 106RuNO toward the column was similar
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to that of 144Ce or 85Sr , i.e., the large portion was not adsorbed and the adsorbed
fraction was capable of eluting with I AI ammonium nitrate-o.1 j\![ nitric acid solution.
Behavior of 95Zr in the form of zirconium fluoride was also identical to that of 144Ce,
S5Sr or l06RuNO, provided that it was applied in the form of zirconium fluoride.

The authors are indebted to Dr. MASAMI IZAwA for his invaluable advice and
encouragement. We are also indebted to Mr. YASUSHI OAMI for his cooperation in
carrying out this study.

Chem·istry Division, National Institute of Radiological Sciences,
9-/, 4-chome, Anagawa, Chiba-shi (Japan)
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Chromatography, edited by D. R. BROWNING, a volume in Instrumental lVIethods
Series, McGraw-Hill, Maidenhead, 1969, 151 pp., price 32 s.

The editor has endeavoured, in about ISO pages, to provide an introduction to
chromatography for students and practising chemists. Seven authors have contributed
eight chapters, entitled principles of chromatography (II pages), column chromato­
graphy (18), paper chromatography (16), thin-layer chromatography (28), gas
chromatography (30), ion-exchange chromatography (16), zone electrophoresis (16)
and gel permeation chromatography (9).

Most topics which are relevant to the practice of chromatography are included,
though the depth of treatment varies considerably. The most disappointing omission
from the book is any mention of the techniques and potential of the new high-speed
high-efficiency column chromatography; space is, however, found for zone electro­
phoresis.

Most chapters give, in their different ways, a reasonable, elementary intro­
duction to their subject. The chapter on thin-layer chromatography gives a lot of
information about commercial sources of equipment and materials whereas the other
chapters, to their detriment for a novice audience, give little.

The main impression the reviewer gained from this book was of a lack of
editorial control. This shows up in the variations in treatment of the different topics
noted above, the absence of uniformity over, for example, application of the different
techniques (some chapters deal with this explicitly, others only incidentally). Compare
too the detail of the TLC chapter with the brief, well-written but rather advanced
discussion of gel permeation. Other minor irritations occur like the appearance of
wrong initials for famous chromatographers in the references sections; why should
the TLC chapter alone exclude author initials from its references?

Altogether, this is a disappointing book, badly edited and not particularly
readable nor likely to induce enthusiasm in beginners.

Esso Research Centre, Abingdon, Berks. (Great Britain)
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Electrophoresis by D. J. SHAW, Academic Press, London and New York, 1969, 144 pp.,
price 35 s.

In the words of the author, "This book presents an introduction to the principles,
methods and applications of the various forms of electrophoresis (micro-, moving
boundary and zone) and a short account of the related phenomena of electro-osmosis
and streaming potential". To the general reader the author has succeeded in his aim
but the specialist and potential specialist will wish to peruse more comprehensive
texts.

Interest for readers of this Journal is restricted mainly to the thirty-two pages
devoted to zone electrophoresis, but despite such restricted coverage in terms of space,
the chapter on the technique forms an excellent and reasonably up-to-date intro­
ductory essay. Users of zone electrophoresis will, by their wider interests, profit by
perusal of much of the rest of the book, particularly with regard to those sections
concerned with the application of microelectrophoresis to the study of cell surfaces
and colloid stability.

For a book concerned with the wider view of electrophoresis, the section con­
cerned with practical applications of particle electrophoretic studies is too restricted
to be of value. With the technological importance of the fields mentioned, particularly
electrophoretic deposition, the book would have been richer by the inclusion of a
full chapter devoted to such applications.

The book is attractive in format with generous use of clear, easy to follow
figures, and has adequate subject and author indexes.

University oj Wales, Institute oj Science and Technology,
Cardiff (Great Britain)

CHROM·4384

J. D. R. THOMAS

Purification oj Inorganic and Organic J\!Iaterials - Techniques ojFractional Solidification,
edited by MORRIS ZIEF, M. Dekker, New York, 1969,318 pp., price $ IJ.75.

Readers of this journal are likely to be specialists in the field of gas chromato­
graphy and will no doubt turn first to Chapter 6 on gas-liquid chromatography.
If they feel, on reading it, that they have learned little, this is an indication of their
own expertise and no reflection at all on the competence of Roy A. KELLER, who has
produced an admirable monograph within his allotted space.

The book is not, of course, intended for the expert in gas chromatography, nor
for that matter in any of several refined analytical techniques that form the subject
of its first few chapters. It is, in fact, exactly what its title suggests, an account of
fractional solidification techniques and these are exemplified by their application to a
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dozen or so organic and inorganic compounds. Although these are substances of
considerable intrinsic importance (they include, for example, anthracene, indium
antimonide, alkali halides and benzoic acid) it is the chapters on general methods
which are likely to be of the greatest utility.

The book is really an extension of Fractional Solidification by M. ZIEF AND W.
\tVILCOX, which includes some basic theory on solidification processes and the mono­
graphs in the present volume contain only a minimum of mathematics. The purifica­
tion methods described are mostly based on zone melting and three of them are
primarily of interest for the novel heating methods employed (radio-frequency,
electron beam and gas discharge). For the organic chemist, the chapters on the purifi­
cation of aromatic amines and of dienes, and those on the purification of organic
compounds (one of them on a kilogram scale) are of considerable value and the
excellent account of the "Freezing Staircase" technique by C. P. SAYLOR deserves
special mention.

In the introduction to Chapter I, C. L. GRANT rightly points out that the demand
for materials of high purity is necessarily accompanied by a need for methods of de­
tecting and measuring impurities at very low levels and appropriately, the other
chapters in the first part of the book deal with such methods. Most of them are
spectrometric but they also include gas chromatography, differential thermal analysis
and electrical resistance ratio measurement.

To the gas chromatographer the most stimulating chapter is probably that on
the concentration of flavours at low temperatures. The technique consists in extracting
the material under investigation into a solvent such as very pure benzene and con­
centrating the sample by re-using solvent in a pure crystalline form. The combination
of this procedure with gas chromatography is obviously a powerful tool in the study
of natural flavourings.

The book concludes appropriately with a chapter on the choice of containers
for pure materials.

To sum up, this book is a useful source of practical information on the purifi­
cation of fusible organic and inorganic solids and in conjunction with its predecessor
should find a place in every laboratory concerned with the preparation of highly
pure materials. The editor is to be congratulated on the high standard and clarity of
his contributors and the book is well printed and produced.

May and Baker Ltd., Dagenham (Great Eritain)
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A HJPAC-Symposium on Cycloaddition Reactions will take place in Munich,
Germany, September 7-10, 1970. The following plenary lecturers have accepted the
invitation of the programme committee (R. GOMPPER, R. HUISGEN, J. SAUER):

P. D. BARTLETT, Harvard University (Cambridge, U.S.A.), Some Borderline
Cases in Cycloaddition.

H. BESTIAN, Farbwerke Hoechst AG, (Frankfurt/M., G.F.R.), Cycloadditionen
mit Sulfonylisocyanaten.

C. S. FOOTE, University of California (Los Angeles, U.S.A.), ·Mechanisms of
Addition of Singlet Oxygen to Olefins and Other Substrates.

G. M. J. SCHMIDT, Weizman Institute (Rehovoth, Israel), Photodimerisationen
im festen Zustand.

P. S. SKELL, Pennsylvania State University (University Park, Pa. U.S.A.),
Topic follows.

N. J. TURRO, Columbia University (New York, U.S.A.) Cycloaddition Reactions
of Carbonyl Compounds Possessing High Energy Content.

G. WILKE, Max-Planck-Institut filr Kohleforschung (Millheim/Ruhr, G.F.R.),
Cycloadditionen unter dem Einfluss von Ubergangsmetallen.

R. B. WOODWARD, Harvard University (Cambridge, Mass., U.S.A.), Orbital
Symmetry Correlations in Cycloadditions.

Colleagues interested to submit a discussion paper or to take part in the Sym­
posium should ask for further material until December 31, 1969 at Dr. W. FRITSCHE,
Gesellschaft Deutscher Chemiker, 6000 Frankfurt/iVI., Postfach II9075 (G.F.R.).

ANALYTICA 70

I nternationale F achausstellung fur Biochemische Analyse - 29. April bis 2. M ai I970.

1m Frilhjahr 1968 fand erstmals in Milnchen eine Internationale Fachausstel­
lung filr biochemische Analyse -die ANALYTICA 68 -statt. Etwas tiber 5000 Fachleute
besuchten diese Fachausstellung, an der sich 90 Aussteller aus neun Landern Europas
beteiligten. Gleichzeitig fand eine internationale Tagung Biochemische Analytik statt,
zu der 800 Teilnehmer aus 17 Landern Europas und aus Ubersee nach Milnchen kamen.

Auf Anregung der Aussteller, die zum weitaus ilberwiegenden Teil mit dem
Ergebnis ihrer Beteiligung an der ANALYTIC<\ 68 zufrieden waren, haben sich der
Fachbeirat der ANALYTICA und die MMG filr eine Wiederholung dieser Fachveran-
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staltung im zweijahrigen Turnus entschlossen. Die ANALYTICA 70 findet nunmehr vom
29·, April bis 2. Mai 1970 statt. Gleichzeitig mit der ANALYTICA 70 wird wiederum eine
wissenschaftliche Tagung unter dem Thema Biochemische Analytik durchgeftihrt, auf
der international anerkannte Wissenschaftler sprechen werden. Neben Referaten und
Praktika zu den einzelnen Themen, wie beispielsweise, Trennung von Zellkompo­
nenten, Bedeutung und Messen von Ultrakurzzeitreaktionen in der Biochemie und
Mikrospektrophotometrie, ist auch ein Symposium zum Thema Analytische Probleme
in der Pharmakokinetik vorgesehen.

Der Rahmen der Biochemischen Analytik ist allerdings wesentlich weiter ge­
fasst. Er reicht z.B. von der tiiglichen Arbeit im Krankenhauslabor tiber die Erfor­
schung der Wirkung und des Stoffwechsels der Arzneimittel bis zur Arbeit an neuen
Erkenntnissen tiber die biochemischen Grundlagen des Lebens. AIle dazu notwen­
digen Reagenzien und Geriite bis zu den Grossgeraten und Computern werden auf der
Fachausstellung ANALYTICA 70 zu finden sein. Die Aussteller werden wie bei der
vorhergehenden Veranstaltung im Jahre 1968 wieder an ihren Geraten mit den in der
biochemischen Analytik tiitigen Wissenschaftlern ausftihrliche Fachgesprache fti.hren
konnen.

Auskunft tiber die Fachausstellung ANALYTICA 70: Mtinchener Messe- und Aus­
stellungsgesellschaft mbH., 8 Mtinchen 12, Theresienhohe 13, Postfach 200, B.R.D.
Telefon: (08II) 767II, Telex: 05-212086, TA: AMEG.

Manufacturers' Literature

The Gas-Chrom Newsletter, May 1969, was received some little time ago but
contains some pertinent information on the BF3-propanol esterification kit, a simple
hydrogenator, pretested OV-225 on Gas-Chrom Q, and amine analysis using Penn­
walt 223. Mention is also made to the book published by Dr. C. W. GEHRKE and
coworkers on amino acid analysis.

Pesticide analysis

An information bulletin Analytical Liquid Chromatography, The Useful Approach
to Pesticide Analysis, by D. F. HORGAN, W. A. DARK AND K. J. BOMBAUGH has been
published by Waters Associates. The paper describes the liquid chromatography
separation techniques for a variety of pesticides. Detectability, resolution, and effect
of sample load in residue analysis are also discussed.

Polymer analysis

The proceedings of the 5th and 6th International Gel Permeation Seminars are
now available. These volumes discuss the theory, practical applications and computer
resolution of the gel permeation technique.

For further information apply to the publisher under reference No. Chromo
N-246.

j. Chromatog., 45 (1969) 339-340



JOURNAL OF CHROMATOGRAPHY

CHROM·440 4

ANALYSIS OF a-HYDROXY KETONES BY GAS CHROMATOGRAPHY

PENTTI EONKAINEN AND SAAR;\ BRUMMER

Research Laboratories of the State Alcohol Nlonopoly (Alko), Helsinki IQ (Finland)

(Eeceivecl September 25th, 1969)

--------

341

SUMMARY

a-Hydroxy ketones, acetoin and 3-hydroxy-z-pentanone have been isolated
from an alcohol-water solution as their z,4-dinitrophenylhydrazones, and the latter
converted in acid solution to the corresponding vicinal diketones by water-steam
distillation. Analysis of the diketones formed has been effected by head-space gas
chromatography of the distillate by means of an electron-capture detector.

INTRODUCTION

The closely related compounds, diacetyl (Z,3-butanedione), acetoin (3-hydroxy­
z-butanone), Z,3-butanediol and z-aceto-z-hydroxylactic acid, appear in fermentation
solutions, in addition to smaller amounts of their next higher homologues. Gas chroma­
tographic methods have been developed for the analysis of diketonesl - 3 , glycols4 and
z-aceto-z-hydroxycarboxylic acids5 but gas chromatography has only occasionally
been used for the analysis of a-hydroxy ketones6 .

The analysis of acetoin by gravimetric7- 9 and colorimetric10 methods has been
based upon the formation of coloured metallic salts of dimethylglyoxime after the
oxidation of acetoin to diacetyl, and other colorimetric methods rely upon the colour
reaction between diacetyl and creatinell ,12, or between diacetyl and chromotropic
acid13 . The estimated quantity of acetoin is the sum of the a-hydroxy ketones present.

A method is presented here for the analysis of acetoin and 3-hydroxy-z-pen­
tanone, separately, by gas chromatography, after the isolation of these compounds.
from an alcohol-water solution as z,4-dinitrophenylhydrazones.

MATERIAL AND METHODS'

Preparation of 2,4-dinitrophenylhydrazones of a-hydroxy ketones
The z,4-dinitrophenylhydrazone of acetoin was prepared both from the dimeric

acetoiQ (research chemical, Aldrich Chemical Co., Inc., Milwaukee 10, Wise., U.S.A.)
and z-acetolactic acid (synthesised by the KRAMPITZ'S method14). In the former case,
100 mg of crystals of dimeric acetoin were first washed with diethyl ether and after
drying, were dissolved in a small amount of water. For precipitation, 100 ml of
z,4-dinitrophenylhydrazine (analar, BDH Ltd., Poole, Great Britain) reagent solu­
tion (z.5 g of reagent/looo ml z N HCl) were added. The solution was saturated with
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Na2S04 • IO H 20 (guaranteed reagent, E. Merck AG., Darmstadt, Germany) to mini­
mise the solubility of the hydrazone; after the solution had been allowed to stand
at 4° overnight, the precipitate formed was filtered, washed with water, and recrystal­
lised twice from an alcohol-water (I: I) mixture (m.p. I07°).

For the preparation of the acetoin hydrazone from z-acetolactic acid, the ester
derivative of the latter, z-aceto-z-acetoxypropionic acid ethyl ester, was synthesised
by the KRAMPITZ'S method14. A sample of IOO mg of the ester was dissolved in 14 ml
of O.I N NaOH solution, and hydrolysed at 40° for I h. The liberated acetolactic acid
was decarboxylated by means of IO ml of 9 1\II H 2S04 solution, and the solution was
kept at 40° for z h and then neutralised with solid NaHC0 3 (guaranteed reagent,
E. Merck AG., Darmstadt, Germany). The precipitation and recrystallisation of z,4­
dinitrophenylhydrazone of acetoin were effected as described above (m.p. I06°).

The z,4-dinitrophenylhydrazone of 3-hydroxy-z-pentanone was prepared from
the ethyl ester of z-aceto-z-acetoxybutyric acid synthesised by KRAMPITZ'S method
(cf. ref. 5); the same procedures as above then being employed, viz. hydrolysation,
decarboxylation, precipitation and recrystallisation (m.p. 98°).

I solation of 2,4-dinitrophenylhydrazones of rx-hydroxy ketones from diluted alcohol-water
solution by adsorption

In cases where the concentrations of rx-hydroxy ketones are no more than some
tens of milligrammes per litre or less, the isolation of their hydrazones by precipitation'
is difficult, because of the solubility of the rx-hydroxy ketone hydrazones. The ad­
sorption method15 developed earlier, with some slight modification, can be used. A
model solution of acetoin and 3-hydroxy-z-pentanone was prepared from the syn­
thesised z-aceto-z-hydroxycarboxylic acid derivatives mentioned above. For this
purpose, ro-1 mmole (zo.z mg) of z-aceto-z-acetoxypropionic acid ethyl ester, and
z.5· IO-2 mmole (SA mg) of z-aceto-z-acetoxybutyric acid ethyl ester were dissolved
in 4 ml of O.I N NaOH solution, and hydrolysed at 40° for I h. After acidification with
z.5 ml of 9 lYI H 2S04 , the solution was kept at 40° for z h during which time, the
acetohydroxy acids were decarboxylated. The volume of the solution was adjusted
to IO ml with water, and used as the base solution of rx-hydroxy ketones. A sample
of I ml of the base solution (containing IO-2 mmole, or 0.88 mg of acetoin and z.5· IO-3

mmole, or 0.z5 mg of 3-hydroxy-z-pentanone) was dissolved in IOO ml of 5 % ethanol­
water mixture; in another parallel experiment 50 ,ul of z,3-butanediol (puriss., Fluka
AG., Buchs, Switzerland) was added to clarify its possible influence upon the analysis
of rx-hydroxy ketones. The solutions of z,4-dinitrophenylhydrazine reagent and con­
centrated hydrochloric acid (guaranteed reagent, E. Merck AG., Darmstadt, Germany)
were added in the proportions of IOO ml and 30 ml respectively. The solutions were
mixed with a magnetic stirrer overnight at 4°. For precipitation of the excess of
reagent present, the solutions were neutralised with solid NaHC0 3 , and the precipitate
formed was filtered off. For the isolation of rx-hydroxy ketone hydrazones from the
solutions, 3 g of activated carbon (Dargo Grade G-60, Atlas Chemical Industries, Inc.,
Wilmington, Del., U.S.A.) was added to the solutions and. mixed with a magnetic
stirrer for I h. Carbon was filtered in a glass filter crucible on a layer of z-4 mm of
Hyflo-Super-Cel (a Celite product, Johns-Manville, Lompoc, Calif., U.S.A.) and
washed with zoo ml of 94.5 wt. % ethanol (pure, Rajamaki Factories of the Finnish
State Alcohof Monopoly, Rajamaki, Finland), and zoo ml of water.
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Conversion of 2,4-dinitrophenylhydrazones of a-hydroxy ketones to diketones
For conversion of the a-hydroxy ketone hydrazones adsorbed on the carbon to

the corresponding diketones, the carbon was transferred into a micro steam-distil­
lation apparatus and 4 ml of a mixture (I: I) of water and concentrated H 2S04(guaran­
teed reagent, E. Merck AG., Darmstadt, Germany), and 100 mg of z-oxoglutaric acid
(for biochemistry, E. Merck AG., Darmstadt, Germany) were added. The mixture was
distilled with water-steam until the amount of distillate was 100 ml. During the
distillation, the a-hydroxy ketones were liberated and oxidised to the corresponding
vicinal diketones; these were collected in the distillate.

Experiments to convert a-hydroxy ketone hydrazones to diketones were also
made with pure (precipitated and recrystallised) zA-dinitrophenylhydrazones of
acetoin and 3-hydroxy-z-pentanone. A solution of these hydrazones was made by
dissolving 10-1 mmole (z6.8 mg) of acetoin hydrazone and Z.5· 10-2 mmole (7.0 mg)
of 3-hydroxy-z-pentanone hydrazone in 40 ml of a mixture (I: I) of concentrated
sulphuric acid and water. A part of this solution (4 ml) was transferred into the micro
steam-distillation apparatus mentioned above, and distilled with water-steam in the
presence of z-oxoglutaric acid (100 mg) until the amount of distillate was 100 ml.

A nalysis of the steam distillates
During the distillation of a mixture of activated carbon and sulphuric acid

solution, traces of S02 can be formed, therefore zoo ,ul of acetaldehyde (for synthesis,
E. Merck AG., Darmstadt, Germany) was added to each distillate (100 ml) and mixed
in thoroughly for the liberation of diketones (cf. ref. 3) in the distillate possibly con­
verted to non-volatile sulphites. z4 ml vessels (Fig. I) were filled to the top with the
steam distillates. The flasks were provided with magnetic stirrers, and sealed with
membranes of silicone rubber. Each flask was connected to an empty flask by an
injection needle and a silicone rubber capillary tube, and each pair, filled and empty,
was placed in a water bath at 40°. After the flask had stood for IS min in the bath,
10 ml of air was injected into the filled flask (Fig. I). The solution in the flasks was

e d

o

Fig. I. Sampling system. a = "Vater manometer; b = magnetic stirrer; c = constant tempera­
ture bath; d = syringe for head-space sampling; e = syringe for pressure regulation.
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stirred magnetically for another 15 min, and 2-ml aliquots of the gas phase in the
head space of the sampling flask (Fig. I) were taken. The samples were analysed gas
chromatographically by a Perkin-Elmer F II apparatus. To preclude condensation,
the sampling syringe was warmed up 40° before sampling.

Conditions oj analysis. Electron capture detector, sensitivity for air peak 10 and
for diketone peaks 5; column length 2 m (glass), internal diameter 3 mm, filling ma~

1. AIR

2. ACETALDEHYDE

3. DIACETYL

4. Z,3-PENTANEDIONE

Q 5 10 MIN
... . eo· .. .; ..

10 -_ 5 -_ SENSITIVITY

Fig. 2. Head-space gas chromatograms of the steam distillates of acetoin and 3-hydroxy-2-pen­
tanone hydrazones adsorbed on carbon from the solution (upper) and of the equivalent reference
mixture of the corresponding pure hydrazones (lower).

terial (two liquid phases) approx. 30 cm packing of Celite 545 + diglycerol (20 wt. 'Yo)
and approx. 165 cm packing of Celite 545 + I,Z,3-tri(2-cyanoethoxy)propane (TCP)
(20 wt. 'Yo); carrier gas, nitrogen (99.999 'Yo), inlet pressure 0.7 kpjcm2, flow rate
52 mljmin.

RESULTS AND DISCUSSION

Fig. Z reproduces two gas chromatograms. The upper one illustrates vicinal
diketones produced during the steam distillation of ex-hydroxy ketone hydrazones
isolated from the solution by adsorption on carbon, and the lower the vicinal diketones
produced during the steam distillation of pure recrystallised hydrazones of ex-hydroxy
ketones. If the adsorption of ex-hydroxy ketone hydrazones from the solution on the
carbon, their subsequent separation from the carbon, and the conversion to diketones
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during the distillation had been complete, the corresponding diketone peaks in both
chromatograms should have been equal in size. To facilitate comparison, the peak
heights in the upper chromatogram are indicated by horizontal dotted lines crossing
the corresponding peaks for the same components in the reference, lower chromato­
gram. It can be seen that the peak heights of the diketones in the upper chromatogram
are about three quarters of those in the lower chromatogram, and consequently the iso­
lation and conversion procedures are not quite quantitative; nevertheless the method
gives reproducible results, and the peak heights change in relation to the change in
concentration of (X-hydroxy ketones. The two extra peaks, between the peaks of acet­
aldehyde and diacetyl in the upper chromatogram, are produced by influence of
activated carbon upon the sulphuric acid during the distillation.

2,3-Butanediol in the solution studied did not interfere with determination of
the (X-hydroxy ketones; the chromatogram was identical with that illustrated in the
upper chromatogram in Fig. 2.

Preliminary experiments have indicated that the method is suitable for the
study of fermentation solutions and beverages.
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SUMMARY

The colour reaction described produces conclusive positive and negative results
for the methacrylate and acrylate esters, respectively. However, the positive result
is not restricted to the methacrylate esters but is applicable to other compounds
examined, i.e. esters, amides, aromatic compounds, olefins, containing the CH 2=
=C(CH 3)- structure or the -CH=C(CH 3)- structure, where a conjugated situation
with another double bond occurs.

The colour reaction is readily applied as a gas chromatographic effluent test
but the limits of detection of the effluent tests are considerab]y greater than those of
an acceptable spot test and identification of minor compounds on pyrolysis is not
possible with this or other effluent tests.

INTRODUCTION

A colour reaction to distinguish polymers of methyl methacrylate from poly­
acrylates has been briefly noted by MANO l . The test as described requires the depoly­
merisation of approximately 0.5 g of polymer in a tube protected against loss of the
volatile degradation products. The monomer was diluted with several volumes of
concentrated sulphuric acid and gently heated to obtain a pale yellow coloured so­
lution. To the cooled solution was added half its volume of water and then zinc dust.
A blue colour immediately develops if methacrylates are present. This colour can be
layered to chloroform, the yellow colour not being extracted. When sodium nitrite
replaces zinc the same colour is obtained.

This test has been used with some success with polymers of n-alkyl methacry­
lates which depolymerise substantially to monomer although some anomalous be­
haviour nas bem observed, while attempts at using the reaction as a gas chromatogra­
phic elution procedure have been less successful.

In this paper the general applicability of this reaction with a variety of un­
saturated compounds experienced in polymers has been examined while the limits of
detection for use on an effluent test procedure in gas chromatography have been
determined.
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The reaction has been conducted essentially as described by MANO. Pyrolysis
was carried out carefully in a long test tube (6 X 3/8 in.) which acts as an air con­
denser such that possible absorption on filter paper was avoided.

The test was carried out in z X r/8 in. micro test tubes using one drop of pyro­
lysis product and two drops of concentrated nitric acid. Heating was rarely required,
a yellow-brown colouration normally being obtained on mixing. Zinc dust was re­
placed by a crystal of sodium nitrite, which was added to the acidic solution. In many
cases a pale green or blue colouration was obtained and layering in two drops of added
chloroform was essential to ensure that a positive test was obtained.

Gas chromatography was carried out using an F & 1'1 Model 8ro R-rg-zg Gas
Chromatograph employing simultaneous thermal conductivity and flame ionisation
detection equipped with a Leeds and Northrup twin-channel o-r mV Speedomax
Recorder. Pyrolysis was carried out using a Philips Curie Point Pyrolyser. The fol­
lowing operating conditions were used:

Columns: matched each IO ft. X r/4 in. a.D. aluminium packed with ro %
methyl silicone polymer SE-30 on 60-80 mesh acid-washed Celite 560.

Injection temperature: 200°.
Carrier gas: helium, inlet pressure 40 p.s.i., flow rate 60 ml/min.
Thermal conductivity detector: maintained at 200° with a bridge current of

zoo rnA.
Column temperature: isothermal operation at IOOo.

RESULTS AKD DISCUSSION

While only the n-alkyl methacrylate polymers depolymerise to yield substantial
yields of monomer the majority of polymers do produce some detectable monomer on
degradation of such a large-sized sample. As degradation is necessary the principal
studies have been concerned with monomers; many of the commercially available
acrylic esters have been examined and the reactions observed are shown in Table 1.
The reactions of a selection of unsaturated compounds which have structures similar
to that of the methacrylate esters are included in Table 1.

A strong positive test was observed with all of the methacrylate esters, while
conclusive negative results were observed with the acrylate esters and with other
monomers not possessing a methyl group on the a-carbon atom.

Several other compounds containing the structure CH 2 =C(CHa)- were examined
and each produced a positive result, i.e. methacrylamide, a-methylstyrene, isopropenyl
acetate, isobutylene, diisobutylme and z-methyl-r-pmtene.

Saturated derivatives of the methacrylate esters, the isobutyrates, i.e. methyl
isobutyrate, n-butyl isobutyrate and isobutyric 2.cid, yield respectively a green colour
not extracted by chloroform, a completely negative yellow solution and a blue colour
not extracted by chloroform.

Replacement of the a-methyl group of the methacrylate ester by a chain, i.e.
methyl a-ethylacrylate and methyl a-n-butylacrylate resulted in a negative test as
did an olefin of similar structure, i.e. z-ethyl-r-butene which produced a blue colour
that was not extractable.
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Compound Structure Colour
observed with
sodium
nitrate

Extracted
colour

Result

CH3

1

n-Butyl isobutyrate CH3-CH-COOC.H9 yellow yellow neg.

CH3

I
Isobutyric acid CH3-CH-COOH blue yellow neg.

CzHs
I

Methyl iX-ethylacrylate CHz=C-OOCH3 yellow yellow neg.

C.H9

I
Methyl iX-butylacrylate CHz=C-COOCH3 yellow yellow neg.

CH3 0
I II

4-Methyl-pent-3-en-2-one CH3-C=CH-C-CH3 blue blue pos.

CzHs
I

2-Ethyl-r-butene CHz=C-CH.-CH3 blue yellow neg.

CH3

I
Ethyl crotonate CH=CH-COOC2H 5 yellow yellow neg.

CH3

I
Isoamyl crotonate CH=CH-COOC5H u green yellow neg.

CH3 CH3

I I
3-Methyl-2-butenoic acid CH=C-CHz-COOH

CH3 0
I II

6-Methyl-hept-5-en-2-one CH3-C=CH-(CHz)z-C-CH3 yellow yellow neg.

CN
I

Acrylonitrile CHz=CH yellow yellow neg.

Divinyl benzene CHz=CH-C6H.-CH=CHz yellow yellow neg.

Ethyl vinyl ether CHz= CH-O-C,H5 yellow yellow neg.

CH 3/ .
Isobutylene CHz=C green green pos.

\
CH3

CH3 CH3

I 1

Diisobutylene CH, = C-CHz-C-CH3 blue green pos.

I
CH 3

a Appropriate substituent.
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With the methyl group on the ,B-carbon atom, i.e. ethyl and isoamyl crotonate,
yellow and green solutions were obtained but the colours were not transferred into
chloroform. With a methyl group on each side of the double bond, i.e. 3-methyl­
z-butenoic acid a green colour was observed but was not transferred into chloroform.
6-Methyl-hept-5-en-z-one with two methyl groups on the chain ends results in a
yellow solution while with 4-methyl-pent-3-en-z-one a positive result was obtained.

The results indicate that a positive reaction is not restricted to the methacrylate
esters but also can be obtained with the other compounds examined that contain the
CH z=C(CH3)- structure, i.e. ester, amide, aromatic compound and olefin. The pos­
sible anomaly with 4-methyl-pent-3-en-z-one may be explained by the presence of
a conjugated system between the olefinic double bond and the carbonyl group, while
with the two similar compounds, i.e. 3-methyl-z-butenoic acid and 6-methyl-hept-5­
en-z-one, one and two methylene groups separate the two double. bonds. The crotonates
are similar in structure to the anomalous compound in that a conjugated system
occurs but these produce negative results. The IX-carbon atom of the olefinic double
bond with the crotonates is not completely substituted and is apparently of im­
portance as all of the compound examined that produce positive results are of this
structure.

The limit of detection as an effluent test was determined firstly by injection of
methyl methacrylate monomer into the chromatograph. The effluent collector con­
sisted of an r/8 in. Swagelok nut screwed on to the exit of the thermal conductivity
detector and fitted with a silicone rubber septum through which passed a glass capil­
lary tube. Capillaries made from syringe needles of electroplated steel were unsuitable
as minor reaction with the nitric acid reagent produced a green colour. Using the
micro tubes as receivers a good positive test was obtained with 0.Z5 ,ul while an in­
conclusive result was obtained with o.zo,ul. Pyrolysis of samples of polymethyl
methacrylate and poly-n-butyl methacrylate equivalent to 0.z5 ,ul, i.e. z50,ug, simi­
larly produced a satisfactory test. To achieve reproducible pyrolysis chromatograms
small sample size is essential. The use of approximately ro,ug of acrylic polymers
deposited on the ferromagnetic wire by evaporation of a solution has been shown to
be very satisfactoryz and it is apparent that application of the effluent test with rou­
tine pyrolysis with these quantities of sample is not possible. Examination of a larger
sample of the pyrolysis residue may be successfully conducted.

Effluent colour reactions for detection of the principal types of compounds have
been reported by WALSH AND MERRITT3. The sensitivity, i.e. minimum detectable
amount, varied between zo and roo ,ug and it is apparent that while effluent tests are
often of considerable value, their sensitivity does not approach that of the classical
spot tests, where a limit of 5 ,ug is expected.

REFERENCES

I E. B. MANa, Anal. Chem., 32 (1960) 29I.
2 J. K. HAKEN AND T. R. McKAY, Australian Polymer Symp., Canberra, Aug. I968.
3 J. T. WALSH AND C. MERRITT, Anal. Chem., 32 (1960) 1380.
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SUMMARY

35 1

Automation in gas chromatography. Development of an apparatus for the mttomatic gas
chromatogrq.phic determination of herbicl:de and insecticide residues and formulations

A newall-glass system for the automated transport of samples into a gas
chromatograph is described. It is especially suitable for the determination of ther­
mally unstable substances and consists of a heated evaporation chamber directly
connected to the gas chromatographic column. Samples are fed into the system
through a horizontally attached side arm. Microliter quantities of sample solutions
in hexane or ethyl ether are applied to glass capillary tubes 7 mm in length and fed
into the side arm after evaporation of solvent. About 70 samples can be transported
discontinuously into the evaporation chamber by pushing a metal pin which moves
with an outside magnet. Samples of formulations and residues of triazin-herbicides
and halogenated hydrocarbons have been analyzed automatically using several spe­
cific gas chromatographic detectors.

---------------- ------ --------- ---- ---

EINLEITUNG

Die Gaschromatographie mit extrem empfindlichen, moleki.ilspezifischen Detek­
toren wie Mikrocoulometer1 , Coulson LeiWihigkeitsdetektor2,3 und Phosphordetek­
tor4 ist heute die wichtigste Methode zur Bestimmung von Herbizid- und Insektizid­
Riickstanden. Auch die Reinheitsbestimmung von Wirksubstanzen sowie die Gehalts­
kontrolle von Formulierungen erfolgt uberwiegend gaschromatographisch unter An­
wendung von Flammionisations- und WarmeleiWihigkeitsdetektor.

Fur den Routinebetrieb mussen die Gerate moglichst rationell, am besten sogar
wahrend der Nacht eingesetzt werden, was eine automatische Eingabe der Analysen­
muster voraussetzt. Die kommerziell erhaltlichen automatischen Injektion-Systeme
sowie die von CHAMBERLAIN et af.5 und MENINI UND NORYMBERSKI6 zur Steroid­
bestimmung verwendeten Gerate haben den Nachteil, dass die zu bestimmenden Sub-
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stanzen, auf feine Drahtnetz-Zylinder aufgezogen, in den Einspritzblock gelangen.
Thermisch bzw. gegen Metalle empfindliche Substanzen erleiden dabei erhebliche
Zersetzung. Ausserdem sind die fUr den automatischen Betrieb umgebauten Gerate
nicht mehr oder nur schlecht ftir manuelle Einspritzung verwendbar. Wir haben
deshalb ein Allglas-System zur automatischen Eingabe von Analysenmustern in
einen Gaschromatographen entwickelt, bei dem die zu bestimmenden Substanzen erst
im Detektor mit Metall in Beriihrung kommen und bei dem eine wartungsfreie Analyse
wahrend der Nacht moglich ist. Bei nichtautomatischem Betrieb kann weiterhin
manuell eingespritzt werden.

APPARATIVES

Cerate
Tabelle I enthalt die Gerate zur Gaschromatographie.

TABELLE I

GERATE ZUR GASCHROMATOGRAPH1E

Gaschromatographen

Detektoren

Saulen

Kugelschliffe

Saulen-Fullungen

Schreiber

Integrator

Schaltuhren

Temperatur-Regler

Antriebsmotoren

Doppelkolonnen-Instrumente Aerograph Modell 1700

Aerograph Flammionisationsdetektor

Dohrmann Verbrennungsofen mit T 300 lVIicrocoulometer- •
Titrationszelle und C 200 Coulometer

Coulson Leitfahigkeitsdetektor Modell 90-80-60 mit CIC
Pyrolyzer Modell 121

CIC Leitfahigkeitsdetektor-Zelle Modell 80
CIC Wechselstrombrucke Modell 90
CIC vVasseraufbereitungssystem Modell 60
Quarz-Verbrennungsrohr mit Nickel- und

Strontiutnhydroxyd-Fullung

Glas, Durchmesser 1/4 in., Lange I m

Pyrex-Glas, KS 13/5, Hochglanz, bis 5 atii dicht

0.5 % XE-60 auf Chromosorb G, 60/80 mesh
2 % AFL auf Chromosorb G, 60/80 mesh

Honeywell I mV

Aerograph Digital Integrator Modell 480

Schleicher microlais 0-60 min
Schleicher microlais 0-60 sec

Jumo

Escap 20 AR 601

Apparatur zttr Probeneingabe
Das System zur automatischen Probeneinfiihrung (Fig. I und 2) besteht aus

einem 20 em langen, vertikal an der Frontplatte eines Gaschromatographen befes­
tigten Verdampfungsraum (I) (Pyrex-Glasrohr, i.D. IS mm). Dieser wird aussen durch
einen Eisen-Konstantan-Wiederstand (2) geheizt und tiber ein Thermoelement (3)
mit Temperaturregler konstant auf der Temperatur des Einspritzblocks (10) gehalten.
Zur Temperatmkontrolle wird ein zweites Thermoelement (7) direkt auf die freie
"accessory"-Position der Temperaturskala des Gerats geschaltet. Der Verdampfungs-
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rig. 1. Apparat zur autolllatischcn .Eingabe \'on .\nalyseI11l1ustern in den GaschrOlnatographcn.
T ~ VenJampfllngsraum; 2, 3. 7 ~ Heizllng und Temperatllrregler; + = Glasfritte; 5, (, = SchliH­
6ffnllng mit Tefton-Stopfen; S. T2 = ..;ehl'iztes Glas-T-Sttick; <) ~ Cla,rohr zur I'robcneingabe;
In = Einspritzblock; [I. q. IS ~ Bcfestigungsschrallhen; 13:" Septum; 15.19 = Hochglanz­
l<ugelschliffc: 10. 17 =- Zuleitungsrohr fOr Tragcrg-as; .!O. 1() ;- (~la:,g('Hisse zur .-\ufnahnle der
]:Jroben; .![ =- ~lagllet; 12 -::- ~lctallstift; L3 - Tran~portnlot()r; .q ;:- Schrauucllgewindc; 15 ~
J-faltemng; 27. 2.~"' End- lind Start-Schalter.

Fig. 2. Gesanltansicht der .-\pparatuf zur autolllatischcn Gaschr0l11Htographic ..-\ =-- Cas acces:,ory
loop; E ~ Schaltllhr o-fJo min; F - Schaltllhr 0-60 sec; G :: Temperatnrregler fflr \"erdamp­
fungsrallm.
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raum verengt sich unten auf einen ausseren Durchmesser von 1/4 in. und endet in
einem waagrecht angeschmolzenen T-Sttick (i.D. 1/16 in., a.D. 1/4 in.). Der langere
Arm des T-Sttickes (8) wird von aussen durch den auf 6.5 mm aufgebohrten Ein­
spritzblock des Gaschromatographen hindurchgeschoben, mit einem nachtraglich
angeschmolzenen Kugelschliff (IS) direkt auf die Saule aufgesetzt und mit einer Im­
perialschraube (II) befestigt. Der 3 cm lange, aus dem Einspritzblock herausragende
Teil des T-Stticks (12) wird mit einer 1/4 in. Swagelokschraube (14) und einem Tefion­
kegel abgedichtet und durch ein Septum (13) verschlossen. Durch diese;; k6nnen
Proben manuell eingespritzt werden.

Am oberen Ende des Verdampfungsraumes ist seitlich ein 2 cm langes Glasrohr
(17) (Pyrex, 1/4 in. a.D.) angeschmolzen. Es ist tiber eine Swagelok-Kupplung (18)
und zwei Tefionkegel mit einem Nylonschlauch (16) verbunden. Die normalerweise im
Injektorblock mtindende Tragergaszuleitung wird vorher am sog. "Gas accessory
loop" des Gaschromatographen (Fig. 2, A) abgezweigt und tiber den Nylonschlaucll
(16) in den Verdampferraum (I) geJeitet. Ein zweites, 30 cm langes, horizontale.
Glasrohr (9) (3·5 mm i.D.) dient zur Aufnahme der Analysenproben-Behalter (20, 26).
Diese bestehen aus genau 7 mm langen, einseitig zugeschmolzenen Glasr6hrchen von
2 mm a.D.

5 ,ul-Aliquote der Analysenmuster in Hexan-L6sung werden jeweils mit Hilfe
einer Hamilton Mikrospritze in die R6hrchen gebracht. Nach dem Verdunsten des
L6sungsmittels k6nnen diese (insgesamt ca. 35 StUck) durch den Kugelschliff (19)
eingebracht werden. Kach den Proben wird zuletzt ein glasUberzogener Metallstift
(22) eingeftihrt. Es ist wichtig, dass cler Schliff (19) mit einer Schraubklemme fest
angezogen wird.

Tra1·lsport- nnd Steuerl'inrichtullg
Eine einfache, auf einem StatiY am GC montierte Vorrichtung sorgt ftir den auto­

matischen Transport der Prober6hrchen (20) in die Verdampfungskammer (I). Parallel
zu dem die Proben enthaltenden Glasrohr (9) bewegt sich tiber ein Gewinde (24) ein
kleiner Magnet (21) angetrieben von dem Elektromotor (23). Bei der tiber die Schalt­
uhren E und F (fig. 2 und 3) regulierbaren Bewegung zieht der Magnet den Metall­
stift im Glas mit sich und dieser schiebt dabei die Prober6hrchen vor sich her, so dass
nach jeder rortbewegung des Magneten um 7 mm ein R6hrchen auf die Glasfritte
(4, Fig. I) der Verdampfungskammer Wit. Die Substanz verdampft, wird vom Trager­
gas in die Saule gespUlt und von einem der genannten Detektoren registriert. Die
Detektorsignale werden vom Schreiber aufgezeichnet und vom Integrator in "integral
count"-Einheiten zusammen mit den Retentionszeiten des entspr. Peaks ausgedruckt.

Durch Anschmelzen eines zweiten, horizontalen GJasrohres analog (9) und
Montage einer zweiten Transportvorrichtung analog (23, 24) kann die Kapazitat des
Systems auf 70 Analysenmuster pro Kacht verdoppelt werden. Nachdem del' Magnet
(21) die ganze Lange des Gewindes durchlaufen hat wird gleichzeitig mit dem End­
schalter (27) hir den ersten Motor der Startschalter (28) hir den zweiten Motor
betatigt, der den Probentransport im oberen Glasrohr besorgt.

FUr den automatischen Nachtbetrieb der Apparatur werden normalerweise
folgende Bedingungen gewahlt: 1m Abstand von 20 min gibt die Schaltuhr E
(Fig. 2 und 3) je einen Startimpuls an Drucker und Null-Reset des Integrators,
an die Schaltuhr F (Fig. 2 und 3) und an einen Motor (23, Fig. I; M, Fig. 3). Der
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Fig. 3· Transport- und Steuer-Einheit. E = Schaltuhr 0-60 min; F = Schaltuhr 0-60 sec; G =
Temperaturregler fur Verclampfungsraum; H = Leitungen zum Integrator; .!VI. = Transport­
motoren.

Motor beginnt zu laufen und bewegt innerhalb von 28 sec (diese Zeit wurde empirisch
ermittelt) den Magneten (21, Fig. I) urn 7 mm vorwarts, so dass das vorderste Pro­
berohrchen (26, Fig. I) in den Verdampfungsraum faUt. Nach 28 sec schaltet die
Uhr F den Motor wieder ab. Das Zahlwerk des Integrators beginnt bei jedem Start­
impuls von Null an zu integrieren, so dass die Retentionszeiten bei jeder Proben­
eingabe direkt ausgedruckt werden. Ausserdem druckt der Integrator bei jedem Start­
impuls vonE den Buchstaben "N" aus, was die Zuordnung der Flachen zu den entspr.
Peaks auf dem Schreiberpapier wesentlich erleichtert.

Kleine Storpeaks konnen durch Anheben der "Reizschwelle" des Integrators
(Integral reject) ausgeschaltet werden. Ausserdem verhindert ein "Integrator delay"
die Registrierung unerwiinschter Peaks jeder Grosse wahrend einer gewissen, wahl­
baren Zeitspanne. Dadurch bleiben die vom Integrator ausgedruckten Daten iiber­
sichtlich und konnen miihelos ausgewertet werden.

ERGEBNISSE

Als Testsubstanzen verwendeten Wir verschiedene Agrochemikalien - vVirk­
stoffe der Firma J. R. Geigy A.G., Basel, teils von Handelsprodukten, teils von Pro­
dukten im fortgeschrittenen Stadium der Entwicklung.

Tabelle II enthalt eine Zusammenstellung der untersuchten Substanzen mit
Angabe der jeweiligen gaschromatographischen Bedingungen. Die Wirkstoffe wurden
als Reinsubstanzen, in Formulierungen und als Rtickstande in Erde untersucht.
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TABELLEIII
MITTELWERTE VON RETENTIONSZEITEN UND PEAKFLACHEN SOWlE DEREN RELATIVE STANDARD­

ABWEICHUNGEN (Srel) BEl ZEHNFACHER GASCHROMATOGRAPHISCHER BESTIMMUNG VERSCHIEDENER

MENGEN GS 24802 NACH METHYLIERUNG

Detektor: FID.

Eingegebene I'danuelle Einspritzungen A utomatische Probeneingabe
Substanzmenge

Retentions- Peakfidche Retentions- Peakfidche(p,g) STel STel STel Srel

zeit (%) (Integral (%) zeit (%) (Integral (%)
(sec) counts) (sec) counts)

0 ° °
0·5 352 0.52 32 °7° 2.8 458 3-4 31830 2.8
1 355 0·33 68 090 2·3 460 3. 2 66101 1.3
2 354 0·45 137 25 1 1.5 464 3.0 133 141 1.3

Tabelle III zeigt Peakflachen und Retentionszeiten bei manueller Einspritzung
bzw. automatischer Eingabe verschiedener Mengen GS 24802. Diese Wirksubstanz
lasst sich gaschromatographisch am besten nach Methylierung mit Dimethylsulfat
bestimmen, und ist thermisch so empfindlich, dass sie sich in einer nach MENINI UND
NORYMBERSKI6 entwickelten Apparatur sofort auf den Metallzylindern, die zur Probe­
aufnahme verwendet werden, im Einspritzblock zersetzt. Gerade bei dieser emp­
findlichen Substanz war der Vorteil unseres Allglas-Systems klar ersichtlich.

Der statistische Vergleich der Standardabweichung in Tabelle III durch eine
F-Prufung am 95 %-Niveau zeigt, dass sich die Reproduzierbarkeiten der Analysen­
werte bei automatischer Probeneingabe und bei manueller Einspritzung nicht signi­
fikant unterscheiden. Die durch ungleichmassiges Fallen der Proberohrchen in den
Verdampfungsraum auftretenden Streuungen in der Retentionszeit sind zwar signi­
fikant grosser als bei manuellem Betrieb (95 % Vertrauensgrenzen), jedoch durchaus
tolerierbar.

Bei automatischer Eingabe der Proben in den Einspritzblock verdampfen die
Substanzen langsamer als bei manueller Einspritzung in Losung durch das Septum.
Dies aussert sich in einer geringen Verbreitung der Peaks und einer Verlangerung der
Retentionszeit.

Tabelle IV enthalt die Wirksubstanzgehalte einiger Triazin-Herbizid-Formu­
lierungen, ermittelt durch eine klassische Titrationsmethode, durch normale gas­
chromatographische Bestimmung mit internem Standardzusatz und durch automa­
tische Analyse im Nachtbetrieb, wobei im letzteren Fall jedes Muster vierfach be­
stimmt wurde.

Diese Gegenuberstellung zeigt die Eignung des Systems fUr ein wichtiges neues
Anwendungsgebiet. Die Anwesenheit mehrerer technischer Wirkstoffe derselben: Sub­
stanzklasse in einer Formulierung macht die Gehaltsbestimmung der Einzelkompo­
nenten mit klassischen elektrochemischen Methoden sehr schwierig, mit automatisch
betriebener Gaschromatographie dagegen wesentlich einfacher, spezifischer und zu­
verlassiger.

Der Einsatz des automatischen Probeneingabesystems fur die Analyse von
Herbizid-Ruckstanden in Erde war von besonderem Interesse, da bei diesen Unter­
suchungen in unseren Laboratorien grosse Musterserien anfallen.

J. Chromatog., 45 (1969) 35 1-361



AUTOMATION IN DER GC VON HERBIZID- UND INSEKTIZID-RUCKSTANDEN

TABELLEIV

359

MITTELW£RTE UND RELATIVE STANDARDABVlEICHUNGEN BEl GASCHROMATOGRAPHISCHER U~D

TITR1METR1SCHER GEHALTSBESTIMMUNG VERSCH1EDENER TR1AZ1N-FORMULIERUNGEN

GC automatisch: vierfache Bestimmung; GC manuell und Titration: DoppelbestimmllIlg.
-------- -------

Wirksubstanzen Prozent W irksubstanzgehalt
der -- ------

Formulierung GC Srel GC Titration
automatisch (%) manuel!

-----

Atrazin 24·5 1.3 24-°
Ametryn 52. ! 1.2 5 2 .9

Ametryn 24. 2 0.85 24. 2

GS 14259 2-47 3·9 2.30 2·5°
GS 13529 2·33 9·5 2-40 2.5 1

GS 18622 4.0 4 7. 6 4. 80
GS 13528 7·97 4·3 7.50

---------

Fur die Analyse von Erdproben, die auf Ruckstande meist mehrerer Triazin­
Herbizide untersucht werden mussen bewahrte sich der Einsatz des Coulson Leit­
fahigkeitsdetektors zur gaschromatographischen Endbestimmung. Dieser Detektor
erlaubt als einziger (neben dem fUr Ruckstandsanalysen nicht brauchbaren FID) den
Nachweis von Chlor-Methoxy- und- Methylmercapto-Triazinen in einem Arbeitsgang.
Die Automation gerade dieses gaschromatographischen Systems erschien daher fUr
das Ruckstandslabor besonders lohnend.

Die Daten der Tabelle V zeigen eine Versuchsreihe zur Prufung der Reproduzier­
barkeit der Peak-Flachen bei manueller Einspritzung und bei Einsatz der Automatik
am Coulson Leitfahigkeitsdetektor.

TABELLE V
GASCHROMATOGRAPHISCHE BESTE\IMUN"G VON TRIAZIN-HERBIZIDE); MIT COULSON LEITFAHIGKEITS­

DETEKTOR

Durchschnittsgehalte llnd relative Standardabweichungen berechnet aus jeweils flinf vVieder­
holungen.

----------

lv[anuelle E inspritzungen A utomatische Probeneingabe

roo ng l\1ischung je roo ng roo ng J1!lischung je roo ng
A trazin A trazin

Atrazin GS r4260 Atrazin GS I4260
----------

Durchschnittsflache
(Integral counts) 6564° 59952 55921 3884! 39996 29335

Eelative Standardabweichung(%) 4-1 2·5 1.2 3·7 1.3 2.2

----- ----. ------

Tabelle VI enthalt Ruckstandsdaten mehrerer Triazine in Erde. Die Extrakte
wurden einerseits durch manuelle Einspritzung und Auswertung mit Coulson Leit­
fahigkeitsdetektor, andererseits automatisch im Nachtbetrieb bestimmt. Die Einstel­
lung des Integrators ist hier etwas kritisch. Bei Peaks mit Schwanzbildung muss die
Kurvensteigung, bei der die Integration der Flache beendet sein soli ziemlich klein
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TABELLE VI

MANUELLE UND AUTOMATISCHE GASCHROMATOGRAPHISCHE BESTIMlVIUNG VON TRIAZIN-RUCKSTA~­

DEN IN ERDE MIT COULSON LEITFAHIGKEITSDETEKTOR

X = lVIittelwert.

lVIuster
Nr.

Herbizide (p.p.m.)

A utomatische Bestimmung NIanuelle Bestimmung

Atrazin GS I3529 GS I4260 Atrazin GS I3529 GS I4260

2

3

4

-
x = 0-47

X = 0-45

0.60
0.60

0.63

X = 0.61

0.18

0.22

0.14

x = 0.18

0.08

0.10

0.13
-
x = 0.10

0.02

0.02
0.03
-
X = 0.02

0·34

0·55

0.05

0.03

vorgewahlt werden, da sonst der letzte Teil des Peaks im Bereich der flachen negativen
Kurvensteigung nicht mitintegriert wird.

Tabelle VII enthalt eine Gegentiberstellung von Atrazin-Rtickstandswerten in
Erde, die gaschromatographisch mit Microcoulometerdetektor sowohl manuell wie
automatisch bestimmt wurden. Bei Verwendung des Microcoulometerdetektors ist zu
beachten dass die Elektrolytfltissigkeit in der Messzelle wahrend der Nacht z.T. ver­
dampft, was die Empfindlichkeit des Systems andert. Durch Ktihlung der Titrierzelle
von aussen kann der Verlust an Elektrolytfltissigkeit verringert werden. Zur Sicherheit
wird nach ftinf Proben unbekannten Gehalts je ein "fortified sample", also eine Blind­
probe mit genau bekanntem Wirkstoffzusatz mitanalysiert.

RATIONALITATS-BETRACHTUNG

Bei manuellem Betrieb eines Gaschromatographen erreicht eine Arbeitskraft im
Maximum 30 Einspritzen pro Tag, was einer Gesamtkapazitat von etwa 20 Mustern
entspricht. Die Vorbereitung von 70 Proben entspr. etwa 50 Analysenmustern fUr den
automatischen Betrieb erfordert etwa zwei Arbeitsstunden, ebenso die Zuordnung
und Auswertung der ausgedruckten Daten. Selbst wenn jedes einzelne Muster doppelt
bestimmt wird, erreicht man insgesamt eine betrachtliche Rationalisierung der Gas­
chromatographie bei grosserer Sicherheit der Einzelergebnisse.
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TABELLE VII

GASCHROMATOGRAPHISCHE BESTIMMUNG VON ATRAZIN-RUCKSTANDEN IN ERDE MIT ?nCROCOULO­

METERDETEKTOR

lVIuster Nr. A utomatischer 1vlanuelle
Bestimmung Bestimmung

0·35 0·33

2 4·3 4·5
4. 2

3 6.6 8.8
7. 2

4 1.2 1.6
1.2

5 11.0 12.1
11.0

6 3·3 3.8
3. 2

7 1.2 1.3
1.1

8 0·35 0.30
0.25

Blindmuster I <0.02 <0.02

Blindmuster 2 <0.02 <0.02

Blindmuster +
Zusatz 0.1 p.p.m. 0.07 0.12

ZUSAMMENFASSUNG

Das beschriebene Allglas-Probeneingabesystem zur automatischen gaschroma­
tographischen Bestimmung thermisch empfindlicher Insektizide und Herbizide besteht
aus einem geheizten, durch den Einspritzblock direkt mit der Saule verbundenen
Verdampfungsraum mit seitlichem Ansatz zur Aufnahme der Analysenmuster. Mikro­
liter-Aliquote der Proben in Hexan oder Ather werden in 7 mm lange, einseitig zu­
geschmolzene Glasrohrchen eingefi.illt. Nach dem Verdampfen des Losungsmittels
lassen sich etwa 70 Glasrohrchen in die Apparatur einflihren. Der Probentransport in
den Verdampfungsraum erfolgt diskontinuierlich durch Schub eines Metallstiftes der
von einem aussen angebrachten Magneten bewegt wird. Analysen von Formulierungen
und Rlickstanden von Triazin-Herbiziden und halogenierten Kohlenwasserstoffen
wurden unter Verwendung verschiedener z.T. spezifischer Detektoren automatisch
durchgeflihrt.
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SUMMARY

Gas-liquid chromatography was used to successfully separate certain pesticidal
phenyl N-methylcarbamates from their phenolic moieties. A slightly polar 3 % OV-I7
liquid phase was utilized and compared with a mixed liquid phase polarity column,
1.S % SE-30 and 2 % Carbowax 20M. Retention times, carbamate to phenol ratios,
peak symmetry values and height equivalent to a theoretical plate values are reported
as functions dependent on temperature. Small amounts of breakdown products were
observed with a majority of the compounds at 180 0 on the OV-IJ column.

INTRODUCTION

The toxic potential of the older pesticides has been carefully documentedl - 4 •

The increased use of carbamates as pesticides during the past ten years has stimulated
the need for toxicologic, pharmacologic and environmental pollution studies of these
compounds so that toxicity due to acute and long term exposure can be rationally
treated. To undertake the above mentioned studies it is necessary to have a sensitive
and precise analytical method. The investigation reported in this paper is a continua­
tion of the work undertaken by STROTHER5 to develop successfully a sensitive, yet
simple gas-liquid chromatographic (GLC) procedure which permits rapid separation
and identification of intact phenyl N-methylcarbamates.

Two different type columns were prepared for this study. One column contained
OV-I7 (Applied Science Labs.) and the other was a mixed liquid phase column con­
taining 1.S % SE-30 (non-polar) and 2 % Carbowax 20M (polar). These columns were
studied to determine if the methylcarbamates could be chromatographed with little
loss due to decomposition on the column. Previous attempts at developing a liquid
phase to accomplish this with such a wide range of pesticidal compounds has been
unsuccessful. Although GLC has been accomplished with some carbamates, STROTHER5

chromatographed phenyl N-methylcarbamate, 3-methylphenyl N-methylcarbamate
and 3,s-dimethylphenyl N-methylcarbamate with less than IS % decomposition.
However, in most cases decomposition results when these carbamates are chromato­
graphed. WISNEWSKI6 has chromatographed Carbaryl utilizing an F & M Model 402
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gas chromatograph with flame ionization detectors. The alternative criterion with
most compounds up to this point has been identification of the corresponding phenop,8
or chemical alteration of the compound and then subjection to gas chromatography,
of which the silylation procedures developed by FISHBEIN AND ZIELINSKI9 are a good
example. Chromatography of simple N-methylcarbamates and some therapeutically
useful nitrogen-unsaturated carbamates has also been developed10- 17. The major
limitations for intact chromatography are probably thermal instability18 and column
substrate interaction. In the present investigation these two problems were minimized
for some carbamates in the 3 % OV-I7 column.

MATERIALS AND METHODS

The carbamates utilized in this experiment were:
(I) Banol (6-chloro-3,{-dimethylphenyl N-methylcarbamate)
(2) Bayer 37344 (4-methylthio-3,s-dimethylphenyl N-methylcarbamate)
(3) Bayer 39007 (O-isopropoxyphenol N-methylcarbamate)
(4) Bayer 42696 (3-(dimethylamino)-4-methylphenyl N-methylcarbamate)
(S) Bayer S0282 (4-(diallylamino)-3,s-dimethylphenyl methylcarbamate)
(6) Carbaryl (I-naphthyl N-methylcarbamate)
(7) HRS 1422 (3,S-diisopropylphenyl N-methylcarbamate)
(8) HRS 948S (O-(alloxy)phenyl N-methylcarbamate)
(9) Matacil (4-(dimethylamino)-3-methylphenyl N-methylcarbamate)

(ra) 3-Methylphenyl N-methylcarbamate
(II) Phenyl N-methylcarbamate
(12) Zectran (4-(dimethylamino)-3,s-dimethylphenyl N-methylcarbamate)
The carbamates were from the following sources: compound I was supplied by

the Upjohn Co., compounds 2-S and 10 by Chemagro Corp., compound 7 by Hooker
Chemical Co. and compound 8 by Hercules Powder Co.; compounds 10 and II were
synthesized by the method of BENSON AND GA]AN19. The phenol moiety of the carba­
mates, when not supplied by the manufacturer, was obtained by hydrolysis of the
respective carbamates.

EXPERIMEKTAL

The 3 % w/w OV-I7 (low polar) liquid phase was prepared on 100-200 mesh
Chromosorb AW-DMCS high performance support. The packing was placed in a
4 ft. X S mm U-shaped glass tube and conditioned for 72 h at 190°, for 60 h at less
than 87 ml N 2/min and then for 12 h at 87 ml N 2/min.

The second column was a mixture of 1.S % SE-30 (non-polar) and 2% Carbowax
20M (polar) liquid phases on 80-100 mesh Gas-Chrom Q. It was conditioned at 21S 0

for 24 h at less than 80 ml N 2/min and then for 12 h at 84.7 ml N 2/min.
The instrument utilized was a Barber-Colman Series sooo Dual Gas Chromato­

graph, employing flame ionization detectors. The detector was maintained at 2S00
and the injection port at 260°.

Experimental variables such as percent breakdown, carbamate to phenol ratio,
peak symmetry values and height equivalent to a theoretical plate (HETP) values
were examined as a function of temperature with the flow rate being held constant.
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The flow rate during the experiment through the OV-I7 column was 88 ml N2/min.
The flow rate through the SE-30 column was 100 ml N2-min.

Equimolar solutions (0.226 M) of all the carbamates were prepared fresh and
the standard injection volume used was I ,al. The calculation of retention times was
made from the solvent front to maximum peak height. A polarity test was performed
on both columns by injecting a mixture of ethanol, methyl ethyl ketone, cyclohexane
and benzene in a 40 :20:5 :10 volume relationship at 72°.

(0)

I I
MIN" 00.84 5.41 o 1.58

(b)

11.65
• I
00.78

(c)

7.64

Fig. 1. Separation of (a) 4-dimethylamino)-3-methylphenyl N-methylcarbamate (Matacil), (b) 4­
(dimethylamino)-3,5-dimethylphenyI N-methylcarbamate (Zectran), and (c) O-(aIIoxy)phenyI
N-methylcarbamate (HRS 9485).

DISCUSSION

On the basis of the elution characteristics of the polarity mixture it is felt
that the SE-30 liquid phase was slightly polar since it eluted ethanol first and then
methyl ethyl ketone but could not separate cyclohexane from benzene. The OV-I7
column was somewhat more polar than the SE-30 column and was unable to distin­
guish methyl ethyl ketone from cyclohexane.

General separation characteristics of the OV-I7 column agreed with the results
of STROTHER5 and FISHBEIN AND ZIELINSKI18. Longer retention times were observed
with thio derivatives (Mesurol) than with ring N-substituted methylcarbamates
(Zectran, Matacil). Thermal instability seemed to be greater with the non-N-substi­
tuted methylcarbamates (Carbaryl, Banol). The data seem to indicate that there was
column substrate interaction especially at lower temperatures with the 1.5 % SE-30
and 2% Carbowax 20M column. Oxygen-substitution (Bayer 39007) seemed to result
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in shorter retention times than with the ring N-substituted methylcarbamates (Bayer
50282 and 42696) or the non-N-substituted methylcarbamates (Carbaryl, Banol).
Lastly, the absence of the methyl group on the number five position of the ring on
Matacil tended to decrease residence on the OV-I7 column when compared to Zectran
which has a methyl at carbon 5 of the ring and is otherwise similar to Matacil. For the
retention time of each specific carbamate see Table 1. Retention times given in Table I
are relative to 3-methylphenol at each specified temperature for each column.

The retention times of all carbamates chromatographed on the SE-30 column
were shorter than those on the OV-I7 column. This substantiates the polarity experi­
ment previously described. Since the SE-30 column is somewhat less polar, it has
less affinity for the carbamate, which is then eluted more quickly and thus has a
shorter retention time.

The efficiency of separation by the liquid phases of both columns is shown in
Tables II and III. On the OV-I7 column at 180° the percent breakdown varied
between 4 and 66% with eight of the twelve compounds showing less than IS %
breakdown. Fig. I is an example of the chromatograms obtained. A closer examination
of the percentage breakdown values demonstrates the practicality of using GLC in
the identification of phenyl N-methylcarbamates. Recovery of the intact carbamate
was good in most cases. HRS I422 was chromatographed and 95.2 % was recovered
intact. Values for other compounds were: 3-methylphenyl N-methylcarbamate, 96 %;
Zectran, 91.4 %; Matacil, 92.3 %; HRS 9485, 90.6 % and Baygon, 91.2 %. On the
mixed phase column only two compounds showed less than IS % breakdown at 215°.
In Table III HETP values were calculated for each carbamate at each temperature
to gain a picture of the efficiency of the whole column. Calculations were based on the
method of ETTRE21 . The HETP values correspond best for similar compounds at 190°
on the OV-I7 column. Matacil and Zectran are closely related (Zectran having a
methyl group at position 5 on the ring) and had similar HETP values, viz. 5.71 and
5.91, respectively. HETP values for unsubstituted N-methylcarbamates were similar,
viz. HRS 9485, 5.91; Carbaryl, 5.88; and Banol, 5.91. The latter data indicate that
190° is the most efficient temperature for the column to operate at. For the SE-30
column the most efficient temperature was 205°. The conclusion is based upon the
close HETP values of Matacil (0-48), Zectran (0-44) and Bayer 42696 (0-43).

Another column characteristic or parameter of column efficiency is peak
symmetry, which provides a measure of the degree to which the system used limits
the realization of good column performance. A quantitative picture of the excellent
peak symmetry obtained with the OV-I7 column is given in Table II. Calculations
were made according to the method of DAL NOGARE AND CHIU20 • Seven of the twelve
carbamates had very good peak symmetry with little trailing as indicated by As
values of +1.05 or less. Compounds 3, 7 and 10 had near perfect symmetry at 190°
as indicated by an As value of 1.00. The square of the asymmetry value, (A s)2, can
be used to estimate approximately how the system in use limits the realization of good
column performance. To gain knowledge concerning the limiting effects of secondary
absorption and instrumental precision by the OV-I7 column for efficient chromato­
graphy of each carbamate, (A s)2 values were calculated and specific values for each
carbamate are listed in Table IV. For example, at 205 ° Zectran has an (A s)2 value
of 1.02, which indicates that the OV-I7 column is 2 % less efficient than should be.
Asymmetry values with the SE-30 column varied from + 1.18 to +4-42. Marked
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TABLE IV

HETP VALUES OF EACH CARBAMATE AS A FUNCTION OF TEMPERATURE

HETP units are in min/mm/ft. Calculations are based on ETTRE21 .

Banol
Bayer 37344
Bayer 39007
Bayer 42696
Bayer 50282
Carbaryl
HRS 1422
HRS 9485
Matacil
3-Methylphenyl N-methylcarbamate
Phenyl N -methylcarbamate
Zectran

017-[7

7. 2 5
3·59
5.3 1

6.27
9.5 2

8.85
6.23

, 1.06
6.23
5. I I

2048
7· II

59'
4. 1 3
+57
2·7°
2.90

5. 88
5·,8
5·9'
5·7'
1.52
1.79
5·59

6"7
6.65
4046
8·3°
6.68
8·94
4044
6·37
6047
4·95
1.80
6·34

5£-30 + Carbowax 20 NI

0.27 0.3 1
0·32 °043 0.5 1

0.26 0.3 2
0.12 0.03 0·°5
0.26 0048 0·57

°046

°045
0. '5 °044 0.3 8

trailing of peaks on the SE-30 column was observed as exemplified by HRS 9485
with an As value of +4-42. Trailing may possibly be due to the higher polarity of the
Carbowax 20M liquid phase.

Human liver in vitro metabolism studies utilizing Matacil were being carried
on concurrently by STROTHER in the laboratory. Ether extracts from the human liver
biopsy specimens incubated with Matacil were injected onto both columns to attempt
separation and identification of suspected metabolites. The SE-30 column proved
unsuccessful in separation or identification of any components of the ether extract.
However, the OV-I7 column separated the mixture and successful identification of
the N-hydroxymethyl derivative has been verified by means of cochromatography
with standards and simultaneous injection of standard and unknown, which results
in an estimable increase in peak height at the retention time of the known standard.
The OV-17 liquid phase promises to be an important tool in identification of carbamate
metabolites. The metabolites of Zectran can all be separated from a mixture with very
little decomposition. Tables V and VI give retention times at 180 0 for Carbaryl and
1900 for Zectran of the various metabolite standards injected onto the column.
However, purification of the ether extract by thin-layer chromatography wiD be

TABLE V

RETENTION TIMES OF CARBARYL METABOLITES ON OV-'7 AT 180 0

The concentration of all solutions was 5 mg/ml. The standard injection volume was' ,ul. ThE:
detector temperature was 260°, the injection port temperature 250° and the flow rate 88 ml
N 2 /min.

Compound

I-Naphthyl N-methylcarbamate
4-Hydroxy-I-naphthyl methylcarbamate
5-Hydroxy-I-naphthyl methylcarbamate
I-Naphthol

3°04
3. 80

24. 2

4·7'
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TABLE VI
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RETENTION TIMES OF ZECTRAN METABOLITES ON OV-I7 AT 190°

The concentration of all solutions was 5 mg/ml. The standard injection volume was I ,ttl. The
detector temperature was 260°, the injection port temperature 250° and the flow rate 88 ml
N 2 /min.

Compound

Zectran

4-(Dimethylamino)-3,5-dimethylphenol

4-(Methylformamido)-3,5-dimethylphenyl methylcarbamate

4-(Formamido)-3,5-dimethylphenyl methylcarbamate

4-(Methylamino)-3,s-dimethylphenyl methylcarbamate

4-Amino-3,5-dimethylphenyl methylcarbamate

T R (min)

11.7

1.58

9·94
13.98

18.80

2 °04

needed to remove unwanted materials that also chromatograph with retention times
similar to some of the metabolites for definite identification from the incubation
mixture.

Both columns have been in operation for two months and there is no indication
that their ability to separate carbamates has diminished as a function of time, as has
been previously reported by STROTHER with the SE-30 and QF-I columns.
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SUMMARY

A solvent system consisting of low-boiling organic solvents and ammonium
hydroxide effectively separated iodoamino acids of the thyroid on Sephadex LH-2o
gel filtration columns. The iodoamino acids were eluted from the column in a sequence
unrelated to their molecular weights suggesting that adsorptive properties of the
dextran gel rather than gel exclusion effects governed the elution volume of the com­
pounds.

The eluted iodoamino acids were recovered in a pure form by low-temperature
evaporation of the solvents at reduced pressure. Good recovery of iodoamino acids
from the column was obtained and reproducibility of column performance was satis­
factory.

INTRODUCTION

Various methods have been described for the separation of mixtures of thyroidal
iodoamino acids by filter paper and thin-layer chromatographyl-5, ion exchange
column chromatography 6,7, gas-liquid chromatographyS-lo and by Sephadex gel
filtration columnsll- 14 .

Each of these techniques has certain advantages as well as disadvantages in
terms of sample size needed, requirements for the preparation of the samples or
derivatives for separation, speed of separation, complexity of equiprrtent involved
and recovery of the compounds of interest.

Gel filtration column procedures with an automatic fraction collector have the
advantage of requiring little attention during the separation procedure and are re­
producible with adequate recovery of the compounds from the columns. 'While proteins
generally separate on gel filtration columns according to their molecular weights,
crosslinked dextran gels often show strong adsorptive properties for aromatic sub­
stances in some cases favoring their separation15,16. Compounds such as thyroidal
iodoamino acids also have been shown to be reversibly adsorbed to Sephadex gel
filtration column bedsll ,17,18

Procedures for the separation of iodoamino acids on Sephadex G-25 gel filtration
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columns using buffered salt solutions, dilute sodium hydroxide or higher boiling
organic solvents have been described12- 14• \tVith such eluting mixtures, recovery of
the separated compounds for further analysis or use was complicated by the presence
of salt or alkaline residues when the pooled peaks from the column containing the
compounds of interest were taken to dryness.

Sephadex LH-20 has been reported to be stable in organic solvents17 and has
been used as a desalting step in a purification procedure for the analysis of serum
iodoamino acids19. We have developed a solvent system composed of ethyl acetate,
methanol and aqueous ammonium hydroxide which effectively separated thyroidal
iodoamino acids on Sephadex LH-20 gel filtration columns.

EXPERIMENTAL

Reagents
All reagents used were analytical grade. The eluting system for the Sephadex

LH-20 column was a mixture of ethyl acetate-methanol-2 N aqueous ammonium
hydroxide (400:roo:40).

Solutions of thyroxine (T4)' triiodothyronine (T3), diiodotyrosine (DIT) and
monoiodotyrosine (MIT) (Calbiochem, Los Angeles, Calif.) were used at a concen­
tration of 5 mg/ml in r % methanolic NH40H (methanol-concentrated ammonium
hydroxide (99 :r)) to standardize the Sephadex LH-20 column.

Iodine assay
The iodine content of the samples was determined by a chloric acid wet ashing

procedure previously described20. It is important that iodine assays on samples dis­
solved in the ethyl acetate-methanol-NH40H eluting mixture or in the r % metha­
nolic NH40H solvent be done on aliquots which have been dried completely prior
to digestion with the chloric acid reagent: methanol reacts violently with hot chloric acid.

Thin-layer chromatography
The thin-layer chromatographic procedure was described previously by us4.

Preparation oj gel filtration columns
Sephadex LH-20, particle size 25-roo f-l (Pharmacia, Uppsala, Sweden) was

suspended in the ethyl acetate-methanol-NH40H elution mixture. It was allowed
to settle briefly and, after discarding the fines by decantation, was equilibrated in the
solvent for 4 h. An 0.8 cm diameter glass column fitted with a sintered glass disc and
a stopcock to control the flow rate was attached to a reservoir filled with the eluting
solvent mixture. Glass ball and socket joint column connectors were used since the
solvent was found to extract ultraviolet-absorbing materials from rubber or plastic
connectors.

The equilibrated Sephadex was poured into the reservoir and with stirring was
allowed to flow into the column in which it was packed by gravity flow to a column
height of 60 cm. The solvent was permitted to flow through the gel bed in the column
for r6 h before use. Between separation runs the solvent mixture was passed through
the packed column continuously to maintain equilibrium conditions in the gel bed.

A fraction collector (LKB-Produkter AB, Sweden) was used to collect 4 ml

]. Chroma/og., 45 (1969) 37 1-380



GEL CHROMATOGRAPHY OF THYROIDAL IODOAMINO ACIDS 373

fractions of the column effluent at an elution rate of 0.5 ml/min during separation
procedures. A complete separation of iodoamino acids required the collection of
IOO-IIO X 4 ml fractions from the column.
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Fig. 1. Absorbance spectra of pure thyroxine and triiodothyronine in ethyl acetate-methanol­
NH40H. 1.5 X 10-4 ]\1I solutions.

Spectrophotometric characteristics of iodoamino acids
A Beckman Model DK-2 recording spectrophotometer was used to obtain

spectral absorbance curves of the pure iodoamino acids. The sequence of elution of the
pure compounds from the column was monitored at 297 and 310 mfl using a Beckman
Model DU spectrophotometer. Absorbance measurements were done on each 4 ml
fraction collected from the column.

The spectrophotometric absorbance characteristics of the iodoamino acids at
a concentration of 1.5 X ro-4 M in the eluting solvent system are shown in Fig. I

for T 4 and T 3 and for MIT and DIT in Fig. 2. The molar extinction coefficient and the
ratio of absorbance at 297 and 310 mfl of each iodoamino acid in the ethyl acetate­
methanol-NH 40H solvent is listed in Table 1.

Sephadex LH-20 column separation of a pttre iodoamino acid mixture
In preliminary studies, 0.5 ml of each pure iodoamino acid standard solution

(5 mg/ml in 1% methanolic NH40H) was chromatographed individually on a Seph­
adex LH-20 gel filtration column. The compound was eluted from the column with
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Fig. 2. Absorbance spectra of pure diiodotyrosine and monoiodotyrosine in ethyl acetate-metha­
nol-NH40H. 1.5 X IO-4 j1l1 solutions.

TABLE I

SPECTROPHOTOMETRIC CHARACTERISTICS OF PURE IODOAMINO ACIDS

Molar extinction coefficient (I cm light path) at 297 mft in the ethyl acetate-methanol-NH
4
0H

eluting solvent.

Compound

Thyroxine
Triiodothyronine
Diiodotyrosine
Monoiodotyrosine

Extinction

3900
42 53
2720
2053

Ratio
29713IO mft

0.956
1. 2 76
0·744
9·626

the ethyl acetate-methanol-NH40H eluting mixture to determine the effluent volume
at which it emerged from the column. The column effluent was monitored spectro­
photometrically.

After defining the elution pattern for each individual iodoamino acid, a mixture
of the four iodoamino acids was prepared (5 mg of each compound per ml of 1%
methanolic NH40H). An 0.5 ml aliquot of the standard mixture was applied to the
column bed, allowed to penetrate the upper surface of the gel and the iodoamino
acids were eluted from the Sephadex LH-20 column with the ethyl acetate-methanol-
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NH 40H eluting mixture. After spectrophotometry, iodine analyses were done on
small aliquots of each 4 ml fraction. The elution pattern of the standard iodoamino
acid mixture from the Sephadex LH-20 column is shown in Fig. 3. The line connecting
the solid circles represents the 297 mfl absorbance while the dotted line connecting
the triangles is the iodine content (flg/ml) of each fraction. Fractions composing the
areas under each peak were pooled and taken to dryness in vacuo at less than 40° and
the dried samples were redissolved in a small volume of 1% methanolic NH 40H.
In most cases, spectrophotometric studies revealed no appreciable differences between
the reconstituted pooled peaks and the original pure samples. One lot number of
Sephadex LH-20 (different from the batch used for the major portion of this study)
appeared to produce an unexplained spectral shift when DIT was eluted from the
gel bed.

I. OC
T-3

......-... Absorbance at 297 mil

& A P9 Iodine per ml

0.75

MIT

~ 0.50

~
iii
:i

0.25

100

. OIT

" T-4 801:, ,
,1
t'
I I
I' EIi 60
t
t =
1

: c

40 ~

'""-
20

V
50 100 150 200 250 JOO 350 400

Effluent Volull',e (ml )

Fig. 3. Elution pattern from a Sephadex LH-20 gel filtration column of a mixture of pure iodo­
amino acids. Solid line = absorbance at 297 mf'. Dotted line = f'g iodine per m!.

Thin-layer chromatographic analysis of. the reconstituted pooled peaks re­
vealed single spots traveling to positions occupied by known pure iodoamino acid
standards with no evidence of cross contamination of a pooled peak by adjacent peaks.

Sephadex LH-zo column separation of 131I-labeled rat thyroid iodoamino acids
The thyroid gland was removed from a normal rat that had been injected with

1311 24 h prior to sacrifice. The gland, dissected free from connective tissue, was
hydrolyzed enzymatically with Pronase21 and subjected to a preliminary purification
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on a Dowex-50 cation exchange resin column4 . This procedure was used to remove
inorganic iodide and lipids from the enzymatic digest.

A small volume (0.5 ml, equivalent to about 4 mg of thyroid) of the purified
Pronase digest was placed on the Sephadex LH-20 column for separation of the
131I-labeled iodoamino acids. Radioactivity in each 4 ml fraction eluted from the
column was measured in a well crystal gamma counter. The results of this experiment
are given in Fig. 4. The radioactivity in each peak eluted from the column was calcu­
lated as a percentage of the total radioactivity from the column. The values were:
T 3 = 2 %, T 4 = ro %, MIT = 32 %, and DIT = 55 %.

450400350200 250 300

Effluent Volume Iml )

150

10.000 MIT OIT

8,000

~

=>
c
'E 6,000
~

=
c
=>

<3
4,000

2,000

Fig. 4. Elution pattern from a Sephadex LH-20 gel filtration column of 131I-labeled iodoamino
acids from a rat thyroid hydrolysate.

Recovery of iodoamino acids from Sephadex LH-20 columns
To evaluate the recovery of iodoamino acids from Sephadex LH-20 columns,

the standard solution of each iodoamino acid was assayed for total iodine content.
In a series of five replicate column runs for each compound, 0.5 ml of the standard
solution was placed on the column bed. Following elution of the sample from the
column, fractions composing the peak area were pooled, taken to dryness in vacuo
and reconstituted in a small volume of r% methanolic NH40H. Iodine analyses of
the reconstituted pooled peaks from the columns were done and the results are given in
Table II. These values, expressed as percentage of iodine in the sample applied to the
column, show recovery of from 86.9 to 98.7%.

Reproducibility of Sephadex LH-20 columns
In using the LH-20 Sephadex columns for the separation of iodoamino acids,

the performance of the column was checked frequently by placing 0.5 ml of the stan­
dard iodoamino acid mixture on the column bed and eluting the compounds from the
column with the ethyl acetate-methanol-NH40H mixture. The absorbance at 297 mil
for each fraction collected was measured. The sum of the absorbance in the fractions

J. Chromatog" 45 (1969) 37 I -380



GEL CHROMATOGRAPHY OF THYROIDAL IODOAMINO ACIDS

TABLE II

RECOVERY OF IODOAMINO ACIDS FROM SEPHADEX LH-20 COLUMNS

377

Compound

T riiodothyronine
Thyroxine
Monoiodotyrosine
Diiodotyrosine

Total iodine
applied to
column (mg)

1.206
1. 2 40

0.9 16
1.2 4 1

Total iodine from
column (mg)a

1.054 ± 0.0188
1.224 ± 0.0562
0.873 ± 0.0340
1.079 ± 0.0198

Recovery (%)a

87-4 ± 1.56
98 .7 ± 4·53
95·3 ± 3.7 1
86.9 ± 1.60

a Mean ± standard deviation; n = 5.

TABLE III

SEPHADEX LH-20 COLUMN REPRODUCIBILITY

Compound

Triiodothyronine
Thyroxine
Monoiodotyrosine
Diiodotyrosine

Absorbance of compound
as % of total 297 mt-t
absorbance in mixture
applied to columna

26.1
20.2

27.6
26.0

A bsorbance in pooled
peak as % of total
297 mt-t absorbance
eluted from column b

25·3 ± 2.05
20·9 ± 1.91
25.6 ± 1.18
28.1 ± 1.49

a Calculated from theoretical values for each compound.
b Mean ± standard deviation; n = 24.

composing the peak for each compound was expressed as a percentage of the total
absorbance eluted from the column. The mean percentage distribution of absorbance
for 24 different column separations of the standard iodoamino acid mixture is given
in Table III. For comparative purposes, the absorbance of each compound expressed
as percentage of the total 297 mf.l absorbance in the mixture applied to the column
also has been listed in Table III. These are theoretical calculations based on the known
spectrophotometric absorbance values for each iodoamino acid. The standard de­
viations for the mean values as well as the agreement with the theoretical distribution
values indicate good reproducibility of column performance.

RESULTS AND DISCUSSION

The spectral absorbance curves of Figs. I and 2 and the results in Table I
illustrate that evaluation of possibly useful solvent systems for Sephadex LH-2o
column separation of iodoamino acids may be done conveniently by monitoring the
column effluent spectrophotometrically. It was found that the type of solvent used
noticeably affects the absorbance characteristics of iodoamino acids. An increased
ethyl acetate concentration in the solvent system decreased T 4 absorbance and shifted
the peak absorbance to a lower wavelength. Ethyl acetate had little effect on the
Ta absorbance characteristics. High concentrations of ethyl acetate in the solvent
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system depressed DIT absorbance and caused a small shift in the absorbance peak to
a lower wavelength. The 310 mfl- absorbance of MIT is sharply reduced by increasing
the ethyl acetate content of the solvent mixture.

Observations of the spectral absorbance characteristics in the ethyl acetate­
methanol-NH40H eluting mixture led to the selection of 297 mfl- as the optimal
wavelength for the most sensitive monitoring of iodoamino acid elution from Sepha­
dex LH-20 columns. Calculation of the ratio of absorbance at 297 and 310 mfl- was
helpful in identifying each iodoamino acid as it emerged from the gel bed (Table I).
These considerations were useful in preliminary work in which a number of different
solvents and combinations were evaluated.

The eluting solvent mixture finally selected is a useful one which permits com­
plete separation of the iodoamino acids on Sephadex LH-20 columns although more
effective solvent systems undoubtedly exist. The ethyl acetate-methanol-NH40H
eluting mixture can be evaporated easily at low temperature in vacuo. This property
offers the advantage of facilitating recovery of the iodoamino acids in the column
effluent free from the eluting solvent mixture.

It was found that increasing the water content of the eluting mixture resulted'
in a more rapid elution of DIT and T 4 from the column bed. When excessive water was
included in the eluting solvent mixture, the DIT and T 4 peaks were eluted with the
MIT peak.

Fig. 3, an elution pattern of a pure iodoamino acid mixture, illustrates the type
of separation obtainable. Sharp peaks appear with good separation of each compound
from the other components of the iodoamino acid mixture. Each of the iodoamino
acids can be recovered uncontaminated by adjacent peaks, as shown by thin-layer
chromatographic studies on the pooled fractions representing each elution peak from
the column.

The elution sequence of the iOcloamino acids from the Sephadex LH-20 column
is not directly related to the molecular weight of the compounds although in con­
ventional gel filtration, compounds are usually eluted in decreasing order of molecular
size. Retardation of phenolic and other types of aromatic molecules on Sephadex gel
filtration columns has been described previouslyll,17,18 and it is likely that the ad­
sorptive properties of the dextran gel for iodoamino acids may create a favorable
condition for their separation on Sephadex LH-20 columns.

The iodine content of the molecule also appears to be a factor which affects the
elution sequence of iodoamino acids. In the case of the thyronine iodoamino acids, the
compound with the higher iodine content is retarded on the column. The same effect
is seen with the tyrosine derivatives in which MIT is eluted from the column more
rapidly than DIT. It is also possible that the elution sequence of the iodoamino acids
is a function of the solubility of the compounds in the eluting solvent mixture.

Fig. 3 also indicates that the progress of the Sephadex LH-20 column separation
of iodoamino acids can be monitored by chemical analysis of the iodine content in
each fraction of the column effluent. Good correspondence exists between the 297 mfl­

absorbance and the iodine content of the fraction. Spectrophotometric absorbance
at 297 mfl- is a better procedure for monitoring the column effluent since the procedure
is non-destructive and the entire fraction can be recovered for further use. However,
effluent concentrations of the iodoamino acids must be in the range of 1.0-1.5 X 10-4

M or greater in order to obtain meaningful 297 mfl- absorbance readings. Iodine
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analysis of the column effluent fractions can be done at much lower iodoamino acid
concentrations but this results in a loss of some of the sample as a consequence of
the analytical procedure.

Radioactivity measurements can also be used to follow the elution of iodo
amino acids from the Sephadex LH-20 gel filtration columns if radioactive compounds
are available. Separation of biologically labeled iodoamino acids from a 131I-labeled
rat thyroid tissue hydrolysate is shown in Fig. 4 which illustrates the separation of
radioactive peaks. The nature of the small radioactive peak between MIT and T 4 is
unknown but has been observed in several hydrolysates of 131I-labeled rat thyroids.
The percentage distribution of the radioactivity in the iodoamino acid peaks is in
good agreement with other reports4,5.

Good recovery of pure iodoamino acids from Sephadex LH-20 gel filtration
columns was obtained (Table II). These recovery values were based on a calculation
of the iodine content in the eluted, pooled fractions composing the compound ex­
pressed as a percentage of iodine in the pure sample applied to the column bed.
Although somewhat lower recovery of DIT and T 3 iodine compared to T 4 and MIT
recovery suggests the possibility of some deiodination of DIT and T 3 on the gel bed,
no appreciable amount of inorganic iodide has been located in the column effluent
during fractionation of these iodoamino acid solutions.

Good reproducibility of Sephadex LH-20 column performance is indicated by
the results in Table III. In these studies, the sum of the 297 mfl absorbance in the
fractions composing the peak for each iodoamino acid eluted from the column was
expressed as a percentage of the total 297 mfl absorbance eluted from the column in
the complete separation run. The low standard deviation values for the mean per­
centage distribution of absorbance for each compound from the column and the
agreement with the theoretical values in the standard mixture applied to the column
indicates that a reproducible separation of iodoamino acids on Sephadex LH-20
columns is obtainable.
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SUMMARY***

Columns of Sephadex G-z5, G-r5 and G-ro were evaluated under a variety of
conditions to determine which provided the most efficient separation of estrogens
conjugated with glucuronic acid or sulfuric acid. Elution with o.or 2111 ammonium
formate of a column of Sephadex G-r5 to which had been applied a complex mixture
of conjugated l4C-Iabeled estrogens in urine provided the separation of at least nine
generally distinct radioactive fractions. Similar separations have been achieved with
solutions of sodium chloride as eluant but ammonium formate is preferred because
of its volatility.

INTRODUCTION

Several years ago BELING1 used gel filtration on Sephadex G-z5 with water
as the eluant to separate into two major fractions (Peaks I and II) the conjugated
estrogens present in late pregnancy urine. Subsequently, KUSHIKSKY AND OTTERNESS2

found that additional resolution could be achieved by using longer columns, slower
flow rates and concentrated urine instead of intact urine. Primarily, the techniques
provided a separation of conjugated estrogens from many non-steroidal constituents
of urine but very little separation between individual or types of conjugated estrogens.
More recently, BRETTHAUER AND GOLICHOWSKI3 reported the reduction or· elimination
by judicious choice of eluant of the sorptive properties of Sephadex in the separation

* Supported by United States Public Health Service Grants AM-09908 and RCDA 5K3-AM­
31,321 (S.K.), and a grant from the Ford Foundation.

** To whom requests for reprints should be sent (Harbor General Hospital).
* ** The following abbreviations are used: £1 = estrone = 3-hydroxyestra-1,3,5(1o)-trien­

17-one; £2 = estradiol = 3,17f'1-dihydroxyestra-1,3,5(1o)-triene; £3 = estriol = 3,16oc,17f'1-tri­
hydroxyestra-1,3,5(ro)-triene; £3-3-GA = estriol-3-glucuronoside = 16oc,17f'1-dihydroxyestra­
1,3,5 (10) -trien-3-yl-f'1-D-glucopyranosiduronate; £3- 16-GA = estriol-16oc-yl-f'1-D-glucopyranosid­
uronate; £2-17-GA = estradiol-17f'1-glucuronoside = 3-hydroxyestra-1,3,5(ro)triene-17f'1-D-gluco­
pyranosiduronate; £1-3-S04 = estrone-3-sulfate = estra-1,3,5(ro)trien-17-on-3-yl sulfate.
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of phenylalanine peptides. This report and the availability of Sephadex G-I5 and
G-ro with the potential for separating compounds with molecular weights in the range
of those of conjugated estrogens prompted us to reinvestigate the possibility of
separating individual conjugated estrogens on columns of Sephadex.

A major objective of the study described here was to develop a convenient
method for separating conjugated estrogens present in urine. Some effort was made
to obtain separations based on molecular weight but most of the effort was directed
toward developing conditions which provided the maximum number of peaks of
radioactivity on plotting the elution pattern of urine containing conjugated metab­
olites of intravenously administered [4-14C]estradiol.

EXPERIMENTAL

Materials and methods
Reagents and solvents, of analytical grade, were used without additional purifi­

cation. Sephadex® (G-IO, G-I5 and G-z5; Pharmacia, Piscataway, N.J.) was washed
repeatedly with deionized glass-distilled water and decanted free of fine particles.
Vials for liquid scintillation counting (18 X 53 mm) were purchased on special order
from Acme Vial (Los Angeles, Calit) or Owens-Illinois (Vineland, N.J.) at a cost of
approximately one fifth that of standard, low-potassium vials. The same vials were
used as receiving vessels in fraction collectors. Polyethylene vials (No. 6001075;
Packard Instruments, Downers Grove, Ill.) were modified by cutting off the tops just
above the shoulder (by means of a band saw) and enlarging the opening with a 13/16 in.
drill. The polyethylene vials served as re-usable holders or carriers in the liquid
scintillation counter4.

A liquid scintillation counter (Model No. 6860, Nuclear Chicago, Des Plaines,
Ill.) was used with settings optimized for the Balance Point Counting Procedure.
Quenching was detected by the Channels Ratio Method and correction was made as
necessary with internal standards. The scintillation fluid employed is a modification5

of one described by BRUNO AND CHRISTIAN6 and is particularly well suited for this type
of work because of favorable characteristics with respect to both quenching and
solubility.

Methanol (0.5 ml) was added to each vial before the scintillation fluid in order
to facilitate solubility of the fractions to be analyzed. Under these conditions the
counting efficiency for 14C was approximately 85 % with a background count of
approximately 40 c.p.m. Accuracy to within 5 % was achieved with samples containing
radioactivity at least four times that of the background. Background counts have
not been subtracted from data shown in the Figures.

[4_14C] Estrone, [4-14C] estradiol and [4_14C] estriol were purchased from
Amersham/Searle (Des Plaines, Ill.). [6,7-3H]Estradiol-I7P-glucuronic acid, [6,7-3H]­
estrone, [6,7-3H] estradiol, [6,7-3H]estriol and [6,7-3H] estrone-3-sulfate were pur­
chased from New England Nuclear (Boston, Mass.). Estriol-3-glucuronide was bio­
synthesized using a preparation of guinea-pig liver7 and estriol-I6rx-glucuronide was
biosynthesized using a preparation of human liverS.

Gel filtration. A dilute slurry of gel is poured into a chromatographic column
(Fischer and Porter, Warminster, Pa.) fitted with an extension tube to accommodate
the excess liquid used in packing the column. When the bed has settled the excess
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eluant is percolated through the column and the extension is removed. Eluant from
a reservoir is percolated through the column before adding the charge. The void
volume and the inner volume are determined by passing a mixture of Blue Dextran®
(Pharmacia) and sodium chloride through the column and determining the elution
volumes. If the Blue Dextran does not migrate down the column uniformly the
column is backwashed2 with the aid of a polyethylene or teflon tube of appropriate
diameter inserted down through the column to help loosen the bed.

Preliminary treatment of specimens of urine. Urine was collected for 48 h from
subjects who had been given 10 flCi of [4_14C] estradiol by i.v. injection. The urine was
distilled to dryness in vacuo and redissolved in a volume of 0.01 lYl ammonium
formate, which resulted in a solution containing at least 10,000 c.p.m.jml.

Comparison of separation of conjugated estrogens in ttrine with columns ofSephadex G-2j,

G-Ij and G-IO, using water and ammonium formate as eluants
A 1.0 ml specimen of concentrated urine containing conjugated 14C-labeled

estrogens was applied to columns of Sephadex G-25, G-15 and G-IO and eluted with
0.111;[ ammonium formate, pH 6.8. In each case the bed volume was 2 X 100 em.
The volume of eluant required to elute the radioactivity from the column of G-15
was greater than that for the column containing G-25. Although the elution volume

Eluant 0.1 M NH4 formate

Sephodex G-15

§:~~!~
50 100150200 250 300350400

Frocti on

Sephodex G-25

ci400~
~ 200

50.100 150200250300350 4"00
Fraction

Seph odex G-I0

E300~.q.200
v 100

. 50 100 150 200 250300350400

Fraction

Sephodex G-15
eluted with water

20 40 6080 100

Fraction

Fig. 1. Comparison of separation of conjugated estrogens in urine on columns of Sephadex G-25,
G-r5 and G-ro, using water and ammonium formate as eluants. Column dimensions: 2 X 90 cm;
charge: E.F. urine, day r (1.0 ml); volume per fraction: 5.0 ml.
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for the column of G-IO was greatest, and in fact represents an incomplete elution
because the column was stopped prematurely, the separation clearly was better with
G-I5 than with G-IO or G-25. The results of these studies are shown in Fig. I, along
with another in which a column of G-25 was prepared and eluted with water instead
of with ammonium formate.

Influence of salt, molarity, and pH on the pattern of elution of conjugated unnary
estrogens from columns of Sephadex G-I5

A charge of conjugated urinary estrogens was chromatographed on columns of
Sephadex G-I5, prepared and eluted with 0.01 M and 0.1 M solutions of ammonium
formate (pH 6.8), sodium chloride and ammonium hydroxide. The elution profile
was similar with ammonium formate and sodium chloride as eluant. Ammonium
hydroxide as eluant resulted in a smaller elution volume arid a generally different
pattern of elution compared with those of the other eluants. The results are summarized
in Fig. 2. With 10-3 M eluant the resolution was considerably worse than with
0.01 M eluant and the recovery of radioactivity from the columns was poor at
concentrations below 10-3 M.

0.1 M NaCI

Fraction

3gg~-.-------- -e ,50

100

50

20 40 60 80

Flection

0.01 M NaCI

0.1 M NH4Form~te

~:::!~
50 100 150 200 250 300 3'e:>O 400

Fraction

6001
~~~!~

20 40 60 80 lOa 120
Fraction

0.01 M NH4Formate

ji§§-~_.... - ..-.
" lOa

lOa 200
"rractions

fffi~'.""''''''.'
Ii 200
o.

100

• -100 2CO

Fraction

Fig. 2. Influence of salt and molarity on the pattern of elution of conjugated urinary estrogens
from columns of Sephadex G-15. Column dimensions: 2 X 90 ern; charge: E.F. urine, day I

(1.0 ml); volume per fraction: 5.0 ml (0.1 NI ammonium formate, 0.01 M and 0.1 M ammonia) or
[5 ml (sodium chloride and 0.01 M ammonium formate).

Other columns were prepared and eluted with 0.oI1VI ammonium formate,
pH 8.7, 6.8 and 3+ The elution volume and resolution on the columns decreased with
an increase in pH. The data are summarized in Fig. 3.

Attempt to decrease the sorptive e(jects of Sephadex G-I5
Three columns were packed and eluted with (a) methanol-water (80:20),
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(b) pyridine (1.0 M), and (c) acetic acid-phenol-water (r: r: r), respectively. In each
case the resolution was poor (Fig. 4) and the relatively large elution volumes preclude
separations based exclusively on molecular weights. While there may be some separa­
tion based on molecular weights superimposed on the separation due to sorptive
properties these columns were not pursued further because of the superior separations
obtained with ammonium formate as the eluant.

pH 8.7

40°1~88

~ ':: ----~~---~-----::~• t~,
100 200 300

Fracti on

pH 6.8

400!~~g8
E160

~80~:-:~~
100 200 300

Fraction

pH 3.4

40°1
300
200

~ ':: ---~::";::"----:::-:~----:::-:~--"'"';";~
100 200 300 400

Fraction

Fig. 3. Influence of pH on the pattern of elution of conjugated urinary estrogens from columns
of Sephadex G-l5 with ammonium formate. Column dimensions: 0.9 X lOO em; charge: E.F.
urine, day I (LO 011); eluant: O.Ol jill ammonium formate (pH as indicated); volume per fraction:
I.7 m l.

Capacity of columns of Sephadex G-I5
A charge of 0.2, 1.0, 5·0 and 20 ml of concentrated urine was applied to a

0·9 cm X roo cm column and eluted with o.or 11{ ammonium formate, pH 6.8. In
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METHANOL- WATER

40 BO 120
FRACTION

ELUANT: 1M PYRIDINE

800

150

ELUANT: PHENOL-ACETIC ACID-WATER

:;:u~ ::~~~~:::;,~~~*t ;- -::'7:-- '
50 100 150 200

FR.cllONS

Fig. 4. Attempt to decrease sorptive effects of Sephadex G-15. Phenol-acetic acid-water (1: 1; 1):
charge, 0.3 ml R.B. urine (2-4 h); column dimensions, 0·9 X 97 cm; volume per fraction, 5.0 ml.
1.0 M pyridine: charge, 0.3 ml R.B. urine (2-4 h); column dimensions, 0·9 X 45 cm; volume per
fraction, 1.0 ml. Methanol-water (80: 20) : charge, peak I (5.0 ml) from M.S. urine; column dimen­
sions, 2 X 88 cm; volume per fraction, 13.5 ml.

addition, a 1.0 ml charge was diluted to 20 ml with water before application to the
column. The results of this study are summarized in Fig. 5. When the volume of the
charge was 5 ml or less the resolution was generally constant. With a charge of 20 ml
the resolution was considerably worse. The charge of LO'ml diluted to 20 ml yielded a
similarly poor resolution, suggesting that when the volume of the charge approaches
that of the void volume (27 ml) a significant deterioration of the separation occurs.

Partial separation of conjugated ttrinary estrogens from other substances on the basis of
weights and radioactivity

A specimen of concentrated urine containing 14C-labeled conjugated estrogens
was applied to a column of Sephadex G-15 (0.9 X 100 cm) and eluted with 0.01 M
ammonium formate. An aliquot (one fifth) was removed for measurement of radio­
activity and for determination of the weight of the residue on evaporation to dryness.

j. Chromatog., 45 (1969) 381-391
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CHARGE: Q2ML URINE CHARGE:1.0ML URINE CHARGE' 5.0ML URINE

300~j 10
0

50

50 100

Fraction

800

400
200

E160

~ 120

80

40

40 80
FractIon

120°tL600
.200
~160
o

80

50 100 150
Fraction

14000~8000

~2000'

1000

100 200

Fraction

CHARGE, 20.0 ML URINE

E;~~~------
ti16D
U

00

50 100
Fraction

CHARGE'1.0ML URINE DILUTED
TO A VOLUME OF 20 ML WITH H 0

2

Fig. 5. Capacity of columns of Sephadex G-r5· Column dimensions: 0·9 x roo cm; charge: E.F.
urine, day r; eluant: o.or )\1 ammonium formate; volume per fraction: 5.0 m!.

The results of this study, summarized in Fig. 6, show that most of the components
which contribute significant weight are eluted before the conjugated estrogens.

Eltttion volume of standards and reproducibility of columns
In preliminary studies the elution volume of several conjugated estrogens

applied to columns of Sephadex G-rS was found to vary considerably in successive

1200

40 80 120
FRACTIONS

2: 800
0..
()

20

15 (J,

S
f-

10 I
(')

W
~

5

Fig. 6. Partial separation of conjugated urinary estrogens from other substances on the basis of
weights and radioactivity. Column dimensions: 0.9 X roo cm; charge: R.B. urine (4.0 ml); eluant:
o.or M ammonium formate; volume per fraction: 4.3 m!.
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experiments, with an apparent increase in the elution volume each time a charge was
applied to the same column. To characterize the phenomenon more thoroughly two
columns (0.9 X 95 cm) were prepared with fresh Sephadex G-r5. A charge containing
[4-14C]estriol-r6-glucuronide and [6,J-3H]estradiol-rJ-glucuronide was applied to
each column and eluted with o.or M ammonium formate. Using the same columns
and more of the same charge the study was repeated three times. The results are
summarized in Table 1. Although the elution volumes increased in successive columns
the ratio of the elution volumes remained constant.

TABLE I

CHANGE IN ELUTlON VOLUME (ml) ON REPEATED USE OF COLUMNS OF SEPHADEX G-15 FOR

SEPARATlON OF PURE COMPOUNDS

Column dimensions: 0.9 X 100 em; eluant: 0.01 M ammonium formate, pH 6.8; volume per
fraction: 5 m!.

Run

I

2

3
4

Column I Column 2

E 3-I6-GA E 2 - I 7-GA E 3-I6-GAj E 3-I6-GA E 2- r7-GA E 3-I6-GAj
E 2 - I 7-GA E 2- I 7-GA

375 510 0·74 345 480 0.72
400 535 0·75 400 530 0·75
480 660 0·73 425 560 0.76

> 1000 > 1000 > 1000 > 1000

A large batch of used Sephadex G-r5 was washed with ten bed volumes each
of LO M pyridine, 0.2 M formic acid, water and o.or M ammonium formate. Reference
standards of [6,J-3H]estrone-3-sulfate, [6,J-3H]estradiol-IJ-glucuronide, [4_14C]­
estriol-r6-glucuronide and [4-14C]estriol~3-glucuronidewere added in various com­
binations to different specimens of urine or to o.or 1);[ ammonium formate and the
elution volumes were determined with columns containing pyridine-washed Sephadex.
The results of this study, summarized in Table II, show no clear trend for a change

TABLE II

ELUTION VOLUME OF CONJUGATED ESTROGENS \VITH COLUMNS OF PYRIDINE-WASHED, "USED"

SEPHADEX G-15
Column dimensions: 0.9 X 47 em; eluant: 0.01 M ammonium formate, pH 6.8; volume of urine,
if used: 1.0 ml; volume per fraction: 3 m!.

Condition of
Sephadexa

Used
Used
Used
Used
Used
Re-used
Used
Re-used
Re-used

Type of urine added
to charge

Female (SH)
Female (RB)
None
None
None
Pregnancy (MH)
Pregnancy (FA)
None
None

Elution volume (ml)

E 3-3-GA E 3-I6-GA E 2- I 7-GA E 1-3-5 04
(14C) (14C) (3H) (3H)

66 248
64 168 226 226
82 246

162 242
61 143 21 4 214

161 240
163
152 222
163

a See text for definition of" Used".
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in elution volume in the presence or absence of urine or on re-use of the same column.
It appears that pre-treatment with pyridine stabilized the system but the extent of
stabilization, if real, is not known. Of the four standards tested only estrone-3-sulfate
and estradiol-17-glucuronide did not separate on the columns. Two of the peaks in
the elution profile of 14C-Iabeled conjugated estrogens in urine correspond in elution
volume with those of estradiol-17-glucuronide and estriol-16-glucuronide (Fig. 7).
A mixture of 3H-Iabeled estrone, 3H-labeled estradiol, 3H-Iabeled estriol and con­
centrated urine containing conjugated metabolites of 14C-Iabeled estradiol was applied
to a column of Sephadex G-15 (0.9 X 100 em) and eluted with 0.01 M ammonium
formate. The K av value9 for the free estrogens was 22-4 or greater while the K av value
for the conjugated estrogens was between 0.97 and ro.l, thereby affording complete
separation of these classes of compounds.

600

400

200

2160
n..:
o

80

20015050 100
FRACTION

Fig. 7· Elution of synthetic radioactive standards in the presence of conjugated 14C-labeled
estrogens in urine. Column dimensions: 0.9 x roo cm; charge: E.F. urine, day 2 (0.5 ml) with and
without designated standards; eluant: o.or IVI ammonium formate; volume per fraction: 4.5 ml.

Effect of height of column on efficiency of separation
A comparison was made among the separations achieved on columns of 50,

100 and 200 em length, of a mixture of conjugated 14C-labeled estrogens in urine. The
results, summarized in Fig. 8, show clearly that the best separation was obtained
with the longest column.

DISCUSSION

As part of a continuing search for better methods to separate conjugated
estrogens in urine, columns of Sephadex G-25, G-15 and G-IO were evaluated under a
variety of conditions to determine which provided the most efficient resolution.
Particular attention was paid to the selection of conditions not likely to cause
structural changes in the conjugated estrogens during the process of separation. The
use of some pH values away from that at neutrality was done primarily to help
understand the system and for the sake of completeness.

Nominally, gel filtration implies a technique whereby separations based on
differences in molecular weight are achieved. In practice separation based exclusively

J. Chromatog. 45, (1969) 381-391
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Fig. 8. Effect of height of column on efficiency of separation. Column diameter: 0.9 cm; charge:
E.F. urine, day 2 (0.5 ml); eluant: 0.1 111 ammonium formate; volume per fraction: 5.0 mi.

on molecular weight is not always achieved. Sorptive properties of the gel which
are influenced by both pH and the ionic environment cause the retention of many
types of relatively small molecules with potentially ionizable functional groups3,10-17.
With some types of compounds which generally are sorbed in an unpredictable
manner, careful choice of eluant has led to separations based primarily on molecular
weights3,ls-2o. Other types of compounds have been resolved very effectively by
empirically determining the solvent system which provides the best separation,
regardless of the molecular weights. Primarily the latter approach was employed in
the present investigation.

Clearly the use of some eluants such as dilute solutions of ammonium formate
or sodium chloride improved the separations compared with that obtained with water
as the eluant. The precise reason for the improvement is not known. From the K av
values it is apparent that under all conditions used in this paper the separations were
a result of factors other than differences in molecular weight. BELING1 reported that
pure conjugated estrogens are eluted from columns of Sephadex G-Z5 at close to void
volume with water as the eluant. Adding even a small quantity of salt or buffer to the
charge but still using water as the eluant caused the conjugated estrogens to be eluted
considerably beyond the void volume. A possible explanation is that the inner matrix
of the gel acts as a statically charged cage which repels the conjugated estrogens and
that the charge is dissipated in the presence of inorganic ions. The changes in the
sorptive properties of Sephadex with changes in the pH, in the ionic environment
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or in the dielectric constant are not readily explained by classical concepts of
adsorption or ion exchange. It appears that the separations which are achieved
are the result of the interaction of a number of factors.
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SUMMARY···

Columns of DEAE-Sephadex were used to separate conjugated estrogens in urine
(metabolites of [4- I4C]estradiol, administered intravenously) and reference standards.
A scheme has been devised whereby many of the conjugated estrogens in urine may
be separated by means of a sequence of three chromatographic procedures on columns
of Sephadex G-25, DEAE-Sephadex and Sephadex G-I5. The composite elution pro­
file contains at least eighteen distinct peaks of radioactivity.

INTRODUCTION

Many procedures for the separation of conjugated estrogens have been de­
scribed. BELING2 used gel filtration on Sephadex to separate conjugated estrogens in
late pregnancy urine into two major fractions. SMITH AND KELLIE3showed that urate
retards the elution of peak II of BELING and that peak I with appropriate pre-treat­
ment can be subdivided into peaks IA and IB on a second column of Sephadex. Ad­
ditional separation on columns of ECTEOLA cellulose and Celite 535 and by paper
and thin-layer chromatography led to the indirect identification of a number of
conjugated estrogens in late pregnancy urine. HAHNEL and co-workers4 , 5used DEAE­
Sephadex with a gradient of sodium chloride to separate a number of estrogen sulfates
and glucuronides in pregnancy urine and some reference standards. Evidence for the
identity of some of the separated estrogens was based on further fractionation by
means of columns of alumina and by TLC and Pc. JIRKU AND LEVITZ6 separated a
number of biliary and urinary metabolites of [6,J-3H]estrone-[35S]sulfate by means of
the following techniques: partition chromatography on columns of Celite, adsorption
chromatography on alumina, gel filtration on Sephadex G-IO with aqueous methanol
as eluant, high-voltage electrophoresis, PC and TLC.

* Supported by United States Public Health Service Grants AM-0990S and RCDA 5K3­
AM-31,321 (S.K.) and a grant from the Ford Foundation.

** To whom requests for reprints should be sent (Harbor General Hospital).
*•• See preceding paper (ref. I) for abbreviations used here.
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DrCZFALUSY and co-workers7 have made extensive use of countercurrent dis­
tribution to identify conjugated estrogens in many biological fluids and in a variety
of clinical and experimental situations. As more information is acquired on the large
number of conjugated estrogens present in urine it becomes increasingly apparent
that convenient and efficient methods are needed which will permit the separation
of all the conjugated estrogens in urine. One ultimate objective of such endeavors is
to assess the potential clinical significance of each of the conjugated estrogens which
is present.

SEPHADEX G-15 SEPHADEX G-15 SEPHADEX G-15 SEPHADEX G-15
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from Sephadex G-25

Charge: Peak][ from
Sephadex G-25

Fig.!. Separation of conjugated estrogens in R. B. urine on columns of Sephaclex G-r5 and
DEAE-Sephadex with and without prior separation on Sephadex G-25. Sephadex G-r5 (0·9 X
roo cm): charge, peak I (0.5 ml) + peak II (0.5 ml) from Sephadex G-25 (R. B. urine); eluant,
o.or lvI ammonium formate; volume per fraction, 5 m!. Sephaclex G-25 (6.5 X rSo cm): charge,
R. B. urine (r50 ml); eluant, distilled water; volume per fraction, r5 m!. DEAE-Sephaclex (0.9 X
roo cm): charge, peak I (0.5 ml) + peak II (0·5 ml) from Sephadex G-25 (R. B. urine); eluant,
1.0 NI ammonium formate; volume per fraction, 3.3 m!. DEAE-Sephaclex (0.9 X roo cm):
charge, peak II (0·5 ml) from Sephaclex G-25 (R. B. urine); eluant, 1.0 M ammonium formate;
volume per fraction, 3.3 m!. DEAE-Sephaclex (0·9 x roo cm): charge, peak I (0.5 ml) from Se­
phaclex G-2j (R. B. urine); eluant, r.o .~'I ammonium formate, volume per fraction, 3.3 m!.
Sephaclex G-r5 (0·9 X roo cm): charge, peak 1(0.5 ml) from Sephaclex G-25 (R. B. urine); eluant,
o.or 1'vI ammonium formate; volume per fraction, 5.0 m!. Sephaclex G-r5 (0.9 X roo cm): charge,
R. B. urine (1.5 ml); eluant, o.or ]\II ammonium formate; volume per fraction, 2.5 m!. Sephaclex
G-r5 (0·9 X roo cm): charge, peak II (0.5 ml) from Sephaclex G-25 (R. B. urine); eluant, o.or lvI
ammonium formate; volume per fraction, 5.0 m!. DEAE-Sephaclex (0.9 X roo cm): charge,
R. B. urine (1.5 ml); eluant, 1.0 ]\II ammonium formate; volume per fraction, 1.7 m!.
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In the previous paper of this series1 we described a series of studies in which
conjugated estrogens in urine (metabolites of 14C-Iabeled estradiol, administered i.v.)
and reference standards were separated on columns of Sephadex G-IO, G-I5, and
G-z5 using various solutions of salts as eluants. In this paper are described studies on
the separation of conjugated estrogens in urine using columns of DEAE-Sephadex
A-z5, alone and in conjunction with columns of Sephadex G-Z5 and Sephadex G-I5.
The resolving power of each system was evaluated in the light of the number of peaks
of radioactivity obtained, the ease of execution of the column, the capacity of the col­
umns and the amenability of the eluates to further fractionation. As a result of these
studies a convenient scheme has been devised whereby a sequence of these chromato­
graphic separations on columns of Sephadex G-z5, DEAE-Sephadex and Sephadex
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Fig. 2. Separation of conjugated estrogens in 1\'1. S. urine on columns of Sephadex G-I5 or DEAE­
Sephadex after prior separation on Sephadex G-25· DEAE-Sephadex (1.8 X 50 cm): charge, peak I
(5.0 ml) from Sephadex G-25 (M. S. urine); eluant, linear gradient of 0.125 IVI ammonium formate
(600 ml) to 0.30 111 ammonium formate (600 ml); volume per fraction, 5.0 ml. DEAE-Sephadex
(1.8 X 50 cm): charge, peak II (10 ml) from Sephadex G-25 (M. S. urine); eluant, linear gradient
of 0.125 M ammonium formate (600 ml) to 0.30 lvI ammonium formate (600 ml); volume per
fraction, 4.2 rul. Sephadex G-I5 (2 X 100 cm): charge, peak I (5.0 rul) from Sephadex G-25 (M. S.
urine); eluant, 0.2 111 ammonium formate (pH 6.6); volume per fraction, IS m!. Sephadex G-I5
(2 X 100 cm): charge, peak II (5.0 rul) from Sephadex G-25 (M. S. urine); eluant, 0.2 lvI ammo­
nium formate; volume per fraction, 3.5 m!. Sephadex G-25 (6·5 X ISS cm): charge, M. S. urine,
day 2 (ISO ml); eluant, distilled water; volume per fraction, 20 m!.
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G-I5 provides at least eighteen distinct peaks of radioactivity. The scheme and
some of the experiments which led to its development are described in this paper.

EXPERIMENTAL

Comparison of separation of conjugated urinary estrogens uszng columns of Sephadex
G-I5, Sephadex G-25 and DEAE-Sephadex

An aliquot of urine containing 14e-labeled conjugated estrogens (R. B. urine,
day I plus z) was applied to a column of DEAE-Sephadex and eluted with 1.0 1\1 am-

Gradient

60

t
30

10M NH4 formate

150

1000

:2

"u

500

50 100 150
FRACTIONS

Fig. 3. Comparison of separation on a column of DEAE-Sephadex eluted with 1.0 l'd ammonium
formate or with a gradient of ammonium formate. Upper part: linear gradient of 0.I25 kI am­
monium formate (600 ml) to 0.25 1vl ammonium formate (600 ml) : column dimensions, 1.8 X 50
cm; charge, M. S. urine (ro ml) ; volume per fraction, IO.5 m!. Lower part: 1.0 1\11 ammonium for­
mate; column dimensions, 0.9 X roo cm; charge, M. S. urine (1.5 ml); volume per fraction, 4.8 m!.

monium formate. Other aliquots were applied to columns of Sephadex G-I5 and Se­
phadex G-z5 and eluted with 0.01 .111 ammonium formate and water, respectively.
The elution patterns are shown in Fig. 1. At least nine distinct peaks are discernible
in the elution patterns for DEAE-Sephadex and Sephadex G-I5 compared with only
two major peaks for Sephadex G-z5. Peaks I and II from Sephadex G-z5 were concen­
trated in vacuo and applied individually and together to columns of Sephadex G-I5
and DEAE-Sephadex. The results of this study are summarized in Fig. 1. The overall
resolution obtained with and without preliminary fractionation on Sephadex G-z5
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was not significantly different. There is a general trend for the components of peak I
to be eluted from columns of DEAE-Sephadex and Sephadex G-I5 before those of
peak II.

In another study a different specimen of urine (M.S.) was separated on a
column of Sephadex G-25 and peaks I and II were applied separately to columns of
Sephadex G-I5 and DEAE-Sephadex. The eluant used with the DEAE-Sephadex
column was a linear gradient of ammonium formate from 0.12511.1 to 0.30 M (pH 6.6).
Under these conditions (gradient) there is a clear advantage to preliminary separation
on Sephadex G-25 since the elution volumes of peaks I and II are nearly identical on
DEAE-Sephadex. The results are summarized in Fig. 2. In another study a comparison
was made between the elution pattern from columns of DEAE-Sephadex (M. S. urine)
using 1.0 M ammonium formate and a gradient of 0.125 M to 0.25 M ammonium for­
mate (pH 6.6). The results are shown in Fig. 3. Although the elution volumes were
larger when a gradient was used the resolution obtained is not significantly better than
that found without the gradient and the gradient is less convenient to use.

Separation oj conjugated urinary estrogens from the bulk oj other substances on the basis
oj weight and radioactivity

A specimen of concentrated urine containing 14C-labeled conjugated estrogens
was applied to a column of DEAE-Sephadex (o.g X 100 cm) and eluted with 1.0 M
ammonium formate. Aliquots were removed for determination of the weight of the
residue on evaporation to dryness. The results of this study, summarized in Fig. 4,
show that there is almost a complete separation of the major weight-contributing
urinary components from the conjugated estrogens. The relatively poor separation is
a reflection of the large volume of eluant per fraction.

1500

120

i

I 1000
I
1

01
~ E-
n: ...,
<.) .r.

01
.~

46

Fig. 4. Separation of conjugated urinary estrogens from the bulk of other substances on the basis
of weight and radioactivity using a column of DEAE-Sephadex (0.9 x 100 cm). Charge, R. B.
urine (4.0 ml) ; eluant, 1.0 lvI ammonium formate; volume per fraction, 3.0 m!.
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Fig. 5. Sequential separation of conjugated urinary estrogens on columns of Sephadex G~z5,

DEAE~Sephadex and Sephadex G-15· Sephadex G-Z5 (5 x 106 cm); charge, E. F. urine, days
z + 3 (zoo ml); eluant, distilled water; volume per fraction, 16 m!. DEAE~Sephadex(4 x 156 cm):
charge, peak I (90 ml) from Sephadex G~Z5; eluant, 1.0 I'd ammonium formate; volume per
fraction, 16 m!. DEAE-Sephadex (4 X 100 cm): charge, peak II (36 ml) from Sephadex G-z5;
eluant, 1.0 lVI ammonium formate; volume per fraction, 16 m!. Sephadex G~15 (z X zoo cm):
charge, peaks from DEAE-Sephadex (dry Sephadex G~15 added to solution of charge; mixture
evaporated to dryness and applied to top of column); eluant, 0.01 1111 ammonium formate; volume
per fraction, 13 m!.

Sequential separation of conjugated urinary estrogens on columns of Sephadex G-25,
DEAE-Sephadex and Sephadex G-I5

A specimen of concentrated urine containing I4C-labeled conjugated estrogens
was applied to a column of Sephadex G-z5 and eluted with distilled water. The two
primary fractions which were obtained (peaks I and II) were reapplied, after reduction
of the volume in vacuo, to columns of DEAE-Sephadex and eluted with 1.0 111 am­
monium formate. Peak I was resolved into four fractions (peaks lA, IB, IC and ID) and
peak II into five fractions (peaks IIA, lIB, IIC, lID and lIE). Each of these fractions
(except IIA and lIB which were too small for further fractionation) was applied to
a column of Sephadex G-15 and eluted ,vith 0.01 1\11 ammonium formate. The elution
pattern for each column is shown in Fig. 5. The scheme provided separation of at
least eighteen different components as evidenced by the presence of eighteen dis-
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crete or nearly discrete peaks. The pattern of lIe on Sephadex G-r5 shows one peak
and a pronounced shoulder which emerges as two distinct peaks when individual
fractions were plotted (see inset) rather than pools of every ten fractions.

Elution volume from DEAE-Sephadex of reference standards in the presence and absence
of urine

Four radioactive reference standards, estriol-3-glucuronide, estriol-r6-glucu­
ronide, estradiol-r7-glucuronide and estrone-3-sulfate were applied to columns of
DEAE-Sephadex in different combinations in the presence and in the absence of con­
centrated urine. The standards in the absence of urine were applied to columns with
dimensions 0.9 X 50 cm and those in the presence of urine to columns with dimensions
0.9 X roo cm. The elution volumes, summarized in Table I, are all different and each

TABLE I

ELUTION VOLUME OF REFERENCE STANDARDS IN THE PRESENCE AND ABSENCE OF URINE

Column, DEAE-Sephadex; eluant, 1.0 M ammonium formate. Reference standard: E3-3-GA =
estriol-3-glucuronide; E 3-I6-GA = estriol-I6-glucuronide; E2-I7-GA = estradiol-I7-glucuronide;
El-3-S04 = estrone-3-sulfate.

Column Column Charge Elution volume (ml)
No. dimensions

(em) E 3-3-GA E 3-r6-GA E 2- r7-GA E 1-3-5 0 4

I 0·9 x 50 Standards only 91
2 0·9 X 50 Standards only II8
3 0·9 X 50 Standards only 120 147
4 0·9 X 5° Standards only 88 127 3°7
5 0·9 X 5° Standards only 127
6 0·9 X 50 Standards only 80 151
7 0·9 X 50 Standards only 160
8 0.9 X 50 Standards only 156

9 0·9 X 100 Standards + urine 258 838
10 0.9 X 100 Standards + urine 296 1100
II 0·9 X 100 Standards + urine 800

of the standards is completely or nearly completely separated from the others. The
elution volumes of the glucuronides were reproducible and were unaffected by the
presence or absence of urine and appear to be related to the length of the column.
There was considerably more variability in the elution volume of estrone sulfate but
the elution volumes were consistently higher than those for any of the glucuronides
studied.

DISCUSSION

Gel filtration on Sephadex G-z5 with water as the eluant has been used to sep­
arate conjugated estrogens in urine from many other substances such as salts and
inhibitors of p-glucuronidase which are present in urine l . The technique in addition
separates completely and efficiently two major groups of conjugated estrogens on the
basis of properties which are not likely to lead to separation by other chromatographic
means. The capacity of the system, the relative ease of execution of the technique
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and the benignity of the conditions are particularly favorable for its utilization as
the first step in a scheme for the separation or isolation of conjugated estrogens in
urine.

In the scheme which we have developed gel filtration on Sephadex G-z5 is used
as the first step and is followed by further fractionation on columns of DEAE-Sepha­
dex and Sephadex G-I5. It is apparent that under the conditions employed the factors
operative in the separation of the conjugated estrogens are at least partially unique
for each of the chromatographic systems which were used. Were this not so there would
have been no additional resolution on sequential chromatographic manipulations.
One specific example of a pair of standards which were separated on DEAE-Sephadex
but not on Sephadex G-I5 is estradiol-I7-glucuronide and estrone-3-sulfate.

The separations achieved on columns of DEAE-Sephadex provided nine peaks
of radioactivity from the components in the two peaks which were applied to the
columns. In other studies, not described in the experimental section, sodium chloride
was found to yield separations similar to those obtained with ammonium formate.
The elution volumes were about IS % smaller with sodium chloride as the eluant and
with the DEAE-Sephadex in the chloride form. However, since sodium chloride is more
difficult to remove from the eluates once the sep3.rations have been achieved, am­
monium formate was the preferred eluant.

In the preceding paper of this series1 separation of conjugated urinary estrogens
on columns of Sephadex G-I5 under a variety of conditions was described. In this
paper the technique was extended for use in separating further fractions already
separated on columns of Sephadex G-z5 and DEAE-Sephadex. As a result of the
combined use of all three systems at least eighteen peaks of radioactivity were
apparent in the elution patterns. It seems likely that additional fractionation by
TLC on silica gel would provide sufficient additional fractionation for the essentially
complete separation of the major conjugated estrogens in urine for structural analysis
and ultimately for potential clinical use. Although no definitive identifications have
been made there is evidence based on elution volumes for the presence in urine of estra­
diol-I7-glucuronide, estriol-I6-glucuronide and estriol-3-glucuronide but no evidence
for the presence of estrone-3-sulfate. Based on the elution volume of estrone-3-sulfate
from columns of DEAE-Sephadex (Table I) it is possible that in the sequence of chro­
matographic columns where eighteen peaks of radioactivity were obtained the estrogen
sulfates were not eluted from the columns and that additional peaks would have been
present if the elution had been prolonged to include the small amount of radioactivity
which remained on the columns.
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SUMMARY

Gel chromatography of inositol polyphosphates has shown that a substantial
anion exclusion effect exists which is diminished, but not necessarily eliminated, by
concentrations of eluant electrolyte up to 2 M. Under the appropriate conditions of
ionic strength and pH, gel chromatography provides a useful adjunct to the established
fractionation procedures for inositol phosphates. It has been successfully used to
demonstrate that myoinositol I,3A,5,6-pentaphosphate forms a strong ionic asso­
ciation with pigeon and chicken haemoglobins.

INTRODUCTION

Established methods for the fractionation of inositol polyphosphates include
anion-exchange chromatography, paper chromatography, paper electrophoresis and
fractional precipitation. These procedures have been reviewed by C03GROVEl. In
addition moving paper electrophoresis2 and thin-layer chromatography3 have now
been described.

Separations of a series of compounds by chromatography on a cross-linked dex­
tran gel (Sephadex) have been reported for inorganic polyphosphates4 and polynucleo­
tides5 . The present study records the distribution coefficients6 (Kd = (V e - Vol lVi,
where V e is the elution volume of the solute, Vo is the void volume and Vi the volume
of the stationary phase) of various inositol polyphosphates and some other reference
compounds on a number of Sephadex gels. The variation of these Kd values with
ionic strength and pH is examined. The application of gel chromatography to the
elucidation of the ionic nature of the pigeon and chicken haemoglobin-inositol penta­
phosphate complex is described.

EXPERIMENTAL

Materials
The Sephadex (Pharmacia AB) gels and columns used are shown in Table 1.
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TABLE I

SEPHADEX GELS AND COLUMNS

Sephadex Nlesh size Column parameters' Sample Fraction
grade (It) ~------ (ml) size

Length V t Vo Vi (ml)
(em) (ml) (ml) (ml)

G-200 140-400 36 1020 290 700 10 16·5
G-I00 40- 120 78 770 260 470 8 '4. 0
G-50 100-300 58 7 10 270 4 10 6 14.0
G-25 [00-300 52 500 210 25° 5 16·5
G- 15 40- 120 46 300 120 130 4 7. 0

• For pH < 13 and eluant salt concentrations < 2 lVI.

The reference compounds, their methods of preparation or source and the sym­
bols used in this paper are: myoinositol hexaphosphate', IP6; myoinositol tripyro­
phosphate', 71: 30; chicken blood myoinositol pentaphosphate7, IP5(CB); alkaline
hydrolysis myoinositol pentaphosphate2, IP5(OH); myoinositol tetraphosphate8, IP4;

myoinositol triphosphate8, IP3; myoinositol diphosphate8, IP2; myoinositol mono­
phosphate9 , IP1; glycerol phosphoryl myoinositol1o, GPI; myoinositol*, I; ortho­
phosphate*, Pi; inorganic pyrophosphate*, PPi ; adenosine monophosphate*, AMP;
adenosine triphosphate*, ATP; phosvitinll, Pv; triethyl phosphate*, Et;)P; and
fructose*, Fr.

Washed red blood cells were lysed and the haemolysates obtained by the
DRABKIN procedure12.

Methods
Columns were prepared and packed after equilibration with eluant, in accor­

dance with manufacturers' directions. Lithium chloride was used as the eluant electro­
lyte to facilitate recovery of the ethanol-insoluble lithium phosphates13.

The sample (200-300 pg P) was layered direct onto the filter paper or gauze
disc that covered the gel surface and suitable fractions were collected. All runs were
made at room temperature (20-27°). Ka values were calculated by use of Blue
Dextran 2000 (Pharmacia AB) and tritiated water to determine Vo and Vi, respec­
tively.

Aliquots from each fraction were analysed for total phosphorus14. Inorganic
phosphorus was determined by the ascorbic acid method15, fructose was measured
by the anthrone method16 and inositol by periodate oxidation17. Haemoglobin ab­
sorbance was measured at 577 nm.

The location of the inositol pentaphosphate in haemolysate fractions was de­
termined by precipitation of the acid-soluble phosphorus as the barium salt with
subsequent electrophoresis of the anions in O.I M oxalate at pH 1.5 as previously
described' .

RESULTS AND DISCUSSION

A nion exclusion
The anomalous behaviour of ionic compounds of low molecular weight eluted

• Commercial products.
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with water on Sephadex gels has been appreciated since the initial study of GELOTTE6 •

The nature of this effect has been greatly clarified by the work of NEDDERMEYER AND

ROGERS18, who found that irregular elution profiles of anions became symmetrical
at 0.01 M eluant salt concentration and showed that the asymmetric profiles in dis­
tilled water could be attributed to a Donnan anion exclusion effect.

We have investigated the effect of eluant salt concentrations above that which
is necessary to produce symmetrical profiles. Fig. I shows the results for the eluant
salt molarities in the range 0.01 M-5 M for inorganic phosphate, pyrophosphate, myo­
inositol hexaphosphate and triethyl phosphate on Sephadex G-25.

Sephadex G - 25

1.0

./.
VI·------·----

520ml

500

....•
n •...•-0

:13P~'~':~.-.

~P.------ ./.
, .---

IP .----o,,-----,-'-:-'::-:-.........'-'-.......~--J'---L--'-'...L.U.LL-'---L----'-..L.J...LJ..J.';'.
0.01 0.1 10

M Liel
Fig.!. Variation of the gel column (V,) and distribution coefficients (Ka) of triethyl phosphate
(Et3 P), inorganic phosphate (Pi), inorganic pyrophosphate (PPi) and myoinositol hexaphosphate
(IP6) with the molarity of the eluant electrolyte (lithium chloride).

The uncharged molecules triethyl phosphate (Fig. I), fructose (Table II) and
myoinositol (Table III) have virtually constant Kd values at eluant electrolyte
concentrations of 0.01-0.2 M. By contrast the anions of Fig. I each show a marked
increase in Kd in this range. Iodide and sulphate anions19 as well as polythymidylates5

show analogous behaviour. Such results suggest the continued existence of a signif­
icant anion exclusion effect above the 0.01 M limit suggested by NEDDERMEYER AND

ROGERS18.

With eluant electrolyte concentrations above 2 111£ the situation becomes more
complex. Both inorganic phosphate and pyrophosphate have constant K d values, but
the myoinositol hexaphosphate and triethyl phosphate show increased Kd values.
It is not possible to decide between the anion exclusion and adsorption mechanisms
in the case of the highly charged hexaphosphate but adsorption appears to be the
only feasible explanation for the behaviour of the uncharged triethyl phosphate.
Interpretation of the results is further complicated by an unexpected swelling of the
gel matrix (Vt) above 2 M (Fig. I).

The results from a variety of reference compounds on a range of Sephadex gels
are listed in Table II and from this table it is again apparent that, for anionic com­
pounds which are detectably excluded from the gel pores (Kd < 0.8) at 0.01 M eluant
salt concentration, there is invariably an increase in Kd at higher salt concentrations.

Fig. 2 shows the effect of pH on Kd values in the presence of 0.1 111£ eluant salt.
In the pH range 3-rr where the ionisation of carboxyl groups of the gel matrix and
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TABLE II

DISTRIBUTION COEFFICIENTS OF REFERENCE COMPOUNDS ON SEPHADEX GELS

Grade Eluant Distribution coefficipnts (J(d) ± 0.05

molarity
Pv IP. PPi ATP Pi Fr AMP

G-15 0.01 0.00 0.00 0.04 0.16 0.26 0.63 0·74
0.20 0.00 0.06 0.25 0·35 0040 0.65 1.00

G-25 0.01 0.00 0.06 0.3 1 0.60 0.56 0·75 0·91
0.20 0.00 0.19 0.56 0.69 0·73 0·75 1.06
2.00 0.00 0.30 0.67 0·93 0·77 0.8r 1.30
5. 00 0.00 0047 0.65 0.88 0.76 0·79 1. 15

G-50 o.or 0.00 0-45 0.81 0.9 1 0·91 0.89 1.14
0.10 0.00 0.61 0.83 0·93 0.89 0·93 1. 14

G-roo 0.01 0.03 0·79 0·97 0·97 0·97 1.07

G-200 o.or 0.21 0·90 0.98 0.98

1.0

Sephadex G-Z5

0*

:,: :-:~.
~*..

I~ e--e--e
6 \

e
11 13

pH

Fig. 2. Variation of the distribution coefficient (J(d) of inorganic phosphate (Pi), inorganic pyro­
phosphate (PPi) and myoinositol hexaphosphate (IP.) with the pH of the eluant electrolyte
(0.1 l'v[ lithium chloride). Values with asterisks at pH 13 refer to an electrolyte concentration
of 2 M.

the second dissociation of phosphate groups occurs, the incorporation of 0.1 NI eluant
salt is sufficient to suppress the expected fall in Kd values caused by the repulsion
of these groups.

However, under strongly alkaline conditions (pH 13), where the ionisation of
hydroxyl groups in the carbohydrate gel matrix is significant, a marked anion ex­
clusion effect becomes apparent with a striking reduction in Kd values for the phos­
phates. If the concentration of lithium chloride in the eluant at pH 13 is now in­
creased to 2 1];[, the Kd values marked by asterisks in Fig. 2 are obtained and the
anion exclusion is again substantially repressed.

1];[olecular size
DETERMANN20 has comprehensively reviewed the various empirical relationships

between Kd values and molecular size parameters. In general there is an orderly
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lowering of Kd values as a homologous series is ascended. Table III shows such an
inverse relationship between the degree of phosphorylation of the inositol ring and
the Kd value on two grades of Sephadex at two eluant salt concentrations. Similar
results have been obtained by HOHN AND SCHALLER5 for oligonucleotides and by
OHASHI et al. 4 for inorganic phosphates.

TABLE III

DISTRIBUTION COEFFICIENTS OF MYOINOSITOL POLYPHOSPHATES ON SEPHADEX G-50 AND G-25

Grade Eluant Distribution coefficients (Ka) ± 0.05
molarity

IP6 IP5 (OH) IP5(CB) IP4 IP3 IP2 IP I GPI I7l:30

G- 2 5 0.01 0.06 0.06 0.06 0.06 0.12 0.19 0.3 1 0-44 0·53 0·75
0.20 0.19 0.19 0.19 0.19 0.25 0·33 0-44 0·59 0.56 0·75

G-50 0.01 0-45 0-48 0.56 0·54 0·57 0.64 0.70 0.86 0·97 0.83
0.10 0.61 0.61 0.62 0.64 0.68 0·75 0·79 0.86 0·97 0.86

Because both anion exclusion effects and molecular size contribute to the
observed Kd values in Table III no attempt has been made to establish a simple
logarithmic relationship between Kd and a molecular size parameter alone. Never­
theless by using a suitably calibrated column with appropriate eluant salt concen­
trations an unknown member of the series could be identified.

On the other hand Table III also indicates that Sephadex gel chromatography
is unlikely to be of much value for separation of mixtures of closely related members
of the inositol polyphosphate series which are more satisfactorily resolved by ion-
exchangeI ,21 and electrophoretic procedures2. •

Application
The major inositol polyphosphate which can be isolated from chicken blood

by acidic protein precipitants is now known to be myoinositol I,3,{,5,6-pentaphos­
phate7• Unsuccessful attempts to isolate the pentaphosphate by ultrafiltration of
haemolysed red blood cells suggested that covalent or ionic linkages to some macro­
molecule may be present. A similar observation has been made for diphosphoglyceric
acid in mammalian red blood cell haemolysates by SOLOMON et al. 22 •

In order to examine whether or not the inositol polyphosphate was covalently
or ionically linked to a macromolecule, both pigeon and chicken haemolysates were
examined by gel chromatography.

The results for chicken blood haemolysate on Sephadex G-50 are shown in
Fig. 3. A similar pattern was obtained for pigeon haemolysate. At 0.1 M eluant salt
concentration and pH 7 (Fig. 3a), conditions of ionic concentration and pH which
approximate to those of the red blood cell, there is a strong association of the inositol
pentaphosphate with the pigeon and chicken haemoglobins. At high pH (Fig. 3b) or
high eluant salt concentrations (Fig. 3c) the complex is dissociated, which indicates
a strong ionic association is present under the conditions of Fig. 3a.

On Sephadex G-50 with 0.1 M eluant and pH 7 (Fig. 3a) the haemoglobin­
inositol pentaphosphate complex is coincident with the void volume. To confirm that
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the polyphosphate was associated with the haemoglobin and not some other protein,.
the haemolysate was examined on Sephadex G-roo under the same elution conditions.
The inositol pentaphosphate and haemoglobin peaks were found to be coincident
with Ka = 0.31.

a Sephadex G-50

20 30 40 50
Fraction No.

~ 1.0
c:
lG
~...
o 0
] ~--'----'-----'-----'--l

e:t 1.0 c 2.OM L;CI 10
pH 7 IP.
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'-----:=':::---:f=---;':------;';:-'
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;:~~~:"
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!It') 0.1 M Liel Q)

pH 11 10 Co
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Fig. 3. (a) Assocation of the inositol pentaphosphate and chicken haemoglobin peaks at pH 7
and 0.1 .M eluant electrolyte concentration. (b) Dissociation of the inositol pentaphosphate ancl
haemoglobin peaks at high pH. (c) Dissociation of the complex by 2 M eluant electrolyte at
neutral pH.

BENESCH AND BENESCH23 have shown that the association of organic poly­
phosphates with both mammalian and avian haemoglobins has a considerable effect
upon the oxygen affinity of the haemoglobin. In the case of diphosphoglyceric acid
it is only the deoxyhaemoglobin which binds strongly to the phosphate under ap­
proximately physiological conditions. However the spectrum of the chicken and
pigeon haemoglobin-polyphosphate complexes with pronounced bands at 538 and
577 nm indicates clearly that the inositol pentaphosphate binds strongly to the
oxyhaemoglobin, and the binding of oxygen and inositol pentaphosphate to haemo­
globin is not a mutually exclusive process as in the case of diphosphoglyceric acid23 •
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SUMMARY

A method is proposed for the separation of all the components of a complex
mixture of acids or bases by counter-current distribution with progressive variation
of the pH. The function that controls the double distribution and dissociation equilib­
rium in the case of a weak base was investigated. Since the separation depends on
the difference in the product of the dissociation constant K b and the distribution
coefficient K r , two possibilities are considered: the use of a lower buffer phase and
an upper organic phase whose composition is progressively changed in such a way as
to vary K r , the bases being eluted in order of increasing K r · K b, and the use of a lower
organic phase with an upper buffer phase whose pH is varied from neutrality to in­
creasingly acidic values in such a way as to extract the alkaloids in order of decreasing
K r ' K b. With the aid of this second process, it was possible to isolate the known nine
alkaloids of Strychnos nux-vomica, i.e. strychnine, ex- and p-colubrines, brucine, pseudo­
strychnine, pseudobrucine, icajine, vomicine, and novacine, as well as four others
that had not been discovered previously. The separation of strychnine and brucine
on the basis of the difference in the product K r · K b was also examined. Where this
product was equal (e.g. for colubrines and brucine between chloroform and water),
partial modification of one phase (addition of 35 % of ethyl acetate) leads to non­
proportional changes in the K r values, and so permits separation.

INTRODUCTION

The separation of basic and acidic substances by distribution at a fixed pH has
had, and still has, important applications both in chromatography and in counter­
current processes. Both methods have been improved by techniques (some of them
patented) involving the use of different pH values. Thus columns have been prepared
with zones of absorbent saturated with buffers to give a variation of the pH from the
top to the bottom of the columnI, and counter-current distributions (CCD) have been
carried out with buffers whose pH values varied from one test tube to the next as
the stationary phase2 .

* Fellow of Istituto Superiore di Sanitit, Rome; from Departamento de Fannacognosia y
Farmacodinamia, Facultad de Farmacia, Universidad de Granada, Spain.
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(I)

These methods are very laborious and are not readily reproducible with the
various materials to be separated. Moreover, the results are unsatisfactory in the
separation of complex mixtures. They are therefore rarely used. CCD with movement
of both phases in opposite directions is also rarely used, since it does not allow the
the separation of mixtures of more than two or three substances simultaneously3.

In the present article, we describe a simple method by which complex mixtures
of alkaloids (more than thirteen in the case of Strychnos nux-vomica) can be separated
with a CCD apparatus consisting of 200 tubes. We believe that this method is useful
not only from the point of view of large-scale preparations but also for the isolation
of the "minor alkaloids", which are present in quantities of up to I % with respect
to the predominant components. Due to the fact that this method allows the isolation
of substances present in very small quantities it may be used in structural investiga­
tions by means of mass spectrometric and X-ray methods.

Preparative chromatography does not offer acceptable solutions, both because
of the difficulty of recovery and because of the frequency with which a single spot
corresponds to more than one substance (the mixture of thirteen alkaloids from
Strychnos nux-vomica chromatographed in equal quantities gives at most five or six
spots depending on the mobile phase used).

In using CCD for the separation of alkaloids, it is necessary to take into account,
and even to use, the difference in their pKa values (e.g., strychnine 7.27, pseudo­
brucine 5.60 (ref. 4)), to which there should correspond a pH that differs from
one case to another for a suitable distribution between immiscible solvents. Thus by
variation of the two phases in the CCD apparatus, various authors5 have separated one
or two substances at a time from a mixture. The use of aqueous stationary phases
having various pH values with a lighter organic phase has not given positive results2 .

In this work we used a heavier organic stati'onary phase, which remained the
same throughout the process, with a buffered aqueous phase, the pH of which was
varied discontinuously from neutrality to increasingly acidic values; this system gave
selective extraction of substances from the stationary organic phase. The substances
could thus be collected on emerging from the last test tube of the CCD apparatus as
the pH in the reservoir tube was changed. To obtain a better understanding of the
interdependence of the factors on which this method depends, the general validity of
which is shown by the results obtained, it is useful to consider the fol!owing theoretical
treatment. The double dissociation and distribution equilibrium, which was first dis­
cussed by IRVING AND WILLIAMS6, is outlined below from the analytical point of view.

THEORY

An alkaloid, as a weak base, satisfies the dissociation equilibrium

[OR-] [B+]
K b =-----

[B OR]

According to the distribution law, the concentrations of the undissociated form in the
two phases are relate.d as follows:

[B OR]
K r =--­

Co

where Co = concentration in the organic phase.
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The total quantity (T) of alkaloids is the sum of the following three terms:

where V o = volume of the organic phase and V w = volume of water.
The product [B OH] ° V w may be neglected in the sum, since [B OH] ~ [B+]

and [B OH] ~ Co. This is because the alkaloid in the aqueous phase is mainly in the
form of salt in the pH range in question. vVe can thus write:

From eqnso (1) and (z) we find

From eqn. (3), if V w = V o (volumes of the aqueous and organic phases equal), division
by V o gives:

T
- = Co + [B+J
V O

where T/Vo is the analytical concentration, which is constant, and which we shall
denote by Ct = total moles/l (volume of one phase). Substitution of Ct = Co + [B+]
in eqno (4) gives:

[B+J Kr·Kb KroKb[H+J
---- -----
Ct - [B+J [OH-J K w

Taking logarithms and changing the sign we obtain:

Ct - [B+J K w
log ---- = log --- + pH

[B+J Kr·Kb

The expression log {(Ct - [B+]) / [B+J} (logarithm of the reciprocal of the extraction
coefficient) is thus a linear function of the pH. Fig. 1 shows the lines for the unitary
values of the term log {Kw/ (Kro K b)} and those of strychine and of brucine. The slope
is 1.

It can be seen that the concentration in the aqueous phase is equal to that in
the organic phase, Ct = z[B+] and hence log {(Ct - [B+])/[B+J) = 0, when pH =
log {(KroKb) /Kw }.

Fig. z shows the concentration in the aqueous phase as a function of the pH
corresponding to unitary values of the expression log {Kw / (Kr·K b)}.

For a base having a given K b, K r can be varied by variation of the organic sol­
vent (one phase is always water). Two bases having the same value of the product
KroKb can be separated by modification of the organic phase, since the changes in
the distribution coefficients K r of the two bases are generally not proportional, as
can be seen in the separation of colubrines and of brucine (see later). Two alkaloids

]. Chromatog., 45 (1969) 407-414
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Fig. 1. Logarithm of the reciprocal of the extraction coefficient Ct - [B+] / [B+] as a function of
the pH corresponding to unitary values of the term log {Kw/(Kr·Kb)}·
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Fig. 2. Concentration of the aqueous phase [B+] as a function of the pH corresponding to unitary
values of the term log {J<w/(Kr·Kb)}·

having very similar values of K b can also be separated in a similar manner.The K b

value of strychnine, for example, is 8 % higher than that of brucine (K b of strychnine
10-6, K b of brucine 9.2 X 10-7) (ref. 7). The value of K r between water and chloro­
form, as found spectrophotometrically by the present authors, is 8.1 X 10-4 for
strychnine and 6.0 X 10-4 for brucine; the product Kr·Kb is therefore 8.1 X ro- lO
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for strychnine and 5.5z X lO-10 for brucine. The possibility of separation is thus
further increased in the distribution, since the product Kr·Kb of strychnine is 3z %
higher than that of brucine. Figs. I and z show the curve for strychnine and brucine.

Since the pH range must be between 7 and 3 to ensure that the alkaloids do not
decompose over long periods and to guarantee the absence of emulsions, the product
K r' K b must be between lO-; and lO-11 for the countercurrent separation. Alkaloids
having low basicities must therefore have a relatively high K,.* (unfavorable organic
solvent) while a very small K r (very favorable organic solvent) is necessary for more
basic alkaloids.

Complex mixtures of alkaloids can be dealt with in two ways. A stationary
aqueous phase having a constant pH is used with a lighter organic phase, which is
progressively varied in such a way as to decrease K r and to increase the extractive
capacity for the various alkaloids, which are thus carried along in order of increasing
K r · K b . Alternatively, a heavier stationary organic phase may be used with a buffered
aqueous phase, the pH of which varies from neutrality to increasingly acidic values
in the course of the separation, so that the alkaloids are transported in order of
decreasing Kr·Kb•

The second of these procedures requires a very small volume of the solvent
forming the stationary phase, which may be chloroform, dichloromethane, carbon
tetrachloride, or mixtures with other solvents in a wide range of compositions such
that the specific gravity is always higher than 1. The first procedure can be carried
out by varying the percentages of two or more organic solvents, but requires a large
volume of these solvents, and so presents the problem of their recovery and fractiona­
tion. Moreover, the lighter organic phase, by the nature of the possible constituents
(ether, benzene, ethyl acetate), generally gives higher K r values than chloroform, and
so makes it necessary to work in the alkaline pH range; this presents problems of
stability, solubility, and emulsion formation.

In the countercurrent fractionation of the thirteen alkaloids of Strychnos nux­
vomica in the CCD apparatus, chloroform (z 1) was used as the stationary phase with
phosphate buffer of pH between 6·5 and 3.3 as the eluent. The total volume of the
eluent was about 80 1 for 8000 passes (zoo-stage Craig apparatus). Eleven clearly
separated fractions were obtained, and ten of these contained only one substance
each. The only mixed fraction consisted of IX- and P-colubrines and brucine, and this
was further fractionated with chloroform-ethyl acetate (65: 35) as the stationary
phase and phosphate buffer of pH 6.z as the mobile phase.

It is interesting to note that the K r values of these alkaloids, which had identical
K r · K b values in chloroform, show distinct and non-proportional changes even when
the composition of the organic phase is only partly altered.

The order in which the components appear in the CCD separation between
chloroform and buffer is as follows. The alkaloids of the normal series appear first in
order of increasing molecular weight (strychnine, IX- and 'p-colubrines, and brucine,
the last three appearing together); these are followed by the alkaloids of the pseudo
series (pseudostrychnine and pseudobrucine), and finally by those of the N-methyl
pseudo series, again in order of increasing molecular weight (icajine, vomicine, and
novacine). In the subsequent separation with chloroform-ethyl acetate (65: 35) and

* Note that K r is the ratio of the concentrations of the undissociated form in the aqueous and
in the organic phases.
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buffer, the above order is reversed, i.e. brucine appears first, and is followed by fJ- and
then by cc-colubrine.

EXPERIMENTAL

The alkaloid mixture fractionated was the mother liquor from the crystallization
of strychnine sulphate, and was supplied by Sandoz of Milan (to whom we wish to
express our thanks).

The mixture was made alkaline with dilute sodium carbonate and extracted
with chloroform. CCD apparatus used was a 200-stage Post apparatus, volume 10/10
m!. The aqueous phase was a 0.2 M phosphate buffer saturated with chloroform.
Below pH 4.5, 0.2 M monopotassium phosphate was used with hydrochloric acid. The
chloroform used as the lower phase contained 0.5 % of ethanol to prevent phosgene
formation. Since water extracts ethanol from chloroform, a small quantity « 0.1 %)
of ethanol had to be added to the aqueous solution used.

Five grams of the mixture of free bases were dissolved in 16 ml of chloroform,
and the solution was filtered and introduced into the first two tubes of the Craig
apparatus. The volume of aqueous phase introduced in each pass was about 10 ml;
the agitations for each stage were 10-12. The decantation time gradually decreased
from more than 5 min at the beginning to 30-40 sec. The upper phase was collected as
it left the Iggth test tube. The contents of the tubes (one out of every ten) were periodi­
cally chromatographed on Silica Gel HF 256+366 with benzene-ethyl acetate-diethyl­
amine (7: 2: I) as the solvent and examined in UV light. The Dragendorff reagent can
be used only after the complete removal of diethylamine at lOOo. The pH of the buffer
was varied from its initial value of 6.5 as indicated on the abscissa of Fig. 3, the

R=R'=H R =H R:OCH] R=R';OCH 3
500 R'~OCH3 R'~H
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Fig. 3. Separation of Strychnos nux-vomica alkaloids by CCD with chloroform and buffer from
pH 6·5 to 3.3.
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changes being made only when the substance emerging from the 199th test tube was
clearly separated from the next.

The magnitude of the pH change in the reservoir container of the apparatus
depended on the ease of separation of the substances. This could be estimated from
the chromatographic investigations with the aid of the curves in Fig. 2, which give
the increase in the concentration in the aqueous phase as a function of the decrease
in pH.

The various fractions collected were made alkaline with sodium bicarbonate
and extracted with chloroform. Fraction 4, which contained the two colubrines and
brucine, was further separated in the Craig apparatus with chloroform-ethyl acetate
(65: 35) as the stationary phase and phosphate buffer of pH 6.2 as the mobile phase.
As can be seen in Table I, the brucine was separated first and collected on leaving the
199th tube, while the two colubrines were separated only after prolonged recycling.
All the fradions were crystallized from ethyl acetate, (sometimes mixed with hexane).
Alcohol was never used, because of the presence of pseudostrychnine and pseudo­
brucine, which are readily alkylated to their hydroxyl oxygens. The strychnine, C(­

and ,B-colubrines, brucine, pseudostrychnine, pseudobrucine, icajine, vomicine and
novacine were identified on the basis of their mass spectra and by comparison of the
IR spectra in chloroform and of the chromatographic mobilities in the following four
solvent systems: methanol-chloroform (2: 8); benzene-ethyl acetate-diethylamine
(7: 2: 1); cyclohexane-chloroform-diethylamine (5: 4: 1); pyridine-ethyl acetate­
water (11.5: 75: 16.5) (upper phase).

TABLE I

CCD SEPARATION OF FRACTION NO.4 BETWEEN CHLOROFORM-ETHYL ACETATE (65: 35) AND PHOS­
PHATE BUFFER AT pH 6.2

2oo-tube apparatus, volume 10/10 m!. Substance 1018 mg.

Weight
(mg)

N umber of Procedure
passes

520

700

73 2Brucine

C(- and P-colubrines

The upper phase (750 ml) was collected as it left
the 199th test tube.

The substances were not separated at the 199th
test tube.

Recycling by junction of the 199th to the first test tube.

C(-Colubrine 117 4000 Both phases are collected between test tubes 700
(3 x 200 + roo) and 7go (3 X 200 + IgO).

p-Colnbrine 106 4000 Both phases are collected between tubes 8ro
(4 X 200 + 10) and 8go (4 X 200 + go).

The alkaloids are indicated in Fig. 3 in the order of their appearance from the
CCD apparatus with chloroform and buffer (the colubrines are thus superimposed 'on
brucine). The abscissa gives the number of passes and the pH changes, while the ordi­
nate gives the quantity of alkaloids in each fraction. The width of the base indicates
the number of passes, and hence the volume in litres (number of passes divided by
100) corresponding to the complete elution of each individual fraction. Finally, the
graph also shows four alkaloids denoted by XI' x 2 , x a, and x 4 , which could not be
identified with any of the known Strychnos nux-vomica alkaloids.
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(Rec;u Ie 21 septembre 1969)

SUMMARY

Study oj the atmospheric polycyclic hydrocarbons. Problems connected with the coupling
oj thin-layer chromatography and gas chromatography

An original routine method, for the analysis of atmospheric polycyclic hydro­
carbons is described, in which a thin-layer chromatographic separation is coupled
with a gas chromatographic control.

INTRODUCTION

L'etude de la pollution atmospherique par des composes chimiques provenant
des foyers domestiques et industriels, ou de la combustion incomplete des essences ou
huiles lourdys a fait, ces dernieres annees, l'objet de nombreux traveaux. Parmi ces
polluants et en raison de leur potentialite carcinogene, les hydrocarbures polycycliques,
aromatiques ou heterocycliques ont ete tres etudies. 11 etait en effet interessant de con­
naltre s'il existait une relation entre la distribution geographique de certaines tumeurs
et la concentration atmospherique de quelques hydrocarbures reputes cancerogenes.
Pour essayer de resoudre ce probleme, un certain nombre de methodes physiques
d'analyse a ete utilise. Nous distinguerons principalement des methodes de separation
telles que la chromatographie sur couches minces, la chromatographie sur colonne et
la chromatographie en phase gazeuse, et des methodes d'identification comme la spec­
trographie UV, la spectrofluorometrie et la spectrographie de masse.

Les travaux les plus recents montrent que la chromatographie sur couches
minces est incontestablement, parmi les techniques de separation precitees, celle qui
a ete le plus employee. 11 est indeniable en effet, que la diversite des adsorbants et
des solvants utilises en fait une technique relativement specifique et aux possibilites
multiples. Nous pouvons citer comme exemple,

* Ce travail a beneticie d'une aide de la Direction des Recherches et Moyens d'Essais.
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(r) La separation des hydrocarbures appartenant a une classe determinee:
Arenes aromatiques1 ; hydrocarbures azaheterocycliques2, 3; amines aromatiques4 ;

iminohydrocarbures4 ; hydrocarbures a fonction carbonyle4 , 5.

(2) La recherche, a l'interieur du melange total des hydrocarbures, de composes
d'interet particulier tels que: Ie benzo [a]pyrene6, 7; la 7H-benz[d,c]anthracene 7-one7;
la benz[c]acridine7.

Si la chromatographie sur couches minces apparait comme une bonne technique
de separation, il faut cependant preciser qu'elle a surtout ete utilisee sur des melanges
de produits synthetiques ou sur des fractions de polluants atmospheriques purifies
au prealable par des methodes physico-chimiques. L'experience montre en effet1, et
nous reviendrons sur ce point dans Ie chapitre II de cette etude, que sur un extrait
benzenique total de poussieres atmospheriques, un systeme adsorbants-solvants,
aussi specifique soit-il, ne separe pas suffisamment les composes, pour une identifi­
cation directe, a l'aide de la spectrophotometrie UV et de la spectro£luorometrie.

Le maximum d'efficacite de la chromatographie sur couches minces ne pourrait
alors etre atteint qu'en multipliant les systemes chromatographiques, operations
relativement couteuses en materiel et en temps. On ne peut done retenir ce procede
pour une etude de routine, veritable but recherche. C'est la raison pour laquelle nous
avons envisage un couplage chromatographie sur couches minces-chromatographie
en phase gazeuse. Cette derniere technique, du fait de sa grande sensibilite et de son
haut pouvoir de resolution, se presente en effet comme un excellent moyen de contr61e
qualitatif (indice de retention) et quantitatif (hauteurs des pies) des chromatogrammes.
La chromatographie en phase gazeuse a d'ailleurs deja ete employee mais de maniere
occasionnelle lors d'essais d'identification directe d'hydrocarbures presents dans l'at­
mosphere8, 9, dans l'analyse des fumees de cigarettes10 ou encore dans celle des me­
langes d'arenes synthetiquesll .

Pour definir avec precision les modalites de l'application d'un tel couplage, nous
avons done entrepris une etude sur un melange de dix hydrocarbures temoins.

MATERIEL ET TECHNIQUES

Solvants
Les solvants, pentane, ethanol, toluene, benzene, acetone, ether, methanol,

(Prolabo, Paris, France) ont subi une bidistillation prealable et leur purete a ete con­
tr6lee par chromatographie en phase gazeuse.

Temoins
Les temoins sont au nombre de dix: anthracene, 3-methyl-cholantrene, dibenzo­

[a,h]anthracene (Eastman Organic Chemicals, Rochester 3, N.Y., U.S.A.); g-£luore­
none, xanthone, rrH-benzo[b]£luorene (Fluka, Buchs, Suisse); naphtalene, pyrene
(Prolabo, Paris, France); benz [a] anthracene, 3-methyl-cholantrene (Schuchardt,
Munchen, Allemagne); r-methyl-pyrene (K and K laboratories Inc., Hollywood,
Calif., U.S.A.). Tous ces temoins ont ete mis en solution dans Ie benzene a raison de
r mg/m!.

Technique de chromatographie en phase gazeuse
Appareil. On utilise Ie modele 2500 R de Mikrotek muni de deux colonnes

identiques et d'un double detecteur a ionisation de £lamme.
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Colonnes. Le support est consitue par du Chromosorb G DlVICS. La phase
stationaire dissoute dans Ie chloroforme est constituee par du SE-5z. L'impregnation
est realisee par evaporation de la solution chloroformique de phase, a temperature
ambiante. Le taux d'impregnation est de 4.5 % en poids par rapport au support sec.
Support et phase sont soigneusement tasses dans des colonnes en inox de r/8 de pouce
et de z m de long.

Conditions de chromatographie. Les conditions de chromatographie sont les
suivantes:

temperature initiale:
temperature finale:
programmation ele temperature:
attenuation:
gaz vecteur:
debit:
temperature elu bloc cJ'injection:
temperature du bloc de sortie:
injection:

100
0

2900

3°jmin
25 6
azote
60 ccjmin
25°0
25°0
de I it 4 pI

Technique de chromatographie sur couches minces
Adsorbants. Alumine: oxyd~ d'aluminium G (type E) pour la chromatographie

sur couches minces (E. Merck AG, Darmstadt); Cellulose acetylee: MN Cellulosepulver
300 AC (Macherey, Nagel and Co.).

Lavage des adsorbants. Des fractions de zo g d'alumine ont ete lavees sous agi­
tation magnetique par 500 ml de benzene pendant rz h, puis 500 ml d'acetone pendant
rz h, 500 ml d'ether pendant rz h, et 500 ml de benzene pendant rz h. Les fractions
de cellulose acdyIee, de ro g, ont de lavees sous agitation magndique, 4 fois rz h,
par Ie methanol.

Plaq~les. Des plaques standards de zoo X zoo mm ont de utilisees. L'homo­
geneisation de 30 g d'adsorbants (zo g d'alumine + ro g de cellulose acdylee) a ete
realisee avec 80 ml d'eau dans un homogeneiseur Jouan type H 45r pendant une
minute. L'epaisseur de la couche d'adsorbants a ete fixee a 350 fl.

Confection des plaq~tes. Le systeme chromatographique adopte a de Ie suivanF:
Adsorbants: alumine-cellulose acetylee (z: r). Solvants: rere dimension, pentane;
zeme dimension, dhanol-toluEme-eau (rJ: 4: 4).

Trois series de plaques ont de realisees, (r) une serie de quatre plaques faites
avec les adsorbants commerciaux et sur lesquels ont migre des hydrocarbures temoins;
(z) une serie de quatre plaques faites dans les memes conditions que precedemment
mais sans depot d'hydrocarbures; (3) une serie de quatre plaques avec temoins syn­
thdiques, confectionnees avec des adsorbants laves selon Ie mode deja indique.

Douze microlitres de la solution-mere, correspondant a rz flg de chaque hydro­
carbure temoin ont de deposes sur chaque plaque.

EI~ttion des plaques
Sur les plaques avec adsorbants laves ou non laves, la zone fluorescente (portant

les hydrocarbures qui ont migre), revelee en lumiere UV, est eluee par Ie benzene a
froid sous agitation magnetique. L'eluat est alors evapore a sec, puis repris par zo fll
de benzene, avant d'etre injecte dans Ie chromatographe. Pour les plaques ne com­
portant pas d'hydrocarbure temoin, une zone homologue a la precedente a de eluee
et traitee de la meme fayon.

f. Chroma/ag., 45 ('969) 4 1 5-420
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RESULTATS ET DISCUSSION

Aspect qualitatij .
Au lieu de 10 pics de retention normalement attendus apartir de l'eluat d'ad­

sorbants non laves avec temoins, apparaissent, dans la Fig. I, 10 + n pics. Ces derniers
qui se juxtaposent ou se superposent aux 10 temoins, et rendent Ie trace difficilement
interpretable, ne peuvent provenir que des impuretes des adsorbants commerciaux.
La Fig. 2 verifie cette hypothese. II est en effet possible par lecture differentielle des
traces I et 2, de deceler les 10 pics absents dans la Fig. 2, les deux traces restant par

mY

100
10

130
20

200
3'0

e

10

min

Fig. 1. Chromatogramme de l'eluat d'adsorbants non laves avec hydrocarbures temoins. I = naph­
talime; 2 = 9-fiuorenone; 3 = anthracene; 4 = xanthone; 5 = pyrene; 6 = IIH-benzo[b]fiu­
orene; 7 = I-methyl-pyrene; 8 = benzo[a]anthracene; 9 = 3-methyl-cholantrene; 10 = dibenzo­
[a,h]anthracene.

min
temp.<:C)

5030
200

20
150

10
100

mY

Fig. 2. Chromatogramme de l'eluat d'adsorbants non laves sans hydrocarbures temoins.

J. Chromatog., 45 (1969) 4 15-420



ETUDES DES HYDROCARBURES POLYCYCLIQUES DE L'ATlVIOSPHERE. 1.

ailleurs parfaitement superposables. Ces 10 pics correspondent bien entendu aux 10

hydrocarbures temoins. On les retrouve isoles dans la Fig. 3, ou, apres lavage des
adsorbants -les autres conditions restant egales par ailleurs - aucun autre pic ne
vient se juxtaposer a ceux des temoins.

mV

'lJO
o 10

1SO
20

200
30

250
40

10

50

Fig. 3. Chromatogramme cle l'eluat cl'aclsorbants laves avec hydrocarbures temoins. (Les chiffres
ont la meme signification que clans la Fig. I).

Aspect quantitatij
Rentabilite de l'injection. La rentabilite de l'injection est entachee de deux causes

d'erreur: l'une due aux difficultes de la recuperation de tres faibles quantites d'echan­
tillons elues; l' autre, propre ala technique chromatographique elle-meme: adsorption
des solutes sur Ie support et sur la phase.

L'incertitude dans ce cas peut etre evaluee a 10 %.
Rentabilite de l'elution. A l'aide de la chromatographie en phase gazeuse et

apres courbe d'etalonnage, nous avons pu verifier que la premiere elution benzenique
a un rendement d'au moins 80 %. Une seconde elution entraine moins de 5 % des
echantillons.

Ces resultats montrent clairement que Ie couplage chromatographie sur couches
minces-chromatographie en phase gazeuse est possible a condition de travailler avec
des adsorbants et des solvants chromatographiquement purs.

Un tel couplage presente un interet certain pour l'analyse de routine. En effet,
il permet en une operation rapide (extraction benzenique de poussieres atmospheri­
ques, 6 h; chromatographie sur couches minces, 2 h; chromatographie en phase ga­
zeuse, 1 h 30) de suivre l'evolution de la pollution atmospherique pour un site donne.
Mais ce couplage n'a de valeur que dans Ie cas d'une analyse de routine, donc il ne
peut intervenir qu'apres I'identification systematique classique de chaque pic du
chromatogramme correspondant au premier echantillon collecte. Dans les analyses
ulterieures, les indices de retention et les hauteurs des pics nous renseigneront sur la
composition respectivement qualitative et quantitative de l'echantillon collecte. La

J. Chromatog., 45 (1969) 4
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SUMMARY

421

Recovery patterns were studied for individual sulfonamides separated from a
mixture by thin-layer chromatography and then determined by ultraviolet spectro­
photometry. To make the investigation more complete experimental conditions such
as quantity of sulfonamide per spot, extracting solvent and pathlength were varied.
The recoveries are never complete, but fairly constant. Factors affecting recoveries
and accuracy of results are discussed.

INTRODUCTION

Single-component sulfonamide preparations can be analyzed by spectrophoto­
metry, colorimetry or by titration with nitrous acidi. The total sulfonamide content
of preparations containing two or more sulfonamides can also be estimated with a
fair degree of accuracy by any of the same three methods. In some special cases
the individual sulfonamides can be determined by spectrophotometry2,3 or by
spectrophotometric~colorimetricprocedures4,5 without separation from mixtures.
Gas chromatography has also been applied to the quantitative analysis of some
sulfonamide mixtures6,7. Several methods of analysis of mixed sulfonamides, published
in recent years, involve the estimation of the compounds separated by paper chro­
matographyS-13 or thin-layer chromatography14-i6. The 15th edition of the U.S.
Pharmacopoeia17 and the loth edition of the National Formulary18 adopted a PC
procedure for the analysis respectively of trisulfapyrimidines and sulfadiazine­
sulfamerazine mixtures. These methods17 ,18 were retained in the two successive
editions of the U.S. Pharmacopoeia and the National Formulary. In all the PC and
TLC methods mentioned8- i8 the determinative step for the estimation of the individual
sulfonamides is either colorimetry or spectrophotometry. Spot size comparison allows
only a rough estimation of each compound8,15. The colorimetric procedures used
are: reaction of the sulfonamides with vanillin~hydrochloride8,with p-dimethyl­
aminobenzaldehyde8,15 or, following diazotization, with N-(r-naphthyl)-ethylene­
diamineS,lO-12,14,17,lS, naphthylethylenediamine chlorohydrate13 and N,N-diethyl-
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N'-(r-naphthyl)-ethylenediamine oxalatel5. Direct spectrophotometric determinations
of the separated sulfonamides have been carried out by HEINANEN et at.8, OLIVARI9,

WAGNER AND WANDELl5 and SARSUNOVA et at. 16• Generally the spectrophotometric
or colorimetric determinations are performed on the extracts or eluates of the
developed spots, previously cut from the paper or scraped off from the thin-layer
plate after being located under UV light or by spraying the chromatograms with
suitable solutions. OLIVARI9 gradually exposes the developed chromatostrips to the
radiation beam of a spectrophotometer and records the total absorbance of each spot.

H is common practice, in methods based on the colorimetric or spectrophoto­
metric examination of the extracts of PC or TLC spots, to chromatograph the com­
pounds to be used for reference purposes under the same conditions as the sample,
generally in the same paper or plate, to compensate for possible losses and other
factors affecting absorbance readings. Chromatography of the standards was not
found necessary by MAIENTHAL et at. ll and by KUNZE AND ESPINOZAl2 in their PC
procedures but must always be performed in quantitative TLC methods mainly
because, as indicated by SPENCER AND BEGGSI9, compounds are apparently never
completely recovered from thin-layer plates. While it seems certain that recoveries
are not complete it is not too well known how reproducible they are and how they are
affected by changes in experimental conditions.

This investigation originated primarily from the desirability of obtaining in­
formation on the absolute recoveries of sulfonamides chromatographed on thin-layer
plates and on the reproducibility of such recoveries. The other aim of the study was
to improve the accuracy of direct spectrophotometric determinations of the content
of TLC spots. Spectrophotometric methods are quicker and generally more accurate
than colorimetric procedures. When applied in conjunction with TLC, however,
spectrophotometry has often given unsatisfactory results. 'WAGNER AND WANDELl;;
indicate that spectrophotometric determinations were less accurate than the ones
based on colorimetry. SARSUNOVA et at. 16, who used only spectrophotometry, do not
furnish sufficient data for an evaluation of its accuracy in this connection. BICAN­
FISTER AND KAJGANOVICl4 attempted to analyze the separated sulfonamides by
spectrophotometry but were discouraged by the poor results obtained and decided
in favor of a colorimetric procedure. The main reason for the reported poor accuracy
of spectrophotometric determinations of compounds extracted or eluted from TLC
spots is apparently the high and variable UV absorbance contributed by the adsorbent.
Aqueous or alcoholic extracts of blank TLC spots, even after centrifugation or filtra­
tion through high retentive paper, have been found to have high and very erratic
absorbances; see again the review part of the article of SPENCER AND BEGGSI9. The
high absorbances have been attributed by many authors to soluble absorbing sub­
stances, which could be removed by washing the adsorbent with methanol or other
suitable solvent. BICAN-FISTER AND KAJGANOVICl4 believe, however, that they are
caused by colloidal-size particles suspended in the solutions. A similar conclusion
was reached by SPENCER AND BEGGSI9, who succeeded in minimizing the absorbance
blanks by filtering the extracts of the TLC spots through prewashed Millipore filters.
In the course of the work preliminary to this investigation it was found that they
can also be eliminated by reading the centrifuged aqueous or alcoholic extracts in a
narrow path (0.5 cm or less). Centrifuged chloroform extracts of blank TLC spots
do not have UV absorbance, even if read in 2-cm cells; for this reason this solvent
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was preferred to alcohol by CIERI20 to extract coumarins and furocoumarins from
developed TLC plates.

The use of the 0.5 cm cells and the desirability of keeping high the absorbances
indicated the necessity for each developed sulfonamide spot to contain lOO ftg and
possibly more of a sulfonamide. Separations of such quantities, rather high in TLC,
were achieved by spotting the aliquots to be chromatographed over a wide area
(3 cm or more). In order to make the study more extensive some experimental
conditions, such as composition of the mixtures, extracting solvent and volume of
extraction, were varied. Centrifugation of the extracts was preferred to Millipore
filtration since it was considerably quicker. The Millipore filters have to be washed
free of UV absorbing materials, an operation which could be time consuming when a
large number of determinations must be carried out. The sulfonamides, whose
recoveries in TLC methods are studied, are the fOllowing: sulfacetamide, sulfathiazole,
sulfadiazine, sulfamerazine and sulfamethazine.

EXPERIMENTAL

Apparatus
The standard equipment for TLC of Desaga and Brinkmann was used. The

Chromato-Vue apparatus was supplied by Black Light-Eastern Corp. (Long Island,
N.Y.) and the spot-collecting tube (Fig. I) by Pesce Co. (Kennett Square, Pa.).

Reagents and solutions
Silica Gel H was obtained from Brinkmann Instruments Inc. (Westbury, Long

Island, N.Y.) and white phosphorus forTLC from Research Specialties Co. (Richmond,
Calif.). The acidic alcohol consisted of 004 % I N H 2S04 in 95 % alcohol. The developing
solvent used was: chloroform-methanol (88:12).

Preparation of T LC plates
30 g of Silica Gel Hand 100 mg of white phosphor were weighed in a flask.

The mixture was slurried with 70 ml of 0.1 N NaOH and applied to the plates to a
thickness of 0.25 mm. The plates were dried in air and kept in a dust-free cabinet.

PROCEDURE

Reference soltttions
For each of the sulfonamides investigated, prepare reference solutions and read

UV absorbances as follows. Weigh accurately about roo mg in a 100 ml volumetric
flask. Add 5 ml of alcohol and 2 ml of strong ammonia water. Swirl to dissolve
compound, fill to mark with alcohol and mix.

Dilute with alcohol to obtain a solution containing about 004 mg/ml. Pipet four
5 ml aliquots to separate 100 ml volumetric flasks and evaporate to dryness on a
steam bath with the help of a current of air. To two of the four flasks, each containing
about 2 mg of sulfonamide, add 20 ml of acidic alcohol, swirl well or warm briefly on
steam bath to dissolve residue, fill to mark with acidic alcohol and mix. Record the
absorbances in 0.5 em cells from 350 to 220 mft. Average the absorbances at the
maximum and use the resulting value to calculate the absorbance maximum, in 0.5 cm
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cells, of an acidic alcohol solution containing 20.00 fl-g/ml. For sulfathiazole only,
calculate, in addition to the absorbance maximum, the absorbance at 270 mfl- of a
solution containing 20.00 fl-g/ml. To the other two flasks add 20 ml 0.1 N NaOH, swirl
well, fill to mark with 0.1 N NaOH, mix and record absorbances from 350 to 220 mfl­
in 0.5 em cells. As previously described, calculate the absorbances, in 0.5 em cells at
the maximum near 255 mfl-, of a 0.1 N NaOH solution containing 20.00 fl-g/ml.

By further dilutions with alcohol prepare a solution containing about 0.1 mg/ml.
Continue exactly as in preceding paragraph but read absorbances in 2 em cells.
Calculate the absorbance values, in 2 em cells at the indicated points, of acidic
alcohol and 0.1 N NaOH solutions containing 5.00 fl-g/ml. These values should agree
closely with those previously determined.

Volume delivered by micropipet
Dilute a sulfonamide solution with alcohol to obtain a concentration of 0.5 mg/mI

(solution R). Pipet two I ml aliquots to separate 100 ml volumetric flasks, evaporate
to dryness, dissolve residue and fill to mark with 0.1 N NaOH. Record the UV
absorbances from 350 to 220 mfl- in 2 em cells and average the absorbances at the
maximum (AR). With the micropipet to be used for TLC spotting, transfer six 100 fl-l
aliquots of solution R to separate 10 ml volumetric flasks, evaporate to dryness,
dissolve residue and fill to mark with 0.1 N NaOH. Record UV absorbances from
350 to 220 mfl- in 2 em cells and read absorbances at the maximum (A p ).

Calculate the volume in fl-l delivered by the micropipet by the formula:

The volume found (six determinations) was 95·95 ± 0.64 fl-l.

Standard mixture No. I

Weigh accurately about 125 mg each of sulfacetamide (sq, sulfadiazine (SD),
sulfamerazine (SM) and sulfamethazine (SH) in a 100 ml volumetric flask. Add 5 ml
of alcohol and 2 ml of strong ammonia water, swirl well, fill to mark with alcohol
and mix (Solution MI).

Prepare serial dilutions in alcohol to obtain a solution containing about 25 fl-g
total sulfonamide (or 6.25 fl-g of each sulfonamide) per ml. Pipet three 5 ml aliquots
(about 125 fl-g total sulfonamides) to separate 25 ml volumetric flasks and evaporate
to dryness. Dissolve the residues and fill to mark with acidic alcohol, mix and read
absorbances in 2 em cells from 350 to 220 mfl-. Record absorbances at maximum
(tAa) and calculate the percentage total sulfonamides in solution with th~ formula:

% Total sulfonamides = 5°,000 ,Aa/(mAa.",) (W,)

where W t is the total weight in mg of the sulfonamides taken for analysis and (mAa,5,2)

indicates the average of the absorbances, at the maximum in 2 em cells, of the acidic
alcohol reference solutions of the four sulfonamides, each at a concentration of 5.00

fl-g/ml. Pipet three more 5 ml aliquots to 25 ml volumetric flasks, evaporate to dryness
and continue as above but use 0.1 N NaOH instead of acidic alcohol and record
absorbances at the maximum near 255 mfl- (tAb)' Similarly calculate the percentage
of total sulfonamides by the formula:

% Total sulfonamides = 5°,000 ,Ab/(mAb,s,2) (W,).
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Spot six !oo ,uI aliquot;; of solution ;\lIon two prepared silica gel plate,;, three per
plate. Spot each aliquot Iyv repeated applications over an area 3 cm \I'jde, lea\'ing
2 cm margins between spotting areas and at the end,;, LOse a current of air to dry
drops bet\veen applications. Develop until the ~oh'ent front has reached the top of
the plate's. \'ie\I' developed plates under ,;hort \I'a\'e C\' light and circle ,;pots with a
dissecting needle, including ';l1lalll1largin,;, Il'hem'wr possible, The order of succession
of the de\'eloped sulfonamides is shOll'll in Fig, 2. Scrape each marked spot and transfer

C B A

810 I;~ 0:3

4"

------100-------

Fig. 1. Collecting tube [or spots. :\ull1ber:-- indicate :--izl's in 111111.

Fig, 1. Photograph of a t!c,'c\opecl chromatu.c:ral1l. For explanation of abbrc,'i"tions, ,ee text,
Quantity of ~lllfonanlid(' per spot: aliqllot~ I and 3.100 ,fig; aliquot 2. 200,llg.

to 25 1111 \'olumetric flasks as folloll's. ,-\ttach collecting tube (Fig, I) to a vacuum
source and completel~' draw the content of a spot into the bulb (Fig. I B). using the
tip to loosen the adsorbent la~·er. Without disconnecting suction, mow the collecting
tube inside a flask. Remove suction and force material from tube to flask with repeated
tappings. With a ven" gentle current of air blow into the flask am" material still
adhering to the tube. [dentif~" the flask,.; containing the ,;craped spots of each aliquot.
To twe1l'e of the flasks, containing the ,;craped spots of three developed aliquots, add
15 IllI of acidic alcohol. Stopper, shake lI'eII for 2 min, fill to mark with acidic alcohol
and mix, Centrifuge 15 mi portions of the extracts in conical tube,; and carefully
decant about 12 ml of the clear solution,; into small beakers, Read the absorbance,;
from 350 to 220 m,u in 2 cm cells with acidic alcohol in the reference celb and record
absorbances at the maximum (xrl a), The letter .r identifies a particular sulfonamide,
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Extract with 25 1111 acidic alcohol and similarly centrifuge and decant into beakers
six blank spots, approximately equal in size to an average developed spot. The blank
spots can be scraped off at the sides of a developed plate or from an undeveloped
plate. Record absorbance in 2 cm cells from 350 to 220 mfl with acidic alcohol in the
reference cells. Average the six blank absorbances at 270 mfl (BAa). Calculate the
percentage recovery of the individual sulfonamides with the formula:

% R x = 1250(xA,,-[JAu)/(xAa.;.2) (W x) (Vp)

where HIx is the weight in mg of the sulfonamide in the mixture, (xAa,5.2) the ab­
sorbance in 2 cm cells at the maximum of the sulfonamide reference solution containing
5.00 flgfml, and V p the average volume in ml delivered by the micropipet. To the
remaining twelve flasks, add 15 ml of 0.1 iY NaOH and continue as above always
substituting 0.1 S NaOH for acidic alcohol. Record absorbances at maximum near
255 mfl (xAb) and calculate percentage recovery of the individual sulfonamides by
the formula:

%R x = 1250(.<Ab- [JA 0) / (xA 0.;.2) (W .•) (V p)

The term (xAb.5,2) indicates the absorbance in 2 cm cells at the maximum near 255 mfl
of the sulfonamide reference solution containing 5.00 flgfml, and BA b is the average
of six blank absorbances at 255 mfl. The meaning of the other terms has already been
explained. For each aliquot average the recoveries of the four sulfonamides and identify
as Rms. Calculate, also for each aliquot, the average recovery from the formulas:

where n represents the numberof the sulfonamides in the mixture, four in this instance,
and V p the average volume of the micropipette in ml.

Standard mixtures Nos. 2 and 3
Weight accurately about 200 mg each of the four sulfonamides used for preparing

TABLE I

BLAXK ABSORBAXCE READIXGS

Blanks with 0.5 em cells were negligible.

So.

2

3
4
5
6

Acidic alcohol

Absorbance
(270 ""p. 2 em)

0.°-16
0.°3 1
0.033
0·°3°
0.034
0.038

Average 0.035
(n = 6)

Deviations
fr01n average

+0.011

-0·°°4
-0.002

-0.005
-0.001
-1.0·°°3

.vo.

3
-I
5
6

0.1 lV NaOH

Absorbance
(255 mp, 2 em)

0.029
0·°43
0.020

0·°4°
0·°47
0.037

Average 0.°36
(n = 6)

Deviations
from average

-0·°°7
+0.0°7
-0.016
+0·°°4
+0.011

...La.ool
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TABLE II

COMPOSITION OF SOLUTIONS

Quantity weighed (mg)
------

NfI 1\112 1\114

SC 125.7 200.2 100·9
SD 124.9 201.5 101.0

SM 124. 8 199·9 99·6
SH 129-4 200·4
SZ 100.1

Total 50 4- 8 802.0 40 1.6

TABLE III

% TOTAL SULFONAMIDES IN SOLUTION BY UV SPECTROPHOTOMETRY

No. A cidic alcohol No. O.I N NaOH

Solution ,VIr 99. 1 99·5
2 100·4 2 99. 1

3 9 8 .6 3 99·9

Average 99-4 Average 99·5

Solution :YIz 100·5 100-4
2 100.1 2 100·5
3 100.1 3 99·5

Average 100.2 Average 100.1

Solution M4 100.6 100-4
2 99·9 2 100.1

3 100.6 3 99. 8

Average 100·4 Average 100.1

solution Mr in a roo ml volumetric flask. Dissolve in 5 ml of alcohol and 2 ml of
strong ammonia water and fill to mark with alcohol (solution M2). Dilute 5.0 ml of
solution M2 to ro.o ml with alcohol (solution M3). Analyze both solutions with the
same procedure used for solution NIr but transfer the scraped spots to ro ml rather
than 25 ml volumetric flasks. Centrifuge all the solution, decant about 8 ml and read
the absorbances in 0.5 cm cells. The aliquots of solution M2 must be spotted over an
area about 5 cm wide; consequently, only two aliquots can be spotted on one plate.
Calculate percentage total sulfonamides in solution only for solution M2. For both
solutions, calculate the individual recoveries of the developed sulfonamides and the
R ms and R mc values with formulas similar to those given under solution Mr.

Standard mixture NO.4
Weigh accurately about roo mg each of sulfacetamide (sq, sulfathiazole (SZ),

sulfadiazine (SD) and sulfamerazine (SM) in a lOO ml volumetric flask. Dissolve with
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5 ml of alcohol and z ml of strong ammonia water, dilute to mark with alcohol and
mix (solution M4). Analyze the solution by the same procedure as used for solutions
.lVIz and M3.

0.8

0.4

,,

250 300 350

WAVELENGTH (Mf')

Fig. 3. UV absorbance curves of centrifuged extracts of sulfonamides separated by TLC. The letter
·a indicates acidic alcohol solution, the letter b 0.1 N NaOH solutions. Concentrations, volumes of
extraction and cell paths; (I) 125 fig, 25 ml, 2 cm; (2) 200 fig, 10 ml, 0.5 cm; (3) 100 fig, 10 ml,
0.5 cm. -----, SC; -'-'-'-, SD; ---, SM; , SH; --" -- .. --, S2; _ .. -" -, B.

DISCUSSION

As the results of Table IV indicate, the recoveries of sulfonamides extracted
from the scraped spots of developed TLC plates are never complete. Losses are general­
ly in the 7-II % range but occasionally they are higher or lower. The recoveries of
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TABLE IV

% RECOVERIES OF CHROMATOGRAPHED SULFONAMIDES

Solution MI read in 2 cm cells, solutions M2, M3 and M4 read in 0.5 cm cells.

Solution Aliquot Extracting
Solvent %Rsc %RSD %RS1"I %RSH %Rsz S.D. %Rms %Rmc

MI Acidic
alcohol 87. 8 88·9 87. 2 86 04 1.1 87. 6 87·9

2 88.2 94·3 93·7 93. 8 2·9 9 2.5 9 2.5
3 8704 92 .9 89·2 8904 2·3 89·7 90.1

Av. 87. 80 92 .0 90 .0 89·9 1.7 89·9 90 .2
S.D. °04° 2.8 3·3 3·7 2·3

4 0.1 N
NaOH 87·3 89·7 93. 1 92 .8 2.8 90 .7 9 2.3

5 91.9 96 .0 94- 2 92.1 I.9 93·5 95. 2
6 9 2 .7 95·5 9404 9 2.5 1.4 93. 8 95. 2

Av. 90 .6 93·7 93.90 9 2047 1.5 9 2 .7 94. 2
S.D. 2·9 3·5 0·7° 0·35 1.7

M2 Acidic
alcohol 90 .9 96 .2 95. 8 93. 6 204 94. 1 93·9

2 89. 2 95·5 94. 1 89. 1 4-0 91.5 92 .0

3 87. 1 94. 1 92.8 91.6 3. 0 91.4 90 .9

Av. 89. 1 95·3 94. 2 9I.4 2.8 9 2 .5 9 2.3
S.D. 1.9 1.0 I.5 2·3 1.5

4 O.I.1\T

NaOH 89·2 96.1 92 .7 88.6 3·5 91.7 91.6

5 88·5 95. 0 93·5 90 .6 2·9 91.9 92.0
6 89·9 96 04 96.0 93·3 3. 0 93·9 93. 8

Av. 89. 20 95. 83 94. 1 90 .8 3. 0 92 .5 92 .5
S.D. 0·7° 0·74 1.7 204

M3 Acidic
alcohol 91.7 9 204 9 2.8 90 .7 0.92 91.9° 91.9

2 91.9 96. 6 9 2.0 92 .8 2.2 93·3 93. 1

3 93. 6 95. 8 94. 6 94. 1 0·94 94.52 94. 2

Av. 92 04 94·9 93· [ 92 .5 1.2 93. 2 93. 1
S.D. 1.0 2.2 I.3 I.7 1.2

4 0.1 N
NaOH 93·9 95·3 93·7 94·7 0·74 9404° 94. 1

5 92.2 98.2 99·7 93. 2 3·7 95. 8 95·7
6 9 2.5 96 .7 97. 8 93·9 204 95. 2 95. 1

Av. 92 .87 96 .7 97. 1 93·95 2.1 95. 2 94·97
S.D. 0.91 1.5 3. I 0·75 0.81

M4 Acidic
alcohol 89. 1 92. 2 93. 2 9 104 1.7 91.5 9 2 . 2

2 9I.4 92 .5 94·7 90 .9 1.7 9 2 04 93. 2

3 88·7 9I.7 93·7 9°04 2. I 91.1 91.6

Av. 89·7 9 2.13 93. 8 7 90 .90 1.8 91.7 92 .33
S.D. 1.5 °04° 0.76 0·5° 0.81

4 0.1 N
NaOH 9I.5 97·7 96 .5 9504 2·7 95·3 94. 8

5 92 .5 96 .5 97. 0 95·7 2.0 9504 95. 0
6 9 2.5 96.0 97. 0 95·7 1.9 95·3 95. 1

Av. 9 2 .17 96 .73 9 6 .83 95. 60 2.2 95·3 94·97
S.D. 0.5 8 0.87 0.29 0.17 0.15
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spotted undeveloped sulfonamides were not studied in this investigation but pre­
liminary work indicated that losses also occur and that they are slightly lower than
those of the developed compounds. Attempts to increase recoveries, also made during
the preparative work, were unsuccessful. The introduction of additional steps, such
as washing the glass surface with a wad of cotton after removal of a spot, rinsing
collection tube (Fig. I) after transfer of a spot or performing multiple extractions of
the scraped spots did not yield recoveries higher than those obtained with the simpler
technique finally adopted and described in the section EXPERIMENTAL.

The reasons for the losses are not too well understood. They are probably
caused, for the greater part, by a superficial loosening of silica gel particles at the
spotting areas. The loosened particles scatter in air or fall when the plate is raised,
carrying along the sulfonamides attached to them. Scattering of some fine silica gel
particles, with small additional loss of sulfonamides, may also occur during extraction
of the spots. It was often observed that, when the solvent was added, a fine mist
came out of the flasks containing the silica gel spots. The possibility also exists that
a small amount of sulfonamide is adsorptively retained by the silica gel and cannot
be extracted but there is no definite experimental evidence to prove it. Whatever
the causes for the incomplete recoveries, they seem to affect nearly equally all the
sulfonamides studied. If the recoveries of the different sulfonamides for each aliquot
are compared with each other, it appears that generally differences are small and not
adequate to indicate a trend for higher or lower recoveries for a particular sulfonamide.
Sulfacetamide is the only one that constantly shows slightly lower recoveries than
the other sulfonamides in a given aliquot. The lower recoveries of sulfacetamide may
be due to a partial decomposition during exposure to UV light, as suggested by previous
investigatorsll ,12. The recoveries of a sulfonamide in differently developed aliquots
are also generally in good agreement thus indicating that the quantity of sulfonamides
spotted by the micropipet is fairly constant. Unusually great losses of the amount
spotted may, however, occur in the event of extensive loosening of the adsorbent
layer during spotting. The occurrence of such high losses can be detected in a given
aliquot by a low R mc value (calculated average recovery). The R mc values which
could be computed even if the composition of the mixture is unknown and which
are generally very close to the Rms values (actual average recovery) in this experiment
varied from 87.9 to 95.7%. Deviations from these values, especially in the low side,
should alert the analyst to the possibility of high errors.

Recoveries are about the same with both extracting solvents, acidic alcohol
or 0.1 N NaOH. Both solvents are then equally suitable for the extraction of sulfon­
amides from TLC spots. Percentage recoveries are also independent of the quantity
of sulfonamide per spot, at least in the considered range of 100-200 p.,g. It is con­
sequently not necessary, in sample analysis, that the standard and sample spots
contain very nearly equal quantities of sulfonamides, as long as they remain in the
indicated range. Since this study was limited to the 100-200 p.,g range, it is not known,
however, whether this constancy in percentage recovery holds outside these limits.

The absorbance blanks are apparently caused by colloidal particles remaining
suspended in the centrifuged extracts of the spots and not by soluble absorbing
substances present in the adsorbent. Prewashing of the Silica Gel H is consequently
not necessary and does not lower absorbance blanks. These blanks are independ~nt

of the volumes of extraction and can be decreased only by decreasing the cell paths.
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They are completely eliminated if 0.5 cm cells are used. If it should become necessary
to use higher pathlengths, the absorbances of the sulfonamide extracts should be
kept very high (0.8 or more) in order to minimize the error that may be caused by the
variability of the absorbance blank.

To limit the extent of this investigation, the recoveries of sulfonamides devel­
oped on other adsorbents were not studied. Silica Gel H was preferred to Silica Gel G
or other adsorbents containing a calcium sulfate binder because the spots could be
more readily scraped and transferred. The white phosphorus was incorporated in the
silica gel to facilitate detection of the sulfonamides under UV light. The phosphorus
does not contribute any UV absorbance. The silica gel was slurried in 0.1 N NaOH
rather than water to increase the differences in Rp value between some of the
sulfonamides, following a suggestion by NEW21 . If overlapping of some of the spots
still occurs in an experiment, the aliquot will have to be spotted over an area slightly
wider than indicated in the method.
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SUMMARY

Thin-layer chromatography oj organophosphorous compounds. III. Analysis oj different
organophosphorous groups

A certain number of solvent mixtures of hexane, acetone, ethyl acetate and
tert.-butanol have been used for the separation by thin-layer chromatography of
organophosphorous compounds within the following groups: phosphines, phosphites,
phosphates, phosphonates, phosphinates and phosphine oxides.

INTRODUCTION

Cette etude fait suite aux recherches deja entreprises dans ce domaine et qui
ont fait l'objet de deux publications recentes1 ,2. Les resultats presentes dans cette
communication concement la troisieme categorie des organophosphores dans Ie classe­
ment que nous avons propose2, c'est-a-dire les composes avec meme groupement phos­
phore, meme degre d'alkylation, arylation ou esterification mais qui different par la
nature des radicaux fixes sur ce groupement phosphore. Les series suivantes ont ete
analysees: phosphites, phosphates, phosphinates, phosphonates, phosphines et
oxydes de phosphines.

PARTIE EXPERIMENTALE

Le couple adsorbant (silice)-solvant (hexane-acetone, 75 :25), mis au point pour
l'analyse des composes organophosphores neutres de la deuxieme categorie de notre
classement2, ne convient pas a la separation et a l'analyse a l'interieur de tous les
groupes precites.

Ce solvant donne des resultats convenables lors de l'analyse des phosphines
et phosphites mais il est aise de constater, sur la Fig. I, qu'il convient deja moins
a l'analyse des phosphates et encore moins a celIe des oxydes de phosphine. Nous avons
donc modifie ce solvant pour l'adapter aux differentes separations envisagees. La
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silice (Kieselgel Merck H, HR, G etc.) reste Ie meilleur adsorbant pour ces chromato­
graphies. Pour la revelation, nous utilisons toujours Ie reactif molybdique~perchlori­

que2• Les details pratiques concernant l'application de cette methode a l'analyse des
.organophosphores ont ete donnes dans les precedentes publications.

Acides R2PO(OR) RPO(OR)2 PO(OR)3

Fig. I. Chromatographie d'organophosphores sur couches de silice avec Ie so]vant I: hexane­
acetone (75: 25)·

RESULTATS

Les resultats sont donnes sous forme de tableaux de RIo' mais nous insistons de
nouveau sur la valeur relative de ces RIo' notamment dans Ie cas present. En effet, si
l'influence de la temperature, de la nature et de l'epaisseur des couches d'adsorbant
a deja ete signalee dans la litterature et par nous-meme2, la nature des solvants a
egalement ici une tres grande influence. L'hexane et l'acetone, les principaux solvants
utilises, sont tres volatils et dissolvent les graisses qui assurent l'etancheite des cuves
de developpement. II est donc tres difficile, avec Ie materiel habituel, d'assurer un
etat de saturation valable et permanent dans les cuves. Nous utilisons personnelle­
ment une cuve speciale fermee par une gorge de mercure.

Les tableaux de RIo' que nous donnons permettent cependant d'avoir une idee
de la nettete plus ou moins grande des separations et des possibilites offertes par la
methode.

Groupe des phosphines et oxydes de phosphines
Les recherches concernant ce groupe ont ete menees conjointement avec les

recherches sur les separations par chromatographie des arsines et oxydes d'arsines
et sur les composes homologues de l'antimoine et de l'etains. Nous avons utilise
Ie solvant hexane-acetone (75 :25) bien qu'il ne soit pas parfait pour la separation des
oxydes entre eux.

Groupe des phosphites (RO)sP
Le solvant utilise est le melange hexane-acetone (75 :25) (solvant I). Nous

portons actuellement une grande attention a ce groupe car il est compose d'organo­
phosphores tres instables et sensibles a l'hydrolyse. Nous utilisons la chromatographie
pour etudier cette stabilite (Tableau I).

Groupe des phosphates (RO)sPO
Le solvant le mieux 2.dapte a la separation des phosphates est Ie solvant II:
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TABLEAl' IJ r
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("HI{O~lATOGRAPII[E A 25 DE PHOSPHO:\,ATES ORGA:\'IQllES S['R COC('HES DE S([.[CE H ET 1']72.. '

DE 0.25 mm J)'EPA[SSECI<. A\'EC I.E SOLVANT ([[

Subs/mIce;

Dimethylphen\'lphosphonate
Diethylphenylphosphonatc
Di{l1·)propylphenvlphosphonate
Di{ n·) butylphenyl phosphonatc
Diphen\'lphen\'lphosphonate

Sitice H

0.4 1

0.56
0·74
0.85
0.<)1

0·33
0-47
0.63
0·75

0.92

DimethylmethylphosphonatE' 0.22
Dibutylbutylphosphona tE' 0.80

Dimethylbenzylphosphonatc 0.29
Dieth\'lbenz\'lphosphonatc 0.50

DiHhyl p-aminobenz~'lphosphonate u. [0

HP(O) (OH) (OH)
[{P(O) (OH)2

0.00 0.00

---. ' ,- - -_._-----

TABLEAL' [\-

('HROMATOGRAPHIE A 25' DE PHOSPHI:\,ATES ORGANIQUES SCR COUCHE DE SILJCE PF25~' DE 0.25 111m

D'EPA[SSEl'R, A\'EC I.E SOLVA:-iT [\.

Substallces R F

----------- ---- ------

l\lethyldiphenylphosphinate 0.50

Ethyldiphenylphosphinatc 0.58
Allyldiphenylphosphinatc 0.63
(1l·))Propyldiphenylphosphinate 0.66
(isa·)Propyldiphenylphosphinate 0.64
(n·) Butyldiphenylphosphinate 0.69

Phenyldiphenylphosphinatc 0·73

Butyldibutylphosphinate 0.67

(HP(O) (OH) 0.00

Remarques sur les resultats obtenus
La meme sequence de migration est observee sur les chromatogrammes dans les

differents groupes: C6H5- > C6H 5-CH 2- :> C4Hg- > C;jH7- > C;jH5- > C2H5- >
CH;j-'

ous avons entrepris une etude theorique sur Ie comportement chromatographi­
que de ces substances. II nous est possible actuellement d'etablir une relation lineaire
entre les R p des differents organophosphores et la somme des coefficients de Taft
relatifs aux radicaux R et OR pour les composes tetracoordonnes du phosphore, Des
recherches sont encore a faire pour completer ce travail, notamment en ce qui con­
cerne l'epaisseur et la nature des couches.

La combinaison de ces solvants avec ceux mis au point pour la separation des
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organophosphores acides1 doit offrir un grand nombre de possibilites de separations
par chromatographie bidimensionnelle.

Fig. 2. Exemple de chromatogramme obtenu. 1 = C6HsP(O)(OHh; 2 = C6H sCH 2P(O)(OCHa)z:
3 = C6HsP(O)(OCHah; of = C6HsP(O)(OC2Hsh; 5 = C6HsP(O)(OCaHsb 6 = C6HsP(U)
(OCaH 7)2; 7 = C6HsP(O)(OC.Hg)2; 8 = C6HsP(O)(OC6H s)2 impur; M = melange des 8 composes.
precedents.

RESUME

Un certain nombre de solvants a base d'hexane, acetone, acetate d'ethyle et
alcool butylique tertiaire ont ete mis au point pour la separation, par chromatographie
sur couches minces de silice, d'organophosphores al'interieur des groupes: phosphines,
phosphites, phosphates, phosphonates, phosphinates et oxydes de phosphine.
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SUMMARY

Following oral or intraperitoneal administration of myristicin, safrole, isosaf­
role, asarone (trans) or p-asarone (cis) to male rats, basic ninhydrin-positive sub­
stances were excreted in the urine. These materials were separated and partially
characterized by thin-layer chromatography. The same animals when given a control
dosage of safflower oil did not excrete these ninhydrin-positive materials.

There is an apparent requirement of a side chain double bond for the production
of these products, with greater enhancement by the trans isomer than the cis. It is
suggested that these urinary ninhydrin-positive materials are probably substituted
phenylisopropylamines or amphetamines.

INTRODUCTION

Substituted allyl and propenylbenzene derivatives are widely distributed in
nature. The compounds have been isolated and identified in nutmeg!, parsley!, pars­
nip2, carrots3, bananas4, processed tobacc05 and many other natural oils and flavoring:
materials with which individuals have contact.

Ingestion of considerable quantities of some of these environmental agents.
produces significant physiological changes. In the case of nutmeg, myristicin (1­
methoxy-z,3-methylenedioxY-S-allyl-benzene) is considered in part to be responsible
for a narcotic effect!. Depending upon the drug and quantities ingested, these physio­
logical changes6- 8 vary from (a) drop in blood pressure, (b) nausea, and (c) cyanosis
to (d) heightening of ego, (e) inability to carryon intellectual processes, (f) insomnia
and/or even (g) death. The mechanism by which these materials bring about these
responses is unknown.

To account for the observed physiological response, it has been suggested1 that
the substituted benzene derivative may be converted biologically to amphetamines.

J. Chromatog., 45 (1969) 437-445,
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The present investigation was undertaken to effect the isolation, separation, and
identification of the various urinary metabolites of myristicin (I), safrole (II), iso­
safrole (III), asarone (IV), fJ-asarone (V), and dihydrosafrole (VI) following their oral
and intraperitoneal administration to male rats, in order to determine if exposure or
ingestion of these environmental agents (and other related compounds) would con­
stitute a potential hazard.

en>

1
H3COnC=~-CH3

H3CO OCH3
mZJ

H H
I I

H3CO

n

C=C-CH3

H3CO OCH3

no

EXPERIMENTAL

Materials
All of the compounds that were administered to the animals were of 99 % purity

or greater as determined by TLC, GLC, IR spectroscopy, and NMR. Myristicin was
obtained from parsley seed oil (Fritzsche) by preparative GLC on a l2 ft. X ! in.
lO % OV-I column at 2I5° with a helium flow of lOO ml/min using the Hewlett­
Packard 5750B gas chromatograph or on a lO ft. X ! in. 25 % SE-30 column at 235 0

with a helium flow of 200 ml/min using the Nester Faust 850 Prepkromatic gas
chromatograph, followed by column chromatography on silicic acid. Asarone (trans)
and fJ-asarone (cis) were obtained from an enriched fJ-asarone mixture (Fritzsche) by
preparative GLC, on a l2 ft. X ! in. lO % OV-l7 column at 2500 with a helium flow
of lOO ml/min using the Hewlett-Packard 5750B gas chromatograph. The safrole
derivatives were commercial preparations (J. T. Baker) which were further purified
by silicic acid chromatography. All organic solvents were Baker analyzed reagent
grade.

Compound administration, urine collection and extraction
Male Sprague Dawley rats (200-S00 g) were given 0.30 ml safflower oil orally or

intraperitoneally (i.p.). The animals were then placed in polycarbonate metabolic
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cages· which separated the urine from the feces, and the urine was collected for the
desired time (I-3 days). Twice each day, urine was removed from the cages and im­
mediately frozen until the time of extraction.

The same animals after the control period were then given 75-300 mg/kg of
the desired compound in safflower oil (I: I, w/w). The rats were returned to the meta­
bolic cages and urine was collected for periods up to six days. Pooled urine for each
day was kept frozen until extraction. The treated animals after about one week could
be re-fed if desired. During the entire urine collection, the rats 'were housed in a super­
vised area with free access to food and water.

An aliquot of pooled urine for each control and treated day was extracted as
described in Fig. 1. The organic solvent from each of the acidic, neutral, basic and
alkaloid fractions was then removed under nitrogen at 300 using a rotary flash evap­
orator. The final residue was dissolved in spectro-grade chloroform (Matheson,
Coleman and Bell) to a final volume so that the ratio of the volume of the final solution
to that of the original urine was I: ISO. The chloroform solution was then stored in
teflon-capped vials in the freezer for later use.

Urine (r vol. diluted with r vol. H 20)
Adjust to pH 14 with NaOH

I Extract with 2 vol. ether
t

t
(Aqueous) No.

-----t
Aqueous
(Adjust to pH r with 5 N H 2S04 )

I Extract with 2 vol. ether
t

t t
Aqueous Ether
Adjust to pH 14 (Acidics)

I Extract with 2 vol. CHCl 3
t

t
Ether
(Basics and neutrals)

I Extract twice with r/2 vol. 0·5 N H 2SOt
t

t
Ether
(Neutrals)

i'-
CHCl3
(Basics - amines)

t
Ether
(Alkaloids)

t
(Aqueous) No. II

Fig. r. Extraction of urine.

Thin-layer chromatography
Precoated 250-p, Silica Gel GF plates·· were activated at IIO o for IO min. The

plates were then scored into lanes and the appropriate amount of sample was applied.
In all studies, one to four times as much control sample was applied as treated sample.
The plates were then developed 140 mm in lined glass tanks using the desired solvent

• Obtained from Aloe Scientific Co., Chamblee, Ga., U.S.A .
•• Obtained from Analtech, Inc., Wilmington, Del., U.S.A.
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system. The solvent systems used for the neutral fractions were: (A) benzene, (B)
hexane-diethyl ether-acetic acid (go: 10: 1)9, and (C) hexane--diethyl ether-methanol­
acetic acid (85: zo: 3: 3)10. Table I represents the TLC separation obtained for the neu­
tral administered compounds. Using the above three solvent systems, the presence of
any of the administered compounds could be detected in the neutral urine fraction
very easily.

TABLE I

RELATlVE R p VALUES OBTAINED ON TLC SEPARATlON OF SUBSTlTUTED PROPENYL BENZENE DE­

RIVATlVES

Solvent systems: (A) Benzene.
(B) Hexane-diethyl ether-acetic acid (90: 10: I).
(C) Hexane-diethyl ether-methanol-acetic acid (85: 20: 3 : 3)·

Compound Solvent system

A B C

Asarone 0.24 0.26 0.58
.Myristicin 1.00 1.00 1.00
Safrole 1.27 1.58 1.00

The basic and alkaloid fractions were examined using the following solvent
systems: methanol, methanol-water-acetone-acetic acid (zoo: zo: zo: 10), methanol­
water-acetone-pyridine (zoo: zo :zo: 10), and chloroform-methanol-acetic acid (75:
25:5)·

After development, the plates were air dried, examined under UV light (z537
and 3660 A), and then exposed to iodine vapor and/or sprayed with a particular
·chemical reagent (for the neutral and basic urine fractions, ninhydrinll , chromotropic
acidI2,13, and ZA-dinitrophenylhydrazinell were used).

RESULTS AND DISCUSSION

Myristicin
Following oral or i.p. administration of pure myristicin (75-300 mg/kg) to rats,

unmetabolized myristicin is excreted in the urine during the first 17 h after admini­
stration. On 10 to 50-fold concentration of tissue extracts, there appears to be no
significant accumulation of myristicin in blood, intestine, liver, heart, lung, spleen,
and adipose tissue.

In addition to the unmetabolized myristicin excreted in the urine during the
first 17 h., two very polar basic ninhydrin-positive m3.terials are present in urine after
oral or i.p. administration of myristicin. Semiquantitatively, these basic ninhydrin­
positive materials are excreted maximally z4-48 h after administration. Three days
after administration of myristicin there is a definite decrease in the excreted nin­
hydrin-positive materials. By the fourth or fifth day the basic ninhydrin-positive
materials are absent. The urine extract of the treated animal by the fifth day is equiv­
alent to that of the control animal, which received none of the test compound. This
excretion pattern can be monitored with maximal excretion between Z4-48 hand
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\\'ith the absence of these basic ninhydrin-positiYe materials from urine by 4-5 days.
The production of these ninhydrin-positive basic materials is in response to

administration of myristicin. The same animals when gi\'en only safflower oil do not
excrete ninhydrin positi\'e material~ with an RF \"alue relatiw to the standard 3,4­
methylenedioxyphenyl-isoprop~'lamine " 1.0 in the basic urine fraction. It is ver~"

probable that these ninhydrin-positive materials are not formed b~: intestinal flora
since the same results were obtained for oral and i. p. administration. A. chromatogram
of the ninhydrin-positive basic materials after i.p. injection of myristicin is shO\vn in
Fig. 2. Both of the basic materials when spra~"ed with ninhydrin and then heated are
dark pink in color. Positive identification of these materials is presentl~" being eluci­
dated.

A B

j
• I

I

I

Fig'. 2. TLC separation of basic ninhydrin-positi"e materials. Solvent system: chloroform-metha­
nol-acetic acid (75:25:5). Basic urine fractions: (.\.) i.p. administered lll\Tisticin; (8) orally
administered safrole; (e) orally administered as'lrOIlC (trans).

Sa/role
Similar experiments to those described for myristicin were also carried out with

safrole. Ninhydrin-positive basic materials were also excreted in urine of rats treated
with safrole. Maximal excretion of these ninhydrin-positive materials occurred during
the 24-48 h period. Four ninhydrin-positive materials were separated using the meth­
anol system. Upon spraying with ninhydrin and heating, the most polar material
from safrole (Rp relative to the standard amine of 1.0) was pink while the next less
polar material (relative RF 1. 7) was purple. The two remaining less polar ninhydrin­
positive material had a relative R F of 3.9 and 4.5, respectively, in the methanol system.
These two much less polar ninhydrin-positive materials (relati\'e RF 3·9 and 4.5)
may be decomposition products, as will be discussecllater.

:Utempts to isolate and identify the major ninhydrin-positive m3.terials of
safrole (relative RF 1.0) have been unsuccessful to date. Preparative TLC of the safrole
basic fraction in the methanol system on either silica gel or kibelgur followed by
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elution with methanol and rechromatography in the methanol system destroys the
ninhydrin-positive material. Even during storage at 0° under nitrogen there is a
decrease in ninhydrin-positive materials in a given basic fraction. With decomposition
of the ninhydrin-positive material which contains a nitrogen with at least one hy­
drogen atom attached, a compound containing a carbonyl group is generated. This
carbonyl-containing compound reacts slowly with 2,4-dinitrophenylhydrazine on
thin-layer plates, absorbs in the IR region at r720 cm-1, has no absorption at 3600­
3200 cm-1 , and is now ninhydrin-negative. The carbonyl-containing compound has
been found under all conditions investigated thus far, while analogous treatment of
control urine does not yield a carbonyl or ketone material.

The carbonyl-containing material which was generated from the ninhydrin­
positive material (relative RF 1.0) has an RF relative to the standard amine or most
polar ninhydrin spot from safrole of 5.5-6.0 in the methanol system. Using r-(3,4­
methylenedioxyphenyl)-penten-3-one-r) (]. T. Baker) as a standard in the benzene
and hexane-diethyl ether-methanol-acetic acid solvent systems, the carbonyl-con­
taining material which was generated from the ninhydrin-positive material has a
relative RF of 1.0 in both cases. As is indicated by the above results, this material is
much less polar than the ninhydrin-positive material. These results also indicate that
the nitrogen may have been lost during the breakdown process. Treatment of the
carbonyl-containing material with chromotropic acid on TLC gives a positive reaction
for formaldehyde. This indicates that the methylenedioxy ring may also be intact.
Further identification and characterization of the ninhydrin-positive materials and
also the ketone materials from safrole is in progress.

Isosafrole
Isosafrole was administered to rats as a cis-trans mixture. Pooled urine was

extracted as described earlier and the presence of ninhydrin-positive materials in
the basic fraction was investigated. Results very similar to those of safrole were ob­
tained for isosafrole. Two ninhydrin-positive materials with RF relative to the standard
amine of 1.0-2.0 were present. With ninhydrin one material stained pink and the other
purple. Preparative TLC of the basic urine fractions from isosafrole also gave rise to
a 2,4-dinitrophenylhydrazine-positive material (ninhydrin-negative). As discussed
earlier, decomposition of the ninhydrin-positive urinary constituent of safrole and
isosafrole produces carbonyl-containing materials which are ninhydrin-negative. These
carbonyl and ninhydrin-positive materials are presently being identified and charac­
terized.

Dihydrosafrole
Dihydrosafrole was administered orally (75-300 mg/kg) to male rats; pooled

urine was extracted and the basic fractions were chromatographed as described
earlier. As shown in Table II, there is no detectable quantity of ninhydrin-positive
material with a relative RF > 1.0 as for safrole and isosafrole. The only ninhydrin­
positive material that is present in the treated dihydrosafrole urine is a faint purple
spot at the origin using the methanol systems. The results for dihydrosafrole urine are
equivalent to the control urine and suggest that the production of the ninhydrin­
positive material with a relative RF :> 1.0 is dependent upon the presence of an allyl
or propenyl double bond in the compound administered. Considering that the double
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TABLE II

443

Rp X 140 VALUES OBTAINED ON TLC SEPARATION OF NINHYDRIN-POSITIVE BASIC MATERIALS

Abbreviations: PSB = pooled safrole basics; PCB = pooled control basics; DHSB = dihydro­
safrole basics; 3,4-MDPIA = 3,4-methylenedioxyphenyl-isopropylamine. The color of the nin­
hydrin-positive spot is given in parentheses.

Fraction Solvent system

lvlethanol Chlorojorm-methanol-
acetic acid (75: 25: 5)

PSB 12-15 (purple) 58-65 (purple)
32-38 (purple)

PCB 0-10 (pink-purple) 15-20 (pink-purple)
30 (pink

DHSB o (purple) 20 (purple)
20-25 (purple)

3,4-MDPIA 10-43 (red-purple) 40-70 (red-purple)

bond is aminated to produce these ninhydrin-positive materials, the propyl derivative
could not give rise to ninhydrin-positive materials similar to those of safrole or
isosafrole unless there was first a dehydrogenation to produce an allyl or propenyl
derivative.

Asarone and {J-asarone
Additional experiments were carried out to determine the specificity require­

ment for a cis or trans double bond. Asarone (trans isomer) or {J-asarone (cis isomer)
was administered orally or i.p. to rats as described earlier. The basic urine fractions
were examined by TLC. From earlier experiments with isosafrole, a cis-trans mixture,
there does not seem to be a great difference in the amount of ninhydrin-positive ma­
terials excreted per volume of urine for safrole as compared to the same volume of
urine after isosafrole treatment.

All urine extracts were concentrated as described earlier. Equal amounts of
the basic fractions from myristicin, safrole, isosafrole, asarone (trans) and {J-asarone
(cis)-treated urine were applied to silica gel plates and then developed in the desired
solvent system.

In comparison to safrole and myristicin, the asarone (trans)-treated urine con­
tained very much more of the ninhydrin-positive material. As discussed earlier for
myristicin and safrole, the maximum excretion for the basic ninhydrin-positive
materials occurred 24-48 h after administration. For asarone, the trans isomer, the
majority of the ninhydrin-positive material was excreted during the first I7 h after
administration. One day after administration of asarone, very little ninhydrin­
positive material with a relative RF :> 1.0 was excreted. In contrast, treatment with
{J-asarone, the cis isomer, produced only a small amount of ninhydrin-positive
material in the urine even after two or three days. As is shown in Fig. 2, asarone, the
trans isomer, produced much more (IO to 50-fold) ninhydrin-positive material than did
either the cis isomer, safrole, or myristicin.

Using two-dimensional TLC and varying solvent systems, at least three nin­
hydrin-positive components from the asarone-treated basic urine fraction were sepa­
rated (Fig. 3). After spraying with ninhydrin and heating, there are two pink spots
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and one purple spot. There seem to be also acidic groups present in these materials..
It can be concluded from these preliminary investigations that after treatment

of rats either orally or i.p. with myristicin, safrole, isosafrole, asarone (trans), or
fJ-asarone (cis), basic ninhydrin-positive materials are excreted in the urine. There
seems to be a prerequisite of a double bond for the production of these ninhydrin­
positive materials. As suggested by unpublished work of BARFKNECHTB, amphet­
amine-type materials may be produced in rats after feeding of allylbenzene. More
specifically, the trans isomer of asarone is a better precursor to the ninhydrin-positive
materials than the cis isomer. Control rats which did not receive the desired compound
do not excrete these ninhydrin-positive materials in urine. These ninhydrin-positive
basic materials break down very easily to produce ninhydrin-negative carbonyl­
containing compounds.

140

120

100 C,., 0,.,
E

r
80 e

8
60 0

40 /I
0

20 D
e

.
20 40 60 80 100 120 140

IT-MM

Fig. 3· Two-dimensional TLC separation of the asarone (trans) basic urine fraction. Solvent systems:
e, (I) (vertical), methanol-water-acetone-pyridine (200:20:20: IO) I40 mm; (II) (horizontal),
methanol-water-acetone-acetic acid (200:20:20: ro) I40 mm. 0, (I) (vertical), methanol-water­
acetone-acetic acid (200: 20: 20: IO) I40 mm. (II) (horizontal), methanol-water-acetone-pyridine
(200:20:20: IO) I40 mm. Sprayed with ninhydrin. (A) R p 30t; 20 (pink); (B) R p 60t; 40 (purple);

->- ->-
(C) Rp got; 60 (pink); (D) R p rot; 50 (purple); (E) Rp 75 t; 75 (pink).

->- ->- ->-

It is very probable that these ninhydrin-positive materials in urine are phenyl­
isopropylamines or amphetamines which could bring about the psychotropic effect
as described earlier for nutmeg and other natural products that contain these con­
stituents. Further identification and characterization of these ninhydrin-positive ma­
terials will help to clarify the role of these components in the metabolism of the various
substituted benzene derivatives.
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SUMMARY

A simple thin-layer chromatographic system for the separation of the iso­
prenologues of vitamin K 2 is described. This system employs hexadecane-impregnated
Kieselguhr thin-layer plates and an acetone-water solvent system. Using a:-[I-14C]­
naphthol or 2-[14C]methyl-I,4-naphthoquinone and DL-[5-3H]mevalonate, the separa­
tion of the isoprenologues was confirmed. Each isoprenologue was recovered quantita­
tively and its proportion determined either by ultraviolet spectroscopy or radio­
activity in the ring nucleus. Staphylococcus aureus synthesizes vitamin K 2 isopreno­
logues with 0, 5, IO, 15, 20, 25, 30, 35, 40, and 45 carbon atoms in the side chain.
Vitamin K 2-0 represents about 6 %; K 2-5 through 30, between I and 1.5 % each;
K 2-35, 20 %; K2-40, 60 %; K 2-45, 6 % of the total. Haemophilus parainjiuenzae forms
2-demethyl vitamin K 2 isoprenologues with 0, 5, IO, 15, 20, 25, 30, 35, 40 and 45
carbon atoms in the side chain.

INTRODUCTION

Vitamin K 2* is a naphthoquinone with isoprenoid side chains and is found in
the respiratory systems of bacteria. When the formation of the membrane bound
respiratory system is induced in Staphylococcus aureus, there is both a marked in­
crease in the level of vitamin K 2 and a shift in the proportion of the major isopreno­
logues1. To examine how the synthesis of vitamin K 2 isoprenologues could be related
to the formation of the electron transport system, a rapid method that would allow
determination of the specific activities of the various isoprenologues of vitamin K 2

was needed. Reversed-phase thin-layer chromatography (TLC) or paper chromato­
graphic systems in which the supporting phase was impregnated with paraffin oil,
polyamide, silver nitrate or silicone oil have been described2- 4. Complex impregnating
agents often contain components that interfere with the spectral determination of the
quinone. When highly purified hexadecane was used to form reversed-phase thin-layer
plates, the isoprenologues could be separated. Each isoprenologue could be recovered

* Vitamin Kz-30 indicates 2-methyl-1,4-naphthoquinone with a polyisoprenoid side chain at
position 3 containing 30 carbon atoms in the following configuration: -(CHz-CH=C(CH3)-CH2)n'
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quantitatively and its concentration determined by the absorbance at 248 mf-l without
further purification. When necessary the contaminating hexadecane was readily
removed.

MATERIALS AND METHODS

Materials
a-[r-14C]naphthol and 2-[14C]methyl-r,4-naphthoquinone were supplied by

AmershamjSearle, Des Planes, Ill. Dibenzylethylenediamine-DL-[5-3H]mevalonate
was supplied by New England Nuclear Corporation, Boston, Mass. Kieselguhr G and
Silica Gel G (Brinkmann Instruments, Inc., Westbury, N. Y.) and hexadecane-99 %,
olefin free (Matheson, Coleman and Bell, Cincinnati, Ohio), were used to make the
TLC plates. Highest purity commercial solvents were utilized without further purifi­
cation. Synthetic vitamin K 2 isoprenologues were supplied through the generosity of
O. ISLER, Hoffman-La Roche, Basle, Switzerland.

Growth oj bacteria
The strain, media, growth and harvesting conditions of S. aureus have been

described1. The bacteria were grown for r4 h in the presence of 50 f-lCi each of a 14C­
and a 3H-Iabeled substrate per r500 ml to introduce radioactivity into the vitamin K 2.

Haemophilus parainfluenza was grown, harvested and DMK 2 extracted as discussed
previously5.

Extraction oj the lipids and purification oj the vitamin K 2

Bacteria were harvested by centrifugation and the lipids extracted with a
modified BLIGH AND DYER procedure6 as follows: The bacterial pellet was suspended
in 30 ml of phosphate buffer and 75 ml of methanol and 37.5 ml of chloroform were
added. The one-phase mixture was shaken in a separatory funnel and allowed to
stand for at least 2 h. Then 37.5 ml of chloroform and 37.5 ml of water were added,
the mixture shaken, and the phases allowed to separate. The lower phase was filtered
through about 5 g of anhydrous sodium sulfate. The extract was dried in a stream of
nitrogen and the residue was redissolved in a small volume of chloroform. This solution
was applied as a series of spots near the bottom of a Silica Gel G thin-layer plate
prepared as previously described1. The quinone fraction (RF 0.6) was separated from
the phospholipids and polar carotenoids (origin) and non-polar carotenoids (solvent
front) by ascending chromatography with a solvent of chloroform-isooctane (2: I).
The quinone can be detected as a spot which quenches UV.light (360 mf-l). There was
no spectral evidence for contamination of the purified quinone by carotenoids or
lipid phosphate. The pure vitamin K 2 was recovered and eluted from the Silica Gel G
as described1.

Reversed-phase chromatography
Kieselguhr G was spread to a thickness of 50 f-l on glass chromatoplates and

impregnated with hexadecane by ascending chromatography with 5 % hexadecane
in chloroform. The plates were dried in air for a few minutes and used immediately.
The naphthoquinone, after initial purification, was chromatographed by ascending
chromatography in a solvent of acetone-water (95: 5) (ref. 2) saturated with hexa­
decane. The chromatography was completed in about 45 min. The plate was allowed
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to dry in air for a few minutes. The center of the plate was covered with Saran wrap
(Dow Chemical Corp., Midland, Mich.) and the edges of the plate were sprayed first
with I % sodium borohydride in 50 % ethanol and then with 0.2 % aqueous neo­
tetrazoJium. The neotetrazolium was dissolved in 4 ml of 95 % ethanol and made up to
200 ml with water. The quinones appeared as red spots without heating. If the
quinones were radioactive, they were localized by autoradiography. The separated
naphthoquinone isoprenologues were quantitatively recovered from the channels
protected by the Saran Wrap by picking up the Kieselguhr in sealing tubes (with
reduced ends and a coarse fritt, Corning 39580) with a vacuum, inverting the tube
and eluting with 3 ml of chloroform followed by 3 ml of methanol and 3 ml of chloro­
form. Vitamin K 2 and hexadecane can be separated by TLC in Silica Gel G with
solvents of 5 % chloroform in hexane or 10 % chloroform in methanol. U.V. spectra
of the quinones were determined in isooctane using a Cary 15 spectrophotometer7•

Reversed-phase chromatography of quinone isoprenologues on vaseline-impregnated
paper with a solvent of dimethylformamide-water (32: I) was performed as de­
scribed8 .

Degradation oj vitamin K 2

Approximately 180 nmoles of purified vitamin K 2 labeled with 14C from
a-naphthol and 3H from mevalonate were degraded by refluxing for 4 h in 10 ml of
acetone containing 6.3 mmoles of crystalline potassium permanganate. The mixture
was then cooled and filtered through Whatman No. I filter paper. The residue was
washed with a small volume of acetone to remove unreacted permanganate and then
with 150 ml of boiling water to recover the phthalic anhydride. The water extract
was adjusted to pH 2.0 with hydrochloric acid and extracted three times with equal
volumes of diethyl ether. The ether was washed with water and the solution was
concentrated to a small volume and transferred to a silica gel thin-layer plate. The
phthalic anhydride (RF 0.78) and phthalic acid (RF 0-40) derived from the ring of
the naphthoquinone were separated from the degradation products of the side chain
by ascending chromatography with a solvent of ethanol-water-I2 N ammonium
hydroxide (25:3:4). The phthalic acid and anhydride were detected as areas that
quench UV.light, and they were recovered from the silica gel as described1.

Determination oj radioactivity
Radioactivity was measured in a Packard Scintillation Spectrometer Model 23II

in a scintillation fluid of 9.25 mM 2,5-bis[2-(5-tert.-butyl-benzoxazoyl) J-thiophene
(BBOT) in toluene. Radioactive samples were dried in the scintillation vials before
adding the scintillation fluid. Quinones containing 14C and 3H were counted under
conditions such that the 14C channel = 0.017 3H + 0.54214C and the 3H channel =
0.282 3H + 0.000214C in the toluene scintillator. Under these conditions the efficiency
of counting was 42 % for 14C and 7.6 % for 3H. For autoradiography the thin-layer
plates were placed on Kodak no-screen X-ray film as described9 .

RESULTS

Separation and recovery by reversed-phase TLC
A purified vitamin K 2 preparation isolated from S. aureus grown in the presence

of 2-[14C]methyl-I,4-naphthoquinone was chromatographed on a hexadecane-impreg-
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nated thin-layer plate. The plate was dried in air and placed in contact with a Kodak
no-screen X-ray film for ten da~'s. The film was clc\'eloped and the silica gel corre­
sponding to each dark spot on the autoradiogram was separated and eluted. A total
of 18,500 c.p.m. HC was applied to the plate. The total I~C recovered from the ten
fractions was 18,000 c.p.m. for a 97 o~ recovery. The autoradiogram of the separation
with the total 14C recovered in each isoprenologue is illustrated in Fig. 1.

I dentijication oj the isoprenologues
The chromatographic mobility of a purified vitamin K 2 preparation from S.

aurcus \,'as compared with synthetic isoprenologues of vitamin 1\:2 in two chromato­
graphic s\'stems. The R:1! values {lOg(I/(RF) - I)} (ref. ra) of isoprenologues in both
the reversed-phase TLC system and a re\'ersecl-phase paper system agree with those
of the synthetic standards. The R:lJ values are linear for the isoprenologues with IS
to 50 carbon atoms (Fig. 2). H. parainflltt'nzae contains isoprenologues of 2-demethd
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lllethyl-I,+-naphthoquinolT(' """ han'esied, the lipids extracted and the "itamin h 2 isolated and
purified. The purified vitamin 1\:2 "'as spotted on a hexadecane-impregnated hieselguhr thill­
layer plate and chronlato~raphed using acetone-\\-ater (95: 5). saturated with hexadccane Cl~
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separated on vaseline-impregnated papers.
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vitamin K2 (DMK 2) (ref. S) that can also be separated by the reversed-phase TLC
system (Fig. 2).

Labeled l:soprenologues
Mevalonic acid is preferentially incorporated into the carbon side chain of

vitamin K 2 isoprenologues in S. aureus. The vitamin K 2 was isolated from cells
grown for about 13 divisions with 25 ,uCi each of IX-[1-14C]naphthol and DL-[S_3H]­
mevalonate per ISOO ml. About 180 nmoles of quinone containing 15,000 c.p.m. 14C
and 46,000 c.p.m. 3H were oxidized with permanganate and the phthalic acid and
phthalic anhydride recovered from the products. Approximately 87 % of the 14C and
13 % of the 3H were recovered in the phthalic acid and phthalic anhydride. Presum­
ably, the 13 % of the ring 14C not recovered in the phthalic derivatives could be found
in levulinic acid derived partly from the ring or in other products of ring degradation.
LEISTNER et al.H found that all the 14C in vitamin K 2 formed from IX-[I-14C]naphthol­
in Bacillus megaterium was recovered in the ring after permanganate oxidation. In
S. aureus vitamin K 2-o, about ro-I4 % of the 3H can be recovered from cells grown
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3 NUM8ER OF CARBON ATOMS IN THE

SIDE CHAIN

Fig. 3. Ratio of 14C to 3H in the ring and side chain of vitamin K 2 isoprenologues. The isopreno­
logues of vitamin K 9 labeled with HC in the ring and 3H in the side chain were separated and
assayed for radioact(vity as described in Fig. 1. /:; indicates the ratio of HC in the ring to 3H in
the side chain; • indicates the total specific activity of 3H in the side chain of each isoprenologue.

Fig. 4. Separation of vitamin K2-40 and hexadecane. TLC using the solvents illustrated allowed
separation of the quinone from the hexadecane. The quinone was recovered quantitatively from
the silica gel. The quinone was detected as a dark spot with V.V. light. The hexadecane can be
seen as an oily spot on the plate after drying.
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with DL-[5-3H]mevalonate (unpublished data). Thus, it is reasonable to expect that
ro-r4 % of the 3H from DL-[5-3H]mevalonate and all the 14C from a-[r-14C]naphthol
be found in the ring of vitamin K 2.

The total specific activity of 3H in the side chain of each isoprenologue of vitamin
K 2 should increase with the increase in number of isoprenoid units in the side chain.
The ratio of ring 14C to side chain 3H should decrease with increasing number of iso­
prenoid units in the side chain. In fact both these suppositions are true as illustrated
in Fig. 3. To calculate the 3H in the side chain, the proportion of each isoprenologue
was calculated from the 14C and the calculated proportion then used to calculate a
specific activity for 3H and 14C in the isoprenologues. From the data on vitamin K 2-0,

the specific activity of 3H in the ring could be measured directly. The 3H specific
activity of vitamin Kz-o was then used to correct the total specific activity in each
of the other isoprenologues for the 3H in the ring. The assumption is made that all the
isoprenologues have the same specific activity of 3H and 14C in the ring.

I solation of isoprenologues
The isoprenologues can be recovered quantitatively from the hexadecane­

impregnated thin-layer plates (Fig. I). The hexadecane recovered in this operation
does not interfere with the spectral determination of the isoprenologues but would
interfere with mass spectral or nuclear magnetic resonance studies in which pure iso­
prenologue is required. The hexadecane can be readily separated from the iso­
prenologue by TLC with a solvent of 5 % chloroform in hexane or IO % chloroform
in methanol (Fig. 4). The isoprenologues can be recovered from the Silica Gel G with
the sealing tubes, described above, eluted quantitatively and the solvents removed by
evaporation in vacuo.

DISCUSSION

The principal advantage of hexadecane-impregnated TLC for the separation
of vitamin K z isoprenologues is that the separated isoprenologues can be recovered
quantitatively and assayed by U.Y. spectroscopy without further purification. The
hexadecane can be easily removed by TLC yielding pure isoprenologues of vitamin K 2 •

The separation is complete, rapid and the recovery quantitative using materials that
are available commercially. Previous methodsz- 4 of reversed-phase chromatography
using complex mixtures of hydrocarbons or silicone oils contain contaminants which
interfere with the determination of U.V. spectra or do not give as good a separation.
Use of highly purified tetradecane, octadecane and eicosane as the impregnating agent
gave poor separation of the vitamin K 2 isoprenologues. Perhaps these hydrocarbons
would be useful with terpenes of a different type.

The study of the isoprenologues of vitamin K 2is useful in thattheisoprenologue
proportions vary with pathogenicity12 or in the membrane modification concommitant
with formation of the electron transport system in S. aureus1 . Multiple isoprenologues
of vitamin K z and DMKz have been shown in other bacteria7 , 13-15. A detailed study
of the synthesis by S. aureus of the isoprenoid side chain of vitamin K 2 will be pre­
sented elsewhere.
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SUMMARY
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The use of COmp1{ters In the elaboration of separations of inorganic ions by column
chromatography

This article describes the use of computers in the elaboration of separations of
inorganic ions by ion exchange. The use of computers as an aid in documentation
(through the constitution of data and literature reference files) was investigated as
well as their use in cases where decisions concerning the techniques to be employed
have to be made. The optimalisation of separations was also studied.

INTRODUCTION

II Ya une dizaine d'annees les donnees disponibles pour elaborer des separations
d'ions inorganiques par chromatographie sur colonne consistaient en une dizaine de
tableaux de constantes de distributions comme ceux de KRAUS ET NELSONl et de
STRELOW2 et en quelques centaines de fiches additionnelles au maximum. Depuis lors
une veritable explosion dans Ie nombre des informations disponibles a eu lieu en partie
par l'acceptation comme techniques de valeur des methodes d'echange d'ions classi­
ques et en partie par Ie developpement de nouvelles methodes, aussi bien en ce qui
concerne les phases mobiles (emploi de milieux aqueux-organiques mixtes et de hautes
concentrations en sels ou acides) que les phases stationaires (echangeurs inorganiques,
"reversed phase", echangeurs cellulosiques, resines complexantes). Tout ceci a amene
trois laboratoires, ou l'on emploie frequemment l'echange d'ions pour un grand
nombre d'applications radiochimiques, a collaborer pour etudier la possibilite d'em-
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ployer les ordinateurs en premier lieu comme aide dans la documentation et en
deuxieme lieu pour permettre de prendre des decisions sur les techniques a employer
et de les optimaliser.

Nous decrirons ci-dessous les travaux realises ou en cours dans ces laboratoires.
Les informations peuvent etre obtenues de trois fayons: (I) coefficients de distri­

bution par equilibrage des phases mobiles et liquides (batch experiments) ou par
chromatographie sur colonne; (2) pourcentages d'eIution ou d'adsorption; (3) separa­
tions decrites dans la litterature.

(I) COEFFICIENTS DE DISTRIBUTION

A la Section d'Applications des RadioeIements (Departement des Radio­
elements du C.E.A.) a Grenoble, Ie premier objectif dont la realisation est en cours
est de constituer sur cartes mecanographiques une bibliotheque des coefficients de
distribution entre ions inorganiques et resines organiques du type Dowex I et
Dowex 50.

On definit un milieu par (a) Ie type de resine (cationique ou anionique); (b) la
nature du coefficient de distribution (Dv ou K a); (c) la nature de la phase mobile
(acide inorganique ou organique pur, melange d'acides, melanges acides-solvants
organiques); (d) un code affecte a cette phase; (e) l'echelle des variations de con­
centration de la phase mobile. Celle-ci est identifiee par: un code concernant les
variations de molarite, de pH ou de concentration en volume; et une reference a une
table d'echelles. II a pam utile de diversifier ces echelles pour profiter au maximum des
IS positions disponibles qui definissent par points une "courbe"; (f) la reference
bibliographique.

Dans un milieu donne, l'ensemble des courbes concernant les differents ions
pour lesquels on dispose de mesures de coefficients de distribution est represente par
un paquet de cartes au format suivant: (i) reprise des codes milieu 1-4 ci-dessus;
(ii) Ie symbole et la valence de 1'ion; (iii) une suite de valeurs des coefficients correspon­
dapt aux differentes positions de l'echelIe; (iv) un code numerique, renvoyant a une
table des ions, lequel peut etre plus commode a manipuler au cours des calculs.

Les valeurs des coefficients sont relevees soit manuellement sur des tableaux
publies tels quels, soit mecanographiquement a partir des graphiques (cf. KRAUS ET
NELSON l ): une interpolation quadratique ou cubique est effectuee si necessaire. Les
valeurs obtenues sont perforees avec les conventions suivantes: 0 indique une absence
de mesure; -I, une hydrolyse partielIe; 9999 toute valeur superieure a ce chiffre
(rare); aucune decimale n'est retenue en dessus de 10, une decimale au-dessous.

Quant a l'utilisation de ces donnees, on peut envisager trois etapes: d'abord
operer une intercomparaison des mesures compilees, une normalisation par exemple
des K a en D v, ce qui peut amener une certaine experimentation complementaire;
enfin une edition tenue a jour des resultats.

Dans la perspective des problemes pratiques de separations specifiques ou par
groupes, on a commence a ecrire des programmes de classements~dansun milieu
donne~parordre croissant ou decroissant de D v. On peut aller plus loin en operant
une recherche systematique des sous-ensembles minimum ou maximum comprenant
ou excluant 1'ion ou les ions consideres, a travers l'ensemble des milieus de la biblio­
theque.
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Enfin, dans 1'optique de la chromatographie, on envisagera des calculs d'une
s~quence complete de separation en fixant, par exemple, les dimensions de colonnes
et debits d'eluant de 1'experience-ou bien en tenant ces parametres pour des variables
a optimiser.

Une autre alternative a ete essayee a l'Institut de Chimie Nucleaire a Gand.
L'unite d'information reste la courbe. Toutefois, au lieu de la characteriser par des
points fixes on la represente par une equation dont on calcule les parametres par la
methode des moindres carres. Comme il s'agit de separations radiochimiques, il a
semble a 1'auteur du programme que seules les separations rapides etaient interes­
santes c'est a dire ceUes ou un element est retenu (D v > ro) et l'autre elue (D v < 5).

On divise donc la zone des molarites en zones d'adsorption, d'elution et de
comportement intermediaire qu'on characterise par un code chiffre. Pour savoir si
deux elements peuvent etre separes, il suffit de voir pour queUes molarites ces codes
sont differents. Ensuite, on peut optimaliser en recherchant les molarites pour les­
queUes 1'elution est la plus rapide.

Cette methode possede donc certains avantages pour 1'etude d'une separation
de deux elements. Pour plusieurs elements et pour la constitution d'une bibliotheque,
la methode devient difficile a manier et on en a donc arrete 1'etude pour de tels pro­
blemes.

(2) POURCENTAGES D'ADSORPTION

Depuis quelques annees Ie laboratoire d'Analyse par Activation du C.C.R.
Euratom d'Ispra s'est engage dans 1'etude de substances inorganiques comme ad­
sorbants dans la separation de radioelements par chromatographie sur colonne. Un
certain nombre de resultats a deja ete publie3- 7 • Ces resultats ont ete classes sur cartes
perforees et ont ete codes de la fac;on suivante: (a) nom de 1'echangeur inorganique;
(b) nom de la phase mobile (= eluant); (c) symbole de 1'element chimique envisage;
(d) code alphanumerique du comportement observe. Les codes choisis pour repre­
senter ces comportements sont repris au Tableau 1.

TABLEAU I

CODE ALPHANUMER1QUE DU COMPORTEMENT D' ADSORPTION

Adsorption a. 100 %
Adsorption a. plus de 95 %

00 Elution a. lOO %
o Elution a. plus de 95 %
(' Adsorption probable
(0 Elution probable
I I Partage a. ± 50 %
(f Partage probable

Incertain ou non etudie

La carte perforee contient la date de l'experience et un code d'identification.
D'autres cartes sont necessaires a 1'ordinateur et en particulier celles contenants les
noms des echangeurs et les noms des eluants.

Le Tableau II donne les couples adsorbant-eluant utilises et Ie nombre d'ele-
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ments dont Ie comportement a ete etudie pour chaque couple. Les donnees Ul present
plus de 3000 informations) sont exploitees essentiellement par les programmes
TABLEAUX et SERACE (Separation Radiochimique avec Calculatrice Electronique).

Le programme TABLEAUX permet en premier lieu Ie transfer des donnees
sur bande magnetique. A partir de la date ou Ie comportement d'un element vis a vis
d'un couple adsorbant-eluant a ete determine, la bande est mise a jour soit en ajou­
tant de nouvelles donnees, soit en substituant les anciennes par de plus recentes. En
deuxieme lieu ce programme permet de classer les resultats:

(i) sous forme de tableaux periodiques des elements (Fig. I) pour chaque couple
adsorbant-eluant;

(ii) sous forme de tableaux resumes permettant une meilleure visualisation du
comportement observe pour chaque eluant ou pour chaque adsorbant.

Le programme SERACE est destine a choisir une procedure pour separer un
element d'un certain nombre d'autres. Comme donnees une liste d'elements dont Ie
premier est a separer des autres suffit. Pour chaque element indique Ie programme
construit des sous-matrices ayant pour colonnes les eluants et pour lignes les adsor­
bants. Les elements de ces matrices, qui representent Ie comportement d'un element
observe pour chaque couple eluant-milieu, ont ete reduits a quatre types. On con­
sidere comme separables les elements a codes

00 II
Le dernier code groupe tous les comportements qui n'appartiennent pas aux

trois groupes precedents. L'ensemble de ces sous-matrices (dont un example est donne
a la Fig. 2) constitue une matrice a trois dimensions qui comprend toutes les informa­
tions relatives aux elements a separer. A partir de cette matrice, un certain nombre
d'operations logiques sont executees permettant d'indiquer quelle est la suite de
couples adsorbant-eluant a utiliser pour obtenir la separation desiree. SERACE a ete
limite a une separation en trois etapes. Dans Ie cas ou Ie resultat est insuffisant on
peut appliquer Ie programme a nouveau aux elements qui ne sont pas encore separes.
Toutefois la separation en plus de trois etapes peut etre consideree comme peu
economique. La sortie du programme SERACE pour une separation du Zr d'un
melange Fe-Cr est donnee au Tableau III.

(3) LES SEPARATIONS DECRITES DANS LA LITTERATURE

On trouve dans la litterature un grand nombre de separations deja mises au
point. On y emploie outre les phases stationaires et mobiles classiques, des eluants
et des adsorbants pour lesquels des coefficients de distribution n'ont pas ete deter­
mines. En plus on cite souvent des details importants tels que les dimensions des
colonnes et les debits optimaux. L'exploitation de ces donnees a ete etudiee a l'In­
stitut de Chimie Nucleaire de l'Universite de Gand.

Les donnees du programme EZRA consistent en une reference de l'article en
question, eventuellement des cartes portants les remarques et les cartes avec la phase
stationaire, les elements et les eluants. Ces dernieres emploient un code numerique
(Fig. 3). Le code pour les elements est Ie meme que celui employe a Grenoble (pour
permettre d'eventuels echanges).

31 categories de phases stationaires sont prevues (6 resines polymeriques,
13 echangeurs inorganiques, 10 systemes de partition en phase inversee, 2 divers) et 71
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TABLEAU III

SORTIE DU PROGRAMME SERACE

GLI ELEMENTI TRATTATI SONO I 3 SEGUENTI
ZR FE CR

FASE r FASE z FASE 3

SNOz ZR
rMHCL

ZP ZR
7MHN03

ZP ZR
6MHCL04

ZP ZR
6MHCL

DOWEXrXS ZR
6MHF
SNOz ZR SNOz ZR

o.rMHN0370C rMHCL
ZP ZR ZR ZR

rMHzS04 7MHN03
ZP ZR ZP ZR

rMHzS04 6lVIHCL04
ZP ZR ZP ZR

rlVIHzS04 6MHCL
SNOz ZR SNOz ZR ZP ZR

o.rMHN037oC 7MHN03 00 7MHN03
SNOz ZR SNOz ZR DOWEXrXS ZR

o.rMHN037°C 6MHF 00 6MHF
MNOz ZR MNOz ZR DOWEXrXS ZR

0.rlVIHN0370C 6lVIHF 00 6MHF
SBz05 ZR SBz05 ZR ZP ZR

rlVIHN03 7MHN03 00 7MHN03
SBz05 ZR SBz05 ZR DOWEXrXS ZR

rMHN03 6MHF 00 6lVIHF
SBz05 ZR SBz05 ZR ZP ZR

rlVIHN03 6MHCL 00 6MHCL
PTIA ZR PTIA ZR ZP ZR

rlVIHzS04 6MHCL 00 6MHCL
PTIA ZR PTIA ZR ZP ZR

6MHCL04 6lVIHCL 00 6lVIHCL

<:ategories d'eluants (27 acides et solutions de sels mineraux, 10 melanges d'acides,
14 melanges de solvants inorganiques et organiques, 13 eluants complexants, 7 divers).

Les donnees sont classees sur les cartes de la fa<;on suivante: (a) Ie nombre de
cartes necessaires pour decrire une separation; (b) Ie code de la resine; (c) les codes
des elements elues avec Ie premier groupe et Ie code de l'eluant avec lesquels ces
elements sont elues; (d) les codes des elements du deuxieme groupe, Ie code du
deuxieme eluant etc.

Un example d'entree et de sortie est donne a la Fig. 3.
Le programme EZRA peut repondre a un certain nombre de questions. On

peut non seulement demander l'inventaire de toutes les separations se trouvant en
bibliotheque mais aussi toutes les separations concernant un ou plusieurs elements,
toutes les separations d'un element donne d'un groupe d'autres elements donnes, les
separations qui emploient une phase stationaire ou mobile donnee ou enfin toutes les
separations employant une phase stationaire et un eluant donnes.
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SEPARATION OF INORGANIC IONS IN FUSED SALTS. VI.

EXPERIMENTAL

LiNOs, NaNOs, KNOs and KCI0 4 were Erba RP products. N02Cl04 was
supplied by K & K Laboratories; anhydrous LiCI0 4 was obtained according to a
procedure described previously9. The salts were finely powdered, dried at IrOo and
mixed in the molar proportions LiNOs-KNO s (43: 57) (m.p. I32°), NaNOs-KNO s
(50:50) (m.p. 220°)' LiCIOc KCI0 4 (76:24) (m.p. 207°) and then dried again at IIOo.

The electrophoretic experiments were performed in an apparatus similar to that
described in a previous paper1 ; the experimental conditions were similar to those
reported in ref. 8, the cathodic and anodic reservoirs being separated from the central
vessels, where the strip dipped.

To avoid explosive reactions when (Li-K)CI04 eutectic was employed as solvent,
a suitable alkali nitrate mixture was used as catholite.

Cl-, Br- and CI0 4- were detected radiometrically by using s6Cl, 82Br and
36CI0 4 tracers, the distribution of their activities on the glass fiber paper being ob­
tained by scanning each 0.5 em of the strip.

The colorimetric detection of other inorganic anions was made by cutting the
strip in several portions of 0.5 em and dipping them in aqueous solutions of suitable
reagents.

RESULTS AND DISCUSSION

Table I shows the electrophoretic mobilities· of some inorganic anions dissolved
in various fused nitrates and (Li-K)CI0 4 eutectic.

TABLE I

ELECTROPHORETIC MOBILITY (cmZjV sec' 10-') OF INORGANIC ANIONS IN VARIOUS FUSED SOLVENTS

Ion (Li-K)CIO, LiN0 3 (Li-K)N0 3 (Na-K)N0 3
T = 3000 T = 3000 T = I60 0 T = 250.0

N0
3

- 3·3 +)
NO.,- 2-4 +)
CrO-,z- 0.8 +) 0.0 0·3 (-) 0.8 (-)
CrzO,z- 0.8 +) 0.0 0·3 (-) 0.8 (-)
ClO,- 0·7 -)
CI0

3
- 0·5 (-) 0·3 (-) 0.65 (-)

B r 0
3

- 0-45(+) 0.15 (-) 0.15 (-) 0·3 (-)
1°3- 0.8 (+) 0.1 (+) 0.0 0.1 (-)
Cl- 0·9 (+) 0.65 (-) 0-4 (-) 1.0 (-)
Br- 0.1 (+) 1.1 (-) 0.6 (-) 0.8 (-)
r- 0·7 (-) 0·75 (-)

( +) Movement towards cathode.
(-) Movement towards anode.

The most striking feature is that, in a (Li-K)CI0 4 eutectic, all the species ex­
amined, except CI0 4-, travel towards the cathode, or stay at the point of application.
The cationic behaviour was also confirmed for nitrate, electrophoresis experiments

* As already pointed outS, lack of knowledge concerning the electroosmotic flow in molten
media, precludes our knowing for certain whether the values represent the true mobility of the
species under examination.
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Results and discussion
The colours of the various mycotoxins under UV light and after spraying with

the colour reagents are recorded in Table 1. Also included in Table I are the fungal
sources and the R p (X 100) values. The reported Rp value for each mycotoxin is the
average of ten independant determinations. It is apparent from the R p values that
the mycotoxins are well resolved in this system.

A suitable chromogenic reagent for these mycotoxins is a solution of one per
cent eerie sulphate in 6 N sulphuric acid. Some compounds give a characteristic colour
with a specific reagent, e.g. cyclopiazonic acid gives a violet colour on spraying with
Ehrlich reagent. Cyclopiazonic acid also turns violet-red on prolonged standing on the
silica gel plates impregnated with oxalic acid.

If oxalic acid is omitted from the silica gel slurry, the mobility of the neutral
metabolites are virtually unaffected, whereas the acidic compounds e.g. cyclopiazonic
acid, secalonic acid D, and ochratoxins A and B do not move. This can be employed as
a confirmation. Absolute confirmatory tests, e.g. by direct comparison with a standard
reference sample, by physico-chemical methods or bio-assay17 are essential for the
final proof for the presence of a suspected mycotoxin in foodstuffs.

Gifts of samples of mycotoxins from several workers in the field of mycotoxin
chemistry, are kindly acknowledged.

National Chemical Research Laboratory,
South African Council for Scientific and Industrial Research,
Pretoria (Republic of South Africa)
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R F VALUES X 100 FOR PARASYMPATHOLYTICS

Developed in chloroform-ethanol (j: j). chloroform-ethanol (7 3) and sprayed with potassium
iOlloplatinate.

Parasy mpatholytics Solvent solutions

Chlorojorm-ethanol
(5:5)

Chiorojol'Nl-ethallul
(7 :3.'

Silica (;el G impregnated with I.O I\' XaOH
Atropine 53 6]
Novatropine 00 00

Lsopropamidc -IS 30
Gastrixonc 10 07

A lu.miniwm Oxide G
.-\-tropine 7i
Novatropine 12

Lsopropamide 70

Gastrixone 36

13 7
OJ
70

16

mania; methanol-acetone-trieth~'lamine; chloroform-diethylamine; cyclohexane­
chloroform-diethylamine; cyclohexane-diethylamine; benzene-ethyl acetate-diethyl­
amine; dimethylformamide-diethylamine-ethanol-ethyl acetate used in different ra­
tios) and thin-layers9 (Silica Gel G with water and impregnated \\'ith 0.05 iV, 0.10 "",
0.25 lY, or 0.50 lY KaOH, and Silica Gel G mixed with Aluminium Oxide rT) did not
give a satisfactory simultaneous separation of the parasympathoh-tic5 mentioned
above.

First Department of Jfedieine, University .1fedieal School,
Pees (Hungary)

Department of Hygiene, University .11edieal School,
Debl'eeen (Hungary)
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Twin-film technique for de-salting and chromatographing amino acids in two
dimensions

Multiple-film (usually twin-film) laminar chromatography has two main fields
of application. First, for isolating compounds which are heavily contaminated with
substances having no interest for the analyst; for example, for separating unwanted
iodides from organic iodo-compounds l , or for isolating traces of pesticides from food­
stuffs2,3. Secondly, for resolving mixtures of compounds, the components of which
have widely different polarities4 . Recently, ion-exchange resin-cellulose twin films
have been used for examining urinary amino acids5, but the procedure seems un­
necessarily complicated. In addition to the labour of grinding and sieving the resin,
the process requires five elutions for one-dimensional chromatography. We describe
below the much simpler, two-dimensional method which has been in use in this labora­
tory for the past two years.

Mixtures of amino acids are easily resolved in the absence of other electrolytes,
but if salts are present, the quality of the resolution depends on the salt-amino acid
ratio. At low ratios (up to 4: I, molar) the amino acids form trails but their identifi­
cation presents no real difficulty. At higher ratios (e.g., 45: I) identification of the
amino acids is impossible (Fig. I). Natural polypeptides and the amino acids derived

Fig. l. Two-dimensional chromatogram of a mixture of potassium chloride and 22 amino acids
(87:1, molar) on cellulose.

J. Chromatog., 45 (lg6g) 480-483
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from them are usually accompanied b~- salts (chlorides). 1f the material has been frac­
tionated, then buffer salts (e.r~., phosphates and citrates) or density gradient generators
(e.g., caesium sulphate or chloride) are present in relatively large amounts. Clearly,
these salts must be removed before the amino acids can be chromatographed satis­
factorily. On an ion-exchange resin-cellulose twin film, the amino acids may be sep­
,Hated from one another on the cellulose portion dter the salts have been renJOved
on the resin band. [n this way the need for a separate de-salting process is eliminated.

Samples of standard mixtures containing up to t\\·ent)' four amino acids \vere
mixed with potassium chloride or sodium citrate or sodium dihydrogen phosphate;
the ratio is the total weight of salt: total \,·eight of the amino acids, wllere the weight
may be expressed in grams or in molar terms_ Chrol1latoplatcs (20 X 20 cm) carrying
a sulphonated ion-exchange resin (in the H'" form) on a 35 nlln wide band along one
edge, the rest of thr plate being coated with cellulose, \vere used. It \\·as \"Er~- important
to ensure that there were no flaws in the junction between the two substrates.

Samples were spotted on to the resin band near one corner of the plate, at a
clistance 5-10 mm from the film junction. If the sample \\-as placed too far from the
film junction, some of the amino acid sample, especially arginine, was not transferred
to the cellulose. Conversely, if the sample was placed too near the junction, amino
acid: and salts were carried on to the cellulose and subsequent chromatograph~1was
unsatisfactory. The chromatogram \\·as then dc\·eloped, at -J-o:, with water, from the
resin band to the cellulose, the front being allcl\\-ed to travE'1 to the top of the filnl.
This elution carried cysteic acid and the salt anions to the top of the cellulose and left
the amino acids and the salt cations on the resin.

After the chromatogram had been dried, the second elution, at 40°, was carried
out in the same direction as the first, using a basic eluent. After the chromatogram
had again been dried, a line \\-as cut along the junction of the substrates to isolate
the resin band. A second line was cut in the cellulose at the opposite edge of the plate,
to isolate the band of dirt that occurs in the soln'nt front. Subsequentl~', the third
elution, at right angles to the first, was carried out, at 40<, in an acidic solvent.
Finall~-, the chromatogram \\-as dried, sprayed \\-ith a solution of ninh~'drin and
stored in the dark for several hours.

Fig. 2 shows the result for a potassium chloride-amino acid ratio of 87: I

(molar). Equally good results \\·ere obtained \,"hen the salt \vas sodium citrate (23: 1,

molar) or sodium dihydrogen phosphate (50: I, molar). Samples having a higher ratio
ma~- be processed if they are placed further from the film junction, but there is a
progressive loss of arginine from the pattern, and of resolution between C~'stine and
h"sine. r or a caesium sulphate-amino acid ratio exceeding 200: I (\\"1\\.) the pattern
of t11e non-polar amino acids \\·as fair but those amino acids \\·hich are more polar
than glycine were not easily distinguishableG•

The basic eluent used here, a lllodification of one described earlier', is less sus­
ceptible to the formation of a purple band near thl' acidic front.

Expcrimc/ltal
Pr{'paration of chromatoplates. Shandon apparatus was used for coating batches

of six plates (20 Y 20 CI11) ; the spreader-ga p was set at 250 11-. The spreader was di \-ided
into two compartments by a rectangular cork wedge (5 mm at the thick end) wrapped
in pol~-thene. The wedge fitted snugh- into the spreader and was placed about 35 mm
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Fig. 2. Two-dimensional chromatogram of a mixture of potassium chloride and 22 amino acids
(87:1, molar) on a twin-film of Amberlite CG 120-cellulose.

from one of its ends, with the thin end of the wedge just making contact with the
underlying glass plate.

Cellulose slurry. Cellulose (MN 300; IS g) and water (90 ml) were mixed for
40 sec in a fast mechanical homogeniser.

Ion-exchange resin slurry. Amberlite resin CG IZO (zoo mesh; 3 g) in the H+
form, water (7 ml) and a portion of the homogenised cellulose slurry (3 ml) were
stirred by hand. By using a small proportion of cellulose as a binding agent for the
resin, the need for grinding and sieving the resin was eliminated.

Each slurry was poured into the appropriate compartment of the spreader, and
after the plates had been coated in the usual way, the films were allowed to dry at
room temperature for 16 h.

Sample. A solution of Z2 amino acids (1.Z5 f.lmolesfml of each) in water­
propanol (9: I) was mixed with an equal volume of aqueous potassium chloride
(Z-4 M). In the resulting solution the weight ratio is 45: I and the molar ratio is
87: 1. Similar solutions containing 24 amino acids (0.625 f.lmolfml of each) and either
sodium dihydrogen phosphate (0.75 M) or sodium citrate (0.35 M) were also prepared.
Samples (8 X I f.ll) of these solutions were placed near one corner of the resin band,
at a distance of 5-10 mm from the film-junction.

Development of the chromatogram. Three successive elutions were performed in
unlined tanks, all elutions being carried out at 40°.

First elution: with water, from the resin band to the cellulose, the aqueous
front being allowed to travel to the top of the chromatoplate (160 mm; time required,
65 min). Subsequently, the chromatogram was dried at 40° for Z h.

Second elution: with cyc1ohexanol-acetone-water-I-dimethylaminopropanol-z­
diethylamine (10: 5: 5: I: I) in the same direction as the first elution, for 160 mm

j. Chroma/og., 45 (1969) 480-483
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(time required, 200 min) ..·\fter the chromatogram had been dried (z h at -tOO) tll'O
parallel lines were cut in the substrate; one along the film-junction to isolate the resin
band, and the other about 10 mm from the opposite edge of the cellulose to isolate
the band of dirt in the front.

Third elution: II'ith Icrt.-butanol-acetic acid-II'ater (5: I : I) in a cJirection at
right angles to the tirst elution, for I60 mm (time required, ZIO min). After the sub­
strate had been dried, it was spraved with a solution of ninhydrin (o.z 0 u in butanol­
acetic acid (-t: I)) and the plate \\"as stored in the dark for some hours to allo\\" full
development of the colour.

One of us (:YI.~.C.) thanks the fnternational \\'001 Secretariat for financial
assistance.
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Gel-electrofocusing in combination with immunodiffusion

\\'ith geJ-electrofocusing l - 5 being usecJ iJlcreasingl~' in protein chemistry as a
new purit~· criterion for isolated proteins, the question of identification of the differl'nt
zones focused becomes of great importance.

This communication describes a procedure lI'here isoelectric separation of the
proteins in polyacrylamide gel is used and the proteins are then identified b\' a
method based on immunodiffusion with specific antisera6- S . Electrofocusing was
carried out in tubes according to \\-RIGLY~ using a conl'entional disc-electrophoresis
apparatu , and on poll'acrylamide plates (]8 .. I-l cm) using an apparatus described
by .-\ \\·IlEH el al.5.

Stock solutions for electrofocusing gels II'ere prepared as follolVs: .-\cr~·lalllide

solution: 30 g acrylamide; 0.8 g ~ ,~'·meth~·lenebisacrylamide; water to 100 m1.
Catalyst solution: r.o ml ~ ,A ,~' ,V -tetrameth~'lethylene diamine; ]4 mg ribofla I-ine;
water to 100 ml.
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a

Fig. [. lsoelectrofocusing and immunodiffusion of normal human serum on polyacrylamide gel
plates. (al isoelectric separation; (bl identical separation followed by incubation with absorbed
anti-lgG serum and staining after elution of non-precipitated proteins.

Fig. 2. lsoelectrofocusing and immunodiffusion of normal human serum on polyacrylamide gel
tubes. (a) isoelectric separation; (b) identical separation followed by incubation with absorbed
anti- [gG serum and staining after elution of non-precipitated proteins.

Plates of polyacrylamide gel (18 X 8 cm) were prepared by polymerizing 4.4 ml
normal human serum (diluted 1:50), 17.6 ml water and II ml gel mixture between
two glass plates, 3 mm apart, by photoactivation for I h at 4°. (The gel mixture
consisted of 2-4 ml catalyst solution, o.g ml ampholyte solution (40 %), pH 3-10,
9 ml acrylamide solution). The starting current was about 200 V and 10 mAo As soon
as the pH gradient of carrier ampholytes was established, the current was
increased to 300 V and kept constant for 36 h. The gel was then cut in two parts
(length ways). One part was immediately immersed in 5 % trichloroacetic acid (TCA)
and washed for 12 h to remove the ampholytes, and then stained with Coomassie Bril­
liant Blue R (ref. g, Fig. la). A 2 mm thick layer of agar was placed on top of the other
part of the gel. This agar had been obtained by mixing 50 ml of a 2 % agar solution
(veronal buffer, ionic strength 0.025; pH 8.6) with 5 ml of an anti-IgG serum absorbed
by using our own specific immunoadsorbentlO (both solutions being heated to 50°
before mixing); the absorbed antiserum reacts with the k and I light chains and the
Fc portion of the gamma heavy chain, when tested by immunoelectrophoresis. The gel
plus agar was then left at room temperature for 48 h in order that immunodiffusion
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could take place. The polyacrylamide gel was then freed from the agar layer and
washed for 3 days in physiological saline and a further day with 5 0 () TCA, before
staining with (oomassie Brilliant Blue R (Fig. rb); the TCA pretreatment improves
the staining.

In the electrofocusing experiments, 0.5 ml gel mixture, 0.1 ml ampholyte
\-1-0 ',<,) pH 3-ro, and o.g ml of normal human serum (diluted I: 50) were polymerized
hv photoactivation for I h at 4° in 1.5 ml glass tubes (6 mm diam.). (Gel mixture:
3.0 ml aer~.. lamide solution, 0.8 III I catalyst solution.) .\ current was then passed
through the gel column for 3 h, starting with 1.5 mA for each gel. Twelve tubes were
run simultaneously in each experiment. After focusing, the gels were removed from
the tubes and treated as follows: two were immersed in 5 "() TC\, washed for 12 h
and stained with Coomassie Brilliant mue R (Fig. 2a); the other ten gels were di­
vided into pairs and immunodiffusion was carried out. Each pair was treated with 2 ml
of a different specific antiserum in an 8 mm diameter tube and incubated for 24 h.
The five antisera used were as follows: anti-lgG, anti-IgG/y, anti-IgA., anti-IglVI and
anti-human serum albumin (HSA) ..\nti-IgC serum was the same as described above,
the other antisera against immunoglobulins reacted only with the corresponding
heavy· chains, i.e. y, IY. and f1 re~pecti\·ely. :\fter subsequent washing for 3 days in
phvsiological saline and another dal· in 5°" TC.-\, thel· II·ere stained II·ith Coomassie
Brilliant Blue R.

a b

+

Fig. 3. [::-oelectrofoc.using of nOrJnal hUlnan Serllnl and in1tnunodiffu:-;ioll \,"jth <Jifferent antisera
on poh"acr)"lamide gel tubes. (al incubation with anti-lgCIi' serum; (b) incubation with anti-lg.\
~{'rllln; (cl incuhation with al1ti-lg~l serllnl; (d) incubation ,dth anti-hullUlll serUltl albuJ11in.

J. Chro/1la!og., -15 (1969) -I83--I S6
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Immunoelectrofocusing patterns of IgG in normal human serum on the plates,
developed with anti-IgG antibodies are shown in Fig. Ib in comparison to all serum
proteins detected by TCA precipitation in Fig. la. Comparable results were obtained
when the same system was applied to polyacrylamide tubes (Fig. za, b). However,
it must be borne in mind that in both these cases not only the IgG but also other
immunoglobulins are detected by the antiserum used which also possesses antibodies
against common light chain moieties.

Precipitation bands corresponding exclusively to IgG, IgA and IgM immuno­
globulins, respectively, were developed with specific anti-heavy chain sera (Fig. 3a,
b, c) ; when these three patterns are overlapped in a logical sequence the same picture
is obtained as that shown in Fig. zb. A distinct heterogeneity was found not only in
all three main immunoglobulins, but it can be shown that HSA can be separated into
at least four fractions under same conditions (Fig. 3d).

The heterogeneity of human IgG immunoglobulins has also been studied using
the electrofocusing methodll ; in this case the IgG was separated from the serum and
electrofocused after further purification. The detection of IgG micro fractions in whole
normal serum, without isolation, has been made possible by the above method, and
avoids the possible alteration of the IgG molecules during the treatment. The abO\'e
findings have demonstrated the microheterogeneity of all the proteins studied. The
occurrence of numerous IgG immunoprecipitation bands is of particular interest. It
is expected that this method will permit further identification of separated protein
fractions. The above method and some results will be published in detail elsewhere.

This work \I'as :;upported by the Swiss National Foundation for Scientific
Research.
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News

Meetings

SIXTH INTERNATIONAL SYMPOSIUM ON ADVANCES IN CHROMATOGRAPHY

The Sixth International Symposium on Advances in Chromatography will be
held at the Hotel Fontainebleu in Miami Beach, Florida, June 2-5, 1970. The format
of the meeting will be similar to the previous symposia which were held in Houston,
New York, and Las Vegas. The subject matter will include gas chromatography,
liquid chromatography, and supercritical fluid chromatography. Participation in the
symposium will be on the basis of invited papers as ""ell as contributions from the
United States and abroad. Those who wish to present papers are requested to submit
an abstract of about 300 words by February 2, 1970. Complete manuscripts of
accepted papers will be required by March 2, 1970.

Abstracts of papers and inquiries concerning the conference should be directed
to: Professor A. ZLATKIS, Department of Chemistry, University of Houston, Houston,
Texas 77004, U.S.A.

Manufacturers' Literature

A bulletin describing a whole range of new products is available from Phase
Separations Ltd. They include high pressure/accuracy gas tight syringes, Diatom W,
a packing dryer for column packing preparation, a triangulator for direct area and
retention time measurement, a perfluorocarbon impregnated diatomaceous support
Gas-Pack F, column pack for pressure packing coiled columns, Teflon faced silicone
septa, the Pierce Chemical Company steroids silylation kit, primary standards for
air polutution studies, and Durapak column packing material from "Vaters Associates.

Also received from Phase Separations was Newsletter NO.2. Among the various
items described are alumina packed glass capillary columns approximately 40 ft. in
length. An example chromatogram of the analysis of commercial butane is given to
show some of the potentialites of these columns.

For further information apply to the publisher under reference No. Chromo
N-247·

J. Chromatog., 45 (Ig6g) 487-489
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New catalog information is now available from the Industrial Instruments
Division of the Barber-Colman Company on their solid state indicating controllers.
Bulletin 1252 DB 6-2 describes the instruments available for those applications in­
volving the control of SCR's for proportional current output, while 1252 DB 7-2
discusses the instruments which have a solid state switching output for "On-Off"
control applications. Both classes of instruments make use of an eight inch scale, have
solid state potentiometric measuring circuits and have temperature indication which
is independent of the control circuit. Other features include proportional and auto­
matic reset action, tamper-proof adjustments as well as thermocouple break protec­
tion.

For further information apply to the publisher under reference No. Chromo
N-25I.

Recently received from Packard Instrument International S.A. (Ziirich,
Switzerland) is a pamphlet describing the newly introduced 7300/7400 series gas
chromatographs which are intended primarily for research.

For further information apply to the publisher under reference No. Chromo
N-2 57·

The LKB instrument journal Science Tools contains a very detailed report on
the technique of immunoelectrofocussing by N. CATSIMPOOLAS, and zone convection
electrofocussing which we understand is a new technique for fractionating ampholytes
in free solution by E. VALNIET.

For further information apply to the publisher under reference No. Chromo
N-2 55·

The Jena Review 1969 NO.2 contains an article on the universal separation
chamber for zone electrophoresl:s by KARL-FH.IEDRICH TLAcH. It is claimed that because
of the new electrode system and general improvements in design better reproducible
separations can be expected.

For further information apply to the publisher under reference No. Chromo
N-2 54·

J. Chromatog., 45 (1969) 487-489
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Pierce GC Accessories List
Pierce Chemical Company (Rockford, Ill.) offers a new list of aids for the gas

chromatographer. Included are several significantly improved accessories: liquid
microsyringes, low bleed GC septa, high performance liquid phases, substrates and
column packings and more than 80 trimethylsilylated compounds for use as GC
standards.

For further information apply to the publisher under reference No. Chromo
N-z6z.

New Materials

A new technique on thin-layer chromatography has been developed by May
and Baker Ltd. In many cases of analysis it has been necessary to subject the
sample to a preliminary (clean-up) procedure on a chromatographic column so that
unwanted materials which would overload the plate are removed. This, however, is
a time-consuming step, and several attempts have been made to modify the TLC
procedure to allow complete separation on one plate. The modification announced by
May and Baker consists of a shallow groove ground a short distance from one end of
a standard thin-layer plate. This grooved plate, can be coated in the usual manner,
but the adsorbent at the groove is about eight times thicker in the groove than on
the remainder of the plate. Thus the groove permits a preliminary cleaning up proce­
dure and the movement of the constituents to a new origin by dipping the plate into
a polar solvent and eluting past the grooved portion of the plate.

These plates are marketed under the name Chromalay grooved plates.

For further information apply to the publisher under reference No. Chromo
N-Z43·

New Apparatus

The Coulson electrolytic conductivity detector (CCD) offered by Tracor, Inc., can
now measure sunnanogram quanities of nitrogen even in up to 40000 times excesses
of other compounds. For example the volatile derivatives of amino acids are prepared
by new procedures and separated by gas chromatography. Each is then measured
without sample clean-up. Quantitative response is directly proportional to nitrogen
present. Since clean-up procedures are no longer necessary, a complete analysis is
claimed to take only 3Z min. The technique is based on the MTzzo gas chromatograph
with the CCD system.

For further information apply to the publisher under reference No. Chromo
N-Z48.



49°

Bibliography Section

Paper Chromatography

I. REVIEWS AND BOOKS

JOURNAL OF CHROMATOGRAPHY

RIBERAU-GAYON, P.: Les composes phenoliques des vegetaux. Dunod, Paris, 1968, 254 pp. -PC
and TLC.

VOGEL, P. AND WIESKE, T.: Paper and thin-layer chromatography in fat chemistry. Anal. Charac­
terization Oils, Fats, Fat Prod., 2 (1968) 99~216; C.A., 70 (1969) 30298r-PC and TLC;
a review with 368 references.

2. FUNDAMENTALS, THEORY AND GENERAL

GIDDINGS, J. c., KUCERA, E., RUSSELL, C. P. AND MYERS, M. N.: Statistical theory for the equilib­
rium distribution of rigid molecules in inert porous networks. Exclusion chromatography.
j. Phys. Chem., 72 (1968) 4397-4408; C.A., 70 (I969) 31847f.

SOCZEWINSKI, E. AND BIEGANOWSKA, M.: Investigations on the relationship between molecular
structure and chromatographic parameters. I. Two homologous series of pyridine deriva­
tives suitable as reference compounds in liquid-liquid partition chromatography. j.
Chromatog., 40 (1969) 431-439 - R,v[ vs. pH, R M vs. carbon number, R M vs. solvent com­
position plots.

SOCZEWINSKI, E., BIEGANOWSKA, M. AND CISZEWSKA, M.: Paper partition chromatography of
very weak bases in weakly polar solvent-hydrochloric acid systems. Bull. Acad. Polon.
Sci., Ser. Sci. Chim., 16 (I968) 433-438; G.A., 70 (I969) 16889C.

VVAKSMUNDZKI, A. AND GROSS, J.: (Influence of the composition of the mixed phase on the R M

values in the system: ternary solvent-pure solvent). Ann. Univ. Nlariae Curie-Sklodowska,
Sect. Aa, No. 21 (1966, Pub. 1967) 1-6; C.A., 70 (I969) 23150h.

3. TECHNIQUES I (MATERIAL, SOLVENTS, DEVELOPMENT, DETECTION.
QUANTITATIVE ANALYSIS)

GRASSETTI, D. R. AND MURRAY, Jr., J. F.: The use of 2,2'-dithiobis-(-5-nitropyridine) as a selective
reagent for the detection of thiols. j. Chromatog., 41 (I969) 121-123.

5. HYDROCARBONS AND HALOGEN DERIVATIVES

LAWERENZ, A.: (Detection of carcinogenic substances in water purified by two different pro­
cesses). Z. Ges. Hyg. Ihre Grenzgeb., 13 (1967) 844-846; C.A., 70 (1969) 22818v.

MALY, E.: The paper chromatography of tar polycyclic hydrocarbons. A correction of previous
results. j. Chromatog., 40 (1969) 190-191.

6. ALCOHOLS
See TLC section.

7. PHENOLS

HOPKINSON, S. M. AND PRIDHAM, J. B.: Enzymic glucosylation of phenols. Biochem. j., 105

(1967) 655-662 - PC and TLC.
RUSSELL, A. E., SHUTTLEWORTH, S. G. AND VVILLIAMS-\VYNN, D. A.: Mechanism of vegetable

tannage. V. Chromatography of vegatable tannins on collagen and cellulose. j. Soc. Leather
Trades' Chemists, 52 (1968) 459-486; C.A., 70 (1969) 69303p.

TANEDA, K. AND HASEGAWA, I.: Demethylation of lignin in alkaline aqueous solution containing
sulfur. II. Identification of the extracts from the reaction products by paper chromato­
graphy. Mokuzai Gakkaishi, 14 (1968) 382-386; G.A., 70 (1969) 79295 b.

8. SUBSTANCES CONTAINING HETEROCYCLIC OXYGEN

See TLC section.
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10. CARBOHYDRATES

Ioa.Mono and oligosaccharides; struCtural studies
BIELY, P., FARKAS, V. AND BAUER, S.: Incorporation of 2-deoxy-D-glucose into glycogen. Biochim.

Biophys. Acta, 158 (1968) 487-488.
KANETSUNA, F.: Chemical analyses of mycobacterial cell walls. Biochim. Biophys. Acta, 158

(1968) 130-143 - PC and TLC.
KRAEGER, J. AND HAMILTON, J. G.: Quantitative glass-paper chromatography of fungal cell wall

acid hydrolysates. I Chromatog., 41 (1969) II3-II5 - Gelman ITLC SG sheets impregnated
with NaH 2PO•.

TUNG, K. K. AND NORDIN, J. H.: Structure of the tetrasaccharide produced by the hydrolysis of
nigeran by the enzyme mycodextranase. Biochim. Biophys. Acta, 158 (1968) 154-156­
R p values of 13 substances.

VILKAS, E., DELAUMENY, J. M. AND NACASCH, c.: Sur la structure du polysaccharide des Cires D
d'une souche humaine virulente de J\ilycobacterium tubercutosis. Biochim. Biophys. Acta,
[58 (1968) 147-150.

II. ORGANIC ACIDS AND LIPIDS

IIa. Organic acids and simple esters
CAIN, R. B. AND FARR, D. R.: Metabolism of arylsulphonates by microorganisms. Biochem. I,

106 (1968) 859-877.
JURICS, E. "V.: (Determination of succinic acid in fruits). Elelmiszervizsgalati ](ozlemen., I 3 (1968)

II2-120; CA., 70 (1969) I8940m.
See also TLC section.

IIb. Lipids and their constituents
DEIERKAUF, F. A. AND Boor], H. L.: Changes in the phosphatide pattern of yeast cells in relation

to active carbohydrate transport. Biochim. BioPhys. Acta, 150 (1968) 214-225.
GRAFF, G., :MARCEL, Y. L. AND HOLMAN, R. T.: Analysis of labeled fatty acids by argentation

chromatography of their methyl esters on glass fiber sheets. I Chromatog. Sci., 7 (1969)
298- 299.

JURRIENS, G.: Analysis of glycerides and composition of natural oils and fats. Anal. Characteriza­
tion Oils, Fats, Fat Prod., 2 (1968) 217-298; CA., 70 (1969) 30299s - PC and TLC; a review
with 117 references.

KILROE-SMITH, T. A.: Notes on the paper chromatographic method for determination of phos­
pholipids. I Chromatog., 41 (1969) II6-11 7·

NOVITSKAYA, G. V. AND VERESHCHAGIN, A. G.: The chromatographic separation of higher fatty
acid monoglycerides according to chain length and unsaturation. I Chromatog., 40 (1969)
422-430 .

PRAZAK, 1.: (Identification and semiquantitative analysis of varnish oils by paper chromato­
graphy). Chem. Prumysl, 18 (1968) 487-491; CA., 70 (1969) 30083S.

See also TLC section.

13. STEROIDS

AXELROD, L. AND GOLDZIEHER, "V. J.: Free steroid biosynthesis from 5-[4-14C]pregnenolone in
normal human adrenal tissue. Biochim. Biophys. Acta, 152 (1968) 391-395.

BUSH, 1. E., HUNTER, S. A. AND MEIGS, R. A.: ;\'Ietabolism of II-oxygenated steroids. Metabolism
in vitro by preparations of liver. Biochem. I, r07 (1968) 239-258.

REYNOLDS, J. "V., MANCUSO, S. AND DICZFALUSY, E.: Isolation of 16-oxo-testosterone from human
placentas perfused in situ. Biochim. Biophys. Acta, 152 (1968) 438-44°.

TOMOVA-PANGAROVA, G.' (Chromatographic separation and quantitative determination of testo­
sterone propionate and progesterone in oily solutions). Farmatsiya (Sofia), 18, NO·3 (1968)
14-16; C.A., 70 (1969) !4450d.

See also TLC section.

14. STEROID GLYCOSIDES AND SAPONINS

RABITZSCH, G. AND JUNGLING, S.: Butenolidringspezifische, quantitative Papier- und Diinnschicht­
chromatographie von Cardenolidglykosiden (Digitoxin) mit 2,4,2',4'-Tetranitrodiphenyl.
I Chromatog., 41 (1969) 96-104 - PC and TLC.

15. TERPENES, ESSENTIAL OILS AND OTHER VOLATILE AROMATIC COMPOUNDS

RODOPULO, A. K. AND PISARNITSKII, A. F.: (Grape essential oils). Sel'skokhoz. Bioi., 3 (1968)
626-628; CA., 70 (1969) 14322p - PC and TLC.
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17. AMINES, AMIDES AND RELATED NITROGEN CO:vIPOUNDS

MOZA, B. K., DAS, P. C. AND BASU, U. P.: Paper chromatographic studies of dicyndiamide and
related compounds. Indian j. Chem., 6 (1968) 407-408; C.A., 70 (1969) 16870q.

18. AMINO ACIDS

BAYFIELD, R. F. AND COLE, E. R.: Note on a selective test for the detection of sulphur amino
acids. j. Chromatog., 40 (1969) 470-472 - aniline and bromine.

HUTZLER, J. AND DANCIS, J.: Conversion of lysine to saccharopine by human tissues. Biochim.
Biophys. Acta, 158 (1968) 62-69 - R p values of II amino acids.

STANCULESCU, c.: (A solvent system for the two-dimensional chromatography of amino acids).
Lucrarile Inst. Cercetari Aliment., 8 (1967) 351-358; G.A., 70 (1969) 9266u.

UBUKA, T., KOBAYASHI, K., YAO, K., KODAMA, H., FUJII, K., HIRAYAMA, K., KUWAKl, T. AND
MIZUHARA, S.: S-(2-HydroxY-2-carboxyethylthio)cysteine and S-(carboxymethyithio)­
cysteine in human urine. Biochim. Biophys. Acta, 158 (1968) 493-495.

19. PEPTIDES; CHEMICAL STRUCTURE OF PROTEINS

I9b. Elucidation of structure of proteins and peptides

ALGAUHARl, A. E. I.: Paper chromatography method for the quantitative estimation of the N­
terminal amino acid of bull serum albumin. A'in Shams Sci. Bull., No. 10 (1966) 69-76;
C.A., 70 (1969) 17448v.

KassEL, H.: Studies on polynucleotides. LXXXIII. Synthesis in vitro of the tripeptide valyl­
seryl-Iysine directed by poly r(G-U-A-A). Biochim. Biophys. Acta, 157 (1968) 91-96.

SCANU, A., READER, W. AND EDELSTEIN, c.: Molecular weight and subunit structure of human
serum high density lipoprotein after chemical modification by succinic anhydride. Biochim.
Biophys. Acta, 160 (1968) 32-45 - PC and TLC.

21. PURINES, PYRIMIDINES, NUCLEIC ACIDS AND THEIR CONSTITUENTS

2Ia. Purines, pyrimidines, nucleosides, nucleotides

DE WACHTER, R., VERHASSEL, J. P. AND FIERS, ,V.: The 5'-terminal end group of the RNA of
the bacteriophage MS 2. Biochim. Biophys. Acta, 157 (1968) 195-197.

GLITZ, D. G., BRADLEY, A. AND FRAENKEL-CONRAT, H.: Nucleotide sequences at the 5'-linked
ends of viral ribonucleic acids. Biochim. Biophys. Acta, 161 (1968) 1-12.

HARRIS, R. J., PANTER, R. A. AND SYMONS, R. H.: Metabolism of deoxythymidine 3'-mono- and
diphosphate in normal and T 4 bacteriophage-infected Escherichia coli. Biochim. Biophys.
Acta, 161 (1968) 291-298 - PEl paper.

PACES, V., DOSKOCIL, J. AND SORM, F.: Incorporation of 5-azacytidine into nucleic acids of Esche­
richia coli. Biochim. Biophys. Acta, 161 (1968) 352-360.

YOSHIDA, H., DUVAL, J. AND EBEL, J.-P.: Halogenation des acides nucIeiques. VI. Ioduration des
nucleo~ides en milieu dimethylformamide. Biochim. Biophys. Acta, 161 (1968) 13-22.

22. ALKALOIDS

ASOEVA, E. Z., MURAV'EVA, D. A., MOLODOZHNIKOV, M. :M., AND RABINOVICH, I. lVI.: (Galanthus
krasnovii - a source for obtaining galanthamine). Farmatsiya (l'vloscow) , 17, NO·5 (1968)
47-49; C.A., 70 (1969) 14355b - PC and TLC.

DUSINSKY, G., MACHOVICOVA, F. AND TYLLOVA, lVI.: (Determination of colchicine in the presence
of demecolcine). Farm. Obzor, 36 (1967) 397-403; C.A., 70 (1969) 22933d- PC and TLC.

SOCZEWINSKI, E. AND BIEGANOWSKA, M.: Displacement partition chromatography. A method for
the micropreparative separation of alkaloids by buffered paper chromatography. Dis­
sertationes Pharm. Pharmacol., 20 (1968) 581-586; G.A., 70 (1969) 14352Y·

VUKCEVIC-KoVACEVIC, V. AND BOZIN, Z.: (Quantitative determination of alkaloids in strychnine
tincture by combined chromatographic and spectrophotometric methods). Sci. Pharm.,
36 (1968) 180-184; C.A., 70 (1969) 6562 b.

23. OTHER SUBSTANCES CONTAINING HETEROCYCLIC NITROGEN

GRANIK, E. M. AND CHEMERISSKAYA, A. A.: (Chromatographic study of some derivatives of
quinoxaline N-oxides). Khim.-Farm. Zh., 2, No. 10 (1968) 41-44; C.A., 70 (1969) 31729u.

GREENBAUM, A. L. AND PINDER, S.: The pathway of biosynthesis nicotinamide-adenine dinucleo­
tide in rat mammary gland. Biochem. j., 107 (1969) 55-62.

MCCOMB, A. E., ANDROULIDAKIS, N. AND RENDIG, V. V.: Paper chromatographic detection and
colorimetric determination of some 5-0-substituted tryptamines [3-(2-aminoethyl)-indoles),
utilizing the formation of xanthylium salts. j. Chromatog., 40 (1969) 125-129.
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STUCHLlK, M., JOSHI, R. K. AND KRASNEC, L.: Chromatographic and electrophoretic study of
aryloxyalkylammonium compounds. ]. Chromatog., 40 (1969) 440-448 - R p and R iCl

values for 49 compounds.

24. ORGANIC SULPHUR COMPOUNDS

GARBER, ~., ASEEM, E. M. AND PINOL, L. M.· (Paper chromatography of some sulphonamides).
Safybi,8 (1968) 33-43; II7-I25; C.A., 70 (1969) 22976v.

SKLAN, N. M. AND BARNSLEY, E. A.: The metabolism of S-methyl-I-cysteine. Biochem. ]., 107
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SCAPINI, G., CONDORELLI, P. AND INNOCENTI, F.' (Analysis of multivitamin mixtures). Boll.
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28. ANTIBIOTICS

GREZIN, V. F., SHEVCHENKO, NI. K., MASLOVSKII, IoC. S. AND SHUBKINA, N. P.: (Quantitative
content of chlortetracycline, tetracycline, and epichlortetracycline in biovit and biovetin).
Tr. Gos. Nauchn.-Kontrol'n. Inst. Vet. Preparatov, 14 (1967) 301-304; C.A., 70 (1969) I4442C.

WAGMAN, G. H. AND BAILEY, J. V.: Use of silicic acid-glass fiber sheets for bioautography of
antimicrobial substances. ]. Chromatog., 41 (1969) 263-264.

30. SYNTHETIC AND NATURAL DYES

DARUWALLA, E. H.' Chromatographic investigations of reactive dyes. Colour. Ann., (1967)
II9-I2I; C.A., 70 (1969) 79II7v - a review with 7 references.

LOGAR, S., MESICEK, N., PERKAVAC, J. AND PERPAR, M.: (Paper chromatography and thin-layer
chromatography of substantive dyes). [{em. Ind. (Zagreb), 17 (1968) 473-476; C.A., 70
(1969) 79120r - PC and TLC.

MITRA, S. N., MATHEW, T. V. AND GUPTA, P. K.: Paper chromatography of food colors. ]. Inst.
Chem. (India), 40 (1968) 177-178; C.A., 70 (1969) 10389t.

See also TLC section.

33. INORGANIC SUBSTANCES

DESWAEF, R.: (Polyphosphates. Separation, identification, and determination). Trib. CEBEDEA U
(Centre Beige Etude Doc. Eaux), 21 (1968) 312-317; C.A., 70 (1969) I6774m.
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cellulose. Pharm. Weekblad, 103 (1968) I037-I044; C.A., 70 (1969) 25379P - PC and TLC.

RIPAN, R. AND SUTEU, A.: (Radiochromatographic study of the stability of molybdotungsto­
phosphoric acid in aqueous solution). Studia Univ. Babes-Bolyai, Ser. Chem., 13 (1968)
II7-I2I; CA., 70 (1969) 149351.

SVRDIK, R. AND PRAZAK, 1.: (Paper chromatography in qualitative analysis of inorganic pigments
and fillers in paints). Chem. Prumysl, 18 (1968) 5°3-5°5; C.A., 70 (1969) 30IOOV.

34. RADIOACTIVE AND OTHER ISOTOPE COMPOUNDS

GOPAL, N. G. S., CHERIAN, S., PATEL, K. M. AND THAKUR, M. L.: Radiochemical purity of some
radiopharmaceuticals. Proc. Nucl. Radiation Chem. Symp., 3rd, (1967) 271-279; C.A., 70
(1969) 3I639q·

PHILLIPS, R. F. AND WATERFIELD, W. R.: Effects of drying and equilibration of paper chromato­
grams of tritium labelled compounds.]. Chromatag., 40 (1969) 309-3II.

SHEPPARD, G.' Artefacts in the paper chromatography of D-mannosamine-l- 14C hydrochloride.
]. Chromatog., 40 (1969) 312-315.

35. SOME TECHNICAL PRODUCTS AND COMPLEX MIXTURES

35a. Surfactants
SELDEN, G. L. AND BENEDICT, J. H.: Identification of poly(oxyalkylene)-type nonionic surfactants

by paper chromatography. ]. A m Oil Chemists' .Soc., 45 (1968) 652-655; C.A., 70 (1969)
5357 b.
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1. REVIEWS AND BOOKS

BIBLIOGRAPHY SECTION

J ORK, H.: Precoated glass plates and foils (sheets) in thin-layer chromatography. Pharma Int.,
4 (1968) 11-18; C.A., 70 (1969) 31692 b - a review with 32 references.

MUNIER, R. L.: (Thin-layer chromatography of water-soluble substances). Ind. Chim. Beige,
33 (Spec. No.) (1968) 108-135; C.A., 70 (1969) 3I853e - a review with 127 references.

PETROWITZ, H. J.: (Thin-layer chromatography - a modern analytical method). Kem. Ind.
(Zagreb), 17 (1968) I09-II2; C.A., 70 (1969) 8663j -a review with 62 references.

See also PC section.

3. TECHNIQUES I (MATERIAL, SOLVENTS, DEVELOPMENT, DETECTION,
QUANTITATIVE ANALYSIS)

BONTEMPS, R. AND PARMENTIER, J.: (Spectral corrections by linear programming). ]. Pharm.
Belg., 23 (1968) 400-414; C.A., 70 (1969) 3I724p·

CASTER, W. O. AND ANDREWS, J 1., J. W.: An optical integrator for quantitative measurement in
thin-layer chromatography. J. Chromatog. Sci., 7 (1969) 408-410.

COHA, F. AND KLJAJIC, R.: Combination of thin-layer chromatography and the ring-oven method
for the semi-quantitative estimation of some herbicides.]. Chromatog., 40 (1969) 304-307­
Eluates from TLC are subjected to ring-oven technique.

DEVERSE, F. T., GIPSTEIN, E. AND LESOINE, L. G.: Rapid identification of thin-layer chromato­
graphy separations by mass spectrometry. Instr. News (Norwalk, Conn.), 18, No.2 (1967)
16; C.A., 70 (1969) 86691.

GOLDMAN, J. AND GOODALL, R. R.: Quantitative analysis on thin-layer chromatograms: appli­
cation of an optical theory to in situ analysis. ]. Chromatog., 40 (1969) 345-358 - Two­
dimensional scanning with a print of monochromatic light;off-line computation using a
simplified KUBELKA-MuNK equation.

KLAUS, R.: Quantitative in situ Auswertung bandenf6rmig aufgetragener Substanzen in der
Diinnschichtchromatographie. ]. Chromatog., 40 (1969) 235-243.

SCHANTZ VON, M., IVARS, L. AND RUOPPI-VIHOLAINEN, K.: (Application of metal plates for thin­
layer detection of pharmaceutical compounds). Farm. Aikakauslehti, 77 (1968) 173-194;
C.A., 70 (1969) 3I695e.

VOLKE, J. AND OELSCHLAEGER, H.: (Polarographic evaluation of thin-layer chromatograms).
Sci. Pharm., Proc., 25th, 2 (1965, Pub. 1966) I05-IIO; C.A., 70 (1969) 3I694d.

WEAVER, T. D. AND TEEGARDEN, D. M.: A technique for sample application in preparative-layer
chromatography. ]. Chromatog., 41 (1969) II8-II9 - a channel in the adsorbent layer is
filled with the sample-adsorbent mixture.

4. TECHNIQUES II (AUTOMATION, PREPARATIVE PROCEDURES)

IACONO, J. M. AND ISHIKAWA, T. T.: Simplified preparative thin-layer chromatography of phos­
pholipids. ]. Chromatog., 40 (1969) 175-176.

5. HYDROCARBONS AND HALOGEN DERIVATIVES

SCHAAD, R., BACHMANN, R. AND GILGEN, A.: Diinnschichtchromatographische Trennung von
polyzyklischen aromatischen Kohlenwasserstoffen, die als Luftverunreinigungen auftreten
k6nnen. ]. Chromatog., 41 (1969) 120-121 - cellulose acetate layers.

SLIWIOK, J.: Application of fuchsine dyes in the detection of naphthalene derivatives in thin-layer
chromatography. Microchem.]., 13 (1968) 405-406; C.A., 70 (1969) I69I3f.

6. ALCOHOLS

POMONIS, J. G., SEVERSON, R. F. AND FREEMAN, P. J.: A spot test diagnostic of hydroxyl groups.
]. Chromatog., 40 (1969) 78-84 - TLC and PC; alcohols converted to tosylates which react
with 4-(p-nitrobenzyl)-pyridine.

7. PHENOLS

DANIEL, J. W., GAGE, J. C. AND JONES, D. 1.: The metabolism of 3,5-di-tert.-butyl-4-hydroxy­
toluene in the rat and in man. Biochem. ]., 106 (1968) 783-790.

See also PC section.
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HARPER, D. B. AND SMITH, H.: Analytical and preparative thin-layer chromatography of flavonol
glycosides and their acylated derivatives from pea tissues. J. Chromatog., 41 (1969) 138-14°
- borate, molybdate, acetate, and tungstate impregnated silica gel.

MULLICK, D. B.: Thin-layer chromatography of anthocyanidins. 1. Techniques and solvents for
two-dimensional chromatography. J. Chromatog., 39 (1969) 291-3°1 - microcrystalline
cellulose.

PROKOPENKO, A. P., ZHUKOV, G. A. AND ZAITSEV, V. G.: (Quantitative determination of khellin
by means of thin-layer chromatography). ]{him.-Farm. Zh., 2, NO.9 (1968) 47-49; C.A.,
70 (1969) 6569j·

TANG, G. AND COMMON, H.: Urinary conversion products of certain orally administered isoflavones
in the fowl. Biochim. Biophys. Acta, 158 (1968) 4°2-413 - TLC and PC.

9. OXO COMPOUNDS

HUNT, F. C.: Thin-layer chromatography of aldehyde hydrazones of 2-hydrazinobenzothiazole.
J. Chromatog., 40 (1969) 465-467 - R p and colour reactions for 27 hydrazones.

LABADIE, R. P. AND SVENDSEN, A. B.: Thin-layer chromatographic separation and identification of
reduced naturally occurring hydroxyanthraquinones. Pharm. Weekblad, 103 (1968) II77­
1181; C.A., 70 (1969) 6578m.

PETROWITZ, H.-J.: tiber die Trennung stereoisomerer 2,4-Dinitrophenylhydrazone parasubsti­
tuierter Benzophenone. J. Chromatog., 40 (1969) 462-464.

10. CARBOHYDRATES

IOa. 1\J/ono and oligosaccharides; structural studies
LATO, M., BRUNELLI, B., CIUFFINI, G. AND MEZZETTI, T.: Thin-layer chromatography of carbo­

hydrates on silica gel impregnated with sodium acetate, monosodium phosphate and diso­
dium phosphate. J. Chromatog., 39 (1969) 407-417 - R p values for 25 sugars.

OTAKE, T.: Chromatography of sugars in solvent systems containing dimethyl sulfoxide or N,N'­
dimethyl formamide. Seito Gijutsu ]{enkyukaishi, 20 (1968) 60-64; C.A., 70 (1969) 79344s.

SAKUMA, S., KAWANISHI, S. AND SHOJI, J .. Constituents of Chinese crude drug "Wujiapi.". II.
Studies on the sugar portions of steroidal glycosides of Pei-vVujiapi. 1. Analytical studies
on the deoxysugars by GLC and TLe. Shoyakugaku Zasshi, 22 (1968) 23-27; C.A., 70 (1969)
3 I 70 5 h .

SHELLARD, E. J. AND JOLLIFFE, G. H.: The identification of the free carbohydrates present in
some grass pollens. J. Chromatog., 40 (1969) 458-462.

STOFFYN, A., STOFFYN, P. AND MARTENSSON, E.: Structure of kidney ceramide dihexoside sulfate.
Biochim. Biophys. Acta, 152 (1968) 353-357.

See also PC section.

11. ORGANIC ACIDS AND LIPIDS

IIa. Organic acids and simple esters
MAQUILON, e. AND FREILE GAGLIARDO, G.: Determination of 3-methoxY-4-hydroxy-mandelic acid

by two-dimensional thin-layer chromatography. Rev. Ecuator. Hig. Med. Trop., 25 (1968)
85-90; C.A., 70 (1969) 9268w.

PAINTER, T. J. AND NEUKOM, H.· The mechanism of oxidative gelation of a glycoprotein from
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BANDI, Z. 1.. AND MANGOLD, H. K.: Chromatography of lipids containing cyclopentenyl fatty
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BOHMER, T. AND BREMER, J.: Propionylcarnitine in animal tissue. Biochim. Biophys. A cta, 152
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BROEKHUYSE, R. M.: Phospholipids in tissues of the eye. 1. Isolation, characterization and quanti­
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BROEKHUYSE, R. M. AND VEERKAMP, J. H.: Phospholipids in the tissues of the eye. II. Composition
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CONDREA, E. AND ROSENBERG, P.: Demonstration of phospholipid splitting as the factor respon­
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II. Study on squid axons. Biochim. Biophys. Acta, 150 (1968) 271-284.
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MIKOLAJCZAK, K. L. AND SMITH, Jr., C. R.: Penta-acid triglycerides of Chamaepeuce afra seed oil.
Biochim. Biophys. Acta, 152 (1968) 244-254.

ROOZEMOND, R. C.: A convenient method of applying samples to thin layers, and of estimating
phospholipids eluted from chromatoplates. j. Chromatog., 41 (1969) 270-273.

SHAW, N.: The lipid composition of l\Iicrobacterium lacticum. Biochim. Biophys. Acta, 152 (1968)
427-428 .

VISWANATHAN, C. V., HOEVET, S. P., LUNDBERG, W.O., VVHITE, J. M. AND MUCCINI, G. A.:
A new aldehydogenic phospholipid - an artifact. j. Chromatog., 40 (1969) 225-234.

WELSH, K.,. SHAW, N. AND BADDILEY, J.: The occurrence of acylated sugar derivatives in the
lipids of bacteria. Biochem. j., 107 (1968) 313-314.

WINTERBOURN, CH. C. AND BATT, R. D.: Incorporation of [I-14C]palmitate into the lipids of bovine
blood cells. Biochim. Biophys. Acta, 152 (1968) 255-265.

See also PC section.

13. STEROIDS

BISHARA, R. H. AND J AKOVLJEVIC, 1. M. : The separation of some estrogens by thin-layer chromato­
graphy. j. Chromatog., 41 (1969) 136-138.

BUDVARl, Z., KHIN, L., SZASZ, G., TAKACSl NAGY, G., AND VEGH, A.: (Identification and purity
tests of corticosteroids by thin-layer chromatography. Depersolon and its preparations).
Acta Pharm. Hung., 38 (1968) 331-339; G.A., 70 (1969) 14445f.

CHERRY, L. M.: Estimation of cholesterol in tissue lipid extracts after separation by thin-layer
chromatography. j. Chromatog., 39 (1969) 512-514.

CRIST, L. J. AND RAAEN, H. P.: Fluorescence and phosphorescence response of steroids to sulfuric
acid in thin-layer chromatography at 77° K. j. Chromatog., 39 (1969) 515-518.

EXLEY, D.: Ultramicro determination of plasma testosterone by electron-capture detection of
testosterone diheptafluorobutyrate. Biochem. j., 107 (1968) 285-292 - TLC and Pc.

GRUTTE, F.-K. AND GARTNER, H.: Diinnschichtchromatographische Trennung der Gallensauren,
insbesondere der freien Dihydroxycholansauren. j. Chromatog., 41 (1969) 132-135­
Rp values for II compounds.

KUMARI, G. L., COLLINS, W. P. AND SOMMERVILLE, 1. F. : Further studies on the gas-liquid chroma­
tographic determination of C19-steroids in human plasma using nickel-63 electron capture
detection. j. Chromatog., 41 (1969) 22-36.

LIUZZI, A. AND FOPPEN, F. H.: Sterol-like compound from sensory ganglia. Effect of a nerve growth
factor and insulin on its biosynthesis. Biochem. j., 107 (1968) 191-196.

lVIORETTI, G., CAVINA, G. AND SARDI DE VALVERDE, J.: Gas chromatographic and colorimetric
determination of estradiol monoesters in oil solutions after separation by thin-layer chroma­
tography. J. Chromatog., 40 (1969) 410--416.

PATWARDHAN, V. V. AND ROMANOFF, E. B.: The role of elution solvent in quenching of IUrich
estrogen fluorescence reaction observed with silica gel eluates. j. Chromatog., 39 (1969)
5 10--5 II - TLC and PC; methanol and ethyl acetate, unless extensively purified, con­
siderably quench fluorescence.

VAN LIER, J. E. AND SMITH, L. L.: Chromatography of some cholesterol autoxidation products on
Sephadex LH-20. J. Chromatog., 41 (1969) 37-42 - R p values for 21 steroids.
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14. STEIWID GLYCOSIDES AND SAPONINS

BICAN-FISTER, T. AND MERKAS, J.: Colorimetric assay of digitoxin in mixtures after thin-layer
chromatographic separation. J. Chromatog., 41 (1969) 91-95.

KRAUS, K., MUTSCHLER, E. AND ROCHELMEYEI<, H.: Direkte quantitative Bestimmung von Scil­
laglykosiden auf Diinnschichtchromatogrammen durch Remissionsmessung. j. Chromatog.,
40 (1969) 244-253.

NOVER, L., BAUMGARTEN, G. AND LUCKNER, M.· Uber die Beziehungen zwischen chemischer
Struktur und chromatographischem Verhalten bei Herzglykosiden. VI. Mitteilung. Pro­
bleme der dunnschichtchromatographischen Strukturanalyse unter Verwendung von Sili­
cagel als Schichtmaterial. j. Chromatog., 39 (1969) 450-474 - tables of many compounds
and LlR N1 values.

NOVER, L., JUTTNER, G., NOACK, S., BAUMGARTEN, G. AND LUCKNER, ;VI.' Uber die Beziehungen
zwischen chemischer Struktur und chromatographischem Verhalten bei Herzglykosiden. V.
Mitteilung. Diinnschichtchromatographische Untersuchungen an Herzglykosiden und ihren
Geninen . .f. Chromatog., 39 (1969) 419-449 - R p values for 160 genins and glycosides and
128 peracetates.

See also PC section.

15. TERPENES, ESSENTIAL OILS AND OTHER VOLATILE AROMATIC COi'l'lPOUNDS

FOKS, J. AND ROZMEJ, Z.· (Modern methods of rosin analysis). Pro Tnst. Technol., Drewna, 14,
NO·4 (1967) 135-143; CA., 70 (1969) 3026I y.

REES, H. H., BRITTON, G. AND GOODWIN, T. "V.· The biosynthesis of ~-amyrin. Mechanism of
squalene cyclization. Biochem. j., 106 (1968) 659-665.

TRUMPOWSKA, M. AND OLSZEVSKI, Z.: (Chromatographic analysis of the essential oil from Artemisia
vulgaris harvested in various seasons). Acta Polon. Pharm., 25 (1968) 319-328; CA., 70
(1969) 31622 d.

See also PC section.

16. NITRO AND NITROSO COMPOUNDS

DICHIARO, J. V., SHIPTON, G. F. AND KELLER, R. A.' Comparison of the thin-layer chromato­
graphic behaviour of the dimethylnitrodiphenates on alumina and silica gel. Stereochemical
factors . .f. Chromatog. Sci., 7 (1969) 9 1-94-

17. AMINES, AMIDES AND RELATED NITROGEN COMPOUNDS

BJORKLUND, A., FALCK, B. AND HAKANSON, R.: An improved formaldehyde condensation reaction
for the detection of catecholamines on silica gel thin layers. j. Chromatog., 40 (1969) 186-188.

KHEMANI, L. AND FRENCH, 1. W.: Thin-layer chromatography of aminobenzoates and salicylates.
j. Chromatog., 41 (1969) 274-275 - R p values for 29 compounds.

NJNAGAWA, E., ABE, A., TAKEMOTO, M., KANEKO, R. AND SAIKI, Y.: Thin-layer chromatography
of ethylolureas, their alkyl ethers, and some of their condensates. Kogyo Kagaku Zasshi,
71 (1968) 1297-1298; CA., 70 (1969) I6923j·

18. AMINO ACIDS

COZZI, D., DESIDERI, P. G., LEPRI, L. AND COAS, V.· lon-exchange thin-layer chromatographic
separation of amino acids on alginic acid. j. Chromatog., 40 (1969) 138-144 - R p values for
3 I amino acids.

JOHNSON, D. C. AND RYAN, J. '0.1.: Degradation of angiotensin II by a carboxypeptidase of rabbit
liver. Biochim. Biophys. Acta, 160 (1968) 196-203.

OSBORN, R. H. AND SIMPSON, T. H.: The characterisation of iodoamino acids and their derivatives
by thin-layer chromatography. j. Chromatog., 40 (1969) 219-224 - R p values for 17 iodi­
nated acids and their 61 derivatives.

VVHITNEY, J. G. AND GRULA, E. A.' A major attachment site for D-serine in the celI walI muco­
peptide of Micrococcus lysodeikticus, Biochim. Biophys. Acta, 158 (1968) 124-129.

19. PEPTIDES; CHEMICAL STEUCTURE OF PROTEINS

I9a. Peptides
GUVEN, K. C. AND TEKINALP, B.' (Identification of peptone by thin-layer chromatography). Ecza­

cilik Bulteni, 10 (1968) I09-ITO; CA., 70 (1969) 9262g.
HOENDERS, H., VAN TOL, J. AND BLOEMENDAL, H.' Eelease of an N-terminal tetrapeptide from

a-crystalIin. Biochim. Biophys. Acta, 160 (1968) 283-285.

19b. Elucidation of structure of proteins and peptides
See PC section.
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20. PROTEINS

2ob. Enzymes
COPIUS PEEREBOOM, J. W. AND BEEKEs, H. W.: Differentiation of native and renatured alkaline

milk phosphatase by means of Sephadex gel thin-layer chromatography. J. Chromatog.,
39 (1969) 339-343 - Sephadex G-200 layers.

21. PURINES, PYRIMIDINES, NUCLEIC ACIDS AND THEIR CONSTITUENTS

2Ia. Purines, pyrimidines, nucleosides, nucleotides
CASHEL, M., LAZZARINI, R. A. AND KALBACHER, B.; An improved method for thin-layer chromato­

graphy of nucleotide mixtures containing 32P-labeled orthophosphate. J. Chromatog., 40
(1969) 103-109 - PEl sheets.

DIGHE, P. K., PAHUJA, D. N. AND SHAH, D. H.: Separation of cyclic 3',5'-adenosine monophos­
phate from other adenine nucleotides. J. Chromatog., 40 (1969) 449-452.

22. ALKALOIDS

BENNATI, E.: (Characterization by thin-layer chromatography of the liquid extract of Passiflora
incarnata). Boll. Chim. Farm., 106 (1968) 756-760; G.A., 70 (1969) 22929g.

BORKOWSKI, B. AND SOBICZEWSKA, M.: (Phenolic alkaloid assay by thin-layer chromatography).
Herba Pol., 14, No. 1-2 (1968) 35-37; G.A., 70 (I969) 14436d.

FUJITA, M., HAYASHI, Y. AND TANAKA, H.: Root tuber of Aconitum Chinense growing in Narusawa
district. II. Chemical investigation of the alkaloidal components. Shoyakugaku Zasshi, 22

(1968) 32-36; C.A., 70 (1969) 3164Ij.
GUVEN, K. C. AND TEKINALP, B.: (Identification of nicotine by thin-layer chromatography).

Eczacilik Bulteni, 10 (1968) III-II2; C.A., 70 (1969) 6575h.
GUVEN, K. C. AND UNAY, 0.: (Identification of strychnine, brucine, and physostigmine by thin­

layer chromatography). Eczacilik Bulteni, 10 (1968) 93-95; G.A., 70 (1969) 14441 b.
LAPINA, K.: (Separation of strychnine and securinine by means of thin-layer chromatography in

chemical and toxicological analysis). Farmatsiya (Moscow), 17, NO·5 (1968) 54-56; CA.,
70 (1969) 14434 b.

LEVORATO, c.: (Separation and determination of tropane alkaloids in pharmaceutical preparations
containing solanaceous extract). Boll. Chim. Farm., 107 (1968) 574-578; G.A., 70 (1969)
22931 b.

PFEIFER, S.: Uber Alkaloide der Gattung Papaver. 31. Mitteilung. Diinnschichtchromatogra­
phische Charakterisierung von Alkaloiden der Gattung Papaver. J. Chromatog., 41 (1969)
127-131 - R F values for 32 alkaloids.

RANGOONWALA, R.: Beitrag zur Trennung von Capsaicin, 'cis-Capsaicin', Pelargonsaurevanil­
lylamid und Dihydrocapsaicin. J. Chromatog., 41 (1969) 265-266 - polyamide + cellulose
layers.

RozuMEK, K.-E.: Diinnschicht-chromatographische Trennung von Tomatidenol, Solasodin und
Soladulcidin bzw. Yamogenin, Diosgeninund Tigogenin. J. Chromatog., 40 (1969) 97-102.

SZENDEY, G. L. AND FODOR G. G.: (Chemical and pharmacological studies of some theophylline
derivatives). Sci. Pharm. Proc., 25th, 2 (1965, pub. 1966) 575-581; C.A., 70 (1969) 18806x.

See also PC section.

23. OTHER SUBSTANCES CONTAINING HETEROCYCLIC NITROGEN

BONDIVENNE, R., SIMOND, l AND BUSCH, N.: De la possibilite de dosage sans elution de produits
separes par chromatographie sur couches minces. J. Chromatog., 41 (1969) 205-219.

CHAPMAN, D. l, COLE, W. J. AND SIEGELMAN, H. W.: Cleavage of phycocyanobilin from C-phyco­
cyanin. Biochim. Biophys. Acta, 153 (1968) 692-698.

GIAO, D. H., VERpIER, A. AND LATTES, A.: Analyse et separation chromatographique d'isomeres
geometriques et de position de piperazines di- et tetrasubstituees. J. Chromatog., 41 (1969)
107-109.

HUTZINGER, O. : Indoles and auxins. II. Non-destructive detection of indoles by electron acceptors.
J. Chromatog., 40 (1969) 117-124 - 2,4,7-trinitro-9-tluorenone.

SAGI, F.: Silica gel or cellulose for the thin-layer chromatography of indole-3-acetic acid. J.
Chromatog., 39 (1969) 334-335 - destruction of IAA on silica gel.

24. ORGANIC SULPHUR COMPOUNDS

KORBELAK, T. AND BARTLETT, J. N.: The separation and identification of four synthetic sweeteners
by thin-layer chromatography. J. Chromatog., 41 (1969) 124.
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SCHURMANN, P.: Separation of phosphate esters and algal extracts by thin-layer electrophoresis
and chromatography. J. Chromatog., 39 (I969) 507-509 - two-dimensional map.

26. ORGANOMETALLIC AND RELATED COMPOUNDS

VANDERDEELEN, J.' Separation of metal-EDTA complexes by thin-layer chromatography. J.
Chromatog., 39 (I969) 521-522.

27. VITAMINS AND VARIOUS GROWTH FACTORS

ADAMSKI, R. AND DOBRUCKI, R.: (Thin-layer chromatography in determining vitamin A palmitate
in ointment vehicles containing anhydrous lanolin). Acta Polon. Pharm., 25 (I968) 307-3I1;
G.A., 70 (1969) 3I707k.

PETROVA, E. A. AND GRACHEVA, N. P.· (Checking the quality of alcohol preparations of vitamin
D 2 )· Farmatsiya (lVloscow), 17, NO·5 (1968) 52-54; C.A., 70 (1969) 22945j -alumina.

TELEGDY KOVATS, L., BERNDORFER KRASZNER, E. AND DEVAI, A.: (Detection and determination
of pangamic acid (vitamin B 15))· Elelmiszervizsgalati ](ozlemen., 13, NO·3 (1968) 84-93;
C.A., 70 (1969) 14453g.

28. ANTIBIOTICS

SCHACHT, U. AND HUBER, G.: (YIoenomycin components). S. African Pat., 67 057, 84, 08 Feb.
1968, Gel. Appl. 01 Oct. 1966; 18 pp.; G.A., 70 (I969) 22895t.

29. INSECTICIDES AND OTHER PESTICIDES

BEITZ, H. AND EHRT, M.: (Detection of thio- and dithiophosphoric esters and esterase inhibitor
on thin-layer chromatograms). Z. Chem., 8 (I968) 387-388; G.A., 70 (I969) I0612k.

FISHBEIN, L., FALK, H. L., FAWKES, J., JORDAN, S. AND CORBETT, B.: The metabolism of piperonyl
butoxide in the rat with 14C in the methylenedioxy or ex-methylene group. J. Chromatog.,
4I (I969)61-79·

GUNNER, S. \V.: The quantitative determination of methylenedioxy compounds by thin-layer
chromatography-direct densitometry. J. Chromatog., 40 (1969) 85-89.

NAGASAWA, K. AND YOSHIDOME, H.: Polyamide layer chromatography of organophosphorus
pesticides. J. Chromatog., 39 (1969) 282-290 - R p values for 19 pesticides.

STRYK, VON, F. G. AND ZAJACZ, G. F.: Determination and separation of some uracil herbicides by
thin-layer chromatography. J. Chromatog., 41 (1969) 125-126.

See also TLC section 3.

30. SYNTHETIC AND NATURAL DYES

BULENKOV, T. 1. AND SHEMYAKIN, F. M.: (Control mixture of dyes, for evaluation of data from
chromatographic analysis). Izv. Vysshikh, Uchebn. Zavedenii, Khim. i Khim. Tekhnol., I I
(1968) 794-797; G.A., 70 (1960) 25476t.

CHIANG, H.-C.: Polyamide-silica gel thin-layer chromatography of red food dyes. J. Chromatog.,
40 (I969) 189-190 - R p values for I3 red dyes.

ELMENHORST, H., STADLER, L. AND GOERTZ, E.: Fraktionierung von Cigarettenrauchkondensat.
II. Gelfiltrationschromatografie von fiuoreszierenden Inhaltsstoffen einer wasserl6slichen
Fraktion aus Cigarettenrauchkondensat. J. Chromatog., 40 (1969) 264-269.

JONES, G. R. N.: A rapid test of the purity of tetrazolium salts (bis-) on thin-layer chromatograms.
J. Chromatog., 39 (1969) 336-338.

SHERMA, J. AND LIPPSTONE, G. S.: Chromatography of chloroplast pigments on preformed thin
layers. J. Chromatog., 4I (I969) 220-227 -TLC on silica gel, alumina, cellulose and poly­
amide and PC on glass fibre sheets.

STAHL, E. AND WAGNER, C.: TAS-.method for the microanalysis of important constituents of
saffron. J. Chromatog., 40 (1969) 308.

TYRER, J. H., EADIE, M. J. AND HOOPER, W. D.: Thin-layer chromatography of tetrazolium salts
and their formazans. J. Chromatog., 39 (I969) 3I2-3I7 - R p values for I7 tetrazolium salts
and I7 formazans.

See also PC section.

31. PLASTICS AND THEIR INTERMEDIATES

INAGAKI, H., MATSUDA, H. AND KAMIYAMA, F.: Determination of compositional heterogeneity
in copolymers by thin-layer chromatography. 1. Preliminary results for styrene-acrylate
copolymers. Macromolecules, I (1968) 520-525; G.A., 70 (I969) 29322n.
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32. PHARMACEUTICAL AND FORENSIC APPLICATIONS

BIBLIOGRAPHY SECTION

32a. Synthetic drugs and systematic analysis

AMAL, H., TULUS, S. AND SANLI, 1.: A new reagent for detection of barbiturates by thin-layer
chromatography. Istanbul Univ. Eczacilik Fak. Mecmuasi, 4 (1968) 23-27; C.A., 70 (1969)
22957q - Rhodamine B with Hg2 (N0 3)2'

CIESZYNSKI, T.: (Thin-layer chromatographic separation of adiphenine in the presence of amino­
phenazone, allobarbital, and phenobarbital in Vegantalgin and Vegantophon preparations).
Acta Polon. Pharm., 25 (1968) 351-352; C.A., 70 (1969) 22953 k.

GOENECHEA, S.: Diinnschichtchromatographisches Nachweisverfahren zur Charakterisierung von
Barbituraten mit Doppelbindungen in der C-5-Seitenkette. J. Chromatog., 40 (1969) 182-185
- reaction with N-bromsuccinimide-fluorescein reagent.

GUVEN, K. C. AND TEKINALP, B.: (Identification of barbituric acid and hydantoin derivatives by
thin-layer chromatography). Eczacilik Bulteni, 10 (1968) 72-80; C.A., 70 (1969) 6577k.

MULE, S. J.: Identification of narcotics, barbiturates, amphetamines, tranquilizers and psychoto­
mimetics in human urine. J. Chromatog., 39 (1969) 302-3II - ion-exchange papers used
for extraction of drugs.

PECHENNIKOV, V. M., KNIZHNIK, A. Z. AND SENOV, P. L.: (Identification of individual pharma­
ceutical preparations, pyrazolone and purine derivatives, by thin-layer chromatography).
Farm. Zh. (Kiev), 23, NO.4 (1968) 41-44; C.A., 70 (1969) 22932C.

See also TLC section 3.

32b. Metabolism of drugs, toxicological applications

SZEBERENYI, S., SZALAY, K. S. AND TACCONI, M. T.: A new method for the determination of mety­
rapone in plasma and tissues. J. Chromatog., 40 (I969) 4I7-42I.

WARREN, R. N.: Metabolism of xanthine alkaloids in man. J. Chromatog., 40 (I969) 468-469.

33. INORGANIC SUBSTANCES

COZZI, D., DESIDERI, P. G. AND LEPRI, L.: The mechanism of ion exchange with alginic acid.
J. Chromatog., 40 (1969) I30-137 -linear RM-Iog [HN03] plots for 10 cations using
alginic and acetylated alginic acid.

FLORET, G. AND MASSA, V. : (Determination of cobalt, copper, nickel, and manganese, after chroma­
tographic separation of their complexes with I-(2-pyridylazo)-2-naphthol). Trav. Soc.
Pharm. Montpeltier, 28 (1968) I29-I37; C.A., 70 (1969) 3173IP·

IIDA, T. AND YAMABE, T.: Chromatographic behaviour and structural units of condensed phos­
phates. J. Chromatog., 41 (1969) 163-167 - cellulose layers impregnated with dimethyl
formamide.

LONGO, A.: (Thin-layer chromatography of inorganic ions. 1. Cations of the hydrochloric acid,
hydrogen sulfide, and ammonium sulfide analytical groups). Rev. Fac. Farm. Odontol.
Araraquara, I (1967) 187-208; C.A., 70 (1969) 25387q - silica gel.

MALIK, F. R. AND BADAR UD DIN: Application of circular thin-layer chromatography in the anal­
ysis of Pakistani minerals. Pakistan J. Sci. Ind. Res., II (1968) I66-17I; C.A., 70 (1969)
21720V.

WHITAKER, L. A.: Reversed-phase thin-layer chromatographic separation of the light rare earths
with a spectrophotometric determination. Dissertation Abstr., B29 (1968) 1285 (avail.
Univ. Microfilms, Ann Arbor, Mich., Order No. 68-13, 595); C.A., 70 (1969) 33966t.

ZAYE, D. F.: Cation analysis by thin-layer chromatography and reflectance spectroscopy. Dis­
sertation Abstr., B29 (1968) 909 (avail. Univ. Microfilms, Ann Arbor, Mich., Order No.
68-II, 943); C.A., 70 (1969) 8589q·

See also PC section.

34. RADIOACTIVE AND OTHER ISOTOPE COMPOUNDS

FEIGE, B., GIMMLER, H., JESCHKE, W. D. AND SIMONIS, W.: Eine Methode zur Diinnschicht­
chromatographischen Auftrennung von 14C- and 32P-markierten Stoffwechselprodukten.
J. Chromatog., 41 (1969) 80-90 - Rp values for 25 identified phosphates and 26 14C_
metabolites.

KIMURA, N., ARIMA, T., TASIRO, H., MORI, F., YOKOTA, Y., KODAMA, S., YAMADA, K., MINAKAWA,
E., NANBU, S. AND MIZUGUCHI, Y.: Separation and quantitative determination of 14C_
labelled lipids by thin-layer chromatography. Radioisotopes, 17 (1968) 391-394; C.A., 70
(1969) 17469 C.
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35. SOME TECHNICAL PRODUCTS AND COMPLEX MIXTUlmS

5°1

35a. Surfactants
DE ROSA, A. V. AND JACINI, G.' Unsulfonated portion of an alkylaryl paste. Chem. Phys. Appl.

Surface Active Subst., Proc. Intern. Congr., 4th, I, (1964, Pub. 1967) 507~513; C.A., 70 (1969)
79401 h.

35b. Antioxidants and p'reservatives

DOBIES, R. S.: Thin-layer chromatographic method for determining antioxidants in polyethylene
and polypropylene films. J. Chromatog., 40 (1969) IIO-II6.

Column Chromatography

1. REVIEWS AND BOOKS

ALTGELT, K. H.: Theory and mechanics of gel permeation chromatography. Advan. Chrpmatog.,
7 (1968) 3-46.

5. HYDROCARBONS AND HALOGEN DERIVATIVES

BOHLMANN, F., ZOERO, CH. AND NIEDBALLA, U.: Polyacetylenverbindungen. 156. Struktur und
;., Synthes~. der Acetylenverbindungen aus Erodiophyllum elderi F. v.Muller. Chem. Ber.,

101 (1968) 2987-2994 ~ A120 3 ·

RUNDEL, VV.: Notiz uber die Darstellung tert.-butylierter Thiophenole, Diphenyldisulfide und
Thianthrene. Chem. Ber., 101 (1968) 2956-2962 ~ A1 20 3 .

8. SUBSTANCES CONTAINING HETEROCYCLIC OXYGEN

GASTAMBIDE, B. AND LANGLOIS, N.: Etudes stereochimiques. VII. Syntheses dieniques en serie
resinique; action des peroxoacides et des hydrures doubles. Helv. Chim. Acta, 51 (1968)
2048-2057 ~ silicic acid.

HANDSCHIN, U., SIGG, H. P. AND TAMM, CH.: Zur Biosynthese von Brefeldin A. Helv. Chim. Acta,
51 (1968) 1943-1965 ~ silica gel.

KOMORI, T., SETOGUCHI, S. AND KAWASAKI, T.: Furanoid-norditerpene aus Pflanzen der Familie
Dioscoreaceae. II. Konstitution und Konfiguration von Diosbulbin A, B und C. Chem. Ber.,
101 (1968) 3096-3112 ~ Kieselgel. .

KUHNSTEDT, H. AND \~lAGNER, G.' Uber einige Tetrahydropyranyl-(2)-Derivate von Hydroxy­
benzamiden. Pharmazie, 23 (1968) 479-482 ~ "Supergel", VEB Farbenfabrik vVolfen.

9. OXO COMPOUNDS

MESSMER, vV. M., FARNSWORTH, N. R., PERSINOS, G. J. AND VVILKES, J. D.: Phytochemical in­
vestigation of the flowers of Cassia reticulata Willd (Leguminosae). J. Pharm. Sci., 57
(1968) 1996-1998 ~ MN-polyamide powder.

VVEINGES, K. AND NAGEL, D.: Eeaktionen an Flavan-derivaten. VI. Die saurekatalysierte Frag­
mentierung der diastereomeren Tetramethyl-catechine und ihre Folgeprodukte. Chem. Ber.,
101 (1968) 3018-3021 ~ Kieselgel.

10. CARBOHYDRATES

rob. Polysaccharides, mucopolysaccharides and lipopolysaccharides
SMITH, C. J. AND KELLEHER, P. c.: Comparison of fetal and newborn rat serum protein-bound

carbohydrates with those of adult rats. Compo Biochem. Physiol., 28 (1969) 1467-1472 ~
Dowex 50W X8.

11. ORGANIC ACIDS AND LIPIDS

IIa. Organic acids and simple esters
BROOK, A. J .VV.: The separation of maleic and fumaric acids by gel filtration on Sephadex G-I0.

J. Chromatog., 39 (1969) 328-333 ~ Sephadex G-I0.
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13. STEROIDS

BIBLIOGRAPHY SECTION

BINDER, R. AND WEHRLI, H.: Steroide und Sexualhormone. 5P-17-0Xo-I9-hydroxY-3-aza-3,19­
cyclo-A-homo-androstane. Helv. Chim. Acta, 51 (1958) 1989-1998 - Kieselgel.

CHESTUKHIN, A.V. AND NOVIKOVA, M. A.: (The action of cortisone on the synthesis of nucleic acids
in the embryos of sea-urchins). Biokhimiya, 34 (1969) 243-248 - methylated albumin on
Kieselguhr.

SOLOFF, M. S. AND SZEGO, C. M.: Purification of estradiol receptor from rat uterus and blockade
of its estrogen-binding function by specific antibody. Biochem. Biophys. Res. Commun.,
34 (1969) 141- 147 - DEAE-Sephadex A-50 .

VETTER, W., WALTHER, W., VECCHI, M. AND CEREGHETTI, M.: Gas-Chromatographie und l\Iassen­
spektrometrie der Trimethylsilyl-enoIather von 5a- und 5P-Cholestan-3-on. Helv. Chim.
Acta, 52 (1969) 1-14 - Kieselgel.

'NIELAND, P. AND ANNER, G.: Synthese von A-Homo-I9-norsteroiden. Helv. Chim. Acta, 51
(1968) 1932-1943 - alumina, Florisil, silicagel.

15. TERPENES, ESSENTIAL OILS AND OTHER VOLATILE AROMATIC COMPOUNDS

DEMOLE, E., ENGGIST, P. AND STOLL, M.: Sur les constituants odorants de l'essence absolue de
Cassie (Acacia farnesiana Willd). Helv. Chim. Acta, 52 (1969) 24-32 - silicic acid.

GRAFEN, P., KABBE, H. J., Roos, 0., DIANA, G. D., Ll, T. AND TL'RNER, R. B.: Synthetic ap­
proaches to diterpene alkaloids. J. Am. Chem. Soc., 90 (1968) 6131-6135 - alumina.

GUARNACCIA, R., BOTTA, L. AND COSCIA, C. J.: Mechanism of secoiridoid monoterpene biosyn­
i;hesis. J. Am. Chem. Soc., 91 (1969) 204-206 - silica gel.

KANE, V. V. AND RAZDAN, R. K.: Constituents of hashish. A novel reaction of olivetoI with citral
in the presence of pyridine. Total synthesis of dl-cannabicyclol and dl-cannabichromene.
J. Am. Chem. Soc., 90 (1968) 6551-6553 - Florisil.

McMURRY, J. E.: Total synthesis of sativene. J. Am. Chern. Soc., 90 (1968) 6821-6825 - silica gel.
NUTTING, W. H., RAPOPORT, H. AND MACHLIS, L.: The structure of sirenin. J. Am. Chem. Soc.,

90 (1968) 6434-6438 - silica gel, alumina.
RILLING, H. C. AND EpSTEIN, W. W.: Studies on the mechanism of squalene biosynthesis. Pre­

squalene, a pyrophosphorylated precursor to squalene. J. Am. Chem. Soc., 91 (1969) 1041­
1042 - silica gel.

SARMA, K. G. AND HUNECK, S. : Uber Flechteninhaltsstoffe. 52. Mitteilung: Uber die Inhaltsstoffe
einiger Flechten aus dem Himalaja. Pharmazie, 23 (1968) 583-584 - Aluminiumoxid
neutral (Akt. II).

WALDNER, E. E., SCHLATTER, CH. AND SCHMID, H.: Zur Biosynthese des Dendrolasins, eines
Inhaltsstoffes der Ameise Lasius fuliginosus Latr. Helv. Chim. Acta, 52 (1969) 15-24­
Kieselgel.

WHITE, J. D. AND GUPTA, D. N.: The total synthesis of a- and P-bourbonene. J. Am. Chem. Soc.,
90 (1968) 6171-6177 - alumina.

16. NITRO AND NITROSO COMPOUNDS

KEMPMANN, A., ZANDER, A. AND PFEIL, E.: Darstellung und Spaltung von a-Benzalozo-alkoholen.
Chem. Ber., 101 (1968) 3037-3046 - Kieselgel.

MACHIKO, M. AND T AKESHI, M.: Studies on denitrification. VII. Production of nictic oxide by
denitrifying reaction to the presence of tetramethyl-p-phenylenediamine. J. Biochem., 64
(1968) 849-861 - Amberlite CG-50.

ZIMMERMAN, H. E. AND MARIANO, P. S.: The stereochemistry of protonation. XI. J. Am. Chem.
Soc., 90 (1968) 6091-6096 - silica gel.

17. AMINES, AMIDES AND RELATED NITROGEN COMPOUNDS

FRANCK, R. W. AND YANAGI, K.: An aryne pathway in the decomposition of diazotized 2,5-di­
tert.-butylaniline. J. Am. Chem. Soc., 90 (1968) 5814-5817 - silica gel.

PAQUETTE, L. A., BEGLAND, R. W. AND STORM, P. C.: Acid-promoted rearrangements involving
transannular ether oxygen participation. J. Am. Chem. Soc., 90 (1968) 6148-6153­
Amberlite IRA 400.

ZOGLIO, M. A., WINDHEUSER, J. J., VATTI, R., MAULDING, H. V., KORNBLUM, S. S., JACOBS, A.
AND HAMOT, H.: Linear nonisothermal stability studies. J. Pharm. Sci., 57 (1968) 2080­
2085 - ion-exchange resin Rohm and Haas Co.

18. AMINO ACIDS

BRAY, R. C. AND STADTMAN, T. c.: Anaerobic degradation of lysine. III. 15N studies on the con­
version of lysine to 3,5-diaminohexanoate. J. Bioi. Chem., 243 (1968) 381-385 - DEAE­
cellulose, Sephadex G-25, Dowex 50 X2.
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GANSOW, O. A. AND HOLM, R. H.· Equilibria and solute structures in the aqueous systems pyri­
doxal-alaninezinc(LI) and aluminium(IlI) as investigated by proton resonance. j. Am.
Chem. Soc., 91 (1969) 573-58[ ~ Dowex soW XI2, Dowex 3.

MONDINO, A.: A new system of automatic amino acid analysis. Part III. j. Chromatog., 39 (1969)
262-272 ~ Amberlite IR 120.

SUEIN, D.: Separation of basic amino acids by means of a carboxylic resin. Rev. Chim. (Bucharest),
18 (1967) 24S; Anal. Abstr., IS (1968) 4909 ~ Amberlite n~c-So resin.

19. PEPTIDES; CHEMICAL STEUCTURE OF PIWTEINS

I9a. Peptides
ANDREATTA, K AND HOFMANN, K.: Studies on polypeptides. XLI. The synthesis of [s-valine-6-p­

(pyrazolyl-3-)-alanine]-angiotensin II, a potent hypertensive peptide. j. Am. Chem. Soc.,
90 (1968) 7334-7338 ~ silica gel, Dowex I X2, Amberlite IRA 400.

GILL, T. l, PAPERMASTER, D. S., KUNZ, H. \V. A>lD MARFEY, p. S.: Studies on synthetic poly­
peptide antigens. XIX. Immunogenicity and antigenic site structure of intramolecularly
crosslinked polypeptides. j. Bioi. Chem., 243 ([968) 287-300 ~ Sephadex G-2S, Bio-gel 1"-6.

HIRSCHMANN,R., NUTT, R. F., VEBER, D. F., VITALI, R. A., VARGA, S. L., JACOB, T. A., HOLLY,
F. W. AND DENKEWALTER, J .. Studies on the total synthesis of an enzyme. V. The prep­
aration of enzymatically active material. j. Am. Chem. Soc., 91 (1969) S07-508 ~
Sephadex G-so.

HOFMANN, K., ANDREATTA, R. AND BOHN, H.: Studies on polypeptides. XL. Synthetic routes to
peptides containing p-(pyrazolyl-I)- and p-(pyrazolyl-3)-alanine. j. Am. Chem. Soc., 90
(1968) 6207-6212 ~ Dowex I X2.

HRUBY, V. J ., YAMASHIRO, D. AND VIGNEAUD, V.: The structure of acetone-oxytocin with studies
on the reaction of acetone with various peptides. j. Am. Chem. Soc., 90 (1968) 7I06-7IIO ~
Sephadex G-2S·

JENKINS, S. K, NUTT, R F., DEWEY, R S., VEBER, D. F., HOLLY, F. VI., PALEVEDA, JR., W. J.
AND LANZA, JR., T.: Studies on the total synthesis of an enzyme. Ill. Synthesis of a pro­
tected hexacontapeptide corresponding to the 6S-I24 sequence of ribonuclease A. j. Am.
Chem. Soc., 91 (1969) 50S-506 - Sephadex G-so.

MARCHIORI, F., ROCCHI, R., lVlORODER, L., FONTANA, A. AND SCOFFONE, E.: Synthesis of peptide
analogs of the N-terminal eicosapeptide sequence of ribonuclease A. IX. Synthesis of
(Ser, Orn)- and (Pro, Orn)-eicosapeptides. j. Am. Chem. Soc., 90 (1968) 5889-S894 ~
Amberlite CG-so, Sephadex G-25.

PAYNE, l \V. AND GILVARG, CH.: The role of the terminal carboxyl group in peptide transport in
Escherichia coli. J. Bioi. Chem., 243 (1968) 335-340 - CM-cellulose, Sephadex G-I5·

ROCCHI, R., lVIORODER, L., MARCHlOR[, F., FERRARESE, E. AND SCOFFONE, E.· Synthesis of pep­
tide analogs of the N-terminal eicosapeptide sequence of ribonuclease A. VIII. Synthesis of
(Ser, Orn)- and (Ser, Orn)-eicosapeptides. j. Am. Chem. Soc., 90 (1968) 588S-5889­
Amberlite CG-50, Sephadex G-2S.

ROCCHI, R., SCATTUR[N, A., MORODER, L., lVlARCHIORI, F., TAMBURRO, A. lVI. AND SCOFFONE, E.:
Synthesis of peptide analogs of the N-terminal eicosapeptide sequence of ribonuclease A.
XI. Synthesis and conformational studies of (Orn, Nle)-S-peptide. j. Am. Chem. Soc., 91
(1969) 492-496 - Sephadex G-25.

EUTTENBERG, M. A.: Synthesis of a cyclic disulfide-linked octapeptide corresponding to residues
65 to 72 of bovine pancreatic ribonuclease A. j. Am. Chem. Soc., 90 (1968) 5598-56°3 ­
Sephadex G-2S.

I9b. Elucidation of structure of proteins and peptides

BANDLOW, \;V. AND NORDWIG, A.· Separation and estimation of collagen acids by programmed
analysis. j. Chromatog., 39 (1969) 326-328 - Aminex A-6.

Y AMAUCHl, T., MAKINO, 1'1'1. AND YAMASHlNA, I.: The amino acid sequence, the peptide-carbo­
hydrate linkages and the composition and size of polysaccharide units of the glycopeptides.
j. Biochem., 64 (1968) 683-697 - DEAE-cellulose, Sephadex G-25·

20.PEOTEINS

20a. Proteins
KARAVAEVA, N. N., MIKHA[LOV, V. M., YULDASHEV, P. KH. AND MmZARAKHMATOV, KH.: (In­

vestigation of globulins from cotton seeds by means of electrophoresis in polyacrylamide
gel and chromatography on DEAE-cellulose). Biokhimiya, 34 (1969) 29-34 - DEAE­
cellulose.

KIBLER, R. F. AND SHAPIRA, R.· Isolation and properties of an encephalitogenic protein from
bovine, rabbit and human central nervous system tissue. j. Bioi. Chem., 243 (1968) 281­
286 - Sephadex G-50, eM-cellulose.
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KUZNETSOVA, N. P. AND SAMSONOV, G. V.: (Investigation of low-temperature hydrolysis of pro­
teins on sulfocationics). Biokhimiya, 34 (1969) SI-S4 - Sephadex G-so, Dowex So XI,
So XS·

LEWIS, U. J., CHEEVER, E. V. AND SEAVEY, B. K.: Influence of fatty acids on the electrophoretic
behavior of proteins with special reference to pituitary hormones and thyroglobulin. J. Bioi.
Chem., 243 (1968) 260-267 - Sephadex G-ISO.

MATSUBARA, H.: Purification and some properties of Scenedesmus ferredoxin. J. Bioi. Chem.,
243 (1968) 370-37S - DEAE-cellulose, Sephadex G-2S, G-7S·

PETERSON, J. A. AND COON, M. J.: Enzymat~c w-oxidation. III. Purification and properties of
rubredoxin, a component of the hydroxylation system of Pseudomonas oleovorans. J. Bioi.
Chem., 243 (1968) 329-334 - Bio-gel P-2, P-IO, DEAE-cellulose, calcium phosphate­
cellulose.

RANJEKAR, P. K. AND BARBABAS, J.: Haemoglobin phenotypes in water buffalo (Bos bubalus)
during development. Compo Biochem. Physiol., 28 (1969) 139S-1401 - CM-cellulose.

RUCKER, R. B., PARKER, H. E. AND KOGLER, J. C. : The effect of copper on collagen cross-linking.
Biochem. Biophys. Res. Commun., 34 (1969) 28-33 - carboxymethylcellulose.

W ADA, K. AND OKUNURI, K.: Studies on chemically modified cytochrome C. J. Biochem., 64
(1968) 667-681 - Sephadex G-2S, DEAE-cellulose, Amberlite IRC-so.

2ob. Enzymes
AIKO, K.: Studies on two types of alkaline phosphatase in rat liver. J. Biochem., 64 (1968) 785­

794 - DEAE-cellulose.
BONDAREVA, N. S., LEVITON, M. M. AND GORAYCHENKOVA, E. V.: (Isolation and purification of

penicillinacylase from E. coli and study on some of its catalytic properties). Biokhimiya,
34 (1969) 96-101 - CM-cellulose, DEAE-cellulose.

DRUZHININA, T. N., NOVIKOVA, M. A. AND SHIBAEV, V. N.: (The purification and properties of
uridine diphosphate glucose-4-epimerase from mung bean (Phaseolus aureus)). Biokhimiya,
34 (1969) I08-II4 - Sephadex G-200, DEAE-cellulose.

GOLDMAN, P., MILNE, G. W. A. AND KEISTER, D. B.: Carbon-halogen bond cleavage. III. Studies
on bacterial halidohydrolases. J. Bioi. Chem., 243 (1968) 428-434 - Sephadex G-IOO.

IMAZAWA, M., IRIE, M. AND UKITA, T.: Substrate specificity of ribonuclease from Aspergillus
saitoi. J. Biochem., 64 (1969) S9S-602 - Dowex I (formate).

KIMHl, J. AND LITTAUER, U. Z.: Purification and properties of polynucleotide phosphorylase from
Escherichia coli. J. Bioi. Chem., 243 (1968) 231-240 - DEAE-Sephadex, Sephadex G-200,
hydroxylapatite.

McLEMORE, W. O. AND METZLER, D. E.: The reversible inactivation of I-threonine dehydratase
of sheep liver by I-serine. J. Bioi. Chem., 243 (1968) 441-445 - DEAE-Sephadex, Se­
phadex G-2S·

TAKEMORI, S., NAKAZAWA, K., NAKSI, Y., SUZUKI, K. AND KATAGIRI, M.: A lactate oxygenase
from Mycobacterium phlei; improved purification and some properties of the enzyme.
J. Bioi. Chem., 243 (1968) 313-319 - DEAE-Sephadex, Sephadex G-200.

TSUGITA, A. AND INOUYE, M.: Purification of bacteriophage T4 lysozyme. J. Bioi. Chem., 243
(1968) 391-397 - Amberlite IRC-50, Sephadex G-7S.

URETSKY, S. c., Acs, G., REICH, E., MORI, M. AND ALTWERGER, L.: Pyrrolopyrimidine nucleotides
and protein synthesis. J. Bioi. Chem., 243 (1968) 306-312 - DEAE-cellulose, Dowex 50 X2.

21. PURINES, PYRIMIDINES, NUCLEIC ACIDS AND THEIR CONSTITUENTS

2Ta. Purines, pyrimidines, nucleosides, nucleotides
BUCHl, G. AND CARLSON, J. A.: The total synthesis of fulvoplumierin. J. Am. Chem. Soc., 90 (1968)

5336-S337 - DEAE-Sephadex.
GABRIEL, T., CHEN, W. Y. AND NUSSBAUM, A. I.: Sequence determination in the deoxyribo­

nucleotide series by stepwise chemical degradation. J. Am. Chem. Soc., 90 (1968) 6833­
6837 - DEAE-cellulose.

ZIFF, E. B. AND FRESCO, J. R.: Chemical transformation of 4-thiouracil nucleosides to uracil and
cytosine counterparts. J. Am. Chem. Soc., 90 (1968) 7338-7342 - Dowex I, Dowex 50.

22. ALKALOIDS

TIN-WA, M., FONG, H. H. S., BLOMSTER, R. N. AND FARNSWORTH, N. R.: Catharanthus alkaloids.
XXI. Isolation of lochnerinine, one of the cytotoxic principles of C. pusillus. J. Pharm. Sci.,
57 (1968) 2167-2169 - ion-exchange resin (IRA-400), alumina (Alcoa-F-20).

23. OTHER SUBSTANCES CONTAINING HETEROCYCLIC NITROGEN

GERLACH, H. AND HUBER, E.: Synthese und Eigenschaften von (n)-(2,s)-Pyridinophanen und
ihren Derivaten. Helv. Chim. Acta, SI (1968) 2027-2044 - Kieselgel.
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HAUG, TH., LOHSE, F., METZGER, K. AND BATZER, H.: HersteHung und Umsctzungcn von ,B-Lacta­
men. Helv. Chim. Acta, 51 (Ig68) 206g-208g - alumina, silicic acid.

SAILER, K. AND HESSE, M.· SN-2-artigc massenspectrometrischc Fragmcntierungen bei sub­
stituierten N-Alkylpiperidincn. Helv. Chim. Acta, 51 (Ig68) 18'7-,83' - Kieselgcl.

24. ORGANIC SULPHUR COMPOUNDS

BOSNICH, B. AND PHILLIP, A. T.: An interpretation of the absorption and circular dichroism spectra
and the determination of the absolute configurations of a series of linear sexadentate
chelate compounds of cobalt. J. Am. Chem. Soc., go (Ig68) 6352~6359 - alumina.

26. ORGANOMETALLIC AND RELATED COMPOUNDS

TROFIMENKO, S.· Transition metal polypyrazolylboratcs containing other ligands. J. Am. Chem.
Soc., gI (Ig6g) 588-595 - alumina.

VVATERS, W. L., LINN, W. S. AND CASERIO, M. c.: The stereochemistry of addition reactions of
aHenes. 1. Methoxymercuration and halogenation of I,J-dimethylallcne. J. Am. Chem. Soc.,
go (Ig68) 6741-6749 - silica gel.

ZAVISTOSKI, J. G. AND ZUCKERMAN, J. J.: Synthesis and decomposition reactions of a 7-gcrmanor­
bornadienc. J. Am. Chem. Soc., go (Ig68) 6612-66I6 - silica gel.

33. INORGANIC SUBSTANCES

PECSOK, R. L. AND SAUNDERS, D.' On the mechanism of gel chromatography of inorganic salts.
Separation Sci., 3 (Ig68) 325-355 - Biogel P-2, Sephadcx G-IO.

Gas Chromatography

I. REVIEWS AND BOOKS

ADLARD, E. R., STOCK, R. AND WHITHAM, B. T.· Gas Chromatography. In C. L. WILSON AND
D. W. WILSON (Editors), Comprehensive Analytical Chemistry. Vol. lIB. Physical Separation
Methods, Elsevier, Amsterdam, London, New York, Ig68, Ch. 2, pp. 55-2II.

ETTRE, L. S. AND ZLATKIS, A.' The Practice of Gas Chromatography. Interscience, New York,
Ig67, 5g1 pp.

JANAK, J.: Gas chromatography in organic chemistry and industry. A perspective. Chromatog.
Rev., II (Ig6g) 203-213.

KIENITZ, H.: Das Massenspektrometer als substanzspezifischcr Detcktor fur die Gas-Chromato­
graphie. In H. KIENITZ (Editor), JYlassenspektrometrie, Verlag Chemie, vVcinheimJBerg­
strasse, Ig68, Ch. E I.3, pp. 5gI-622.

PATTISON, J. B.: A Programmed Introduction to Gas-liquid chromatography, Heyden and Son,
London, Ig6g, pp. XV + 303 - a very original teaching-book for anyone.

SCOTT, R P. \V.: Recent techniques in flavour analysis. Chern. Ind. (London), (Ig6g) 797-803.

2. FUNDAMENTALS, THEORY AND GENERAL

2C. Thermodynamics and theoretical relationships
ARISTOV, B. G., BOSACHEK, V. AND KISELEV, A. V.' (Interactions adsorbate-adsorbate during the

adsorption of xenon On the zeolites LiX and NaX). Zh. Fiz. I<him., 43 (Ig6g) 2g2~2g8.

BUTEIKO, ZH. F. AND KOROL', A. N.· (Effect of the molecular structure of cyclic compounds on
solution in nonpolar stationary phases). Ukr. I<him. Zh., (Ig68) 542-550.

CONDER, J. R. AND PURNELL, J. H. : Gas chromatography at finite concentrations. Part. 3. Theory
of frontal and elution techniques of thermodynamic measurement. Trans. Faraday Soc.,
65 (Ig6g) 824-838.

CONDER, J. R. AND PURNELL, J. H.: Gas chromatography at finite concentrations. Part. 4·
Experimental evaluation of methods for thermodynamic study of solutions. Trans. Faraday
Soc., 65 (Ig6g) 839-848.

KOROL', A. N.· (The effect of temperature On mass transfer rate and on stationary phase selec­
tivity in gas-liquid chromatography). Ukr. [{him. Zh., (Ig68) 651-658.

MARTIRE, D. E., BLASCO, P. A., CARONE, P. F., CHOW, L. C. AND VICINI, H.: Thermodynamics of
solutions with liquid-crystal solvents. 1. A gas-liquid chromatographic study of cholesteryl
myristate. J. Phys. Chem., 72 (Ig68) 3489-3495·
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2d. General
PETHO, A. AND SCHAY, G.' Beitdige zur Theorie der Chromatographie: Deer die Verweilzeit­

verteilung in gefiillten Saulen endlicher Lange. Chromatographia, 2 (r969) 158-164.
RONY, P. R.: The extent of separation: Diffusion and rate control in a single equilibrium stage.

Separation Sci., 3 (1968) 519-534.
VAN DER DOOL, H.: Fatty acid ester-hydrocarbon correlation trial: a comment. Nature, 216

(1967) 157·
VESELOV, V. V.: (Formulas related to the movement rate of zones formed during analysis by dis­

placement chromatography). Zh. Fiz. Khim., 43 (1969) 742-744.
VOSKOV, V. S., SAKHAROV, V. M. AND KOROL', A. N.: (On the calculation of retention data in gas

chromatography. 1. Small molecules). Zh. Fiz. Khim., 43 (1969) 979-981.

3. TECHNIQUES I

3a. Detectors
CHIZHKOV, V. P., GUREVICH, Y A. A. AND LITVIN, E. F.: (New detection of liquid eluates). Zh. Fiz.

Khim., 43 (1969) I05I-I052.
CREITZ, E. C.: Construction details and measurements of response of a gas density balance.

J. Chromatog. Sci., 7 (I969) I37-I44·
DEVAUX, P. AND GUIOCHON, G.: Etude et realisation d'un detecteur a capture electronique avec

des colonnes capillaires. Chromatographia, 2 (I969) I5I-I57.
HARRISON, G. A. F. AND COYNE, C. M.: Flame photometric determination at the parts per thousand

million level of some volatile sulphur compounds. J. Chromatog., 4I (1969) 453-455·
HARTMANN, C. H.: Alkali flame defector for organic nitrogen compounds. J. Chromatog. Sci.,

7 (1969) I63-I67·
ROTIN, V. A.: (Some theoretical problems with respect to argon and helium detectors). Zavodsk.

Lab., 33 (1967) I446-I450.
SERPINET, J. AND ROCHEFORT, 0.: Nouvelles applications de la balance a densite gazeuse dans Ie

domaine des composes mineraux corrosifs et methode generale d'elimination des inter­
ferences en chromatographie en phase gazeuse. Bull. Soc. Chim. France, (I968) 4297-4299.

3b. Column performance and jilling studies
NAZAROVA, L. 1., MAKEEVA, E. D., LULOVA, N. 1. AND KUZ'MINA, A. V.: (Hydrocarbon mixtures

as stationary liquid phases in gas-liquid chromatography). Rhim. Tekhnol. Topliva i Masel,
NO·7 (1969) 56-61.

SUPINA, W. R. AND ROSE, L. P.: Comparison of Porapak and Chromosorb porous polymers.
J. Chromatog. Sci., 7 (1969) I92.

TAKACS, J., RA]CSANYI, P., KAPLAR, L. AND OLACSI, 1.: Relationship between net retention
volume and column temperature in gas chromatography. J. Chromatog., 4I (1969) 438-441.

VAN KEMENADE, A. W. C. AND GROENENDI]K, H.: On the precision of retention data measure­
ments on squalane and perdeuterosqualane. Chromatographia, 2 (I969) 148-150.

3c. Apparatus, accessories and materials for GC
ARMITAGE, F.: Some factors affe<:ting the efficiency of collection of gas chromatographic fractions

in melting point tubes. J. Chromatog. Sci., 7 (I969) I90-I91.
BHATTACHARYYA, A. C. AND BHATTACHAR]EE, A.: Werner complexes as stationary phases in gas

chromatography. J. Chromatog., 41 (I969) 446-448 - Separation of m- and p-xylene on
Ni(NCS)2(4-methylpyridine)4'

BITNER, E. D., DAVISON, V. L. AND DUTTON, H. J.: Integrated system for microreactor gas chro­
matography. J. Am. Gil Chemists' Soc., 46 (1969) II3-II7 - all construction data are
given.

CHIZHKOV, V. P.· (Circular chromatographic scheme). Zh. Fiz. Khim., 43 (1969) 804-807.
CHIZHKOV, V. P., MATYUKOV, A. A., GUREVICH, YA. A. AND LITVIN, E. F.: (Circular chromato­

graphic design of the LKHM-9 apparatus). Zh. Fiz. Khim., 43 (1969) 1053-1055.
CONDER, J. R., PURNELL, J. H. AND WALSH, R.: Switching valves for use in multi-column gas

chromatography. Talanta, IS (1968) I45-I48 - complete design is given.
Gouw, T. H. AND WHITTEMORE, 1. ]\II.: Subambient temperature modification for gas chromato­

graphs. Chromatographia, 2 (1969) 176-177.
HALASZ, 1. AND SEBESTIAN, 1.: Neue stationare Phase fur die Chromatographie. Angew. Chem.,

81 (1969) 464.
HARKNESS, R. A. AND TORRANCE, A. M. : A simple device for the automatic introduction of solid

samples in gas-liquid chromatography. Clin. Chim. Acta, 18 (1967) 489-490.
ODLAND, N. K., GLOCK, R. AND BODENHAMER, N. L.: A simple technique for trapping gas chro­

matographic samples for a capillary column for mass spectrometry or rechromatography
on another column. J. Chromatog. Sci., 7 (1969) 187-189.
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4. TECHNIQUES II

4d. Special microtechniques and functional analysis

PERRY, S. G.' Pyrolysis~gas chromatography in the vapour phase. Proc. Soc. Anal. Chem., 6
(1969) 98 .

STACK, lVI. V.: Pyrolysis-gas chromatography of biological macromolecules. Proc. Soc. Anal. Chem.,
6 (1969) 99-100.

4e. Automation

MARTIN, F. D.' Process chromatographic application of the porous polymer bead column. In
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PICHLER, H. AND SCHWARZ, G.' Untersuchung fllissiger und gasformiger Produkte der Stein­
kohlenschwelung. II. Zusammensetzung eines vVirbelschicht- und eines Fischer-Schwelteers.
Brennstoff-Chem., 50 (1969) 72-78.
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WOENCHAUS, CH., BERGHAUSER, J. AND PFLEIDERER, G. : Markierung essentieller Aminosaurereste
der Lactat-dehydrogenase aus Schweineherz mit [14C1Carbonyl-3-(bromacetyl)-pyridin.
Z. Physiol. Chem., 350 (1969) 473-483 - paper.

20. PROTEINS

2oa. Proteins
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muscle. II. Amino acid composition and activation by sulfhydryl reagents. Arch. Biochem.
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Errata

]. Chromatog., 42 (1969) 457-463.
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Page 462, Table IV, the retention time of 3-CH2CH3-pyridine should be 1.01 and
the ratio of retention times of 3-COCH3!3-CH2CH3 should be 2.1.

]. Chromatog., 43 (1969) 322-331.

Pages 328, 329, legends to Figures 3, 4, 5 and 7, pI casein should read pI casein.
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