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STEREOCHEMICALLY INTERRELATED FLAVONOIDS II

compared, exceptions being the pure racemate (±)-7,3'A',5'-tetrahydr9xyflavan
3A-diol and the (±)-z,3-dihydroflavonols. The Rp values of compounds having the
formulae I-V are given in Table 1. Values of the (±)-Z,3-dihydroflavonols are the
average for the optical isomers, which appear to have close values as shown for the
enantiomorphous (+)- and (-)-fustins (Rp , 0.37 and 0.35 respectively).

TABLE I

R p VALUES IN 2 % ACETIC ACID OF FLAVAN-3-0LS, FLAVAN-3A-DIOLS,

2,3-DIHYDROFLAVONOLS, AND FLAVAN-3-GALLATES

Compound

(a) Resorcinol series
(I) R = R' = H

(+)-Fustin (Ia)
(-)-Fisetinidol (lIa)
(+)-7,3'A'-Trihydroxyflavan-3A-diol (IlIa)
(-)-Fustin (Ib)
( +) -Fisetinidol (lIb)
,(-)-7,3'A'-Trihydroxyflavan-3,4-diol (IIIb)

(2) R = H,' R' = OH
(+) ~Dihydrorobinetin(Ia)
(-)-Robinetinidol (lIa)
(+)-7 ,3'A',5'-Tetrahydroxyflavan-3, 4-diol (IlIa)
(-)-7,3'A',5'-Tetrahydroxyflavan-3,4-diol (IlIb)

(b) Phloroglucinol series
(I) R = OH,' R' = H

(±)-Dihydroquercetin (I)
(+ )-Catechin (lIa)
(-)-Epicatechin (IV)
(-)-Epicatechin gallate (V)

(2) R = OH,' R' = OH
(±)-Dihydromyricetin (I)
(+ )-Gallocatechin (lIa)
(-)-Epigallocatechin (IV)
(-)-Epigallocatechin gallate (V)

DISCUSSION

RF

0·37
0.48
0.5 2

0·35
0·43
0-47

0·34
0.42

0.46
0-40

0.28

0·35
0.3 0

0.23

0.24
0.3 2

0.24
0.20

Those mobile flavonoid compounds which have been studied in Table I have the ab
solui;e configurations illustrated in formulae I to V. Of these, the members of the
group (+)-fustin, (-)-fisetinidol and (+)-7,3'.1' -trihydroxyflavan-3kdiol, and of
the group (+)-dihydrorobinetin, (-)-robinetinidol and (+)-7,3'A',5-tetrahydroxy
flavan-3A-diol are interconvertible, and have been shown by WEINGES14,15 to have
the same absolute configuration at C atoms Z and 3 as (+)-catechin, whereas (-)
fustii~, (+)-fisetinidol and (-)-7,3'.1' -trihydroxyflavan-3kdiol correspond to (-)
cateohin. The (+)- and (-)-fustinsI9, (+)- and (-)-fisetinidols20 , (+)- and (-)-7,3'.1'
trihydroxyflavan-3A-diols25 ,26 and presumably also the (+)- and (-)-7,3'A',5'-tetra
hydroxyflavan-3A-diols are enantiomorphous pairs of compounds. These compounds
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LATERAL DIFFUSION IN CHROMATOGRAPHY 55

These expressions differ from those in eqn. (34), especially at R values approaching
unity. An expression equivalent to eqn. (39) has been derived by GOLAY for capillary
·columns6.

Mobile fluid with circular cross section and constant velocity

This problem proceeds along the same lines as the diffusion into cylindrical rods. The
results are

I ro2

He = -( 1 - R)2v -
4 Dr

where rois the tube radius. If Rand (1 -R) are interchanged, this Dc becomes identical
in form to the one in eqn. (25).

j\1obile fluid with circular cross section and parabolic velocity

This case is analogous to parabolic flow between parallel faces. The important equa
tions are

Vr = 2V (I _ r
2

)
ro2

These equations take the place of eqns. (35), (36) and (38) for flow between parallel
faces. The effective diffusion coefficient and plate height expressions are

This expression for plate height is equivalent to one derived earlier for the influence
of lateral diffusion in capillary columns6.

The results obtained above for both stationary and mobile phases are summarized
in Table 1.

TWO OR MORE RATE PROCESSES

The method outlined above can be applied when two or more lateral diffusion processes
influence the plate height. However, as already indicated, the calculations become
excessively difficult for realistic models of packed columns. It is necessary to choose
simple models that still exhibit some of the principle characteristics of the chromato
graphic nonequilibrium. When dealing with two phases, it is not possible to choose
a model for each of the phases independently. It is unreasonable to assemble a model
that is geometrically incompatible. Thus one would not assume cylindrical rods for
the stationary phase and tubes of circular cross section for the mobile phase since

J. Chromatog., 5 (1961) 46- 60

































OXIDATION OF SULPHUROUS ACID
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Fig. 1. The effect of time upon the initial reaction rate.

TABLE II

[Fe(II)Jo = 0

Run [Ji'e(lIIJJ, [H 2S0,J, R(Fe) R(H,S,O,J Value of k,
number mole·l- 1 molc·I-1 X IO! X 102 Slope 1·mcle-1·h-1

mole. I-I. 11-1 mole·l-1 .1I- 1

1 0.0400 0.0850 0.42 0.20 0.0240 1.23
2 0.0200 0.0895 0.22 O.II 0.0403 1.33
3 0.2000 0.0468 0.85 0·35 0.0565 0.85
4 0.2000 0.0189 0-45 0.16 0.0680 0.87
5 0.2000 0.0915 1-40 0.65 0.0330 0.70
6 0.1000 0.0920 0.85 0-40 0.0030 0.86

Average value hI = 0.97 ± 0.20 l·mole-I.h-I .

copper-catalysed reaction between sulphurous acid and ferric iron is correct

Fe(nI) + H 2S03 _k_,--->- Fe(n) + HS03

Fe(n) + HS03 ~--->- Fe(nI) + H2S03

(I)

(-I)

(2)

(3)

For convenience, all sulphur species are shown as uncharged molecules or radicals.
It was found that, on adding increasing amounts of ferrous iron to the reaction

mixture deviation from bimolecularity occurs very quickly after the initial rate. From
the suggested mechanism and making the usual stationary-state assumption that
R(HS0 3) = 0, an equation relating the products and reactants with the initial
velocity constant kI may be derived:

J. Chromatog., 5 (1961) 68-73















K.EGGER

wobei rh = 3-rhamnosid, hex = 3-hexosid. Diese Beziehung (r) wird durch das in
Fig. 7 wiedergegebene Rundfilterchromatogramm veranschaulicht. Es ist mit dem
Gemisch Chloroform-Eisessig r: r, wassergesattigt, entwickelt worden.

(2) Die analytisch besonders wichtigen Aglykone, Myricetin, Quercetin, und
Kaempferol werden im Bereich 4-8 sehr gut getrennt. Die RF-Werte zeigt Fig. 4.

12 345

r------,------,--'-',--'----~--,.-10

Rr
r-I----j---+--1--+08

r--I---f-l~T-t----"rl--+-O.4

o 2 4 6 8 10
00

Hp- -CHCl3
Fig. 4. Abhangigkeit der RF-vVerte der Aglykone Myricetin (a), Quercetin (bl und Kaempferol (cl

von der Zusammensetzung des Fliessmittels. Erlauterungen vgl. Fig. 1 und 2.

Insbesondere urn 6-7.5 ist die Bestimmung von Quercetin und Kaempferol wesentlich
sicherer als bei Entwicklung in Butanol-Gemischen, wo die zu hohen Wanderungs
werte und die haufige Uberlagerung mit fluoreszierenden Begleitern stroren4 . Fig. 8
zeigt die Abtrennung des Kaempferols von dem sehr viel tiefer liegenden Quercetin,
entwickelt mit dem Gemisch Chloroform-Eisessig 2: 3, wassergesattigt.

(3) Uberraschend ist das Verhalten der Methylather, das die Fig. 5 und 6 zeigen.
1m Bereich 5-ro bewirkt die Methoxylgruppe nicht, wie beim Partridge-Gemisch,

12345
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Fig. 5. Abhangigkeit der RF-Werte der Methylather Kaempferid (a) und Isorhamnetin (bl sowie
der zugehbrigen Hydroxylverbindungen Kaempferol (c) und Quercetin (d) von der Zusammen

setzung des Fliessmittels. Erlautenmgen vgl. Fig. 1 und 2.

eine geringe Senkung des Rp-Wertes·, sondern erhoht diesen im Gegenteil so stark,
dass der MethyHHher im Chromatogramm hoher zu liegen kommt als die urn einen
Substituenten armere Hydroxylverbindung. Das ergibt die Beziehung:

RF(R - OH) < RF(R - H) < RF(R - OCH3) (C! )

]. Chroma/og., 5 (1961) 74-S1
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ACTINIUM: RADIOCOLLOIDAL BEHAVIOUR

C. LAKSHMAN RAG AND A. R. GUPTA

Atomic Energy Establishment Trombay, Bombay (India)

(Received June 28th, 1960)

147

A nUl11ber of heavy element hydroxides and sulphides are known to exhibit radio
colloidal properties!. Although many lanthanides have these properties2 ,3, the
existence of actinium hydroxide or sulphide as a radiocolloid does not appear to have
been reported. During the course of extraction and separation of MsTh-1 and MsTh-z, it
was found that the hydroxide of the latter formed a radiocolloid in solutions of high pH.

In addition to the usual methods of investigating radiocolloids, a paper chro
ma;tographic technique has been developed for the study of these colloidal systems.
The method is based on the principle that a colloid when adsorbed on chromatography
paper does not move with the eluant, while the ionic form does. The colloid formation
can be readily studied by this method.

EXPERIMENTAL

MsTh-1 was separated from z kg of thorium nitrate by coprecipitating it with barium
sulphate. The sulphates were fused with sodium carbonate and the fused mass was
extracted with water and filtered. The residue was dissolved in the minimum amount
of hydrochloric acid.

The radioactivity was assayed with the help of a scintillation counting set-up
with a NaI(TI) well-type crystal, and that on the paper strip was determined with
the Tracer-lab TGC.z GM counter in conjunction with a scaler.

(a) Adsorption of MsTh-z on sintered glass at var1:ous pH values

1 ml of the original solution containing MsTh-1 in equilibrium with MsTh-z was
diluted to 10 ml and the pH adjusted to the desired value by the addition of am
monium hydroxide. This solution was immediately filtered through a sintered glass
funnel under suction and washed with 5 ml of water adjusted to the same pH. This
operation took less than three minutes. The matter asdorbed on the sintered glass
was removed by washing it with 5 ml of concentrated nitric acid; which completely
removed the adsorbed matter, as no activity was detected in further washings. The
samples at different pH' values were counted for a week and MsTh-z estimated in
each sample. The results are shown in Fig. 1.

The coagulation isotherm at pH 9.5 is obtained by determining the percentage
adsorption at different concentrations of MsTh-z and plotting the logarithm of the

]. Chromatog., 5 (1961) 147-152





ACTINIUM: RADIOCOLLOIDAL BEHAVIOUR 149

pH. There is no significant adsorption up to pH 5, after which there is a sharp increase
in adsorption. This adsorption continues to rise with the pH till a limiting value of
75 % is reached at pH 9.5.

100

.t:
t-..
::<
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c
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-t-

I I .
0 2 4 6 8 10

pH

Fig. 1. Adsorption of MsTh-2 on sintered glass as a function of pH and time. Curve 1 : zero hour:
Curve 2: 50 hours; Curve 3: 120 hours.

When the solutions are aged, the curve shifts to the left, the shift being greater
the longer the period of aging as indicated in curves 2 and 3 in Fig. r, for 50 and
r20 hours aging time respectively. This aging effect, however, cannot be interpreted
in the same way as proposed by KURBATOV AND KURBATOV4 - 6 and BOUISSIERES et al,7

for the radiocolloidal formation of Y, Zr, Th and Ba in trace quantities. The mean life
of MsTh-2 atoms in the solution is 8.86 hours, and so aging of its solutions for periods
greater than 40 to 50 hours cannot be expected to have any effect on its adsorption
behaviour. It is, therefore, surprising to find that an aging period greater than
50 hours (curve 3, Fig. r) does influence the adsorption of MsTh-2.

10'10'

Initial concentration <:p.m.

Fig. 2. Coagulation isotherm of MsTh-2 at pH 9.5.
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THE SEPARATION OF GLYCERIDES OF MIXED FATTY ACID

CHAIN LENGTH BY GLASS PAPER CHROMATOGRAPHY

ROBERT L. ORY

Southern Regional Research Laboratory *, New Orleans, La. (U.S.A.)

(Received July 4th, 1960)

INTRODUCTION

153

MATERIALS

METHODS

Acetoglycerides, or acetin fats as they are sometimes called, are synthetic mixed
glycerides in which acetic acid is substituted for a portion of the long chain fatty
acids. They are being considered as possible lubricants for food machinery, spreads,
and as lower melting food fats1 ,2. There are presently no published reports on their
separation and characterization by means of paper chromatography.

The following report describes a method which separates several glycerides of
fatty acids of mixed chain length on glass paper impregnated with silicic acid.

Glycerides

1,3-Distearin, diolein adipate, 1-mono-palmitin, 1-aceto-3-stearin, 1-butyro-3
palmitin, 1,3-diolein, I -aceto-3-olein, l,z-diaceto-3-stearin, z-aceto-1,3-distearin,
1-monoolein, 1-monostearin, and I,z-diaceto-3-olein were synthesized by first
preparing acetone glycerol by the method of FISCHER AND PFAHLER3, then acylating
according to the method of AVERILL, ROCHE AND KING4 . Triolein, tristearin, stearic
acid, oleic acid, I,z-dipalmitin, I,3-dipalmitin, and palmitic acid were commercial
products recrystallized to constant melting point. All compounds were shown by
chemical methods to be 98-99 % pure.

Solvents

The developing solvents employed were z :98 and 5 :95 (v/v) ether in isooctane.

Preparation of paper

Glass fiber filter paper, type 934-AH (H. Reeve Angel and Co.) * *, was cut into 4 X 7
in. sheets and heated in a 600 0 oven for one hour to remove the organic binder present.

* One of the laboratories of the Southern Utilization Research and Development Division,
Agricultural Research Service, U. S. Depacrtment of Agriculture.

* * Trade names are given as part of the exact experimental conditions and not as an endorsement
of the products over those of other manufacturers.

]. Chromatog., 5 (1961) '53-156





















SEPARATION OF HEAVY RARE EARTHS

the maximum, the first .free volume was always subtracted, the two sets of values
can be directly compared. This comparison shows that the differences between the
values obtained by dynamic and static methods are not great and can be caused by
experimental errors occurring in both methods. The separation factor defined as the

TABLE I

POSITIONS OF THE MAXIMA

AND THE PARTITION COEFFICIENTS OF HEAVY RARE EARTHS RELATIVE TO THOSE OF Tb
Eluting agent: 12.3 JY[ HN03 .

Tb Dy Ho Er T", Yb Lu

Position of the maximum 1.0 1.5 2.0 2.S 4·3 6.0 7·4
Partition coefficient 1.0 1.6 2.1 2·9 4·4 5·9 7. 2

ratio of the positions of the two maxima is given in Table II. It appears from these
data, that the separation factor for the Yb-Lu pair is exceptionally small and that
this pair plays the same role among the heavy rare earths as the Eu-Gd pair does
among the light rare earths. The position of Y when eluted with 11.5 M HNOa is
between Er and Tm (see Fig. I).

TABLE II

SEPARATION FACTORS OF PAIRS OF NEIGHBOURING HEAVY RARE EARTHS

Eluting agent: 12.3 M HN03 .

Tb-Dy Dy-Ho Ho-Er Er-Tm T",-Yb Yb-Lu

1.5 1.33 1.53 1.2 3

Elution with HCl

It has been shown by PEPPARD et al. 4 , that rare earths are extracted by TBP from
HCl solutions. It therefore seemed worthwhile to find out whether Hel can be used
as eluting agent instead of HNOa. In Figs. 4 and 5 two examples of elution of some

200fDD

Fig. 5. Separation of Tb-Er-Tm-Yb with 12.3 J1![ HC!.

lDOD T., 2000

Tm Tb or
Er

!;

~
'2

.!;

~t (DOO fOOD
Tm

8

fDD

Fig. 4. Separation of Tb-Er-Tm
Yb-Lu with II.S M HCL
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heavy rare earths with II.8 M and 12.3 M HCI are shown. As can be readily seen
the elution curves are not much less favourable than those obtained with HN0 3 as
eluting agent. The separation factor in the system HCI-TEP calculated from the
positions of the maxima (see Tables III and IV) is even greater than in the system
HN0

3
- TEP. Nevertheless, only the heaviest rare earths can be separated by elution

TABLE III

POSITIONS OF THE MAXIMA OF SOME HEAVY RARE EARTHS RELATIVE TO THE POSITION OF THAT OF Tb

Eluting agent: HC!.

Concentration
ofHCI Tb Er Tm Yb Lu

M

II .8 1.0 2.0 3. 2 6.2 9·2
12·3 1.0 2·9 5·4 13.6

TABLE IV

SEPARATION FACTORS OF SOME PAIRS OF HEAVY RARE EARTHS

Eluting agent: HC!.

Concentration,
ofHCI Tb-Er Er-Tm Tm-Yb Yb-Lu

M

11.8 2.0 1.6 1.94 1.48
12·3 2·9 1.86 2.5 2

with HCI, since the partition coefficients for lighter rare earths are too small even
in the most concentrated solutions of HCI available. It should be noted that the
influence of the HCI concentration on the positions of the maxima is very strong,
and that the separation factor for the Yb-Lu pair is smaller than that for the Tm-Yb
pair, as in the case of HN03 as eluting agent.

The effect of the amount of rare earth and of the volume of the solution introduced into the
column

It has been observed in the course of the work with light rare earths that the shape
of the elution curve of gadolinium and the position of its maximum depend on the
amount of gadolinium introduced into the column. In order to examine this effect
more closely two sets of experiments with the Tb-Tm pair were carried out. In the
first set of experiments the amount of Tm was kept constant and very small (below
0.01 mg) and the amount of Tb was gradually increased up to 0.8 mg. In the presence
of more than about 0.1 mg of Tb carrier a change in the shape of the elution curve
of Tb was noted. The curve became broad and asymmetric and the position of its
maximum was shifted towards the left. This effect increased with the amount of
added carrier. The influence on the elution curve of Tm was less pronounced, although

j. Chromatog., 5 (1961) 161-165











SEPARATION OF NITRATE AND TOSYLATE ESTERS 169

EXPERIMENTAL
Materials

All solvents were c.P. grade and were used without further purification. The nitrate
and tosylate esters were identical with samples described previously5, 6. Whatman
No.1 filter paper was used throughout.

Procedure

Dishes containing the two layers of the solvent mixture were placed at the bottom
of the chromatographic tank and the top trough was filled with the hydrocarbon
layer. The filter paper sheet was spotted with the materials to be tested and fastened
to a glass rod which was then suspended directly below the lid of the tank by strings
passing through a hole in the lid or by a glass rod in a device similar to that described
by POTTER, LINDAY AND CHAYENlO• The paper was held over the top trough for at
least 4 h, then lowered into the solvent so that descending irrigation could take place.
The solvent was fast running (about 20 em/h) and after a suitable development time the
paper was removed and the solvent front marked quickly before the solvent evaporated.

The paper was allowed to dry, sprayed with 1 % alcoholic diphenylamine, dried
and exposed to U.v. light for 5 to 10 min. The nitrate esters were detected as yellow
spots on a white background in daylight or: black on white under u.v.light. The tosylate
esters were strongly fluorescent under the u.v. light.

ACKNOWLEDGEMENT

This work was supported by the Defence Research Board of Canada.

SUMMARY

Three water-insoluble diastereoisomeric nitrate esters were cleanly separated on
untreated filter paper by the use of alkane-methanol solvents. Addition of benzene
to the solvent system permitted a similar separation of the corresponding ditosylates.
The effects on the RF values of variations in the solvent compositions were readily
explained on the basis of the ester solubilities. The method should be applicable to
a wide range of hydrophobic substances.

A photochemical reaction of diphenylamine with the esters has been developed
as a convenient method for detecting them on chromatograms.
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SHORT COMMUNICATIONS 179

on Whatman No. I paper impregnated with 0.5 M RCI solution, dried, and developed
25-35 cm with n-butanol-HCI (98:2 v/v), water-saturated, are reported in Table I.
Revelation was achieved by spraying the dried paper with modified Dragendorff
reagent.

The major alkaloids, in the several root samples investigated, are III and V; the
major quaternary base is VI. Compound II is choline. None of these alkaloids is
nicotine and this compound has not been observed in root and leaf samples in
vestigated.

A. ROTHER

C. K. ATAL

D. GOLD

A. E. SCHWARTING

University of Connecticut School of Pharmacy, Storl's,
Conn. (U.S.A.)

This work was supported in part by contract with the United States Army Chemical
Corps.

1 M. COVELLO AND G. CIAMPA, ]. Chromatog., 3 (1960) 591.
2 C. K. ATAL, Ph. D. Dissertation, University of Connecticut, 1958, and unpublished data.

Received September 29th, 1960
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Gas chromatographic analysis in fractional
distillation of multi-component systems

The course of fractional distillation of a multi-component system is commonly
followed by noting the changes in boiling points and/or refractive indices. These
techniques are not completely adequate in those cases in which the boiling points
are very close and the differences in refractive indices are very small or non-existent.
Gas chromatography offers a very useful and indispensable tool for following fractional
distillations of this type. Gas chromatographic analysis of each fraction as the distilla
tion proceeds permits one to make a more judicious choice in effecting the best
separation of the components and therefore obtaining a maximum amount of each
component in high purity.

In this note, the utilization of gas chromatography in the purification of 2,2,4,6,6
pentamethylheptane (PMH) by fractional distillation is described.

Experimental

PMH was prepared by catalytic hydrogenation of commercially available triiso
butylene1 . The crude PMH, after washing and drying, was charged to a total conden
sation, intermittent take-off-type distillation column. The packed section, I in. by
4 ft., was packed with Podbielniak Heli-Pak No. 2II7 stainless steel packing. The
column and take-off valve were designed so that the distillate did not come in contact

]. Chromatog., 5 (1961) 179-181
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BOOK REVIEWS

Die Papierelektrophorese. Methoden und Ergebnisse, by CH. WUNDERLY, 2nd Ed.,
Verlag H. R. Sauerlander & Co., Aarau and Frankfurt a.M., 1959, 202 pages,
72 figs., price Sw.Frs./DM 18.80.

The rapid expansion of paper electrophoresis, which has brought electrophoretic
analysis within the reach of even small hospitals, was accelerated by the' readiness
of the founders and pioneers of moving boundary electrophoresis to accept the
paper technique; they were fortunately free from prejudices against new methods,
so often encountered in narrower minds. \'\TUNDERLY, one of the co-authors of the
classical manual Die Bluteiweisskorper des M enschen, belongs to these pioneers
and he was able to incorporate the experience of many years already in the first
edition of his Papierelektrophorese. The second edition (1959) covers a substantial
part of the literature that has appeared since 1954; although it includes more than
three times as many references (1665), the number of pages has only been doubled.
The book has been entirely rewritten, but characteristic features of the first edition
have been retained and in some cases emphasized; the book deals mainly with
proteins, especially blood proteins (only 12 pages of the special part are devoted to
non-protein substances), and it has been the aim of the author to give a maximum of
information in a minimum of space (this is facilitated by a clear and distinct print
and excellent paper); the sections on analytical techniques and reviews of biological
applications are well balanced.

The second edition is introduced by a preface by P. K6NIG*. Although the
format and size as well as the numerous practical hints it contains correspond to a
laboratory manual, the book also gives an authoritative report on recent progress.
\'\Then seeking a reference, the reader is saved the trouble of turning over the pages
by the system of numbered references on every page, which is extremely useful for a
book of this type. Limitations imposed by the size of the book made it impossible
for the author to cover the formidable amount of literature completely and to discuss
all the results obtained by the authors quoted. For a more exhaustive treatment, the
reader should consult a monograph such as Electroforesis em papel by RIBEIRO et al.

Among the points of technical interest it is worth noting that the book mentions
the application on dry paper as the sole method even in the case of protein-containing
samples. The suggestions on staining technique and on the use of polyethyleneimine

* Wie are informed in a footnote that this is one of the last documents written by Dr. PAULO
KONIG, who died in Sao Paulo on November 8th, 19)8. The reviewer would like to take this
opportunity of commemorating this founder of paper electrophoresis of proteins. with whom he
had occasion to exchange several letters. Although Dr. KONIG gave up this kind of work many
years ago, his ideas of a chromatographic arrangement based on the molecular sieve effect showed
acuteness of intellect similar to that which had manifested itself in the first communication on
paper electrophoresis of proteins in 1937.
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!:-:TRODlfCTlO:-:

The need is often encountered in instrumental analysis for recording the integral
of Ihe instrument output signal. Especially frequent lise has been made of this pro
cedure in recent years in gas chromatography. In another category of analytical
technitjues. including paper chromatography. it is often desirable to integrate the
density of a dewloped pattern on paper. 111m or the like, In either case, the signal
or pattern to be integrated comprises a series of more or less discrete "events", such
a", peaks or spots. and it is of interest mainly to kno\\-' the integral only within the
time (or position) inten'als defining these separate events. In practice, Ihe integral
vallie has been either (a) continuously recorded. with provision made for correlating
the value with the beginning and end of each e\·ent. or (h) recorded only at the instant
of beginning or end (or both) of ('ach event by lise of suitable means for sen"ing these
occnrrences.

The method most widely used has been to mark the abscissa axis of the record
continuously with a series of pips at a frequency proportional to tlie signal, the pip
count bein~ thereby a measure of the integral between selected ahscissa values. The
counting of such pips is, however. often lahorious. and suhject to error. Further. it is
difficult to select a pipping rate that will hoth give sufficient precision Oil small peaks
and avoid t.he merging of pips on large peaks. In another type of apparatus', the
integrator drives a print-out numerical counter \\'hich records the integral value
automatically at the start of each new peak (and, by manual triggerillg. at tlie end
of last peak). A difficulty here is tha!. the trigger circui t must distinguish thC' occurrence
of new peaks from hase line Iloist' or zero drift.

The present paper discusses several related analog methods that eliminate bot h
pip counting and the need for any trigger circuitry. Indication of the beginlling
and end of "events" is automatic and inherent in the techniques. One of these
methods is particularly simple and especially suited to gas chromatography. In a
modified form, this technique may be applied to the automatic integration of an array
of spots of variable shape and density, as in paper chromatography,

• Perkin-Elmer C.orp.. Norwalk, c..onn.
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a' to e', Fig. 5(b). As drum I continues to rotate, bringing band e under the scanning
site, the starting line on the sensitive sheet is again brought into alignment with the
writing spot, in readiness for the next scan, as follows: Opaque band e, moving
under the scanner, drives the amplifier to saturation and causes the integrator to
drive drum II at relatively high speed. This speed is such as to cause negligible
exposure of the paper. The speed is high enough moreover that, if need be (at abscissa
positions where there is no chromatogram spot), drum II may turn a full revolution
before opaque band e completely traverses the scanning site. A mechanical stop
arrests drum II when it reaches the starting line position. At the moment, however,
that band e just clears the scanning site, a switch actuated by drum I releases this
stop (freeing drum II for another revolution), and so synchronizes the starting time
for ensuing scans on both drums.

SUMMARY

Some new analog methods of integration recording are discussed that eliminate the
need for pip counting, or for trigger circuitry to sense the beginning and end of
"events" in the signal, such as signal peaks. One version especially suited to gas
chromatography appears to be the simplest yet devised, requiring only a ball-and
disk integrator driving a light-sensitive paper past a constantly illuminated slit.
The paper is a dry, self-developing, comme.rcially available type. By modification
of the technique, an array of spots of variable shape and optical density, as in paper
chromatography, may be transformed entirely automatically into a configuration
from which the integrated density of the original spots may be more directly and
rapidly determined.
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e.g. a mixed acetic .acid-formic acid solution. In this case, the energy which can be
dissipated per unit area (WIcm2) without leading to a significant temperature rise
will be the governing factor.

Cooling efficiency

Water or refrigerated brine can be used to carry away the heat from the plates, the
most effective way being circulation of the coolant in a system of channels milled
out of the plates. If a refrigerating unit is used, the coolant is best re-circulated by
a suitable pump.

The present design uses as a coolant tap water without refrigeration and re
circulation. The quantity of water required to dissipate the average energy throughput
can be calculated from the following considerations: supposing the temperature
of the cooling water to be 12°, the energy throughput 1500 Wand the amount of
energy converted to heat as 20 'Yo, i.e. 300 W or 258 kcallh, then a flow of 720l/h
will be sufficient to prevent any significant rise in temperature. Measurements have
shown the average temperature differences between inflow and outflow to be within 1°.

'With a lower current consumption and water temperature, the conditions will be
even more favourable.

The effect of efficient cooling is shown by the constancy of current consumption
during the run, giving thus a certain indication of constancy of temperature, ionic
strength, moisture and potential difference, all important factors ensuring steady
conditions in the p.aper strip.

A vital point in the calculation mentioned is the assumption that heat transfer
from the heated surface (paper) to the coolant is uninterrupted and almost instan
taneous. This is, however, not the case and thus the results can only be approximate.

A ir pressure

The pressure applied to the top plate need be only moderate. Measurements have
shown that a pressure of 1.5 lb./sq.in. is sufficient to ensure good contact between
paper, Polythene film, and cooling surface, without undue interference with the
proper moisture level of the paper strip. Increasing pressure leads to less moisture,
lower current consumption, lower migration rates, and deterioration of cooling
efficiency. At pressures of 6-8 lb./sq.in., lack of sufficient moisture leads to inefficient
cooling of the cellulose fibres instead of the solution between the fibres. A good
control of air pressure will ensure high reproducibility of the results.

Cooling plates

A very important poin't is the quality of the plate surfaces. Utmost attention to the
finishing of the surfaces to an overall flatness of 0.001 in. is essential for uniform
cooling and avoidance of warm spots responsible for distortion of migrating zones
and breakdown of the insulation. Systematic temperature gradients over the whole
area must also be avoided. This is best done by the choice of an effective channelling
system for the coolant, preferably a double-countercurrent flow; smoothing out any
differences in temperature between inflow and outflow.

]. Chroma/og., .5 (1961) 194-206
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discrete steps. All pieces of this model had been chrome-plated to reduce any corrosion
and cleaning problems.

The second part of this applicator was made by securing a precision hypodermic
syringe with adhesive to a maple sled as shown in Fig. 1. There is an overhang on
the back of the sled to act as a guide when it is moved along the lower machinist's
edge. The back of the syringe plunger had been given a hemispherical shape where
it touched the upper bar. The hypodermic needle tip had been cut to an appropriate
length, ground smooth, and given a slight backward curve to avoid tearing the paper.
The whole assembly was then mounted on a wooden base and fitted with a bracket
to hold the paper sheets as shown in the figure.

The operation of the applicator is carried out as follows: A sheet of chromatog
raphy paper is first placed on the bracket of the applicator and the sample solution
loaded into the syringe. The sled with the plunger maintained in its extended position
is then placed on the lower bar and moved slowly along until the back end of the
plunger contacts the upper bar and forces out some solution. The needle tip is then
wiped dry and the paper moved into position so that one edge touches the needle tip.
The paper is then held firmly in position. As the sle~ is moved toward the apex of
the angle of the two straight edges, the plunger is forced into the syringe and the
solution is applied uniformly to the sheet.

The volume of solution applied per lineal dimension may be varied in three
ways. The angle between the two bars may be changed, syringes calibrated to different
sizes may be used, and multiple streaks may be applied. If multiple streaks are used,
it is advisable to dry each application before a subsequent streak is made to prevent
the formation of an unduly wide starting line.

In an effort to measure the linearity or uniformity of the applied streak of
solution, the following trial was made. The syringe was filled with water and placed
in streaking position on the lower straight edge. A stop was then clamped securely
1.5 in. down the bar. As the sled was moved slowly toward the stop, the ejected
water was taken up in a tared glass capillary tube. The stop was then moved 1.5 in.
further down the bar and the process repeated. This was continued in nine steps which
reached from one end of the machinist's edge to the other.

The results of two such trials are summarized in Table 1. A linear regression
analysis of each data set was made in which the volume delivered per 1.5 in. increment
was measured as a function of position on the applicator. The very small random
values obtained for the slopes of these two regression lines, - 1.50' 10-5 and + 3.33·
10-6 ml/L5 in. per increment, corroborate the linearity of the applied streak over the
length of the applicator. A measure of the precision of this method may also be
obtained from these data from the magnitude of the standard deviation, 0.00023 mIl 1.5
in., of all the individual observations from the overall average. When replicate sam
ples from one streak are averaged, as will normally be done, the standard deviation will,
of course, be smaller (e.g., the standard deviation of the average of each set in Table I
from the overall average is 0.00006 ml/L5 in.). It must be pointed out that a portion
of this error can be ascribed to the collection and weighing of the delivered liquid.
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which the standard deviations from the overall average of each sample set are both
approximately 0.034 mequiv. per 3 in.

EXPERIMENTAL

A nalysis tor s-hydroxymethyl-2-turaldehyde

An extensive investigation of various solvent systems for irrigating the papers did
not result in one system which could handle both S-hydroxymethyl-z-furaldehyde
and levulinic acid satisfactorily. Consequently, separate systems were employed
in the analysis of each. The solvent system used in the analysis of s-hydroxymethyl
z-furaldehyde was suggested by BUCH, MONTGOMERY AND PORTER3 and was the
organic layer which results from the mixing of equal volumes of 5 M formic acid
and pentanol. This irrigating system resulted in a compact band of s-hydroxymethyl
z-furaldehyde with an RF value of 0.75. Quantitative tests performed to determine
its distribution over the entire sheet indicated that less than I % of the material was
located outside of the indicated band.

The analytical procedure employed involved streaking the solutions onto 18 by zz
in. sheets of Whatman NO.3 MM chromatographic paper, irrigating them at 30° for
IS hours with the formic acid-pentanol solvent, drying them, and locating the band
of S-hydroxymethyl-z-furaldehyde with the aid of an ultraviolet lamp. Four samples,
each 75 mm wide, were then cut from this band and placed into individual beakers
containing predetermined quantities of distilled water to elute the s-hydroxymethyl
z-furaldehyde. Since solutions of this material follow Beer's law, their concentrations
were determined from the optical absorbence with a Beckman Model DU spectro
photometer at z84 mfl. It should be noted that the very dilute solutions of S-hydroxy
methyl-z-furaldehyde required by the spectrophotometer show a tendency to degrade
when stored in sunlight at room temperature. This degradation will not occur
significantly if they are kept under refrigeration and in the dark. In practice, direct
sunlight and long delays in analysis should be avoided.

This method was calibrated with carefully recrystallized samples of S-hydroxy
methyl-z-furaldehyde prepared in this Laboratory and the results of this calibration
are shown in Fig. z. A linear regression analysis made on these data employing the
method of least squares indicated a correlation coefficient of 0.99 (significant well
below the I % level) with a standard error of estimate from the regression line of
0.031 mg per 75 mm. The slope of this line is 0.919 and the intercept value of 0.006
agreed closely with the experimentally determined paper blank.

From these results it is evident that approximately 8 % of the material applied
was not covered. A detailed investigation into the possible sources of this loss,
including several chromatographic separations of the same sample of S-hydroxy
methyl-z-furaldehyde, seemed to indicate that the loss is due to its volatilization
during the removal of water after streak application, prior to irrigation. Since the
loss is constant over a several-fold change in concentration and is satisfactorily
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Fig. 3. Ultraviolet absorption spectra for s-hydroxymethyl-2-furaldehyde and related compounds.

Analysis tor levulinic acid

Free levulinic acid is too volatile to yield a reproducible, quantitative chromatographic
separation. Therefore, the possibility of separating it as a salt was considered and
it was found that ammonium levulinate would chromatograph into compact, quanti
tative bands when a mixture of ethanol (95 %), aqueous ammonia (29 %), and water
in a volumetric ratio of 100: 5: 5, respectively, was used as the irrigating solvent.
This system resulted in the following Rp values for these major components of the
reacted glucose solutions:

Component RF

Glucose 0.30
Ammonium formate 0.35
Ammonium levulinate 0.40
5-H ydroxymethyl-2-furaldehyde 0.75

The method employed to measure the amount of the separated levulinic acid was
suggested by PLOETZ AND BARTELS4 and FROST AND KURTH5, and depends on the
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NO.3 MM chromatography paper. In these trials, a streak of LO N ammonium
carbonate was first applied to the paper and dried. The solution of levulinic acid
was then applied over the first streak and thus converted to ammonium levulinate
in situ. After a 15 hours irrigation with the designated solvent, the papers were dried
and four 75 mm vertical strips removed for analysis. The remaining guide strips were
sprayed with a 2,{-dinitrophenyl-hydrazine indicator (2 g dissolved in 400 ml of
10 % hydrochloric acid) to locate the position of the levulinate band. This position
was marked on the 75 mm strips and the corresponding area containing the levulinate
removed for analysis.

The ammonium levulinate was eluted from the paper tabs in a modification of
the method described by SAEMAN et al. 2 • To accommodate the thick 3 mm paper,
the lower glass plate was substituted' for by a stainless steel plate with a notch
0.125 in. wide by 0.008 in. deep milled into the front edge. In this method, the material
is eluted from the paper tab and collected completely in a 0.75 ml capillary pipette.
The solution was then transferred to a 50 ml Erlenmeyer flask for analysis. Since the
ammonium ions interfere with the iodometric analysis, it was necessary to remove
them by adding 0.25 ml of 0.5 N sodium carbonate to the flask and evaporating the
solution to dryness. This was done at room temperature under a reduced pressure
aspirator in a vacuum manifold arrangement capable of handling several samples
at one time2. The dried sodium levulinate was then put back into solution with I ml
of distilled water and the analysis carried out as described above. The results of these
analyses are also shown in Fig. 4 where the amount of levulinic acid applied to the
paper is plotted as a function of the iodine consumed.

The data of Fig. 4 indicate that the chromatographic separation and recovery
of levulinic acid in the manner described is quantitative and that the proposed
technique may be employed with confidence within the range studied. A linear
regression analysis of all the data shown in Fig. 4 was made and a correlation coefficient
of 0.99 was obtained. The slope of the line is 16.27 mg of levulinic acid per mequiv.
of iodine consumed and the data show a standard error of estimate from the regression
line of 0.059 mg.

Application of chromatographic techniques

The techniques described have served effectively in an extensive study of the acid
catalyzed decomposition of glucose: The sample applicator aided significantly in
analytical scheme by reducing the time-consuming step of sample application, and
the analysis schemes for 5-hydroxymethyl-2-furaldehyde and levulinic acid proved
very reliable.

SUMMARY

In the course of a kinetics study into the production of 5-hydroxymethyl-2-fural
dehyde and levulinic acid from aqueous acid solutions of glucose, a sample applicator
was developed for use in paper chromatographic separations. This applicator is
capable of delivering a continuous. uniform streak of the sample solution to the paper
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GAS-LIQUID CHROMATOGRAPHY OF VOLATILE METAL HALIDES

ROY A. KELLER

Dcpal'tment of Chcmistl'y, Univcl'sity of A l'izona, Tucson, A j'iz. (U.S.A.)

(Received July 22nd, 1960)

In general, gas chromatography has largely been concerned with the separation of
volatile organic compounds and very little has been done with metals. Development
of high temperature techniques has now opened up this area. Two trends are apparent
in the results reported so far. One involves the use of fused salts as the immobile
phase while the other is the use of slightly volatile liquids such as silicones or vacuum
greases usually encountered in high temperature work. Both have advantages and
disadvantages. The former, while useful at very high temperatures, are difficult to
prepare on the support, especially in anhydrous form, and are subject to reaction
with the solutes. The latter are lost from the column, redistribute on the support,
may be thermally unstable, and are capable of reaction with the solutes.

DE BOER1 chromatographed a zinc-cadmium alloy on lithium chloride at 620°.
There was evidence that separation was not due to simple distillation but involved
interaction between the solute and the immobile phase. JUVET AND WACHI2 used a
eutectic mixture of BiCl3-PbCl2 at 240° in a separation of titanium(IV) chloride
and antimony(III) chloride to avoid volatile organic partitioners and undesirable
reactions between solute and immobile phase. With regard to fused salts, it is interest
ing to note that HANNEMAN, SPENCER AND J OHNSON 3 chromatographed C15 to C28

n-paraffins and polyphenyls on a eutectic of alkali metal nitrates at 300°. On the
basis of the variation of HETP with flowrate, the linear relation between the log
retention time and carbon number for homologous series, and symmetrical peaks,
they concluded that molten salt phases behave in the same manner as organic
liquids. Apparently small samples were necessary to obtain these results. The results
indicate only linear kinetics and not necessarily solution in the immobile phase.
Consideration of adsorption of the solute at the liquid-gas or liquid-liquid interface
has been neglected in all accounts of chromatographic theory4, 5 and this phenomenon
may prove to be of major importance with fused salts. The short retention times
reported by HANNEMAN et at. may be an indication of this since such an adsorption
might not involve appreciable diffusion into and out of the immobile phase thus
reducing the period of fixation by this phase.

DUSWALT6 suggested that since the acetyl acetonates of Mn, Pb, Zn, Co, Ni, Fe,
Cu, Be, Hg, AI, In, D, Th, and Cr are thermally stable, they ought to be considered
as solutes for gas chromatographic (GC) separation since a number of them are known
to be volatile. He prepared and tested the acetyl acetonates of AI, Be, Cd, Hg, Sc,
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and 2n obtaining peaks for Be, Sc, and 2n on silicone oil and propylene glycol-adipic
acid polymer supported by Celite at 225°. Failure to obtain peaks for Al and Hg
was attributed to too Iowa temperature of the sample injection unit. Very broad
peaks were traced to this same source. We feel this same deficiency in the work
reported here.

FREISER7 separated tin(IV) chloride from titanium(IV) chloride at 102° using
n-hexadecane (31 % by weight) on Chromosorb as the immobile phase. The ratio
of the vapor pressures of tin(IV) chloride to titanium(IV) chloride (1.91) was nearly
the inverse of the ratio of retention times (2.32). The peaks were very nearly sym
metrical and well resolved. A small minor peak, very close to the air peak, was observed
with the sample containing titanium(IV) chloride (see Fig. 4A for this same result
in the present work). Whenever a large quantity of either of these solutes was used,
the peak was preceded by a "foot" never exceeding I mV on a 10 mV range (see Fig.
4B); the recorder went off scale with the major peak in these cases. The foot or shoulder
is very similar in appearance and formed under the same circumstances as those
observed by WEURMAN AND DHONrS in the chromatography of alcohols on poly
ethylene glycol. They suggested that the immobile phase decomposed to give formic
acid which then esterified with the alcohol to give the faster moving ester. KIESER
AND SISSONS9 attributed the effect to reaction with formaldehyde and formic acid
present as impurities in· the polyethylene glycol used to prepare the partitioner.
It would seem that in either case the ester would continually be produced in the
region of the column containing the migrating alcohol and appear as a shoulder
rather than as a well defined peak as it is eluted from the alcohol zone. In our case,
a decomposition product might be produced in the zone containing the inorganic
halide and the product then moving out of this region to give a shoulder. This phe
nomenon might well be discussed from the viewpoint of KELLER AND GIDDINGS10

as a special case of multiple-zone formation. We have also observed the aforementioned
peak superimposed on these shoulders resulting in some rather unusual concentration
profiles indeed. These secondary effects were always minor compared to the major
peaks and there was no confusion in identifying the major constituent. Recognizing
that the column was being operated appreciably above the recommended maximum
temperature of 40° for the n-hexadecanell, little more was done with this partitioner,
it having been established that separations were feasible. In spite of this higher
temperature, there was no drift in the base line or condensation of partitioner in the
outlet tube which are generally the symptoms of loss of immobile phase. An extension
of this investigation has already been reported12.

WACHI13 attempted the chromatography of tin (IV) chloride and titanium(IV)
chloride on silicone grease and Apiezon 1\1 grease supported on firebrick in stainless
steel columns with the sample port at 150° and the column at 125°. Failure to obtain
peaks was attributed to complete reaction of the chlorides with the greases and the
walls of the column. Chromatograms of iron(III) chloride on these two partitioners
at 325 ° also failed. WACHI then turned to fused inorganic eutectics in seven foot
glass columns (the fused salt partitioners reacted with stainless steel) and reported:
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(I) A chromatogram of tin(IV) chloride on a 41 % by weight cadmium chloride
pot;;tssium chloride eutectic (m.p. 383°) at 464° (sample injector at ZI00). (z) Partial
resolution of tin(IV) chloride and antimony(III) chloride on this eutectic at 474°.
Base line drift was attributed to temperature variation of the furnace. (3) Chromato
grams of tin(IV) chloride and titanium(IV) chloride on 37 % by weight aluminum
chloride-sodium chloride at 145° and 143° respectively (sample injector at lOgO).
(4) Partial resolution of a mixture of tin(IV) chloride and titanium(IV) chloride on
this eutectic at 1450. Poor results were attributed to the insolubility of the latter
compound in the eutectic. (5) Failure of nitrate eutectics to separate the transition
metal chlorides due to the oxidizing properties of the nitrates. (6) GSC chromatograms
of tin(IV) chloride and mixtures of it with titanium(IV) chloride on a 1Z ft. column
of C-zz firebrick at 141°. Resolution was very poor and the retention time was short.
In all these cases flowrates were either zo or 30 ml of nitrogen per min and retention
times were all very nearly 5 min which is considerably less than we have observed.
WACHI concludes that the eutectics act as a partition medium. We do not substantiate
his conclusion that metal columns cannot be used with volatile inorganic materials
because of reaction with the metal. We do not contest the statement that the eutectics
react with the metal. The preparation of coiled glass columns, packing them, and
coating of the firebrick with an anhydrous eutectic salt present some considerable
challenges in technique. WACHI'S use of a flash vaporizer as the sample injection unit
is an improvement on DUSWALT'S and our own apparatus.

We estimate the vapor pressures of titanium(IV) chloride and antimony(III)
chloride to be 6530 mm and II97 mm respectively at z40014. The ratio of the vapor
pressures of the first to the second is 5-46 while the inverse ratio of retention times
is 6.0 for the fused salt immobile phase (JUVET AND WACHI2). Here, as with the
n-hexadecane, emergence is ordered according to vapor pressure and little or no
chemical interaction or, at least, the same degree of interaction of solute and immobile
phase is indicated.

TABLE I

VOLATILITY OF CERTAIN METAL HALIDES

Boiling point (OC) Boiling point (OC)
Metal Mdal

Cl Br Cl Br

Boron(III) 12·5 gO.la 210 Antimony(III) 223 280 4°1
Silicon(IV) 57.6 153 2g0 Niobium(V) 24°·5 27°
Germanium(IV) 83. 1 186·5 Tantalum(V) 242 320
Tin(IV) 114.1 202 b 34 1 Gold(III) 2655
Arsenic(III) 130 .2 221 4°3 Molybdenum(V) 268
Titanium(IV) 136 -4 23° >360 Tungsten(V) 275.6 333
Vanadium(IV) 149·5c Mercury(II) 3°2 322 354
Antimony(V) 14° 400 .6 Iron(III) 315
Aluminum(III) 177.85 263·3d 382 Zirconium(IV) 3005
Gallium(III) 201.2 278 .8 3455 Tungsten(VI) 346 .7

a 740 mm Hg pressure
d 747 mm Hg pressure

b 734 mm Hg pressure
s Sublimes

c 755 mm Hg pressure
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That inorganic halides are likely solutes for GC separation is demonstrated by
Table 114 •

The investigation described here involves tin (IV) chloride, titanium(IV) chloride
niobium(V) chloride, and tantalum(V) chloride on several partitioners at different
temperatures.

Analyzer

Analyses were made with a Cenco No. 70130 Vapor Phase Analyzer (Central Scientific
Co., Chicago, Ill.) equipped with a katharometer detector. Column, katharometer,
and sample injection unit were all at the same temperature. Concentration profiles
were recorded on a Leeds and Northrup Speedomax Model S, variable range, variable
sensitivity recorder of I sec response time and 30 in./h chart speed. A dry box
containing a drying agent and through which dry nitrogen was passed, was placed
above the sample port to permit sample introduction under anhydrous conditions.
Fuming was still observed, however. This same dry box was used in the preparation
of solutions. Sample introduction was by a 0.25 ml hypodermic syringe. Driving
pressure was measured by a mercury manometer placed at the source of the helium
carrier and flowrates were measured by means of a soap-filmflowmeterll and stopwatch.

Columns

The columns were all of coiled 0.25-in. copper tubing, 1.60 m in length (actual length
of packing).

Partitioning agent

The partitioning agents were supported by Red Chromosorb (Johns-Manville, New
York, N.Y.) dried at 125° for 48 h before application of the immobile phase. The
immobile liquid was applied by dissolving it in diethyl ether and then evaporating
off the solvent while in contact with the support with constant stirring. The material
was then kept in a vacuum desiccator at reduced pressure for two days to insure
removal of the ether and size graded to 30-60 mesh. Quantities of the packing were
weighed, the column packed, and the remaining packing weighed to determine the
actual weight of material in the column. Weighed samples of the materials were also
extracted with diethyl ether using a Soxhlet extractor to determine the quantity
of immobile phase present. Table II summarizes the important characteristics of
each column. Squalane column I was used in the chromatography of the individual
solutes at the three different temperatures while column II was used in the chromatog
raphy of a mixture of the four at 200°. The columns were conditioned by passing
helium through them for 4-5 h at IOO o before analyses were made.

Solutes

Tin(IV) chloride (]. T. Baker Chemical Co., Phillipsburg, N.]., c.P.) and titanium(IV)
chloride (Kahlbaum, Chemische Fabrik, Adlershof bei Berlin) were used as the
liquids (sample sizes of 0.oI5 to 0.02 ml). Niobium(V) chloride (Stauffer Chemical
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EFFECT OF THE DRYING TEMPERATURE ON THE

ION-EXCHANGE PROPERTIES OF ZIRCONIUM PHOSPHATE
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Laboratorio Chimico della Divisione Geomineraria del C.N.R.N., Rome (Italy)

(Received August 1st, 1960)

A considerable amount of study has been carried out recently on the ion-exchange
properties of synthetic inorganic materials such as zirconium phosphate, titanium
phosphate, zirconium oxide, thorium oxide, etc. 1 - rr . The chief interest of such ex
changers lies in the fact that they are more highly resistant to strong doses of ionizing
radiations and to high temperatures than organic resins, which makes them partic
ularly suitable for tackling problems of ion separation arising in reactor operation.

In two earlier papers we reported on certain preliminary experiments regarding
the possibility of improving the separation of Sr2+ and Cs+ on zirconium phosphate
dried at various temperatures. The separation can be considerably improved either
by first applying ion adsorption at room temperature and afterwards drying the
exchanger at 180°,12 or by drying the exchanger first at temperatures ranging from
180° to 260° and adsorbing and eluting the ions afterwards13.

In this paper the effect of the drying temperatures on the ion-exchange properties
of zirconium phosphate (ZP) are studied.

EXPERIMENTAL

The ZP was prepared as indicated by GAL AND GALlO. 200 ml 4 N HCl containing
30 g ZrOC12· 8H 20 were poured slowly into 500 ml of a 4 N HCl solution containing 64 g
H 3P04. The high P04/Zr ratio (7:1) in the reagents is necessary in order to have an
exchanger with many acid phosphate groups. The product thus obtained is dried
at 50° for 24 h and finely ground and sieved. In the experiments described here, the
fraction corresponding to a particle size of 0.1-0.2 mm was used. To heat the sample
a furnace thermoregulated within ± 1° was used.

The ions Na+, K+ and Li+ were determined by flame photometry. The ions
Cs+, Rb+, Tl+, Ba2+, Sr2+ were determined radiometrically, using the radioactive
isotopes 137CS, 86Rb, 204Tl, 140Ba and 89Sr as tracers.

EfJect oj drying temperature

(a) Weight loss. When the ZP prepared as described above is heated, it can be
observed that as the drying temperature increases the weight decreases rapidly at
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ION-EXCHANGE PROPERTIES OF ZIRCONIUM PHOSPHATE 245

first (up to temperatures of about 250°) and more slowly from 250° to 800°. From
800° to 1,000° there is no further appreciable dehydration. Fig. I shows the weight
loss of ZP, measured on a Stanton thermobalance, as a function of the temperature.
For drying temperatures above 150° the dehydration was also observed to be partly
irreversible.
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Fig. I. \;Yeight loss of ZP as a function of drying temperature. Heating rate: 4° Imin.
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(b) Exchange capacity. For drying temperatures in the 50-IIoo range, the specific
exchange capacity of the ZP (mequiv.jg ZP) increases, at a given pH, in proportion
to the loss in weight of the exchanger. For drying temperatures in the IIo-3000

range, as AMPHLETT has pointed out6 , there are changes in properties as compared
with the undried ZP, which depend on the pH value at which the determinations
are carried out. The values are now no longer the same, even with the exchange
capacity value corrected for weight loss of the exchanger.

Fig. 2 shows the exchange capacity of the ZP dried at 50° for 24 h and at 260°

for I h 15 min as a function of the pH. As the drying temperature increases, the
exchange capacity of the ZP decreases for pH values between 8 and II, while for pH
values below 7 the exchange capacity remains the same, or increases slightly.
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Fig. 2. Cation exchange capacity for K+ ion of ZP dried at 50° for 24 h and at 260 0 for I h 15 min.
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DISCUSSION

These experiments show that as the drying temperature of ZP, precipitated in excess
phosphoric acid, is raised, a considerable alteration in its ion-exchange properties
occurs in addition to an irreversible dehydration.

The most important variations are those found for the mass distribution coeffi
cients of the various ions. From Table II it can be seen that for monovalent ions the
ratios of the mass distribution coefficients obtained on ZP dried at 260° and 50°,
decrease in the following order:

TI+ > K+ ;> Rb+ ;> Cs+ > Na+ > Li+

This order is the same as that obtained by ARGERSINGER, DAVIDSON AND BONNER14

for organic resins with high and low degrees of cross-linking. In our case it was further
observed that on ZP dried at high temperature the exchange rate decreases, especially
in the case of ions with larger radii, e.g. complex ammonia ions. As is known15 ,16,

the same decrease takes place with resins with high degrees of cross-linking. Analogies
between the ion-exchange properties of ZP dried at high temperature and such
properties of organic resins with high degrees of cross-linking could then be easily
explained by the assumption that an increase in the drying temperature causes a
greater condensation in the structure of the ZP. This is corroborated by the irreversible
loss of water, a fact which led AMPHLETT et al.6 to propose the hypothesis that at high
temperature "the process taking place may involve condensation of acid phosphate
groups to form condensed P~O-P structures and further cross-linking". The phenom
ena observed with ZP dried at different temperatures would then be analogous to
those studied by several authors with resins of varying degrees of cross-linking17 - 19•

The structure and chemical composition of ZP precipitated in excess phosphoric
acid and dried at both high and low temperatures are being investigated in order
to obtain further confirmation of the above hypothesis.
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SUMMARY

The ion-exchange properties of zirconium phosphate, dried at temperatures ranging
from 150° to' 850°, are compared with those of zirconium phosphate dried at 50°.
In addition to partially irreversible dehydration, permanent changes in certain
properties of zirconium phosphate dried at temperatures above 1500 could be observed.
Variations in selectivity for certain ions of ZP dried at high temperature can be
employed to improve the separation of these ions from each other. All phenomena
observed can be explained by the assumption that an increase in drying temperature
causes a greater condensation in the structure of the exchanger.
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Sulfide mit verzweigten Alkylen von n-Alkylsulfiden getrennt werden, wobei erstere
kiirzere Elutionszeiten haben (Fig. 2). Urn die Selektivitat dieser Phase zu erklaren,
versuchten wir auch von 5 ;6-Benzochinolin, bzw. 2,4-Dimethyl-7 ;8-benzochinolin
Gebrauch zu machen. Diese Phasen zeigten dieselbe Selektivitat. Der Separations
faktor von Athyl-butyl- und Isopropyl-isobutyl-sulfid war der gleiche auch bei An
wendung von Phenanthren als stationare Phase (Tabelle I). Aus dieser Tatsache
erfolgt, dass bei allen diesen Trennfliissigkeiten die gr6sste Rolle die Struktur der
aromatischen Kerne spielt. Die Trennungsselektivitat wird also durch sterische Fak
toren dirigiert. Aus dem Vergleich der Benzochinoline mit Phenanthren ist ersichtlich,
dass der Stickstoff im heterocyklischen Ring keinen Einfluss auf die Trennung ausiibt.
Durch die Anwesenheit des Stickstoffatoms wird jedoch der Schmelzpunkt erniedrigt
und der Siedepunkt erh6ht, sodass die Benzochinoline gegeniiber Phenanthren als
stationare Phasen bessere Eigenschaften besitzen.

TABELLE II

RELATIVE RETENTIONSVOLUMINA DER ALKYLBENZYLSULFIDE

(Phase Silicon61, / = 170°,25 rill N 2/min, Vrel. Naphthalin = 1.00)

Sul(id Sdl>.
V"t.C'

Methyl-benzyl- 197-198 0.89
Athyl-benzyl- 218-220 1.23
Isopropyl-benzyl- 223-224 1.44
Propyl-benzyl- 235 1.81

Butyl-benzyl- 25° 2·76
V g Naphthalin 129

Die Selektivitat der Benzochinoline als Trennfliissigkeiten fiir aliphatische Ver
bindungen mit verzweigten Alkylen scheint eine allgemeine Eigenschaft zu sein.
Ahnliche Wirkung wie bei Sulfiden zeigten sie bei der Trennung der Dialkylatherll .

Fur praktische Zwecke sind die 5 ;6- und 7 ;8-Benzochinoline am geeignetsten.
Das erste kann bei Temperaturen bis 120° beniitzt werden, der zweite bis IIOo; bei
h6heren Temperaturen verftiichtigen sie sich schon teilweise.
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ZUSAMMENFASSUNG

Es wird eine Methode zur gaschromatographischen Trennung von CC C4 Dialkyl
sulfiden und CcC 4 Alkylbenzylsulfiden beschrieben. Auf Silicon6l als stationarer Phase
werden die Sulfide ihren Siedepunkten nach getrennt, die Anwendung von 5 ;6- und
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provide three integrating ranges of 50,500 and 5,000 counts. A fine control provided a
continuous change of range sensitivity between the coarse steps (Fig. 3). The inte
grating capacitor is automatically shorted by a relay contact when full scale deflection
is reached, the relay being operated for a time sufficient to discharge the condenser
via a flip-flop (Fig. 4) to ensure that the capacitor is fully discharged. The relay can
be operated by switch contact in the case of a servo recorder or with many coil
recorders the pointer can intercept a light beam falling on a photo-transistor.

Transistor flip-flop

____......-...~~--t___'_--- -14 V

Photo-transistor
and light source
mounted in Recorder

Fig. 4. Circuit for automatic shorting of integrating capacitor actuated by full scale deflection of
the recorder.

1\1 1,2 and 3
QI, Q2
Q3
CI, 2 and 3
C4

Mullard OA 71
Mullard OC71
Mullard OCP71
251tF 50 V electrolytic
2 fl F 25 V electrolytic

RI 470D)
R2 560kQ all
R3 IokD 11 \\1 100/
R4 47kQ /4 /0

R5 56kD

R6
R"I
R '·"Rg
RIO

12 kD)
1.5 kD all
47 kD 1/ W 0'
10kQ /4 1010

33Q 3 \\7 vitreous

Relay 14.000 D 0.8 rnA operating current.

Calibration

(a) Counter plateau. An external radiation source can be used to determine"the
plateau of the counter. The ratemeter and recorder are set to record count rate while
the E.HT. voltage is increased in small steps until the discharge point is reached.
Inspection of the record will show the position and length of the plateau; the opera
ting point corresponds to the voltage at the centre of the plateau. This procedure
should be repeated occasionally to check on counter performance.

(b) Counter efficiency. Stearic acid of known specific activity was diluted with
inactive stearate and the absolute activity was determined by combustion according
to the procedure described by BRADLEY et al.8 • Samples of the methyl ester of the acid
were then run on the gas chromatogram and the counts obtained from known quan
tities compared with the known absolute count.

H.ESULTS AND DISCUSSIOK

Typical recorder diagrams are shown in Figs. 5 and 6. The rate record (Fig. 5, curve B)
is useful whe!! scanning a group of acids for the occurrence of radioactivity but less
useful when an accurate measurement of amount of radioactivity is required. The
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integrated count (Fig. 6, curve B) is best for accurate measurements since the count
less background can be read off directly. The base line slopes upwards because of the
accumulation of background count.

Sensitivity. The sensitivity of the counter varies inversely with the flow rate. 'With
a volume of TO C.C. the average residence time of each molecule at a flow rate of 2 c..C./

sec will be 5 sec. This is adequate for specific activities of the order of 600 counts/mini
mg and greater. The minimum detectable amount will vary with the retention volume
of the peaks, slow peaks emerging over TO min or more ,""ill require larger loads. The
volume of the counter should not be greater than that of the vapour detector or peak
resolution will suffer.

If used in conjunction with ionisation vapour detectors such as the hydrogen
flame ionisation and argon ionisation instruments, a gas splitting device must be
placed at the end of the column in order to allow the use of large (T mg upward)
column loads without overloading the detectors. In many biochemical experiments
the amount of labelling is small so that a few mg of material will be necessary to
obtain sufficient counts. It will often be an advantage to use column conditions (i.e.
polar stationary phases and/or higher than usual column temperatures) to decrease
the retention volume of the components so that low flow rates can be used and yet
allow reasonable times of analysis.

The system should also be applicable to tritium counting. In this case the magne
sium perchlorate should be replaced by a reagent such as calcium carbide to generate
a permanent gas from the water produced by combustion of the sample. Greater
amplification of the pulses would be necessary.

Counter efficiency. Comparison of the absolute count from a sample of labelled
methyl stearate showed that go % of the counter volume was effective. By plotting
counts for a known sample weight obtained at a variety of flow rates against the flow
rate a straight line was obtained indicating complete mixing within the counter
volume.

SUMMARY

A simple proportional flow counter for use with the gas chromatogram is described,
which is operated at room temperature by burning all eluted material to CO 2 over
heated copper oxide. The gas stream is dried, 5 % CO 2 is injected and the mixture
passed into the counter. Details are given of the necessary circuitry. Examples are
provided of its use with long chain fatty acids.
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Short Communications

Comptage de radiochromatogrammes par scintillation Iiquide

271

La mesure de la repartition de la radioactivite sur des chromatogrammes de substances
marquees par Ie tritium peut etre effectuee par differentes methodes. Celie que nous
utilisons depuis Ie plus longtempsl consiste en un decoupage des sections du chro
matogramme, elution dans les flacons de comptage de la radioactivite, evaporation
du solvant d'elution, solubilisation du residu dans Ie melange scintillant precedee
ou non de l'addition d'un sel d'ammonium quaternaire tel que l'hyamine*. Cette
technique est quantitative: elle permet de compter la totalite des coups deposes;
mais elle estextremement laborieuse.

Deux publications plus recentes2 ,3 proposent d'immerger Ie segment de papier
dans Ie melange scintillant, soit dans un flacon special qui Ie maintient rigide, soit
en l'introduisant simplement dans Ie flacon.

Compte tenu du prix du melange scintillant, nous avons essaye de limiter Ie
volume de celui-ci et sommes parvenus a la conclusion que ce volume n'est pas
critique: Ie comptage depend uniquement de l'imbibition du papier et de la transparence
qu'il acquiert de ce fait. Les papiers sont done introduits simplement** dans la fiole
et imbibes de 2 ou 3 gouttes de melange scintillant; Ie comptage est effectue dans un
compteur it scintillation liquide* **. Nous avons egalement verifie que la difference
de taille du segment de papier n'entraine pas de modification du nombre de coups
comptes. Les essais effectues ont permis de preciser la validite de la methode. Le
Tableau I reproduit quelques chiffres qui resument ces conclusions. La Fig. I illustre

25 30 35cm

Fig. 1. Comptage par scintillation liquide d'un chromatogramme (solvant n-butanol-acide aceti
que) du produit brut de synthese de la L-thyronine, marquee en 3.5 par 3H (To)'

* L'hyamine est utilisee chaque fois que la substance eluee du chromatogramme est insoluble
dans Ie melange scintillant. On utilise en general 0.2 ml d'une solution M d'hyamine dans Ie
methanol.

** La bandelette de papier, introduite dans Ie flacon s'applique contre la paroi cylindrique de
celui-ci.
***Pac'~d Tri-Carb.
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Elektroforesa na papife a v jinych nosiCich (Electrophoresis on paper and in other
carriers), by CESTMiR MICHALEC, JAROSLAV KORiNEK, JAN MUSIL AND JIRi
RUZICKA, Nakladatelstvi Ceskoslovenske akademie ved, Praha, 1959, 315 pages,
98 figs., price Kes 34.50.

The value of this book lies in the well-balanced contents. It would be difficult to find
a technique or a group of substances of some importance that are not included. This
is the main respect in which it differs from some books of similar nature and size in
which certain aspects of theory, technique or application predominate owing to
personal preference of the author. For example, in this book only about 35 pages are
devoted to plasma proteins (including a bibliography of selected papers concerning
certain groups of diseases), so that it can be considered as being complementary to
the more specialized works that deal mainly with plasma proteins, such as those of
WUNDERLY, DITTMER and ENSELME AND DREYFUS. In the emphasis that is laid
upon applications outside the protein field, this book resembles to a certain extent
the earlier introduction by M. LEDERER, but inorganic separations are treated less
extensively in the present book.

In the historical introduction, credit is given to KONIG for having published the
first paper on this subject (1937); this seems to be correct as far as proteins are
concerned, but in 1931 a report on inorganic separations by a sort of paper iono
phoresis had already been published by DYACHKOVSKIi AND ISAENKO (cf. Chem. Abstr.,

26 (1932) 48).
The theoretical chapter by RUZICKA (45 pp.) starts from the general principles

of electrophoresis (conductivity of solutions, ionic charge, etc.) and proceeds to the
main features specific for carrier electrophoresis, such as the effects of stabilizing
media (electro-osmosis, tortuosity, "barrier effect", adsorption) and complications
due to heating and evaporation. In the concise chapter on the general technique
(25 pp.), MICHALEC discusses various types of equipment for low- and high-voltage
electrophoresis, selection of paper and electrolytes, application of samples, detection
and determination of substances, and some special techniques such as electrorheo
phoresis, counter-current continuous electrophoresis, two-dimensional separations,
and radial electrophoresis.

Due attention is paid to the separation of low-molecular substances (MUSIL,
65 pages). Synthetic drugs are dealt with under a rather loose heading "Substances
with biological activity". Eighty-seven pages are devoted to the separation of proteins
(MICHALEC) under the title "Electrophoresis of high-molecular substances", although
nucleic acids and most polysaccharides were included in the preceding chapter.
Veterinary surgeons and experimental biologists would perhaps welcome more
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detailed data in the article on animal sera, but it may at least serve as a bibliographic
source. The author does not mention that the addition of mercuric chloride to
ethanolic bromophenol blue staining solution for proteins is not necessary.

KORINEK has contributed a very interesting and stimulating chapter on electro
phoresis in other carriers than paper (starch suspensions, starch gel, agar gel, etc.)
and on preparative electrophoresis, which includes mainly column electrophoresis
and the continuous descending technique (about 50 pp.). An excellent discussion is
devoted to immunoelectrophoresis: both the technical details and the biological
interpretations are dealt with critically in a very lucid way. The wide acceptance
that KOHN'S membrane filter electrophoresis has gained, seems to have come too
late for it to be included.

In making a choice between alternative procedures, the authors have relied
partly on their own experience, and partly on that of other workers. They have always
taken pains to remain fair and objective and to avoid making a definite judgment
upon questions that have not yet been unambiguously settled. Examples of this
attitude may be found in all the chapters. Thus, for example, several methods for
the estimation of corrected mobility are presented on equal terms, various modifica
tions of column electrophoresis are described without preference being given to any
of them, and none of the various methods of protein staining and quantitative
evaluation are favoured, the choice of the procedure and the introduction of more
or less individual correction factors for a given procedure being left to the individual
worker.

Of the applications, only those that were considered to be of essential value are
mentioned; the authors themselves acknowledge that such a choice is open to objec
tions, but they have mostly hit the mark.

Bibliographic lists are given at the end of relatively short sections, the page
on which they appear being indicated at the foot of every page, which facilitates
their use. The total number of references amounts to about 1300 including some
duplications. The literature up to the middle of 1958 has been covered. Subject and
author indexes are included. Both printing and binding are excellent and the drawing
on the dust-jacket is both technically correct and artistically competent. The price
is moderate. Incorrect spelling, such as Draggendorf, Braunniger or Natrii diethyl
barbiturici, is an exception.

The present book is a well-balanced and systematically arranged account of
techniques and applications, written in a clear, logical, and didactically competent
manner.

1. M. H1US (Prague)

NEW JOURNAL
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Zeitschrift fur Chemic, published by VEB Deutscher Verlag fur Grundstoffindustrie,
Leipzig. Vol. I begins in 1960, 12 issues per year, price D.M. 3.00 per issue.

This new journal contains review articles and short communications.
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with a sheet of polythene film lightly smeared with paraffin oil. Contact between the
buffer reservoirs and reversible electrodes is made with strips of plastic sponge
soaked in buffer. Optimal separation is achieved in ca. 4 h, with a potential of 40 V
across the gel (total applied voltage 200 V), with a current of 20 rnA. After completion
of the electrophoresis the pattern is photographed by contact, and may then be
stained with a protein or haem-specific stain. For the former, the requisite part of
the gel is transferred to a smaller glass plate, the protein zones fL"ed by immersion
in methanol-acetic acid mixture for some minutes, and the gel allowed to dry over
night in air. It is then stained v..jth amidoblack or azocarmine by the procedure of
URIEL AND GRABARs. Benzidine staining is best carried out immediately after electro
phoresis and the stabilised reagent of SWARUI' et al. 9 gives excellent results. The
direct spectroscopic examination of separated zones of native haemoglobin in agar
gel has already been described1o.

The unusual zone shapes (Fig. I) preclude the estimation of haemoglobin
components by simple densitometry, but reliable results can be obtained by dye
elution. After staining and differentiation with a glycerol-containing reagentS the
zones can be excised with a razor blade, peeled from the plate, the dye eluted in a
known volume of N/so aqueous alkali (e.g. 4 ml) and estimated spectrophotometricalIy
(at 620 m,u for amidoblack).

RESULTS

Human haemoglobin variants

Fig. 1 shows typical separations of several human haemoglobins. The curvature of
alI the zones, other than that of Hb-F, is characteristic. It is also apparent that the
relative mobilities of the various species cannot be compared in different samples.
The haemoglobin variants, the behaviour of which in agar gel electrophoresis at low

Start ->

SIC F/A 5/A S/F

_.~.

A

Fig.!. Typical agar gel electrophoresis patterns of human haemoglobin mixtures: MI20 citrate
buffer, pH 6.2: contact photograph of unstained zones.

pH has previously been described, are Hb-S, Hb-CI, 11 (all slower than Hb-A) and the
following, which behave identically "'-ith Hb-A: Hb_Dl,12, Hb-E13. Hb-I, Hb-],
"Chernoff-N", Hopkins-I, Hopkins-II, Lepore12• The relative mobilities of haemo
globins in agar electrophoresis at pH 6, compared with conventional zone and free-
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Examination of a typical agar electrophoresis pattern (e.g. Fig. I; see also MARDER
AND CONLEy12) shows that zone curvature and trailing is most marked with the
slowest-moving haemoglobins. The desorption which accompanies an increase in
pH should eliminate the manifestations of adsorption. The results of agar gel electro
phoresis over the pH range 4.5-9.0 are shoVr'Il in Fig. 8, for buffers of constant ionic
strength. At the lowest pH severe trailing, with probable denaturation, is occurring,
but in the range 5.0--5.5 separations in the above-mentioned sequence are observed.
The Hb-F zone, however, has the curved shape of the other haemoglobins and may
therefore be considered to be adsorbed. At pH 6.0 the Hb-F zone is straight, and the
Hb-A zone is the next to lose its curved shape with further increase in pH; by pH 7.0
it is completely straight and resembles that of Hb-F. Moreover, the mechanism
responsible for the separation of these two pigments is now suppressed, and they
migrate in mixtures as a single zone. Hb-S is next desorbed and by pH 7.5 it too has
a straight zone shape and is not resolved from Hb-A. Hb-C is the last to retain a
curved front, and this is only entirely lost by pH 8.0. At tlus point there is little
separation of any of the variants. \\lith still further increase in pH, the usual region
for the electrophoretic separation of approximately neutral proteins is reached, and
agar gel is then operating as a normal supporting medium. The samples shown in
Fig. 8 include a specimen of Hb-E trait haemoglobin, and this variant, which is
unresolved at the lower pH value, is now separated. The resolution of Hb-C is clear,
and it will be noted that the relative positions of Hb-A and Hb-C with respect to
polarity are reversed, compared with the lower pH. Thus the electrophoretic mecha
nism at high pH is conventional and depends on charge differences. Because of the
large magnitude of the electroendosmosis the displacement is always cathodic.

Chromatography in agar gel

If the mechanism of fractionation of haemoglobins in agar gel at low pH is adsorptive,
it should be possible to dispense with the potential gradient if a liquid flow can be
maintained.

Accordingly a mixture of Hb-A and Hb-F (ca. 10 mg) was rapidly mixed with
some just-molten agar gel and poured on the surface of a column of agar gel (10 cm X

I cm diameter). After this had set, another layer of just-molten agar was added,
and the column eluted \\o;th .1-1/20 citrate buffer. Elution was slow (less than I ml
in 24 h) but the haemoglobin migrated down the column. The first eluate fractions
were yellow due to an impurity in the agar. The pigment was eluted after some days
at 4 0 as a moderately concentrated solution. No separation of wnes on the column
was observed, possibly because of diffusion, but examination of the first pigment
fraction by the moving-plate spectrograph24 showed it to be almost pure Hb-F,
indicating that the adsorption mechanism was operative.

Dilution effect and adsorption isotherm

An explanation of the dilution effect (Fig. 6) is now ev;dent. It is known~ that the
adsorption of proteins often follows the empirical Freundlich isotherm: Ca IX cs1/ n
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where Ca and C8 are the respective concentrations of the adsorbate in the adsorbent
and the continuous phase and n a constant (the adsorption constant). This behaviour
is a consequence of the progressive occupation of sites on the adsorbent as the
adsorbate concentration increases. An asymptotic maximum is thus approached.
That such an effect is operating here is shown by the plot (Fig. 9) of the concentration
of Hb-A applied to the gel (in arbitrary units) liS. migration distance in a constant
tin'ie; the latter should be simply related to the proportion of unadsorbed pigment.

-0.2 0.2 0.6
Log cone.

I 1.4

E'12
E

4>
o
c
28..
o

o
.

x'- .-)(-.-x'-
x.-....-

1.6

0.8

°0~---L.4-----'8'-----'-':2----'6L.-J0.4

Conc~ntrotion

1'il{. 9. Direct and logarithmic plots of migration distance (1II1n) of H ],-.\ Z(IIH:S ",<. pigment con
centration (arl,itrarv units).

A marked resemblance to a Freundlich isotherm is evident. The logarithmic plot IS

linear and its slope is 0.36 (n = 2.8), which is comparable with values reported for
various adsorbing systems involving proteins26 ,27. The increased back-streaming and
decreased mobility, which accompany a reduction in ionic strength, are also in accord
with the results of adsorption experiments on the majority of proteins, whereby
adsorption is repressed by hig-h salt concentration25 •

Retardation at zones with time

The progressive retardation of zones other than that of Hb-F culminating, in the
slowest-moving electrophoresis variants, in reversal of migration, might be thought
to be due to a change in elcctroendosmotic flow with time. To test this possibility,
hydrogen peroxide was used as an uncharged marker ill an electrophoresis at pH 6.2.
At intervals filter-paper prints of the gel surface were taken and ~tain~dwith ammonia
cal silver hydroxide to detect the marker, followed by amidoblack to locate the
haemoglobins. Fig. 10 is a plot of migration of marker anti Hb-F '.'S. time, sho\\-ing
that over the duration of the experiment the elec.troenclosmotic flow remained
constant at 1.3 X 10-4 em/sec.

The only possible explanation of the retardation, therefore, is the. effective
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The eluted fractions were dried in vacuo, and the LJ4-3-ketosteroid content
estimated in the same tubes by alkaline fluorometry in potassium tert.-butoxide6

•

RESULTS AND DISCUSSION

Fig. 2(a) shows the elution profile obtained with a mixture of 10 flg each of cortico
sterone, cortisone and cortisol, using a strip of unwashed Whatman No. 3MM paper
2 in. wide. Fig. 2(b), (c) and (d) shows the results of experiments using mixtures of
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200 STERONE 10
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'" 1lr
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roo 5
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2 4 6 8 10 12 [416 Ie 2022 24

TUBE NO.

Fig. 2. Elution profiles of mixtures of corticosterone, cortisone and cortisol.

5 flg of each steroid chromatographed on washed paper. In (b) a 2-in. strip of NO.3 MM
paper was used, in (c) a I-in. strip of No. 3MM paper, and in (d) a 2-in. strip of
Whatman No. I paper.

It will be seen that the separation and measurement of steroids in amounts
as small as 5 flg are readily possible. At these levels the use of washed paper is re
commended, for with the fluorometric technique employed the blank was reduced
to negligible proportions (approximately 0.15 flg). The recovery of cortisol in the
four experiments was 88 %,74 %, 104 % and 102 % respectively.

When 2-in. No. I paper was substituted for 2-in. 3 MM paper, the steroids were
eluted in smaller volume. A similar effect was produced when I-in, 3MM paper
was substituted for 2-in. 3 MM. In both instances the effect can be attributed to
alteration of the cross-sectional area of the strips.
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CHROMATOGRAPHIE D'ADSORPTION SUR PAPIER
DES ACETATES DE STEROIDES PEU POLAIRES

J. R. PASQUALINI ET M. F. JAYLE
Laboratoire de Chimie biologique, Faculte de Medecine, Paris (France)

(Res:u Ie 17 juillet 1960)
(Modifie Ie 30 aout 1960)

De nombreux systemes de solvants ont ete proposes pour realiser la chromatographie
des mono-acetates des steroides presentant au moins 3 oxygenes et des diacetates
des steroldes ayant au moins 4 oxygenesl - 4 •

En revanche, les monoacetates des steroides dioxygenes et les diacetates de
steroides trioxygenes ne peuvent etre separes dans les systemes aussi lents que:
methylcyclohexane/propanediol, ligrome/methanol-eau, heptanejpropanediol, tri
mMhyl-2,2,4 pentane/methanol-eau; car l'experience prouve qu'ils migrent avec Ie
front du solvant ou au voisinage de celui-ci, c'est ainsi que nous n'avons pas reussi a
separer les acetates des isomeres de la 3;,21-diol dihydroxy 5; pregnane 2o-one dans ces
systemes.

II en est de meme pour les acetates des steroides dioxygenes en C19 ; toutefois,
NEHER ET WETTSTEIN5 et SAVARD6 en utilisant comme phase stationnaire Ie phenyl
cellosolve ont reussi a separer les acetates d'androsterone et d'epiandrosterone avec
des RF voisins: 0.34 et 0.29 respectivement.

La difficulte de la separation des acetates des isomeres peu polaires, nous a amenes
a les deposer sur du papier Whatman No. I non impregne par une phase stationnaire
et a tenter leur separation en faisant passer les solvants suivants: ligroine, heptane,
trimethyl-2,2,4 pentane, methylcyclohexane et decaline. Cela revenait, en fait, a
utiliser Ie papier comme un adsorbant et a realiser une veritable chromatographie
d'adsorption sur papier avec des solvants peu polaires.

Les acetates des steroides utilises dans ce travail sont :
4 diacetates de steroides trioxygenes * : 5 monoacetates de steroides dioxygenes:

(I) 5fJ pregnane 3~,21-diol, 2o-one (5) 5~ androstane 3~-ol, 17-one
(2) 5~ pregnane 3fJ,21-diol, 20-one (6) 5fJ androstane 3~-01, 17-one
(3) 5fJ pregnane 3fJ,21-diol, 2o-one (7) 5~ androstane 3fJ-ol, IJ-one
(4) pregna 5-ene 3fJ,21-diol, 20-one (8) 5fJ androstane 3fJ-ol, 17-one

(9) androsta 5-ene 3fJ-ol, 17-one

* Le steroide s{J pregnane 3OC,21-diol. 20-one a Me envoye par Ie Dr. W. TAYLOR, Ie sterolde SOC
pregnane 3{J,21-diol, 20-one par Ie Dr. A. ZAFFARON1, Ie sterolde S{J pregnane 3{J,21-diol, 20-one
par Ie Dr. S. K. F1GDOR et Ie pregna s-ene 3{J,21-diol, 20-one par Ie Dr. \"1. KLYNE; nous les
remercions tous vivement.
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V. SUR LES COMPLEXES DU RHENIUM ET DU TECHNETIUM

AVEC LA THIOUREE

T. J. BECKMANN* ET M. LEDERER**

Institut du Radium, Laboratoire Curie, Paris (France)

(Re~u Ie 27 aout 1960)
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Nous avons recemment etudie la chromatographie par adsorption sur papier de
quelques complexes avec la thiouree1 et nous avons pense qu'il serait interessant
d'etendre ces etudes aux complexes formes avec Ie rhenium et Ie technetium.

Les references sur de tels complexes sont fort rares; RyABCHIKOV ET LAZAREV2

ont mentionne un compose jaune du rhenium, ]ASIM et ses collaborateurs3 ont,
pour leur part, decrit un compose orange du technetium.

Ces deux complexes presentent un certain nombre de points communs: meme
valeur de RF en chromatographie de partage ou d'adsorption, spectres relativement
similaires, valences apparemment identiques. Ceci semble en contradiction avec
les observations de ]ASIM et al.3 qui ne purent obtenir Ie complexe Tc-thiouree qu'a
partir de Tc0 4-. D'autre part les complexes formes par Ie rhenium ou Ie technetium
sont stables et peuvent etre chromatographies avec des solvents ne contenant pas
de thiouree, ce qui est assez inattendu, RYABCHIKOV ET LAZAREV2 ayant bien note
que Ie complexe du rhenium n'obeit pas a la loi de Beer.

La presente etude avait done pour but de clarifier ces quelques points. Nous
avons utilise dans nos travaux la spectrophotometrie, la potentiometrie et la chro
matographie par adsorption sur papier. Les resultats obtenus nous permettent de
presenter une methode rapide de separation du Re et du Tc, methode dont Ie besoin
a ete encore souligne recemment4 • Les techniques utilisees auparavant en electropho
rese et chromatographie sur papier se revelent plus lentes et plus difficiles a appliquer
pour des macroquantites5 .

EXPERIENCES
Les complexes Re-thiouree

RYABCHIKOV ET LAZAREV2 ont obtenu leurs complexes par melange de thiouree, de
perrhenate, et de chlorure stanneux en solution chlorhydrique. 11s ont suivi la reaction
par photometrie. 11s ont obtenu un maximum d'intensite de coloration pour un
rapport molaire perrhenatejchlorure stanneux de I: I, c'est-a-dire une reduction
affectant deux electrons et ils ont conclu que Ie compose forme devait etre pentavalent;

* Adresse actuelle: Department of Agriculture and Stock, Brisbane,.-Queensland, Australia.
* * Adresse actuelle: Istituto di chimica, Roma, Italia.
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thiouree est un reducteur suffisamment puissant pour amener eu (II) ala monovalence
et Ie pertechnetate est plus facilement reduit que Ie perrhenate.

Nous pourrions egalement montrer que les solutions de Tc reduit par chauffage
avec RCl conc. (GUERLIT7) donnent des complexes oranges a valeurs de Rp et a spectre
identiques a ceux prepares a partir de Tc0 4 - (Fig. 9).

D

600 m.IJ

Fig. 7. Spectre d'absorption du complexe Tc
thiouree dans HCI 0.5 N contenant 1 % de

thiollree. Conditions comme dans Fig. 4.
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Fig. 6. Graphique de la densite optique contre
la concentration (relative) (verification de la
loi de Beer). Substance; complexe jaune Re
thiouree. Longueur d'onde 390 m/-l, aperture
de 0.036 mm, cellule de verre d'une epaisseur

de 1 em.
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Fig. 8. Valeurs de R p du complexe jaune de
Re-thiouree et du complexe Tc-thiouree sur
papier ,Vhatman No.1 avec comme solvant

HClaqueux. X-X Re; a-OTc.
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Fig. 9. Spectre d'absorption d'une solution
de Tc (IV) (prepare par reduction avec HCI

cone.) avec la thiouree dans HCI 2 N.
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HCl 2 N donne une bande orange, lente, correspondant au complexe Tc-thiouree
nettement distincte de la bande plus rapide de perrhenate (Fig. II). Le spectre de la
solution est identique au spectre du complexe pure du Tc avec la thiouree (Fig. 10).

Front du IiQUide/

1---1/

L.--------'_Point d'application...·L.--------'

(a) (b)

Fig. II. (a) Un chromatogramme d'une melange Tc04--Re04- en HNOs 2 N avec un exces de
thiouree, developpe avec Hel 2 N. (b) Un chromatogramme de Re04- seul melange avec la

thiouree dans HNOs 2 Net laisse au repos pendant I6 heures.

Separation du 99'Tc (5.9 h) de Mo, Re et Mn

Nous avons naturellement ete amenes a observer Ie comportement du Tc en quantite
traceur avec la thiouree. Nous l'avons etudie avec du 99'Tc sans entraineur, obtenu a
Saclay par irradiation a la pile de molybdene. Des echantillons de 99'Tc04 - (sans en
traineur) ont ete melanges avec quelques cristaux de thiouree et quelques gouttes de
HCI dilue, chauffes, puis deposes sur papier et chromatographies. Le chromatogramme
presente un pic d'activite dans la region de RF 0.2 et un autre tres faible dans la region
de RF 0.7. Ce dernier correspond a une per-iode de 65 heures environ et est probable
ment dfr a des traces de molybdene.

Nous avons egalement pu effectuer des separations apres avoir melange du
99'Tc, Ie perrhenate (ou du molybdate ou encore des sels manganeux) puis ajoute
la thiouree, ces differents elements migrant avec un RF de l'ordre de 0.7. Vne reduction
occasionelle se traduit par deux bandes bien distinctes du pic de technetium. La Fig. 12

montre la repartition des activites sur les chromatogrammes.

La structure des complexes avec la thiouree

RYABCHIKOV ET LAZAREV2 ont propose la formule Re02[SC(NH2)2J4Cl. 11 se sont
appuyes:

(I) sur l'analyse du complexe insoluble de diphenylthiouree, d'ou la determination
des pourcentages de Re et S;

(2) sur l'adsorption sur resine echangeuse de cation de la substance coloree.
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es in die Reihe der Universalreagenzien fur Naturstoffe einreihen. Es hat uns zum
Beispiel auch bei der Charakterisierung der einzelnen Komponenten atherischer Ole
gute Dienste erwiesen.

TABELLE I

Rf'-WERTE UND FARBREAKTIONEN DER ZUCKER

No.
(Fig. 'J

I

2

3
4
5
6
7
8
9

10

11

12

13

Zt4cke,

Lactose
Saccharose
Glucose
Fructose
D( + )-Xylose
D(-)-Ribose
L( +)-Rhamnosc
D( +)-Digitoxose .
L( + )-Arabinose
D{+)-Mannose
D(+)-Galaktose
Maltosc
L(-)-Sorbosc

0.04
0.08
0.17

0.25
0·39
0·49
0.62
0·94
0.28
0.23
0.18
0.06

0.26

Farbualltion: 0.5 pg
Zw,", liPId A"isGJ·

tkilyd-Schrve/ds4",c
1000

grtinlich
violett
hellblau
violett
grau
blau
griin
blau
gelbgrtin
grtin
grtingrau
violett
violett

• Die RrWertc gelten ftir das System 65 Tcile Athylazetat - 35 Tcile Isopropanol (65 %ig)
ftir 20 x 20 em Kieselgur G-Schichtcn und "Kammcrtibersattigung". Sie liegen auf 5 X 20 em
Schichten in runden Trennkammern h~hcr.

DlSKUSSION

Ober papierchromatographische Zuckertrennungen liegen zahlreiche Arbeiten VOr.

Als optimale Auftragmenge vvird der Bereich zwischen 100 und 500 ftg empfohlen
und die untere Nachweisgrcnze pro Zucker urn 5 ftg angegeben. Auf Kieselgur G
Schichten liegt bei Verwendung des Anisaldehyd-Schwefelsaure-Reagenzes die untere
Erfassungsgrenze bei 0.05 /l.g, der optimale Bereich urn 0·5 pg und die maximale
Auftragemenge bei 5 pg pro Zucker (Fig. 3). Die beschriebene Methode ist gegenuber
den bisherigen Verfahren urn 2 Zehnerpotenzen empfindlicher, ein Vorteil. der bei
der Untersuchung von Stoffwechselvorgangen kleiner Zellkomplexe (z.B. von pflanz
lichen Drusen, Siebrohren. Nektarien) von Wert ist.

Die Kieselgur G-Schichten sind den gepufferten Glasfaserpapieren iiberlegen * ,

bei denen ]AYME UND KNOLLE10 als besonderen Vorteil die kurze Laufzeit von 2 Stun
den (Papier ca. 8 Stunden) hervorheben. Wenn GRUl\Ell zu den Zuckertrennungen
auf Glasfascrpapieren schreibt "Hier und da versagt die Methode noch aus bislang
nicht erkHirbaren Ursachen". so wollen wir annehmen, dass das Kicselgur G "MERCK"12

in gleichbleibender Giite herstellbar ist. Da es sich im Gegensatz zu den von uns bisher
beschriebenen adsorptionschromatographischen Trennungen lipophiler Substanzenl - 6

hier urn einen Verteilungsvorgang handelt. machen sich Storungen durch grossere
Mengen von Fremdionen deutlich bemerkbar. Dieser Effekt lasst sich jedoch herab-

o Dies gilt wohl auch fiir die von DIECKERT UND MORRIS18 zum gleichen Zweck Yorgeschlagencn
mit I<iesclsaure impragnierten Glasfaserpapiere.
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A method for the elution of paper chromatograms·

There has been a need for a simple method for eluting substancl's from paper chruma
tograms. especially when there are a large number of samples to be handled. Many
types of apparatus have been described which are either expensive or are time con
suming. The following simple apparatus is offered fur eluting chromatograms on a
large scale with small volumes of many volatile and non-volatile solvents.

Fig-. 1. shows the materials that are needed: (a) An eluter composed of 0.75 mm
internal diameter thick walled capillary connected to r cm glass tubing of suitable
length. (b) A suitable receiver: in this case, a 20 / 150 mm test tube is used. (c)
A paper clip: a 90° bend is made in the paper clip approximately 5 mm from the

Fig. T.

largest end clipped into the test tube as shown. The eluter is then set into the test
tube through the seat provided by the paper clip. The paper to be eluted is then
folded and placed into the cluter. Solvents are now added as desired. The draining
time will depend on the size of the capillary and the type of solvent. Using an 0.75 mm
capillary 5 em long with 2 ml of ethanol. a draining time of 4 minutes is observed.

• This study was supported by grants from the National institutes of Health and the G. D.
Searle Company
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10, IS, 20, 25, 30 and 50 flg quantities of dehydroepiandrosterone in the following
solvent systems, toluene-propylene glycol, heptane-propylene glycol, and heptane
phenyl cellosolve were spotted on \Vhatman NO.1 paper; eluting these papers with the
above method using successive 2 ml volumes of ethyl alcohol and methyl alcohol to
a total volume of 10 ml resulted in a recovery of 94 ± 3·5 %.

The main advantages of this method are: (1) The individual eluters are cheaply
and quickly constructed. (2) The apparatus is easily handled and requires a minimum
of attention. (3) Large numbers of samples may be eluted simultaneously; 100 samples
can be processed easily. (4) A variety of solvents may be used in succession on the
same sample to ensure recovery. The apparatus works equally well with H 20, me
thanol, ethanol, chloroform, methylene chloride, ether, etc. (5) The apparatus is
easily assembled, disassembled, and maintained.

This eluter was made to our specifications by Labtician Products Company, 190-04,
99th Avenue, Hollis 23, New York.

M etauotic Laboratory, Department of Surgery,
Albert Einstein College 0/ JJedicil/f,

Yeshiva University, Neil' }'orh, N. Y. (U.S.A.)

Received November 19th, 1960

JOH" R. BROICH

Separation de radioeh~mentspar chromatographie sur papier impregne
dtun echangeur dtion mineral

La separation de divers cations par chromatographic sur papiers imprcgnes d'echan
geurs c1'ions mincraux a (~t(~ signal(,c rl'cemment par ALBERTI ET GRASSINI 1 ,2, et
CABRAL3• Ces auteurs prccipitent sur Ie papier des composes mmeraux dont les pro
priCtes d'echange ionique ont cte signalces par KRAl:S4 (phosphate et molybdate de
zirconium) et S:\flT5 (phosphomolybdate d'ammonium).

NOlls avons utilise avec succes ces techniques en vue de separer quelques
radio6lements naturels ct artificiels. La methode cst tres soupIe par Ie choL" du com
pose d'impr~gnation, de 1a nature de l'('luant, de sa concentration. NallS avons fixc."
les conditions expermlentales conduisant a la separation la plus rapide, en raison
de la courte p6riode de certains radi0616ments etudies.

Les papiers impregn\;;; de phosphate de zirconium (PZ) ant etc prepares selon la
technique clCerite par AI-BEHTI 1, les papiers charges d'oxyde de zirconium hydrate
(OZ) et de tungstate de zirconium (WZ) ont ete prepares par des methodes similaires:
traitement du papier impr('gne d'oxychlorllr~ de zirconium par de l'ammoniaque
au du tungstate de sodium.

Les papiers laves et sl~chcs sont d('coupes en bandes (largeur 2 em, longueur
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When MG and DG were spotted together, the MG RF rose to ~ 0.86. If > 50 p,g
of DG were spotted, slight streaking was observed.

Discussion

The described technique identified and distinguished between microgram amounts
of DG and MG. It has certain advantages over other published paper chromatogra
phic detection methods. The sensitivity of diglyceride detection is of the same order as
that obtained by the use of Rhodamine 6G3 and is greater than in the pancreatin-IX
dextrin-I 2 method4 . The method is less laborious, it is quicker, and needs less pre
cautions than the system used by MANGOLD et al. 4 . Whereas the detection method
used by RENKONEN AND RENKONEN3 depends on the lipid nature of the whole mole
cule, our m.ethod indicates an atomic grouping within the molecule. It can be extended
to any fatty acid esters which yield an IX-glycol on treatment with alkaline hydroxyl
amine provided that the appropriate chromatographic paper and solvent system are
chosen.

Application

Simple monophosphoinositides, when heated with 99 % acetic acid5, yield diglycerides
and inositol phosphates. This reaction was applied to horse liver monophosphoino
sitide (r mg). Evaporation of the acetic acid yielded material, easily identified as
DG by the above technique. This enabled the position of the fatty acid groups to be
determined, since it excluded the possibility of a fatty acid being esterified to the
myoinositol residue. In conjunction with other work6, this knowledge confirmed the
structure of horse liver monophosphoinositide to be a di-O-acyl glycerol-r-(L-myo
inositol-r-phosphate). The probable migration of the acyl group in the acetic acid
reaction did not influence the RF of the resultant diglyceride. Distearin was used as the'
standard DG and after treatment under the conditions of the reaction its R F had not
altered.

This work was carried out during the tenure of a D.S.I.R. Maintenance Award.

University Chemical Laboratory,
Lensfield Road, Cambridge (Great Britain)

B. F. C. CLARK

1 J. BADDILEY, J. G. BUCHANAN, R. E. HANDSCHUMACHER AND J. F. PRESCOTT,]. Chem. Soc.,
(1956) 2818.

2 L. HORHAMMER, H. \'VAGNER AND G. RICHTER, Hiochem. Z., 331 (1959) 155·
3 a.-v. RENKONEN AND a. RENKONEN, Ann. Med. Exptl. et Bioi. Fenniae (Helsinki), 37 (1959) 197·
4 H. K. MANGOLD, B. G. LAMP AND H. SCHLENK, ]. Am. Chem. Soc., 77 (1955) 6070.
5 M. FAURE, M. J. MORELEC-COULON AND J. LECOCQ, Compt. rend., 248 (1959) 2252.
G D. M. BROWN, B. F. C. CLARK, G. E. HALL AND R LETTERS, Proc. Chem. Soc., (1960) 212.
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by increasing the slit width; then two readings on a single sample were necessary to
show the increment subtracted. It was sometimes necessary to reverse this procedure

at the tail of a large peak.
Eventually, when they contained about 20 % methanol, eluates became too

opaque for measurement. The nominal values of slit width and D were then 450 II and

2.5 respectively.

The Lyons Laboratories, Hammersmith Road,
London (Great Britat:n)

J. J. WREN

P. M. LENTHEN

]. ]. WREN, Na/«re, 184 (1959) 816.
]. J. WREN,]. Chroma/og., 4 (1960) 173·
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Fig. 2. Fig. 3.

the tube and the funnel being made in the same way as for the lower funnel. The outlet
of the lower funnel is connected by means of a rubber tube to a water jet pump.
With the aid of this pump a continuous stream of air is made to flow through the
device. The air stream flows around the strip chromatograms and increases the rate
of drying.

The apparatus can be easily adapted for drying paper strip chromatograms in
inert gases and at elevated temperature.

Laboratory 0/ Physical Chemistry,
] agiellonian University, K rak6w (Poland)

Received December 6th, 1960

JANtlSZ GOLVYN
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The separation of C6-C12 dibasic acids in the presence of monobasic acids
A simple procedure by paper chromatography

The separation by paper chromatography of dicarboxylic acids has been described
by FINK Al\D FINK1, KALBE2 and SEHER3. These methods necessitate the preparation
of derivatives or salts, or the use of swamp acids. They are unsuitable when mono
basic acids are present because their RF values lie close to those of the dibasic acids
which it is desired to separate. In such cases the technique of ZBINovSKy4 using
silica gel columns is available. The procedure described is a modification of this method
which allows the separation to he carried out readily on paper.

A mixture of 9 parts of redistilled technical grade methyl cellosolve, b.p. J24°, and
I part of distilled water was shaken with an equal volume of reagent grade n-butyl
ether and the two layers separated. The upper layer was retained for the mobile phase
and the lower for the stationary phase. A sheet of Whatman No. I paper (57 em X

46 em) was passed once through the methyl cellosolve water layer contained in a
shallow dish and allowed to drain for 5 min at room temperature (20°). The mixed
acids were dissolved in acetone and aliquots of 0.02 ml containing 10-50 p.g of acid
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BOOK REVIEWS

phoresis and chromatography, but other sections are also interspersed with papers
concerning these topics. The section on immunoelectrophoresis deals with specific
applications to perchloric acid-soluble serum protein (DE VAUX ST. CYR) , organ
proteins (KESSEL), salivary proteins (GABL), and proteins of tears, saliva, milk and
labyrinthine fluid as compared with serum (KOHN). Agar immunoelectrophoresis
(as well as electrophoresis on paper) was also the method most commonly used in
other sections of the Colloquium. By interposing a thin agar layer between an anti
serum-soaked paper and a two-dimensional "star" paper electropherogram of serum,
PEETERS AND VUYLSTEKE obtained a kind of immunoelectrophoretic two-dimensional
pattern. ORIOL-BosCH and VOIGT reported on their experiences with KoHl'';'s method
of cellulose acetate foil electrophoresis. A preliminary description of an interesting
new method of free zone electrophoresis was given by HJERTEN, in which a horizontal
tube rotates on its long axis in order to suppress the disturbing effects of convection.

In the section on chromatography, MEIJERING and HUISMAN showed that
normal haemoglobin can be separated into six fractions on CM-cellulose columns,
HOLMBERG and WESTLUND investigated fractions obtained on DEAE-cellulose by
means of electrophoresis on paper and starch gel, PENARANDA studied amino acids
of exudates and transudates, using paper chromatography. Chromatography on
cellulosic ion exchangers was described in papers of other sections also. A very sensi
tive method of measuring the absorption of proteins at 210 mft has been adapted
for the eluates ofDEAE-cellulose columns by TOMBS et at.

The section entitled "Biochemistry" includes an article by BODMAN, which is a
cross between a brilliant essay and a useful technical account on the electrophoretic
investigation of foetal proteins. BIGWOOD poses the question whether any other
amino acids besides ,8-amino-n-butyric acid are ninhydrin-negative in solution.
BLOEMENDAL and BOSCH employ starch-block electrophoresis and ion-exchange
chromatographyin the study of "soluble" RNA. Agar-gel electrophoresis has proved
to be very efficient for the investigation of haemolymph proteins of several insect
species (MISSELIJN et at.).

The section on carnitine deals with various facets of the remarkable and com
paratively little known biological properties of this betaine. Similar sections dealing
with a particular topic, e.g. macroglobulins and urinary proteins, are included in the
chapter on protein pathology. Further sections were devoted to the binding properties
of proteins and general problems of protein nutrition.

The level of the contributions is high and the quality of paper and typography
are up to the usual Elsevier standards. The illustrations are well produced as exempli
fied by the very numerous immunoelectrophoretic patterns. Misprints are not in
frequent, but they are compensated for by the promptness of publication and are
not disturbing.

1. M. HAIS (Prague)
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wall the chromatogram and the recording paper are wrapped next to each other.
The impulses from the Geiger counter are fed through a scaler. This has a relay which
controls the pen-recorder so that each impulse is registered. A succession of scannings
produces a series of parallel recordings, which constitute a facsimile of the radio
active spots. In the apparatus of ARONOFF, on the other hand, the Geiger counter and
pen-recorder move continuously in a direction parallel to the axis of the cylinder.
which rotates continuously carrying the chromatogram and recording paper with it.

a

Fig. 4. Autoradiograph together with the corresponding facsimile record of two artificial chromato
grams (a. according to \VINGOM • b. according to ARONOFF35).

The impulses from the counter, suitably modified, pass through the stylus and are
registered on the sensitive paper at the point of contact. Thus, a combination of the
two movements, namely the rotation of the drum and the advancement of the counter
and pen-recorder, provides a complete scanning of the chromatogram. The tracing
that appears on the paper is a facsimile of the radioactive spots. in the form of clusters
of points.

(2) Apparatuses u:ith discontimtous movement 0/ the chromatogram and mtmerical
recording 0/ the radioactivity·

Some apparatuses of this type record the number of impulses counted in a pre-set
time period, while others record the time required to reach a pre-fixed number of
impulses. ROCKLAND, LIEBERMAN AND DUNN37 were the first to make an apparatus
with discontinuous advancement of the radiochromatogram. The sliding platform
with the chromatogram is moved in increments under an end-window Geiger counter
by means of an advancing device. This latter comprises an interchangeable ratchet and
slit, a spring and an electro-magnet. The movement of the sliding platform (with the
attached chromatogram) is regulated by the dimensions of the ratchet (paired with
the slit). The latter are interchangeable and can vary the increment from 1/16 in. to
I in. The impulses coming from the counter are accumulated on a binary scale. '''.!hen

• WrNTERINGHAM et al,1 and PIPER AND ARNSTKIN H bave described apparatuses with a sY5tcm
of graphic recording and discontinuous advancement of the chromatogram.
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the pre-set number of impulses is reached, the scaler (by means of a suitable circuit)
transmits an electric impulse to a timer which registers the elapsed time. Immediately
afterwards, the scaler and time marker are reset and the chromatogram is advanced
to the next position. The value of the activity of each zone scanned can easily be
obtained from the recording time. Such a system of counting with a pre-set number of
impulses has, however, the disadvantage that much of the time required for scanning
the entire chromatogram is spent in measuring only the background.

On the other hand, recording the number of impulses counted in a pre-set time
presents a major construction diflicnlty, in that the mechanical recorder lacks the
rapidity necessary to accumulate the statistical impulses coming from a highly
active zone of a chromatogram.

HELLSTROM" has solved this problem by means of a "robot scaler" in which the
impnlses are accumulated in a series of decadic tubes and tbe recording is done at
the end of each measuring period by means of an electromechanical read-out and a
digital printing unit. The chromatographic strips to be scanned can be joined together,
end to end, in one long strip'with a maximum length of 40 m (Fig. 5). The strip moves

Fig. S. Robot scaling equipment with chromatogram scanner. robot scaler and digital printing
unit (according to HELLSTROMSII).

step-wise under the Geiger tube of the scanning device, the step length varying be
tween 3 and 7 rom, The impulses coming from the counter are counted by a decadic
scaler and after a pre-set time interval the digits indicated on the decadic tubes are
transferred by a read-out and a series of solenoid-operated plugs to the keys of an
adding machine, which prints the digits of counted pnlses on a strip of paper. Immedi

.ately afterwards the decadic tubes become reset and the chromatogram is automat
ically advanced to the next position.

The instruments discussed thus far (with the exception of that described in a
short communication by PIPER A."D ARNSTEIN") can only scan strips of paper. There
fore, bidimensional chromatograms have to be cut into strips for measurement. With
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loss increases rapidly if the necessary counting rate is to be maintained to count some
hundreds of impulses per minute (CHAIN et al. 31I). On the other hand, it is evidently not
possible to augment the scaling factor noticeably, because then even the missed

Fig. 6. Automatic apparatus for the measurement of bidimensional radiochromatograms with
photographic recorder (according to CHAIN et al.3&).

remainder increases and hence the error in the measurement of the zone with the least
radioactivity becomes excessive. An electronic system in which the afore-mentioned dis
advantage is eliminated was finally adopted by these investigators31l• The impulses are
counted on a scale comprising a series of decadic tubes. and at the end of each measure
ment the numbers indicated on each tube are transferred by a completely electronic
read-out unit (FRANKU ) and a series of solenoid-operated plugs to the keys of an

Fig. 7. Automatic apparatus for the measurement· of bidemensional radiochromatograms with
stamping recorder (according to CHAIN et al.3&).
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electric typewriter whose carriage advance~ and rotatc~ in synchronization with the
horizontal and vertical movement of the frame carr~'ing the chromatogram. As with
the system of the mechanical stamping register, the number of impulses recorded b~'

the ty-pewriter corresponds in value and in position to the zone scanned on the chroma
togram. Fig. 8 shows the numerical map thus obtained with a bidimensional radio-
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Fig. S. la) Numerical map outained hy e1edronic registration: (h) the corrpsponding radio
autograph. In order to avoid the appearanc" on the map of figures with man~- zeros pr-"ccding
thr' final digit SlIch as 001. 002 etc., which would obscure the localisation of the acti\'(: zones,
the pulse from the rl'ad-out corresponding to th" digit 0 is c1ivertN( til the solenoid of tilt' ad\'an,:,~-

lI1ent key. (.\rcording to CHAIN cl ,,1.39).
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P. V. PEURIFOY, J. L. OGILVIE, 1. DVORETZKY

is desired, the cut points should be made so that the bottom of the valley between

peaks is discarded.

Kerosene

Kerosene samples and a number of synthetic blends in the boiling range of 125-270°
were run at a column temperature of 200°. A typical chromatogram of kerosene is
shown in Fig. 8.

Olefin concentrates

A large number of olefin concentrates in the C6 to C10 range which were prepared from
a catalytically cracked gasoline sample by liquid chromatography and distillation
were separated in 5-ml portions with 18 ft. of column (DC-7IO) at a flow rate of
rooo ml/min and column'temperatures of 100-200°. The cuts taken from the unit
showed that separation by z-number (in the empirical formula CnH 2n + z) with about
90 % selectivity was achieved even though complete resolution was not obtained in
all cases.

Purification of J-methylhexane

The preparative-scale unit was used to prepare a total of 175 ml of naphthene-free
3-methylhexane from Phillips technical-grade material for use in reaction studies.
Previous attempts to remove the naphthenes by precision distillation were un
successful, but they were completely removed by the preparative-scale unit (5-ml
sample, 36 ft. of DC-7IO silicone, lIO o

, rooo ml/min). Taking into account the sample
lost through the thermal conductivity cell side stream, a recovery of 97.5 % was
obtained by using two traps in series, the first cooled with dry ice and acetone, and
the second with liquid nitrogen. With a narrow-boiling-range sample such as this,
it was possible to complete a run every 35 min.
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SUMMARY

An efficient preparative-scale gas-liquid chromatography unit has been eveloped
which features a column composed of eight I Yz-in. X 9-ft. tubes connected in series.
The tubes are arranged so that the effective column length can be set at 18, 36, 54
or 72 ft. Operation at temperatures up to 250° and with sample sizes as large as 20 ml
is practical. Performance studies indicate that separations equivalent to 9000 or
more theoretical stages are possible. The unit has been applied to the preparation
of narrow concentrates and compounds of high purity for analytical and reaction
studies.
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Short Communications

A simple technique for the automatic application of solutions to
chromatography paper

A technique has been developed for the automatic application of relatively large
volumes of dilute aqueous solutions to absorbent paper in such a way as to produce
"spots" of a suitable size for chromatography and paper electrophoresis.

The apparatus is shown in Fig. 1. The paper (F), held clear of the bench, is pierced
by a needle bearing a length of thin cotton thread (No. 50) with a knot (E) at one end,
at the point (D) where application of the solution is to be made. The fibres of the
thread and of the paper are then matted together at their point of junction by scratch
ing with the needle, and the thread is cut at a predetermined distance above the paper.
The sample to be applied is contained in a pipette (A) supported above the paper
and the upper end of the thread is attached by surface tension to the meniscus of the
solution in the tip (B).

ATzn?:/ //(
•
E

Fig. I.

1

The solution soaks down the thread (C) and onto the paper, and when the rate
of this process is balanced by evaporation, the area of the "spot" reaches a steady
state diameter and the solute is deposited in a fine ring at the circumference. The ring
grows from its inner edge and all the sample is eventually drawn from the pipette.
It should be noted that if the initial diameter of the ring on the paper is too small
for the sample being used, it will eventually close in giving a uniform disc and sub
sequent application of solution is extremely slow. An estimate of the amount of so
lution contained in the thread can be made by observing the levels of the liquid in
the pipette before and after the thread is saturated with the solution. This is retained
at .the end of the process, and if considered significant it can be washed onto the paper
using pure solvent from a second pipette. The thread is then removed.

The size of the "spot" was observed to depend on the temperature, humidity
and the length of the thread. This length must be determined by experiment under the
prevailing conditions. In this laboratory lengths of 1.8 to 2 em gave spots 0.8 to 1.0 em
in diameter with aqueous solutions, and 0.1 ml was applied in approximately 7 h.
More volatile solvents require shorter threads. Mr. J. ASHWORTH has found here that
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Paper chromatography of quercetagetin derivatives

455

In the course of our investigations of Vitex agnus castus seeds, it was found that they
contain a flavonoid pigment casticin (5,3'-dihydroxY-3,6,7A'-tetramethoxy-flavone1 .

It became desirable to follow the progress of the purification of casticin and to com
pare its Rp values with those of other known flavonoids for the purpose of identifi
cation. In most solvent systems that are successfully used with flavonoid pigmentsZ,

casticin was found to travel near the front and to show considerable tailing. There
fore, for the paper chromatography of casticin, solvent systems such as are used in
the steroid field and many other fields3, were applied.

Filter paper (Whatman No. r) was dipped into a solution offormamide or
dimethylformamide in acetone (50 % v/v), the excess of solvent removed by blotting
between sheets of filter paper and the samples, ranging in quantities from r to 30 y

applied in the form of solutions in acetone. The chromatogram was developed by the
descending technique, until the mobile phase had travelled about 30 em. Mixtures of
benzene and decalin, saturated with formamide, or decalin saturated with dimethylfor
mamide, were used as mobile phase. Subsequently the chromatogram was dried in a
stream of hot air until the mobile phase had evaporated. Visualisation was achieved
by conventional methods as for example by examining the paper in U.V.light or by
spraying it with a diazotised solution of sulphanilic acid4 •

The results, given in Table I, show that satisfactory chromatograms can be ob
tained with formamide-benzene-decalin, especially if the ratio of benzene-decalin is
adjusted to suit the specific requirements. Artemetin and diethy1casticin cannot be
separated since their Rp values are too close together. However, the difference
between the Rp values obtained with the dimethylformamide-decalin system is large

TABLE I

R p VALUES OF QUERCETAGETIN DERIVATIVES

RFvalues in

Formam-Mel
benzene-decalin

(I: I)
be~~;::::':U::fin Dimethyl- Colour 1'n U.V. light

(4: I) jornlanlideldecalin

Casticin (5,3'-dihydroxy- 0.26 0-40 0.0 dark brown
3.6,7.4'-tetramethoxy-flavone)

Artemetin (5-hydroxy- 0.81 0.83 0.12 dark brown
3.6.7.3'.4'-pentamethoxy-flavone)

Diacetylcasticin (5,3'-diacetoxy-
0.65 0.72 0.0 blue fluorescence

3,6.7.4'-tetramethoxy-flavone)

Hexamethylquercetagetin
0.52 0.72 0.0 blue fluorescence

(3.5.6.7.3',4'-hexamethoxy-flavone)

Diethylcasticin (5.3'-diethoxy-
0·79 0.83 0.22 blue fluorescence

3,6,7.4'-tetramethoxy-flavone)
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enough to allow distinct separation. Yet this system has the disadvantage that it
causes tailing of the above-mentioned substances.

By substituting petroleum ether for decalin in the solvent system formamide
benzene-decalin, the method can be utilised in large scale work. The separation of
artemetin and casticin on a column of cellulose powder was carried out to test the
method.

Cellulose powder (zoo g, Whatman standard grade) was impregnated with for
mamide (66 g) in acetone (150 ml). Then the acetone was evaporated at 50° under
reduced pressure. The cellulose was pressed into a column 4 X z8 em. The mixture
of artemetin (185 mg) and casticin (198 mg), dissolved in a small amount of the mobile
solvent, was dropped on the top of the column and the mobile solvent (benzene and
zo % vlv petroleum ether 30-40°, saturated with formamide) allowed to pass through
the column at the rate of 2 mIll min. Ten ml portions were collected and examined
by paper chromatography. Fractions 1-7 contained artemetin and fractions 10-20
contained casticin. In fractions 8 and 9 neither flavone could be detected. Fractions
1-7, and 10-20, respectively, were combined, and the solvent evaporated. Of artemetin
190 mg and of casticin zoo mg were recovered. After one crystallisation from ben
zene-petroleum ether both compounds had the original melting points.

Institut za kemijo, Medicinska fakulteta,
Ljubljana (Yugoslavia)

I. BELIe

]. BERGANT-DOLAR

1 I. BELIe, J. BERGANT-DOLAR AND R. A. MORTON, J. Chem. Soc., in the press.
2 J. B. BARBORNE, ]. Chromatog., 2 (1959) 58!.
3 I. M. BAIS AND K. MACEK, Handbuch der Papierchromatographie, Band I, VEB Gustav Fischer

Verlag, Jena, 1958, pp. 234, 354·
4 I. M. BAIS AND K. MACEK, ibid., p. 328.
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Behaviour of the metals of the 1b group
on zirconium phosphate columns and papers

Recent work has revived interest in inorganic ion exchangers and their application!. Of
these, zirconium phosphate was selected for our purpose because of its properties and
high capacity. It was prepared according to the method described in the literature2•

Columns were made from 6 mm diam. glass tubes constricted at one end and
filled to a height of about 40 mm with zirconium phosphate (ZP). Its capacity and
distribution coefficients were as previously recorded (capacity = 1.88 mequiv./g).

The zirconium phosphate papers were prepared as follows: Whatman No. I

paper was impregnated with a solution of 0.2 M ZrOCl 2 ·8H 20 in 4 N HCI, the excess
solution drained off and the paper dried at room temperature. These papers were then
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IDENTIFIZIERUNG ORGANISCHER VERBINDUNGEN*

XLI. MITTEILUNG.

PAPIERCHROMATOGRAPHISCHE TRE:\TNU:\TG

UND IDENTIFIZIERUNG DER ALKOHOLE, GLYKOLE,

POLYA.THYLENGLYKOLE, PHENOLE, MERCAPTA:--JE UND AMINE IN

FORM IHRER 3,S-DINITROBENZOYLDERIVATE

JIl~J GASPARIC UND JIl'{i BORECKY

Forschungsinstitut fur organische Synthesen, Pardubice-Rybit'J{

(Tschechoslowakei)

(Eingegangen den 12. September 1960)

In einigen vorangehenden Mitteilungen aus unserem Laboratoriuml - 6 zeigten wir,
dass die alil?hatischen Alkohole, Amine, Glykole und Polyathylenglykole, sowie
ihre Monoather und Chlorhydrinderivate vorteilhaft in Form ihrer 3,s-Dinitroben
zoylderivate chromatographiert werden konnen. Die Fliichtigkeit dieser Verbindun
gen und auch der Mangel an empfindlichen Detektionsmethoden zwingen zur Uber
fiihrung dieser Verbindungen in geeignete Derivate vor der chromatographischen
Behandlung. Wir beniitzen diese Methoden seit mehreren Jahren zur Identifizierung
der Spaltungsprodukte organischer Verbindungen, deren Konstitution wir ermitteln,
sowie zur Analyse verschiedener technischer Produkte (z.E. Textilhilfsmittel), die
gewohnlich komplizierte Gemische vorstellen. Da das 3,s-DinitrobenzoyIchlorid
auch mit Verbindungen vieler anderen Stoffklassen Derivate bilden kann - deren
chromatographisches Verhalten uns unbekannt war, was zu Irrtiimern bei der Inter
pretation der Chromatogramme fiihren konnte - waren wir gezwungen das Verhalten
einer moglichst grossen Anzahl von 3,s-Dinitrobenzoylderivaten zu priifen. 1m
Verlauf dieser Arbeit gelang es uns nicht nur die notigen Informationen iiber das Ver
halten aller in Frage kommenden Derivate zu erhalten, sondern auch eine Reihe
von Faktoren, die die papierchromatographische Trennung dieser Verbindungen
beeinflussen konnen, aufzuklaren. Die erhaltenen Resultate sind in der vorliegenden
Mitteilung zusammengefasst.

EXPElUMEKTELLER TElL

Die Wahl der Derivate

Fliichtige oder unbestandige Verbindungen oder soIche Stoffe, bei denen keine emp
findliche Detektionsmethode zur Verfiigung steht, werden in Form von geeigneten

* XL. Mitteilung: J. Chromatog., 5 (1961) 408.

j. Chromatog., 5 (1961) 466-499























































































































































SHORT COMMUNICATIONS 54 I

Storage of gas chromatographic data using key-punched IBM cards

During the past few years, the use of gas chromatographic techniques has grown at a
very rapid rate. As a result, more and more data are being published, but little work
has been published on compiling the data in a form convenient for use. SPENCER

AND JOHNSON1 have reported a method of storing data on punched cards; however,
their method is limited to hydrocarbons. This paper is a brief description of a system
using IBM cards for the storage of gas chromatographic data for a wide variety
of compounds.

Two decks of IBM cards are used. One deck consists of name-formula cards
(NFC) and the other of gas chromatographic data cards (CDC). The NFC contains
the compound name in standard punched card alphabet, molecular formula, and a
cross-reference serial number. The original NFC were reproduced from the NFC
being used by infrared adsorption spectroscopy groups. Cross-reference serial numbers
were assigned to these cards after cards for inorganic materials, polymers, salts;
complex compounds, and unstable materials had been removed from the deck.
The CDC contains key-punched codes for the liquid phase, solid support or active
solid, reference material, relative retentions, column temperature, type of compound
(such as ester, aldehyde, ketone, acid, alcohol, amino acid, or steroid), bibliography
reference including journal, volume, page, year, and main subject of article, and
cross-reference serial number of the compound.

The purpose of the NFC is to identify the compound for which the chromato
graphic data are listed. A given compound will, therefore, have the same cross
reference serial number, regardless of the number of times data have been coded
for this compound. Also, if a given compound can be named in different ways, each
name will have the same cross-reference serial number. The NFC are arranged in
order of molecular formula; thus, the serial numbers are also in order of molecular
formula.

Once the decks of cards have been produced, they can be reproduced, sorted, and
rearranged rapidly by means of conventional punched card handling equipment.
Thus, the information stored in the system can be rapidly retrieved. The cards can
also be used to produce printed lists of all or any part of the information stored, and
in almost any order desired. The following printed lists have been useful here:

1. NFC in order of molecular formula.
2. NFC in alphabetical order.
3. CDC arranged as follows:

a. Major sort; liquid phase.
b. Intermediate sort; reference material, solid support or active solid, and

column temperature.
c~ Minor sort; relative retentions.

4. Compound name or names from merged NFC an~ CDC in order of molecular
formulas. Under the name are all the data for that particularcoIllPound, as in 3.

5. A bibliography on gas chromatography in order of the subject of the article.
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Lists I and 2 are useful for coding new data. Lists 3-5 are used for rapid retrieval of
data.

The system can be applied to practical problems by using either the cards and
machine sorting or the printed lists. So far, the authors have used the printed lists for:

1. Selection of the liquid phase for separation of a mixture of two or more sub
stances.

2. Tentative identification of unknown materials by comparison of the measured
relative retention of the unknown with pertinent relative retentions in the lists. Two
or more columns are used for a more positive identification2•

3. Easy access to literature in which work of interest is described.
4. Comparison and correlation of data from different sources.
Several spaces on the CDC are unused in the present system. It is expected that.

some of these will later be assigned to data not now being stored in the system. The
ratio of liquid phase to solid support and the specific retention volume, for example,
are not coded at present; however, since data are being reported more precisely than
in the past, it is planned to code this information.

We are grateful to H. W. PATTON and M. V. OTIS for helpful suggestions on setting up
this system for storage and retrieval of data; to A. D. ALLEN, C. S. MCCONNELL,
Mrs. DORIS W. MOREHEAD, W. E. ROBERTSON, J. N. ROPER, JR., J. L. SANKS,
A. L. STONE and M. R. WHITLEY for assistance in. preparing the original NFC; to
M. H. LEIMKUHLER and A. G. FISH for co-ordinating the work done with the IBM
machine card handling equipment; and to Mrs. FRANCES P. HUFFAKER for coding
data from the literature.

Research Laboratories, Tennessee Eastman Company,
Division ot Eastman Kodak Company,

Kingsport, Tenn. (U.S.A.)

J. S. LEWIS
G. T. MCCLOUD
W. SCHIRMER, JR.

1 C. F. SPENCER AND J. F. JOHNSON, Anal. Chem., 30 (1958) 893.
2 J. S. LEWIS, H. W. PATTON AND W. 1. KAYE, Anal. Chem., 28 (1956) 1370.
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Fractionation of sulphosalicylic acid filtrates
on diethylaminoethylcellulose

In the course of a study on serum mucoproteins one of the aims of the authors was to
investigate the high molecular substances that are not precipitable by sulphosalicylic
acid, after the removal of t4e precipitant.

A method,.formerlyl developed for t.he separation of urine mucoproteins was
used. It consists in the chromatographic separation of the substances on a column of
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diethylaminoethylcellulose2 and their gradient elution with phosphate buffers.
The gradient was obtaineq with the aid of a closed mixer, which contained o.or M
phosphate buffer at the beginning of the experiment. The same buffer, but with an
ionic strength that had been increased to 0.6 by adding NaCl, was then added from a
supply bottle. As soon as the ionic strength of the eluted solution had reached the value
of 0-4, the addition of 0-4 N NaOH was started. By this means, a complex gradient
of ionic strength and pH was attained. The eluted solution was collected in samples of
about 5 ml, using an automatic fraction collector3. The samples were measured with a
spectrophotometer and the height of their polarographic waves was determined,
mixing 0.1 ml of the eluate with I ml of the BRDICKA cobaltic solution4.

The above-mentioned high-molecular substances were prepared during the so
called "BRDICKA polarographic filtrate test"4, by deproteinizing serum with sulphosali
cylic acid. As the excess of sulphosalicylic acid interferes with the separation on an
ion-exchange column when the final concentration is 0-42 M, this acid was removed by
repeated dialysis and the dialysate was concentrated by freeze drying. Although
BIWICKA4 and other authors state that substances causing the polarographic wave
are not dialysable, a decrease in polarographic activity was always observed during
dialysis. It was found that the most efficient dialysis and thus also the minimum
decrease in activity could be achieved by short dialysis without using electric current.

The filtrate obtained from 200 ml of serum was subjected to dialysis in a cello
phane sack for 48 hours and after freeze drying it was dissolved in 12 ml of water,
re-dialysed in a disk dialyser according to SEEGERS5 and again lyophilized. During this
procedure the polarographic activity decreased to one half of the original value,
while the amount of sulphosalicylic acid was reduced to 1/5000-1/10,000 of the origi
nal value. Thus, the sulphosalicylic acid constituted about r/Io by weight of the dry
frozen substances.

In Fig. I the results of the separation are shown for the filtrates of normal and
pathological sera, as well as for a sample of the urine mucoprotein prepared according
to TAMM AND HORSFALL6 and submitted to the action of sulphosalicylic acid and
dialysis in the same way as the filtrates. The figure shows clearly the considerable
similarity of the serum mucoproteins that pass into the filtrate and the urine muco
proteins obtained by alcoholic fractionation. In the experiments, carried out with
urine mucoproteins, the peaks were called A - E and the zones of their occurrence
were plotted on the volume scale. In zone C of the urine mucoproteins that had not
been subjected to the action of sulphosalicylic acid several sub-fractions were found,
the largest of which was called CI.The main fraction found in the present experiment
corresponds to this sub-fraction CI. Another striking peak found in the zone of fraction
C belongs to sulphosalicylic acid, either bound or free. This is confirmed by the spectra
of samples from the peaks of the individual fractions (Fig. 2). The shape of these
spectra as well as other properties, leads to the conclusion that fraction E consists of
a dye of the urochrome type and fraction CI of a compon~nt with a rather high content
of aromatic amino acids; on the other hand the other fractions have a typical muco
protein shape.
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