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CHROMATOGRAPHIC STUDIES OF SILICON COMPOUNDS

I. USE OF A FLAME IONISATION GAUGE IN
DETERMINATION OF RETENTION DATA

F. H. POLLARD, G. NICKLESS a~p P. C. UDEN
Department of Chemistvy, The Univeysity, Bristol (Great Britain)

(Received July 24th, 1963)

INTRODUCTION

As part of a project involving accurate retention data measurements for volatile
organo-silicon compounds, and the gas chromatographic study of their reactions,
the possibility of using a flame ionisation detector with associated high sensitivity
has been studied.

Flame ionisation detectors of various design!:? have been described, their
theoretical operation has been discussed?, but little reference to the detection of
either z or g-bonded organo-metallic compounds has been made.

In this work the detector employed was similar in design to that described by
the Associated Octel Co.4, and appropriate experimental conditions enabled specific
retention data® to be obtained for series of Group IV alkyls, hydrocarbons and chloro
compounds.

. EXPERIMENTAL
Detector (see Fig. 1)

The column consisted of 6 ft. copper U-tubing of 1/, in. O.D,, set vertically in a vapour
jacket. Samples were injected by means of Hamilton ul syringes or 1 ml gas-tight
syringes into a T joint compression fitting at the column inlet. The detector flame
chamber was mounted horizontally at the end of the column, on a brass plate (6 cm?)
over which a screw cover could be fitted. Through the centre of the bottom of the
plate was silver-soldered a compression fitting into which the end of the column passed.
A piece of glass tubing (3 mm 0.D.), with its top 5 mm conically ground, over which a
Record hypodermic needle could be fitted, was sealed into this fitting to give insula-
tion from chamber and column. A size 16 needle was cut square to form the jet for
the flame. The burner tip was located between two 4 mm? platinum electrodes placed
parallel, and 5 mm apart (found to give optimum sensitivity), supported on K.L.G.
type lead-through insulators soldered into the chamber base. B.O.C. white spot N,
carrier gas was used, high purity H, passed in below the plate (at about 30 ml/min
controlled through a needle valve by a capillary manometer), and air for combustion
entered the chamber radially at the rate of approximately 400 ml/min, air turbulence .
being minimised by a 1/, in. layer of glass beads in the chamber base.

The ionisation current passing through the flame under the influence of a po-
larising potential of 70 V was fed via an amplifier to a potentiometric recorder.
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. H. POLLARD, G. NICKLESS, P. C. UDEN

The amplifier used® was of a simple impedence matching type, having a sensitivity
control giving full-scale deflections of 10 mV for ionisation currents in the range
10-%-10-% A. Care was necessary in earthing of the electrode leads and also amplifier
casing as inadequate earthing (resistance less than 100 M) could cut out signals
completely.

Fig. 1. Flame ionization gauge detector a = brass-base plate; b = 1/4 in. O.D. copper tube for

compressed airflow; ¢ = brass cover jlate; d = platinum electrode plates; e = jet (No. 16

hypodermic needle); f = ceramic lead-i': :ough connectors; g = hydrogen line; b = nitrogen from
colu'nn; i = glass tubing.

Chyomatography of Group IV alkyls
For all liquid samples (even samples of a fraction of 1 ul) saturation of some kind
occurred in the detector, as soon as the ionisation current exceeded approximately
5-107° mA. The type of trace found is seen in Fig. 2 for samples Me,CEt, Me,CCl, and
Me,SiEt; the flat cut off for the silicon compound being noted. No sensitivity change
could remove this fault which was assumed to be due to actual ionisation characteris-
tics in the flame. The assumption of the absence of an actual coating on the electrodes
being responsible for this saturation seems justified, since organic compounds chroma-
tographed immediately afterwards showed no change in response.

This difficulty can be overcome by two methods involving decrease in sample size:
{1) injection of small samples as vapour in conjunction with the use of the detector at
maximum sensitivity, and (2) employment of a bleed-off valve (stream-splitter)
between injection seal and column. The data given were obtained by the former
method, although the latter has also been used in similar work. Vapour samples taken
from above the liquid surface at room temperature gave normal symmetrical peaks
giving consistent retention data through the various series. The sizes of vapour/air
samples required depended obviously on the vapour pressures of the compounds,
but 1 ul to 1 ml sample ranges for 26° to 200° (containing in the order of 107 g)
gave ionization currents of 10-8-107® A, 7.e. below the saturation limit.

J. Chvomatog., 14 (1964) 1-12
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Fig. 2. Chromatographic characteristics for analogous carbon and silicon compounds. Stationary
phase: 159% E 301 silicone oil, 80°; carrier gas: nitrogen; flow rate 24.7 ml/min; 1 ulliquid sdimple;
F.S.D. .~ 1077 A.

Preparation of alkyl silanes

These were prepared by Grignard reactions of the appropriate alkyl halide with
chlorosilanes in di-ethyl ether or di-n-butyl ether, having 20 9% excess of Grignard
reagent, followed by fractionating employing purity checking by GLC. Purity was
estimated in all cases as > 98%".

The course of the fractional distillation of the multi-component system which is
always encountered in Grignard reactions of this type, is commonly followed by
noting the changes in boiling point and refractive index changes. Such techniques are
not completely reliable in such cases in which the boiling points are very close or
the differences in refractive indices are small. Often recourse can be made to changes in
the infra-red spectra of the fractions, but reliable data on the mixed tetraalkylsilanes
are not available. Gas chromatography offers an important and indispensable tool
for following fractional distillations of such o-bonded organo-metallic compounds.
Analysis of each fraction as the distillation proceeds, enables a more judicious choice
{to be made) in effecting the best separation of components, and therefore affords a
maximum amount of each component.

Fig. 3 gives an example of the use of gas chromatography in the isolation and
purification of trimethylethylsilane.

(@) Fractionation. See the following scheme.

Boiling point

No. Attenuation rangc (°C) Components

1 50 - 35 I, 11, IV

2 50 35-58 I, I, 111, IV

3 50 56-60 I, I1, 11T, IV

4 100 57~63 -, II, I1I, IV

5 100 63 - — IIL 1V

6 100 63-65 - — III, 1V

7 100 63-67 - - IIL, IV

8 100 Residue - - - 1IV,V

J. Chvomatog., 14 (1964) 1-12
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Fig. 3. Gas-liquid chromatography analysis in the preparation of (CHg)4SiC,H,. Column: 2 m of

15% E 3or silicone oil on 36-60 celite (treated), 80°; detector: gas density balance; carrier gas:

nitrogen, flow rate 35 ml/min; 4 ul samples injected. I = diethyl ether; II = trimethyl-
chlorosilane; 11T = trimethylethylsilane; IV = hexamethyldisiloxane.

(b) Purification. The fractions containing yields of III were hydrolysed with water

to convert III to IV.
9 (originally fraction 3) 100 — III, IV

Finally, to remove IV, the fractions were shaken with successive portions of
concentrated sulphuric acid.
10 (originally fraction g) 100 — 111, IV

Fractions 2—; were subjected to the water followed by acid treatment, and the
fractions combined, and redistilled to produce fraction 11.

II 5 63.5° III, IV
From the detector response, the purity of the Me;SiEt was taken as at least 9g9.89%,.

Preparation of tin alkyls®

SnMe, and SnEt, were prepared by Grignard reactions from SnCl,, while the inter-
mediate alkyls were prepared by bromination in equivalent proportions to give
Me,SnBr, Me,SnBr, and MeSnBr; followed by the appropriate Grignard reactions
and fractional distillation. GeMe, was made similarly.

J. Chromatog., 14 (1964) 1—12



CHROMATOGRAPHIC STUDIES OF SILICON COMPOUNDS. I. 5

Chlorosilanes, hexamethyldisiloxane, normal alkanes, lead tetraethyl and chlori-
nated hydrocarbons were obtained commercially.

RESULTS

The compounds chromatographed included hydrocarbons and chlorinated compounds
to provide some comparison for specific retention data, namely:

SiMe, SnMe, GeMe, Me,SiCl Me,CCl CeHg

Me,SiEt MegSnEt Me,SiCl, Me,CCl, #n-C H,,—n-CyH,,
Me,SiEt, Me,SnEt, MeSiCl,  HCCl,

MeSiEt, MeSnEt, sicl, ccl,

SiEt, SnEt, PbEt,

MegSiPr-n, Me SiBu-u, Et,SiH, Me,;SiOSiMe,

With the apparatus described as above, consistent results for vapour samples were
obtained for all except the chlorosilanes.

Trimethylchlorosilane showed almost complete hydrolysis to hexamethyldisil-
oxane, while the di- to tetrachloro compounds gave no response. This was assumed to

TABLE I

SPECIFIC RETENTION VOLUMES V, (ml) oN 159% E 301 SILICONE OIL

o

Compound 80° 100° 110.5° 140
SiMe, 11.82 4 0.15 7.65 4 0.07 6.31 4= 0.07 3.09 £ 0.03
Me,SiEt 31.4 + 0.2 18.45 + 0.06 13.77 + 0.2 7.51 4 0.05
Me,SiEt, 79.2 4 0.5 43.2 4+ 0.2 32.0 + 0.7 16.4 + 0.2
MeSiEt, 190.9 -+ 0.9 98.7 -+ o7 68.3 + 1.8 34.1 4 o1
SiEt, 446.8 + 2.9 216.8 4 3.0 147.7 + 2.9 69.3 + 0.4
Me,SiPr-n 61.6 + 0.6 34.3 4+ 0.4 24.9 4+ oI 13.33 4= 0.2
Me,SiBu-» 129.3 + 2.0 68.0 L+ 0.2 47.7 + 0.2 24.3 + o
Et,SiH 118.8 4 0.4 64.6 o+ I1.I 44.8 + 0.6 23.2 4+ o.I
Me;SiOSiMe, 74.4 + 0.5 40.1 -+ O.I 28.4 4+ o4 14.7 < 0.05
GeMe, 20.I + 0.05 12.37 + 0.12 9.29 + 0.1 —
SnMe, 50.1 4 0.3 284 4 o 21.0 + 0.4 11.2 £ o.1
Me,ySnEt 116.6 + 1.0 62.3 + 0.3 43.9 4+ 0.3 22.5 4 0.3
Me,SnEt, 264.3 4+ 3.2 131.2 -+ I.0 91.3 + 1.2 44.0 4+ 0.4
MeSnEt, 577.0 4+ Q.1 270.5 -4 1.8 181.9 + 0.9 82.7 + 1.0
SnEt, 122.4 =+ I10.0 546.4 4 7.0 355.0 + 3.3 153.9 % 2.4
PbEt, — 1171.5 &£ 9.0 713.3 4+ 3.3 293.1 4 5.0
Me,CEt 23.4 4+ 0.3 14.3 4+ o.1 10.81 4 0.15 5.98 4- 0.03
Me,CCl 24.1 4+ 0.4 14.8 4 0.2 1.2 4+ 0.25 6.36 4 0.05
Me,CCl, 40.6 + 0.3 24.0 + 0.2 17.8 + 0.2 9.93 4+ 0.09
HCCl, 40.0 4+ 0.3 23.5 =+ o.I 17.4 4+ 0.3 9.65 + 0.1
CCl, 63.5 4 o.2 36.2 + 0.3 26.4 + 0.5 14.5 &+ o.II
CeHg 60.6 4 0.8 34.8 4+ o.05 25.4 -4+ 0.4 14.2 4 o.I
n-CH, 17.1 -+ 0.2 10.76 4+ 0.08 8.17 4 o.15 4.62 4 o.02
n-CeHy, 38.5 4+ 0.2 22.5 4 o.0I 16.8 4 0.2 8.65 4- 0.05
n-C.H, 84.8 4 0.8 46.2 4 o0.04 33.1 4+ 0.6 16.9 4 0.08
n-CgH g 184.7 + 1.8 94.2 4 1.1 65.2 4+ 0.8 31.8 + o
n-CoHyq 400.7 4 6.9 188.4 <4 2.0 129.1 -+ 2.9 58.8 4 0.7
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6 F. H. POLLARD, G. NICKLESS, P. C. UDEN

be due to complete hydrolysis of the vapour and not detector or column characteris-
tics, since these compounds have since been chromatographed with appropriate
precautions to minimise hydrolysis both with this detector using the stream splitting
system for liquid samples, and also on a katharometer.

Retention data are recorded on 15 % silicone oil E 301, (mol. wt. 700,000) on
Celite treated® by dry-sieving to mesh 36-60, washing with conc. HCI, methanol,
and distilled water, followed by drying at 300°; phases of this type were used in the
chromatography of chlorosilanes®.

The values of specific retention volumes Vg given in Table I are the mean values
at each temperature of determinations at inlet/outlet pressure ratios of 1.2, 1.4 and
1.6.

Errors given on this mean are in almost all cases less than -+ 29%; this being
smaller than that which may be expected from experimental error.

DISCUSSION

Vapour samples taken as described are useful in the measurement of accurate specific
retention data, since they give an approximation to ideal chromatography, 7.e.
sample size approaching zero, and injection as a plug of vapour. However, for quanti-
tative sensitivity measurement the disadvantages are: (i) uncertainty as to exact
quantities, and (ii) diminution of sample size taken for higher boiling compounds.

Among items of interest in the range of compounds detected are: (a) the ability to
detect chloro compounds, ¢.g. CCl, with relatively little loss of sensitivity, (b) the
response of the detector to silicon compounds of similar boiling point to analogous
carbon compounds, is approximately 2o % greater, and (c) evidence for the formation
of ions in the flame deriving from the case of lead tetraethyl. Here, after injection of a
liquid sample, a red deposit was formed on the negative electrode, thus indicating the
formation of positive lead ions in the flame.

GRAPHICAL TREATMENT OF RETENTION DATA

A plot (Fig. 4) of log,o Vg against column temperature for members of the various
series shows good straight lines at temperatures of 80°, 100° and 1710.6°, but marked
discontinuity at 140°. Since the relative displacement is similar for all compounds,
and a strajght line extrapolation would indicate a column temperature some 8-10°
lower than that used, there would seem to be some discontinuity in stationary phase
retention characteristics between 110.6° and 140°. (The only exception being in the
case of the very small retention volume obtaining for silicon tetramethyl at 140°).
This phenomenon which is being further investigated, may be compared with a similar
discontinuity observed with Apiezon L between 58° and 8o°11,

Figs. 5 and 6 show plots of log Vy and number of carbon atoms for the silicon
and tin tetraalkyls, and also the normal paraffins at column temperatures of 80°
and 140° respectively. (The intermediate temperature graphs show parallel character-
istics.)

In comparison with the paraffins which show a close approximation to a linear
relationship, both mixed methylethyltetraalkyl series show a slight but consistent
curvature, giving rather higher log,,Vy values for the asymmetrical members than

J. Chwvomatog., 14 (1964) 112
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Fig. 4. Plot of log,V, against column temperature. © = tetraalkylsilanes, SiMe,~SiEt,; [] =
tetramethylstannane; A = n-hexane; ¥ = fert.-butyl chloride.

might be predicted from numbers of carbon atoms only. This indicates some degree of
selective retention of the asymmetrical over the symmetrical members, although
such an effect should become more pronounced for the mixed methyl-n-propyl and
methyl-n-butyl series at present being investigated. The straight chain trimethylalkyl
series, however, appears to show curvature in the opposite direction, perhaps indicat-
ing some selective retention as the chain lengthens.

Fig. 7 shows a plot of log,(J'y against boiling point giving closely similar plots for

3.0

2.5

2.0

Log 0¥y

1.5:-

T

1 L L L

1.0

5 6 7 8
Number of carbon atoms

|
S

Fig. 5. Plot of log;4V4 against number of carbon atoms at 80°. [[] = tetraalkylsilanes, SiMe,~SiEt,;
A = tetraalkylstannanes, SnMe,—SnEt,; © = n-alkanes.
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Fig. 6. Plot of log,,V, against number of carbon atoms at 140°. [[] = tetraalkylsilanes; A =
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the four column temperatures. A general upward curve for each temperature is
noted, giving higher retention volumes than predicted for the higher boiling com-
pounds. A number of compounds, however, show some exception to this general
trend. Trimethyl-n-propyl- and »-butylsilanes always appear somewhat below the
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Plot of log,,V, against boiling point for different column temperatures. ® = tetra-

alkylsilanes; A = tetraalkylstannanes.
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CHROMATOGRAPHIC STUDIES OF SILICON COMPOUNDS. I. 9

curve, but the two major exceptions are hexamethyldisiloxanes which always have a
markedly lower retention volume than predicted from its boiling point (this has also
been noted on tritolyl phosphate and Apiezon L phases!), and dimethyldiethyl tin.

This compound always appears so far below the curve that to place it on the line
would mean assigning a boiling point of 138° instead of 144°. This anomalous result
warrants further study since the boiling point range of the methylethyl tins, (i.e. 78°,
108°, 145°, 159° and 181°) shows successive differences on replacement of methyl by
ethyl of 30°, 37° 14° and 2%°, in comparison with a similar series of differences in
the analogous silicon series of 37°, 32°, 31° and 26°. It is seen in fact, thaf a boiling
point of 138° assigned to dimethyldiethyl tin would make for a much closer compar-
ison between the series.

ACTIVITY COEFFICIENT MEASUREMENTS

HARDY?? referred to recent papers on the study of the thermodynamics of systems of
involatile solvents and volatile solutes by gas chromatography, and indicated the
accuracy possible in experiments having the necessary degree of control and measure-
ment of operating parameters.

Generally, for non-polar solutes and solvents, values of activity coefficients at
infinite dilution (y°) are found to be in the range 0.1-1.0 when calculated from the
equation:

. NugRT
Yo = % Po_
where £ is the partition coefficient obtained by dividing V° by the volume of the
stationary phase at the column temperature, V° being here given as the product of
the specific retention volume Vy and the weight of solvent. Njjq is the number of
moles of liquid phase per unit volume at temperature 7°K.

Thus:
W, x RT Vg x W, RT
V=TT = (1)
x Vi xp Vg x M x p
where p = vapour pressure in mm Hg of solute at temperature T,
Wi = weight of liquid phase,
Vi = volume of liquid phase,

M = molecular weight of liquid phase.

Thus accurate molecular weights, vapour pressure values and specific retention
data are needed for such measurements. Since, however, the molecular weight of
E 301 is approximately 700,000, it would seem likely that the y,° values would be
very small. Although, as HARDY states, accurate values cannot be obtained under
these conditions, series of relative values for various series of compounds may be
calculated. Although it is doubtful whether such values are strictly activity coeffi-
cients, they do represent some analogous thermodynamic property of the system and
may thus be of some interest.

Thus where possible, these values have been calculated, the limiting factor being
the availability of accurate vapour pressure data over the temperature range chro-
matographed.

J. Chvomatog., 14 (1964) 1-12



10 F. H. POLLARD, G. NICKLESS, P. C. UDEN
Antoine equations of the type:

B .
loglap =4 — E:T) (¢ in °C)

are available!3 for the n-paraffins, benzene, neohexane, chloroform and carbon tetra-
chloride, and equations of the type:

B
logiop = C — Vf(Tin °K)

for tin tetramethyl and lead tetraethyl.

Tabulated values up to their boiling points'® are available for trimethylethyl,
n-propyl- and n-butylsilanes, methyltriethylsilane, tetraethylsilane, hexamethyldisil-
oxane and trimethylethyl tin, which give almost linear plots of logio  against 1/T°K
(Fig. 8). Interpolation of the required values of 1/T°K corresponding to column
temperatures, gives appropriate vapour pressure values (assuming linearity to hold

3.5
— — — — —Curve inserted
corresponding to Me,SiEt,

. MesCCl
3.0

- \
f\:g‘a\igi\"g\_wa

o oot @ ©
2.

2N N

2.0 -
[MesSiBun \o kb o Me3SiOSiMes
IR AN
L 1 ) ' 1

©
!

[

[ Me,SnEt

1.5

‘L L
024 028 032 Q36 040
1/T°K

Fig. 8. Vapour pressure curves, log;o ¢ (p in mm Hg) against 1/T°K.

above the boiling point where this applies). Values for dimethyldiethylsilane were
estimated by inserting its boiling point in the logio $ against 1/ T°K plot, and construct-
ing the best plot by comparison with the other members of the methylethylsilane
series.

The values calculated from eqn. (1) designated by yx are given in Table IL.

CONCLUSIONS

A number of general points may be made on the values calculated. As anticipat-
ed from eqn. (1), and the high molecular weight of the solvent, the values were of
the order of 1/1000 of those found previously (e.g. for halogenated hydrocarbons
on silicone 702, mol. wt. 530'2). This factor is seen to be of the order of the molec-

J. Chvomatog., 14 (1964) 1-12
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TABLE II

VALUES OF Yy ON 159% E 30I SILICONE OIL, GIVEN TO ONE DECIMAL PLACE
(SHOWING THE SECOND AS CALCULATED)
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ular weight difference between these two silicone oils. The effect of increase in temper-
ature produces a characteristic increase in yx with the exception of the 140° values,
which are lower than anticipated. This break in the trend thus follows the discontinuity
already noted for the log Vg-column temperature graph. A fairly regular increase is
usually noted with increase in boiling point through a series, although the chlorinated
hydrocarbons show lower values than expected from boiling point only. Hexamethyl-
disiloxane again shows some departure from the general trends, having a relatively
higher value of yx.
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SUMMARY

The use of a flame ionisation detector in the chromatography of Group IV alkyls and
analogous compounds is described including some discussion of unusual sensitivity
characteristics in their chromatography. Specific retention data are calculated and
correlated, and thermodynamic quantities similar in type to an activity coefficient
at infinite dilution are calculated and discussed.
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A RECORDING CHROMATOGRAPH BASED ON
JANAK’S PRINCIPLE
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Laboratorium Stikstofbindingsbedrijf, Staatsmijnen in Limburg,
Geleen (T'he Netheviands)

(Received July 26th, 1963)

In 1953 JaNAK! presented a gas chromatographic analytical method, which differed
considerably from the previously used techniques. The new method did not follow
the existing practice of measuring the concentrations of the separated components in
the carrier gas by means of a suitable detector, but measured the volume of the
separated, pure components. The carrier gas was pure carbon dioxide, which, after
being passed through the column, was absorbed in a nitrometer filled with potassium
hydroxide solution. The volume of the non-absorbed, chromatographically separated
sample was measured and recorded as a function of time.

Considering its great accuracy and the ease with which it can be employed, it is
surprising that the method has not become more widely adopted. The unpopularity of
the method may be put down partly to the drawbacks attached to it. For example, the
method is very cumbersome. During analysis the gas volume in the nitrometer must
be read at given intervals. The separation of the components is often difficult to ob-
serve; one moment’s inattentiveness may invalidate the determination. Moreover
there are some systematic errors, which can be ruled out only by applying empirical
correlation factors; these include the “‘wall effect’”’, which is caused by KOH solution
adhering to the wall of the nitrometer, and the effect of the vapour tension of the
solution. As will be made clear in the present paper, all these drawbacks can be over-
come in a fairly simple way.

The assets of the method—great accuracy at higher percentages, and the fact
that calibration can be dispensed with—make it very attractive, and several in-
vestigators have tried to eliminate the drawbacks without sacrificing the advantages.

JanAxk? designed an apparatus in which the gas bubbles ascending through the
KOH solution collect under a bell suspended on a balance. The displacement of the
balance arm is recorded photographically.

VaN DER CraATS? started from an entirely different principle. He washed the gas
issuing from the column with a countercurrent of KOH solution, and measured the
pressure rise in a partly evacuated collecting vessel.

LeiBnITZ* used a nitrometer. The level of the KOH-solution in the nitrometer is
kept constant by means of a piston which, via a relay system, is actuated by a
contact near the meniscus of the solution. The piston travel is recorded mechanically.

JaNAX® constructed a variant of LEIBNITZ’s device. He maintained a constant
pressure in his fully closed system by withdrawing the KOH solution by means of a
piston system operated by a mercury manometer.

J. Chvomatog., 14 (1964) 13-21



14 G. KATEMAN, J. A. RIJTKS

VELUT® described a device in which the nitrometer pressure was kept constant by
displacing the KOH-gravity feed vessel. The displacement was recorded.

In addition, a patent application?s® was filed for a device in which the carbon
dioxide is absorbed in conformity with VAN DER CraaTs’s principle, but in which the
pressure of the gas is kept constant by means of a piston system.

None of these devices, however, fully satisfied our demands; what we needed was
a reliable, accurate and fully automatic instrument that could be operated by an un-
skilled laboratory technician. On the basis of LEBNITZ’s principle we designed and
constructed a device which is suitable for routine analysis of permanent gases and
satisfies all our requirements.

PRINCIPLE

The sample, which should not be appreciably soluble in KOH solution, is passed
through the column with a stream of carrier gas (very pure carbon dioxide) and
collected in a nitrometer fitted with a short stem and containing concentrated KOH
solution (see Fig. 1). The carrier gas dissolves in the solution; the sample gas ascends
and collects over the liquid, producing a pressure rise, which causes the liquid level to
fall. (The system burette-nitrometer—overflow is in fact a sensitive pressure indicator.)

The falling meniscus breaks a contact, which actuates a motor-operated piston-
burette. The burette enlarges the volume over the solution by a volume equal to that
of the amount of gas fed in, e.g. until the contact is just closed again, so that the
original pressure is restored.

sample valve
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Fig. 1. Block diagram of the chromatograph.
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The position of the motor-operated burette, which, as made clear above, is a
measure of the amount of component that has issued from the column, can be recorded
both on an analog recorder (Fig. 2) and on a digital printer. The whole device is ther-
mostated.

R burette
S it motor
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|
|
|
I
|
!
|
|
[
|
|
|
T
!

stepping switch 1

recorder

Fig. 2. Analog output circuit.

Discussion

We have found that the instrument satisfies all our requirements. Systematic errors
have been eliminated and, as the KOH solution remains at a constant level, the wall
effect has been ruled out. At the thermostatically controlled constant temperature the
vapor pressure of the KOH is a constant, for which allowance is made in calibrating
the instrument. Differences in solubility between the permanent gases in the KOH
solution are very small if the concentration of the solution is 46 % and the temperature
isadjusted to 35°C. The instrument is fully automated and operation is therefore simple.
After the sample introduction, no further operations are required, so that, as far as
ease of handling is concerned, the device is comparable to, say, a katharometer
chromatograph. The result of the analysis (in percent) can be read directly from an
analog recorder and from a digital printer.

PROCEDURE

The sample is introduced into a sample-feeding system fitted with a six- or eight-way
valve and left there for a few moments to adopt the thermostat temperature. The
sample compartment is connected with the atmosphere via a capillary and the sample
is thus measured at atmospheric pressure.

J. Chwomatog., 14 (1964) 13-21
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16 G. KATEMAN, J. A. RIJKS

The volume of. the components after leaving the column is also measured at
atmospheric pressure and at the same temperature, which eliminates correction for
barometer reading and temperature. The volume of the sample compartment is ca.
3 ml and can be varied over a limited range (see below).

The sample is fed to the column with a stream of carrier gas consisting of very
pure carbon dioxide (> ¢9.998 % CO,). The carbon dioxide is purified in the device
described by KEULEMANS®. In principle, the column can be packed with any suitable
material (except molecular sieves). The carrier gas that has left the column is fed to
the nitrometer, where the carbon dioxide dissolves and the insoluble components
ascend. However, all gases are more or less soluble in KOH; for permanent gases the
differences in solubility have been found to decrease with increasing concentration of
the KOH solution. The velocity with which the gas bubbles ascend depends on the
viscosity of the liquid. The concentration up to which the viscosity remains reasonable
is ca. 46 %. To avoid deposition of potassium carbonate at these high concentrations, it
is essential to keep the temperature of the KOH over 30°C and to introduce the gas
under mercury (Fig. 3). To prevent the gas bubbles from adhering to the mercury sur-
face, the surface is covered with a thin layer of mercuric oxide. In addition, a continuous
stream of KOH solution is fed to the nitrometer from storage flask A, via a restriction
R. After use, the KOH solution is discharged via overflow B and replaced by fresh so-
lution, which, to avoid foaming, must not contain any Ca or Ba. If traces of these metals
should still be present, foaming can be suppressed by adding a small amount of EDTA.

The motor-operated burette is a commercial piston burette (Metrohm E 274)
equipped with a Honeywell balancing motor. The motor is operated by means of a
platinum contact in the nitrometer stem. When the falling meniscus of the KOH
solution in the nitrometer breaks the contact, the motor is started. When the level of
the KOH solution rises again upon displacement of the piston, the contact closes and
the motor stops. In the course of one analysis this starting-stopping sequence is
repeated a great many times. During continuous operation the piston moves at the
rate of ca. 0.07 ml/sec, which is fast enough for the increase in volume to be reflected
in a “peak”. The smallest displacement of the piston needed for accurate recording of
the “tail” and the blank is 0.003 ml. This is achieved by rapidly braking the motor
after the contact has been closed. The principle of this method of motor control is
outlined in Fig. 4.

Coil 1 of the two-phase motor is continuously energized with 110 V AC; coil 2 is
fed via thyratrons V r and V 2. As long as contact C is open (¢.¢. the level of the KOH
solution is under the contact point) the current passes via VI and V 2, because their
control grids connect with the cathode via R 1 and R 2. The current passing through
R 4 energizes the diode circuit D 3, and thus renders thyratron V 3 nonconducting.
When the KOH solution reaches contact C, in other words, when C is closed, the
thyratrons V 1 and V 2 are opened via the two diode circuits D 1 and D 2. As the cur-
rent has now stopped flowing through R 4, V 3 will become conducting (g 3 via R 3 to
k 3) and a direct current is passed through motor coil 2. This arrangement permits the
motor to be stopped within 40 msec.

The amount of energy needed for operating the circuit is very small, so that un-
desirable gas evolution at electrode C is avoided.

To restore the burette to its original position, the rotation of the motor can be
reversed by means of switch S. This switch is coupled to valve K, which serves to vent
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18 G. KATEMAN, J. A. RIJKS

the gas that has collected in the burette. Microswitches in the burette keep the burette
within the measuring range.

Besides the burette drive pulley, the motor shaft also drives two gear wheels.
One of these is directly coupled to a ten-coil potentiometer which delivers the analo-
gous output signal. The principle of the analogous output can be seenin Fig. 2. Potentio-
meter R which, as shown above, is coupled to the piston, carries a constant weak
current (branch A). Consequently, the voltage taken from the potentiometer is a
measure of the volume of the gases that have collected in the nitrometer. This voltage
is fed to an mV recorder, so that an integrated chromatogram is recorded on the
recorder chart. To improve the reading accuracy and to facilitate reading, the relation
between the voltage taken from the potentiometer and the recorder input voltage is so
adjusted that 0.1 % of the total sample volume corresponds to I mm on the recorder.
As the diagram width of the conventional recorders is no more than 250 mm, a second
branch B has been incorporated in the circuit. Via this branch a compensating voltage
equal to full-scale deflection of the recorder can be applied when the recorder pen has
reached the edge of the diagram. This is done automatically by means of a stepping-
switch controlled by the recorder pen. The number of opposing millivolts can be read
from a digital indicator tuke.

The digital measuring circuit is arranged on the other motor-driven gear. This
gear carries a disc provided with 100 slots. A lamp over the disc intermittently
illuminates a photoresistance under the disc when the latter is being rotated. A counter
1s energized via a amplifier circuit. The transmission ratio between burette and counter
disc is such that 0.1 % of the total sample volume corresponds to I counting impulse
{(one illumination of the photo-resistance).

After elution of a peak, the pulses collected on the counter are printed on a strip
chart, after which the counter is zeroed. The printing device becomes operative in
response to a signal from a printing command circuit; this signal is given when no
counting signals have been received over an adjustable time interval. The printed
digits directly give the composition of the sample in 0.1 %,.

As the ratio of the transmission from the burette to the digital measuring circuit
can only be adjusted discontinuously (the adjustment being determined by the
number of teeth on the gearwheels) provision has been made also for a fine adjustment.
To this end the sample volume has been made adjustable. By means of a screw that
can be fitted in the sampling space of a conventional six- or eight-way sampling valve,
the sample volume can be varied over a limited range. The absolute amount of sample
need not be known, because the (unknown) sample volume is always taken equal to
100 %, so to 1600 mm in the analog output and to 1000 counts in the digital output.

RESULTS

To determine the accuracy of the method, a number of analyses were performed on a
mixture of permanent gases under the following conditions:

Column: inner diameter 8 mm, length 5.5 m.

Columm packing: silica gel Ee (Gebr. Herrmann, Cologne, Ehrenfeld, Germany)
washed with 3 V HCl and activated with a stream of carbon dioxide for 4 h at 250°C.
Fraction 0.35-0.42 mm.

J. Chwvomatog., 14 (1964) 13-21
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TABLE I

ANALYSES OF PURE GASES

Analog Digital
H, 0, N. Ar H, 0, N, Ar
man mm mm mm pulses pulses pulses pulses
Mean 1002.0 1005.5 1005.1 1001.5 601.1 603.6 603.6 601.3
¢ 5 5 5 5 5 5 5 5
s 1.5 1.2 0.8 1.8 1.5 1.2 1.4 1.2
Stot. 2.0 = o.20 vol. %, @ = 20 1.7 = 0.28 vol. % @ = 20

s = standard deviation.
@ = degrees of freedom.

Gas flow vate: ca. 50 ml/min.

Temperature: ca. 35°C.

At the time of the analyses we had at our disposal only a burette giving 600
pulses for the total volume.

(1) A series of pure gas samples was analyzed. The total deflection of the recorder
pen and the printed total number of pulses were considered to correspond to 100 %
concentration (see Table I). The figures listed in Table I show that the accuracy of the
analysis of a gas mixture is ca. 0.20 % by volume (standard deviation siot.). It is only
when a greater accuracy is desired that the differences in solubility between the
various gases become important.

(2) We then prepared 12 gas mixtures of known compositions. Each mixture con-
tained 2 or 3 components in different ratios, and was analyzed in duplicate by means

TABLE II

RELATIVE AND ABSOLUTE DEVIATION (ANALOG METHOD)

90 % 60% 20% 30% 10% Mean

H, s 0.17 0.20 0.05 0.1I 0.14 0.16
P 3 7 3 3 3 19

Amean —0.05 —0.12 +o0.02 +o0.20 4o0.10 +o.01

CH, s 0.08 0.27 0.14 0.17
® 3 3 7 13

Amean 0.00 +o0.10 +0.02 +o0.05

CO s 0.13 0.17 0.28 0.20
@ 3 3 3 3

Amean -—0.32 —0.02 —0.07 —0.14

Ar s 0.13 0.32 0.15 0.22
P 3 3 3 9

Amean +o0.27 —0.02 +o0.12 +o0.12

Mean s 0.17 0.16 0.05 0.23 0.18 0.18
3 16 3 12 16 50

Amean —0.05 —o0.06 +o0.02 + 0.06 4+ 0.04 4+ o0.01

4 = absolute systematic deviation (vol. %).
@ = degrees of freedom.
s = standard deviation (vol. %).
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of the chromatograph. The sample volumes were equal to those in the first test series.
The standard deviation and the deviation from the calculated percentage are repre-
sented in Tables IT and ITI. These tables show that the absolute systematic deviation
(4) is insignificant ; this also holds for the differences between the accidental errors (s)
for the various gases.

TABLE III

RELATIVE AND ABSOLUTE DEVIATION (DIGITAL METHOD)

90% 60 % 20% 30% 0% Mean
H, s o.17 0.26 0.15 0.23 0.20 0.22
@ 3 7 3 3 3 19
Amean —o0.15 +0.02 +o0.17 +o0.30 + 0.02 + 0.07
CH, s 0.13 0.21 .28 0.23
@ 3 3 7 13
Amean —0.17 —0.12 —0.02 —0.I0
CO s 0.15 0.13 0.35 0.2
'3 3 3 3 9
Amean -—0.37 —o.12 —o0.05 —o0.18
Ar s 0.13 0.25 0.10 0.17
P 3 3 3 ]
Amean +0.33 -—0.07 -—o0.15 L o0.03
Mean s 0.17 0.20 0.15 0.21 0.26 0.22
[ 3 16 3 12 16 50
Amean -—o0.15 -—0.03 +o0.17 0.00 —0.04 -—0.03

(3) Finally, one sample of coke oven gas was analyzed a few times on the chro-
matograph. The results of this analysis are compiled in Table IV.
Table V is derived by combining the figures in Tables I, IT, IIT and IV. The results

TABLE IV

ANALYSES OF ONE SAMPLE OF COKE OVEN GAS

Analog (%) Digital (%
H, N,+0,+4r CO CH, Total H, N,+0,+4r CO CH, Total
I 61.7 4.2 4.5 25.9 96.3 61.8 4.2 4.5 25.8 g6.3
2 61.8 4.2 4.6 25.7 96.3 62.0 4.2 4.5 25.8 96.5
3 61.6 4.1 4.7 25.8 96.2 61.8 4.2 4.5 26.0 96.5
4 62.0 4.3 4.6 25.8 96.7 62.0 4.2 4.7 25.8 96.7
5 62.1 4.1 4.6 25.5 96.3 62.0 4.2 4.7 25.6 96.5
6 62.1 4.2 4.7 25.4 96.4 62.0 4.2 4.4 25.5 96.2
7 61.8 4.1 4.7 25.8 96.4 61.8 4.3 4.7 25.8 96.6
8 62.3 4.3 4.7 25.8 97.1 62.1 4.3 4.8 25.8 97.0
9 62.5 43 4-7 25.8 97-3 62.3 43 4.7 26.0 97-3
Mean 61.9 4.20 4.64 25.72  96.55 61.98 4.23 4.62 25.79  96.62
s 0.29 0.09 0.07 0.17 0.17 0.05 0.12 0.16
@ 8 8 8 8 8 8 8
Smean 0.18 0.13
@mean 32 32
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TABLE V
ACCURACY
Analog method Digital method
s 0.185 vol. 9% o.z10 vol. %
@ 102 102

of the analog and digital methods do not differ significantly. It may be taken that if
use is made of the burette giving 1000 counts per analysis, the accuracy of the digital
method will be slightly greater, because in this case the influence of the rounding-off
errors will be relatively smaller.
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SUMMARY

This paper describes a gas chromatograph developed on the basis of JANAK's principle,
which permits rapid and accurate determination of the permanent gases in a gas
mixture of arbitrary composition. The analytical result is fed both to an analog
recorder and to a digital printer. At 102 degrees of freedom, the standard deviation is
0.185 vol. % for the analogous and o.210 vol. %, for the digital measurement. The
systematic error lies within the statistical error.
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INTRODUCTION

Following the reported synthesis of gyplure [(+)-12-acetoxy-cts-g-octadecen-1-o0l]% 3,
a sex attractant for the male gypsy moth (Porthetria dispar (L.)), many samples of
this material prepared commercially and in our laboratories were bioassayed under
laboratory and field conditions. The results were inconsistent. Some gyplure samples,
particularly those prepared commercially, demonstrated only weak attraction and
others were completely devoid of activity. Previous findings* showed that gyplure
could be rendered unattractive by admixture with at least 20 % of its crude frans
isomer; thus, it appeared likely that loss of activity was probably due to the presence
of unattractive contaminants formed by failure to rigidly control production condi-
tions. Before we could proceed with confidence, we needed a satisfactory method to
determine the gyplure content of such mixtures and, if possible, to identify the major
contaminants. These needs were met by the simple adsorption and gas-chromato-
graphic methods described in this report.

MATERIALS**
Solvents

The isooctane and ethyl acetate used were obtained by distilling the technical-grade
solvents.

Adsorbents and packings

Merck reagent-grade silicic acid was used for the adsorption chromatography. Com-
mercial SE-30, Carbowax 20M, and Chromosorb W (acid-washed, 60-80 mesh) were
used for gas chromatography.

Gyplure

Gyplure for this study was prepared in our laboratories according to the procedure
previously reported,® except that the ricinoleyl alcohol (b.p. 145-8°/0.15 mm, #g
1.4711) used as starting material was obtained by careful fractional distillation of a

™ For Report III in this series, see ref. 1.
** The mention of trade names or products does not constitute endorsement by the Department
of Agriculture over those not named.
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commercial product (Archer-Daniels-Midland Adol 40) by use of a spinning-band
column. Commercial batches of gyplure had been prepared by acetylating distilled
Adol 40, selectively saponifying the undistilled diacetate, distilling the final product
and decolorizing it by filtration through charcoal.

Standard veference substances

Ricinoleyl alcohol was obtained as described above. Oleyl and stearyl alcohols were
commercial materials obtained from Archer-Daniels-Midland Co. and Eastman
Kodak Co. (White Label, No. 4053, m.p. 56.5-8.0°), respectively. Oleyl acetate was
prepared by acetylation of the commercial alcohol with acetyl chloride in dry benzene,
and was not distilled. Pure 1,12-diacetoxy-cis-g-octadecene (b.p. 167-8°/0.1 mm, %2
1.4515) was prepared in go %, yield.?

Gas-chromatographically pure gyplure was prepared by selectively saponifying
the diacetate® and chromatographing the distilled product (b.p. 163-4°/0.x mm, n
1.4595; 89% vield) on a column of silicic acid (see below); elution with 10 % ethyl
acetate in isooctane following elution with 5 % ethyl acetate in isooctane gave a 76 %,
vield of the pure product.

Anglysis. Calculated for C, H404: C, 73.56; H, 11.74. Found: C, 74.57; H, 11.97.

Gas-chromatographically pure 1-acetoxy-cis-g-octadecen-12-0l was prepared by
the following procedure. A solution containing 10 g ricinoleyl alcohol (b.p. 145-8°/
0.15 mm), 2 g glacial acetic acid, 0.3 ml sulfuric acid, and 100 ml dry benzene was
refluxed for 2 h with a trap to continuously distill the water as it was formed. Ether
was added to the cooled solution and the separated organic layer was washed succes-
sively with 5% hydrochloric acid, 5% potassium hydroxide, and water, then dried
over sodium sulfate. Removal of the solvent left 10 g yellow oil, 1.132 g of which was
chromatographed on a column of 8o g silicic acid. The column was eluted with 400 ml
of isooctane containing 2 %, ethyl acetate and then with 400 ml of isooctane containing
5 % ethyl acetate; removal of solvent from the latter eluate gave 0.661 g of the desired
product (#% 1.4607).

Analysis. Calculated for Cp H330,: C, 73.56; H, 11.74. Found: C, 72.94; H, 11.23.

'METHODS
Columz. chromatography

The column used for isolating gyplure from its mixtures was prepared by the following
procedure. A slurry of 8o g silicic acid was poured into a glass tube (38 x 2.5 cm) fitted
vath a stope sk and glass wool plug at the lower end and a 24/40 female joint at the
top. Air pressure of 3 p.s.i. was applied to the column to pack the adsorbent, which
was then prewashed successively with 150 ml of 70 % ethyl acetate in isooctane and
200 ml of isooctane.

Commercial gyplure (1 g) dissolved in a few milliliters of isooctane was placed on
the column and washed in with a few portions of isooctane. The column was eluted
successively with 400 ml of isooctane (fraction 1), 400 ml of 59, ethyl acetate in iso-
octane (fraction 2), 400 ml of 109 ethyl acetate in isooctane (fraction 3), and 400 ml
of 259 ethyl acetate in isooctane (fraction 4). Eluates were collected in 100-ml
portions. Table I gives the percentage content of each fraction found in four replicates
of the same commercial sample; the average contents of these fractions were 8.6, 34.3,
30.4, and 21.29%,, respectively.
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TABLE 1
PERCENTAGE OF FRACTIONS I—4 OBTAINED BY COLUMN CHROMATOGRAPHY OF COMMERCIAL
GYPLURE
Sample No. Fraction r Fraction 2 Fraction 3 Fraction 4
1 9.1 32.8 31.2 20.4
2 6.8 31.5 32.7 22.0
3 8.4 335 29.8 21.7
4 10.0 39.5 28.0 20.5
Average
8.6 34.3 30.4 21.2

Fraction 1 (8.6% of the original commercial sample) was shown, by gas chro-
matography described below, to contain oleyl acetate (peak 3) and two unidentified
minor components (peaks 4 and 7), and was not investigated further.

Fraction 2 (34.3%) was shown by gas chromatography to contain oleyl alcohol
(peak 1), stearyl alcohol (peak 2), I-acetoxy-cis-g-octadecen-12-ol (peak 9), 1,12-di-
acetoxy-cis-g-octadecene (peak 10), and an unidentified component (peak 5). Fraction
2 dissolved in a few milliliters of 1 % ethyl acetate in isooctane was placed on an 8o-g
silicic acid column (prepared and prewashed as above) and washed in with a few
portions of the same solvent. The column was then eluted successively with 400 ml
of this solvent (fraction 2A), 400 ml of 2% ethyl acetate in isooctane (fraction 2B,
collected in sixteen 25-ml portions), 400 ml of 3% ethyl acetate in isooctane (fraction
2(), and 400 ml of 5% ethyl acetate in isooctane {fraction 2D, collected in 25-ml
portions). Fraction 2A, comprising 8% of fraction 2, contained 21 %, oleyl acetate
(peak 3) and 60 % unidentified material (peak 7). Fraction 2B, comprising 56 % of
fraction 2, contained 16 % oleyl alcohol (peak 1), 5 % stearyl alcohol (peak 2), 10 % un-
identified material (peak 5), and 66 9, 1,12-diacetoxy-cis-g-octadecene (peak 10); its
elution pattern is shown in Fig. 1. The eighth 25-ml portion of fraction 2B, after
removal of solvent at 20 mm pressure, consisted of 95 % pure 1,12-diacetoxy-cis-g-
octadecene (peak 10).

100}

% COMPOSITION
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Fig. 1. Elution pattern obtained on silicic acid chromatography of fraction 2B from commercial
gyplure. Numbers correspond with the peak numbers given for the compounds in Table II.
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Fig. 2. Gas chromatogram of laboratory-synthesized gyplure. Sample size, 1 ulofa 3% solution
in acetone; temperature, 200°; nitrogen flow rate, 22 ml/min; stationary phase, SE-30 on a support
of acid-washed Chromosorb W (60-80 mesh), 5% by weight; stainless steel column 8ft. by 1/8 in.
O.D. Peak numbers correspond with those given for the compounds in Table II.
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Fig. 3. Gas chromatogram of commercial gyplure. Conditions as given for Fig. 2, except that the
nitrogen flow rate was 2o ml/min. Peak numbers correspond with those given for the compounds
in Table IT.
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Amnalysis. Calculated for C,,H,,0,: C, 71.69; H, 10.94. Found: C, 71.43; H, 10.71.

Fraction 2C, comprising 19% of fraction 2, contained 84 % oleyl alcohol (peak 1).
Fraction 2D, comprising 17% of fraction 2, consisted of pure 1-acetoxy-cis-g-octa-
decen-12-0l (peak g) after removal of solvent.

Amnalysis. Calculated for C,iH,405: C, 73.56; H, 11.74. Found: C, 74.13; H, 12.12.

Fraction 3 (30.4%) consisted of pure 1z-acetoxy-cis-g-octadecen-1-ol (gvplure)
(peak 8 by gas chromatography).

Amnalysis. Calculated for CogH304: C, 73.56; H, 11.74. Found: C, 73.85; H, 11.90.

Fraction 4 (21.29%,) consisted of pure ricinoleyl alcohol (peak 6 by gas chromatog-
raphy).

Amnalyses. Calculated for C, H,O,: C, 75.99; H, 12.76. Found: C, 75.72; H, 12.30.

Gas chromatography

All chromatograms were obtained with an F & M Model 1609 gas chromatograph
equipped with a flame lonization detector, with nitrogen as the carrier gas. Columns
used were 8-ft., 1/8-in. diameter stainless steel packed with 5%, SE-30 on 60-80 mesh,
acid-washed Chromosorb W, and 10-ft., 1/4-in. diameter aluminum packed with 5 %
Carbowax 20M on 60-80 mesh, acid-washed Chromosorb W.

Gyplure samples prepared in these laboratories by the procedure described above
contained predominantly gyplure (peak 8) with small amounts of ricinoleyl alcohol
(peak 6) and 1,12-diacetoxy-cis-g-octadecene (peak 10), as shown in Fig. 2. In contrast
with this, commercial samples tested were found to contain varying amcunts of the
10 substances obtained by column chromatography, as shown in Fig. 3. Retention
times of these substances with their peak numbers and their relative retention ratios
based on gyplure for both type columns are given in Table II.

TABLE II

RETENTION TIMES AND AVERAGE RELATIVE RETENTION RATIOS (GYPLURE = I.OO)
OF SUBSTANCES OBTAINED BY GAS CHROMATOGRAPHY OF COMMERCIAL GYPLURE

Average relative

Retention times (min) retention ratios
¢

Peak No. Compound on on
SE-30 Carbowax 20M SE-30 Carbowax zoM
I Oleyl alcohol 7.4 10.7 0.49 0.31
2 Stearyl alcohol 7.9 9.8 0.54 0.28
3 Oleyl acetate 9.8 9.8 0.66 0.28
4 Unidentified 10.5 14.4 0.73 0.41
5 Unidentified 11.8 21.8 0.80 0.63
6 Ricinoleyl alcohol 12.3 41.4 0.83 1.19
7 Unidentified 14.0 18.0 0.96 0.52
8 12-Acetoxy-cis-g-octadecen-1-0l 14.7 34.8 1.00 1.00
9 1-Acetoxy-cis-g-octadecen-12-0l 16.7 36.0 1.13 1.03
10 1,12-Diacetoxy-cis-g-octadecene 20.2 30.0 1.37 0.86

Conditions: For SE-30, columns were 8 ft. stainless steel, 1/8 in. O.D., 5% on acid-washed
Chromosorb W (60-80 mesh), N, flow rate 22 ml/min., temperature 200°. For Carbowax 20M,
columns were 10 ft. stainless steel, 1/4 1. O.D., 5%, on acid-washed Chromosorb W (60—-80 mesh),
N, flow rate 27 ml/min., temperature 210°.
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DISCUSSION

The chromatographic methods described permit the ready determination of actual
gyplure content in laboratory and commercial pilot-plant samples of gyplure, as well
as the separation of the pure cis isomer from its contaminants. Samples prepared in the
laboratory showed an approximate content of 80%, or more cis-gyplure, contaminated
with unchanged ricinoleyl alcohol and its diacetate. On the other hand, commercial
samples contained approximately 30-359% cis-gyplure, the contaminants being
stearyl, oleyl, and ricinoleyl alcohols, oleyl acetate, ricinoleyl alcohol diester, 1-acetoxy-
¢1s-g-octadecen-12-0l, and three unidentified substances. It is apparent that, in order
to obtain a satisfactory grade of gyplure, it is necessary to use a pure grade of ricin-
oleyl alcohol and to distill the product obtained at each stage.

Although satisfactory resolution of the samples by gas chromatography is ob-
tained with both types of column packing, SE-30 permits much shorter retention
times than Carbowax 20M.

SUMMARY

Adsorption and gas-chromatographic methods are described for determining the
content of czs-gyplure in samples of gyplure prepared in the laboratory and the pilot
plant, as well as for separating the czs isomer from its contaminants.
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A RAPID METHOD FOR THE ESTIMATION OF TOTAL 11-DEOXY-17-
OXOSTEROIDS IN URINE

B. S. THOMAS anp R. D. BULBROOK

Division of Chemistvy and Biochemistry, Imperial Cancer Research Fund, London (Great Britain)

(Received July 17th, 1963)

The main components of the 11-deoxy-17-oxosteroid fraction of human urine are
3B-hydroxy-androst-5-ene-17-one (dehydroepiandrosterone, DHA), 3«-hydroxy-5e«-
androstan-17-one (androsterone) and 3e-hydroxy-sf-androstan-17-one (aetiochol-
anolone). Separate estimation of these compounds by paper chromatography or
gradient elution from alumina is time-consuming and for certain purposes measure-
ment as a group may serve equally well. This paper describes a rapid method for such
an estimation based on modifications of the methods of Savarp! and KELLIE AND
WaDE2.

. MATERTALS AND APPARATUS
Chemicals

All solvents were of analytical reagent grade, except for “heptane” (“fraction from
petroleum” B.D.H.) and were redistilled shortly before use. Ethanol (Burroughs Ltd.,
A. R. Grade) was kept in the dark over m-phenylenediamine for 7 days and then
redistilled twice. Neutral alumina (Woelm) was deactivated with 6 % water (w/v).
B-Glucuronidase (Powder B) was prepared by the method of DobGsoN AND SPENCER?
from limpets (Patella vuigata) and assayed by the method of DopGsoN, LEWIS AND
SPENCER?. The activity found was approx. goo,000 units/g. #-Dinitrobenzene (B.D.H.
“purified for 17-KS determinations”) was further purified by the method of CarLLow,
Carrow anp EMMENsS®. Ethanolic KOH (2.5 N) was prepared by the method of
WiLson aND CARTER® and stored under N, at —20°. Sodium acetate-acetic acid
buffer solution (2.5 M, pH 4.0) was kept as stock solution and diluted to 0.5 M
before use.

Chromatographic apparatus

The chromatographic apparatus is shown in Figs. 1 and 2. It is constructed of
aluminium alloy and consists of a circular platform (A) supported on three legs (B),
two of which have adjustable feet for levelling purposes. Around the top of the
platform and 0.2 cm in from the outer edge is channelled a gully (C) 0.5 cm wide and
0.2 cm in depth. This acts as a reservoir and ensures an even supply of eluant to the
chromatography papers. Circumscribing the legs and 11 in. above the base is fitted
a circular ring (D) for supporting 10 tapered graduated 10 ml test tubes. On top of
the platform and of similar diameter is a detachable ring (E), in the centre of which
fits a 4 in. diameter Petri dish (F). The ring is fixed to the platform by means of
knurled screws (G).
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Fig. 1. Exploded diagram of chromatographic apparatus. The important measurements (in cm)
are given in the figure or in the text. All other dimensions are not critical. The alphabetical key is
explained in the text.

A circular disc of Whatman glass fibre paper is cut to 12 cm diameter and is
fitted between the detachable ring (E) and the platform (A), and beneath the Petri
dish. Two strips of glass fibre paper (2.5 cm wide) run under the Petri dish and cross
at right-angles at the centre. The ends of these strips are looped over the edges of the
Petri dish so that they clear the sides (a circular metal supporting frame protruding
2-3 mm above the rim of the dish is helpful but not essential). The ends of the strips
are weighed down and held in place by a square of glass in the centre of the dish
(see Fig. 2). If the wet paper strips which feed solvent to the circular disc of glass
fibre paper touch the edge of the dish when it is filled with developing solvent there is
excessive capillary flow.

Chromatography

Strips of Whatman No. 4 paper are shaped as shown in Fig. 3. The strips are dipped
into a freshly prepared solution of 30 % (v/v) propylene glycol in methanol. They are
removed with forceps, shaken to remove excess liquid and hung up by a corner for
10 min at room temperature to allow the methanol to evaporate. Before application
of the steroid extracts, the papers are sandwiched between four strips of glass plate
leaving exposed an area 0.5 cm either side of the start line.

J. Chromatog., 14 (1064) 28-36
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: ! o R < <RI bl biclon by gitally DT Y
. 2. The chromatographic apparatus with the paper chromatograms in place. Glass tank
not shown.

Urine extracts (see subsequent section for preparation) in tapered tubes are
dissolved in approx. 50 pul of benzene—ethanol (1:1) mixture and applied along the
start line using a pipette with a capillary end. At least 2 mm clear space must be left
at each end of the start line or the steroids will streak down the edges of the chromato-
gram during the run. Three further applications each of approx. 20 ul of solvent are
necessary to transfer the extract quantitatively to the paper strip. Drying between
each application is carried out with a stream of cold air.
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The strips are then left for 10 min to allow a backflow of propylene glycol dis-
placed by the application of the benzene-ethanol mixture. This backflow narrows
the band of extract at the start line.

The strips are then bent at right angles approximately half-way between the top
and the start line. The top flap so formed is inserted with forceps between the de-
tachable ring (E) and the platform of the elution rack (A), making sure that each

T_" -2.5- T

3.0
START
l_"' LINE 6.5

o.sjjjii__\/________y

Fig. 3. Diagram of paper chromatographic strip. All measurements are in cm.

paper is spaced between the protruding pins (H) on the side of the platform. The
chromatograms must protrude about 2 mm from the side of the platform or capillary
action will cause excessive flow of solvent. The small tongue at the end of the chromato-
gram (Fig. 3) should rest just inside the rim of the collection tube. The knurled screws
are tightened and the whole rack is placed in a circular glass jar {(approx. 8 in. high,
8 in. diameter), the atmosphere of which has been equilibrated with heptane by placing
about 50 ml of this solvent in the tank at least 30 min previously.

Heptane (35-40 ml) is then poured into the Petri dish, a lid placed on the jar, and
the chromatogram is over-run until 3.5-4.0 ml of eluate has collected in the
graduated test tube. Initial equilibration of the chromatogram is unnecessary. At a
temperature of 20-25° the solvent drips from the chromatogram at a rate of 1-1.2
ml/h. It may occasionally be necessary to recharge the Petri dish with heptane during
the run.

THE METHOD IN DETAIL

(I) Extraction of conjugated 17-oxo0steroids

24 h urine specimens are made up to 2 1 with water if below this volume and two 50 ml
aliquots taken. To each is added ammonium sulphate (25 g) which is stirred until
dissolved. The urine is then extracted with ether—ethanol (3:1) mixture (3 x 25 ml).
The extracts are pooled and filtered through a fluted 15 cm Whatman No. 4 paper
into a 250 ml round-bottomed flask. Using a rotary evaporator the extract is taken
to near dryness under partial vacuum at the water pump at a temperature less than
45°. Ethanol (5 ml) is added and the full vacuum applied. The dry extract is dissolved
in ethanol (4 ml) and transferred to a tapered centrifuge tube graduated at ro ml.
Three further washes of ethanol (2, 2 and 1 ml) are transferred from the flask to the
centrifuge tube which is then made up to the 10 ml mark with ethanol. After mixing,
the tube is centrifuged for 3 min at 1400 g and an 8 ml aliquot of supernatant (equiva-
lent to 40 ml original urine) is pipetted into a 50 ml tube and blown to dryness under
N, at 45° (¢f. EDWARDs, KELLIE AND WADE?).
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(2) Enzymic hydrolysis and solvolysis: estimation of total 17-oxosteroids

B-Glucuronidase powder (approx. 25 mg, depending on the activity) is homogenized
with acetate buffer (o ml, 0.5 M, pH 4.0) and then centrifuged at 1400 g for 5 min.
The supernatant (which contains the bulk of the enzyme activity) is decanted into a
measuring cylinder and made up with buffer solution to give a final concentration
of approx. 2000 units/ml. This solution (5 ml) is added to the dry conjugate extract
and stood overnight at 40°. NaCl (4 g) is then added, followed by water (15 ml). The
solution is then taken to pH 1 (glass electrode) with 4 N H,50, (approx. 0. 25 ml) and
then extracted with ethyl acetate (2 x 20 ml). These extracts are pooled and incubated
at 50° for 4 h (¢f. BURSTEIN AND LIEBERMANS).

The volume of the ethyl acetate, which now contains the steroids freed by g-
glucuronidase hydrolysis and by solvolysis, is reduced to approx. 5 mlunder N, at 45°.
Benzene (35 ml) is added, the mixture transferred to a separating funnel and washed
(3 x 5ml) with a freshly prepared solution of sodium dithionite (5 % w/v, in N NaOH)
until any red pigment present (indirubin) is decolourized. The organic phase is then
washed with water (2 x 2.5 ml) and taken to dryness (rotary evaporator). The extract
is transferred with ethanol (1 x 2z ml, 3 X 1 ml) to a test tube, taken to dryness
under N, and redissolved in 1.0 ml ethanol. A single aliquot (0.2 ml) is removed and
the total 17-oxosteroids estimated by the method of CALLOW et al.5 except that after
1 h at 25°, the reaction mixture is diluted with only 5 ml of 95 % ethanol. The colours
are read at 440, 520 and 600 my and a correction applied (ALLEN®).

(3) Separation and estimation of the I11-deoxy-17-0x0steroid fraction

From the results of the estimation of the total 17-oxosteroids, the content in the
remaining 0.8 ml of ethanol solution can be calculated. From this a further aliquot
containing 30-60 ug of 17-oxosteroid is taken into a small tapered tube, blown to
dryness with N, and transferred to the paper chromatogram and run as previously
described. The eluate from the chromatogram which contains the ri-deoxy-17-
oxosteroid fraction is taken to dryness under N, at 50° and the Zimmerman reaction
carried out as previously described.

(4) Separation and estimation of the I1T-0xygenated 17-0x0sterord fraction

The method can also be used for the estimation of the r1-oxygenated 17-oxosteroids
by subtracting the results of the determination of the 11-deoxy fraction from those
obtained for the total r7-oxosteroids. Alternatively, the paper chromatograms may
be transferred to a second chromatographic tank in which the mobile phase is toluene—
methylene chloride (1:1). The r1-oxygenated fraction is eluted from the paper when
3.0 ml of eluant have been collected in the test tube. This method does not remove
stationary phase from the paper. The Zimmerman reaction is then carried out as for
the 11-deoxy fraction except that half quantities of reagents are used and the final
reaction mixture is diluted with 2.5 ml of g5 % ethanol.

In a subsequent section, independent evidence is given for the validity of results
obtained with the method for the r1-deoxy fraction. Since similar evidence is at
present not as complete for the r1-oxygenated fraction, the method for this group of
compounds will not be discussed further.
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(5) General comments on the method

(@) Extraction of conjugates and hydrolysis. The method of EDWARDS ¢t al.” must
be used if enzymic hydrolysis is to be complete in 18 h. Furthermore, the extraction
of the conjugates results in a substantial saving in the amount of enzyme used. Centri-
fugation of the solution of enzyme in acetate buffer removes a considerable portion of
inactive protein and reduces the chances of subsequent formation of emulsions. The
free steroids released by hydrolysis with limpet enzyme are extracted together with
unhydrolysed sulphates into ethyl acetate and the latter are subsequently cleaved by
solvolysis (BURSTEIN AND LIEBERMANS®).

Interference by urinary pigments is reduced considerably by shaking the extract
obtained after hydrolysis with alkaline dithionite, and the bulk of any remaining
pigments remain on the start line of the chromatogram. Occasionally a red pigment is
found which is not reducible with dithionite. This runs with the solvent front and
can be eluted with the first two drops of heptane and discarded without loss of 17-
oxosteroids. Evaporation of most of the ethyl acetate extract and addition of benzene
results in a more efficient removal of pigments by alkaline dithionite.

(b) Chromatography. The behaviour of various components of the 17-oxosteroid
fraction during paper chromatography and their elution from the strips by over-
running is shown in Fig. 4.

These results show that there is a considerable safety margin between the com-
plete elution of DHA (the most polar of the 11-deoxy-17-0x0steroid fraction) and the
start of the elution of 11-keto-androsterone, the least polar of the 1r-oxygenated
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Fig. 4. The elution curves of 17-oxosteroids from paper chromatograms. Pure standards were run
on paper chromatograms (see text) and analyses carried out for each steroid for each 0.25 ml of

eluant. For 11-keto-androsterone the analyses were done for each o.5 ml of eluant. —O0—0O—,
androsterone; — A —A—, aetiocholanolone; —@-—@®—, DHA; —A—A—, 1i-keto-andro-
sterone.
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17-oxosteroids normally encountered in urine. In some urine specimens from pregnant
women androst-4-ene-3,11,17-trione is present and this compound runs between DHA
and 11-keto-androsterone, partly eluting into the r1-deoxy fraction.

RESULTS
(1) Evaluation of the method

The definition of the terms used in this section and the details of the calculations have
been described by BRowN, BULBROOK AND GREENWO0OD. The accuracy of the method,
measured by recovery experiments, is given in Table I. These experiments show that
pure steroids added at various stages of the method, either free or unconjugated,
can be recovered in amounts of 75 % or over of the original starting material.

TABLE 1

RECOVERY OF PURE STEROIDS ADDED AT VARIOUS STAGES IN THE METHOD

Amount (ug) of steroid added to:

5 No. of Mean recovery Range
Sterotd added : : o/ 1 o
crowd adac Paper gg;‘derz?t/::z Urine estimations %) (%
DHA
Androsterone 25—40 — — 20 98.2 93—-103
Aetiocholanolone (+2.72)
DHA
Androsterone — 10 — 18 95.3 B84-112
Aetiocholanolone (+6.89)
DHA
Androsterone — — 40 12 85.7 75~99
Aetiocholanolone (£ 7.46)
Na-DHA-SO,-2H,0** — — 50 11 78.8 62-107
(£16.25)
Paper blanks — — — 5 0.005*** —
11-OH-Aetiocholanolone 30 — — 4 97.3 91-102
11-OH-Aetiocholanolone — 30 — 4 84.8 81—99
11-OH-Aetiocholanolone — — 40 4 73.0 71-74

* Figures in brackets represent standard deviations.
** Obtained from Steraloids Ltd.
*** Corrected optical density.

The precision of the method was calculated from differences between duplicate
estimations in a series of 51 assays on different urine specimens. At a mean level of
6.68 mg of rr-deoxy-17-oxosteroids/z4 h the estimate of the standard deviation(s)
is 0.43 mg/24 h. From this it can be calculated that the lower limit of sensitivity of
the method is about 0.8 mg/24 h (if duplicate determinations are performed).

(2) Comparison of vesults with those obtained by gradient elution from alumina

In 36 instances, aliquots of urine were taken after the hydrolytic procedures already
described had been carried out. The amounts of DHA androsterone, and aetiochol-
anolone in one aliquot were then determined by the method of KELLIE AND WADE?
and the amounts of total 11-deoxy-17-0x0steroid in a second aliquot were determined
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by the paper chromatographic method described. The results of the comparison are
shown in Fig. 5. In a further 36 instances, the comparisons were made by processing
aliquots of the original urine completely separately by either method (also shown in
Fig. 5). These comparisons show clearly that the titre of total 11-deoxy-17-oxosteroids

11 - DEOXY-17-KS
mg/24h Method A

r COMPARISON 1 * 7" COMPARISON 2

6

5

§ DO |
1 2 3 4 5 6 7 8
11- DEOXY -17-KS
mg/24h
METHOD B

Fig. 5. Comparison between results from the paper chromatographic method and from gradient
elution from alumina. Method A refers to the paper chromatographic method. The results of
determinations of DHA, androsterone and aetiocholanclone by gradient elution (method B),
expressed in terms of DHA standard were summed for this comparison. Comparison 1: hydrolytic
procedure common to both methods. Comparison 2: separate processing throughout (see text).
The lines are the fitted regression curves of the paper chromatography result (y) on the gradient

elution results (x).

obtained by the paper chromatographic method can be almost entirely accounted for
by summing the amounts of DHA, androsterone and aetiocholanolone determined by
gradient elution from alumina. The correlation coefficients (r) are 0.978 and 0.980
respectively.

DISCUSSION

Various methods have been described for the separation and determination of
individual 17-oxosteroids in urine (SAVARD!, KELLIE AND WaDE2, BUSH AND
WILLOUGHBY!!, BROOKS!2). All are time-consuming and require a high degree of skill
for constant reliability. In some clinical investigations the amounts of the individual
11-deoxy-17-0x0steroids may not be required and all that is needed is a measurement
of the total 11-deoxy fraction. The paper chromatographic method described here is
suitable for this purpose. It is especially suitable for handling large numbers of deter-
minations and a trained worker can conveniently assay 12 urine specimens in duplicate
in one week. It is also useful as a preliminary purification step for subsequent separa-
tion of the 17-oxosteroids by paper chromatography and may be useful in this
context for gas chromatography.

The use of 6.5 cm strips obviates the need for paper blank corrections which
may be considerable if 3 MM paper of conventional size is used. Recoveries of 17-
oxosteroids from the short strips have been consistently higher in our hands than from
3 MM paper. Also use of the latter sometimes results in incomplete resolution of the
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less polar from the more polar 17-oxosteroids (see Busa AND WILLOUGHBY!!, Busu!3,
JAMES!Y).
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SUMMARY

(x) A paper chromatographic method is described for the rapid separation and
estimation of the 11-deoxy-17-0xosteroids in urine. The method may also be useful
for the measurement of the r1-oxygenated compounds.

(2) The method is based on extraction of conjugates from urine, enzymic hydro-
lysis and solvolysis followed by paper chromatography in a specially designed appara-
tus on 6.5 cm strips of paper impregnated with propylene glycol.

(3) The results are comparable with those obtained by summing the individual
components of the rr-deoxy-17-oxosteroid fraction separated and estimated by
gradient elution from alumina.
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South Pasadena, Calif. (U.S.A.)

(Received July 16th, 1963)

INTRODUCTION

During the course of several years of investigating atmospheric fluoride pollution
problems we have felt the need for two separate fluoride analytical method. First, a
rapid semiquantitative method for the determination of excess amounts of fluoride in
vegetation has been needed; such a method, recently developed in these laboratories,
is to be reported elsewhere!. Second, a method for the detection and isolation of
microgram quantities of organic fluorine compounds from plant materials is the sub-
ject of the present paper. The method is presented in two parts: a rapid procedure for
screening large numbers of plant extracts and materials for the presence of any
organic fluorine compounds, and a chromatographic process for further isolation and
identification of materials found in the screening method.

Background

Fluoride analyses of vegetation are confined for the most part to modifications of the
WILLARD AND WINTER?** method. Although this method is reliable and reproducible,
it is time consuming, requires relatively large samples (1-5 g vegetation containing at
least 5 ug of fluoride) and, unless special precautions are taken, is not likely to account
for fluorine present in the organic form. At best it gives a total fluoride (organic and
inorganic value. The isolation and identification of fluorine compounds in plant
materials to be used as salad crops or as feed for grazing animals is important because
of the known fluoride uptake from polluted atmospheres and because of the very wide
range of toxicities, especially of organic fluorine compounds. These toxicities range all
the way from inert, innocuous materials (such as the Freons) to poisons (such as
fluoroacetic acid and some of the fluoro-olefins where the LD, is in the range that
makes detection difficult or impossible). For example, inhalation of the refrigerant
Freon CF,Cl, (Freon 12) of 20 % concentration does not even produce unconscious-
ness, although analgesia and confusion result. Recovery is complete within ten
minutes®. In contrast, the lethal dose of fluoroacetic acid for man is estimated at
2-10 mg per kg7 body weight. The toxicity of inorganic fluoride is intermediate
between these extremes; the toxic dose of sodium fluoride is estimated between 5 and
10g, an amount unlikely to be ingested from vegetable contamination. Regular intake
of sublethal doses of inorganic fluoride, however, may produce a definite and damaging
series of chronic symptoms®—11. It was the concern over these chronic symptoms and
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the possibility of the presence of even more toxic organic fluorine compounds in
fluoridated salad and forage crops that initiated this research.

In attacking these problems, forage plants (alfalfa and orchard grass) and leafy
vegetables (chard, spinach and romaine lettuce) were fumigated with concentrations
of about 0.60-0.83 ug/m? of hydrogen fluoride during their entire growth period.
These concentrations produced no fluoride-type markings on the leaves, although a
relatively high concentration of fluorides accumulated in them (30-100 p.p.m.).

The problems of separating organic from inorganic fluorides were first attacked
qualitatively by making several series of extractions, using solvents of widely varying
polarity. Regardless of whether the solvents were employed in order of increasing or
decreasing polarity, most (over go %) of the fluoride was found in the most polar
solvent (water), indicating the fluoride to be essentially inorganic. However, sufficient
fluoride was found in the non-polar solvents to allow at least the possibility of the
presence of organic fluorine compounds.

DISCUSSION

The isolation and identification of organic fluorine compounds from plant or animal
materials is complicated by two factors. First, not only is the fluorine present in very
small amounts, but it has previously been shown to be present largely in the inorganic
form. As a consequence, organic fluorine in fluoride-fumigated plants is present in even
smaller amounts, if at all, and hidden by the small but nevertheless swamping amount
of inorganic fluoride. Second, organic fluorine compounds do not in themselves con-
stitute a functional class; for example, fluoroacids behave essentially like other acids
and fluoroalcohols have the properties of alcohols in general. Consequently, the
chemistry of organic fluorine compounds cannot be used in any way to isolate them as
a group nor as tests to indicate their presence. Therefore, every fraction, extract, or
compound must be completely freed of inorganic fluoride and then quantitatively
analyzed for residual fluorine.

Quantitative analytical methods are all based on the determination of fluoride in
ionic form. A large variety of methods for conversion of organic fluoride to analyzable
ionic form habe been reported. Many conventional methods are summarized by
SiMoNns!2. None of them are applicable in the microgram range and all are too
tedious and time consuming for large numbers of samples. In 1955, SCHONIGER!?
introduced an oxygen flask combustion method for reducing many of the elements in
organic compounds to ionic or other analyzable forms. From this rapid and inexpen-
sive method, a very: suitable procedure for the determination of fluorine in organic
compounds has been developed. It is particularly applicable to the quantitative
determination of fluorine in spots developed on paper chromatograms. However, in a
search for minute amounts of unknown organic fluorine compounds in the presence of
much larger amounts of inorganic fluoride, new procedures were needed.

METHOD

The various solvent and aqueous extracts of fluoridated vegetation were concentrated
on a rotovacuum apparatus and first analyzed for total fluoride.
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Sub-micro determination of fluorine

A modification of the procedure reported by SOEP! was used for quantitative sub-
micro determination of fluorine. We found, as did Sogp, the decoloration of the
zirconium-Eriochrome Cyanine R complex to be proportional to fluoride concentra-
tion. We also investigated the more sensitive aluminum-morin complex!® and a number
of other metal-dye complex reagents such as sodium 2-(p-sulfophenylazo)-1,8-di-
hydroxynaphthalene-3,6-disulfonate-zirconium lake (SPADNS) before standardizing
on the Eriochrome complex as most satisfactory for the determination of from 0-3 ug
of fluoride. A new direct color alizarin complexan method of fluoride analyses reported
by BELGHER ef al.""% was not found satisfactory for this work but was used in the
semiquantitative procedure to be reported elsewhere’.

Apparatus

A 125-mliodine flask modified with a platinum wire attached to the stopper according
to SCHONIGER' plus a microstopcock attached to the bottom of the flask (Fig. 1).
Volumetric flasks, 50 ml size.
Micropipettes, graduated variety 1-5 4, 5-25 A and 20100 4 sizes.
Portable hair dryer for drying spotted strips of paper.
Beckman model DK Ratio Recording Spectrophotometer used at 546 mu.
Cuvette from Lumetron Photoelectric Colorimeter.

GROUND GLASS
STOPPER

125=ml

IODINE FLASK PLATINUM WIRE

SUBJECT TO BE
COMBUSTED

WATER

Fig. 1. Combustion apparatus.
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The 1-cm cell was small enough to allow adequate filling with 5 ml of solution and
was used sideways to give a 32-mm light path. A simple support was provided to hold
it in the light path of the Beckman instrument.

Reagents

Solution A: 528.8 mg of Eriochrome Cyanine R dissolved and diluted to 250 ml
with water.

Solution B: 76.3 mg of zirconyl chloride octahydrate dissolved in 202 ml of hydro-
chloric acid (concentrated) and diluted to 500 ml with water.

Reagent: One volume of A mixed with two volumes of B, fresh daily.

Organic fluorine standard: 15.5 mg of sodium difluoroacetate dissolved and
diluted to 100 ml with water giving 0.5 ug of fluorine/ul of solution.

Laboratory distilled water was upgraded by distilling through an all-quartz, two-
stage water purification apparatus.

All materials were stored in polyethylene bottles.

PROCEDURE

A portion of each extract (about 100 pl) is spotted on a small piece of filter paper. The
paper is dried with hot air from the hair dryer and fixed to the platinum wire of the
stopper. After adding 2 ml of water, the flask (Fig. 1) is thoroughly flushed with oxygen
and the paper strip is ignited from a small pilot flame and plunged into the flask.
We found that when the paper is ignited from the top (in the position to be lowered
into the flask) a much larger piece containing more sample can be smoothly combusted.
When the flame is at the bottom of the strip as it is plunged into the flask it immedi-
ately flashes up consuming the whole of the paper and usually causes some of the
paper to fall to the water incompletely burned. Also, the more rapid combustion often
causes the stopper to be dislodged with resultant loss of gases. The flask is shaken
vigorously, drained, shaken with a second 2 ml of water, and rinsed with about
0.5 ml of water into a 5-ml volumetric flask. The freshly mixed reagent is added
(0.40 ml) and the total volume diluted to 5.0 ml. The extinction values are measured
at 546 my after one hour, using water in the reference beam. The values obtained are
compared with a calibration curve prepared similarly from the organic fluorine
standard (CF,HCOONa) to obtain the fluorine content. Under these conditions the
curve is linear from o to about 2.5 of 3 u of fluoride.

Separation of organic fluoride

Rapid screening procedure. If the above total fluoride analysis (organic or inorganic)
shows fluorine to be present, a separation must be accomplished to determine if any
of it is in the organic form. The method used for this separation was developed from
chromatographic procedures for separation of inorganic anions and from the elution
concentration scheme of DAvis, DuBBS AND ADAMS? and was designed to screen large
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numbers of plant extracts. First, a small section was cut from a 1-in. roll of Whatman
No. 1 chromatographic paper and a small volume of extract (volume dependent on
previous total fluoride analysis) spotted along the base of the wedge. The sample can
be placed either in a spot or along a line across the base. We did not find it necessary to
elute contaminants on the paper and to trim off the tip before using, as did Davis et al.,
because, although materials were found there, they did not interfere with the subse-
quent fluoride analysis. We found it convenient to use full length microscope slides
rather than cut them in half as did Davis ef al. After clamping with No. 2 ring clips,
obtainable in any stationery store, ten units can be placed in a standard staining jar
without support (Fig. 2). A chromatographic solvent or solvent mixture in which

Fig. 2. Short-strip separations of organic from inorganic fluoride.

fluoride ion has been determined not to move (Rp = o) is placed in the jar. The solvent
immediately fills the space beteen the two slides, providing a continuous source to
the base of the strip. The edges of the dish are covered to reduce evaporation from
other than the tips, and the strips allowed to stand overnight. The solvent evaporates
from the tip allowing a continual flow of fresh solvent and thereby causing even the
slow moving (Rp low) substances to move to the tip and be concentrated there while
inorganic fluoride remains on the original spot. Several solvent mixtures for the
separation of the halides and other anions are listed by McOMIE aND PoLLArRD?!. We
used as standard the upper layer of a mixture of equal parts of n-butanol and 1.5 N
ammonia, well shaken and allowed to stand at least overnight before separation. This
solvent mixture was exhaustively tested to be sure that the Rp factor for inorganic
fluoride was consistently zero. In addition, papers spotted with sodium fluoride were
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run alongside every batch of plant extracts and the fluoride was found in all cases to
remain on the original spot. After overnight development, a small portion of the tips
and the original spot are separately combusted in the oxygen flask and analyzed for
fluoride as above. Under these conditions, inorganic fluoride remains exactly on the
original spot and all of the organic flucrine compounds tested move quickly to the tip
(Table I). Any fluoride found in the combustion of the tips (with butanol solvent) is
therefore definite indication of the presence of a fluoro-organic. As confirming evidence
of organic fluorides, duplicate strips were run using water as solvent rather than
butanol-ammonia. Here, of course, inorganic fluoride quickly moves to the tip. The
movement of fluoro-organics with water is not so straightforward and depends on the
nature of the compounds. Highly polar, water-soluble compounds would move with
the solvent and non-polar insoluble materials would remain in the original spot. The
butanol and water strips together give an indication of the presence and nature of an
organic fluorine compound. Table I indicates the results of organic and inorganic
fluorides run on short-strip analysis.

TABLE 1

SHORT-STRIP FLUORIDE ANALYSIS

Fluoride (ug)
Compound or extract Solvent

Tip Spot
Perfluorobutyric acid Butanol 3.2 0.3
Perfluorobutyric acid Water 3.2 0.2

Sodium fluoroacetate Butanol 3.0 o
Sodium fluoroacetate ‘Water 3.5 0.1
Sodium difluoroacetate Butanol 0.8 0.2
Sodium fluoride Butanol o 2.9
Sodium fluoride Water 3.6 0.1
2,4-Dinitrofluorobenzene Butanol 0.6 0.3

2,4-Dinitrofiuorobenzene Water 0.9 o

Profile analyses of chromatograms for orgawic fluovine compounds. It should be
obvious, of course, in the short-strip analysis with butanol-ammonia, that essentially
all.of the organic compounds present move to the tip and not merely the fluoro-
organics. Thus, an absolute separation of inorganic from organic fluorine compounds
has been obtained, but no indication of the number or nature of the organic compounds
present.

If a positive indication of fluoro-organics is obtained in the short-strip analysis,
a number of conventional paper chromatographic strips are run. For example, a
portion of an extract showing an indication of an organo-fluorine compound in the
short-strip analysis is spotted on a 1in. X 18 in. strip of Whatman No. 1 chromatog-
raphic paper. The spot is dried and the strip hung in a chromatographic tank overnight
in equilibration with the vapors of the lower butanol-1.5 N ammonia layer mentioned
above. The strip is then developed several hours with the upper layer of the same
solvent mixture and thoroughly dried. Theoretically, the strip could be treated with
a suitable reagent to make visible the organic fluoride sought. Unfortunately several
factors preclude this: first, as mentioned above, there are no color reactions for the
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general fluoro-organic class; second, the compounds, if any, are present in extremely
small amounts; third, the paper chromatogram is rather completely stained yellow
and green with chlorophyll and other pigments.

Instead, the chromatogram is subjected to a procedure we have chosen to call a
profile analysis. It must be quantitatively analyzed for fluorine by sections. A short
chromatogram of 12-15 cm is cut crosswise in ten strips, each representing 0.1 Rp
factor. A large strip might be cut in twenty strips of R 0.05 each. Each strip is
combusted in the oxygen flask and analyzed for fluoride. A profile of the fluoride
content of the strip is then.obtained by plotting the fluoride analyses versus the Rp
factor (Fig. 3). In the chromatogram represented in Fig. 3A a sample of sodium di-
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Fig. 3. Profile analysis of fluoride in chromatographic strips.
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fluoroacetate containing 10 ug of fluorine was spotted and developed as described. The
dried paper was analyzed in twenty strips, each representing 0.05 Rp units. As indi-
cated in the figure, the Rp factor for CF,HCOONa is about 0.25. The strips at Rp 0.235,
0.30 and 0.35 indicate a total of about 7 mg of fluorine, or 70 % recovery. In the
chromatograph represented in Fig. 3B, a mixture of sodium fluoride and sodium di-
fluoroacetate were spotted together and developed, again in butanol-ammonia, but a
little longer for better separation. The inorganic fluoride is found in the Rp 0.05 and
0.10 strips and the organic fluorine again found at Rz 0.20-0.25. The strip at Rp 0.15 is
free of fluorine, indicating complete separation of the two compounds. Fig. 3C shows
the profile analysis of a solvent extract of hydrogen fluoride fumigated orchard grass
indicating the presence of inorganic fluoride and possible traces of two organic
fluorine compounds. Since the strip are cut from the chromatograph by Rr number
and not by visual location of any spot, a single compound will usually be found in two
or three adjacent strips rather than a single one.

The final step is to isolate the inaterial in pure form. An obvious method is to
prepare a number of chromatograms under identical conditions, determine the location
of the unknown on one chromatogram by profile analysis and extract the material
from similar Rp portions of the remainder. This method was applied as follows. A
portion of fumigated orchard grass tips (fluoride previously shown to concentrate
there) was extracted in a soxhlet with petroleum ether followed by ether and several
other solvents. The ether extract was found to contain 1.2 ug total fluoride per oo ul.
A short-strip analysis indicated the fluoride to be approximately 70 % organic. There-
fore, a portion of the ether extract was spotted on a 1 in. X 18 in. strip of paper,
equilibrated, and developed with butanol-ammonia. Combustion of the resulting
chromatogram in twenty strips (0.05 RF units) gave a peak at R 0.0~-0.1 for inorganic
fluoride and a larger peak at Rp 0.7-0.9 indicating organic fluoride. To confirm the
finding of organic fluoride at Rg 0.7-0.9, eighteen strips 3/, in. wide were each spotted
with 500 y of the extract and developed in butanol-ammonia as before. The 0.7-0.9
portion of each strip was cut out, taking care to eliminate most of the chlorophyll
portions which run with the solvent front. These portions were extracted with ether
in a soxhlet and the extract concentrated to about 2 ml. This extract was found to
contain 6-8 ug total fluoride per 100 ul. Short-strip analysis indicated it all to be
organic.

Larger quantities of these fluoridated salad and forage crops were investigated
by chromatography using heavier preparative papers and cellulose column techniques.
Although microgram quantities of organic fluorine compounds were found, the levels
were far too low forisolation and identification or to cause concern over toxic materials.
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SUMMARY

A method for the detection and isolation of sub-microgram quantities of organic
fluorine compounds from plant materials in the presence of much larger amounts of
inorganic fluoride is presented. The procedure consists first of a rapid screening step
for use with large numbers of vegetable samples and extracts and, second, of a
chromatographic step to isolate and characterize any fluoro-organics found. These
methods are developed in light of specific chemical characteristics of organic fluorine
compounds as a general class. A modification of SOEP’s quantitative sub-micro fluoride
analytical method is presented as applicable to these isolation methods. Microgram
quantities of organic fluorine compounds were found in the plant materials investi-
gated but at a level too low for isolation and identification.
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Oak Ridge, Tenn. (U.S.4.)

(Received September 2nd, 1963)

INTRODUCTION

Partition paper chromatography was used by BENDICH AND ROSENKRANZ! to fractio-
nate DNA according to molecular size. Since substituted celluloses are used exten-
sively for column fractionation of nucleic acids, the paper sheet forms of anion-
exchange cellulose offer further possibilities for separations of this kind. In unpub-
lished experiments, N. B. FurLonG AND F. J. BorLuM of this laboratory established
that oligodeoxyribonucleotides up to 100 nucleotide units would migrate on DEAE-
cellulose paper. Since amino acid-acceptor RNA is of this approximate size, its
behavior on various anion-exchange cellulose papers was investigated.

Many investigators have fractionated acceptor RNA from larger molecular
weight RNA on ion-exchange cellulose columns; several have observed the separation
of one specific type of amino acid-acceptor RNA from the main portion or a change
in the ratio of 2 or 3 amino acid-specific acceptor activities?—%. Other fractionation
technics, such as countercurrent distribution®.®, chromatography on methylated al-
bumin? or hydroxylapatit’, and column electrophoresis? also have been successful
in separating amino acid-specific RNA’s.

The present work demonstrates that paper chromatography also fractionates
acceptor RNA according to amino acid-specific types and describes a number of
conditions that affect the chromatographic behavior of RNA. A preliminary note on
this subject has been presented?.

) MATERIALS AND METHODS
Preparation of the paper

Two sheets, 81/, % 22 in. of DEAE-cellulose paper (Whatman, DE-20) were clamped
on a glass frame for descending chromatography (Kurtz-Miramon frames, Kensington
Scientific Co., Berkeley, California) and irrigated successively with 200 ml 1 M am-
monium bicarbonate, 200 ml water, zoo ml 0.1 N HCl and water until no acid could be
detected by taste (less than 0.005 N). The ammonium bicarbonate seemed to be more
satisfactory than NaCl in removing the yellow-colored impurities. The papers were
dried, stored at room temperature, and used within three weeks.

* Rockefeller Foundation Fellow.
** Operated by Union Carbide Corporation for the U.S. Atomic Energy Commission.

J. Chromatog., 14 (1964) 46-56



PAPER CHROMATOGRAPHY OF ACCEPTOR RNA 47

Condition for chromatography of [V*C)-amino acyl-RNA

Prior to application of the sample, the paper was clamped on a glass frame for de-
scending chromatography and placed in 0.05 M NaCl-0.02 M acetate buffer, pH 5.6,
until it was wet several cm past the origin. About 15 min prior to application of
sample, the paper was taken out of the solution to reduce the moisture content at the
origin area. The sample was applied and the paper placed in the first developing
solution, 0.2 M NaCl-0.02 M acetate buffer, pH 5.6, which causes mononucleotides
to move with an Rp of 0.4-0.6 and most amino acids to mové even faster. This served
to miove out the radioactive amino acid and adenine nucleotides leaving the RNA at
the origin. After 2 h the developing solution was changed to 0.58 M NaCl-0.02 M
acetate buffer, pH 5.6, to cause the RNA to migrate; NaCl concentrations less than
0.4 M failed to move acceptor RNA. To provide a reference for the rate of the migration
of the RNA, a nucleotide was spotted at the origin when development with the higher
salt solution was started. A pH of 5.6 was chosen to minimize the spontaneous
hydrolysis of the RNA-amino acid ester bond. As will be pointed out later, some
chromatograms were developed at room temperature and some at 4°. For fractio-
nation of acceptor RNA’s, the lower temperature was used routinely. Radioactive
areas were located and measured quantitatively by a 4 7z, windowless, gas-flow strip
scanner coupled with an integrating unit (Vanguard Instrument Co., LaGrange,
Illinois).

Preparation of [*Cl-amino acyl-acceptor RNA

The amino acyl-acceptor RNA was prepared from Escherichia coli by the method of
OFENGAND et al.3, except that DEAE-cellulose column was used in place of ECTEOLA-
cellulose. RNA concentration was calculated from the extinction at 260 my, assuming
that 1 mg RNA/mlin o0.01 N NaOH has an extinction coefficient of 30 in a 1 ¢cm light
path3.1. The enzyme mixture was prepared from the 100,000 X g supernatant of
E. coli extracts by first adding streptomycin, 1 % final concentration, discarding the
precipitate, and fractionating the supernatant with ammonium sulfate. The enzyme
fraction precipitated between 0.5 and 0.65 % saturation with ammonium sulfate’2.
The enzyme and RNA were dialyzed and stored at —20°. The reaction mixture (0.5 ml)
consisted of 0.1 M Tris chloride buffer (pH 7.3 at 25°) or cacodylate buffer pH 7.0,
0.01 M Mg acetate, 0.0t M ATP, approximately 0.z uC [*C]-amino acid, 0.25 mg
acceptor RNA, and the enzyme preparation. After 15 min at 37°, the reaction mixture
was acidified to pH 5 with acetic acid and stored at —=20°. For chromatography,
aliquots of 0.01-0.35 ml were added as a single spot the wet DEAE-cellulose paper.
Since the RNA has a higher affinity for the DEAE than ATP or other components
of the reaction mixture, it forms a compact spot not more than 2 cm in diameter
with the largest aliquot.

Uniformly labeled [*C]-amino acids were obtained commercially and were of
specific activities greater than 50 mC/mmole.

RESULTS

Resolution of RNA into amino acid-specific types

RNA esterified with different radioactive amino acids was chromatographed on
DEAE-cellulose paper, and the separation achieved for four amino acyl-RNA’s is
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Fig. 1. Chromatography of RNA specific for four different amino acids. Uniformly labeled [MC]-
amino acids were esterified to the acceptor-RNA, and o.05-0.15 ml aliquots of the reaction
mixture were applied to DEAE-cellulose paper. (a) The paper was irrigated at 4° with o.2 M
NaCl-o.02 M acetate buffer, pH 5.6, for 2 h and then with 0.58 M NaCl-o.02 M acetate buffer,
pH 5.6, for 2.5 h. (b) The paper was irrigated for the same time and with the same solution as for
Fig. 1a with the addition of o.or M MgSO,. The positions of the free radioactive amino acids
were all at distances greater than 25 cm from the origin. The figure shown under each peak is the
mobility relative to GMP.

shown in Fig. 1a. Isoleucyl-RNA moved about 13 cm in 2.5 h in 0.58 M NaCl, whereas
the presence of 0.0r M Mg?+in this developer increased the rate of migration (Fig. 1b).
In addition Mg?* also reduced the amount of material that was commonly found at
the origin of the chromatogram (cf. later sections).

Seryl-RNA separated into two peaks of radiocactivity (Fig. 1a) when chromato-
graphed in the absence of magnesium. It is unlikely that this separation is a reflection
of the contamination of the radioactive serine with radioactive glycine since the
mobility of glycyl-RNA is greater than either peak of seryl-RNA. Furthermore, in the
presence of magnesium during chromatography, this seryl-RNA was partially
degraded, whereas glycyl-RNA was not (Fig. 1b). Previously, the separation of certain
specific amino acyl-RNA’s into two fractions has been shown using methylated
albumin columns? and counter current distribution?3.

Further comparison of the amino acid specific RNA’s is shown in Table I. A
remarkably similar behavior of the charged RNA’s which are specific for a given
class of amino acids was noted in that aspartyl- and glutamyl-RNA had similar
mobilities, and isoleucyl-, valyl-, and alanyl-RNA were all in the fastest group.
It has been teported that on methylated albumin glutamyl- and aspartyl-RNA
have very similar elution characteristics?. Thus, it would appear that the two RNA'’s
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TABLE I

RELATIVE MOBILITIES OF AMINO ACYL-RNA’s
Following application of samples, the DEAE-cellulose paper was irrigated first with 0.z M NaCl-
0.02 M acetate buffer, pH 5.6, for 2 h and then the higher NaCl concentration-acetate buffer.
Reup refers to the mobility relative to 5'-GMP applied to the origin at the time the higher con-
centration of NaCl was initiated.

Exp. [Y4C J-amino Developing

No. acyl-RNA conditions Remp
I ileu 0.58 M NaCl 0.55
lys 0.66
leu 4° 0.46
arg 0.43
his 0.44
phe 0.32
2 ilen 0.58 M NaCl 0.59
val 0.64
ala 4° 0.66
asp 0.38
glu 0.32
3a ileu 0.60 M NaCl 0.59
gly 0.41
ser 4° 0.33,0.12
glu 0.43
3b ileu 0.65 M NaCl 0.48
gly 0.35
ser 25° <<0.1
glu 0.32

specific for the two acidic amino -acids are themselves rather similar structurally.

In control experiments, the radioactive amino acid was chromatographed under
conditions identical to those used for RNA chromatography. The aliphatic amino
acids migrated rapidly in 0.2 M NaCl, and no radioactivity was detected in the area
normally occupied by the RNA ; the same was true for lysine, glutamic acid, aspartic
acid, serine, threonine. On the other hand, phenylalanine did not move out entirely
and a slight trail of radioactivity was found in the RNA areas as well as a small
amount (<0.T %) at the origin; histidine behaved similarly. Since some commercially
obtained phenylalanine samples did not behave in this manner, contaminants were
probably responsible. Despite this interference, the position of the phenylalanyl-
and histidyl-RNA was detectable. With tryptophan, so much radioactivity remained
in the RNA region and at the origin that a reliable estimate of the position of the
tryptophanyl-RNA could not be made, using the present technic.

A variety of factors affect the migration of amino acyl-RNA on DEAE-cellulose
paper. In reporting these experiments, two chromatographic properties of the RNA
were studied: (1) the rate of migration under various conditions and (2) the fraction
of the total that was found at the origin following the migration of the major portion
of the RNA. The latter is due, presumably, to an irreversible binding of the RNA to
the paper and may be of significance in explaining the behavior of RNA on substi-
tuted celluloses.
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Salt concentration

The effect of salt concentration on the rate of leucyl-RNA migration is shown in
Fig. 2; the rate is dependent on salt concentration up to 0.7 M NaCl where the maxi-
mum rate was achieved, as evidenced by the position of the ultraviolet absorbing
material as well as the radioactive zone. The change in salt concentration also affected
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Fig. 2. Effect of salt concentration on [*C]-leucyl RNA chromatography. Samples (0.1 ml) of

reaction mixture containing [C]-leucyl RNA prepared as described in Methods were applied to

DEAE-cellulose paper. Irrigation at 25° was with 0.2 M NaCl-0.02 M acetate buffer, pH 5.6, for,

2/, h and then various concentrations of NaCl-0.02 M acetate, pH 5.6, for 4 h. The free amino

acids had moved off the end of the paper under these conditions. All strips were surveyed at same

setting of the count rate meter. Figure at origin indicates the proportion of total radioactivity
measured that occurred at the origin area.

the proportion of material that remained at the origin, as much as 39 % of the leucyl-
RNA remaining at the lowest salt concentrations. The 15 % at the origin after 0.7 M
NaCl appeared to be a lower limit since NaCl concentrations up to 5 M did not reduce
this value.

Examination of non-migrating RNA

If the material that migrated was different from that which remained at the origin,
the rechromatography of each should result in single zones. Purified acceptor RNA,
with no amino acid attached, was streaked on a DEAE-cellulose paper sheet, moved
out in 0.65 M NaCl, and the forward and origin zones eluted separately with 1 M
NaCl. Recovery from the origin zone was poor but sufficient to yield enough RNA to
react with [**C]-leucine. Rechromatography of the material from each zone again
gave two zones as detected by radioactivity and ultraviolet absorption, one at the
origin and one that migrated in 0.65 M NaCl. Thus, it appears that the RNA found at
the origin after chromatography was not necessarily different from that which mi-
grated but resulted from irreversible adsorption of a portion of the RNA.
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Temperature

The experiments immediately preceding were performed at room temperature
(22-25°). At 4° there was a decreased rate of migration of leucyl-RNA, as would be
expected, and there was a marked decrease in the amount of material left at the origin
(Fig. 3). An approximately proportional reduction in migration rate occurred for GMP.
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Yig. 3. Effect of temperature on [4C]-leucyl RNA chromatography. Samples were the same as fof
Fig. 2. One paper remained at 4° before and after application of sample, the other paper was at 25°-
Each was irrigated with 0.2 M NaCl-o.02 M acctate buffer, pH 5.6, for 2 h and then with 0.7 M
NaCl-0.02 M acetate buffer, pH 5.6 for 1.7 h. At 4° the GMP, which was applied to the paper
when 0.7 A NaCl was initiated, moved o0.58 of the distance attained at 25°. An ultraviolet-
absorbing area was observed at the origin of the 25° paper but not of the 4° paper.

Time of contact with the paper

If diminished binding at the origin at 4° was due to a reduction in the rate of formation
of the non-ionic bonds, it should be possible to observe an increase in the amount at
the origin by extending the time of contact between the RNA and the DEAE-
cellulose. Fig. 4 shows that the amount does increase significantly with time, the
first few hours resulting in binding of about 10% of the amino acyl-RNA near the
origin. It should be noted that in all but the uppermost chromatogram the papers
were irrigated with 0.2 M NaCl, pH 5.6, for 2 h; the papers then were allowed to
hang in the humid atmosphere of the tank until irrigated with o.7 M NaCl. In other
experiments, 0.2 M NaCl, pH 5.6, was flowing through the paper constantly during
the contact period, and similar results were obtained.

In addition to an increase in the binding at the origin, Fig. 4 also shows that the
rate of migration of the RNA was reduced by extended time in contact with the paper.
It is evident that certain characteristics of RNA undergo alteration in the presence
of DEAE-cellulose resulting in more effective adsorption and slower mobility.

One explanation of these phenomena is that the secondary structure of the ac-
ceptor-RNA undergoes an alteration, such as the breaking of hydrogen bonds,
during contact with DEAE-cellulose. The resulting structure could have a higher
affinity for DEAE-cellulose because a greater flexibility in the molecule would result
and allow a greater number of attachments between the primary phosphate and the
DEAE. In addition to the electrostatic interaction, an increase in the extent of other
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Fig. 4. Effect of time of contact of [MC)-leucyl RNA with DEAE-cellulose. Samples of reaction
mixture, 0.05 ml were prepared as in Fig. 2. (a) Paper was irrigated with 0.7 M NaCl-o.02 M
acetate buffer, pH 5.6, for 1 h immediately after application of samples. (b) Paper was irrigated
with 0.2 M NaCl-0.02 M acetate buffer pH 5.6 for 2 h and then with 0.7 M NaCl-o.02 M acetate
buffer, pH 5.6 for 1 h. (c) After irrigation with 0.2 M NaCl-o.02 M acetate pH 5.6, the paper
hung in the chromatography tank for 5 h and then was irrigated with the 0.7 M NaCl developer.
(d) Paper hung 22 h before irrigation with the higher salt concentration. In 4a-d the chromato-
graphy was performed at 4°; in 4e, at 23° and irrigated as in 4b.

attractive forces between the RNA and the cellulose matrix of the paper could also
occur.

Effect of urea

Since non-ionic bonds seemed to exist between the RNA and the cellulose and would
be largely unaffected by salt solutions, 6 M urea was added to the usual developer.
The effect of urea was to prevent any amino acyl-RNA from remaining at the origin
and to cause 4 amino acyl-RNA’s (ileu, gly, ser, glu) tomigrate at the samerateas GMP.

Amount of RNA

The amount of RNA applied to the DEAE-paper can be varied at least zo-fold
without appreciably changing the migratory behavior. Fig. 5 shows that the positions
of the peaks were quite similar whether 0.0z or 0.4 ml of the reaction mixture was
applied,
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Fig. 5. Chromatography of different amounts of [14C]-leucyl RNA. Samples of a reaction mixture,
0.02 ml and o.4 ml, were used. The [14C]-leucyl-RNA migrated in 0.58 M NaCl-o.02 M acetate
buffer, pH 5.6, at 4° for 21/, h. The data shown are the counts integrated over 2 min intervals,
scanning at 25 cm/h through 1 cm apertures.
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Fig. 6. Comparison of ECTEOLA-cellulose paper with DEAE-cellulose paper. Samples of reaction

mixture, 0.05 ml containing {MC]-leucyl RNA, were applied to each paper which had been convert-

ed to chloride form as described in Methods. Both papers were irrigated at 24° with 0.2 M NaCl-

0.02 M acetate buffer, pH 5.6, for 4 h and then 1 M NaCl-o.02 M acetate buffer, pH 5.6, for 1.25 h.

The GMP which was applied at the time 1 M NaCl was started moved o.7 as far on ECTEOLA as
compared to DEAE paper.
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The fraction of RNA irreversibly bound at the origin is independent of the
amount of sample applied; e.g., samples of 0.02, 0.05 and 0.1 ml of isoleucyl-RNA
were chromatographed and the amount remaining at the origin was 8.5, 4.8 and

5.9%, respectively.

ECTEOLA-cellulose paper

Because ECTEOLA-cellulose is also commonly used for chromatography of nucleic
acids, it was compared with DEAE-cellulose, both materials being used as paper
sheets. Fig. 6 demonstrates that, under the same conditions, leucyl-RNA behaves
quite differently on ECTEOLA-cellulose. The material at the origin presumably was
due, in part at least, to the anomalous behavior described for DEAE paper, the extent
being predictably minimal on the latter because of the 1 M NaCl. No further explo-
ration of the ECTEOLA paper was made. Experience on ECTEOLA-cellulose colurnns
indicated that a strong binding of RNA occurred that was broken only by partially
degrading the RNA4
DISCUSSION

Among the technics available for the fractionation of amino acyl acceptor-RNA
(see Introduction), the DEAE-cellulose paper method is simple, inexpensive, and
rapid. Furthermore, it can be adapted to a preparative scale; an 18-cm wide sheet
has been used to chromatograph 3 mg of acceptor RNA and 100 % recovery of the
acceptor activity for 4 amino acids was obtained by eluting the developed chromato-
gram with 1 M NaCl-6 M urea (JAacoBsoN AND NIsHIMURA, unpublished data).
Combination of DEAE-cellulose paper chromatography and other technics, such as
methylated albumin chromatography, could prove productive in purifying certain
acceptor RNA’s since the relative mobilities of several of the amino acyl-RNA’s are
different on the two media. The effect of urea was to abolish the resolution of specific
acceptor RNA’s on DEAE-cellulose just as it was to cause oligodeoxyribonucleotides
to migrate according to molecular size'®.

Some insight into the nature of the interaction between acceptor RNA and
DEAE-cellulose is given by these experiments. There are apparently two phenomena
to be explained: (1) the nature of the binding of various amounts of the acceptor
RNA at the origin, and (2) the alteration in the RNA which results in the slower
migration rate illustrated in Fig. 4. With regard to the RNA found at the origin, two
types of forces are operative since the amount varied between 15 and 40 % with
salt concentration but could not be reduced below this lower amount by further in-
creasing the salt concentration. This indicates that non-ionic interactions occur
between the RNA and the DEAE-cellulose resulting in attachments that cannot be
dissociated by salt. Since these bonds form slowly but at a discernible rate, in terms of
hours at 4° (Fig. 4), there are apparently many such bonds per RNA molecule.
When only a few non-ionic bonds exist, they may not be sufficiently stable to prevent
the RNA from migrating at higher salt concentration but they may be able to supple-
ment the ionic interaction of the acceptor RNA and DEAE-cellulose at lower salt
concentrations and cause more RNA to be retained at the origin (Fig. 2).

Such forces would not be apparent in the chromatography of mononucleotides
and the smaller oligonucleotides since only a very few such bonds could form per mole-
cule. On the other hand, for a polymer consisting of go—100 nucleotides there would
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be the possibility for multiple attachments resulting in a strong interaction not
reversible by high molarities of salt.

Other laboratories have reported irreversible attachment of various RNA’s
to anion exchange cellulose usually evidenced by incomplete recovery of the sample.
GOLDTHWAIT AND KERRM found ribosomal RNA was bound by ECTEOLA-cellulose
so strongly that the alkaline conditions employed for elution resulted in material
of diminished sedimentation coefficients.

The nature of the forces resulting in irreversible binding of acceptor RNA at the
origin can be surmised, speculating from the effects of urea, magnesium ion, and
temperature. It is unlikely that hydrogen bonds are involved since they would be
expected to be less stable at 25° than at 4°, whereas greater binding was found at the
higher temperature. Urea, although often considered to break hydrogen bonds, is
effective in disrupting hydrophobic bonds of DNA resulting in a denaturation of the
molecule®, Therefore, the fact that urea completely removes the acceptor RNA from
the origin position of the DEAE-cellulose does not necessarily indicate hydrogen
bonding but that hydrophobic bonds may exist between the RNA and the paper.
The fact that magnesium ion reduces the amount of RNA at the origin is not in-
consistent with an hydrophobic bond interpretation since it is known that magnesium
jon causes a configurational change in acceptor RNA to a more helical form'. Such a
configuration would probably reduce the hydrophobic bonds possible by making the
purine and pyrimidine rings less available.

The second phenomenon, the reduction in the rate of acceptor RNA migration asa
function of contact time with the DEAE-cellulose, may be a reflection of distortion
of the RNA molecule. This distortion may arise from the electrostatic interaction
between acceptor RNA and the DEAE-cellulose, or a combination of electrostatic
and non-ionic forces, which might disorganize some of the secondary structure of the
RNA and result in a more flexible molecule. In a more extended, flexible state the
RNA phosphate groups may be able to engage in more interactions per molecule
with the positively charged secondary amine groups of the paper, thus resulting in a
slower mobility. The retarded mobility resulting from prolonged contact with the
adsorbent apparently is not due to the same phenomenon responsible for the binding
of the RNA at the origin. While a parallel exists in that both effects progress with
time, the binding at the origin never accounts for all the RNA that might be expected
if the retardation was proceeding progressively. Rather, the two phenomena each
seem to reach a limit and thus do not appear to be due to common mechanism.

SUMMARY

Conditions for the chromatography of amino acyl-acceptor RNA on paper sheets of
DEAE-cellulose have been explored further. Amino acid-specific RNA’s can be
separated using this type of chromatography. It was found that significant amounts
of RNA are bound to the paper so that (1) salt solutions were ineffective eluents of
RNA, and (2) urea combined with salt was effective. Results suggest that non-electro-
static forces play a significant role in the adsorption of RNA to substituted cellulose.
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A SIMPLE DEVICE FOR CONTINUOUS ELUTION IN
FILM CHROMATOGRAPHY

E. V. TRUTER
Textile Chemistry Labovatory, The University, Leeds (Greal Britain)

(Received July 17th, 1963)

INTRODUCTION

In spite of the excellent results that can be obtained by normal film chromatography,
there are situations in which a single development of a chromatogram does not give
satisfactory resolution of the components of a mixture. To improve the resolution,
two equivalent methods are available. In the first, the process of multiple develop-
ment, the chromatogram is developed in the normal way. When the solvent reaches a
pre-determined level on the film, the chromatoplate (or strip) is withdrawn from the
developing tank, and after the solvent has evaporated from the film, the chromato-
gram is again developed in the normal manner. The process may be repeated as often
as is necessary to obtain a satisfactory result. Equations for determining the optimum
number of developments have been given by TRUTER™.

The technique of multiple development is tedious and less convenient to operate
than the alternative process, namely continuous development. Unfortunately, to
subject a film chromatogram to continuous development, special apparatus is re-
quired. In those pieces of equipment that have been described hitherto, the direction
of solvent-flow is abnormal. Film chromatograms are normally developed by the
ascending-solvent technique. In the devices designed by STANLEY AND VANNIER?, by
MisTRYUKOV3 and by REISERT AND SCHUMACHER? the solvent-flow is downward, and
in the devices described by MoTTIER® and by BRENNER AND NIEDERWIESER® it is
horizontal. As a consequence of the abnormal direction of solvent-flow, special ar-
rangements are required for feeding the solvent on to the film.

To maintain a continuous flow of liquid through the film, the solvent must be
removed when it reaches the further limit of the adsorbent. In the descending-devel-
opment technique the solvent is allowed to drip off the chromatogram whereas in the
horizontal-development technique the solvent is allowed to evaporate when it reaches
the far edge of the adsorbent. Hitherto, no simple and satisfactory method for
continuous development by the ascending-solvent technique has been described. If a
chromatogram is developed in an open tank, the results are unsatisfactory because the
solvent evaporates from the entire surface of the chromatogram; for satisfactory
results, it is absolutely essential to limit evaporation of the solvent to a strip of adsorb-
ent which is not part of the working area. In the apparatus described here, continu-
ous development is obtained by allowing the solvent to ascend the film which projects
through a slot in the lid of the tank. The dimensions of the slot are such as to restrict
evaporation to that part of the adsorbent which is outside the tank.
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Besides permitting continuous development to be carried out very simply, the
slotted lid can also be employed as an auxiliary in increasing the resolution in a single-
stage development. In general, the smaller the spot of sample at the origin, the better
will be the resolution. The slotted lid may be used for converting a relatively large
spot of sample placed at the origin into a line about 0.5 mm wide at the opposite side
of the film.

EXPERIMENTAL
Apparatus

The process described here requires a developing tank from which the strip or plate
will project by 1-2 c¢m when placed vertically in it. Other dimensions of the tank
should be the minimum required to hold the plate. The lid is the important feature.
For the development of chromatostrips, the lid is in two parts; one is a specially
shaped piece of brass and the other is merely a glass cover for the remainder of the
tank. For standard plates it is more convenient to use a machined brass strip and two
glass plates as the lid. The essential features of the design of the brass strip are shown
in Fig. 1. The dimensions of the brass strip which are not shown must be adjusted to

3mm
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Fig. 1. Plan of the machined brass strip which is 6 mm thick. The hatched area represents the
section of the chromatoplate.

suit the developing tank and the glass plate available so that, when the apparatus is
assembled, the chromatoplate is effectively sealed all round except for the small gap
facing the adsorbent film. When the brass is 6 mm thick, a gap of about I mm between
the adsorbent surface and the recess in the brass strip is satisfactory; if thinner sheets
of brass are used, the gap must be correspondingly smaller. During development of the
chromatogram, the solvent climbs up the film and when it reaches the exposed part of
the adsorbent outside the tank, it evaporates, and so continuous development of a
vertical chromatogram is achieved.

Methods

A solution of a commercial dye, Oil Red OS, in methylene chloride was spotted on to a
chromatoplate which had been prepared in the conventional manner using silicagel G
(film thickness: 250 um). The charged plate was then placed in the tank with the
adsorbent-coated surface of the glass facing the brass strip and “clamped” by closing
up to the other portions of the lid. Carbon tetrachloride was used as the developing
solvent and the sides of the tank were lined with filter-paper soaked in solvent.
Formation of a hair-line origin was carried out as follows. A line sample of a solu-
tion of Oil Red OS was placed on the adsorbent in the usual way, the charged plate
was placed in the developing tank, the slotted-lid was assembled and the chromato-
gram was ‘“‘developed” in chloroform—methanol (1o:1). After about 1 h the dye
sample had been transferred to the opposite end of the chromatoplate where it formed
a line about 0.3 mm in width. The plate was then withdrawn from the tank and after
the solvent had evaporated from the film, the adsorbent was reactivated by heating
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the chromatoplate to 110° for 5 min. Subsequently, the chromatogram was developed
from the hair-line origin, using carbon tetrachloride as the solvent, by the continuous
technique already described (Fig. 2); the hair-line origin is still clearly marked by the
most polar fraction.

hair- line - origin

LMN"&‘;&#?—:JJ»-.\{E el

Fig. 2. One-dimensional continuous development of Oil Red OS from a hair-line origin. Adsorb-
ent: silicagel G. Solvent: carbon tetrachloride. Time: 18 h. Distance from origin to front:15 cm.

The chromatogram shown in Fig. 3 was preparcd in a similar manner. After
development in the first direction in carbon tetrachloride, the sample was compressed
into a second hair-line origin at right angles to the first origin by development in
chloroform-methanol (10:1). Subsequent treatment of the chromatogram was exactly
as described above.

RESULTS AND DISCUSSION

For the formation of a hair-line origin a good solvent, which carries the sample with
or near the solvent front, is required. When the solvent level reaches the upper edge of
the slot, it evaporates and the sample is gradually deposited in the form of a line at
the edge of the solvent front. With colourless samples it is important to ensure that all
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Fig. 3. Two-dimensional continuous development of Oil Red OS. Adsorbent: silicagel G. Solvent:
carbon tetrachloride. Time: 16 h in cach direction. Distance from origin to front: 16 cm.

the material has reached the front; no difficulty is encountered if the process is allowed
to continue for longer than the minimum time, If a solvent which can de-activate the
adsorbent has been used to produce the hair-line origin, e.g., one containing methanol,
the adsorbent should be reactivated by a brief thermal treatment. Under normal
laboratory conditions hydroxylic solvents alone are not suitable for preparing a hair-
line origin because they do not evaporate quickly enough; they form rather irregular
fronts above the level of the slot.

In two-dimensional work the hair-line origin may be used for either or both
developments. Fig. 3 shows an overloaded (total load: 2.4 mg) two-dimensional chro-
matogram in which the hair-line origin was used for both directions. The test sample,
0il Red OS, is a mixture of

/AN N
Me O
\O / ¥ N \ / P
/ | " I/ Me
SO R SN e
“~OH Me T NOH Me,
4-o-tolylazo-o-toluidine->2-naphthol and xylylazo-xylidine—2-naphthol

As all the positional isomers of xylene arc present in the starting material, the product
would be expected to be a complex mixture of isomers. Fig. 3 shows that the mixture
has been resolved into fourteen fractions and on the original chromatogram an addi-

J. Chromalog., 14 (1964) 57-61



CONTINUOUS ELUTION IN FILM CHROMATOGRAPHY 61

tional four faint spots cou!d be detected. Normal chromatography of the dye, using
either benzene or methylene chiorvide as the developing solvent, failed to resolve the
mixture into more than two fractions

SUMM:RY

A simple, inexpensive slotted lid which enables a film chromatogram to be developed
continuously, and its application for transferr ng a sample to a hair-line origin, is
described.

REFERENC:'S

E. V. TRUTER, Thin Film Chvomalography, Cleaver-Hume, London, 1963, p. 63.
W. L. STANLEY aND S. H. VANNIER, J. Assoc. Offic. Agric. Chem., 40 (1957) 582.
E. A. MisTRYUKOV, J. Chromatog., 9 (1962) 311.

P. M. REISERT AND D. SCHUMACHER, Experientia, 19 (1963) 84.

M. MOTTIER, Mittlg. Lebenswmit. Hyg., 49 (1958) 454.

M. BRENNER AND A. NIEDERWIESER, Experientia, 17 (1961) 237.

@ ;o W o e

J. Chromatog., 14 (1964) 57-61



62 JOURNAL OF CHROMATOGRAPHY

RESOLUTION OF #-ACIDS AND #-ALCOHOLS BY
“ADSORPTION” CHROMATOGRAPHY ON KIESELGUR FILMS

S. JEAN PURDY anp E. V. TRUTER

Textile Chemistvy Labovatory,
The University, Leeds (Great Britain)

(Received July 26th, 1963)

INTRODUCTION

It is generally believed that the resolution of mixtures of aliphatic compounds be-
longing to a homologous series is not possible by normal adsorption chromatography if
the compounds contain more than about ten carbon atoms each. Resolution of mix-
tures of this type, e.g., n-alcohols or #n-acids is usually performed by reversed-phase
partition chromatography!. If adsorption chromatography could be adapted to give
a degree of resolution comparable with that obtainable by reversed-phase partition
chromatography, the former would be preferable because it is more rapid and much
simpler.

Adsorption chromatography is normally carried out on silicagel or alumina, and
experience has shown that alcohols and acids can be chromatographed only by using
relatively polar solvents. Under these circumstances, the difference between the elut-
ing effect of the solvent and the restraining effect of the adsorbent is the same for all
higher members of a homologous series, so that the mixture cannot be resolved into
its components.

There are, nevertheless, small differences in the polar/non-polar balance between
members of a homologous series. We have explored the possibility of magnifying the
effect of these minor differences by simultaneously decreasing both the restraining
power of the adsorbent and the eluting power of the solvent. The results showed that
the hitherto unexpected resolution of homologous, even-numbered alcohols and acids
containing more than ten carbon atoms, was possible by “adsorption” chroma-
tography on kieselgur G, using cyclohexane as the developing solvent.

EXPERIMENTAL

Kieselgur G and water (30 g/60 ml) were thoroughly mixed and spread over six glass
plates (15 X 20 c¢cm) using a device similar to that described by StanL2. After the
films had been allowed to dry on the bench for 3 h they were ready for use. Samples of
the n-alcohols and the #-acids were made into 0.5 % and 0.25 % solutions (respec-
tively) in ether, and 1 ul aliquots were used for chromatography; the mixtures
contained 1 ug of each component. Development of the chromatograms with cyclo-
hexane, in tanks lined with filterpaper soaked in the solvent, for a distance of 10 cm,
required about 35 min. To render the alcohols visible, the solvent-free film was sprayed
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with concentrated sulphuric acid and the chromatoplate was heated to z60° for 10
min. The chromogenic reagent for the acids was 0.5 % bromocresol green in ethanol,
adjusted to pH 6.

RESULTS AND DISCUSSION
Fig. 1 shows that it is possible to resolve and to identify a mixture of all the even-

numbered, aliphatic alcohols from #-decanol to n-tetracosanol. In addition, #-octanol
and n-hexacosanol may also be distinguished, but with a lower degree of certainty.

» Fig. 1. Resolution of the »-
alcohols by ‘“‘adsorption”
chromatography. The nu-
merals indicate the number
of carbon atoms in each al-
e cohol. M is a mixture of all
the test samples. (Substrate:
x X x X @ kieselgur G. Solvent: cyclo-
hexane. Chromogenic rea-
18 20 22 24 26 gent: sulphuric acid).

X 0@ O3 @ 0 e T O
L

Fig. 2 shows that the identification of the even-numbered acids containing be-
tween eight and fourteen carbon atoms presents no difficulty. Acids containing
between sixteen and twenty-two carbon atoms per molecule are less well separated
from one another. Although the Ry values are appreciably different, the resolution is
not sufficient for an unequivocalidentificationif thelength of the chromatogram is only
10 cm. Development of the chromatogram for a longer distance will result in a better
resolution and a correspondingly higher degree of certainty in the identification.

The tailing effect which is observed only with the acids, is very dependent on the
load. If the load is progressively increased beyond 2.5 ug per acid, tailing rapidly
becomes bad enough to spoil the chromatogram. If a small amount of acetic acid
(0.5 %) is added to the developing solvent to prevent tailing, the mobilities of all the
acids are greatly increased and the differences between their Rp values are substan-
tially diminished.

Not only do the acids exhibit an undesirable tendency to tail but the range of
molecular chain-lengths which can be resolved is rather restricted. Nevertheless, a
useful degree of resolution is obtainable by chromatography on kieselgur G, partic-

~ularly if the chromatogram is developed for a distance exceeding 10 cm. Resolution of

the alcohols is sufficiently good to be comparable with that obtainable by the slightly
more discriminating but much more time-consuming process of reversed-phase
partition chromatography.

It was observed that the Rp values of the alcohols and the acids varied slightly
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' ' Fig. 2. Resolution of the
#n-acids by “‘adsorption”

' chromatography. The nu-
' merals indicate the num-

' ber of carbon atoms in
' each acid. M is a mixture

' of all the test samples.

(Substrate: kieselgur G.

x x X x X ® x x X Solvent:  cyclohexane.
Chromogenic reagent:

8 10 12 14 M 16 18 20 22 bromocresol green).

according to the period for which the kieselgur films had been allowed to dry. On films
that had been dried by treatment at 110° for 30 min the Ry values were low and the
resolution was poor. These observations suggest that partition, between the residual
water in the kieselgur and the moving phase, makes an important contribution to the
degree of resolution.

By continuous development, it was possible to obtain satisfactory resolution of a
mixture of all the even-numbered fatty acids from s-decanoic to #-docosanoic on
kieselgur G films which had been baked for 30 min at 110°. As before, cyclohexane
was the developing solvent, but the development was performed in a tank fitted with
the slotted lid described by TRUTER3. The time required for development was 4 h and
the distance from the front to the origin was 14 cm.
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SUMMARY

It is shown that “‘adsorption” chromatography on films of kieselgur G, using cyclo-
hexane as the developing solvent, will resolve mixtures of the even-numbered, #-alco-
hols containing between ten and twenty-six carbon atoms per molecule within a
distance of 10 cm. Resolution of similar mixtures of the #-acids under the same
conditions is rather less satisfactory, but it is entirely satisfactory if the chromatogram
is submitted to continuous development.
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IDENTIFICATION OF N-NITROSO- AND NITRODIPHENYLAMINES
BY TWO-DIMENSIONAL THIN-LAYER CHROMATOGRAPHY"*

STANLEY K. YASUDA

University of California, Los Alamos Scientific Laborat.vy,
Los Alamos, N. M. (U.5.4.)

(Received August s5th, 1963)

INTRODUCTION

Diphenylamine (DPA) has been used extensively as a stabilizer in ni rocellulose (NC)
containing explosives and propellants. Its primary function is to reac with the oxides
of nitrogen formed by the slow decomposition of the NC, theteby deing converted
into the corresponding N-nitroso- and nitro- derivatives.

The complexity of diphenylamine products is well known?, and v :ry few identifi-
cation methods are reported in the literature. HaNssoN AND ALm? d scribe a one-di-
mensional thin layer chromatographic (TLC) method for the identi ication of eight
derivatives of diphenylamine ; however, several important derivative:, ¢.g., N-nitroso-
dinitro- and trinitrodiphenylamine, are not in-luded in the study This is under-
standable, since authentic DPA derivative samples are difficult to o>tain.

The excellent work of SCHROEDER ef al.? utilized column chrymatography to
identify and estimate N-nitroso- and nitrodiphenylamne products in smokeless
powder; however, the efficiency of separation and method ~f locat ng the products
proved unsatisfactory for our use. Other quantitative methoa> we.e not applicable
for identification work, and were eliminated from further consideration.

This article presents a two-dimensional TLC method to separate and identify
nineteen N-nitroso- and nitrodiphenylamines. A spray reagent capable of detecting
a 0.5 to I ug quantity of each product is described. Samples of PBX-g404, a plastic
bonded explosive, and reaction products of DPA and 2-nitroDPA with nitrogen
tetroxide were examined by the method developed.

REAGENTS AND EQUIPMENT

Applicator, chromatojar, silica gel G, and glass plates (200 X 200 mm), purchased
from Brinkmann Instruments, Inc.

Zinc metal dust, AR grade, from Mallinckrodt Chemical Works.

All solvents were reagent grade. Petroleum ether from Merck and Co., Inc., with
a boiling range of 30-60° was used.

The spray reagent consisted of 0.25% p-diethylaminobenzaldehyde (p-DEAB)
and 0.25 N HCI in absolute ethanol. Concentrated HCl was used to prepare the
reagent.

* Work done under the auspices of the U.S. Atomic Energy Commission.
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An Agla micrometer syringe or capillary melting point tube was used as an
applicator.

. . EXPERIMENTAL
Preparation of thin layer

Modification of STAHL’s technique for thin layer preparation was necessary to in-
corporate zinc dust directly into the silica gel G, a procedure previously described?.
A slurry mixture of 30 g of silica gel G and 3 g of zinc dust in 65 ml of rapidly stirred
water was prepared. Coating was accomplished by pulling the applicator with a
Bodine speed reductor motor at a constant speed over five glass plates. The silica
gel G/Zu plates were activated at 110° for 1 to 2 before use.

Rg measurements

Since nineteen N-nitroso- and nitrodiphenylamines were included in this work, it was
apparent that complete separation could not be accomplished by a one-dimensional
technique; therefore, solvents were screened, using a simple DPA-derivative mixture
as the sample on activated silica gel G/Zn plates. Based upon separation efficiency,
several solvents were selected and tested with more complex mixtures. The two most
promising solvents were, (I) 2:99:99 acetone-benzene-petroleum ether (solvent I),
and (2) 20:80 ethyl acetate-petroleum ether (solvent II). Each authentic sample of
N-nitroso- and nitrodiphenylamine was tested in solvents I and II. The measured Rg
values are plotted graphically in Fig. 1, using DPA as the reference compound.

Procedure

Finely powdered explosives samples, e.g., PBX-g9404 (HMX/NC/tris(z-chloroethyl)-
phosphate/DPA), were extracted for z h at room temperature, using 25 ml of methyl-
ene chloride per 0.4 g of sample. Use of a wrist-action shaker is suggested. The solvent
was decanted and filtered, an additional 25 ml of solvent was added, and the extrac-
tion repeated for 1.5 h. The combined extract was placed under mild vacuum to strip
off the solvent. About 0.2 ml of acetone was used to bissolve the residue.

Samples of the DPA/N,0, and 2-nitroDPA/N,0, reaction products were dissolved
directly in acetone.

The acetone solution, containing about 100-400 mg of DPA derivatives, was
transferred to a point approximately 1.5 in. from the lower right-hand corner of an
activated silica gel G/Zn plate. Transfer was accomplished by using an Agla micro-
meter syringe or melting point capillary. The diameter of the applicd spot was kept at
or below 0.5 in.

The plate was chromatographed in 200~250 ml of solvent I for 1 h, exposed to the
atmosphere for several minutes to evaporate the solvent, and rechromatographed at
90° to the original solvent flow direction in an equal volume of solvent II for an
additional hour.

The separated N-nitroso- and nitrodiphenylamine products were located by
spraying the plate uniformly with p-DEAB reagent. The plate was heated with a hair
dryer, particularly in the DPA/2-nitroDPA region, to intensify the colored spots.

RESULTS AND DISCUSSION

Fig. 1 indicates that nineteen of the twenty N-nitroso- and nitrodiphenylamines
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Fig. 1. R¢ measurements of N-nitroso- and nitrodiphenylamines. (1) 2-nitroDPA; (2) DPA; (3)
N-nitrosoDPA (4) N-nitroso-4-nitroDPA; (5) 2,4-dinitroDPA; (6) 2,4,6-trinitroDPA; (7) 2.,4'-
dinitroDPA; (8) 2,2'-dinitroDPA; (9) N-nitroso-4,4’-dinitroDPA; (10) N-nitroso-z-nitroDPA; (1)
4-nitroDPA; (12) N-nitroso-2,4’-dinitroDPA; (13) 2,4,4 -trinitroDPA; (14) 2,27,4-trinitroDPA;
(15) N-nitroso-2,2’-dinitroDPA; (16) 4-nitrosoDPA; (17) 2,2’,4,4 -tetranitroDPA; (18) 2,2%,4.4",6-
pentanitroDPA; (19) 4,4"-dinitroDPA; (20) 2,2’,4,4’,6,6’-hexanitroDPA.
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Fig. 2. Two-dimensional separation of synthetic mixture of diphenylamine derivatives.
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could be partially or completely separated for identification. Only the tetranitro- and
pentanitrodiphenylamines are not separable. Attempts to resolve these spots caused
poor separation of the other diphenylamines.

To verify the Re measurements, a synthetic mixture of twenty components was
chromatographed. Figure 2 is a tracing of the developed plate. Close resemblance
between Figs. 1 and z is noted, although in general the spots in Fig. 2 are displaced.
The tracing is, however, adequate for identification work. It is likely that the spot
displacement observed in Fig. 2 is due to the influence of each component on the
migration rate of the others.

From Fig. 2 it can also be seen that DPA and 2-nitroDPA overlap more than
predicted by Fig. 1; however, 2-nitroDPA is a self indicator and can be detected on
the unsprayed plate. Furthermore, after spraying and heating, the color intensity of
the 2-nitroDPA spot diminishes; an intense yellow to green spot (depending upon the
concentration of DPA) develops at the location of the DPA fraction. By using all of
the properties of the system, Re¢ measurement, color, and developed color, it is possible
to identify all of the DPA derivatives.

As part of a study on the capacity of various stabilizers for reaction with N,O,,
samples of the reaction products of DPA and 2z-nitroDPA with N,0, and extracts
from samples of PBX-g404 were analyzed by the described procedure. Based upon the
relative sizes and intensities of the developed spots, N-nitroso- and nitrodiphenyl-
amines found in the samples are listed in Table I in the approximate order of decreasing
concentration.

The complexity of the DPA derivatives is evident. Differences between the
present results and those reported by HaNssoN AND ALM? can probably be attributed
to the composition of the original sample. For example, the tris(z-chloroethyl)phos-
phatein the PBX-9404 increases the rate of formation of N-nitroso- and nitrodiphenyl-
amine products as compared with aged DPA/NC mixtures.

TABLE I

IDENTIFIED DIPHENYLAMINE PRODUCTS IN VARIOUS SAMPLES

Sample Derivatives found

PBX-9404-03 N-nitrosoDPA 3> DPA =
2-nitroDPA >
4-nitroDPA >
N-nitroso-4-nitroDPA

PBX-9404-03, 2,4’-dinitroDPA >
heated at 60° N-nitrosoDPA >
for 15 weeks N-nitroso-4-nitroDPA =
4-nitroDPA =

2,4,4 -trinitroDPA =
4,4’-dinitroDPA >
2,2’-dinitroDPA >
N-nitroso-4,4’-dinitroDPA >
N-nitroso-2,2’-dinitroDPA =
2,2, 4-trinitroDPA >
2-nitroDPA >

tetranitro- or pentanitroDPA =
2,4-dinitroDPA

(continued on p. 69)
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TABLE I (continued)

Sample Derivatives found
PBX-9404, 2,4’-dinitroDPA >
heated at 60° 2,2’-dinitroDPA =
for 24 weeks 2,4,4’-trinitroDPA >

N-nitroso-4-nitroDPA =
N-nitrosoDPA =
N-nitroso-4,4 -dinitroDPA =
4-nitroDPA =
4,4’-dinitroDPA >
N-nitroso-z,2’-dinitroDPA >
2,2’,4-trinitroDPA >
2,4-dinitroDPA =
2-nitroDPA =

tetranitro- or pentanitroDPA

DPA/N,O, N-nitroso-4,4’-dinitroDPA >
reaction product 4,4-dinitroDPA =

N-nitroso-2,4’-dinitroDPA >
2,4,4 -trinitroDPA >
2,2’-dinitroDPA >
2,27, 4-trinitroDPA >
2,4 -dinitroDPA =
hexanitroDPA >
N-nitroso-4-nitroDPA =
2,4-dinitroDPA >
N-nitroso-z,2’-dinitroDPA >
traces of N-nitrosoDPA, 2-nitroDPA,
DPA, tetra- or pentanitroDPA,
and two unknowns.

2-nitroDPA/N,O, N-nitroso-2,4’-dinitroDPA >
reaction product”® N-nitroso-2,2’-dinitroDPA =

2,4’-dinitroDPA =
N-nitroso-z-nitroDPA =
2,2’,4-trinitroDPA =
2,4,4 -trinitroDPA >
2,2’-dinitroDPA =
2,4-dinitroDPA =
hexanitroDPA >
traces of tetra- or pentanitroDPA,
4,4’-dinitroDPA,
N-nitroso-4-nitroDPA,
4-nitroDPA, and two unknowns.

* 4-nitroDPA was present in the 2-nitroDPA as an impurity.

Reaction conditions used in testing the pure stabilizers, DPA and 2-nitroDPA,
were designed to drive the reactions to their practical completion. Note, however, the
complexity of the products after the stabilizer capacity of the compounds has been
exceeded.

The extraction of DPA anrd its derivatives from explosives is carried out at
ambient temperature to minimize the decomposition of the lessstable DPA derivatives.
For example, it was found that N-nitroso-4,4’-dinitrodiphenylamine tends to de-
nitrosate and revert to 4,4’-dinitrodiphenylamine. Extractions requiring heating
should be avoided.

Authentic samples of N-nitroso- and nitrodiphenylamines were difficult or
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extremely expensive to purchase; therefore, most of the compounds tested were
prepared ir this laboratory. The trinitro-, tetranitro-, and pentanitro-diphenylamines
were isolated from nitration products. The nitroso-nitrodiphenylamines were prepared
by nitrosating the corresponding nitro- compounds. In all cases, purification was
carried out on TLC plates. The purified product was characterized by its melting
point, infrared spectrum, and elemental analysis.

The spray reagent, p-DEAB, can detect minute quantities of diphenylamine
derivatives. For each compound included in this work, 1 pg or less could easily be
detected.
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SUMMARY

A two-dimensional thin-layer chromatographic method, capable of separating and
identifying nineteen N-nitroso- and nitrodiphenylamines, is described. The method
is applied to the analysis of diphenylamine/N,0, and z-nitroDPA/N,0O4 reaction
products and the stabilizer fraction of a plastic bonded explosive. A spray reagent,
p-diethylaminobenzaldehyde, used in conjunction with silica gel G/Zn plates, offers a
sensitive detection method for each diphenylamine derivative.
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STUDIUM DER KOMPLEXVERBINDUNGEN IN LOSUNG MITTELS
PAPIERELEKTROPHORESE*

II. ELEKTROPHORETISCHE BEWEGLICHKEIT UND STABILITAT
DER EINKERNIGEN KOMPLEXE

VLADIMIR JOKL
Lehvstuhl fiiv Analvtische Chemie, Phaymazeutische Fakultit dev Komensky-Universitit,
Bratislava (T schechoslowaket)
(Eingegangen den 5. Juli 1963)
Professor A. OKAC zum 60. Lebensjahre gewidmet

In erster Mitteilung dieser Reihe! wurde die Bedeutung der elektrophoretischen Be-
weglichkeitskurve (als einer Funktion der Konzentration des freien Liganden) beim
Studium von l6slichen Komplexen mit negativ geladenen Liganden dargelegt. Es
wurden empirische Gleichungen fiir Abschidtzung der Zusammensetzung der Komplexe
auf Grund elektrophoretischer Beweglichkeiten in Gebieten der Plateaus der Beweg-
lichkeitskurven abgeleitet. Die Beweglichkeit in Gebieten der sinkenden Aste der Be-
weglichkeitskurven ist von der Konzentration des freien Liganden abhingig. Die Lage
dieser Gebiete stellt eine Information iiber Stabilitit der entstehenden Komplexe dar.

Den Einfluss der Konzentration des Komplexbildners auf die Beweglichkeiten
der Jodokomplexe vom Kadmium bei freier Elektrophorese (Tiselius) haben ALBERTY
UND King? untersucht. Die Autoren haben ihre Resultate auch — mit Hinsicht auf die
Stabilitatskonstanten — quantitativ interpretiert. Das Verhalten der Halogeno-
komplexe bei der Papierelektrophorese ist von Pu¢ar? studiert worden; er hat'im all-
gemeinen den Einfluss der Konzentration des Komplexbildners auf die Beweglichkeiten
festgestellt, bzw. bestitigt. Schon vorherist diesan Quecksilber (II)-Chlorokomplexen
demonstriert worden*. Vom theoretischen Standpunkt ist das Problem von Kordsy®
angedeutet worden. Grundsitzlich haben sich mit der Relation der Beweglichkeit zur
Konzentration des Komplexbildners und zu Dissoziationskonstanten der Komplexe
WETZEL UND VOIGTS beschiftigt, und zwar im Sinne der zielbewussten Wahl bester
Bedingungen fiir Trennung der Ionen; experimentell ist von ihnen die Problematik
nicht untersucht worden.

THEORETISCHER TEIL

Ein Zentralatom M bildet mit negativ geladenen Liganden A stufenweise einkernige

Komplexe MA;:
M+ A=2MA

MA + A = MA,

MA,_1 + A = MA,

* Vorlaufige Mitteilung: Cesk. Farm., 12 (1963) 44.
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MA, ist der hochste Komplex, welcher unter gegebenen Bedingungen entstehen kann.
Ausserdem verlduft auch die Hydrolyse des Ions:

M(H:0) = MOH + H*+

Die einzelnen Komplexstufen (einschliesslich freien Zentralions) M, MA, ... MA,,
MOH weisen die elektrophoretischen Beweglichkeiten #,, %, ... #a, umon auf. Fir
Komplexe mit negativ geladenen Liganden gilt immer #;.1 > %4, wenn man die Be-
weglichkeit zur Kathode konventionell als positiv bezeichnet. Ist das Gleichgewicht
der Komplexbildung mobil, dann kommt es bei der Migration wihrend der Elektro-
phorese nicht zur Trennung auf einzelne Zonen, sondern das Gleichgewichtsgemisch
wandert als einzige Zone. Thre Beweglichkeit bezeichnen wir als aktuelle Beweglich-
keit U (sonst auch ‘‘net-mobility” genannt). Diese muss im Intervall (u#,, ua) liegen
und hat einen additiven Charakter. Alle Komponenten des Gleichgewichtsgemisches
tragen der aktuellen Beweglichkeit je nach ihrem Anteil im Geémisch bei:

[M] [MA] [MA ] [MOH]
U = uo + o — 4+ -+ Uy ——— + upmon —— =
M M M M
Z 1 I:I\IAL] —I— UMOH [I\/_[OH]
= = n (I)
2 [MA;] + [MOH]
(MA, = M1).

Unter gewissen Bedingungen kann im Gleichgewichtsgemisch eine Komplexstufe
weitaus {iberwiegen; sie bestimmt dann praktisch allein die Beweglichkeit und auf der
Peweglichkeitskurve ist dies durch ein Plateau gekennzeichnet (vergl. Fig. 2 in
Mitt. I').

Die sinkenden Aste der Beweglichkeitskurve entstehen durch Koexistenz von
mehreren nachfolgenden Komplexstufen in vergleichbaren Konzentrationen. Bei
grossen Unterschieden in Stabilititen existieren praktisch nur zwei Komplexstufen
MAi_; und MA; zusammen im Gleichgewicht, und die entsprechenden Wellen an der
Beweglichkeitskurve sind gut abgetrennt (z.B. die Kupfer-Glycin-Komplexe CuGl,
und CuGl,~, Fig. 1 der Mitt. I). Sonst gibt es mehrere nachfolgenden Komplexstufen
im Gleichgewicht, und die einzelnen Wellen superponieren sich in eine Resultante
(z.B. die Komplexe CuGl+ und CuGl, an der erwihnten Abbildung).

Alle ausgesprochenen Voraussetzungen kénnen nur dann als giiltig betrachtet
werden, wenn der Grundelektrolyt den Komplexbildner enthilt. Die Konzentration
des Liganden muss rdumlich und zeitlich konstant bleibens, also gepuffert sein. Wenn
ndmlich bei einer Reaktion der Komplexbildung in freier Losung die Konzentration
des freien Liganden ein Ergebnis der Einstellung des Gleichgewichtes ist, dann ist sie
bei der Tragerelektrophorese im Gegenteil fiir die Einstellung des Gleichgewichtes
in der wandernden Zone bestimmend. Ihre Konstanz gewihrleistet auch die konstante
Verteilung aller Komplexstufen wihrend der Migration.

Die Forderung gepufferter Konzentration lisst sich leicht erfiillen, wenn als
Liganden die Anionen einer schwachen Siure HpA auftreten. IThre Konzentration ist
bekanntlich gleich:

J. Chromatog., 14 (1964) 71-78



PAPIERELEKTROPHORESE VON KOMPLEXVERBINDUNGEN. II. 73

[A] = empa - ——2—— (2)

2 g [HA 7
j=o
(KoH = 1,% = KjH - KpHl -+« KH)

Die Gleichung (2), welche zur Berechnung von [A] mittels der gemessenen pH-Werte
dient, zeigt zugleich, dass in einer Lésung mit gepufferter Protonenaktivitat auch die
Konzentration [A] gepuffert ist. Mit Ausnahme der eigenen Puffergebiete der kom-
plexbildenden Sdure muss also der Grundelektrolyt fremde Puffer enthalten, deren
Komplexwirkung gegeniiber dem studierten Komplexbildner allerdings vernach-
ldssigbar sein muss.

Die aktuelle Beweglichkeit hangt von der Konzentration des freien Liganden ab.
Dies geht daraus hervor, dass man in der Gleichung (1) die Gleichgewichtskonzentra-
tionen mittels der betreffenden Komplexbildungskonstanten ausdriickt:

- k
[M] (Mo 4+ w K1[A] + ue K1 Ko[A2 + 4+ upK1Ks -+ Ka[A]" + Unom [?Ili—])
U = —

k
O] (3 + KI[A] + KA o o+ KoKy -+ K[A) + )

" B:[AT¢ ku
i:oulﬁl[ 1t + umom [T{Zj
= - " m (3)
2PN

(Bo =1, fi = K"K, ... Ki, ku = erste hydrolytische Konstante des Kations M).
Die Gleichung (3) ist die allgemeine Gleichung der Beweglichkeitskurve eines ein-
kernigen Komplexes (siche Fig. 1). Sie zeigt, dass die Beweglichkeit nicht von der
Konzentration des Zentralatoms, sondern nur von der des freien Liganden abhéngig
ist (unter Voraussetzung vollkommen gepufferter Konzentration [A] mit geniigender
Kapazitit). Die Beweglichkeitskurve ldsst sich zwar auch als Funktion des pH-
Wertes des Grundelektrolyten konstruieren, aber fiir die Abschitzung von Stabili-
titen ist die Abhingigkeit von [A] geeigneter. Es ist weiter ersichtlich, dass im Falle

-Log [A]
Fig. 1. Die Beweglichkeitskurve des Kupfer-Glycin-Komplexes. O—0O Experimentalpunkte:
Cou = cg1 = 5°1072; T = 20%; u = o.1. Kurve berechnet nach Gleichung (3): log K, =
8.62, log K, = 6.97 (Lit. 7); #y = 1.57, ; = 0.8L.
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eines nicht zu grossen Hydrolysekonstanten und nicht zu schwacher Komplexe der
Einfluss der Hydrolyse véllig vernachlassigbar ist (z.B. mittelstabile Komplexe der
zweiwertigen Ubergangsmetalle).

Die Ermittlung der Komplexbildungskonstanten durch Auswerten einiger Ex-
perimentalpunkte gibt in Bezug auf die verminderte Genauigkeit der elektrophore-
tischen Methode inkonsistente Ergebnisse. Viel besser ist eine graphische Auswertung
der Beweglichkeitskurve, die selbst schon eine gewisse Ausgleichung darstellt. Man
bestimmt den Punkt U, auf der Beweglichkeitskurve, fiir welchen die Bedingung

K;-[A] = 1 (oder log K; = —log [A]) (4)
giiltig ist:
uo 4 o g —1fs —1[AT T+ ufi[A)E 4 -
U AioalAT T ALAT 4

Uy, = (3a)

In bezug auf Gleichung (4) gilt es:
Bi-[AlY = Bs—1-[A] -1
Bei grossen Unterschieden der Komplexbildungskonstanten ist ausserdem
T KAl < - K BilA) > i pa[AL > -

Die Gleichung (3a) geht dann in die vereinfachte Form iiber:

- (5)

Durch Ablesen der zugehorigen Werte von [A] bekommt man laut Gleichung (4) die
anndhernden Werte von Kj.

Bei mehrstufiger Komplexbildung sind die oben angefithrten Bezichungen nur
dann genau giiltig, wenn die einzelnen Wellen der Beweglichkeitskurve gut ausge-
bildet und abgetrennt sind (d.h. bei grossen Unterschieden der Konstanten). Sonst
existieren mehr als zwei Komplexstufen nebeneinander, und die ermittelten Kon-
stanten sind als approximative Werte anzusehen, die mit geringeren oder grésseren
Fehlern belastet sind. Berechnung genauerer Konstanten mittels fortschreitender
Approximationen ist wegen der kleinen Genauigkeit der elektrophoretischen Methode
selbst nicht zweckmaissig.

EXPERIMENTELLES

Die Arbeitsmethodik, Versuchsanordnung und Auswertung der Ergebnisse wurden in
der vorangegangenen Mitteilung? beschrieben. Alle Beweglichkeiten sind als relative
Werte auf (C,H;),N+ bezogen (# = 1.00), unter Beriicksichtigung der Elektroosmose.

Die fir Konstruktion von Beweglichkeitskurven nétigen Werte von [A] wurden
nach der Gleichung (2) berechnet.

Versuchsmaterial

Die Grundelektrolyte enthielten (wenn nicht anders angegeben) die komplexbildende
Sdure in 0.05 M Konzentration. Ausserhalb der eigenen Puffergebiete der Siuren

J. Chvomatog., 14 (1964) 71—78



PAPTERELEKTROPHORESE VON KOMPLEXVERBINDUNGEN. II. 75

wurden Chloracetat-, Formiat-, Acetat-, Veronal- oder Borat-puffer in 0.05 M Kon-
zentration zugegeben. Die Ionenstirke wurde je nach Gebrauch auf den Wert y = 0.1
mit KNO, aufgestellt. Der pH-Wert der bereiteten Lésungen wurde mit dem Kom-
pensations-pH-meter PHK 1, Mikrotechna-Prag (hochohmige Glaselektrode) ge-
messen. :

Die Konzentration der aufzubringenden Komplexe war ebenfalls 0.05 M ; die
Lésungen wurden vor dem Aufbringen annihernd auf den pH-Wert des betreffenden
Grundelektrolyten aufgestellt (aber nur wenn keine Fallung entstand).

ERGEBNISSE UND DISKUSSION

Die Fig. 2 stellt einige typischen. Beweglichkeitskurven von Komplexen dar, an wel-
chen die Grundrisse der qualitativen Interpretation der Kurven gezeigt werden sollen.
Die Kurve des Kupfer-glycinats (1) zeigt die Bildung eines elektroneutralen Kom-

+1.0-

-Log [A]

Fig. 2. Die experimentellen Beweglichkeitskurven einiger Komplexe. T = 20°; ¢y = Ca = 5-107%;

g = o.I mit Ausnahme eines Teils der Kurven 5 und 6. (1) Kupfer—Glycin; (2) Kupfer—Glutamin-

siure; (3) Zink—-Glycin; (4) Zink-Glutaminsédure; (5) Kobalt (II)-Nitrilotriessigsdure; (6) Kobalt
(1I)-Athylendiamino-tetraessigsdure (ca4 = 1079).

plexes; in den untersuchten Versuchsbedingungen entsteht also der Komplex CuGl,.
Auch mit der Glutaminsiure (2) bildet sich héchstens Kupferkomplex 1:2, welcher
nach der empirischen Gleichung?:

un I
Py 0.29 (6)
die Reweglichkeit —0.08 besitzen soll. Dagegen die Zinkkomplexe von Glycin (3) und
Glutaminsiure (4) weisen wesentlich negativere Beweglichkeiten auf, die offenbar auf
die Komplexe 1:3 hinweisen. Beweglichkeit des Zink-Glycin-komplexes nach Glei-
chung (6) ist —o0.58 (exptl. —0.46); die Beweglichkeit des hochsten Zink-Glutamato-
komplexes lasst sich aus der Kurve nicht bestimmen, sie sollte nach Gleichung (6)
—1.48 betragen. Die geringere Stabilitat der Zinkkomplexe gegeniiber den Kupfer-
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komplexen ist schon an der Verschiebung der Kurven in Richtung héherer Konzen-
trationen von [A] qualitativ ersichtlich.

Die Beweglichkeitskurve des Kobalt (II)-komplexes der Nitrilotriessigsdure (5)
weist zwei gut abgetrennte Wellen auf. Die erste gehort dem Komplex [CoX(H,0),]~
(Beweglichkeit ber. —o0.58, gef. —0.56), die zweite dem hoheren Komplex [CoX,)4~
(Beweglichkeit ber. —1.64). Mit der Athylendiamino-tetraessigsiure entsteht ledig-
lich der Komplex [CoY ]2~ mit der Beweglichkeit —o0.96 (ber. -—1.0).

Die Stabilitit einer Reihe von Komplexen verschiedener Aminosiuren mit zwei-
wertigen Ubergangsmetallen wurde mit Hilfe der Gleichung (5) untersucht. Werte

V. JOKL

TABELLE I

STABILITATSKONSTANTEN EINIGER KOMPLEXE

(T = 20°, y = o.1)

Metall Komplexbildner

Exptl. Literatur Literatur
Cu Glycin 8.6 8.62 6.97
Co (IT) 55 5.23 4.02
Ni 6.4 6.18 4.98
Cd 6.0 — 8.1"
Mn 3.9 3.84 1.66
Zn 59 5.52 4.44
Cu Alanin 8.5 8.51 6.86
Co(IT) 5.0 4.82 3.66
Ni 6.0 5.96 4.70
Cd 5.9 — —
Mn 3.4 3.02 3.03(?)
Zn 5.7 5.21 4.33
Cu Leucin 8.6 — 14.34
Co (1T) 5.2 — 8.25
Ni 6~3 — J—
Cd 5.8 — —
Mn 3.9 — 5.45
Zn 5.8 — 8.93
Cu Methionin 8.1 — 6.7 47"
Co(IT) 4.5 — 3.1 7.9"
Ni 5.7 — 3.7 —
Cd 54 — 3-3 —
Mn 3.2 — (1.5) —
Zn 4.9 — 3.6 — (3-
Cu Glutaminsiure 10.1 — 6.3 —
Co (1I) 4.9 — 3.1 —
Ni 5.8 - 3.4 —
Cd 5.3 4.39 2.9 —
Mﬂ 34 [— J— J—
Zn 5.6 — 3.2 —
Cu Nitrilotriessigsiure 11.5 12.7 3.3 —
Co (IT) 10.0 10.6 3.4 3.9
Cd 10.0 9.8 4.6 5.7
Mn 8.6 7.4 3.0 3.7
*log K- K,.
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der Beweglichkeiten, die sich nicht experimentell erfassen lassen, wurden nach der
Gleichung (6) berechnet. In der Tabelle I sind die gefundenen annihernden Komplex-
bildungskonstanten mit den potentiometrisch (pH) bestimmten? verglichen, um die
Tragweite, Moglichkeiten und Genauigkeit der elektrophoretischen Methode kritisch
beurteilen zu kénnen. Natiirlich handelt es sich um Konzentrationskonstanten, weil
sie nicht auf Aktivititen, sondern auf Konzentrationen der beteiligten Stoffe bezogen
sind. Einige der angegebenen Konstanten wurden bisher mit anderen Methoden nicht
bestimmt.

Die Versuchsbedingungen bei der Papierelektrophorese kénnen nicht gentigend
konstant gehalten werden und ausserdem ist die Bestimmung der Beweglichkeiten
nicht allzu genau (auf 3-5% reproduzierbar). Deswegen muss man die ermittelten
Konstanten vor allem als Orientierungswerte ansehen. Am besten lassen sich Kom-
plexe von mittlerer Stabilitit untersuchen (log K etwa 3-12). Fiir schwache Komplexe
sind hohe Konzentrationen vom Komplexbildner und Puffern erforderlich, was auf
technische Hindernisse stdsst (vor allem auf ein zu grosses Leitvermégen der Lo-
sungen). Bei sehr stabilen Komplexen ist manchmal die Bedingung eines mobilen
Reaktionsgleichgewichtes nicht mehr erfiillt; ausserdem gibt es Schwierigkeiten mit
der Pufferung in extrem niedrigen Konzentrationsbereichen.

Die Methode besitzt aber einige Vorteile. Als ein Trennverfahren erlaubt sie auch
bei Anwesenheit fremder Stoffe zu arbeiten {soweit sie nicht in den Migrationsvorgang
direkt eingreifen) und der Aufwand an untersuchten Metallsalzen ist dusserst gering.
Im Vergleich mit anderen physikalisch-chemischen Methoden fiir das Studium der
Komplexe in Lésung gibt sie eine direkte Auskunft dber die Art, Zusammensetzung
oder Ladung der entstehenden Korper. Sie stellt somit einen guten Ausgangspunkt
fiir Anwendung sonstiger genauerer Untersuchungsmethoden.
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Der Autor fiihlt sich Herrn Dr. D. DYRSSEN, Stockholm, mit dem besten Dank fiir
eine wertvolle Bemerkung zu dieser Arbeit verpflichtet.

ZUSAMMENFASSUNG

Es wurde die allgemeine Gleichung der Beweglichkeitskurve fir 16sliche einkernige
Metallkomplexe mit Anionen schwacher Sduren abgeleitet und ihre Geltung an einer
Reihe von Komplexen der zweiwertigen Metallionen mit einigen Aminosduren be-
statigt. Eine graphische Methode fiir Bestimmung der annaherndenK omplexbildungs-
konstanten aus der elektrophoretischen Beweglichkeitskurve wurde vorgeschlagen,
und die gefundenen Konstanten mit den potentiometrisch bestimmten verglichen.
Die Beschrinkungen und Vorteile der Methode wurden besprochen.

SUMMARY

The general equation for the electrophoretic mobility curve of soluble mononuclear
complexes of metals with anions of weak acids is derived. The validity of this equation
is confirmed in the case of complexes of some bivalent metal ions with several amino
acids. A graphic method for the determination of the approximate stability constants
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from the electrophoretic mobility curves is proposed, and the electrophoretic values
are compared with the potentiometric values. The limitations and advantages of the
method are discussed.
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SEPARATION OF RARE EARTHS ON ANION EXCHANGE RESINS

IV. INFLUENCE OF TEMPERATURE ON ANION EXCHANGE BEHAVIOUR
OF THE RARE EARTH ETHYLENEDIAMINETETRAACETATES*

RAJMUND DYBCZYNSKI
Amnalytical Chemistry Division of the Institute of Nuclear Reseavch,
Warsaw (Poland)

(Received July 11th, 1963)

Raising the temperature in order to improve the quality of separation has often been
applied in ion exchange chromatography. The rise of temperature causes the diffusion
coefficients to increase in the solution as well as in the resin phase and accelerates the
stabilisation of local equilibrium, and hence the height (H) equivalent of the theoreti-
cal plate diminishes. The smaller H is, the narrower are the elution curves of the
separate components of the mixture, and the better the separation.

Most of the previous work in which increased temperatures were applied, viz. in
chromatography of rare earths and actinides on cation exchange resins with the use
of organic acids as eluants, concerned systems in which separation is brought about
by differences in the stability constants of complexes formed by the metal ions with
eluant ions and not by differences in the affinity of ions for the ion exchange resin.

In such systems the change of temperature only effects the absolute values of the
distribution coefficients while the ratio of the distribution coefficients, the separation
factor () remains practically unchanged®2. In this case, the positive influence of the
rise of temperature is exclusively concerned with decreasing the height equivalent
of the theoretical plate.

In systems in which the different rates of migration of the components of a mix-
ture down the column are due to the differences in the individual affinity of the ions
for the ion exchange resin, the change of temperature has a double effect:

(a) the height equivalent of the theoretical plate (H) diminishes with rise of
temperature as usual; and

(b) the values of the distribution coefficients of the individual ions undergo
changes in accordance with the values and signs of the enthalpies of the ion exchange
reaction, and hence the separation factor («) changes as well.

This second aspect of the influence of temperature has not yet been explained
in the literature.

Up to now, it has been tacitly assumed that the exchange reactions’ enthalpies
are so small that changes of temperature cannot be of any great consequence for
the course of separation.

However, when dealing with ions with very similar distribution coefficients, even
small changes of the separation factor can be of great practical importance. The

*For Part IIT, see ref.1l.
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values of the enthalpies of ion exchange reactions are of the order of several kcal®~".
This means that in the universally accessible range of temperature of 0-100°C the
value of the distribution coefficient of a given ion can increase (or decrease) several
times. At the same time the separation factor of two ions can increase several times
especially when the enthalpy signs of the two ion exchange reactions are opposite.
Rise of temperature still has one favourable effect, namely, it decreases the viscosity
of solutions and thus diminishes the hydraulic resistance and permits the use of
greater flow rates. In previous papers®~11, a new method of separation of rare earths
on anion exchange resins was discussed which took advantage of differences in the
affinity of rare earth complexes with ethylenediaminetetraacetic acid (H,Y) to ion
exchange resin. ,

The preliminary experiments have already proved that a change of temperature
has a great influence on the separation factor for particular rare earths, and in some
cases the sequence of elution is even reversed. The detailed results of the investiga-
tion of the thermodynamics of anion exchange of the rare earth ethylenediamine-
tetraacetates have been given in another paper®.

The present publication deals with analytical aspects of the separation of rare
earths in the system: Amberlite IRA-400 [H,Y2-]-Na,H,Y aq.

. . EXPERIMENTAL
The ion exchange vesin

The strongly basic anion exchange resin Amberlite IRA-400 [Cl-] was ground in a
ball-mill, sieved and the fraction of particle size <C 0.07 mm (200 mesh) was collected.
This resin was further separated into fractions according to their settling time in
water. In this way a fraction was collected in which the diameter of more than 95 %
of the particles was within the range of 10-35 u, as shown by microscopic examination.

This ion exchange resin was successively treated in a glass column with a large
excess of 1 N NaOH and r N HCl. After washing with water, the resin was trans-
formed into ethylenediaminetetraacetate [H,Y2-] form by passing 0.z M disodium-
ethylenediaminetetraacetate solution (Na,H,Y) down the column until no chlorides
could be detected in the effluent. Then ion exchanger was washed with deionized
water and air dried.

In order to determine the exchange capacity a known weight of the resin was
put in the column; the [H,Y?-] ions were eluted with 1 M NaCl solution and deter-
mined by titration with a standard solution of magnesium chloride in presence of
Eriochrome Black T. The quantity of water in the anion exchange resin was deter-
mined by drying at 105°C constant weight.

The exchange capacity was found to be Z5 = 2.38 mval/g of the dry ion exchange
resin [H,Y2-].

The bed density has been previously determined and amounted to d; = 0.326 g of
the dry ion exchange resin (H,Y%"1/ml of the bed.

Reagents

Disodium-ethylenediaminetetraacetate was prepared from commercial Na,H,Y -
zH,0 by purifying it by the method of Braeper anp KnicuT!?. Solutions of the
required concentration were prepared by dissolving the appropriate quantity of
pure Na,H,Y-2H,0 in deionized water. The exact concentration of the solution
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was determined by titrating it with standard solution of magnesium chloride in
presence of Eriochrome Black T. Since in most cases very dilute Na,H,Y solutions
were used, the density values of pure water given in the literature were applied in
order to convert molarity into molarity. The pH values of the Na,H,Y aq. solutions
were within the range of 4.55—4.70.

Radioactive tracers

The following radioactive tracers were used: 13¢Cs (half life = 2.2 years); "La (half
life = 40 h); #4Ce (half life = 285 days); 12Pr (half life = 19.2 h); 4’Pm (half life =
2.6 years); 15%153Eu (half life = 12.2 years); Gd (half life = 18.0 h); %°Tb (half
life = 73.5 days); *$6Ho (half life = 27.3 h); 1"Tm (half life = 127 days); "Lu (half
life = 7.0 days); *6Sc (half life = 85 days); ¥Y (half life = 65 h).

The radioactive tracers #Ce, 14Pm and !%2,15Eu were supplied by Sojuzchim-
Export, USSR.

The others were prepared by irradiating the appropriate spectral pure grade of
oxides or chlorides (Johnson Matthey “Specpure”) with neutrons in the Polish reactor

EWA.

Apparaius

The apparatus used here was similar in principle to that described in a previous
paper’®. The only substantial difference consisted in using the jacketed columns.
The temperature was maintained constant within the limits of 4+ 0.4°C by passing
water from a Hoppler ultrathermostat through the jacket. The internal diameter
of the actual column was 2.1-2.7 mm. The height of the ion exchange resin bed was
altered according to actual needs.

Procedure

The column filled with Amberlite IRA-400 [H,Y?2] was rinsed with several millilitres
of the eluant (the Na,H,Y solution of the known molarity). When the desired temper-
ature had been obtained and the column brought to thermal equilibrium the level
of the liquid in the column was adjusted to the upper level of the resin bed.

The solution of the radioactive tracers of rare earths (in HCI) together with a
small quantity of 13Cs was evaporated to dryness in a glass crucible, then the theo-
retical quantity of Na,H,Y solution necessary to form complexes with all the rare
earths was added to the crucible which was again evaporated to dryness. The residue
was dissolved in 75 ul of the eluant, and 25 ul of this solution were introduced into
the column. The total rare earth content in the “load” did not exceed 0.3 % of the
exchange capacity of the ion exchange resin in the column. After the solution has
passed into the resin bed, the walls of the column were rinsed with two 1o ul portions
of the eluant. A burette was connected to the column and the flow rate adjusted to
about 1 ml/cm?2/min. The volume of a drop was determined by noting burette readings
corresponding to a known number of drops of eluant. The drops previously dried on
paper were cut out with the aid of a special cutter, placed in standard plexiglass hold-
ers, and their activity was measured under identical geometrical conditions with the
aid of an end-window Geiger-Miiller counter. The elements corresponding to particular
maxima on the elution curve were identified by determining the half life or the maxi-
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mum energy of radiation, or by comparing them with the elution curves obtained for
single elements under identical conditions.

The fractional free volume of the ion exchange resin bed, 7 = v/v, (the ratio of
the free volume to the bed volume), was determined from the changes of the peak
position of the 134Cs ion, for which the distribution coefficient, 4, in the given system is
equal to o:

Umaxz - Umaxl

where Umax, and Umax, are the effluent volumes corresponding to the maxima of the
caesium peak for the volumes of the ion exchange resin bed vy, and vy, respectively.

The fractional free volume thus determined amounts to 7 = 0.42.

The method of determining the free volume (formula (2)'%) previously applied
gave results which were distinctly too high.

Although strongly basic anion exchange resins in the “salt” form are more resist-
ant to the effects of higher temperatures than they are in the hydroxide form!?, the
ion exchange resin in the column was changed after each experiment where the tem-
perature exceeded 45°C in order to avoid any complications caused by possible
degradation of the functional groups'4.

RESULTS AND DISCUSSION

Foyrmulation of fundamental relations

Previous work® 91! has shown that in Na,H,Y aq. solution (pH = 4.55 — 4.70)
practically 100 % of all the rare earths appear in the form of their respective monoval-
ent negative [LnY(H,O)]- complexes. Under these conditions nearly 100% of
ethylenediaminetetraacetic acid also appears in the form of the H,Y?2~ anion. The
ion exchange reaction (with respect to one equivalent) can be expressed as follows:

3 ReHoY + LoY- = RLnY + 1 HpY2- (1)

where R is the cationic part of the anion exchange resin.

Without taking into consideration the activity coefficients, the equilibrium
constant of the exchange reaction, or the so called “‘selectivity coefficient”, is given
by the equation:

1
N cmi g2—
h — RLnY Hp Y (2)

1
3 . _
N RoEsY ~ rny

where NV is the mole fraction of the ion in the ion exchange resin and  is molality.

When the separated ions (in this case the LnY - ions) are present in trace amounts
i.e. NroyH,vy = I, the selectivity coefficient % is related to the weight distribution
coefficient, 1 (amount per 1 g of the dry ion exchange resin [H,Y2-]/amount per 1 ml
of the solution), by the following expression®:

+
- A — My 2 d
pLY;_ LnY HaY

HpY Cr

(3)
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where d = the density of the eluant solution, and
C, = the concentration of the resin phase in the units of mmol./g of the dry
ion exchange resin [H,Y2"]; (Cr = Y/, Z5).
The distribution coefficient can easily be determined from the elution curve?
by the formula:
_ Umax - (Uo - V)
= -

A

(4)

where Umax = volume of the eluant at which the concentration of the given ion
reaches its maximum;

U, = dead volume of the column;
14 — free volume of the ion exchange resin bed; and
m; = mass of the dry ion exchange resin in the column (in grams).

Since the Cs+ ions do not form any complexes with H,Y and are not retained by
the anion exchange resin in the ethylenediaminetraacetate form1%1?;

_ Umax@ny™) — Umaxtcsh
}bLnY = (5)

wij

The % values, determined experimentally for several temperatures, can be use to com-
pute the respective changes of free energy (4G), enthalpy (4 H) and entropy (4S5).
Strictly speaking the thermodynamic functions so obtained are partial molal values for
Xiny™ = 0 (X1ny  is the equivalent fraction ofthe LnY~ ionin the ion exchange resin).

The method of computation and the exact values of 4 H*, AG* and AS* for
temperatures within the range 2-92°C have been given in another paper®. As a
of interest, the values of these functions for the temperature 298°K (25°C) is shown
in Table I.

TABLE 1

THE THERMODYNAMIC FUNCTIONS FOR THE 10N EXCHANGE REACTION
1/, Ry;H,Y + LnY~ = RLnY + 1/, H, Y%

Ln Atomic AG*505°K AH*205°K AS™ 295K ACf .
number Z kealfequiv. keallequiv. calfequiv. calfequiv. °K
Sc 21 -—0.270 —0.135 0.45 14.1
Y 39 —0.561 -—2.079 — 5.09 36.2
La 57 —1.017 2.25% 10.97 7.8
Ce 58 —1.520 1.721 10.89 -—0.7
Pr 59 —1.716 2.318 13.54 —33.6
Nd* 60 —1.896 2.172 13.65 —58.9
Pm 61 —2.027 1.962 13.39 —82.1
Sm™ 62 —2.087 1.059 10.56 —81.8
Eu 63 —2.118 —o0.225 6.35 —70.6
Gd 64 —1.961 —0.467 5.0I —73.5
Tb 65 —1.678 —I1.177 1.68 —55.6
Dy* 66 —1.289 —2.016 — 2.44 —20.2
Ho 67 —0.915 —2.359 — 4.85 2.7
Er* 68 —0.526 —2.153 — 5.46 21.5
Tm 69 —o0.189 —2.073 — 6.32 43.6
Yb* 70 —o0.132 —1.857 — 5.79 41.8
Lu 71 —o0.070 —1.998 — 6.47 42.4

* The thermodynamic functions for these elements were calculated by the method previously
described® from the values of selectivity coefficients estimated by interpolation in the logk—Z
curves (Fig. 3).
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2
10 |
K L
— . . temp. 285°K
0---0---0 temp, 298°K
s----e---e temp. 315 °K
101 | 0—0—0 temp. 365°K
t Y
[ Sc
(]
107

57 58 55 60 61 62 63 64 65 66 67 68 60 70 71 72
z
Fig. 1. Selectivity coefficients for the ion exchange reaction: !/, R,H,Y + Ln¥Y~ = RLnY + 1/,
H,Y?", as a function of temperature. Points = experimental values; solid lines are calculated by
the least squares’ method®.

10’

270 280 290 300 310 320 330 340 350 3.‘60 1/T '103

365 355 345 335 325 315 305 29% 285 375 T°K

92 82 72 62 52 42 32 22 13 2 teC

Fig. 2. Selectivity coefficients for the ion exchange reaction: Y, R,H,Y 4+ LnY- = RLnY +
l/2 H,Y?%, as a function of temperature. Points=experimental values; solid lines are calculated
by the least squares’ methods.
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The log & values for separate exchange reactions as the function of 1/T are given
in Figs. 1 and 2.

Fig. 3 shows the plot of logk vs. the atomic number of the lanthanide Z.

As can be seen from Fig. 3 the logk -7 curves consist as it were of two slopes
within which logk increases or decreases monotonically with increase of Z.

10°F
K
1
10 -
= __.L a Sc
10°
1/ 3
270 280 290 300 310 320 330 340 350 360 /7°10
365 355345 335 325 315 305 295 285 275 T°K

92 82 72 62 B2 42 32 22 12 2 te°C

Fig. 3. Selectivity coefficients of the lanthanides in the system: Amberlite IRA-400 [H,Y,7]-
Na,H?Y aq., as a function of atomic number.

Owing to this, the values of logk for the elements which were not investigated
(Nd,Sm,Dy,Er,Yb) could be determined with reasonable accuracy. These results are
shown in Figs. 1 and 2 by broken lines.

Separation factors

The separation factor « (the ratio of the distribution coefficients of the components
being separated) is a value of fundamental importance in ion exchange chromatog-
raphy. With an increase in the separation factor a less efficient column ¢.e. the
column of a smaller number of theoretical plates, is sufficient to carry out the separa-
tion required!s-17.

From equation (3) the following ratio is obtained:

Lo(1)Y"
AL Y7 Ry (6)
Ln@ 7 Tn(z) Y- pLa@)Y”

eI—IgY‘_

From the data shown in Figs. 1 and 2 the separation factor can be computed for a
deliberately chosen pair of rare earths at a given temperature. The values of the sep-
aration factors of the rare earths (with respect to europium) are given in Table I,

J. Chromatog., 14 (1964) 79—96
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together with the separation factors of adjacent elements computed for 20-degree
intervals within the range of temperature of 2—92°C.

Tt can be seen in Table IT that the separation factors of rare earths in the Amber-
lite IRA-400 [H,Y2"]-Na,H,Y aq. system depend to a high degree on the tempera-
ture. This is an undisputed consequence of the fact that the value and sign of en-
thalpies:

dlog #
AH* = — 2.303 R ——g—-a«,

(%)

T

of the exchange reaction expressed by equation () are different for particular rare
earths (see Figs. 1 and 2, and Table I); also 4 H* is a function of temperature®.
(AH* = AHy* - ACp*.T) and the heat capacities ACp* are different for different
rare earths (cf. Table I). The separation factors relative to europium, which are
< 1 for all the rare earths at lower temperatures, can have the values > 1 as the
temperature rises (in case of the lanthanides of the cerium group). For some elements
the sequence of the elution has been shown to be reversed. The maximum on the
logk-Z curve, which for low temperatures occurs in the position of europium (Z = 63),
moves along the axis as the temperature rises to smaller values of Z, and at 365°K
it occurs in the region of the Pr-Nd pair (Z = 59-60). In the light of these findings,
it becomes clear that the selectivity coefficient values given previously® 1! must be
of dubious value since the room temperature at which those measurements were
made was not precisely defined and it could change by as much as 10-15 degrees
according to the season.

The fact that the course of the logk-1/T curves is quite different for particular
rare earths is very interesting when one considers the well known similarity of these
elements and the fact that they form complexes of identical stoichiometric composi-
tion with H,Y. The discussion on the values of thermodynamic functions® seems to
have proved the hypothesis®1® put forward previously as to the structural changes
of the LnY ~ complex with respect to the changes of the central ion radius. The proper-
ties of the complex ion are likely to depend not only on the dimensions on the cent1al
ion but also on its electronic structure, and hence on the presence or absence of the
4f electrons. From the analytical point of view it is important that by changing the
temperature it is possible to influence the separation factors of particular rare earths
and in some cases to reverse the sequence of elution.

The number of theoretical plates and the resolution

The number of theoretical plates N in the column can be computed with the aid of the
theory of MAYER AND TOMPKINS® from the formula derived previously:

C Umax — Uo)?
o s (O W U o
C+1 w2
where apart from the symbols already explained,
C = distribution ratio, 7.e. the ratio of the concentration of the substance in
the ion exchange resin to the concentration in the solution on one theoreti-

cal plate;
W = width of the peak for the M = Mmax/e = 0.368+ M max ordinate.

J. Chvomatog., 14 (1964) 79-96
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The expression C/(C + 1) for C > 10, 7.e. for the majority of cases given in this
paper, is close to 1 and formula (7) takes the form:

(&

Formula (8) is identical with the formula computed by GLUECKAUF' when taking
advantage of the “‘continuous flow’’ mode] instead of the “discontinuous flow” model
applied by MAYER AND ToMPKINS. According to the theory, the elution curves of
particular components (peaks) have the form of the normal Gaussian distribution
curves. As a resu't of the properties of normal diffusion:

w = /2 + 20 {9)

where ¢ is the dispersion (standard deviation) of the peak.
Substituting the above equation in the equation (8), we have:

N = Umax— Uop?

- (10)

The height equivalent of the theoretical plate H can now easily be obtained from the

formula:

L L g2
H="o= " — (11)
N (Umax — Uo)?

where L is the length of the column.
The value of H can also be derived from the theoretical formula2?.2!:

A 0.142 72 u (A)2 0.266 v u
H=1.647v + — — — - - (12)
(A + 2)2 Dy (A 4+ 42 (1 —14)Dp(x + 70vru)
where # = the radius of the ion exchange resin particle,
A = the bed distribution coefficient (' = 1 — dz),
7 = the fractional free volume of the bed,

Ds, Dy, = the diffusion coefficients in the ion exchange resin and in the solution
respectively, and
u = the linear flow rate of the eluant solution.
It can be seen from (12) that in the case when the deciding factor for the reaction time
is the diffusion in the ion exchange résin phase, then the height equivalent to the theo-
retical plate is a function of the distribution coefficient and diminishes as 1’ increases.
The dispersion (standard deviation) for the elution curveis given by the formula2!:

SVI A/ 6ar (V + ,)2: 0.142 2 ¥? u " 0.266 (A2 12 u (13)
o = LA 1.647 ) I
4 Dy (1 — 10D (1 + 707 u) 3

where S is the area of the column cross section.
Its is well known that the diffusion coefficients increase with rise of temperature.
According to (12) and (13) the rise of temperature should bring about diminution
of H as well as of ¢.

J. Chrvomatog., 14 (1964) 79-96
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Fig. 4 represents the experimentally determined relation between H and the
distribution coefficient at different temperatures. It is easy to see from Fig. 4a that
for a given value of the distribution coefficient and flow rate the height equivalent of
the theoretical plate decreases, as the temperature increases. Simultaneously the value
of H diminishes as the distribution coefficient increases, and this effect is particularly
noticeable for small values of .

Hx102

em 10}
9_
8l (0
7._
6
5L
4._
3L
2..
1L
O 20 “40 60 8O0 100 120 140
10-
oL
8r (a)
o1
6_
5_
4_
3.—
2»
it — e
O 20 40 80 80 100 120 140

distribution coefticient, A

Fig. 4. Height equivalent to a theoretical plate as a function of distribution coefficient for various

temperatures and flow rates. (a) —O—O— elution of Y, La, Ce and Pr; temp. 18°; —A—A—

elution of Y, La and Pr; temp. 50°; — 0 — 0 — elution of Tb, Gd and Eu; temp. 55°; —V—V —

elution of Lu, Sc and Ho; temp. 65°; u = 1.8-2.1-10~% ml/cm?/sec. (b) —O—O— elution of Y,

La and Ce; # = 1.82-10~% mljcm?/sec; — A— A — elution of Tm, La and Th; » = 1.06- 10-2
mi/cm?/sec.; temp. 25°.

Fig. 4b shows the influence of the flow rate on the height equivalent of the theo-
retical plate. According to equation (12) as the flow rate decreases so does the value
of H. All the data given above prove that the ion exchange reaction expressed by
equation (1) is at least in part controlled by particle diffusion.

It can be shown from equation (10) that the greater the number of theoretical
plates, the smaller the value of ¢ 7.¢. the narrower the peaks of separate components
and the smaller their overlap.

The resolution of two components, R depends on the interval between the maxima
as well as on the dispersions of the peaks themselves.

J. Chvomatog., 14 {1964) 79-96
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In gas chromatography the separation is generally deemed to be adequate when
the interval between the maxima amounts to 40 22-2; it is often assumed that the
dispersion of both peaks is practically identical ¢, = aiz o.

This problem has recently been considered in a more general way, the “resolution
Ng” being taken as the criterion for the separation, the value of NV being chosen ac-
cording to the actual problem.

In ion exchange chromatography the assumption that the dispersions of neigh-
bouring peaks are identical is generally far from being true. The resolution can thus
be defined in general terms as follows:

Umax (2) — Umax (1) A4 Umax
Ry, = = (14)
7 (o1 - o2) # (o1 + o9)

where % is an arbitrary number greater than o.
In the present paper the separation of two componentsis taken asbeing complete
if:
A Umax 2 3 (01 + 02) 1.e. Rs > 1 (15)

This means that after having divided the effluent into fractions at the point U ==
Umax@) + 3 0, at least 99.86 %, of each of the components is in its appropriate frac-
tion, and the impurity amounts to at most 0.14 % of the peak of the contiguous
component.

It should be stressed, however, that for analytical purposes, e.g. for quantitative
determinations effected directly from the elution curve by means of the previously
described method!?, the condition that R, > 1, (R, = 1.5 Rj,) is in many cases suffi-
cient.

Analysis of the elution curves

In Figs. 5—9 several experimental elution curves are shown which illustrate influerice
of temperature on the separation of rare earths. For each pair of peaks the separation
factors «,% are given (computed from formula (7)), as well as the resolutions R,
computed from formula (14).

As has been shown above, as the temperature rises the number of the theoretical
plates in the column increases. Simuitaneously the separation factor changes on
account of thermodynamic changes in the distribution coefficients of the components
being separated.

For a certain limited range of temperature three cases are possible, véz.:

(a) oy? increases as the temperature rises;

(b) &,% remains practically constant;

(c) a,? decreases as the temperature rises.

Case (a) is illustrated, among others, by the elution curves of the pairs Th-Pm
(Fig. 6), Eu-Pm (Fig. 7), Lu-Sc (Fig. 8) and Y-La (Fig. g).

On account of the accumulation of the effects of the simultaneous increase of N
and «,? the resolution increases very rapidly as the temperature rises. In case (b)
where the separation factor remains constant or changes only very slightly, the reso-
lution increases far more slowly; ¢f. the elution curves of the pairs Gd-Eu (Fig. 5)
and Ce-Pr (Fig. q).

J. Chvomatog., 14 (1964) 79-96
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The last case (c) is perhaps the most interesting where changes of both factors
affecting the final value of the resolution run in opposite directions. Depending on
which of them prevails, the resolution can either decrease, e.g., elution of the pairs
Ce-Eu (Fig. 7) and Sc-Ho (Fig. 8), or increase, e.g. elution of the pair La-Ce (Fig. 9).

(b)
t=50°

La Y-La
;=366 R, =202

1000 Ce_ ta-Ce
La orLa-2.16 R3 =131
800 -
Ce aflf=139 RS P08
600 f
a Cs Pr
[ Y
T 400
€
E 200
)
2
§ o "
O 1200 (3)
? 1000 . t=18°
= at?=177 R;“? =068
© 800
Ce La-Ce
600 o= 241 Ry =129
Pr i Ce-Pr.
400 @ = 1.35 R3 =0.71
200 \
fe) S ; |
0 100 150 200

effiuent volume, drops

Fig. 9. Influence of temperature on the separation of Y, La, Ce and Pr. Column: 4.20 cm X
0.0360 cm?; Amberlite IRA-g00 [H,Y2-] (10—35 p); Eluant: o.0447 M Na,H,Y; Flow rate: v =
1.82-1.88- 1072 ml/cm?2/sec.

It, must however, be said that sometimes it is worth discarding very good resolu-
tion in order to considerably reduce the time of separation.

This is illustrated by the following example. At 18°C good resolution (R,8¢-H0 —=
1.92) was obtained for the pair Sc-Ho, yet at the same time the separation of lutetium
from scandium is unsatisfactory (see Fig. 8) and the time needed rather long. With
an increase of temperature to 65°C, R;8°~Ho = 1.32, the separation of scandium
from holmium continues to be complete according to the assumed criterion (15), but on
the other hand their separation time is nearly half. In addition to this, at 65°C the
separation of lutetium from scandium is also complete (RS = 1.03).

Other aspects of the changes of temperature

As has already been mentioned temperature influences also the separation time. The
rate of movement of the band of the component down the column #,, and strictly
speaking the speed with which the peak maximum moves, is given by the formula2s:

u

" 6
¥+ (16)

Uz

The speed of the movement of the band is approximately inversely proportional

J. Chromatog., 14 (1964) 79-96
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to the distribution coefficient. Since the distribution coefficient is also a function of
temperature hence the latter expresses (other conditions remaining unchanged) the
time of separation.

The diminution of the dispersion of the peak as the temperature increases may
also be important.

When using an ion exchange resin of very fine particles the flow of the liquid
in the column is hindered considerably, and it can sometimes be very difficult to achieve
an adequately high flow rate. The rise of temperature diminishes the hydraulic
resistance and consequently a higher flow rate or the required flow rate at a lower
pressure can be achieved.

As can be seen from Fig. 10 the pressure which must be applied for a given
column in order to achieve the required flow rate decreases as the temperature rises
and is also dependent upon the changes of viscosity of the water®.

60F a—a—a Water viscosity 412
p 0—0——10 Pressure '2,
mm Hg 1M cp

S50+ 110

r 409

40+ 108

L 407

30} {06

F 105

200 104

- {03

10 102

- 402

N . :

o L _ A 1 1
O 10 20 30 40 50 60 70 80 S0 10
temperature, c

Fig. 10. Pressure which must be applied to obtain the desired flow rate, as a function of tempera-
ture. Column: 2.62 cm X 0.0360 cm?; Amberlite IRA-400 [H,Y2"] (10-35 u); Eluant: 0.0754 M
Na,H,Y; Flow rate: # = 1.73-1.77- 102 ml/cm?/sec.

New possibilities of qualitative analysis

In a given chromatographic system the distribution coefficient is the characteristic
feature of a substance and can help to identify it in a mixture. In ion exchange
chromatography such a characteristic value can be the distribution coefficient, for a
given concentration of the eluant, as well as the selectivity coefficient which in prin-
ciple is independent from the concentration of the eluant; ¢f. equation (3). Conclusions
drawn as to the presence or absence of a substance from 4 or k& values computed from
the elution curve are not specific, since different substances can have identical or
very similar distribution coefficients. Because of this, it has been suggested?” that the

J. Chvomateg., 14 (1964) 79-96
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value of the selectivity coefficient should not be taken as a criterion of identification
but its change as a function of temperature.

As has been shown in the present paper (Figs. 1 and 2) and in the literature? 5,2
the logk-1/T curves have a different course for the seemingly similar substances.
On account of this determination of selectivity coefficients from the elution curves
for several discreet temperature intervals and comparison of these data with the
previously determined logk-1/T curves of the substances of interest should be a
more specific method. As far as the analysis of rare earths in the system discussed here
is concerned this method allows identification of trace amounts of separate elementsin a
mixture, with a prevailing excess of other components. In this way it is possible to
identify radioactive rare earths in such small amounts that the half-lives cannot be
determined precisely?.
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SUMMARY

The influence of temperature on the anion exchange behaviour of the rare earth
elements in the system: Amberlite IRA-400 [H,Y2"]-aq. solution of disodium
ethylenediaminetetraacetate (Na,H,Y) has been investigated.In the system exam-
ined the change of temperature has a double effect: (1) the height equivalent to a
theoretical plate decreases with a rise of temperature; (2) the distribution coefficients
of the individual ions undergo changes according to the enthalpy values of the ion
exchange reactions. As the enthalpies of the ion exchange reactions differ in magnitude
and sign for different rare earths, the separation factors (ratio of distribution coeffi-
cients) may undergo considerable changes with a change of temperature. Both
effects contribute to the final resolution value; for some elements the order of elution
is even reversed.

New possibilities in qualitative analysis, resulting from the determination of the
selectivity coefficient of an exchange reaction for a given jon at different temperatures,
have been pointed out.
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Short Communication

The isolation and purification of aliphatic
sulphoxides on a strongly acidic cationic exchanger

The preparation of pure sulphoxides, for example for various physico-chemical and
kinetic measurements, is in general rather difficult. Even though advantageous
methods are described for the oxidation of sulphides to sulphoxides?, the crude prod-
uct is always contaminated with the starting material and with the further oxidation
product, the sulphone. The separation of liquid sulphoxides from all byproducts by
simple distillation is never completely successful, owing to their thermolability. In
many cases sulphoxides and sulphones form mixed crystals.

Adsorption on a strongly acidic cationic exchanger Dowex 50 proved suitable for
the selective separation of aliphatic sulphoxides. The exchanger was used in the H-
cycle and before use it was washed successively with distilled water, ethanol and
finally with benzene. A benzene solution of the crude sulphoxide was poured on to
the exchanger gel; only one tenth to fifth of the over-all column capacity was used.
The column was washed with another portion of benzene. The sulphoxide was desorb-
ed with ethanol, which proved most suitable. The pure sulphoxide was recovered by
evaporating the ethanol solution in vacuum at low temperature and vacuum dis-
tilling at 10! torr. The sulphoxide content was followed by iodometric titration®
The degree of purity reached was as follows: methyl n-butyl, 99.9 % ; ethyl n-butyl,
99.7%; n-propyl n-butyl, 100% ; isopropyl n-butyl, 99.% % ; isobutyl n-butyl, 99.8 % ;
sec.-butyl n-butyl, 99.1 %.

Aromatic sulphoxides and dibenzyl sulphoxide are not adsorbed from benzene
solution on to Dowex 50.

The interaction of the sulphinyl group of the sulphoxide with the sulphonyl
group of the exchanger is probably due to hydrogen bonding. The sulphoxide-
hydrogen affinity has been studied carefully in the past®. A detailed study of the
phenomenon described above, from the theoretical point of view, will be reported
in a separate paper.

Iustitute of Organic Chemistry of the Charles University, V. HorAk
Prague (Czechoslovakia) J. PEcka
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Notes

A reaction occurring between benzoin and quinone on a
gas chromatographic column

During the course of a systematic study of the behaviour of benzoin and various
substituted benzoins on gas chromatographic columns (to be published at a later date),
a mixture of benzoin and p-benzoquinone in methyl ethyl ketone was injected into a
column. The peaks that were detected besides the solvent consisted of hydroquinone,
deoxybenzoin, and benzil. Quinone itself was never detected even after 23 min at 182°.
(Thisin itself is a little surprising as quinone is relatively volatile.) Mixture solutions of
varying concentrations were used and the sample size in all cases was 40 ul. The
hydroquinone peak appeared on the tail of the solvent peak and was sharp and sym-
metrical allowing for its position. Authentic samples of hydroquinone had retention
times slightly shorter, 1.85-1.go min, than the produced hydroquinone, 1.95-2.05 min.
Benzoin itself on injection into a column gives only deoxybenzoin and benzil with
no benzoin at all coming out. At 182° the molar ratio benzil/deoxybenzoin is 2.0 for an
injection of only benzoin. This ratio increases with the amount of quinone present. No
reaction occurred between the benzoin and quinone in the cold solution. However, on
heating approximately 1/1r molar mixture of benzoin and quinone to 19o° in a sealed
evacuated tube (10-3mm Hg) a reaction was seen with the mixture turning black. The
IR spectrum of a solution of the product in methyl ethyl ketone gave a peak at 828
cm~! ascribable to neither benzoin, quinone or solvent but also given by a solution
of hydroquinone. Pure quinoneitself, and pure benzoin itself under the same conditions,
underwent no changes. Visual inspection of the column after injections of quinone-
benzoin mixtures showed progressive blackening of the first few cm, with most of the
blackening on the glass wool plug immediately above the packing. After injection of a
sample containing quinone it took two successive injections of benzoin solution for the
benzil-deoxybenzoin ratio to return to its usual value for that column.

Experimental

The gas chromatograph used was Burrel model K-1 with its new type thermal con-
ductivity detector at 200°.The column used was 250 ¢cm long and filled with 20 % Dow
Corning high vacuum grease on 80100 mesh Chromosorb W. The flow rate in all cases
was 50 ml/min of helium. The column temperature except where otherwise noted was
182°, and sample size 40 ul, methyl ethyl ketone as solvent. The hydroquinone, deoxy-
benzoin, and benzil were all identified by trapping the respective peaks and comparing
their infrared spectra with those of authentic samples. The quinone used was obtained
by the method of MacCov®. The benzoin was from Matheson, Coleman and Bell, m.p.
134-135°. The hydroquinone was B.D.H. Cert. m.p. 171-173°. Blank runs were made
of both benzoin and quinone. In some cases to be absolutely sure the quinone was
further purified by vacuum sublimation.
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Results and discussion

As seen in Table I the amount of hydroquinone produced is almost linear with that of
injected quinone but shows a slight tendency to level off which would be expected at a
constant benzoin concentration. The general increase in the benzil/deoxybenzoin ratio
would also be expected, the quinone would be competing with the benzoin for the

TABLE I

AMOUNTS OF PRODUCTS AFTER CHROMATOGRAPHY

Benzotn Quinone Qu_inone Hydroquinone Bensil
conen. conen. wnjected out deoxybenzoin
M M pmoles pmoles
0.114 0.774 31.9 5.49 15.6
0.I14 0.472 18.9 4.06 4.58
0.114 0.254 10.19 2.63 3.40
0.114 0.217 8.7 1.95 4.94
0.114 0.119 4.76 0.983 3.54
0.114 0.0 0.0 0.0 2.0

acceptance of the hydrogen. The lowest column temperature used was I 58°, at which
temperature at least 50 % as much hydroquinone is produced as at 182 °.

Reactions occurring in the course of gas chromatography are well known, for
example one can obtain catalytic isomerization of terpenes as well as catalytic and
pure thermal decomposition of oxygenated terpenes':%. Dehydration, deacetylation,
and cis—trans isomerization have all been observed in the GLC of the methyl esters of
fatty acids®. These changes were primarily thermal but to some extent metal catalysed.

The reaction between benzoin and quinone is definitely thermal as it occurred on
the simple heating of the two.On the other hand, the self reaction of benzoin is defi-
nitely catalysed by the column. The reaction between the benzoin and quinone is of
interest as reactions involving hydrogen transfer during GLC are unusual and also
GLC provides a convenient way to study this reaction®.
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The use of amino acids as stationary phase in gas chromatography

Part 1. Monosodium L-glutamate

The analysis of amino acids is an essential part of peptide and protein studies. Not
only is it of importance for the determination of the overall composition of these
biological materials but it has acquired added importance in studies of amino acid
sequence in peptide chains. Present available methods in sequence studies, such as
paper chromatography, paper electrophoresis and ion exchange chromatography are
all time-consuming procedures. On the contrary, gas chromatographic analysis, which
needs neither a large amount of sample nor a long operating time, might be useful in
studies on proteins. Several attempts to employ gas-liquid chromatography for
amino acids have been made-7.

JouNsoN AND MEISTER? have recently reported on the chromatography of a
number of N-acetylamino acid n-amyl esters using 2- to 8-foot column packed with
Chromosorb W coated with 0.5% to 5% polyethylene glycol (Carbowax 1540 or 6000).
We investigated the gas chromatographic analysis of N-acetylamino acid n-amyl
esters on 2- to 3-meter column packed with Carbowax 1540 coated onto Chromosorh
according to JOHNSON ¢f al., and have found that this method was unfortunately time-
consuming for the elution, and moreover, it gave unsatisfactory resolution of these
derivates.

In the present note, the unique application of an optically active amino acid as
selective stationary phase is described for the rapid and effective separation of amino
acid derivatives. 10%-monosodium L-glutamate coated onto sodium chloride (com-
mercial name, ““Aji-Shio”, Ajinomoto Co.,) was found to give satisfactory results.
Furthermore, we are trying to extend the application of optically active amino acids
to the gas chromatographic resolution of optical antipodes.

Apparatus

A Perkin-Elmer Model 154-D gas chromatograph equipped with a hydrogen flame-
ionization detector was used. The carrier gas was nitrogen. A 50 cm to 2 m U-shaped.
stainless-steel column 1/, in. external diam. was packed with monosodium r-glutamate
coated onto sodium chloride, or with monosodium r-glutamate or L-glutamic acid
when used without a support medium.

Materials

N-acetylamino acid esters were prepared with HCl-alcohol and acetic anhydride.
Derivatives were analysed by infrared spectroscopy. Fatty acids and fatty acid methyl
esters made by Tokyo Kasei Co. were used without further purification.

Resulis

The gas chromatograms of some amino acid derivatives and fatty acids on “Aji-Shio”
are given in Figs. 1 and 2, respectively. All solutes were eluted very rapidly and more-~
over, the resolution of each peak was very high. In the above experiments a very wide
range of particle sizes of commercial “Aji-Shio” was used. In Figs. 3 and 4 (the chro-
matograms of amino acid derivatives and fatty acid methyl esters, respectively),
sieved “Aji-Shio” (50-100 mesh) was used. As can be seen from Figs. 1—4, the reten-
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-amino-n -butyric acid
alanine

[£3

isoleucine

leucine

Fig. 1. Chromatogram of N-acetyl-z-amyl esters
of 4 amino acids on a 2 m column packed with
commercial ‘““Aji-Shio”” (109, monosodium glu-
tamate coated on to NaCl). Temperature: 159°;
carrier gas: nitrogen; Flow rate: 66ml/min.
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Fig. 2. Chromatogram of a mixture of C,—Cy acids on commercial ““Aji-Shio”’. Column length: x m;

Temperature: 134°; carrier gas:

Fig. 3. Separation of N-acetyl-n-amyl esters of

5 amino acids on a 2 m column containing 10 %,

monosodium glutamate on NaCl (50-100 mesh)
at 155° and 45 ml of N, per minute.

nitrogen; Flow rate: 48 ml/min.

a-amino-n-butyric acid
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tion times of all components were very short and were the same for sieved “Aji-Shio”
as for the unsieved material, but the sieved material gave higher resolution. pL-Isoleu-
cine showed two incompletely resolved peaks. We confirmed that these two peaks
correspond to D-alloisoleucine and L-isoleucine, respectively.

The chromatograms of some derivatives of amino acids and fatty acids on 50-100
mesh monosodium L-glutamate without support are shown in Figs. 5 and 6; this gave
short retention times but poor resolution. It has been suggested that a satisfactory
resolution could be obtained under suitable chromatographic conditions of column
length, column temperature, particle size, etc. In Fig. 7, a chromatogram of fatty acid
methyl esters on 50-100 mesh L-glutamic acid without a support, the same result was
obtained as that when monosodium L-glutamate was used.

Hitherto, for the complete separation of active-amyl alcohol and iso-amyl alcohol
a very long column was required and then the retention time was long. It was found
that “Aji-Shio” is useful for the separation of these alcohols as is shown in Fig. 8.

isoamy! alcoho!
active amyl aicohol

\/\,-/L Fig. 8. Separation of active-amyl alcohol and iso-amyl alcohol
] 1 1 1 % on a 1 m column containing 10 9%, monosodium glutamate on
NaCl (50-100 mesh) at 48° and 48 ml/min of N,.

Monosodium L-glutamate is stable at high column temperatures (up to 210°) and
this fact permits its use in the separation of high-boiling compounds without the
danger of decomposition of the stationary phase.

The author wishes to thank Mr. S. Kusota for his assistance in the gas chroma-
tographic experiments.
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Gas chromatographic behaviour of normal aliphatic ester isomers

Throughout the gas chromatographic identification of volatile tropical fruit flavours
in this laboratory the prediction of retention times from known data has becorie a
necessity. With fruit flavours one is faced with such a wide array of possible chemical
compounds that the synthesis of these to provide retention data is impracti-
cable.

Much use has been made of plots of logarithm of retention time vcrsus number
of carbon atoms for an homologous seriest but this relationship is of restricted appli-
cation. As esters comprise an important fraction of known tropical fruit flavours?.?
an examination of isomeric esters was initiated. This revealed regular relationships
between retention times and boiling points of normal aliphatic esters containing a
constant number of carbon atoms, e.g. methyl n-caproate, ethyl n-valerate, #-propyl
n-butyrate etc. for a group containing seven carbon atoms. These relationships have
proved useful in predicting retention times unobtainable by other means.

Apparatus Experimental

A Perkin Elmer Model 154D Vapor Fractometer fitted with a thermistor bead
detectoranda 2m X 1/,in. 0.d. stainless steel column packed with dinonyl phthalate
on kieselguhr was used. The instrument was operated at a column temperature of
168° and a flow rate of 46 ml of helium/min.

Reference compounds

Normal aliphatic esters containing from four to nine carbon atoms were prepared by
the usual synthetic procedures. Fractional distillation was carried out where the
product was grossly impure. These esters will fall into six constant number of carbon
atoms groups similar to that previously illustrated and hereafter are referred to as
“ester groups”.

Results

For each ester group retention times under the conditions previously described were
obtained and the logarithm plotted against the boiling point. In each case a straight
line was obtained with only two instances of a marked deviation (Fig. 1E and F).
Here it is believed accurate determination of the boiling points would reveal closer
agreement.

. . Discussion
Mathematical extenston

By the following simple mathematical extension the usefulness of the above relation-
ship can be expanded:
From Fig. 1:
log Rp

—~—— = % (a constant)
b.p.

Suppose the plots shown in Fig. 2 were made for each ester group (a,, 4, etc. and &,
b, etc. are equal to the boiling points and log Ry values respectively).
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Fig. 1. Plots of logarithm of retention time (in min) versus boiling point (°C) for each ester group.

b.p.
a 02
log Ry by i:>2
1 2 3 1 2 3
Position of ester grouping Position of ester grouping

Fig. 2. Hypothetical plots of boiling point and logarithm of retention time wersus position of the
ester grouping.

J. Chvomatog., 14 (1964) 104—107



I0b NOTES

Now:
an as an
P L 4
b 9 bn
Thus the curves in Fig. 2 must nLove the same shape.

This means the curves producea by a particular ester group will be geometrically
superimposable. This can be done by taki g one graphic difference in boiling points as
being equivalent to the corresponding graphic difference in log Ry values and altering
the other values correspondingly. '

Fig. 3 shows boiling point plots superimposed -n retention time plots for each
ester group. Substantial agreement is shown in each ccse.

X
-
2
Cs
1.5¢
'\C/
1 1. 1 1 1 1 1
1 2 3 4 5 6 7 8

Position of ester grouping

Fig. 3. Plots of boiling point versus position of the ester grouping (as number of C atoms in the
alcohol portion of the ester), superimposed upon similar retention time plots. (x) retention
times; (@) superimposed boiling points.

Application

There are two methods of application:

(i) if the retention times and precise boiling points of two esters in a group are
known, a plot corresponding to those shown-in Fig. 1 can be made. Thus knowledge
of the boiling points of other members will enable direct reading off of the retention
times.
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(ii) with this method, knowledge of all the boiling points is not required but
enough must be known to construct the curve for boiling points analogous to that
shown in Fig. 2. Two retention times must also be known to enable the construction
of the remainder of the retention time curve by geometric superimposition of the
boiling point curve. From this construction retention times may be read directly
for any member of the group.

The two methods depend upon precise measurement of retention times and an
accurate knowledge of boiling points. In some cases where the boiling points are very
close the retention times of a number of compounds may be indistinguishable.

Conclustons

Gas chromatographic examination of normal aliphatic ester isomers has revealed two
relationships useful in the prediction of retention times. It is believed that these
relationships can be extended not only to other similar series of esters but to any
series of compounds which maintains a basic structure about which or within which a
group of constant size is shifted in a regular fashion.

Food Pyeservation Research Laboratory,
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Rr values of some catecholamines, precursors and metabolites

In an effort to find a two-dimensional paper chromatographic system suitable for the
radioautography of catecholamine metabolites of tyrosine and related compounds,
the Rp(s) of various commercially obtained standards were determined in a number of
solvent systems. All experiments were done with Whatman No. 1 paper and with
diazotized sulfanilic acid and/or ninhydrin as the detecting reagents. Descending
chromatography was used except where otherwise specified. The data are tabulated in
Tables I and II. The preferred bidimensional system was methanol-butanol-benzene—
water (4:3:2:1), run with the grain of the paper in the long direction, followed by
n-butanol saturated with 1 N hydrochloric acid, a combination which gave reasonable
resolution and excellently formed spots.

Certain of these solvents were also tried in solvent reversals such as used by WEIss
AND Rosst!. The results are given in Table II1, along with the corresponding values
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TABLE

Rp VALUES (X I00) OF SOME CATECHOLAMINES,

S, S Se Sy Ss St St S, Set St
Tyrosine 55 76 47 49t 46 56 43 67 65 22
Tyrosine-O-sulfate — — — - — -— — — — —
Tyramine 74 78 — 8o 66 72 61 85 79 54
p-Hydroxyphenylacetic acid 63 79 65 66 65 72 60 8o 8o —
3,4-Dihydroxyphenylalanine 47 68 40 54 36 46 37 59 62 5
3,4-Dihydroxyphenylacetic acid 59 67 57 6o 57 56 56 76 8o —
Dopamine 71 79 66 73 58 66 54 75 72 36
Noradrenaline 68 78 61 71 54 65 55 77 65 18
Adrenaline 75 79 70 74 63 71 — 82 73 16
Metanephrine 72 76 70 73 64 70 — 8o 81 —
Normetanephrine 72 80 68 73 62 68 — 81 72 —
3-Methoxytyramine 72 79 70 74 66 73 60 81 8o 42

t = tendency to streaking; * = ascending

S! = n-butanol-pyridine-o.2 N sodium acetate (1:1:1); 13!/, h.

S, = m-butanol-pyridine-1 M sodium acetate (r:1:2); aqueous phase; 91/, h.
S; = m-butanol-pyridine (1:1) saturated with 1 M sodium acetate; 141/, h.
S, = w-butanol-pyridine-water (r:1:1); 13 h.

S; = benzene-methanol-butanol-pyridine-water (1:2:1:1:1); 9/, h.

Sg = methanol-water—pyridine (20:5:1); 11 h descending, 24 h ascending.
S; = toluene-ethyl acetate—pyridine—water-methanol (1:1:1:1:1); 7 h.

Sg = toluene-ethyl acetate—methanol-water (1:1:1:1); aqueous phase; 7 h.
Sy = water—saturated methyl ethyl ketone; g h.

S;y == n-butanol-ethanol-water (2:1:1); 13!/, h.

S,1 = methanol-n-butanol-benzene-water (4:4:4:1); 8 h.

S;, = methanol-z-butanol-benzene-water (2 :1:1:1); 151/, h.

S;3 = methanol~n-butanol-benzene—water (4:3:2:1); 12 h descending, 15-23 h ascending.
S,4 = toluene—ethyl acetate-methanol-o.x N HCl (1:1:1:1); 7 h.

S5 = methanol-amyl alcohol-benzene—2 N HCI (37:17.5:35:12.5); 91/, h.
Sy¢ = n-butanol saturated with 1 N HCI; 24 h descending, 26/, h ascending.
Sy, = fert.-butanol-acetone—formic acid—water (160:160:1:39); 9/, h.

Sy = chloroform-acetic acid—water (2:1:1); aqueous phase; 7 h.

S,s = n-butanol-acetic acid—-water (4:1:1); 10 h.

Syp = tert.-butanol-acetone—propionic acid-water (160:160:1:39); 81/ 5 h.

S,y = benzene-propionic acid~water (2:1:1); 8!/, h.
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1

PRECURSORS AND METABOLITES

Sﬂ' sl" Sll Sl" SIB SJ:‘]‘ Sli Sl.‘» Slli SIG' Sl7t Sl7t‘ Slﬂ Sl'.! 520 S”l

Iz 43 — 49 45 42 78 61 38 30 20 25 81 35 14 83
— — — 15 10 — — — 6 — — — 9 5 — —
10 60 36 72 66 65 8o 58 42 38 55 55 90 62 — 92
95 73 @ — 79 64 72 81 67 84 8 8 o4 88 90 87 87

2 23 — 37 21 20 75 5I 19 18 8 6 8o 21 6 83
o] 61 — 68 54 62 82 69 67 75 85 — 83 8o 80 92

4 47 23 61 51 49 76 48 22 20 38 37 86 42 38 88
6 40 16 55 42 43 72 40 13 3 27 29 83 30 28 87

— 48 21 61 58 55 76 45 17— 32 — 88 39 34 90
— 52 34 69 68 — 8o 59 27— 41 — 91 51 35 93
— 50 25 65 56 — 79 50 2z — 35 — 87 45 30 90

TABLE 11

Rp VALUES (X I00) OF SOME ADDITIONAL TYROSINE AND
CATECHOLAMINE METABOLITES

Compound Sie Sie S Sie
N-Acetyltyrosine 85 82t 52 81
O-Acetyltyrosine 64 49 33 47
3-Methoxytyrosine 63 53 26 37
Homovanillic acid 91 67 61 84
3-Methoxy-4-hydroxy- 59 39 48 69

mandelic acid
3,4-Dihydroxymandelic 50 30 46 54
acid

S,, = methanol-n-butanol-benzene—water (2:1:1:1); 151/, h.

S,3 = methanol-n-butanol-benzene-water (4:3:2:1); 12 h descending, 15-23 h ascending.
S,s = m-butanol saturated with 1 N HCl; 24 h descending, 261/, h ascending.

S,y = m-butanol-acetic acid-water (4:1:1); 10 h.

J. Chvomatog., 14 (1964) 107-111
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calculated as indicated by WEIss et al.2. The spots produced by this technique are
sharper than those obtained with ordinary one- or two-dimensional chromatography.
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Temperature control in paper chromatography

In order to overcome the considerable variations in Rp values of paper chromato-
grams and the even more marked effects on reverse phase systems that occur with
temperature variation, it is usual where this technique is employed extensively to
resort to temperature controlled rooms. However, where it is used less frequently such
measures may be inconvenient.

To achieve similar control, we have found that a suitably sized box, in our own
experience accommodating three tanks of usual size, may be maintained at an even
temperature over long periods, by simply using a hair drier (fitted with the usual
heating coil) in series with a mercury contact thermometer. The general arrangement is
illustrated in Fig. 1.

The provision of a collapsible side finishing flush with the bottom of the box,
allows for ease of removal of a tank and for the side to be used as a small bench if
required.

Relay

Control thermometer

H
Hairdryer
B Collapsible side

Fig. 1. Temperature control box.
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This system has the advantage that as it is required heat is dissipated through
the container by the blower. It is clear that the work required of the drier can be
reduced by insulation and as a further contribution in this direction we have standard-
ised on two temperatures, 20° and 25°, according to ambient temperature, with
preference for the lower setting where possible.

Department of Applied Organic Chemistry, P. H. Braby
Unaversity of New South Wales, E. R. CoLe
Kensington, N.S.W. (Austvalia)

Received August 19th, 1963
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Chromatography and photographic detection in ultraviolet light
of 6-azauracil and its derivatives

For the purpose of analytical control of the biochemical transformation of 6-azaura-
cil (3,5-diox0-2,3,4,5-tetrahydro-1,2,4-triazine) to its riboside by E. coli, a rapid
method was needed which could indicate the progress of the biotransformation. In
order to be able to control the process (possible duration of a typical run is 8—10 h) the
analysis should not take more than 1 h. A rapid qualitative chromatographic method
on circular paper was found to meet this requirement, using either visual or photo-
graphic detection in U.V. light. The latter might be also used for a more elaborate
semiquantitative method by the ascending technique.

Chromatographic technique

Paper chromatographic separation of purine and pyrimidine bases, nucleosides and
nucleotides, was studied by HANDSCHUMACHER aAND WELCH!. Generally, these com-
pounds are first adsorbed on active charcoal, eluted by ammonia in methanol and
after concentration developed by ascending paper chromatography in a butanol-
water system®-%. We have found in model experiments that the rate of adsorption on
charcoal is different for 6-azauracil (AU) and for 6-azauridine (AUR). In samples
with low AUR content this fact can lead to considerable errors (up to 20 %). Po-
larographic studies in the course of the biotransformation process show that AUR
in the fermentation fluid is strongly bound to high-molecular compounds, but that
such complexes can be broken up by deproteinisation agents or simply by boiling.
In samples treated in this way the charcoal step is no longer necessary and the samples
can be directly spotted and developed with reproducible Rr values.

After extensive experimentation with several developing systems we have
chosen the mixture n-butanol-acetic acid-water (12:1.5:5) which gives good resolu-
tion of the reaction components in a short time (Rr AU = 0.66, Rp AUR = 0.26).

Experimental

(1) Rapid qualitative chromatographic separation of AU and AUR on civculay paper. Cir-
cular chromatographic paper Whatman No. 1 (diameter 15 cm) was spotted 1.5 cm

J- Chromatog., 14 (1964) 112-117
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Fig. 1. Contact photocopy of a circular chromatogram. Top and bottom: a mixed standard; left
and right: a sample of the fermentation medium. jth hour of fermentation, AU is still untrans-
formed.

Fig. 2. Same sample of Fig. 1, 10th hour of fermentation, the biotransformation is terminated. Close
to the starting point traces of the side-product (orotic acid) are visible.

J. Chromatog., 14 (1964) 112-117
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from the centre alternatively with 10 ul aliquots of aqueous ‘‘mixed standard solu-
tion” (0.01 M AU and o.o1 M AUR) and with sample solutions. Fermentation fluid
samples were warmed for 5 min in a test tube on a boiling water bath, cooled, centri-
fuged and the clear supernatant was directly spotted. The spots were dried in a
current of hot air and the paper was positioned horizontally between two lids of
Petri dishes (15 cm diameter). The developing solution was introduced to the centre
of the paper by means of a paper wick, dipping in a small vessel containing the mix-
ture. The inside of the Petri dishes was saturated with the developing mixture at
least 4 h before starting the development. When the front of the solution was near
to the circumference of the dish, the paper was taken out, dried and the spots were
cither directly observed in U.V. light (Hanau Mineralitc), or the chromatograms were
superimposed on photographic paper and prints were made by exposing them to a
U.V. light source. This latter variant is described in detail below. In either case, the
results are known within 1 h from starting the development of the chromatogram,
which allows the biologist to follow the gradual conversion of AU to AUR in the course
of the microbiological transformation (Figs. T and 2).

Tig. 3. General arrangement for semiquantitative chromatography.

J. Chromatog., 14 (1964) 112-117
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(2) Semiquantitative separation of AU and AUR by ascending paper chromatog-
raphy. For semiquantitative determination of AU and AUR in mixtures the ascending
technique was used on 21 X 19 cm Whatman No. 1 paper sheets, folded in the shape
of a cylinder. These sheets were placed in small Petri dishes, containing the developing
mixtures (same as above), the whole assembly was put in an all-glass chamber
(Fig. 3). Sample and ‘‘mixed standard solution” were applied in the same concentra-
tion as for the circular technique; the spottings were made in volumes of 20 ul 3 cm
from the lower margin of the paper; the development took 3—4 h. After drying, photo-
graphic prints of each sheet were made and the prints were compared with a standard
print, made from a chromatogram, to which a series of mixed standards was applied
in molar percentual ratios AU to AUR of 100:0,90:10 ...10: 9o, 0:100. In this way
the ratio of AU to AUR in an unknown mixture can be determined with 5 % accuracy.

The method can be also applied for the separation of AUR derivatives. We show

Fig. 4. Chromatogram of azauracil derivatives. 6-Azauridine, Rp 0.32; 6-azauracil, Rp o.71;
bromazauracil, Rz 0.88; 6-azauridine triacetate, Rr 0.96.

for example a photocopy of a mixture of 6-azauridine triacetate, bromazauracil, 6-
azauracil, and 6-azauridine (Fig. 4).

Detection technique

Chemical reactions suitable for detection of purine and pyrimidine bases, nucleotides
and nucleosides have been described by several authors®-®. Some reactions for the

J. Chromatog., 14 (1964) T12-117
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Fig. 5. Apparatus for detection by photography of the chromatograms in U.V. light. Distances:
camera-chromatogram, 45 cm; chromatogram-U.V. lamp, 35 cm.

Fig. 6. Photograph showing a cine film strip. Semiquantitative estimation of the AU biotransfor-
mation process (0,3,5,7,9 and 10 h, “mixed standard solution™ in the middle of cach sheet).

J. Chromatog., 14 (1904) 112—117
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phosphorus or sugar compounds may also be used?, but chemical detection has several
drawbacks. It is more laborious, less sensitive and it alters the chemical character of
the detected substances which then cannot be used for other tests. The detection
with U.V. light is therefore preferable. Low pressure mercury arc-lamps (e.¢. Hanau
Mineralite) are suitable for this purpose as long as they emit sufficient light in the
wavelength range near 260 my.

During our work we tested several light sources and found that almost all
low-pressure mercury arc-lamps vield adequate U.V. light quantities in the region of
260 mu within a few seconds following ignition. This short time lapse is not long
enough for visual perception and marking of the spots but it proves adequate for the
exposure of the photographic paper. This revelation was utilized for the development
of the contact photocopy detection method.

Under nonactinic light the dried chromatograms were superimposed on a sen-
sitive photographic paper, weighted with a metal frame and exposed to the light of a
mercury arc-lamp (Fig. 5). The exposure time and focal distance of the lamp must be
checked and determined according to the sensitivity of the paper and the intensity
of the lamp. If normal photographic papers for enlargement and a 250 W lamp are used,
the focal distance is 2 m and the exposure time 4 sec. The exposed papers were devel-
oped by means of a hard contrast developer.

More convenient still, and less time consuming is the detection by photographing
on a cine film (Fig. 6). The prerequisite necessary for the development of this method
was again a suitable light source. Several available U.V. lamps were tested using the
spectrophotometer Unicam SP 700 and the one-beam technique. The lamp under test
served as light source and the intensities of the lines were measured using several split-
widths for comparison. The germicidal lamp TUW 30 was found to be best for our
work. The photographic apparatus used was Exacta Varex, cine film 17/10 din, ex-
posure time 2 sec. The required quartz lens-set was made in the Research Institute
for Monocrystals, Turnov.

The filing of chromatographic documents thus obtained is very convenient.
The size and intensity of the zones can best be read by means of a slide-projector on
a screen.
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Chromato-stack, a simple technique for improving the efficiency
of thin-layer chromatography

In a recent paper! the author has described a new system for thin-layer chromatog-
raphy using discarded photographic plates as glass supports. The plates are arranged
in long rows on a desk and a simple spreading device is used to coat several plates at
once.

The 9 x 12 cm photographic plates may take 5 or 6 samples, whereas the 12 x
16 cm plates correspond to ordinary chromatographic paper sheets and take 10-12
samples. Ordinary developing tanks hold only 2 plates at a time but the Chromato-
stack technique described here makes it possible to develop 8-12 plates simultaneous-
ly. The technique is very simple, though efficient. The only equipment necessary con-
sists of ordinary rubber bands and small plastic pellets, such as are obtained when
punching 5 mm holes in 2-3 mm thick polythene sheets.

Figs. 1—4 show the principle. After spotting the various extracts or solutions,
the plates are put on the desk. On each corner of a plate a plastic pellet is placed
(Fig. 1). A new plate is put on the top of the first one, four new pellets are placed in
the corners again (Fig. 2) and in this way the stack is successively built up. Finally, a
clear plate is put on the top, and the stack is fastened together with rubber bands
(Fig. 3). Thereafter the stack may be put into a suitable glass (or polythene) tank for
developing (Fig. 4).

Fig. 1.

Simultaneous development of 60-120 samples (usually in less than one hour) is
not the only advantage of the Chromato-stack technique. The narrow air spaces
between the plates promote equilibrium of the vapour pressure, which is very impor-
tant in the case of many developing solvents.

J. Chromatog., 14 (1964) 118-120
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Iig. 4.

If the stacks become very large and heavy, it may be advisable to have two wire
hooks for lifting them into and out of the tank. It is evident that the technique is
also suitable for the simultaneous development of two-dimensional plates.

Balsgdrd Fruit Breeding Institute, NiLs NyBoM
Fjilkestad (Sweden)

I N. Nyeo™m, Nature, 198 (19063) 1229,

Received July 17th, 1963
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Separation of polyphenyl ethers by thin-layer chromatography

A multiple development technique

During an investigation of the mechanism of the oxidation at high temperatures of
polvphenyl ethers, a method was necded for separating the oxidation products.
Among the model compounds chosen for study were the following: m-phenoxyphenol
(I), m-diphenoxybenzene (II), bis-(m-phenoxyphenyl) ether (III), and m-bis-(m-
phenoxyphenoxy)-benzene (IV).

Initial attempts at separating a mixture of the above compounds by column chroma-
tography on silica gel with various solvents were unsuccessful, so thin-layer chromatog-
raphy was attempted in hopes of finding suitable conditions for the separation. It
was [ound that a single clution and development of the above compounds with the
most suitable solvent system did not give satisfactory separation but that multiple

J- Chromatog., 14 (1904) 120-123
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development of thin-layer chromatograms provided efficient separation of a mixture
of I, II, I11, and IV.

The m-phenoxyphenol and bis-(m-phenoxyphenyl) ether were commercially
available. The m-diphenoxybenzene and m-bis-(m-phenoxyphenoxy)-benzene were
kindly supplied by Dr. GLENN R. WiLson of this laboratory and were distilled before
use. The chloroform, cyclohexane, and benzene used were reagent-grade and were
used without further purification. A 1 % (by wt.) solution in chloroform of each of the
above compounds was prepared by dissolving 0.377 g of the compound in exactly
25.00 ml of chloroform. A synthetic mixture of I, II, I1I, and IV was prepared by
mixing 5 ml of each of the 1 % chloroform solutions.

Thin-layer chromatograms were prepared in the usual manner. They consisted of
a 250-u layer of Silica Gel G on a 20 X 20 cm glass plate applied with a fixed thickness
spreader (Research Specialties Company, Richmond, Calif.).

Five separate plates were carefully spotted with a Lang-Levy micropipette
(10 2) with each of the above solutions including the synthetic mixture. This permitted
easy comparison of the distance traveled by the pure compounds with the distance
traveled by the compounds in a mixture and the identification of the compound in
the mixture.

The chromatoplates were activated in an oven at 105-110° for 0.5 h before each
development except in the one case noted below. It was found by application of the
“Micro Circular Technique’?, that the best development solution was 5 % benzene —
95 % cyclohexane. The development chambers were standard size and the larger walls
were covered with Whatman No. 1 filter paper saturated with the benzene—cyclo-
hexane solution to minimize “edge effects”” and the ““fringe phenomenon”.

The two methods described below were used to determine the effects of multiple
development on the separation of the polyphenyl compounds.

Method A

Four plates, activated and spotted identically were developed simultaneously. After
drying in air, one plate was sprayed with a fluorescent indicator (Aldrich Chemical
Co., Fluorescent indicator for hydrocarbons) and viewed under U.V. light. The
distances traveled for each pure compound and for each compound in the mixture
were recorded. The remaining three plates were activated at 110° for 0.5 h and were
subjected to another development. Again one plate was used to determine the
distances traveled. The third plate was not reactivated before an additional develop-
ment to determine whether reactivation was necessary to significantly increase the
distances traveled. The fourth plate was activated before a third and fourth develop-
ment.

J. Chvomalog., 14 (1964) 120-123
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Method B

A single chromatoplate, after activation, was spotted with the above solutions and
developed in the same manner. However, instead of spraying with fluorescent in-
dicator, the location of each of the compounds was determined by treatment with
iodine vapor. Once the spots were located and distances traveled tabulated, the iodine
was allowed to evaporate from the chromatoplate. After the iodine had completely
evaporated, the plate was reactivated at 110° for 0.5 h and redeveloped. The procedure
was repeated three times and the distance traveled by each spot was recorded after
each iodine treatment.

In all developments, the solution was allowed to travel from one end of the
chromatoplate to a line drawn across the plate at a distance of 10 c¢m from the position
of the spots. Since the distance between the spots and the line to which the solvent
travels decreases with each development, one cannot use “Rp’’ values to refer to the
distances traveled by the spots except for the very first development. The easiest way
to record data in multiple developments is simply to note the total distance the spot
has traveled from its original position. These values for the pure compounds I, IT, 111,
and IV from method A and B are recorded in Table I.

TABLE 1

DISTANCES TRAVELED ON MULTIPLE DEVELOPMENT (cm X 10‘1)

Development number

Compound Method A Method B
r 2 3* 4 7 2 3 4
I 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
I1 0.25 0.47 0.50 0.65 0.25 0.45 0.60 0.68
IIT 0.17 0.33 0.36 0.46 0.15 0.30 0.40 0.50
v o0.10 0.18 0.22 0.30 o.10 0.19 0.26 0.32

* Chromatoplate not activated before final development.

The values of the distance traveled for the compounds in the synthetic mixture
are recorded in Table II.

A slight impurity was found in “pure samples” of I and II after the four develop-
ment. It had traveled about 0.08 cm and therefore was neither of the higher phenyl
ethers being studied.

The correlation between the two methods is good considering the experimental
error. The multiple development technique significantly increases the separation for
the compounds separated. While no system could be found that cleanly separated
these compounds with a single development, two developments were sufficient for
clean separation. It seems necessary to activate the plates after each development
since development 3, Method A, showed very little change in the distance traveled
while a similar activated plate, development 3, Method B, showed significant changes.

It should be mentioned that the polyphenyl ethers are base fluids for high
temperature lubricants and because of their high thermal stability there is little

J. Chrvomatog., 14 (1964) 120-123



NOTES 123

TABLE II

DISTANCES TRAVELED ON MULTIPLE DEVELOPMENT OF SYNTHETIC MIXTURE (cm X 1071)
The braces denote overlap of spots; a is about 209, overlap, b is about 509%, overlap

Development number

Compound Method A Method B
I3 2 3* 4 1 2 32 4
I 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1T a { 0.23 0.48 0.48 0.64 a { 0.24 0.43 0.57 0.65
111 0.14 0.29 0.30 0.43 0.20 0.27 0.38 0.45
v b { 0.09 0.16 0.17 o030 b { 0.10 0.13 0.22 0.29

* Chromatoplate not activated before final development.

danger of reaction or rearrangement on heating to 110° in the presence of silica gel.
Other systems may not be so obliging.

These results have been used to obtain an efficient separation of the above
compounds and similar polyphenyl ethers in column chromatography.

Monsanto Research Corporation, RicHARD H. NEALEY
Boston Laboratories, Everett, Mass. (U.S.4.)

L E. StaHL, Chemikey Zig., 82 (1958) 323.
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Die Anwendung der Diinnschichtchromatographie zur Trennung des
2,5,7,8-Tetramethyl-2-(f-carboxyithyl)-6-hydroxychromans und des
Tocopheronolactons von a-Tocopherylchinon und einigen Tocopherolen

Untersuchungen von SiMoN und Mitarbeitern! iitber den Wirkungsmechanismus des
a-Tocopherols zeigten, dass das Tocopheronolacton [Lacton des 2-(3-Hydroxy-3-
methyl-5-carboxypentyl)-3,5,6-trimethylbenzochinons] ein Umwandlungsprodukt des
a-Tocopherols im tierischen Organismus darstellt. Von MARTIUS UND FURER? wird das
2,5,7,8-Tetramethyl-2-(f-carboxyithyl)-6-hydroxychroman als eine sehr wahrschein-
liche Abbaustufe des a-Tocopherols durch f-Oxydation angesehen. Beide genannten
Verbindungen sind von WEICHET und Mitarbeitern® bereits synthetisch hergestellt
worden”. Wegen ihrer grossen Bedeutung sollte gepriift werden, welche Méglichkeiten
bestehen, 2,5,7,8-Tetramethyl-2-(f-carboxyithyl)-6-hydroxychroman, Tocopherono-
lacton, o-, y-, 8-Tocopherol und a-Tocopherylchinon mit Hilfe der Diinnschichtchro-
matographie voneinander zu trennen. Die Ergebnisse sind in Tabelle I zusammenge-

* Herrn Dr. WEICHET vom Institut fitr Pharmazie und Biochemie, Prag, danke ich herzlich
fiir die Uberlassung von Substanzproben.
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TABELLE I
Rp-WERTE DER UNTERSUCHTEN VERBINDUNGEN

A,: Zinkcarbonat-Aluminiumoxyd (1:3).
A,: Zinkcarbonat-Silicagel (1:1).

S;: Aceton—paraffingesittigtes Wasser (9:1).
S,: Chloroform.

Sy: Acetonitril-Wasser (9:1).

S,: Benzol-Chloroform (r:1).

Rp
Verbindungen Ay Ae
Sy S Sy Sy

2,5,7,8-Tetramethyl-2-(f-carboxyithyl)-

6-hydroxychroman 0.34 0.00 0.30 0.00
Tocopheronolacton I.00 0.59 1.00 0.61
o-Tocopherylchinon 1.00 0.58 1.00 0.75
a-Tocopherol 1.00 0.72 1.00 0.83
y-Tocopherol 1.00 0.42 I.00 0.80
d-Tocopherol 1.00 0.31 1.00 0.67

fasst widergegeben. Eine gute Trennung des 2,5,7,8-Tetramethyl-2-(f-carboxyédthyl)-
6-hydroxychromans von allen aufgefithrten Verbindungen erreicht man mit dem
Adsorbens Zinkcarbonat-Aluminiumoxyd (5 g Zinkcarbonat, 15 g Aluminiumoxyd
nach Brockmann, 20 ml Wasser, 2 ml Wasserglas) und dem Lésungsmittelsystem
Aceton—paraffingesittigtes Wasser (9:1)* oder mit Zinkcarbonat-Silicagel (1o g Zink-
carbonat, 10 g Silicagel, 40 ml Wasser, 2 ml Wasserglas) und dem Laufmittel Aceto-
nitril-Wasser (9:1)5. Das Tocopheronolacton lisst sich am besten in dem System
Zinkcarbonat-Silicagel mit Benzol-Chloroform (1:1)* von den anderen Verbindungen
mit Ausnahme des §-Tocopherols abtrennen. Eine ausreichende Trennwirkung der
aufgefithrten Tocopherole wird mit Zinkcarbonat—Aluminiumoxyd und Chloroform
als Laufmittel erzielt ; dabei stéren das Tocopheronolacton, das 2,5,7,8-Tetramethyl-2-
(p-carboxyithyl)-6-hydroxychroman und a-Tocopherylchinon nicht.

Die Versuche wurden mit Glasplatten 12 X 18 cm durchgefiihrt, die aufgebrachte
Adsorbensmischung 25 min bei 110° aktiviert. Bei einer Steighéhe von 15 cm und
einer Schichtstirke von 0.50 mm betrigt die Laufzeit mit Benzol-Chloroform (1:1)
60 min, in allen anderen Systemen 30-35 min. Als Sprithreagenz zum Nachweis aller
untersuchten Verbindungen eignet sich eine 0.29%ige dthanolische Rhodamin-B-
Losung?.

Institut fisr Evnihvung dey Deutschen Akademie
der Wissenschaften zu Berlin, H. SCHMANDKE
Potsdam-Rehbriicke (Deutschiand)

LE. J. SimoN, A. E1sENGART, L. SUNDHEIM UND A. T. MiLHORAT, J. Biol. Chem., 221 (1956) 8o7.
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Eine neue spezifische Farbreaktion zum papier- und
diinnschichtchromatographischen Nachweis des Adenins

Die papier- und diinnschichtchromatografischen Farbreaktionen der Purin- und
Pyrimidinbasen, bzw. ihrer Derivate, sind dadurch charakterisiert, dass sie alle die
gleichfarbige oder nahe gleichfarbige Farbreaktion geben, so ist die Identifizierung
manchmal schwer'~4. In dieser Mitteilung behandeln wir die spezifische Farbreaktion
des Adenins, welche auf die Wirkung des entsprechenden Dragendorff-Reagenzes
und nach der Entwicklung auf die Wirkung der darauffolgenden verdiinnt schwefel-
sauren, bzw. perchlorsauren Besprithung auftritt.

Reagenzen™

(a) Dragendorff-Reagenz. 7.0 g Natriumjodid und 2.6 g basisches Wismutcarbonat
wird zo Min lang in zo ml Eisessig, in einer Destillierkolben, welcher mit einem Riick-
fiusskiihler versehen ist, gekocht (die Lésung ist dunkelrot!). Nachher wird 8o ml
Athylacetat dazugegeben, zusammengeschiittelt und fiir 2 Tage in den Kiihlschrank
gestellt. Von den ausgeschiedenen Natriumacetatkristallen wird die Losung nachher
kalt abfiltriert und dem Filtrat wird 0.5 ml dest. Wasser dazugegeben (ca. 100 ml
Stammlésung).

Verdiinnung zum Papier: 10 ml Stammldsung, 25 ml Eisessig, 60 ml Athylacetat;
zur Diinnschicht: 10 ml Stammlésung, 100 ml Eisessig, 240 ml Athylacetat.

(b) Schwefelsiure. Papier: N/zo H,SO,; Diinnschicht: 10 %-ige H,SO,.

(c) Perchlorsaure. Papier: 0.14 %-ige HCIO,; Dinnschicht: 1o %-ige HCIO,.

Liosungsmittelgemasche

Zur Papierchromatographie:

(a) Destilliertes Wasser®,

(b) n-Butanol-Eisessig-Wasser® (4:1:5).
Zur Diinnschichtchromatographie:

(a) Destilliertes Wasser”,

(b) Chloroform-Methanol-Wasser (65:25:4).

Papiere, Adsorbenten

Schleicher und Schiill 2043b, Kieselgel G, Szialgel 47** (ein siliciumoxyd- und
aluminiumoxydhiltiger Adsorbent).

Besprechung der Evgebnisse

VAcujFaLvi® fand bei dem Nachweis der Alkaloiden, dass nach der sogenannten
nichtwissrigen Dragendorff-Reagenz-Entwicklung, und der darauffolgenden N/z0
schwefelsauren Bespriihung, die Empfindlichkeit des Nachweises bei den meisten Alka-
loiden sich steigerte. Diese Erscheinung haben wir bei den Purin- und Pyrimidinbasen,
sowie bei ihren Derivaten ausprobiert, und wir fanden, dass mit dem Dragendorfi-
Reagenz nur das Adenin eine blasse zitronengelbe Reaktion gibt, aber wenn man das
Papier nach der Trocknung in N/2o H,SO, oder in 0.14 %-ige HCIO, Losung ein-

* Bei den Untersuchungen war mich E. SiMonFar behilflich.
** Unter Herstellung bei der Firma Reanal, Budapest.
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taucht, liefert das Adenin eine intensiv blutrote Reaktion, welche einen grésseren
Platz auf dem Papier einnimmt als die originale zitronengelbe Reaktion (Fig. 1).
Das Hypoxantin gibt die Reaktion nur zum Teil, mit blasser, orangegelber Farbe.
Diese Erscheinung ist auch auf dem Diinnschicht wahrnehmbar.

Laufmittel: n-Butanol - Eisessig- Wasser (4:1:5)

Zitronengetb
O (O

X X
Dragendorff N/20H,50,

Fig. 1. Papierchromatographisches Bild des Adenins.

Die anderen Nucleinbasen und Derivate reagierten auf die Nachbehandlung nur
mit blassgelber, nicht charakteristischer Farbe, oder gar nicht. Das AMP (Adenin-
monophosphat) ergibt auf die Wirkung der Nachbehandlung eine blasse orangegelbe
Farbe. Das ATP (Adenintriphosphat) ergibt eine ganz blassgelbe Reaktion.

Die verdiinnte perchlorsdurige Nachbehandlung ergab einen der schwefel-
saurigen Entwicklung dhnlichen Ergebnis.

Die Grenze des Nachweises war 1.
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Thin-layer chromatography of erythromycins

Ascending paper chromatography has been used in the analysis of erythromycins!-3,
In our laboratory, however, it became desirable to develop a method of chromato-
graphic analysis which would be more rapid, sensitive, and less subject to temperature
variation. As a result, a thin-layer chromatographic procedure for separating erythro-
mycins on silica gel plates was developed.

A method for the thin-layer chromatographic separation of cardiac glycosides
using methylene chloride-methanol-formamide (80:19:1) was described by StaHLA.
Since the erythromycin molecule contains sugar residues similar to the cardiac gly-
cosides, attempts were made to use the above solvent system for the thin-layer
chromatographic separation of erythromycins. Satisfactory results were obtained after
thesolvent system was modified toinclude benzene and variable amounts of formamide.

Frig o a5

Fig. 1. Thin-layer chromatography of crythromycins on silica gel G plates. Solvent system:

methylene chloride-methanol-benzene formamide (So:20:20:3); (relative humidity 26 9%).

(1) erythromycin A (5y); (2) 4" -acetylerythromycin At (5 (3) 2,4 -diacetylerythromycin A*

(57): (4) mixture of 1, 2, 3and 5 (10 7); (5) erythromycin A “Hemiketal”2 (5 ). Time of develop-
ment 30 min; spot detection with 509, aqueous 1,50, spray and charring.

' I’rcp;m;\l by Dr. P. H. JoxEs, Abbott Laboratories; procedure to be published.
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Glass plates (5 X 20 cm) were coated and activated according to the method of
STAHLS, using silica gel G (Merck) as the adsorbent layer. The solvent system used
for the development of the plates consisted of methylene chloride-methanol-benzene-
formamide (80:20:20:2-5 v/v/v/v). The amount of formamide in the system was
varied according to the humidity conditions present in the laboratory. At a relative
humidity of 20%, 5 volumes of formamide in the solvent system gave clear separation
of erythromycin A and B. Higher relative humidity conditions (30-40 %) required
3 or 2 volumes of formamide for separation.

The time of development varied from 30-40 min. Chromatographic separation was
completed when the solvent front advanced to 10 cm from the origin.

Detection of the spots was carried out by spraying the plate with 10 % phospho-
molybdic acid in ethanol. Upon heating on a hot plate, blue spots appeared on a
yellow background. Spraying the plate with 50 % aqueous H,SO, and heating on a
hot plate charred the erythromycins. Although the phosphomolybdic acid spray is

Fig. 2. Thin-layer chromatography of erythromycins on silica gel G plates. Solvent system:

methylene chloride-methanol-benzene-formamide (80:20:20:4); (relative humidity 259%). (1)

erythromycin A (2 9); (2) erythromycin B (2 9); (3) anhydroerythromycin® (2 y); (4) 2"-acetylery-

thromyecin? (2 §): (5) mixture of 1, 2, 3 and 4 (4 »). Time of development 40 min: spot detection
with 509, aqueous H,50, spray and charring.

J. Chromalog., 14 (1964) 127-129
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more sensitive, the spots tend to fade rapidly one to two hours after spraying. Char-
ring with H,50, is preferable if the spots should remain visible for documentation.

Erythromycin A and B, erythromycin A “Hemiketal’’2, anhydroerythromycin®,
and several erythromycin acetates were separated using the methylene chloride-
methanol-benzene—formamide solvent system (Figs. 1 and 2).

Thin-layer chromatography on silica gel G plates using the methylene chloride~
methanol-benzene—formamide system has proven to be an efficient and sensitive
method for the separation of erythromycins. This procedure is preferable to paper
chromatography since the time of analysis is greatly decreased.
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Bioautography of antibiotic spread-layer chromatograms

Thin-layer chromatography (TLC) of antibiotics is receiving increasing attention!-5,
In comparison with paper chromatography, TLC has greater resolving power, is the
more rapid of the two techniques and can be more easily scaled up to preparative
scale. A necessary adjunct to any chromatographic technique is a means of detection;
with TLC, U.V. absorption, U.V. fluorescence, color producing reagents, charring
with mineral acids and heat, and bioautography are methods in use. For antibiotics,
bioautography is preferable and necessary because it is usually more sensitive than
chemical methods and detects only biologically active components.

Several reports in the literature describe bioautography of antibiotics separated
by TLC. NicoLaus, CORONELLI AND BINAGHI! poured agar seeded with Bacillus
subtilis over the developed chromatographic plate, while BICKEL et al.® and Bro-
DASKY® pressed the chromatographic plate onto seeded agar plates. These investiga-
tors used adsorbents containing binder. In our studies, we have used the spread-layer
technique ®, in which no binder is present in the adsorbent. Some advantages of this
method are: alumina plates can be prepared and used within a matter of minutes,
alumina of the desired activity can be used and the need for costly spreading devices

J. Chromatog., 14 (1964) 129-132
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is eliminated. The purpose of this communication is to describe a means for the bio-
autography of such chromatograms. The applicability of this method to antibiotics
with different biological activities will be demoustrated.

Experimental

Alumina (Woelm) and silica gel H (Merck) were spread on 3 x 8 in. glass plates by
means of a glass rod. A double thickness of adhesive tape was wrapped about each
end of the glass rod so that the tape rested on the edges of the glass plate when the
rod was held in a horizontal position. The thickness of the tape wrapping determines
the clearance between the glass rod and the surface of the plate, and hence the thick-
ness of the adsorbent layer. The rod is drawn back and forth over the plate several
times, removing any surface imperfections and excess adsorbent. The adsorbent
layers used in our studies were approximately 0.5 mm thick. Alumina, of the required
activity, was spread as a dry powder and silica gel H as an aqueous slurry prepared
by the addition of 2—2.5 parts water. The alumina plates were ready for immediate use
whereas the silica gel H plates were air dried at room temperature overnight before
use. The antibiotics and chromatographic systems used were: thiostrepton — neutral
alumina adjusted to activity IV, developed with 5 % methanol in chloroform; erythro-
mycin, nystatin and polymyxin B sulfate —silica gel H developed with methanol.

For bioautography with bacteria, zoo ml of Base Agar and 100 ml Seed Agar
(Baltimore Biological Laboratories, Baltimore, Maryland), each with added 0.5 %
sodium chloride, were poured into 8 X 13 in. sterile Pyrex baking dishes covered
with aluminum covers. The Seed Agar contained 1 ml of an aqueous 2% (W/V)
solution of 2,3,5-triphenyl-2H-tetrazolium chloride and 2.5 ml of a 24 h broth culture
of the indicator organism. Staphylococcus aureus 209 P and Escherichia coli ATCC
10536 were grown in Penassay Broth (Difco Laboratories, Detroit, Michigan) and
Streptococcus lactis (Squibb Culture Collection No. 1783) in Micro Inoculum Broth
(Difco). For the yeast, Saccharomyces cerevisiae (Squibb Culture Collection No. 1600),
the agar medium was of the following composition: tryptone, 5 g; malt extract, 3 g;
glucose, 10 g; yeast extract, 3 g; agar, 15 g; distilled water, 1 1. This medium, lacking
agar, was used to prepare the inoculum, which was 2.5 ml of a 24 h culture incorpo-
rated into the seed agar. No dye was added to this medium.

For bioautography, a 3 x II in. sheet of Whatman No. 1 paper, wetted by
dipping through distilled water, was centered over a clean glass plate of the same
size as the chromatographic plate. The filter paper tabs, extending beyond each end
of the glass plate, were folded back over the glass plate and the assembly carefully
placed on top of the chromatographic plate, resulting in a sandwich, with the filter
paper and adsorbent layer between the glass plates. The filter paper tabs were folded
back over the ends of the chromatographic plate, and the sandwich inverted sothat the
chromatographic plate was on top and the glass support plate on bottom. The latter
was set aside, leaving the filter paper adhering to the glass chromatographic plate by
means of the filter paper tabs. This assembly was carefully placed on the surface of
the seeded agar.

Initially, our technique consisted of incubating the developed chromatographic
plate on the agar surface seeded with S. aureus 209 P for 16 h at 37°. This method
was unsuccessful because the organism did not grow under the chromatographic plate.
The technique was modified by removing the chromatographic plate and filter paper

J- Chromatog., 14 (1904) 120-132
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Fig. 1. Bioautogram of TLC plates of varying amounts of thiostrepton.
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after one hour diffusion time at room temperature, and subsequent incubation at
37° for 16 h. However, this method did not yield consistent results. The procedure
as developed with S. aureus 209 P was to incubate the chromatographic plate on the
seed agar surface for 16 h at 4° to allow diffusion of the antibiotic into the agar.
The chromatographic plate and filter paper were removed and the seeded agar exam-
ined after an additional overnight incubation at 37°. Sharp, well defined antibiotic
zones of inhibition were consistently obtained. Because two overnight incubation
periods were inconvenient, a more rapid procedure was sought. Streptococcus lactzs,
facultative in respect to oxygen, was substituted for Staphylococcus aureus, and it
proved possible to obtain results after overnight incubation at 37° with the chromato-
graphic plate and filter paper lying on the agar surface. Growth of the organism
occurred only under the area covered by the glass plate. Sharp, well defined antibiotic
zones of inhibition were easily obtained.

The sensitivity of this technique is of the same order of magnitude as that ob-
tained with paper chromatography. Figs. 1 and 2 show the size of the inhibition zones
when graded amounts of thiostrepton and erythromycin respectively were chromato-
graphed by TLC and bioautographed against S. lactis. Aslittle as 0.001 ug thiostrepton
and 0.05 ug erythromycin were detected.

With suitable indicator organisms, antibiotics active against gram negative
organisms and antibiotics active against yeast and fungi could be detected. For
example, Escherichia coli was used to detect polymyxin B sulfate and Saccharomyces
cerevisiae served as a useful organism for the bioautography of nystatin.

Basic alumina, neutral alumina and silica gel posed no problemsin bioautography.
None of these adsorbents showed any adverse effect upon growth of the indicator organ-
isms and concomitant reduction of the tetrazolium dye. Acid washed alumina, on
the other hand, inhibited the growth of the organisms. With the agar seeded with
bacteria, the inhibition was overcome by incorporation of either 0.1 M Tris buffer
or 0.1 M K,HPO, into both Base and Seed Agar, and adjusting the pH to 7.5 prior
to sterilization. With agar seeded with the yeast, incorporation of 0.1 M KH,PO,
into the medium and adjustment of the pH to 6.0 prior to sterilization resulted in
good growth under the chromatographic plate.

These bioautographic techniques for spread-layer chromatograms are proving
very satisfactory. The convenience of spread-layer chromatography and the specificity
and sensitivity of bioautography makes them valuable tools in our studies of antibiotics.
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Diinnschichtchromatographischer Nachweis von stérenden
Verbindungen in der Bestimmung des
Dimethyl-dithiophosphorsiureesters des N-Methyl-benzazimids

Die von MEAGHER und Mitarbeitern! veréffentliche Methode zur Bestimmung von
Riickstinden des Dimethyl-dithiophosphorsiureesters des N-Methyl-benzazimids,
ein Pflanzenschutzmittel welches unter den Namen Gusathion, Cotnion, Guthion im
Handel bekannt ist, wurde mit Erfolg auch von andere Autoren® 3 angewandt. Die
Methode (Zersetzung des Wirkstoffes mit 1 N NaOH zum Natrium-anthranilat,
Ansauerung mit HC}, Diazotierung, Verkupplung mit N-(x-Naphthyl)-ithylendiamin-
dihydrochlorid und kolorimetrische Bestimmung des gebildeten Farbstoffes) ist auch
zur Bestimmung des Wirkstoffes in formulierten Produkten mit sehr gut reproduzier-
baren Resultaten anwendbar.

MEeAGHER und Mitarbeiter! geben an, dass in der Riickstandsanalyse die even-
tuellen Abbaustoffe wie das Benzazimid (4-Oxo-3-H-1,2,3-benzotriazin) (I), das
Hydroxymethyl-benzazimid (4-Oxo-3-hydroxymethyl-1,2,3-benzotriazin) (II), keine
interferierende Wirkung in der Bestimmung haben. Bei der Untersuchung des Ver-
haltens anderer Benzazimid-Derivaten konnten wir feststellen dass im Falle des
Chlormethyl-benzazimids (4-Oxo-3-chlormethyl-1,2,3-benzotriazin) (III), welches
unter Umstdnden als Begleitstoff auftreten kann, eine interferierende Wirkung vor-
liegt: zum Unterschied vom Hydroxymethyl-benzazimid (IT) und dem Benzazimid (),

o o
i i
H_ \I/C\E\ HO—CHZ—l}T/C\/x c1-CH2—$/C\| \j
SN NN Nan 7
II 111
0 o
CH, o\ I C,H,0 § !
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CH,O oo C,H,0 N M
S\ ° [N N
v %

wird das Chlormethyl-Derivat (III) von 1 N NaOH in den Bedingungen der
MEAGHER’schen Arbeitsvorschrift, zum Anthranilat zersetzt und somit bewirkt seine
Gegenwart erhohte Resultate in der Bestimmung des Wirkstoffes. Den Nachweis
dieses eventuellen Begleitstoffes, wie auch anderer Begleitstoffe des Pflanzenschutz-
mittels konnten wir diitnnschichtchromatographisch erbringen. Bei der Verwendung
des von BiuMLER UND RippSTEIN? fiir Thiophosphorsiureester vorgeschlagenen
Fliessmittels (Hexan—Aceton (4:1)) gelang es uns eine zufriedenstellende Auftrennung
eines von uns dargestellten Gemisches des Wirkstoffes und der eventuellen Begleit-
stoffe zu erzielen. Mit dem gleichen Fliessmittel wird unterschieden, wie auf Grund
von der Mitteilungen von BAUMLER UND RIPPSTEIN* auch zu erwarten war, der
Dimethyl-dithiophosphorsdureester (IV) vom Didthyl-dithiophosphorsidureester (V)
des N-Methyl-benzazimids, also das Methyl- vom Athyl-Derivat des Wirkstoffes,
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welche ebenfalls als Storstoffe, einer bei der kolorimetrischen Bestimmung des andern?,
auftreten kénnen.

Wir verwendeten mit Kieselgel G beschichtete Platten. Zum Sichtbarmachen
der Wirkstoffe und eventuellen Begleitstoffe wurden die Platten nach einer Laufzeit
von 45 Min. getrocknet und mit N-Phenyl-z-naphthylamin-8, oder, nach ent-
sprechender Vorbehandlung, mit N-(1-Naphthyl)-dthylendiamindihydrochlorid®-*
bespriiht. Diese Reaktion liefert, fiir simtliche besprochene Verbindungen, rotviolette
bezw. intensiv violette Flecken. Das Benzazimid (I) und das Hydroxymethyl-
benzazimid (IT) welche bei der kolorimetrischen Bestimmung des Wirkstoffes nicht
stéren, werden auf der Platte, unter den hiirteren Bedingungen der grossen NaOH-
Konzentration und Hitze, unter Aufspaltung des Benzazimid-Ringes, ebenfalls zu
Anthranilsiure zersetzt und sind aus diesem Grunde in obiger Weise anfarbbar.

Das Methyl- (IV) und Athyl-Derivat (V) des Wirkstoffes kénnen, zwecks besserer
Differenzierung, ausser ihren Rp-Werten, auch auf anderer Weise von den Benzazi-
mid-Derivaten (I, IT und ITI) unterschieden werden. Zu diesem Zweck werden die zu
untersuchenden Stoffe in zwei identischen Gruppen, jede auf einer Hilfte einer
20 X 20 cm Platte aufgetragen. Die Vorbehandlung ist identisch fiir die ganze Platte
zwecks Anfirbung nach Variante II (siehe unten), bis nach dem Besprithen mit
3 N HCI. Die Benzazimid-Derivate (I, IT und III) liegen dann als Anthranilsiure vor,
die Wirkstoffe (IV) und (V) als ein Gemisch von Anthranilsiure und Dimethyl- oder
Diidthyl-dithiophosphorsiure und sind somit zu dem von FISCHER UND KLINGEL-
HOLLER! 11, zwecks toxikologischem Nachweis, beniitztem Spaltstiick gebracht
worden.

Wenn wir nun auf der einen Halfte der Platte (wihrend die andere Hilfte mit
einer Glasscheibe geschiitzt ist) die Behandlung, nach Vorschrift, mit NaNO, und
N-Naphthyl-dthylendiamindihydrochlorid fortsetzen und dann die andere Halfte
mit dem von FIscHER UND KLINGELHOLLER vorgeschlagenem Reagens (3% Na-
triumazid in einer N/1o Jodlssung) behandeln, erscheinen auf der einen Halfte die
intensiven violetten Flecken simtlicher Verbindungen auf weissem Grund und auf
der zweiten Hilfte nur die weissen Flecken der schwefelhdltigen Wirkstoffe auf
gelbem Grund.

Die Rp-Werte der verschiedenen Substanzen sind in der Tabelle I angegeben.
Die Verbindungen (I) und (II) zeigen identische Werte. Da sie in der kolorime-
trischen Bestimmung nicht stéren, wurden keine weiteren Fliessmittel zwecks Auf-

TABELLE I

]\)F—\VERTE VON BENZAZIMID UND DERIVATEXN

Substanz Rp
4-Ox0-3-H-1,2,3-benzotriazin (I) 0.39 4- 0.03
4-Ox0-3-hydroxymethyl-1,2,3-benzo-

triazin (I11I) 0.30 + 0.03
4-0Ox0-3-chlormethyl-1,2,3-benzo-

triazin (I11) 0.65 4+ 0.04
Dimethyl-dithiophosphorsiureester des

N-Methyl-benzazimids (IV) 0.44 = 0.04
Diathyl-dithiophosphorsidureester des

N-Methyl-benzazimids (V) 0.56 £ 0.04
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trennung untersucht. Es empfiehlt sich auf dem Chromatogramm Testsubstanzen
parallel laufen zu lassen.

Praktische Durchfithrung

Es wurden Platten von 100 X zoo mm und 200 X zoo mm verwendet. Die Be-
schichtung erfolgte mit Kieselgel G nach Stahl (E. Merck, Darmstadt) mit einem
Desaga-Streichgerit. Schichtdicke 0.25 mm. Fliessmittel: Hexan—Aceton (4:1).

Variante I. Nach einer Laufzeit von 45-50 Min. wurden die Platten bei 70° ge-
trocknet und mit N-Phenyl-z-naphthylamin bespritht (ca. 1 g N-Phenyl-2-naphthyl-
amin werden in 5 ml Aceton gelost und dann mit 40 ml Essigsdure g6 % und 15 ml
HCl 30 9% verdiinnt).

Variante II. Nach obiger Laufzeit und Trocknen wurden die Platten mit 1 N
NaOH bespriiht, bei 70° getrocknet, mit 3 N HCI bespriiht, bei 70° getrocknet, mit
0.2 %-iger Natriumnitritlésung in N/10 HCl bespriiht, bei 60° getrocknet um schliess-
lich mit 0.2% wissriger Losung von N-Naphthyl-ithylendiamindihydrochlorid
bespriiht und angefdrbt zu werden.

Die untere Nachweisgrenze fiir beide Anfarbungen ist 1—2 y.

Sichtbarmachen der Thiophosphorsiureesier mit Natriumazid. Nach Besprithen
mit 3 N HCI (Variante II) und Trocknen bei 70° wird das Chromatogramm mit einer
Losung von 3 % Natriumazid in N/1o Jodlésung bespriiht.

Die Autoren danken der Direktion der Makhteshim Chemical Works fiir die
Erlaubnis zur Veréffentlichung und Herrn E. GLoTTER fir die Einfithrung in die
Diinnschichtchromatographie.

Makhteshim Chemical Works Lid., D. Katz
Beer-Sheva (Israel) I. LEMPERT
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Séparation des acides aminés par chromatographie en couche mince
de diéthylaminoéthyl-cellulose

Depuis P'introduction par StaHL! de la chromatographie en couche mince dans la
pratique courante cette méthode s’est rapidement imposée dans divers domaines de
la chimie analytique?3. L’avantage de cette technique est son caractére micro-ana-
lytique — des quantités de I'ordre de 0.5 ug d’un aminoacide peuvent étre révélées —
et sa rapidité d’exécution.

Plusieurs supports ont été proposés pour la séparation desacides aminés: alumine?,
silicagel®, cellulose® et dextrannes”S.

Dans la présente note, nous apportons quelques résultats obtenus dans la sépa-
ration des aminoacides en couche mince de diéthylaminoéthyl (DEAE)-cellulose. Ce
support a été déja utilisé par KNIGHT*! sous forme de papier avec des tampons
aqueux comme liquides de développement. La chromatographie sur DEAE-cellulose,
appliquée en’couche mince sur une plaque de verre et avec des solvants organiques
comme moyen de développement, permet la séparation de tous les aminocacides
courants avec la méme simplicité et rapidité que sur d’autres supports. De plus, sur
DEAE-cellulose, la ninhydrine donne avec certains aminoacides des colorations
spécifiques permettant de les identifier facilement; d’autre part la sensibilit¢ de la
révélation par ce réactif atteint 0.05 ug pour la plupart de ces derniers.

Partie expérimentale

Préparation des plagues. La dimension des plaques de verre est de 20 X 20 cm et
accessoirement de 13 X 16 cm. Le nettoyage préalable de ces plaques par un détergent
tout d’abord, par la soude caustique ensuite, est indispensable pour obtenir une bonne
adhérence du support.

La DEAE-cellulose est une préparation MN 300 DEAE”. Selon les indications du
fabricant, on mélange 8 g de poudre MN 300 DEAE avec 2 g de poudre MN 300 (poudre
de cellulose) et go ml d’eau distillée. La suspension peut étre étalée sur la plaque, soit
au moyen d'un appareil approprié, soit simplement au moyen d’une spatule. La
fluidité de la suspension permet en effet, en inclinant rapidement la plaque tenue sur
une main, tantét d'un co6té tantét de l'autre, d’obtenir un étalement régulier de la
couche. Les plaques sont séchées & température ambiante sur une surface parfaitement
horizontale. :

Les meilleurs résultats sont obtenus lorsqu’on lave la chromatoplaque au préalable
en faisant une “‘chromatographie 4 blanc” dans le systéme de solvants utilisé. Quand
le solvant atteint le bord supérieur de la chromatoplaque, on la séche, et aprés l'appli-
cation des échantillons a analyser, on l'utilise dans le méme sens qu’au cours du lavage.
Ce traitement préalable s’avere indispensable pour les systémes de solvants contenant
comme composant un acide organique; dans ce dernier cas, la DEAE-cellulose doit
étre saturée par l'acide. Le traitement indiqué ci-dessus peut étre remplacé par un
lavage rapide de la chromatoplaque au moyen d'une solution de I'acide a 209, dans
le méthanol.

Les échantillons & analyser sont appliqués de la maniére habituelle. Des quantités

* Ets. Macherey, Nagel & Co, Diiren, Allemagne.
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comprises entre 0.05 et 2 ug de chaque aminoacide peuvent étre utilisées. Les points
d’application des échantillons doivent étre soigneusement séchés.

Le développement se fait toujours dans le sens ascendant. On peut prolonger la
chromatographie en adaptant sur le bord supérieur de la chromatoplaque une bande
de papier Whatman No. 1 de la méme largeur. Cette bande est appliquée contre la
couche au moyen d'une plaque de verre de 3 X 20 cm, tenue 4 ses deux bords par des
pinces a dessin. La bande de papier qui prolonge ainsi la couche, passe sous le couvercle
et sort de la cuve de chromatographie sur une longueur de quelques centimeétres. Ce
dispositif permet 1’évaporation du solvant au fur et & mesure qu’il arrive dans cette
zone.

Il est possible de faire la chromatographie bidimensionnelle sur ce support a
condition d’utiliser soit une paire de systémes ne contenant pas d’acide, soit deux
systémes successifs contenant comme composant le méme acide.

Solvants. Parmi la douzaine de systémes de solvants examinés, g ont été retenus:

1. Propanol-ammoniaque 2 N (80:20, v/v). Pour éviter que certains acides aminés
ne donnent deux taches (leucine, phénylalanine, etc.), avant le développement la
chromatoplaque doit étre passée au-dessus d’'un flacon d’ammoniaque concentrée, ou
bien équilibrée pendant 1 ou 2 h dans la cuve avec les vapeurs des solvants utilisés.
L’emploi du butanol & la place du propanol donne le méme type de séparation entre les
acides aminés mais avec des Rp plus petits.

2. Isopropanol-ammoniaque 2 N (80:20, v/v). Mémes précautions que pour
systéme 1.

3. Butanol secondaire-butanol tertiaire-méthyléthylcétone—eau (1:1:1:1, v/V),
en présence de 0.5% de diéthylamine. Les mémes précautions que pour systéme I.

4. Pyridine-eau (80: 20, v/v). Le lavage préalable de la chromatoplaque par le
systéme de développement, ainsi que nous 'avons indiqué ci-dessus, est recommandé
afin d’éviter des trainées.

5. Méthanol-pyridine—eau (80:4:20, v/v).

6. Butanol-acide acétique—eau (4:1: 5, v/v), phase supérieure. Le traitement pré-
alable de la chromatoplaque par le systéme de développement, ou bien par le méthanol
contenant 209, d’acide acétique est indispensable (voir ci-dessus).

7. Méthyléthylcétone-pyridine-acide acétique—eau (70:15:2:15, v/v). Voir sys-
téme 6 pour le traitement préalable de la chromatoplaque.

8. Pyridine-acide acétique—eau (30:10:7, v/v). Voir systéme 4 pour le traitement
préalable de la chromatoplaque.

9. Méthanol-pyridine-acide acétique—eau (80:4:1:20, v/v). Voir systeme 6 pour
le traitement préalable de la chromatoplaque.

Valeurs Rp. Dans le Tableau I nous avons réuni les Ry des aminoacides dans les
solvants cités ci-dessus. Pour faciliter la comparaison entre les Rp obtenus dans les
divers solvants, nous avons préféré disposer les aminoacides dans 'ordre dans lequel
ils apparaissent en général sur une chromatoplaque ('ordre des Ry décroissants).

Discussion

La chromatographie des aminoacides en couche mince de DEAE-cellulose présente
quelques avantages sur celles utilisant d’autres supports: elle apparait plus sensible
et permet I'obtention de colorations spécifiques pour certains aminoacides révélés a
la ninhydrine, ce qui facilite leur identification. I1semble que cette coloration spécifique

J. Chvomatog., 14 (1964) 136-139
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soit due & la présence dans la DEAE-cellulose d'un groupe aminé substitué. En effet,
des colorations spécifiques sont également observées sur un support formé par I'épi-
chlorhydrine triéthanolamine (ECTEOLA)-cellulose, alors qu’elles ne le sont pas dans
le cas des supports cellulosiques ne contenant pas de groupes aminés (CM-cellulose)
(résultats non publiés).

Laboratoire de Morphologie Expérimentale PeprO DE LA LLosa
el Endocrinologie, Collége de France, Paris (France) COLETTE TERTRIN
MARIAN JUTISZ
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The use of Sephadex G-25 in partition column chromatography

Cellulose powder column chromatography has been used for the separation of a variety
of materials, 4.e. sugars and amino acids. However, it has not always been as successful
in resolution as might have been predicted from the results obtained with paper sheet
chromatography. The main difficulty has been the packing of a uniform column.
Modifications have been made in the preparation of the cellulose, as well as the use of
other column materials such asstarch, but these also suffer from the problem of pre-
paring columns which will give reproducible results.

Sephadex, a cross-linked dextran (obtained from Pharmacia, Inc. as Sephadex
G-25), has been used very successfully in the fractionation of various biological
materials according to their molecular size!. This cross-linked dextran has not been
as useful for the fractionation of mixtures of individual monosaccharides or amino
acids by what is essentially adsorption chromatography?.

We have used Sephadex G-25 partition column chromatography to separate mix-
tures of sugars, amino acids and to some extent a purine and a nucleoside. The method
utilizes various solvent mixtures previously used for paper partition chromatography
of the materials to be separated.

Experimental

The solvents used were: solvent A, butanol-i-acetic acid-water, 62:15:25 (by
volume) and solvent B, ethanol-1 M ammonium acetate pH 7.5, 7:3 (by volume}. To
prepare the columns, 5-10 g of dry Sephadex G-25 powder was stirred for 18-24 h with

J. Chvomaiog., 14 (1964) 139-141
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100 ml of the solvent used for chromatography. The Sephadex G-25 slurry can be
stored in the solvent until used. The Sephadex was then poured as a thick slurry into
a glass chromatographic tube with a sintered glass disc bottom, containing about 5 ml
of solvent. The slurry is allowed to settle to form the column. Depending on the
solvent, 5 g of Sephadex powder will make a column of 5 to 10 ml volume. After the
column is attached to an automatic fraction collector, the solvent is allowed to descend
to the top of the column bed and the sample dissolved in the same solvent is applied.
At this point collection of fractions is started; when the sample has all gone into the
column, fresh solvent is added carefully so as not to disturb the column bed. Finally
the column is connected to a solvent-containing reservoir.

In an experiment to separate 500 ug each of glucose, rhamnose, N-acetylglucos-
amine and glucosamine, 1 ml fractions were collected from a column with a bed volume
of ca. 5 ml. Fractions were tested for the presence of sugar by spotting 25 ul aliquots
of each tube on paper, and visualized by use of the alkaline silver nitrate reagent
described by TREVELYAN3. The tubes containing sugar were then chromatographed in
solvent A on Whatman No. 1 paper to identify the sugars present. Table I shows a
comparison of the results obtained from a 5-ml column and a second column of
greater volume (8-10 ml). The results indicate that the Rgn* values obtained are
reproducible.

TABLE I

COMPARISON OF SEPARATION WITH SEPHADEX COLUMNS

5 ml column 10 ml column
Sugar Elution volume Rop* Elution volume Rep*
(mi) Eh (ml) Rh
Rhamnose II 1.0 36.4 1.0
N-Acetylglucosamine 13 0.84 42.4 0.87
Glucose 21 0.52 64 0.52
Glucosamine- HCI1 31 0.35 91.8 0.39

Elution volume rhamnose
Elution volume compound

*
Rpp =

The main disadvantage is that the slower moving components, although well
separated, tend to tail, giving more diffuse peaks than do the faster moving com-
ponents.

The larger column (1o ml) was also used to fractionate a mixture of amino acids
and amino sugars using solvent A. A mixture of muramic acid (755 ug), alanine
(396 ug), glutamic acid (510 ug), glucosamine- HCI (750 ug), and lysine (505 ug) was
applied to the column in a volume of 2.0 ml. Fractions of 3.5 ml were collected, and
the tubes containing the materials were found by the use of ninhydrin on spots made
on paper. The material in each tube was then identified by paper electrophoresis in
2 N acetic acid.

Table II gives the peak volumes in which the compounds were eluted from the
column. Alanine and glutamic acid were not completely separated but might well

Elution volume rhamnose

*
Rpy =
A% = Elution volume compound

J- Chromatog., 14 (1964) 130-141



NOTES 141

have been if smaller fractions had been taken. The volume required to elute glucos-
amine- HCI from this run and the volume needed in the run previously described in
Table I were similar (87.5 and 91.8 ml respectively) indicating the reproducibility of
these columns.

TABLE II

ELUTION VOLUMES OF AMINO COMPOUNDS FROM SEPHADEX COLUMN

Amino compound Elution volume

(ml)
Muramic acid 38.3
Alanine 45.5
Glutamic acid 49.0
Glucosamine- HCl 87.5
Lysine 119

The order of elution of the compounds from the columns is identical with that
found on paper sheet chromatography in the same solvent. Using a column of 5 ml
volume and solvent B, a mixture of adenosine and adenine can readily be separated.

The method described using Sephadex G-25 as a packing for a partition chromato-
graphic column seems to be a useful and reproducible method for separation of sugars
and amino acids. The capacity of the columns or the effects of other chromatographic
solvents, or of varying the degree of cross linking of the Sephadex on the results and
efficiency of the elutions have not been determined.

Research Department, CIBA Phaymaceutical Company, L. D. ZELEZNICK®
Summat, N.J. (U.S.A4.)
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of phosphorus compounds. VII. The hydrolysis of phosphorus tribalides and pseudohalides.
J. Chvomatog., 11 (1963) 383-388.

RupoirF, H.: (Paper chromatographic detection of alkali metals). Deut. Apotheker-Zig., 102
(1962) 1571~1572; Anal. Abstr., 10 (1962) 3596.

34. RADIOACTIVE COMPOUNDS

MaGNUssoN, G.: Purity and stability of commercial sodium iodohippurate labelled with iodine-131.
Nature, 195 (1962) 591-592.

Thin-layer Chromatography

3. TECHNIQUES 1

AMENTa, J. S.: Use of sequentially applied location reagents and multiple transparent overlays in
thin-layer chromatography. J. Chkromatog., 11 (1963) 263—264.

DAUVILLIER, P.: Chromatographie préparative sur plaques. Confection d’un mélange (gel de silice~-
platre) permettant un étalement homogeéne de couches épaisses et leur séchage sans craque-
lures. Application au moyen d’un nouvel appareil. . Chromaiog., 11 (1963) 405-407 —
retardation of solidification by preheating to 500° for 4 h, decrease of CaSO,4 content to
5% and slow drying.

Marcucct, F. anp Mussini, E.: A new apparatus for thin-layer chromatography. J. Chromatog.,
11 (1963) 270—271 — the plate progresses at a constant speed during spreading.

RananDprAHA, T.: Utilisation de la poudre de verre en chromatographie sur couche mince. Chro-
matographie Symposium II, Société Belge des Sciences Pharmaczutiques, Bruxelles, 1962,
publ. 1963, pp. 261—276.

WoHLLEBEN, G.: The adsorption system in column and thin-layer chromatography. Recent
results. Chromatographie Symposium 11, Société Belge des Sciences Phavmaceutiques. Bruxelles,
1962, publ. 1963, pp. 281—283 — discussion of the standardization.

WomnnLicH, J. J.: Chromatographie sur verre sablé et muni de couches minces. Chromalographie
Symposium II, Société Belge des Sciences Phaymaceutiques, Bruyeiles, 1962, publ. 1963,
pp. 255—260 — chromatography of amino acids, sugars and lipids on glass layers.

7. PHENOLS

AURENGE, J., DEGEORGES, M. AND NORMAND, J.: Séparation et dosage par chromatographie sur
couche mince de différents constituants issus de la synthése du diphénylolpropane. Bull. Soc.
Chim. France, (1963) 1732—1739.

ScrorN, P. J.: Diinnschichtchromatographie von Phloroglucinbutanonen. Chromatographie
Symposium II, Société Belge des Sciewces Phavmaceutiques, Bruxelles, 1962, publ. 1903,
Summary, p. 307.

8. SUBSTANCES CONTAINING HETEROCYCLIC OXYGEN

HAnser, R., LanGHAMMER, L., FrRENzEL, J. aND RANFT, G.: Diinnschichtchromatographische
Untersuchungen an Anthochlor-Pigmenten. Vergleich des natiirlichen Bractein-Aglykons
mit synthetischem 4,6,3',4’,5-Pentaoxy-auron. J. Chromatog., 11 (1963) 369-375 — Rr
values of 11 aurones and 1o chalcones.

11. ORGANIC ACIDS AND SIMPLE LIPIDS

GoEBELL, H. AND KLINGENBERG, M.: Diinnschichtchromatographie von Tricarbonsiurezyklus-
Substraten mit Autoradiographie. Chromatographie Symposium 11, Société Belge des Sciences
Phaymaceutiques, Bruxelles, 1962, publ. 1963, pp. 153-165 — two-dimensional chromatog-
raphy on cellulose layers; quantitative analysis after elution.

RoNkKAINEN, P.: Die Diinnschichtchromatographie der Ketosduren. J. Chromatog., 11 (1963)
228-237 — Ry values of 8 keto acids.
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13. STEROIDS

CHAMBERLAIN, J. AND THoMmAs, G. H.: Ry values in adsorption chromatography. J. Chromatog.,
11 (1963) 408-409 — Ry values of 19 steroids.

15. TERPENE DERIVATIVES

Jorxk, H.: Die Diinnschicht-Chromatographie als Analysenmethode zur Untersuchung lipophiler
sekundédrer Pflanzeninhaltsstoffe unter besonderer Beriicksichtigung der Harze und Bal-
same. Chromatographie Symposium 11, Société Belge des Sciences Phavmaceutiques, Bruxelles,
1962, publ. 1963, pp. 213-223 —— Silica gel G impregnated with paraffin oil or silicone oil;
19 various resins.

21. PURINES, PYRIMIDINES, NUCLEOSIDES, NUCLEOTIDES,
NUCLEIC ACIDS, BARBITURATES

Correy, R. G. AND NEWBURGH, R. W.: The effect of calcium sulfate as the binder in DEAE-
cellulose thin-layer chromatography for separating nucleic acid degradation products.
J. Chvomatog., 11 (1963) 376-382 — improvement with suitable amounts of CaSO,.

DvER, T. A.: The separation of the nucleotides of an alkaline hydrolysate of ribonucleic acid by
thin-layer chromatography. J. Chrvomatog., 11 (1963) 414—415 — on DEAE cellulose.

MEHAPATRA, G. N. aAND FriEDMAN, O. M.: Separation of isomeric methylated deoxyguanosines
on thin cellulose layers prepared with a glass rod applicator. J. Chromatog., 11 (1963) 265-266.

22. ALKALOIDS

Ixkram, M., Miana, G. A. anD IsLam, M.: Chromatographic separation of Rauwolfia sevpentina
and opium alkaloids on thin layers of alumina. J. Chromatog., 11 (1963) 260—262 — Rp values
of g alkaloids.

Paris, R. R. anD Paris, M.: Chromatographie en couche mince des alcaloides et des pigments
anthocyaniques. Bull. Soc. Chim. France, (1963) 1597—1599.

25. ORGANIC PHOSPHORUS COMPOUNDS

WAGNER, H.: Diinnschichtchromatografie von Phosphatiden, Glykolipiden und Ubichinonen.
Chvomatographie Symposiwm I1, Société Belge des Sciences Phavmaceutiques, Bruzelles, 1962,

publ. 1963, Pp. 243—253.
28. ANTIBIOTICS

GOSSELINCKX, F. anD PARMENTIER, G.: Chromatographic separation of the components of
staphylomycin. Chromatographie Symposium 11, Société Belge des Sciences Phavmaceutiques,
Bruxelles, 1962, publ. 1963, pp. 181-190 — thin-layer, paper and column chromatography.

29. INSECTICIDES AND OTHER PESTICIDES
Kovi¢, J.: Bestimmung von O,0-Dimethyl-O-(3-methyl-4-nitrophenyl)-thiophosphat in tech-
nischen Produkten nach vorhergehender Abtrennung der Begleitstoffe mittels Dinnschicht-
chromatographie. J. Chrvomatog., 11 (1963) 412—413 — polarography after chromatography
on Si0, (Siloxyd).

30. SYNTHETIC AND NATURAL DYES

EdceRr, K.: Diinnschicht-Verteilungschromatographie der Plastidenpigmente. Chromatographie
Symposium II, Société Belge des Sciences Phaymaceutiques, Bruxelles, 1962, publ. 1963,

pp- 75-80.
Ruiz, I. SAENZ Lascano AND LarocHE, C.: La chromatographie sur couches minces des colorants

synthétiques. Bull. Soc. Chim. France, (1963) 1594-1597.
32. PHARMACEUTICAL APPLICATIONS

VERCRUYSSE, A.: Chromatography of Doriden (e-phenyl-a-ethyl-glutarimide) in postmortem
material on coated glass sheets. Chromatographie Symposium II, Société Belge des Sciences
Phaymaceutiques, Bruxelles, 1962, publ. 1963, pp. 207-212.

34. RADIOACTIVE COMPOUNDS

ScuuLzg, P. E.: Beispiele aus Tritium-Markierung organischer Verbindungen und deren Anwen-
dung in Medizin und Technik. Angew. Chem., 75 (1963) 106 — layer 1 mm thick; gas-flow
counter with an ultra-thin diaphragm; 0.3 % efficiency for 3H.
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I. REVIEWS AND BOOKS

HoOVER, S. R.: The composition of food flavors. J. Am. Dietet. Assoc., 43 (1963) 19—22 — a review
with 18 references.

MILLER, J. M.: Experimental Gas Chromatography, Gow-Mac Instruments Co., Madison, N.J.,
1963, p. 103 — a laboratory manual for beginners.

NEHER, R.: Steroid Chromatography, Elsevier, Amsterdam, 1963 — one of the 7 chapters is con-
cerned with gas chromatography.

STRUPPE, H. G.: IV. Symposium iiber Gas-Chromatographie in der Deutschen Demokratischen
Republik. Z. Chem., 3 (1963) 317-321 — review of the selected papers presented in Leuna,
May 1963.

Y 2. FUNDAMENTALS, THEORY AND GENERAL

2¢. Theymodynamics and theovetical velationships

Gippings, J. C.: Evidence on the nature of eddy diffusion in gas chromatography from inert
(non-sorbing) column data. Anal. Chem., 35 (1963) 1338-1341 — serious differences between
experiment and classical theory may be explained by coupling theory H = 2 Adp + 1(Y/; 2dp
+ 1/C,'v) + Cyu.

GorpoN, S. M., KriGe, G. J., HaarHOFF, P. C. AND PRETORIUS, V.: Mobile phase effects in packed
liquid chromatography columns. Anal. Chem., 35 (1963) 1537-1539.

KIESELBACH, R.: Gas chromatography: An experimental study of air peaks. Anal. Chem., 35 (1963)
1342-1345 — in HETP-equation, a significant velocity-independent parameter is absent and
a mass transfer lag independent of partition coefficient is present.

Vax pEN Door, H. anD Kratz, P. D.: A generalization of the retention index system including
linear temperature programmed gas-liquid partition chromatography. J. Chromatog., 11
(1963) 463—471 — Kovats retention index is modified for the case of linear temperature
programmed operation and indices of more than 100 compounds on SE-30 and Carbowax
20 M are given.

2d. General

CoHEN, E. N., ParzeN, E. aND BaiLey, D. M.: Some observations on linearity of response with
the flame ionization detector. J. Gas Chromatog., 1, No. 8 (1963) 14-18 — a logarithmic plot
between integrated peak area and concentration of solute (halothane) exists for at least two
orders of magnitude above the line of linear response.

StrickLER, T. D.: Ionization by «-particles in binary gas mixtures. J. Phys. Chem., 67 (1963)
825-830 — usable in evaluation of cross-section detector signal.

3a. Detectors 3. TECHNIQUES I

FrerT, M. S. C. AND HUGHES, ]J.: The application of a long-path infrared cell in gas chromatog-
raphy. J. Chrvomatog., 11 (1963) 434—439—eluted compound is diverted to the cell and in 4 min
the spectrum from 5-15 y is recorded; less than 3-10-% g of an impurity could be identified.

Hampron, WM. C.: Thermal conductivity bridge circuit. U.S. Pat., 3,091,957, June 4, 1963 — a
thermistor type. '

NerRHEIM, A. G.: Gas density balance employing differential flow measurement. U.S. Pat.,
3,091,113, May 28, 1963.

PenN, W. H. anD Lotz, F. G.: Gas analyzer based on the principle of thermal conductivity.
U.S. Pat., 3,088,310, May 7, 1963 — made from glass or quartz surrounded by very tightly
packed aluminium powder.

Servama, T., Fujisni, K., Nacatani, M. aAND Kato, A.: New detector for gaseous components
using zinc oxide thin films. J. Chem. Soc. Japan, I'nd. Chem. Sect., 66 (1963) 652655 (English
summary p. A44).

3b. Column pevformance and filling studies

BiUuriNng, H.: Der Einfluss des Trigermaterials auf die quantitative gaschromatographische
Analyse hoherer Fettsduremethylester. J. Chromatog., 11 (1963) 452—458 — untreated
support materials adsorb considerable amounts of fatty acid esters (measured with 14C
labelled compounds) even though symmetrical peaks are obtained.

ForrLain, G.: Chromatographie gazeuse. Influence de la nature et de la quantité de soluté sur les
temps de rétention. Rev. Inst. Franc. Pétvole Ann. Combust. Liguides, 18 (1963) 66-71.
JenTzscH, D. AnD H6VERMANN, W.: The application of Golay columns of larger internal diameter.
J. Chromatog., 11 (1963) 440—451 — good results are obtainable with carrier gas velocities of

10-25 mi/min and a ratio of stationary phase thickness to column diameter of ~ 1073,
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VANDENHEUVEL, F. A.: Estimation and correction of post-column dead volume effect in chromatog-
raphy. Anal. Chem., 35 (1963) 1193—1198 — a study of peak overlapping and distorting by
dead volumes.

VAN DER STRICHT, M. AND VAN RYSSELBERGE, J.: Modified Bentone 34, a new addition to stationary
phases in gas chromatography to assist in separation of difficult aromatic mixtures. J. Gas
Chrvomatog., 1, No. 8 (1963) 29-33 — Bentone 34 with Apiezon L separates dimethylnaphthal-
enes at 171°; separation of o-, m- and p-dimethoxybenzenes and chloroacetophenones.

ZLATKIS, A. AND WALKER, J. Q.: Surface modification of capillary columns for use in gas chro-
matography. Anal. Chem., 35 (1963) 1359—1362 — modifications of Cu-capillaries by means
of Ag, Au, Pb or Hg, K,Cr,0,, NaCl, silica and epoxy resins.

3¢. Appavatus, accessovies and matevials for GC

ARNETT, E. M. AND DUGGLEBY, P. McC.: A rapid and simple method of deuterium determination.
Anal. Chem., 35 (1963) 1420-1424 — a procedure for generating HD-H, from mixed isotopic
water samples for D, determination by thermal conductivity measured by standard GC
apparatus.

Burxk, M. C.: Chromatographic analyzer peak reader. U.S. Pat., 3,094,862, June 25, 1963.

DanieLs, N. W. R.: Multiple temperature gradient trap for preparative gas chromatography.
Chem. Ind. (London), (1963) 1078-1079 — all glass-trap with several consecutive hot and
cold zones increased the trapping efficiency.

GopIN; G. W.: Fluid for soap-film flow-meters. Chem. Ind. (London), (1963) 778~778 — silicone
fluid MS zoo/zocs (Midland Silicone Ltd., Gr. Brit.) 20 % by vol. tetradecane forms films as an
aqueous soap solution; useful for anhydrous gas streams.

SteELE, E. L.: Analytical instrumentation in space exploration. Anal. Chem., 35, No. 9 (1963)
28A-38A — a GC apparatus for measuring of volatile constituent in lunar crust material;
3 columns (molecular sieve 5A, Carbowax 20 M on Teflon 6, and Apiezon L on H,PO,-
treated Chromosorb) at 105°.

TARAMASSO, M. AND GUERRA, A.: Microsyringe for gas chromatography. U.S. Pat., 3,094,155,
June 18, 1963.

WEBER, O.: Ein automatisches Planimeter zur Auswertung von Streifenblatt-Chromatogrammen
{optisches Nachlaufsystem). Z. Anal. Chem., 194 (1963) 334-340 — standard deviation <
0.4 % ; construction details are described.

WHisMAN, M. L. anp Eccreston, B. H.: Purification of radioactive organic compounds: A non-
contaminating gas liquid chromatographic system. Anal. Chem., 35 (1963) 1333—1334 — 2
construction with flame ionization detector.

Yosaikawa, Y. aND KucE, Y.: Simple gas reservoir for gas chromatography. Japan Analyst, 12
(1963) 487-487.

4a. Preparative-scale GC 4. TECHNIQUES 11

BAYER, E.: Priparative Gas-Chromatographie. Chimia (darau), 17 (1963) 199—206.

4b. Progrvammed temperature GC

VIGDERGAUZ, M. S. AND GOoL’BERT, K. A.: (Gas chromatography with the programming of tempera-
ture). Zavodsk. Lab., 29 (1963) 1029-1035 — review of theory.

4d. Special micvotechniques

Beroza, M. AND SarmienTo, R.: Determination of the carbon skeleton and other structural
features of organic compounds by gas chromatography. Anal. Chem., 35 (1963) 1353-1357 —
identification of structure from hydrocarbon fragment produced by hydrogenolytic reaction
(Pd catalyst) of O- and N-compounds.

Evens, F. M. AND FasseL, V. A.: Simultaneous determination of oxygen and nitrogen in steels by
a d.c. carbon-arc, gas chromatographic technique. Anal. Chem., 35 (1963) 1444-1448 —
0.003-0.1 wt. % O and N can be measured with relative standard deviation of 4 2.5-10%,
in < 5 min.

Harey, A. J.: An extension of the Nelsen-Eggertsen continuous flow method of surface area
measurement. J. Appl. Chem. (London), 13 (1963) 320-399 — the size distribution of pores
in the 10-300 A range with 4 2.59, variation in the range 40-1250 m?/g is measured by a
modification of the N.-E. method; pressures to 150 p.s.i.a. at a fixed rate of 10% N, in He
are varied.

4e. Avtomation

MERRITT, J., CoMENDANT, F., ABRAMS, S. T. AND SMITH, V. N.: Process gas chromatograph with
vltraviolet detector. Anal. Chem., 35 (1963) 1461-1464 — measuring of aromatics at 2357 A
only; linearity for benzene o—5% and toluene 0-25%
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5. HYDROCARBONS AND HALOGEN DERIVATIVES

5a. Gaseous hydvocarbons

Kuiey, C. J.: Gas chromatographic analysis of C; to C, hydrocarbons in the parts per million
range in air and in vaporized liquid oxygen. Anal. Chem., 35 (1963) 1472—1475 — detection
limits are 0.2—0.08 p.p.m. of C,~C, hydrocarbons for f-ray ionization and 1-1o ml of gas
sample and 0.004—0.07 p.p.m. of C;—C, for flame ionization and 10 ml of sample; modified
activated Al,O;-column.

5b. Othev hydvocarbons

ARCHER, E. D. anp Francis, S. A.: Analysis of C, olefins by a combination of gas chromatog-
raphy and nuclear magnetic resonance spectrometry. Anal. Chem., 35 (1963) 1369-1373 —
correlation of GC data from 2 columns and of NMR data from GC microfractions.

Beckman, H., ALLEN, P. T. AND BERKENKOTTER, P.: Identification of components of the extract
of Chrysanthemum cinevariae folium separated by gas chromatography. J. Gas Chromatog.,
1, No. 8 (1963) 21-22 — on SE-30 by PTGC at 225-300°.

Cremons, C. A, LEacH, P. W. AND ALTSHULLER, A. P.: 1,2,3-Tris-(2-cyanoethoxy)-propane as a
stationary phase in the gas chromatographic analysis of aromatic hydrocarbons. Anal. Chem.,
35 (1963) 1546-1548 — retention data for 30 aromatics and some other compounds at 60°.

Francts, S. A. AND ARCHER, E. D.: Identification of triisobutylene and tetraisobutylene isomers
by a combination of gas chromatography and nuclear magnetic resonance techniques.
Anal. Chem., 35 (1963) 1363-1367 — 4 trimers and 6 tetramers were identified.

Hoigng, J., WipDMER, H. aND GAuMaNN, T.: Gas-chromatographic identification of phényl-
alkanes and bicyclic hydrocarbons. J. Chromalog., 11 (1963) 459—462 — Kovats retention
indices / and dI/dT for 43 aromatic hydrocarbons derived from benzene, styrene, bicyclo-
hexane, phenylcyclohexane, biphenyl and bibenzyl on Silicone 0il DC-710 and Emulphor D
at 125-190°.

JounsTOoNE, R. A. W. AND QUaN, P. M.: Naphthalenes in cigarette smoke. Nature, 199 (1963)
1184 — 7 naphthalenes (up to trimethyl) were identified.

Knieut, J. A, McDanigr, R. L. anp Sicivio, F.: Radiolysis products of C, and greater carbon
content from 2,2,4-trimethylpentane. J. Phys. Chem., 67 (1963) 921—923.

RussieL, G. A. anpD HENDRY, D. G.: A study of solvent effects in the reactions of methylene.
J. Ovg. Chem., 28 (1963) 1933-1934 — benzene, toluene and cycloheptatriene on squalane and
methylsilicone grease.

ScHwaRrTz, R. D. AND BrassEaux, D. J.: Resolution of complex hydrocarbon mixtures by ca-
pillary column gas-liquid chromatography. Composition of the 28° to 114° portion of petro-
leum. Anal. Chem., 35 (1963) 1374~1382 — mixtures of hexadecane with Kel F-3 and Kel-F
10157 give complete separation of 39 C;—Cg hydrocarbons; diode argon microdetector.

WipMER, H. aND GAumanw, T.: Strahlungschemie der Kohlenwasserstoffe. 6. Mitt. Gesittigte
Produkte in Hexan. Helv. Chim. Acta, 46 (1963) 944—954 ~— C4~C,, hydrocarbons.

5¢. Halogen devivatives of hydvocarbons

NeEwMAN, M. S., FRAENKEL, G. aND KIrRN, W. N.: The reactions of 4-phenyl-2-butanone and 3-
phenyl-z-pentanone with phosphorus pentachloride. J. Org. Chem., 28 (1963) 1851-1853 —
chloroolefins on squalane capillary column at 25°.

Opa, N, NorisHiMa, K. aND UcHIJIMA, H.: Determination of a-,f-,y- and J-isomers of technical
benzene hexachloride by gas chromatography. Japan Analyst, 12 (1963) 461~466.

6. ALCOHOLS

BowmsaucH, K. J. anp THOMASON, W. E.: Gas chromatographic determination of traces of ethanol
in methanol. Anal. Chem., 35 (1963) 1452-1454 — 10 p.p.m. on d-sorbitol on acetylated
Chromosorb at 100°.

Bore, P. axnp GaTanDp, M.: Evaluation quantitative des chaines grasses saturées dans les tensio-
actifs non ioniques par chromatographie en phase gazeuse. Rev. Franc. Corps Gras, 10 (1963)
399—410 — ethylene oxide derivatives of fatty alcohols can be analysed after HBr treatment
and degradation of the molecules to characteristic fragments.

GUVERNATOR, G. C.: Identification of furfuryl alcohol in cigarette smoke. Tobacco, 156, No. 14
(1963) 26—26; Tobacco Sci., 7 (1963) 63-63.

9. OXO COMPOUNDS

Kato, R., KikucH1, Y. anp Usepa, S. O.: Gas-chromatographic analysis of ethylene glycol -
butyl ether in the reaction mixture between ethylene oxide and butan-1-ol. Japan Analyst,
12 (1963) 446—450.
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Naok1 YosHIMI, MASAVOSHI Yamao, MASaAYUKI KAWATIKA AND SHIGEYUKI TANAKA: A study on
the reaction of formaline with acids by gas chromatography. J. Chem. Soc. Japan, Ind.
Chem. Sect., 66 (1963) 283-285 — on DEGS at 92°.

I1. ORGANIC ACIDS AND SIMPLE LIPIDS

AckMAN, R. G., BURGHER, R. D. AND JaNGaarDp, P. M.: Systematic identification of fatty acids
in the gas-liquid chromatography of fatty acid methyl esters: A preliminary survey of seal
oil. Can. J. Biochem. Physiol., 41 (1963) 1627-1641 — on neopentyl glycol succinate, EGS
and SE-30 at 230° and 205°.

FreEMan, N. K., LingreN, F. T. anp NicuoLrs, A. Y.: The chemistry of serum lipoproteins — in
Horman, R. T., LUNDBERG, W. O. anDp MaLkiN, T. (Editors): Progress in the Chemistry of
Fats and Other Lipids, Vol. 6, Pergamon Press, Oxford, 1963, pp. 215-250 — apparatus and
retention data on pp. 233-238.

HanseN, R. P.:, Occurrence of trams-octadec-16-enoic acid in sheep and ox perinephric fats.
Nature, 198 (1963) 955-995 — on DEGA.

KanesHIRE, T. AND MaRrR, A. G.: Hydroxy fatty acids of Azotobacter agilis. Biochim. Biophys.
Acta, 70 (1963) 271-277 — retention data of methyl esters of hydroxy fatty acids on DEGS
at 187°.

Monpy, N. I.: The effect of storage on the total lipids and the fatty acid composition of potatoes.
J. Agr. Food Chem., 11 (1963) 328-329.

Oxwi, S., UcHrvama, M., M1zuGaKI, M. AND Sucawara, A.: Intermediates of the oxidative break-
down of ricinoleic acid by Candida genus. Biockim. Biophys. Acta, 70 (1963) 346348 —
retention data of methyl esters of hydroxy fatty acid on DEGS at 198°.

PrivETT, O. S. AND NickiL, E. C.: Preparation of highly purified fatty acids via liquid—liquid
partition chromatography. J. Am. Oil Chemists’ Soc., 40 (1963) 189~193 — use of GC for purity
control of C;,—C,, acids on DEGS at 175°.

RouesL, W. T.: Tuna fatty acids. I. Initial studies on the composition of the light and dark meats
of bluefin tuna (Thunnus thynnus) — structural isomers of the monoenoic fatty acids. J.
Am. Oil Chemasts’ Soc., 40 (1963) 213-215 — on DEGS at 224°.

RouearL, W. T.: Tuna fatty acids. II. Investigations of the composition of raw and processed
domestic tuna. J. Am. Oil Chemists’ Soc., 40 (1963) 215-218 — on DEGS at 224° C.Cs,
fatty acids with up to 6 double bonds.

ScHMELTZ, 1., MILLER, R. L. aND StEDMAN, R. L.: Gas chromatographic study of the steam-
volatile fatty acids of various tobaccos. J. Gas Chromatog., 1, No. 8 (1963) 27-28 — C,-C,
acids on Tween 80 + 2%, H,PO,.

Ucciang, E., Busson, F. AND CHANET, J.: Etude des huiles d’amandes de Myvianthus (Moracées).
Rev. Franc. Corps Gras, 10 (1963) 393-398 — C,,~C;, fatty acids on polyester columns at
197° and 225°.

Ucnivama, M., SaTo, R. AND M1zucakl, M.: Characterization of hydroxy acids in depot fat after
feeding of ricinoleic acid. Biochim. Biophys. Acta, 70 (1963) 344—346 — on DEGS at 200°.

13. STEROIDS

CHAMBERLAIN, J., KnigHTS, B. A. AND THoMaAs, G. H.: Analysis of steroid metabolites by gas
chromatography. J. Endocrinol., 26 (1963) 367—387 — retention data of steroids and their
acetates, trimethylsilyl ethers and some oxidation products on QF-1, SE-30 and NPGA at
250° and 225°.

FurterwEIlT, W., McN1vEN, N. L., Narcus, L., LanTos, C., DRospDowsKY, M. AND DORFMAN,
R. I.: Gas chromatographic determination of testosterone in human urine. Stevoids, 1 (1963)
1628—642 — on SE-30 at 240°.

HorLmes, W. L.: Studies on the mechanism of action of cholesterol synthesis inhibitors — in
Horn~ing, E. C. (Editor): Proceedings, Fivst Inteynational Phaymacological Meeting, Vol. 2,
Pergamon Press, Oxford, 1963, pp. 77—-84 — sterols and steroids on SE-52 at 228°.

KirscHNER, M. A., L1psETT, M. B. AND WiLson, H.: Metabolism of exogenous dehydroepiandro-
sterone in man. Acta Ewndocrinol., 43 (1963) 387-398 — 17-ketosteroids as trimethylsilyl
ethers on QF-1 at 187°.

SimmonDs, P. G. aND LovELock, J. E.: Ionization cross-section detector as a reference standard
in quantitative analysis by gas chromatography. Anal. Chem., 35 (1963) 1345-1348 — the
quantity of steroid analysis is examined.

15. TERPENE DERIVATIVES

KennNEYy, R. L. aND FIsHER, G. S.: Reactions on an alkaline Carbowax 20 M column. J. Gas
Chyomatog., 1, No. 8 (1963) 19-20 — isomerization of 2,8-p-menthadien-1-ol was observed.
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MrrceHeL, B. C., Bareeg, E. P. anp IrBY, Jr.,, R. M.: The chromatographic determination of
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S30, S31, S32 und S33 das Wort Formamid ausgelassen werden.
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GASCHROMATOGRAPHISCHE RETENTIONSDATEN UND STRUKTUR
CHEMISCHER VERBINDUNGEN

I. «-VERZWEIGTE ALIPHATISCHE UND ALICYCLISCHE CARBONSAURE-
METHYLESTER

GERHARD SCHOMBURG
Max-Planck-Institut fitv Kohlenforschung,
Miilheim|Ruhy (Deutschland)

‘Eingegangen den 2. August 1963)

Die Schwierigkeiten des gaschromatographischen Arbeitens mit analytischer Ziel-
setzung liegen weniger in der Tremnung sich strukturell unterscheidender Verbin-
dungen als in deren anschliessender Identifizierung. Die vorliegende Arbeit wird sich
mit der Identifizierumg gaschromatographisch getrennter Verbindungen mit iber-
wiegend gaschromatographischen Mitteln, also iiber deren Retentionsvolumina in
verschiedenen stationiren Phasen, befassen. In jeder dieser stationdren Phasen ergibt
sich fiir eine bestimmte Verbindung ein nur von der Temperatur und der Polaritdt
dieser Phase abhingiger Verteilungskoeffizient. Trotzdem ist die vollstandige Identi-
fizierung komplizierter Mischungen, die etwa Vertreter verschiedener Stoftklassen
enthalten, auf gaschromatographischem Wege schwierig. Aus diesem Grunde wird die
Kombination gaschromatographischer Trennmethoden mit anderen physikalischen
Identifizierungsverfahren oder mit einer chemischen Vortrennung bzw. die Anwen-
dung von Reaktionsgaschromatographie notwendig. Das kann sowohl mit den gas-
chromatographisch getrennten Komponenten als auch mit der Ausgangsmischung
geschehen. Zu den physikalischen Identifizierungsverfahren sind auch die qualitativen
oder selektiven Detektoren zu rechnen.

An dieser Stelle sei besonders auf die Kombination gaschromatographischer und
massenspektrometrischer Methoden verwiesen!~". Fiir die ausschliessliche Anwendung
von gaschromatographischen Daten zur Identifizierung — besonders von isomeren
Verbindungen mit gleicher funktioneller Gruppe — benétigt man ein umfangreiches
Vergleichsmaterial, da die Kenntnisse {iber die Zusammenhidnge zwischen Struktur
und Retentionsvolumen vorldufig noch beschrankt sind. Fiir die Unterscheidung von
Verbindurigen mit verschiedenen funktionellen Gruppen leisten rein gaschromato-
graphische Identifizierungsverfahren wesentliche Hilfe. Baver® verwendet z.B.
hierzu seine Selektivititskoeffizienten, BRowx?® das “functional groups retention
ratio”’, und auch im KovaTs-schen System!®:1! der Retentionsindices und AI-Werte ist
eine Identifizierung nach funktionellen Gruppen leicht méglich. Insbesonders das
Retentionsindexsystem von KOVATs ist aber auch geeignet, in Substanzklassen mit
gleicher funktioneller Gruppe feinere strukturelle Einfliisse zu erfassen. Zur Gewinnung
eines umfangreichen Vergleichsmaterials fiir Strukturaufklarungen mit Hilfe der Gas-
chromatographie wird entweder eine grossere Zahl von reinen oder annihernd reinen
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Substanzen benétigt, vder es sind Mischungen mit Komponenten, deren Zuordnung
mit anderen chemischen oder physikalischen Hilfsmitteln leicht moglich ist, erforder-
lich. Gerade bei Isomeren-Gemisihen, die sich nur gaschromatographisch trennen
lassen, treten aber die griossten Schwicrigkeiten auf, da bei guten Trennungen, wie sie
etwa in Kapillarsiulen erreicht werden, lie Isolierung von Fraktionen zur Durch-
fithrung weiterer Identifizierungsoperationer. auf Schwierigkeiten stosst.

Schon in den Anfingen der Gaschromai-graphie wurden graphische Darstel-
lungen der Logarithmen der Retentionsvolumica gegen die C-Zahl von Gliedern
homologer Reihen benutzt, um z.B. zu entscheiden, ob es sich bei einer Substanz,
iilber die nicht mehr als die Art der funktionellen Cruppe und die C-Zahl bekannt
sind, um einen ganz bestimmten Isomerentyp handdlt. Umgekehrt lisst sich aus
solchen Diagrammen natiirlich auch die C-Zahl und die A:* der funktionellen Gruppen
ermitteln.

Zusitzlich wurden in der vorliegenden Arbeit folgende Hilfsmethoden und In-
formationen zur Identifizierung verwandt:

Auskiinfte des Chemikers, von dem die Substanzen pridpariert wurden, iiber
Zahl und C-Zahl der zu erwartenden Isomeren in einem Gemisch

Modellsubstanzen, die auf synthetischem, chemisch eindeutige n Wege gewonnen
wurden.

Siedepunkte und Siedepunktsregeln.

Massenspektrometrische Kontrollen an Modellsubstanzen und -m’schungen sowie
an gaschromatographisch getrennten Komponenten.

Die unterscheidende Qualitit gaschromatographischer Daton zui Charakteri-
sierung von Substanzen hédngt in starkem Masse von der Trennleistung der benutzten
gaschromatographischen Sdule ab. Je hoher die effektive Trennleisiing einer gas-
chromatographischen Siule, definiert etwa durch die Zah! der theoretis- 2en Béden
oder andere Kenngrossen wie Trennzahlen, vgl. KaISER?, ist, um so geringer ist die
Wahrscheinlichkeit, dass zwel Isomere mit gleicher funktioneller Gruppe nicht unter-
‘scheidbare gaschromatographische Kenngréssen haben. Aus diesem Grunde wurden
in der vorliegenden Arbeit alle Messungen mit Kapillarsiulen durchgefiihrt. Wie
bereits oben angedeutet, lassen sich Verbindungen mit verschiedener funktioneller
Gruppe nattirlich leicht auch durch Wahl einer anderen stationiren Phase trennen.
Es darf allerdings keine Uberlagerung mit anderen Verbindungen zustande kommen.
Bei solchen identifizierenden Messungen ist es erstrebenswert, dass die Polaritat der
verwandten stationdren Phasen definiert ist. Das kann erreicht werden, indem man
sich keonsequent auf eine polare stationire Phase festlegt, wie es etwa Kovars ge-
macht hat, oder verschiedene stationidre Phasen verwendet, deren Polarititsunter-
schiede sich durch eine Kenngrésse erfassen lassen. Wegen der verschiedenen Wechsel-
wirkungsarten zwischen den gelsten Molekiilen und den Molekiilen der stationiren
Phase ist eine einheitliche Definition der Polaritit allerdings schwer méglich. Ver-
suche in dieser Richtung sind von RoHRSCENEIDER!® und von BROWN® unternommen
worden. In Anlehnung an das RoHRSCHNEIDER-sche Konzept wurde in der vorliegen-
den Arbeit die Differenz der Kovats-schen Retentionsindices von Benzol (I%) und
Cyclohexan (I€) hierzu benutzt. Die Tabelle I zeigt, dass bei stationiren Phasen, die
als polar oder stark polar bekannt sind, diese Differenz ansteigt. Die Indexwerte po-
larer Verbindungen in polaren stationdren Phasen werden um so grésser sein, je
polarer diese Phasen sind. Im giinstigsten Fall sollte sich ein linearer Zusammenhang
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zwischen der Indexdifferenz von Benzol und Cyclohexan in verschiedenen statio-
niren Phasen und dem Retentionsindex einer bestimmten Substanz in diesen Phasen
ergeben.

Tatsichlich wird dieser lineare Zusammenhang fiir Olefine und Aromaten auch
gefunden, da bei diesen Verbindungen die gleiche Art der Wechselwirkung zwischen
gelosten Molekiilen und stationdrer Phase wie bei Benzol besteht. Inwieweit diese
Polarititsgrosse auch zur Voraussage der Retentionsindices von Verbindungen mit
anderer funktioneller Gruppe geeignet ist, sollen weitere Arbeiten, iiber die an anderer
Stelle berichtet werden wird, zeigen. Die Retentionsindices der Carbonsduremethyl-
ester steigen jedenfalls mit der Grosse der I2 — I¢-Differenz — wenn auch nicht voll-
standig linear — an.

TABELLE I

IB — JC-WERTE FUR VERSCHIEDENE STATIONARE PHASEN

Stationdre Phase Temp. (°C) B_C B 1C 4 o5
Squalan 65 —25 o
Polypropylenglykol 60 107 132
Emulphor-O 65 118 143
Polypropylensebazat 65 121 146
Silicondl XF 1150 65 176 201
Reoplex 400 65 223 248

STRUKTURTYPEN DER UNTERSUCHTEN VERBINDUNGEN

Es wurde eine grossere Zahl von cyclischen und acyclischen Carbonsduremethyl-
estern mit Alkylverzweigungen in a-Stellung zur Carboxylgruppe gemessen:

R, R
| O | O
—C-C-C-CF _CF
€ C\O(:H3 QS C\OCH3
R,
R, = CH, oder H C = 5, 6, 7 oder 8-Ring
R, = Alkyloder H R = Alkyl oder H

Bei den cyclischen Estern befindet sich die Carboxylgruppe immer direkt am Ring.

Alle Carbonsiureester entstammen der KocH-schen'* Carbonsiduresynthese, die
im Max-Planck-Institut fiir Kohlenforschung entwickelt wurde, und wurden mir
freundlicherweise von MOLLER!® zur Verfligung gestellt, der sich mit Art und Um-
fang der Isomerisierung unverzweigter Monoolefine bei dieser Synthese befasst hat.
In ihrer normalen Ausfiihrungsform werden Olefine in Gegenwart saurer Kataly-
satoren durch Anlagerung von Kohlenoxyd und Wasser in sekunddre und tertidre
Carbonsiuren umgewandelt. Tertidre Siuren entstehen dabei durch Methylgruppen-
wanderuing.

So sind von den Heptancarbonsiuren, die aus Hepten-(1), -(2), -(3) und -(4) ent-
stehen, 5 Isomere zu erwarten:
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C-C-C-C-C-CC

|

COOR
Heptancarbon-
sdure-(2)-ester

CH,

|
C-C-C-C-C-C

|

COOR
2-Methyl-

hexancarbon-
sdure-(z)-ester
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C-C-C-C-C-C-C

|

COOR
Heptancarbon-
sdure-(3)-ester

C-C-C-C-C-C-C

l

COOR
Heptancarbon-
sdure-(4)-ester

CH,
[
ccCecC

|

COOR
3-Methyl-
hexancarbon-
sdure-(3)-ester

Die Zahl der in den jeweiligen C-Zahlbereichen zu erwartenden Isomeren zeigt das
Schema:

C-Zahl des Alkans 4 5 6 7 8 9 10 II 12
Isomere mit unverzweigtem

Alkan I 2 2 3 3 4 4 5 5
Isomere mit methylverzweigtem

Alkan I b 2 2 3 3 4 4 5

Bei Benutzung der richtigen Kontakte werden in Gegenwart von Methanol gleich die
Methylester der genannten Carbonsiuren erhalten, die auch zunichst — der geringe-
ren gaschromatographischen Schwierigkeiten wegen — Gegenstand dieser Unter-
suchungen waren. Es ist abzusehen, dass bei Verwendung geeigneter Zusidtze zur
stationdren Phase auch die freien Carbonsduren ohne “tailing” mit guter Bédenzahl
getrennt werden kénnen.

GASCHROMATOGRAPHISCHE ERGEBNISSE

Fir die graphischen Darstellungen des Materials wurden die sog. Nettoretentions-
volumina aus den Chromatogrammen ermittelt und gegen die C-Zahl aufgetragen. Das
Gasvolumen der Siule wurde aus dem Retentionsvolumen von Methan, das sich nur
wenig von demjenigen von Stickstoff und Sauerstoff unterscheidet, sowie durch Ex-
trapolation aus dem Retentionsvolumen der #-Paraffine auf dhnliche Weise wie von
Evans UND SMITH! bestimmt.

Fig. 1 zeigt das Chromatogramm der Methylester simtlicher nach der Kocu-
schen Synthese mdéglichen acyclischen Carbonsduren in den C-Zahlbereichen von
Cs—C;s, also ohne die Alkancarbonsidure-(1)-methylester. Es wurde mit einer Kapillar-
saule mit Polypropylenglykol als stationdre Phase bei einer Bédenzahl von 1000/m
aufgenommen. Es handelt sich um das Chromatogramm einer kiinstlichen oder
“master’-Mischung, die allerdings auch praktische Bedeutung hat. Die Zuordnung
der einzelnen Peaks zu den verschiedenen Isomeren geschah auf folgende Weise:

1. Von den insgesamt 45 Isomeren im Cy;—C,,-Bereich standen g in Form von
Modellsubstanzen zur Verfiigung, die auf chemisch eindeutigem Wege dargestelit
worden waren.

2. In jedem C-Zahlbereich stand ein Isomerengemisch zur Verfigung, das frei
von Verbindungen anderer C-Zahlen war. Werden nur unverzweigte Olefine fiir die
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Kocu-sche Carbonsiure-Synthese benutzt, so sind weder C-Alkylierungen, die zu
Kettenverlangerungen, noch Fragmentierungen, die zur Kettenverkiirzung fithren,
méglich (Kontrolle mit Hilfe der Massenspektrometrie).

3. Auf Grund der von den Siedepunkten solcher und anderer Isomerer bekannten
Regeln wurde angenommen, dass das Retentionsvolumen in — zunichst apolaren —
stationdren Phasen fillt, wenn der Carboxylrest in die Mitte wandert und dass
tertidgre Carbonsiureester kleinere Retentionsvolumina haben als sekundire.

4. Schliesslich wurde die logarithmische Auftragung der Retentionsvolumina
gegen die C-Zahl, vgl. Fig. 2, bzw. die Kovats-schen Indices und die sich auf diese
Weise ergebenden Regelmissigkeiten, zur Zuordnung benutzt.

Das Ergebnis der Zuordnung wird zeigen, inwieweit die Annahmen, die insbe-
sondere unter den Punkten 3 und 4 aufgefiihrt sind, zutreffen und wo sie in bestimm-
ten Fillen zu Irrtiimern fithren. Aus dem Chromatogramm der Fig. r und der graphi-
schen Darstellung der Fig. 2 geht hervor, dass in den C-Zahlbereichen zwischen Cq
und C,4 alle Tsomeren der beiden obengenannten Verzweigungstypen getrennt werden
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Fig. 2. Retentionsvolumina der am o-C-Atom verzweigten Monocarbonsiuremethylester in
Abhéangigkeit von der C-Zahl.
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koénnen. Von C,, an ist es schwierig, die 2-Methylalkancarbonsiure-(2) von der 3-
Methylalkancarbonsdure-(3) zu trennen. Im Diagramm der Fig. z laufen die Kurven
der entsprechenden Homologen von C,, an zusammen. Beim Ubergang zu einer
stationdren Phase mit hsherer Polaritit, etwa Polypropylensebazat, lassen sich die
beiden Isomeren noch im C,,-Bereich trennen.

Samtliche Kurven, mit Ausnahme derjenigen der normalen unverzweigten Car-
bonsiureester, zeigen im gleichen C-Zahlbereich um so stirkere Kriimmungen, je
verzweigter das Kohlenstoffgeriist ist. Diese Kriimmungen kénnen bei der Identi-
fizierung iiber die Retentionsvolumina besonders bei den niedrigen C-Zahlen zu
falschen Zuordnungen fiihren. Eine eingehende Diskussion der strukturellen Ein-
fliisse auf die Retentionsgrossen soll aber an den Retentionsindices von Kovats!® 1
erfolgen.

Der Sinn der KovaTts-schen Retentionsindices ist, die fiir eine Substanz charakte-
ristische gaschromatographische Grésse, das Retentionsvolumen, in eine leicht
reproduzierbare Standardform zu bringen, in der sie von den Gerdteparametern
unabhingig ist. Als Bezugs- oder Standardsubstanzen werden die n-Paraffine benutzt.
Die Kovarts-schen Indices einer Verbindung gehen ihrer freien Verdampfungsenthalpie
aus der betreffenden stationiren Phase paraliel und sind deswegen zu Betrachtungen
iitber Kohision und Wechselwirkung zwischen den Molekiilen besonders geeignet. Sie
werden an dem willkiirlich gewihlten Standardmasstab, ndmlich dem der freien
Verdampfungsenthalpien der #-Paraffine, gemessen, die innerhalb eines weiten
Temperaturbereichs einen linearen Temperaturgang zeigen. Ausserdem steigen bei
den #n-Paraffinen und anderen homologen Reihen die Siedepunkte bzw. die Ver-
dampfungsenthalpien linear mit der Zahl der Kohlenstoffatome an. Alle anderen
Einflisse auf das Retentionsverhalten rithren beziiglich der gelésten Substanz von
der Wechselwirkung der funktionellen Gruppe und den sterischen Faktoren fiir die
Wechselwirkung her. Der Index einer Substanz ist definiert durch die Gleichung:

log Vg° (Substanz) —log Vg°® (nP;)

I = 200 -+ 1002
log Vg° (nPatg) — log Vg° (nP;)

wo Vg° = Retentionsvolumen,
nP, = n-Paraffin mit z C-Atomen,
z = gerade Zahl.

Die Forderung von Kovarts, dass z eine gerade Zahl sein muss, ist nicht berech-
tigt, da die lineare Abhingigkeit des Retentionsvolumens von der C-Zahl auch fiir
die ungeraden Paraffine erfiillt ist. Der Index hingt ab von der Art der Substanz, der
Temperatur und von der Art der stationiren Phase. Durch Auswahl mindestens
zweier stationdrer Phasen, einer apolaren und einer polaren, erhilt man ein bindres
System von Indexwerten, das zur Charakterisierung von Substanzen nach Molekiil-
grisse, Verzweigungsgrad des Kohlenstoffgeriistes und Art der funktionellen Gruppen
geaignet ist.

Als apolare stationire Phase wurde Squalan (S), als polare stationdre Phase
Polypropylensebazat (PPS), aber auch andere Phasen mit geringerer Polaritit
benutzt.

Alle Indices wurden mehrfach gemessen, sowohl in Chromatogrammen, die sich
iiber mehrere C-Zahlen erstreckten und somit eine lange Laufzeit hatten wie auch in
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166 G. SCHOMBURG

solchen, in denen nur Verbindungen der gleichen C-Zahl vorkamen. Das Chromato-
gramm der #-Paraffine, das zur Bestimmung der Indices benétigt wird, wurde bei
wichtigen Messungen sowohl vorher wie hinterher gemessen, um die Langzeitkon-
stanz der Gerdteparameter zu kontrollieren. Bei nicht zu peakreichen Chromato-
grammen wurden die n-Paraffine den Gemischen direkt zugesetzt. Bei keiner der
angewandten Methoden wurden grossere Streuungen als 4 1 Indexeinheit beobach-
tet. Naturgemiss sind die Streuungen bei sehr kleinen Retentionsvolumina etwas
grosser, wenn bei isothermer Arbeitsweise tiber einen grosseren C-Zahlbereich hinweg
chromatographiert wird.

Die Indexwerte in apolaren stationiren Phasen konnen dazu benutzt werden,
um mit Hilfe der Troutonschen Regel die Siedepunkte der betreffenden Verbindungen
aus ihnen zu berechnen, vgl. Kovatsil. Fig. 3 zeigt den linearen Zusammenhang
zwischen den Siedepunkten und den Retentionsindices in der apolaren stationiren
Phase Squalan fiir g Carbonsdureester, deren Siedepunkte durch MOLLERY nach
CoTTRELL bestimmt wurden. Ausserdem wurden in der gleichen Figur die Retentions-
indices der Alkancarbonsdure-(1)-methylester gegen deren Siedepunkte!® aufgetragen.

1200 +
s
j‘120
OK-1
Nomenklatur:
1100 2-MBK-2 2-Methylbutankarbonsgure-2
HPK-3 Heptankarbonsdgure -3
“HPK -1
1000 4+ Cs
31525 4.07(tg+ 60.7 Jk-verzw. HPK-3 ,
Alkankarbonsdureester X
tsWerte nach K.E.Maller (Cottrett) 2 HK-2, HKA
900 —+
I5p= 4-89(ts+2186)
n- Alkankarbonsgureester
ZMPK-2, 2 ts -Werte nach Kirk - Othmer
PK-
PK-2
800 —+ CS x
/PK-3 tg — -
| JT2-MBK-2 ! | | L | , 760 T
760 ! 1 ) T 1 1 1 1 T T T
125 130 140 150 160 170 180 190 200 210 215
Fig. 3. Retentionsindices von Alkancarbonsiuremethylestern in Squalan in Abhingigkeit vom
Siedepunkt.

Die beiden Geraden haben verschiedene Steigungen, sind allerdings auch nicht fiir
die gleichen C-Zahlbereiche giiltig. Fir den Zusammenhang zwischen Index und
Siedepunkt ergeben sich fur die beiden Geraden aus dem Diagramm folgende Glei-
chungen:

IS, = 4.07 (s + 60.7) verzweigte Alkancarbonsiureester
7S99 = 4.89 (!5 + 21.6) Alkancarbonsdure-(1)-ester.
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TABELLE III

ZUSAMMENSTELLUNG DER RETENTIONSINDICES GLEICHER ISOMERENTYPEN NACH STEIGENDER

C-zaHL
Polypropylen- lypropylen-
st Yoo e TEETOTEET L0

Butancarbonsiure-(1) 127.3 760 909 996
Pentancarbonsiure-(r) 151.5 849 1010 1097 248
Hexancarbonsiure-(1) 173.8 952 ITIT 1198 246
Heptancarbonsiure-(1) 194 1054 1209 1301 247
Octancarbonsiure-(1) 214 1155 1310 1402 247
Nonancarbonsaure-(1) 224 1254 1413 1504 250
Decancarbonsiure-(1) I5II 1605
Undecancarbonsdure-(1) 1613 1705
Pentancarbonsiure-(2) 804 945 1027 223
Hexancarbonsiure-(2) 899 1038 1121 222
Heptancarbonsdure-(2) 996 1134 1217 221
Octancarbonsaure-(2) 1094 1232 1316 222
Nonancarbonséure-(2) 1192 1331 1414 222
Decancarbonséure-(z) 1432 1515
Undecancarbonsédure-(2) 1532

Pentancarbonsiure-(3) 796 936 1018 222
Hexancarbonsaure-(3) 884 1020 1100 216
Heptancarbonsiure-(3) 976 1110 1190 214
Octancarbonsaure-(3) 1072 1205 1285 213
Nonancarbonsdure-(3) 1169 1303 1382 213
Decancarbonsédure-(3) 1403 1480
Undecancarbonsiure-(3) 1503

Heptancarbonsiure-(4) 970 1102 1180 210
Octancarbonséure-(4) 1061 1192 1269 208
Nonancarbonsaure-(4) 1155 1287 1363 208
Decancarbonsiure-(4) 1386 1461
Undecancarbonsdure-(4) 1485
2-Me-Propancarbonsaure-(2) 654 789 854 200
2-Me-Butancarbonsiure-(2) 763 895 968 205
2-Me-Pentancarbonsiure-(2) 847 974 1048 201
2-Me-Hexancarbonsiure-(2) 936 1064 1133 197
2-Me-Heptancarbonsaure-(2) 1030 1156 1225 195
2-Me-Octancarbonsiure-(2) 1128 1254 1323 195
2-Me-Nonancarbonsiure-(2) 1355 1420
2-Me-Decancarbonsiure-(2) 1454
3-Me-Pentancarbonsiure-(3) 869 998 1079 210
3-Me-Hexancarbonsiure-(3) 948 1074 1151 203
3-Me-Heptancarbonsiure-(3) 1036 1162 1235 199
3-Me-Octancarbonsiure-(3) 1128 1254 1327 199
3-Me-Nonancarbonsdure-(3) 1355 1420
3-Me-Decancarbonsiure-(3) 1454
4-Me-Heptancarbonsiure-(4) 1027 1150 1224 197
4-Me-Octancarbonsdure-(4) 1112 1236 1306 194
4-Me-Nonancarbonsdure-(4) 1331 1397
4-Mé-Decancarbonsiure-(4) 1428
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168 G. SCHOMBURG

TABELLE 1V

RETENTIONSINDICES DER CYCLOALKANCARBONSAUREESTER

Polypro- ar

Methylester der S S IPPS_[S
150°

Cyclopentancarbonsiure 902 1080 1105 1196 + 0.20 294
1-Me-Cyclopentancarbonsdure-(1) 925 1084 1105 1184 0.15 259
1-Et-Cyclopentancarbonsiure-(1) 1017 1173 1190 1272 0.36 255
Cyclohexancarbonsiure-(1) 1011 1186 1208 1309 0.44 302
1-Me-Cyclohexancarbonsiure-(1) 1026 1183 1198 1285 0.48 259
1-Et-Cyclohexancarbonsiure-(1) 1122 1278 1292 1383 0.60 261
1-n-Pr-Cyclohexancarbonsidure-(1) 1200 1353 1368 1455 0.56 255
1-n-Bu-Cyclohexancarbonsiure-(1) 1285 1439 1453 1537 0.60 252
1-Me-Cycloheptancarbonsiure-(1) 1320

Bicycloheptan-(2,2,1)-carbonsiure-(1) 1092 1278 1303 I41X 0.64 319
1-Me-Bicycloheptan-(2,2,1)-carbonsdure-(1) 1128 1301 1321 1420 0.64 292
1-Et-Bicycloheptan-(2,2,1)-carbonsdure-(1) 1379

Bicyclooctan-(3,3,0)-carbonsédure-(1) 1151 1330 1348 1451 300

Die gemessenen Indexwerte der verschiedenen Carbonsiuremethylester in apolaren
und polaren stationdren Phasen sind in den Tabellen II-1V niedergelegt. Aus diesen
Tabellen sind folgende Regeln zu entnehmen:

1. Wandert die Carboxylgruppe durch die unverzweigte Kohlenstoffkette, so
nehmen die Retentionsindices ab, je mehr die funktionelle Gruppe in die Mitte
wandert.

2. Eine besonders starke Abnahme des Retentionsindex ist beim Ubergang von
den 1- zu den z-Carbonsiureestern zu beobachten, wihrend der Unterschied beim
Ubergang von den 2- zu den 3-, 4- und 5-Alkancarbonsiuren geringer ist.

3. Die Reihenfolge der einzelnen acyclischen Isomeren wird in polaren Siulen
auch bei wechselnder Polaritit nicht geindert.

4. Bei den methylverzweigten Carbonsiureestern — die Methylgruppe steht
immer am gleichen Kohlenstoffatom wie die Carboxylgruppe — hat der 3-Methylalkan-
carbonsiure-(3)-ester den héheren Retentionsindex als der 2-Methylalkancarbon-
sdure-(2)-ester. Der 4-Methylalkancarbonsiure-(4)-ester hat wieder einen kleineren
Retentionsindex.

5. Die A1-Werte (Al = Indexdifferenz der gleichen Substanz zwischen der apo-
laren stationdren Phase Squalan und der polaren stationiren Phase Polypropylen-
sebazat) sind am grossten fiir die Alkancarbonsdure-(1)-ester. Sie nehmen ab, je
mehr der Carboxylrest in die Mitte der Kohlenstoffkette wandert. Die AI-Werte der
methylverzweigten Isomeren sind wesentlich niedriger als die der unverzweigten.

6. Bei steigender Kohlenstoffkettenlinge steigen die Retentionsindices um 100
Einheiten pro Kohlenstoffatom, wihrend die 4I-Werte konstant sind. Zum Teil
starke Abweichungen hiervon sind bei den Anfangsgliedern zu beobachten. Sie sind
umso grésser, je mehr die Carboxylgruppe in die Mitte wandert. Noch ausgeprigter
sind diese Abweichungen bei den methylverzweigten Alkancarbonsiuren.

7. Die cyclischen Carbonsdureester haben héhere Indices und A7-Werte als die
offenkettigen gleicher C-Zahl, entsprechend den Verhiltnissen bei den Kohlenwasser-
stoffen.
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8. Bei Mischungen isomerer Carbonsdureester mit grosserem C-Zahlbereich gibt
es bei Abwesenheit von Alkancarbonsiure-(1)-estern C-Zahl-Uberschneidungen erst
zwischen dem C, ;- und dem C,,-Bereich.

Die bei der Verdampfung eines Stoffes umgesetzte Verdampfungsenthalpie bzw.
die bei der Losung oder Verdiinnung einer Verbindung in einer anderen fliissigen
Phase auftretenden Losungsenthalpien sind ein Mass fiir die zwischen den Molekiilen
wirkenden Kohidsionskrifte. Zwischen der Lésungsenthalpie AH, und dem Reten-
tionsvolumen besteht ein direkter Zusammenhang tber:

Ve =V Np-RT
r= Vg —y;pr L
worin Vg = Gesamtretentionsvolumen,
Ve == Gasvolumen der Siule,
Vi = Flissigkeitsvolumen der Sdule,
yo = Aktivitdtskoeffizient bei unendlicher Verdiinnung des geldsten Stoffes,
Ny = Mole stationirer Fliissigkeit pro Volumeneinheit,
$® = Dampfdruck der reinen Substanz (geldster Stoff),
und AH AH
0 _ v . _ m
In p9 = BT -+ const. sowie In y®© BT

worin 4H, = Verdampfungsenthalpie,
AHy = Mischungs- oder Lésungsenthalpie.

Uber die Retentionsdaten werden somit Untersuchungen zur intermolekularen
Wechselwirkung zwischen stationdrer Phase und geloster Substanz méglich. Die
hierbei auftretenden Krifte kénnen sehr verschiedener Art sein. In der vorliegenden
Arbeit ist es iberwiegend die Dipol-Dipol-Wechselwirkung und der Einfluss der Ab-
schirmung auf diese, die zusammen mit der immer vorhandenen Dispersionswechsel-
wirkung die Fliichtigkeit der Carbonsiureester iiber der jeweiligen stationiren Phase
bestimmt. Abschirmung liegt vor, wenn die Wahrscheinlichkeit vermindert wird, dass
die Dipole in giinstige Lage zueinander kommen, vgl. EISTERT®.

In apolaren stationiren Phasen erfolgt die gaschromatographische Trennung
von apolaren wie von polaren Substanzen entsprechend ihren Siedepunkten, so
dass die auftretenden Losungsenthalpien zumindest proportional den Verdampiungs-
enthalpien sind. In polaren stationiren Phasen kommen die Dipolwechselwirkungs-
krafte hinzu, wenn die geloste Verbindung eine funktionelle Gruppe enthdlt. Die
Interpretation gaschromatographischer Daten, die an apolaren stationidren Phasen
gewonnen wurden, fithrt zu Ergebnissen, die den durch Vergleich von Siedepunkten
gewonnenen dquivalent sind, vgl. HckeL?. Dads Studium der in polaren stationdren
Phasen zusitzlich auftretenden Dipolwechselwirkung, die ausserdem starken ste-
rischen Einfliissen unterliegt, ist in dem Kovars-schen System an den AI-Werten
moglich, vgl. 5. Die Grosse der AI-Werte hangt natiirlich auch von der Intensitdt
der Wechselwirkung zwischen stationdrer Phase und geloster Substanz ab, so dass
etwas iiber die Polaritit der stationiren Phase ausgesagt werden muss, wenn die
AI-Werte zur Charakterisierung von Substanzen benutzt werden sollen. Fur die
Diskussion der AI-Werte wird die stark vereinfachende Annahme getroffen, dass die
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Dispersionskrifte einer Substanz in der apolaren wie in der polaren stationdren Phase
gleich sind. Der Anteil der Dispersionsenergie an der gesamten Kohdsionsenergie
wird auf diese Weise aus den AI-Werten eliminiert. Bei der Betrachtung der Index-
werte selbst ist bei polaren stationiren Phasen immer mit der Uberlagerung beider
Effekte zu rechnen. Entsprechend den vorstehenden theoretischen Uberlegungen
l4asst sich zu dem in den obengenannten 8 Regeln zusammengefassten Eigenheiten der
gaschromatographischen Daten folgendes sagen:

Zu 1. Die Abnahme des Siedespunktes bzw. des Retentionsindexes in der apo-
laren Siule mit der Wanderung des Carboxylrestes in die Mitte des Molekiils ist auf
die Wirkung des Dispersionseffektes zuriickzufithren. Auch die verzweigten Kohlen-
wasserstoffe, mit dem entsprechenden Kohlenstoffgeriist, deren Kohision nur auf
Dispersionskriifte zuriickzufithren ist, zeigen eine Zhnliche Abstufung der Fliichtigkeit
(Tabelle V).

TABELLE V

RETENTIONSINDICES DER PENTANCARBONSAUREESTER UND HEXANE

Methylester IS120 15“
Pentancarbonsaure-(1) 849 n-Hexan 600
Pentancarbonsiure-(2) 804 2-Me-Pentan”™ 570
Pentancarbonsiure-(3) 796 . 3-Me-Pentan 535

* Das 2-Me-Pentan hat das gleiche Kohlenstoffgeriist wie die Pentancarbonsidure-(2), wenn
das Kohlenstoffatom der Carboxylgruppe mit zum betrachteten Kohlenstoffgeriist gerechnet wird.

Die Umkehrung bei den Retentionsindices von 2-Me-Pentan und 3-Me-Pentan
gegeniiber den entsprechenden Carbonsiureestern deutet darauf hin, dass bei den
letzteren ein Einfluss der funktionellen Gruppe -COOCH; auf die Dispersionswechsel-
wirkung anzunehmen ist, der von dem einer Methylgruppe abweicht. Die Dipol-
krifte, die in polaren fliissigen Phasen zu den Dispersionskrdften hinzukommen,
unterliegen in starkem Masse der Abschirmung durch die der funktionellen Gruppe
benachbarten Alkylgruppen, wihrend bei den Dispersionskriften der Kohlenwasser-
stoffe durch die Verzweigung ungiinstige sterische Verhidltnisse fiir die Wechsel-
wirkung aller Atome geschaffen werden. Es gibt keine ausgezeichnete Stelle der
Wechselwirkung.

Zu 2. So wird der besonders starke Sprung zwischen den Retentionsindices der
Methylester der Pentancarbonsiure-(r) und Pentancarbonsiure-(2) bei der Dipol-
wechselwirkung durch die Abschirmung der Methylgruppe, die an die Stelle eines
Wasserstoffatoms am «-C-Atom getreten ist, hervorgerufen; beim Dispersions-
effekt erstreckt sich die Wirkung einer Verzweigungsstelle auf die Wechselwirkung
aller Atome des Molekiils. Ein direktes Mass fiir die Abschirmung der funktionellen
Gruppe durch die benachbarten Alkylgruppen kann in der Abhingigkeit der AI-Werte
im System Squalan—Polypropylensebazat von der Art der abschirmenden Alkyl-
gruppen gefunden werden, vgl. auch 3. So findet man fiir alle Alkancarbonsiuren-(1)
einen A7-Wert von etwa 248, fiir alle Alkancarbonsiuren-(2) von 222. Es ist leicht
einzusehen, dass hohere Al-Werte geringere Abschirmung der funktionellen Gruppe
bedeuten. Die Differenz von 25 Einheiten im A7-Wert ist auf den dargelegten Methyl-
gruppeneffekt zurtickzufithren. Natiirlich spielt auch die Linge des anderen Alkyl-
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restes dabei eine Rolle, aber nur unterhalb einer Kettenlinge von C,. Die Abschir-
‘mung einer Alkylgruppe als Inkrement des AI-Wertes wird daher aus den 4I-
‘Werten mit moglichst langem Alkylrest abgeleitet. Bei den Alkancarbonsiduren-(3)
werden die AI-Werte etwa von der Octancarbonsiure-(3) an, in der neben die Athyl-
gruppe eine Pentylgruppe am «-C-Atom steht, konstant. Auf diese Weise wurden
die in Tabelle VI angefiihrte Abschirmungsinkremente fiir die A7-Werte ermittelt.

TABELLE VI

ABSCHIRMUNGSINKREMENTE FUR DIE AI-WERTE
(vgl. hierzu Tabelle III)

Alkylgruppe Inkrement™
CH, 25
C,H; 34
n-C,H, 40
n-C,Hy 41

* Abnahme des AI-Wertes beim Ersatz eines Wasserstoffatoms durch die betreffende Alkyl-
gruppe, wenn der andere Alkylrest vom a-C-Atom linger als #-Pentyl ist.

Betrachtet man dagegen die Abnahme der Indices selbst und nicht der AI-Werte
beim Ubergang von der Alkancarbonsiure-(I) zur Alkancarbonsiure-(2), so erhilt
man erst bei der Cy-Siure eine konstante Verminderung wihrend die AI-Werte in
allen 5 C-Zahlbereichen konstant sind.

'Ubergang der JA,,,-Werte bei Ce C, C C, Cy
Wanderung des -COOCH,-Restes aus der 1-in die 2-Stellung 45 53 58 61 62

Wahrscheinlich ist dies auf eine mit der Kettenlinge durch den Einfluss der Ketten-
verzweigung nicht linear steigende Dispersionsenergie zuriickzufiihren.

Zu 3. Eine andere Reihenfolge der isomeren Carbonsdureester ist in stdrker
polaren Siulen nur zu erwarten, wenn ein anderer Typ intermolekularer Wechsel-
wirkung vorliegt oder besonders sterische Verhltnisse bei den Molekiilen der statio-
niren Phase einen Einfluss haben. Bei den verwandten stationiren Phasen liegen
Dipol-Dipol- und Dispersionswechselwirkung in der gleichen Gréssenordnung, so dass
eine Uberkompensation des Dispersionseffektes durch Dipol-Dipol-Wechsel wirkung
unwahrscheinlich ist. Ausserdem wirken beide Effekte in der gleichen Richtung.

Zu 4. Kommt durch eine Verzweigung der Kohlenstoffkette eine Methylgruppe
am «-C-Atom hinzu, so ist gegeniiber den Alkancarbonsduren-(2) einerseits mit einer
weiteren Verminderung der Dispersionskrifte andererseits mit einer Verstarkung der
Abschirmung bei der Dipolwechselwirkung zu rechnen. Wandert die Gruppierung

(IZOOMe
_C-

{
CH,

durch die Kohlenstoffkette, so nehmen die AI-Werte nicht weiter ab, da die funk-
tionelle Gruppe durch die benachbarte Methylgruppe schon abgeschirmt ist und
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fiir die Dispersionswechselwirkung die Stérung, die durch die Methylgruppe hervorge-
rufen wird, nicht wesentlich vergréssert wird. Der Einfluss der Stellung dieser Grup-
pierung auf den Dispersionseffekt dndert sich nur wenig. Trotzdem haben die mittel-
stindigen Isomeren niedrigere Indices. )

Zu 5. Eine Gegeniiberstellung der 47-Werte der unverzweigten und methylver-
zweigten Cq4-Carbonsdureester zeigt den Einfluss der Wanderung der Carboxylgruppe
und der Methylverzweigung auf die Abschirmungsverhiltnisse (Tabelle VII).

Grosse AI-Werte bedeuten starke Wechselwirkung zwischen funktioneller Gruppe
und stationdrer Phase bzw. geringe Abschirmung der ersteren. Die schwichere Ab-
schirmung der 3-Methylalkancarbonsiure-(3) gegentiber der 2- und der 4-Methyl-

TABELLE VII

AI-WERTE DER CQ-CARBONSAUREESTER

Methylester der aI Methylester der ar
Octancarbonséure-(1) 247
Octancarbonsiure-(2) 222 2-Me-Heptancarbonsiure-(2) 195
Octancarbonsidure-(3) 213 3-Me-Heptancarbonsaure-(3) 199
Octancarbonsiure-(4) 208 4-Me-Heptancarbonsiure-(4) 195

alkancarbonsiure-(z) bzw. -(4) ist schwer zu verstehen. Vergleicht man ndmlich die
Summen der Abschirmungsinkremente der in beiden Molekiilen vorhandenen Alkyl-
gruppen, so ergibt sich kaum ein Unterschied:

Methyl + #n-Propyl = 66
2 x Athyl = 68 fiir 2-Methylpentancarbonsiure-(2)

Fir die Vertauschung der Retentionszeiten der beiden Isomeren sind wahrscheinlich
Unterschiede bei der Dispersionswechselwirkung verantwortlich.

Zu 6. Betrachtet man die Abhingigkeit der Retentionsindices einzelner Iso-
merentypen von der Kettenldnge (ohne dass sich in der Umgebung der funktionellen
Gruppe etwas dndern wiirde), so wird der Einfluss der Abschirmung sowie der ste-
rischen Eigenheiten des Molekiils auf die Retentionsindices noch einmal offenbar.
Bei den Alkancarbonsduren-(1) &ndert sich im Bereich von C;~C,, der Index ziemlich
genau um die zu erwartenden 100 Einheiten pro C-Zahl. Auch die A7-Werte bleiben
iiber den ganzen Bereich hinweg konstant. Bei den Alkancarbonsiduren-(z) wird erst
von dem CgIsomeren ab eine konstante Indexdifferenz von g8-g9g9 beobachtet,
wihrend die A1-Werte ziemlich konstant sind. Bei den Alkancarbonsiuren-(3) wird
der Wert von 100 erst etwa im C,,-Bereich erreicht, vgl. hierzu Tabelle 1II. Hier
zeigen allerdings auch die AI-Werte erst bei dem Cg-Isomeren konstante Werte.
Ahnliches gilt fiir die Alkancarbonsiuren-(4). Noch ausgeprigter sind diese Verhalt-
nisse bel den methylverzweigten Isomeren. Wenn also trotz gleicher Stellung der
funktionellen Gruppe bzw. gleichartiger C-Kettenverzweigung erst von einer be-
stimmten Liange des Alkylrestes bzw. der Kohlenstoffkette die Indexdifferenzen von
C-Zahl zu C-Zahl konstant werden, so kann das nur daran liegen, dass die struktu-
rellen Einfliisse auf den Dispersionseffekt das ganze Molekil erfassen. In polaren
fliissigen Phasen kommt die verschiedenartige Abschirmung der fiir die Wechsel-
wirkung entscheidenden Dipole durch Alkylreste verschiedener Linge zustande.
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TABELLE VII1

RETENTIO:ISINDICES DER CYCLISCHEN KOHLENWASSERSTOFFE

e —I,*

e s1jor 150" a1 (Spuaicn)
Cyclopentan 599 +o0.55 633 34 99
Cyclohexan 688 4 0.43 736 48 88
Cycloheptan 824 +c¢ 45 889 65 124
Cyclooctan 946 +0.57 1029 83 146
Bicycloheptan-(2,2,1) 777 +0.45 851 74 77
Bicyclooctan-(3,3,0) 8g1 + o.50 970 79 191

* Indexdifferenz fiir den Ubergang vom cyclischen zx m acyclischen Kohlenwasserstoff in der
stationdren Phase Squalan.

Die AI-Werte indern sich mit steigender Kettenling> nicht so stark wie die Index-
differenzen von C-Zahl zu C-Zahl, weil in den AI- Verten nur die Dipol-Dipol-
Wechselwirkung erfasst wird, die von Propyl ab unabhi. gig von der Kettenlinge ist,
da sie im Molekiil lokalisiert und an ihr nur die funktionel. Gruppe selbst beteiligt ist.

Reétentionsindices der cyclischen Carbonsdureester

Zu 7. Schon die cyclischen Kohlenwasserstoffe haben einen 16heren Retentionsindex
als die n-Paraffine. Ausserdem erhoht sich deren Retentio: sindex beim Ubergang
von der apolaren zur polaren stationiren Phase (Tabelle VIII, Hier gilt also die An-
nahme nicht, dass die Dispersionsenergie in beiden Phasen glei-h ist.

Die AI-Werte der cyclischen Carbonsiureester sollten aus «iesem Grunde eben-
falls um den entsprechenden Betrag hoher als diejenigen der a‘yclischen Carbon-
sdureester sein (Tabelle IX).

Der Ubergang vom acyclischen zum cyclischen Carbonsdure: ster (bei gleicher
C-Zahl) zeigt, dass die Indexdifferenz wesentlich kleiner ist als bei de1 entsprechenden
Kohlenwasserstoffen: 49 Indexeinheiten fiir den Ubergarg von Per tancarbohsiure-
(1) zu Cyclopentancarbonsgure und 99 Indexeinheiten: fu- den Ul ergang von #-
Pentan zu Cyclopentan.

Das ist wohl darauf zuriickzufithren, dass die Wechselwirk.ng a f Grund des
Dispersionseffektes durch die funktionelle Gruppe behindert wira; ¢ie Carboxyl-
gruppe steht namlich an einer Kettenverzweigung. Die AI-Werte der beiden Ring-
systeme zeigen bei den Alkanen und bei den Alkancarbonsdureestern geringere
Differenzen: 44 Indexeinheiten fiir den gleichen Ubergang gegen 34.

Die abschirmende Wirkung von Alkylgruppen, die in a-Stellung zur Carboxyl-

TABELLE IX

INDEXDIFFERENZ ZWISCHEN CYCLISCHEN UND ACYCLISCHEN CARBONSAUREESTER

Methylester der Squalan PPS ar

Pentancarbonsiure-(1) 849 1097 248
49 93 44

Cyclopentancarbonsédure 898 1190 292

Hexancarbonsiure-(1) 952 1198 246
- 55 102 47

Cyclohexancarbonsdure 1007 1300 293
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TABELLE X
AI-WERTE DER NICHT ALKYLIERTEN UND ¢-ALKYLIERTEN CYCLISCHEN ESTER
Methylester der A7 Methylester der Al Differenz
Cyclopentancarbonsdure 294 1-Me-Cyclopentancarbonsidure-(1) 259 35
1-Et-Cyclopentancarbonsidure-(1) 254 30
1-n-Pr-Cyclopentancarbonsdure-(1) 259 35
Cyclohexancarbonsiure 302  1-Me-Cyclohexancarbonsiure-(1) 259 43
1-Et-Cyclohexancarbonsiure-(1) 261 41
1-n-Pr-Cyclohexancarbonsidure-(1) 255 47
1-Bu-Cyclohexancarbonsdure-(x) 252 50
Bicycloheptan-(2,2,1)-carbonsiure 319 1-Me-Bicycloheptancarbonsdure-(1) 292 27
Bicyclooctan-(3,3,0)-carbonsaure 300

gruppe stehen, ist bei den cyclischen Estern stirker als beil den acyclischen, aber
abhingig von den sterischen Verhiltnissen.

Dies zeigt ein Vergleich der 4I-Werte der nicht alkylierten und in «-Stellung
alkylierten cyclischen Ester (Tabelle X). Die abschirmende Wirkung der einzelnen Al-
kylgruppen ist wenig abhingig von der Art der Alkylgruppe. Zusammenfassend sind
folgende Einfliisse auf die 47-Werte der cyclischen Carbonsidureester festzustellen:

(a) Dipolwechselwirkung der Carboxylgruppe mit der polaren stationiren Phase.

(b) Die abschirmende Wirkung von Alkylsubstitution auf diese Wechselwirkung.

(c) Unterschiede der Dispersionsenergien in polaren und apolaren stationiren
Phasen.

(d) Sterische Einfliisse der verschiedenen Ringtypen auf die Dipolwechsel-
wirkung.

Die Abschirmung ist bei den cyclischen Carbonsiureestern so stark, dass z.B. in
starker polaren stationdren Phasen die a-Methylverbindungen niedrigere Reten-
tionsindices haben als die entsprechenden Grundkérper, obwohl sie die hohere C-Zahl
besitzen. Die Chromatogramme in Fig. 4 zeigen die auftretenden Peakvertauschungen
bei den Cyclopentyl- und Cyclohexylestern beim Ubergang von Squalan zu Polypro-
pylensebazat.

Wihrend in Squalan die Reihenfolge der Retentionsindices der C-Zahl ent-
spricht (in Fig. 5 hat die obere Kurve kein Minimum bei C,), haben die nicht alky-
lierten cyclischen Ester in stark polaren stationiren Phasen wesentlich héhere In-
dices als die alkylsubstituierten. Das Minimum bei C, in Fig. 5 ist um so tiefer, je
polarer die stationdre Phase ist, vgl. auch die Chromatogramme in Fig. 4. Bei dem
Substanzpaar Bicyclohepten-(2,2,1)-carbonsdure und seinem «-Methylderivat
kommt es nicht zur Peakvertauschung, wohl aber riickt die unmethylierte Verbindung
in der polaren stationdren Phase sehr nahe an die Methylverbindung heran. Es
kommt hier keine Vertauschung der Reihenfolge zustande wegen der besonderen
sterischen Verhiltnisse bei diesem Ringsystem. Die Retentionsindices in apolaren
stationdren Phasen werden ausschliesslich durch den Dispersionseffekt beeinflusst.
Die Dispersionswechselwirkung wird aber besonders durch das tertiire C-Atom und
die sterischen Verhiltnisse an diesem beeintrichtigt. Das sieht man an den beiden
homologen Reihen der Cyclopentyl- und Cyclohexylcarbonsiureester. Die Index-
differenzen zwischen zwei Homologen mit einer um eine Einheit verschiedenen C-
Zahl ndhert sich erst bei héheren C-Zahlen dem zu erwartenden Wert von 100 fiir
gleiche Dipol-Dipol-Wechselwirkung bei gleicher Abschirmung (Tabelle XI).
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Squalan
130 7 >9
125 Ucon
Sucrose- acetat-
isobutyrat
120 olypropyien -
sebazat
115 /i
110
1.05 A
1.00 §
0.95

Ca Cg C,o C” C;z C-Zahl
¥ig. 5. Relative Retentionsvolumina der Methylester der 1-Alkyl-cyclohexancarbonsiure-(1) in
Abhédngigkeit von der C-Zahl in vier verschiedenen Siulen.

In stark polaren stationidren Phasen kommt es wegen der Dipol-Dipol-Wechsel-
wirkung und deren Abhingigkeit von der Abschirmung durch die in o-Stellung
stehenden Alkylgruppen zwar zu den erwihnten Peakvertauschungen, doch ist fest-
zustellen, dass bei diesen stark verzweigten cyclischen Estern die sterischen Ein-
flisse auf den Dispersionseffekt ebenso wichtig sind wie die Abschirmung der funk-
tionellen Gruppe bei der Dipolwechselwirkung. Ob es gelingt, den Einfluss der
Stellung der funktionellen Gruppe in einer Kohlenstoffkette auf den Dispersions-

TABELLE XI

INDEXDIFFERENZ ZWISCHEN HOMOLOGEN CYCLISCHEN CARBONSAUREESTERN

Methylester der Squalan Differenz
Cyclopentancarbonsiure 902
1-Me-Cyclopentancarbonsiure-(1) 925 2
1-Et-Cyclopentancarbonsiure-(1) 1017 92
Cyclohexancarbonsiure I0I1
1-Me-Cyclohexancarbonsiure-(1) . 1026 "
1-Et-Cyclohexancarbonsiure-(1) 1122 %
1-n-Pr-Cyclohexancarbonsiure-(1) 1200 78
1-Bu-Cyclohexancarbonsiure-(1) 1285 5

J. Chvomatog., 14 (1964) 157-177



RETENTIONSDATEN UND STRUKTUR CHEMISCHER VERBINDUNGEN. I. 177

effekt durch Inkremente von Retentionsdaten zu erfassen, wie es DUNKEL?? analog fiir
die Verdampfungswirmen bereits versucht hat, wird sich in einer spéteren Arbeit
zeigen.

DANK

Herrn Prof. Dr. KARL Z1EGLER, dem Direktor des Max-Planck-Instituts fiir Kohlen-
forschung, moéchte ich fiir stets gewihrte grossziigige Unterstiitzung und Férderung
meiner Arbeit danken.

ZUSAMMENFASSUNG

Es werden die Retentionsdaten fiir die bei der KocH-schen Carbonsduresynthese aus
unverzweigten Olefinen entstehenden o-verzweigten cyclischen und acyclischen
Carbonsdauremethylester angegeben und die Abhingigkeit dieser Daten—iiber-
wiegend in Form der Kovars-schen Retentionsindices—von der Struktur der zu-
gehorigen Verbindungen diskutiert. Zu den Messungen werden stationire Phasen
verschiedener Polaritit in Kapillarsaulen verwandt und der Einfluss der Polaritit
auf die Trennung der einzelnen Isomerentypen, besonders auch bei den cyclischen
Carbonsiureestern, untersucht.
SUMMARY

A detailed investigation of aliphatic and cyclic a-branched carboxylic acids in the
C4—C,, range is undertaken by means of capillary column gas chromatography of their
methyl esters. The relations between their retention data presented as retention
indices (Kovarts) and chemical structure are discussed. The influence of the polarity
of the various liquid phases on the separation of isomeric esters is studied The acids
investigated are found in the reaction products of the KocH synthesis. By the gas
chromatographic methods described all components of often complex mixtures of
isomeric acids from this process can easily be identified.
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ZUR CHEMISCHEN KLASSIFIZIERUNG VON PFLANZEN

XXV. QUANTITATIVE BESTIMMUNG VON HASCHISCH-INHALTSSTOFFEN
NACH DUNNSCHICHTCHROMATOGRAPHIE*

FRIEDHELM KORTE unp HELMUT SIEPER
Organisch-Chemisches Institut dey
Universitiat Bonn (Deutschland)

(Eingegangen den 24. Juli 1963)

Die Bestimmung der Haschisch-Inhaltsstoffe Cannabidiolsdure (CBDS), Cannabidiol
(CBD), Tetrahydrocannabinol (THC) und Cannabinol (CBN) hat beachtliche Be-
deutung gewonnen fiir die polizeiliche Kontrolle des illegalen Haschischhandels! und
fiir die Zichtung Haschisch-armer Hanfpflanzen zur Fasergewinnung?. In jiingster
Zeit gelang es uns, Haschischextrakte an Dimethylformamid-imprégnierten Kieselgel-
Diinnschichten in die Cannabinolverbindungen aufzutrennen®. Wegen der ausser-
ordentlich grossen Trennschirfe und des geringen Zeitbedarfs schien dieses Verfahren
als Grundlage fiir eine genaue und schnelle Bestimmung der Cannabinole besonders
geeignet. Eine solche Methode beansprucht um so grésseres Interesse, als die Litera-
turmethoden sich im allgemeinen auf eine grobe Bestimmung einzelner Komponenten
beschrianken?, oder einen unverhiltnismissig grossen Arbeits- und Zeitaufwand er-
fordern?.

Die quantitative Bestimmung diinnschichtchromatographisch aufgetrennter
Verbindungen erfolgt am besten nach ihrer Elution vom Adsorbens spektrophoto-
metrisch. So konnten wir nach diesem Verfahren genuine Anthrachinonglykoside
und -aglykone in Extrakten von Cortex framgulae mit einer Messgenauigkeit von
+ 5% erfassen®. Eine analoge Ubertragung auf die Cannabisanalytik bereitete
jedoch erhebliche Schwierigkeiten. Die direkte spektrophotometrische Auswertung
der fiir die Cannabinole charakteristischen U.V.-Absorptionsmaxima bei 270-280 mp
erwies sich als unmdglich, da wegen der niedrigen Extinktionskoeffizienten dieser
Verbindungen fiir eine genaue Messung nur ungeniigend hohe Eluatkonzentrationen
erreicht werden konnten. Dagegen gelang es, die getrennten Substanzen auf dem
Chromatogramm reproduzierbar in farbige Azoverbindungen mit hohen Extinktions-
koeffizienten iiberzufiihren und nach ihrer Elution im sichtbaren Spektralbereich zu
photometrieren.

Zum Studium der systematischen Fehler dieser Methode wurde ein Gemisch aus
gleichen Teilen von genuinem CBD, synthetischem CBN und synthetischem THC
vom Schmp. 62°7 bandférmig iiber 16 cm auf Dimethylformamid-gesittigten Kiesel-
gel-Diinnschichten aufgetragen und mit Cyclohexan chromatographiert. Fiir die
Anfarbung der Cannabinole wihlten wir Echtblausalz B, Merck, in alkalischer
Lésung. Wie ausgefithrt wurde3, entstehen mit diesem Reagens so charakteristisch

* XXIV. Mitteilung: F. KorTE unNDp H. SIEPER, J. Chvomatog., 13 (1964) go.
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gefirbte Verbindungen, dass ihre sichere Identifizierung ohne die Hilfe andersartiger
Farbreaktionen an Vergleichschromatogrammen mdéglich ist. Bei zweimaligem
Besprithen wird eine vollstindige Umsetzung erreicht, ohne dass sich die schwach
gelbe Untergrundfirbung stérend auswirken kénnte.

Das Ablésen der Farbstoffe vom Adsorbens erfolgte nach der schon fiir die
Anthrachinonbestimmung ausgearbeiteten Elutionstechnik®. Als bestes Lésungs-
mittel eignete sich ein Gemisch aus gleichen Teilen Eisessig und Methanol. Die auf
dem Sorptionsmittel irreversibel festgehaltenen Farbstoffmengen waren sehr gering.
Die Absorptionsspektren der Farbstofflésungen und eines in analoger Weise erhalte-
nen Kieselgelblindeluats wurden mit dem Spektrophotometer Beckman DK I in
Durchsicht vermessen und sind Fig. 1 zu entnehmen.

log 10/7 o
c

o7

06

0.3
0.2

(o]

1 | | 4 { L 1
425 450 475 500 525 550 575 mp

Fig. 1. Absorptionsspektren der Cannabinolverbindungen nach Diinnschichtchromatographie und
Umsetzung mit Echtblausalz B (gemessen in Losung nach Elution m.t Eisessig-Methanol (1:1)). I
= CBD-Azofarbstoff; IT = CBN-Azofarbstoff; III = THC-Azofarbstoff; IV = Kieselgelblindeluat.

Wie man erkennt, ist die Absorption des Kieselgelblindeluats im Absorptions-
maximum der Cannabinole sehr klein. Die Messergebnisse zeigten die geringste
Streuung, wenn die Substanzldsung gegen reines Lsungsmittel vermessen und die
getrennt bestimmte Kieselgelblindabsorption davon abgezogen wurde. Die Lésungen
zeigten auch nach 3-monatigem Stehen keine Anderung der Absorptionslage und
Extinktionshéhe.

Um Aussagen iiber den Giiltigkeitsbereich des Lambert-Beerschen Gesetzes
machen zu kénnen, wurden o.1-proz. Losungen der Cannabinole in unterschiedlichen
Mengen chromatographiert und spektrophotometriert. Die Ergebnisse sind in Fig. 2
dargestellt.

Die maximale Abweichung der Messpunkte der Ausgleichsgeraden liegt zwischen
Konzentrationen von 2 und 8 ug/ml bei 5 voneinander unabhéngigen Bestimmungen
unter + 5 9%. Innerhalb dieses Konzentrationsbereiches verlaufen die Kurven linear.
Daraus kann man schliessen, dass auf dem Chromatogramm eine stéchiometrische
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Fig. 2. Eichkurven der Cannabinolverbindungen nach Diinnschichtchromatographie und Umset-
zung mit Echtblausalz B (gemessen in Losung nach Elution mit Eisessig—Methanol (1 :1) im Maxi-
mum der Absorption). I = CBD-Azofarbstoff; II — CBN-Azofarbstoff; 111 = THC-Azofarbstoff.
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Fig. 3. Eichkurven der Cannabinolverbindungen im Giiltigkeitsbereich des Lambert-Beerschen
Gesetzes. I = CBD-Azofarbstoff, 0 — 75 5. 11 — CBN-Azofarbstoft, il 750, THI =

THC-Azofarbstoff, €1/ — ;g8
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oder zumindest proportionale Umsetzung der Cannabinole mit dem Reagens und
eine der Farbstoffmenge proportionale Elution erfolgt.

In Fig. 3 sind die Ausgleichsgeraden im Linearitdtsbereich gesondert aufge-
zeichnet. Die daraus ermittelten praktischen Extinktionskoeffizienten gestatten die
direkte Berechnung unbekannter Cannabinolkonzentrationen nach dem Lambert-
Beerschen Gesetz aus den Extinktionswerten der Diinnschichteluate.

Cannabis- oder Haschischextrakte kénnen ohne vorherige Reinigung fiir die Be-
stimmung der Cannabinole eingesetzt werden. Farbige Begleitsubstanzen sowie
Cannabinol-fremde Substanzen, die mit Echtblausalz farbige Verbindungen geben,
storen im allgemeinen nicht, da ihre Laufgeschwindigkeiten auf dem Chromatogramm
von denen der Cannabinole geniigend verschieden sind. Cannabidiolsdure konnte
nach der beschriebenen Methode nicht bestimmt werden, da sie im Losungsmittel-
system Dimethylformamid-Cyclohexan am Startpunkt zuriickbleibt. Versuche,
adsorptionschromatographisch an Diinnschichten in einen giinstigen Rp-Bereich zu
kommen, sind noch nicht abgeschlossen. Wie berichtet wurde?, waren in allen unter-
suchten Haschischextrakten drei auf dem Chromatogramm eng benachbarte, aber
scharf voneinander getrennte Tetrahydrocannabinole nachweisbar, die mit THC I,

TABELLE I

GEHALT AN CANNABINOLEN IN CANNABISEXTRAKTEN*

% dey Trockendroge

CBD THCI THCII CBN
Nigeria UNC 359 — 0.079 0.019 0.481
Brasilien UNC 61 — 0.190 Spuren 0.410
Cypern UNC 33 — 0.230 0.150 0.060
Marocco UNC 21 0.129 0.096 Spuren 0.123
Genf UNC 51 0.129 0.059 0.028 0.017
Kanada UNC 37 0.103 Spuren Spuren —

* Der Zeitbedarf fiir die Bestimmung der 4 Xomponenten in Rohextrakten liegt bei 4-3
Stunden. Zwei getrennte Analysen reichen im allgemeinen fiir eine Genauigkeit von + 5% aus.

THC II und THC ITI bezeichnet wurden. THC ITI war in nicht bestimmbar kleinen
Mengen enthalten. Fiir eine angendherte Bestimmung von THC I und THC II aus
den Extinktionswerten der Umsetzungsprodukte mit Echtblausalz wurde der fiir das
synthetische THC vom Schmp. 62° ermittelte Extinktionskoeffizient eingesetst
(siehe Eichkurve III in Fig. 3). Als Beispiel einer Bestimmung sind die Analysen-
werte einiger Haschischextrakte in Tabelle I zusammengestellt.

EXPERIMENTELLER TEIL

Je 10 g Haschisch oder lufttrockener und von groben Stengeln befreiter Cannabis
werden in 50 ml dest. Petrolidther (Sdp. 40-60°) suspendiert und 2 Min. bei Raum-
temperatur unter stindigem Durchleiten eines lebhaften N,-Stromes mit einem
Ultraturrax zerkleinert und extrahiert. Der Filtrationsriickstand wird 3—5 mal mit
je 30 ml Petrolither nachextrahiert, bis das Filtrat eine nur noch schwache Farb-
reaktion mit Echtblausalz B gibt. Die vereinigten Filtrate werden bei Raumtempera-
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tur in einem Rotationsverdampfer zur Trockne eingedampft und mit Heptan, dem
wenige Tropfen Methylidthylketon und Athanol zugefiigt wurden, auf genau 10-proz.
Losungen eingestellt.

Auf 20 X 20 cm Glasplatten werden Diinnschichten von Kieselgel G, Merck, in
einer Dicke von 250 p mit dem Streichgerit der Fa. C. Desaga, Heidelberg, nach der
Vorschrift von STAHLS hergestellt und in der frither beschriebenen Weise® mit einer
Mischung von 60 Vol. % N,N-Dimethylformamid und 40 Vol. % CCl, iiber eine
Chromatographiestrecke von 12 cm imprégniert.

Wihrend des Abdunstens von iiberschiissiger Imprignierungsfliissigkeit, wozu
1—2 Stunden erforderlich sind, werden 2.5 c¢m oberhalb der unteren Schichtkante
10-30 pul des zu bestimmenden Haschischextraktes mit einer Mikrosyringe, 3 cm
von der Seitenkante her angefangen, iiber eine Strecke von 13 cm bandférmig auf-
getropft. Dabei ist darauf zu achten, dass die Sorptionsschicht nicht beschidigt
wird und sich die Testlosung iiber hochstens 0.5 cm nach oben und unten ausbreitet.
Auf dem ausgesparten 3 cm breiten Seitenstreifen kénnen fiir Vergleichszwecke 3 pul
einer 0.1-proz. Losung eines Gemisches von CBD, CBN und THC oder ein Cannabis-
bzw. Haschischextrakt bekannter Inhaltsstoffe aufgetragen werden. Es wird mit
Cyclohexan chromatographiert, wozu ca. 30 Min. benétigt werden.

15 mg Echtblausalz B, Merck, das zweckmissigerweise bei 0° aufbewahrt wird,
werden in 2o ml N/1o NaOH kalt gelést und durch eine Glasfritte filtriert. Die Losung
wird beim Stehen allmihlich braun und ist nach 5 Min. nicht mehr verwendbar.
Sie wird daher unmittelbar nach ihrer Herstellung mit einem Sprither der Fa. C.
Desaga unter N,-Druck auf die waagerecht liegende Platte im Abstand.von ca. 30 cm
so aufgenebelt, dass die gesamte Adsorptionsschicht gleichmissig transparent wird,
ohne dass bei seitlicher Betrachtung ein Feuchtigkeitsfilm sichtbar wird. Das Chro-
matogramm wird mit dem Kaltluftstrom eines Féhns getrocknet und wie vorher mit
einer frischen Reagensldsung nachbehandelt. CBDS bleibt als orangeroter Fleck am
Startpunkt zuriick. Es folgen mit steigenden Rp-Werten: CBD (orangerot), CBN
(dunkelviolett), THC T (weinrot) THC II (hellviolett) und THC III (rosa).

Die 0.3-I cm breiten Zonen der Cannabinol-Azofarbstoffe werden mit einem
spitzen Bleistift umrandet, mit einem flachen Spatel von 3 mm Breite abgekratzt und
quantitativ in Réhrchen von 2 ml! Fassungsvermégen iibergefithrt. Der Farbstoff
wird durch Schiitteln mit 1 ml eines Gemisches aus gleichen Vol. Teilen Eisessig
und Methanol extrahiert. Man ldsst absitzen und filtriert mit reduziertem Wasser-
strahlvakuum durch eine Glasfritte Schott G 3 unmittelbar in einen 2.5 ml Mess-
kolben. Es wird zweimal mit je 0.5 ml Lésungsmittel nachextrahiert und bis zur
Marke aufgefiillt. Zur Herstellung einer Kieselgelblindlésung wird unterhalb der
Startlinie des Haschischextraktes eine den Testmengen entsprechende Menge sub-
stanzfreier, aber mit der Reagenslésung behandelte Kieselgelzone extrahiert.

Die Absorptionsspektren der Cannabinol-Azofarbstoffe und des Kieselgel-
blindeluats werden mit einem selbstregistrierenden Spektrophotometer im Wellen-
lingenbereich von 600—400 my gegen reines Losungsmittel (Eisessig-Methanol (1:1))
aufgenommen. Vom-Extinktionswert der Substanzlésung im Wellenlingenmaximum
wird der Kieselgelblindwert gleicher Wellenlinge abgezogen. Zur Konzentrations-
berechnung nach dem Lambert-Beerschen Gesetz werden folgende Extinktions-
koeffizienten eingesetzt: CBD 72.5; CBN #5.0; THC I und THC IT 78.8.
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ZUSAMMENFASSUNG

Die Haschisch-Komponenten Cannabidiol, Tetrahydrocannabinol und Cannabinol
werden nach diinnschichtchromatographischer Trennung und Umsetzung zu Azo-
farbstoffen spektrophotometrisch bestimmt. Die neue Methode ist auch auf Cannabis-
und Haschisch-Rohextrakte anwendbar.

SUMMARY

The hashish components cannabidiol, tetrahydrocannabinol and cannabinol are
determined spectrophotometrically after separation by thin-layer chromatography
and formation of azo-derivatives. The new method can also be applied to crude
extracts of cannabis and hashish.
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THE PARTITION OF POLAR AND NON-POLAR LIPIDS IN A
REVERSED-PHASE CHROMATOGRAPHIC SYSTEM

A. G. VERESHCHAGIN
K. A. Timivyazev Institute of Plant Physiology,
Academy of Sciences of the U.S.S.R., Moscow (U.S.S.R.)

(Received July 25th, 1963)

The additive nature of the chromatographic partition process was postulated by
MARTIN already in 1950'. He formulated the equation:

4
In ("E> _anx (1)
CLA. RT

where A, B are members of a homologous series, differing by the functional group X,
o« is the partition coefficient and Aux is the difference in chemical potential of the
group X in polar and non-polar phases of the chromatographic system.

It follows, that each group in the solute molecule contributes more or less inde-
pendently to the difference in standard free energy of the solute between the two
different phases. Thus, in general, there is a linear relationship between In« or log;,«
and the number of functional groups in a homologous series. This relationship has
been widely used for the chromatographic identification of flavonoids?, 2,4-dini-
trophenylhydrazones of aliphatic aldehydes and methyl-ketones3, aliphatic and aro-
matic hydrocarbons?, and other substances.

In a reversed-phase partition chromatography of lipids®¢ several attempts
were made to derive some information as regards identity from the behaviour of
these substances during separation. The Rp value? and the logarithm of the retention
volume® were reported to be linear functions of the number of carbon atoms in an
aliphatic chain. In other studies no such linearity was found®.

It seemed desirable to find the relation between properties of lipid molecules
and the chromatographic partition pattern. The following reversed-phase systems
were used: for the fatty acids—natural rubber 4 aliphatic hydrocarbons, b.p.
220-200°/90 %, acetic acid; for triglycerides — aliphatic hydrocarbons, b.p. 260-310°/a
mixture of acetone and acetic acid (83:15 v/v). The experimental conditions used
for the separation and localization of lipids have been described previously20, 11,

The molecular properties of lipids were characterized by the polarity constant:

K19 = 100 —m -+ 2¢ (2)

where m is the number of carbon atoms and ¢ the number of double bonds in a lipid
molecule.

In a reversed-phase system the absolute Rp values of fatty acids are not readily
reproducible owing to slight fluctuations of temperature during the chromatographic
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procedure; therefore, the stable relative value R, was used instead of Rp for the cal-
culation of the partition coefficient «;. The R; value is computed from the equation:

distance travelled by a given fatty acid zone

Ry = (3)

distance travelled by ricinoleic acid zone

Table I gives the K, and R, values of higher fatty acids (the abbreviated designations
of the acids are given in parentheses).

TABLE 1

POLARITY CONSTANTS AND R1 VALUES OF HIGHER FATTY ACIDS

. Stearic Palmitic Oleic Linoleic Myristi Linoleni L ]

Faily acid () (P) () " i o (La)
K, 82 84 84 86 86 88 88

Ry o.10 0.18 0.18 0.28 0.34 0.39 0.52

The partition coefficient was calculated according to MARTIN AND SyNGE!2. For
the reversed-phase system at a constant temperature the effect of the water content of
the solid support was negligible; therefore, it was assumed that:

9polar
ool _ ()
4non-polar
and:
- (s)
ae=———1
Ryp 5

There is a linear relationship between log,se; and the polarity constant of saturated
fatty acids (Fig. 7). The unsaturated fatty acid with carbon number # and the sat-
urated acid with # — 2¢ carbon atoms have equal polarity constants, but the log,qe;
values of these pairs differ considerably from each other, with the exception of the
pair oleic—palmitic acid. The log,x; value is a linear function of the polarity constant
of unsaturated fatty acids. Using the curves of Fig. 1, it is possible to determine the
values df # and ¢ from the experimental R, value of the unknown fatty acid.

The chromatographic behaviour of triglycerides obtained from linseed, poppy-
seed, and cottonseed oils was characterized by the value R, (ratio of Rp of triglyceride
to the R of butyl hexabromostearate). The triglycerides, together with their polarity
constants, K,, and R, values are listed in Table II, columns 1-3. There was a linear
relationship between K, and the partition coefficient of triglycerides o, (Fig. 2).

The data of Table II show that glycerides with different fatty acid compositions
may still have the same polarity constants. Triglycerides of the same polarity always
form a separate chromatographic zone. Further separation of such mixtures into
individual triglycerides was achieved by quantitative bromination of the double bonds
by the KAUFMANN reagent!3. The polarity constant of brominated triglycerides can
be expressed by the equation:

Ky =m—s (6)
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Fig. 1. Dependence of the logarithm of the partition coefficient of fatty acids on the polarity
constant K,. O O saturated fatty acids; @ ————— ® unsaturated fatty acids.
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Fig. 2. Dependence of the partition coefficient of higher fatty acid triglycerides on the polarity
constant K,.
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AND AFTER BROMINATION

TABLE II

POLARITY CONSTANTS AND R2 VALUES OF TRIGLYCERIDES BEFORE

Triglycerides K, R, K, Ry
SPO 47 0.16 — —
PPO 51 0.21
SPL 53 0.25
POO 49 0.18 54 0.27
SOL 56 0.30
000 57 0.34
PPL 51 0.29
POL _ 54 0.36
SLL 51 0.21 56 0.42
OOL 57 0.47
PLL _ 54 0.47
OLL 53 025 57 0.57
LLL 55 0.32 57 0.69
PLelLe "

OLeLe 57 042 - -
Llele 59 0.63 —_ —
Lelele 61 0.78 — —

* For abbreviations, see Table I.

where s is the number of saturated fatty acid acyls in a triglyceride molecule. The
chromatographic separation was carried out as described for non-brominated tri-

glycerides.

Table IT (columns 4 and 5) shows that each polarity constant value K,
corresporids to a different R," value, making possible the isolation and subsequent
identification of.all component triglycerides. As in the case of non-brominated
glycerides, the partition coefficient of the bromides «,’ is a linear function of the pola-
rity constant K, (Fig. 3).

1

a2
4

Ks

51

52 53

54 55 56 57

Fig. 3. Dependence of the partition coefficient of brominated triglycerides on the polarity constant

K, O

O brominated triglycerides, K, = 49; @ ——~—— @ K, = 5I; X

X K, = 53.
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The chromatographic partition of brominated glycerides is of an additive nature.
The following relationship exists between the partition coefficients of non-brominated

and brominated triglycerides:
ag = ko' e (7)

where £ = 0.75 + 0.10 is a constant, determined by the nature of the halogen and
the parameters of the reversed-phase system. The value of ¢is given by the expression

e = agfk-ag’ (8)

Thus, for the identification of a triglyceride it is necessary to carry out its chromato-
graphic separation before and after bromination. The polarity constant may be deter-
mined by reference to Fig. 2z and the number of double bonds is calculated from
eqn. (8). Identification is accomplished by comparison of the data obtained with the
theoretically possible composition of the triglycerides of the given polarity'.

It is clear from the results that polar lipids {fatty acids) as well as non-polar lipids
(triglycerides) follow MARTIN'S rule for their partition in a reversed-phase system.
There are, however, certain differences in the chromatographic behaviour of these
lipids. The fact that the polarity constants of saturated and unsaturated fatty acids
are equal does not necessarily imply equality of their partition coefficients, whereas
the triglycerides strictly follow this rule. There is a linear relationship between polarity
constant and logarithm of partition coefficient in the homologous series of fatty acids,
but in the case of triglycerides it is the value of the partition coefficient itself that is
a linear function of the polarity constant.

The experimental results seem to disagree with the data cited for other reversed-
phase systems?—®. Further investigation is necessary to explain the reasons for this
apparent difference.

SUMMARY

Reversed-phase chromatography studies have shown that the logarithm of the
partition coefficient of saturated and unsaturated higher fatty acids and the partition
coefficient of triglycerides are linear functions of the polarity constants of these lipids.
By quantitative bromination of double bonds the polarity of triglycerides is increased.
The reversed-phase chromatography of brominated glycerides makes possible the
separation of otherwise inseparable triglyceride mixtures. The methods of chromato-
graphic identification of lipids are discussed.
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THE SIMULTANEOUS PAPER CHROMATOGRAPHIC SEPARATION
OF PHOSPHATIDES, CEREBROSIDES AND SULFATIDES*

C. B. SCRIGNAR
Tulane University School of Medicine, Department of Medicine,
New Ovleans, La. (U.S.4.)

(Received July 3oth, 1963)

INTRODUCTION

It has proved difficult to study the lipids in myelin because of the complexities in-
volved in their separation. No paper chromatographic system has yet been described
which separates phosphatides, cerebrosides and sulfatides simultaneously. This
communication describes a new paper chromatographic system in which this is
accomplished. This method utilizes silicic acid impregnated paper and a solvent
system containing diisobutyl ketone, pyridine and water. Small quantities of lipid
mixtures are separated accurately and rapidly.

MATERIALS AND METHODS

Brain (gray matter, white matter, and whole brain) from adult dog, fetal dog, rabbit,
monkey, rat and beef and also peripheral nerves from frog, rat and rabbit were ob-
tained immediately after death. The lipids were extracted by one or more of the fol-
lowing methods: (1) by the method of FoLcH et al., (2) direct immersion of the tissue
in chloroform—methanol, 2:1 v/v (20 vol. of solvent per g of tissue), (3) lyophilization
of the tissue and extraction with chloroform-methanol, 2:1 v/v (20 vol. of solvent
per g of tissue).

To aid in the interpretation of the chromatograms the following cerebral lipids
were used as standards (those prepared in this laboratory were obtained from beef
brain):

1. Phosphatidyl ethanolamine and phosphatidyl serine were isolated according
to FoLcH's method?.

2. Sulfatide and strandin samples were (a) obtained from J. FoLcH, and (b)
prepared in our laboratory from beef brain as follows: strandin by the method of
FoLcH, ARSOVE AND MEATHS, and sulfatides by the method of LEES, FOLCH, SLOANE-
STANLEY AND CARR%

3. Sphingomyelin preparation was obtained from E. KLENK aND M. Hack.

4. Cerebrosides were obtained from E. KLENK.

5. “Cephalin B” was prepared as described by BRANTES.

* Parts of this paper have been published in.abstract form: C. B. SCRIGNAR AND V. J. FERRANS,

The Paper Chromatography of Cerebrosides and Sulfatides of Brain Tissue, Federation Proc.,19
(1960) 219. This study was supported by U.S.P.H.S. Grant, No. HTS 5133.
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Impregnation of Whatman No. 1 and S & S 2043B filter paper with silicic acid
and spot tests were done as described by HACK AND FERRANSS.

The solvent system utilized consisted of diisobutyl ketone, pyridine and water
in the ratio of 100:74:11. (The amount of water in the solvent system was critical
and adjustments were necessary with each new batch of silicic acid impregnated paper;
usually g-13 parts of water were satisfactory for our purposes.) Two hundred ml of
this mixture were sufficient for a 45 X 15 glass chromatographic cylinder. Five to
twenty-five ul of lipid extract were applied to the chromatographic paper with a
micropipette, making a spot about 1-2 mm in diameter. The spots were air-dried and
the chromatograms developed for 4-12 h at 25° The chromatograms were again
air-dried, the solvent mixture washed out of the paper with two changes of zoo ml
of 0.05 M H,SO,; and then stained for plasmalogens with fuchsin sulfurous acid,
washed twice in 200 ml 0.05 M H,SO; and counterstained with Rhodamin 6G.
Duplicate runs were spot tested for free amino groups, choline and phosphorus.

Counterstaining with cresyl violet in 0.1% aqueous solution for one minute
followed by extensive washing in 2 % acetic acid was used frequently to demonstrate
the metachromatic properties of myelin lipids.

RESULTS

Mobility of the lipids in the solvent system

The following lipids were identified in decreasing order of chromatographic mobility:
cholesterol, cholesterol esters, and neutral lipids (as a single spot in the solvent front),
cerebrosides, phosphatidyl serine, phosphatidyl ethanolamine, sulfatide, lecithins,
sphingomyelin and a lipid close to the baseline which showed characterists of BRANTE s
“cephalin B”. Strandin was immobile in the system and stayed at the site of appli-
cation. There was greater resolution of these lipids as the time of development in-
creased.

TABLE I
RESULTS OF SPOT TESTS OF THE SEPARATED BRAIN LIPIDS

FSA —plasmalogen; ~-NH,—ninhydrin; PHOS.—phosphorus; CHOLINE; META — presence of
metachromasia when stained with cresyl violet; RHODAMIN —color of the lipid spots when
viewed under U.V. light.

FSA -NH, PHOS. CHOLINE META RHODAMIN
8 Cholesterol o o o o o) vellow
Neutral fat
7 Cerebrosides o o o o o light vellow
6 P. Serine X x x o o light orange
P. Ethanolamine X X X o o light orange
5 Sulfatide o o o o X red-orange
4 Lecithin x o x x o bright yellow
3 Sphingomyelin o o X x o bright yellow
2 Unknown [e] [ X [¢] X red-orange
I Strandin, etc. o o o o x red-orange
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Ldentification of the lipids

The lipids were identified by comparing their mobilities with standard compounds
simultaneously run on the same chromatograms. Individual spot tests for phosphorus,
choline and free amino groups provided additional correlating information (see
Fig. 1 and Table I).
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Fig. 1. Spot tests of brain lipids and standard compounds of A. Dog heart; B. Dog brain, white
matter; C. Dog brain, gray matter; D. Monkey cerebellum; E. Crude sulfatide; F. Crude keracin.

Rhodamin 6G fluorescence

After staining with Rhodamin 6G, the developed chromatograms were washed several
times with 0.05 M H,SO; and viewed with an ultraviolet lamp, either wet or after
drying. Washing is important to rid the paper of excess dye which sometimes alters
the true fluorescing color of the stained lipid compounds. The cerebrosides, sphingo-
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myelins and lecithins fluoresced a bright yellow. The sulfatide, strandin and “cephalin
B”’ were a characteristic red-orange; the “cephalin B”, however, was less intense due
to its quantitative sparcity. When viewed with white light the sulfatides, strandin and
“cephalin B”’ were distinguishable from the other lipids as their spots were red.

Staining with cresyl violet

. Cresyl violet was used in place of Rhodamin 6G in many instances. The cerebrosides,
sphingomyelins and lecithins stained light blue; phosphatidyl serine and ethanolamine
were a darker shade of blue. Sulfatide, strandin, and “‘cephalin B” were a reddish-
purple in sharp contrast to the rest of the lipids. After extensive washing with a 2%
solution of acetic acid, the silicic acid paper became almost colorless while the colors
of the lipids remained stable. The metachromatic phenomenon will be amplified later
in another communication.

. DISCUSSION
The chromatographic system

There was no detectable hydrolysis of the various lipids even in the longer runs as
compared with acetic acid systems where hydrolysis is a major hazard. All the lipids
behaved in a stable manner and were easily identified even with 5-10 ul of a standard
Folch extiact, although 25 ul was perhaps optimal. Care was taken not to overload
the paper chromatogram with the lipid extract as this produced streaking.

All chromatograms were developed at 25°. Chromatograms run at a lower temper-
ature did not resolve the cerebrosides and sulfatides. These differences were probably
caused by the solubility characteristics of these compounds at low temperatures.

Both S & S 204 3B and Whatman No. 1 filter paper were adequate for separation
purposes, however, S & S 204 3B proved to be superior, showing minimal streaking
with high concentrations of lipid extract, well delineated spots, good staining reaction
and good silicic acid impregnation.

Cephalin fraction

Phosphatidyl ethanolamine and phosphatidyl serine had almost identical mobilities.
However, when phosphatidyl serine was present in a sufficient quantity (accomplished
by increasing the amount of lipid placed on the chromatogram or by placing some
chemically isolated phosphatidyl serine on the same spot as that of normal brain
tissue), the phosphatidyl serine had a faster mobility than the phosphatidyl ethanol-
amine.

“Cephalin B”

The identification of the lipid close to the baseline proved difficult. Its likeness to
BRANTE’s “‘cephalin B” was suggestive. This lipid exhibited metachromasia with
cresyl violet, suggesting a chromogenic group on the molecule, perhaps similar to
neurominic acid. Since this lipid also exhibited a positive phosphorus reaction,
tentatively it appeared to have the characteristics attributed to “cephalin B”.

APPLICATIONS

This chromatographic system has been a useful experimental tool for many problems.
We have used this system to advantage in our laboratory in the following ways,
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some of which will be elaborated on in a future communication: (1) determining
which lipids are responsible for the metachromasia of myelin, (2) demonstrating the
cerebrosides in the liver and spleen of a patient with Gaucher’s disease, (3) deter-
mining the purity of chemically isolated lipids, (4) following the progression of lipids
in column chromatography, and (5) providing semi-quantitative lipid information
in degenerative and regenerative states of the nervous system.

SUMMARY

A paper chromatographic system utilizing silicic acid impregnated paper and a solvent
system using diisobutyl ketone, pyridine and water has been described. Cerebrosides,
phosphatidyl serine, phosphatidyl ethanolamine, sulfatide, lecithin, sphingomyelin,
and an unknown lipid, possibly ““‘cephalin B”, were separated by this system. Strandin
remained immobile while cholesterol, cholesterol esters and neutral lipids were located
at the solvent front. The sensitivity, simplicity, and rapid lipid analysis are note-
worthy. The versatility of the system is commented on and examples of its application
arecited.
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COMBINED COLUMN-PAPER CHROMATOGRAPHY

II. A NEW SYSTEM OF SOLVENTS
FOR THE CHROMATOGRAPHIC SEPARATION OF AMINO ACIDS

P. WIERZCHOWSKI axp D. KRUZE
Department of Geneval Chemistry, Medical Academy,
Warsaw (Poland)

(Received August 12th, 1963)

Difficulties in obtaining satisfactory separation of all amino acids of biological origin
by means of paper chromatography have necessitated the application of two-dimen-
sional systems. Nowadays this often consists of a combination of ionophoresis and
chromatography. Recent adaptations of electrochromatography to new systems of
solvents were described by BoTEMAN AND Hical! and, as applied to the analysis of
peptides, by RicHMOND AND HARTLEYZ.

The use of combined column-paper chromatography gave the desired separation
and had, in addition, certain other advantages. Preliminary separation of amino
acids on chromatographic columns and direct placing of the eluate from the columns
on moving paper sheets are the principal characteristics of this method. The paper
chromatograms are subsequently developed by the ascending method.

In our previous work? an apparatus and procedure were described for serial
analyses of body fluids. In the present work, we describe further modifications of
the procedure and the results of analysing amino acids present in blood, urine and
cerebrospinal fluid.

EXPERIMENTAL

Apparatus

() Chromatographic columns 0.9 by 45 cm filled with starch.

(2) Containers 100 ml in volume connected with particular columns directly or by
means of igelite tubes.

(3) An automatic device for moving sheets of paper at a rate of 0.75 cm/h (c.e.
54 cm, the length of a paper sheet, during a 72-hour period). Columns, from which the
eluate flows on to single paper sheets that are moving along, are fastened to this
device. To evaporate an eluate deposited on the paper, a stream of warm air is blown
under each column.

(4) Bell glasses for ascending chromatography.

Reagents, solvents and adsorbents

{1) Ninhydrin reagent consisting of 0.5 g of ninhydrin dissolved in 100 ml of absolute
cthanol with the addition of 0.5 ml of 1 N NaOH.
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(2) Alcohol solutions: (a) 10 % (v/v) aqueous solution of ethanol, (b) 10 % acidic
solution of ethanol (up to go ml of distilled water, ro ml of ethanol and 1.0 ml of
1 N HCI), (c) 90 % (v/v) aqueous solution of ethanol, (d) 98 % (v/v) aqueous solution
of methanol.

(3) 10 % (v/v) aqueous solution of ammonia.

(4) Potato starch, thoroughly washed with water, dried in air, ground in a mortar
and sieved.

(5) Whatman No. 4 paper.

(6) Amberlite IR-120, Wofatite KPS-200, or other sulphonated cation exchangers.

Procedure
Preparing columns

Ethanol (9o %) is added to starch in such a quantity as to form a thick suspension
after thorough mixing. This suspension is subsequently poured into the columns up to
the point where the level of starch reaches the desired height (40 cm). A column filled
with starch is washed with an acidified 10 % solution of ethyl alcohol until the eluate
flowing out of it begins to show an acidic reaction.

The adsorbent in a column can be acidified by a previously prepared acidic
solution of alcohol. However, in order to save time, it is better to apply a more
strongly acid solution (e.g., 0.5 ml of concentrated HCl in 10 ml of 10% (v/v)
ethyl alcohol). The excess of acid is subsequently washed out of the column by
passing 2o ml of 10 % ethyl alcohol through it.

The solution should flow out of the column at a rate of 14-18 ml per day. This
can be achieved by appropriate tamping of the starch in the column, as well as by
placing the solvent container at various heights above the column. When analysing
samples containing a large number of amino acids, or biological material in which the
presence of many other ninhydrin-positive compounds may be expected, the rate of
elution should be adjusted to about 14 ml per day.

e

A

Fig. 1. Dlagram showing the apparatus for placing an eluate from the chromatographic column
on a moving paper sheet. (a) sheet of paper; (b) column; (c) tube blowing warm air under the
column outlet; (d) trace formed by the eluate which dropped and dried.
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Separation

From 0.3 to 3.0 mg of a mixture of amino acids dissolved in a small volume (max.
1.5 ml) of 10 %, ethyl alcohol is placed in the column prepared in the manner described
above. Immediately after the solution has soaked in, about c0.5 ml of 109 ethyl
alcohol is added to rinse the internal walls of the column and, when this portion has
flowed down to the adsorbent, the column should be connected to a vessel containing
100 ml of 10% ethanol. In the final stage of the outflow of this solvent (on the sixth
day), 110 ml of 109% ethanol with 1 ml of 1 N hydrochloric acid solution are added to
the container. From the moment the amino acid mixture is added until the outflow
of the acidified 109 ethanol, the lower end of the column should touch a sheet of
paper moving beneath it (Fig. 1).

The separation on the column lasts 13 days and the eluate is collected on 4 sheets
of paper. After the column separation is finished, these sheets, on which the fractions
have been automatically placed in the form of a narrow band, are subjected to as-
cending chromatography in g8 % methanol.

Preparation of biological material

Prior to chromatographic analysis, protein, inorganic salts and non-polar compounds
which interfere with the chromatographic separation of amino acids, should be re-
moved from the biological material. To this end, ethanol was added to serum, urine
or other biological fluid up to a final concentration of 60 % (v/v). The protein precipi-
tated was filtered off and washed twice with small portions of 609 ethanol. The
combined filtrates were diluted with an equal volume of water and desalted by passing
through on Amberlite IR-120 ion exchanger, using the generally accepted technique.
Amino acids bound on the ion exchanger were eluted with 60 ml of 6 N ammonia,
the eluate thus formed was evaporated to dryness on a water bath, ca. 0.5 ml of
distilled water was added and the mixture was evaporated once more. The dry residue
was dissolved in T ml of 10 9%, ethanol and transferred to a starch column.

) RESULTS
Standard mixture

In using column-paper chromatography, about 1.5 mg of a standard mixture-of
amino acids, dissolved in 1 ml of 10 % ethanol, were subjected to separation. The
quantities of the particular amino acids varied in this mixture and fluctuated between
0.0025 and 0.017 mmoles. After staining with ninhydrin, chromatograms were ob-
tained on which the amino acids formed distinct, clearly separated spots, except
«-aminobutyric acid, which partially overlapped methionine, and ornithine, which
touched lysine (Fig. 2). The distribution of all spots was characteristic and oc-
curred repeatedly in several experiments. Slight irregularity was shown only by
glutamic and aspartic acids, which tended to elute down the column slightly faster
than other compounds. These minor differences did not, however, cause overlapping
of spots and did not present difficulties in identification.

Serum
Nine millilitres of human serum were analysed in the protein-free and desalted form.

The presence of many compounds stained with ninhydrin was observed on the chro-
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matograms (Fig. 3). Amongst them, in addition to the amino acids occurring in large
quantities in serum (glycine, glutamic acid, glutamine), there were also amino acids
that are present in low concentration (hydroxyproline, aspartic acid, asparagine, a-
amino-n-butyric acid). Besides amino acids, spots were recorded corresponding to
other chemical compounds (in the photographs, they are denoted by the numbers 1-9).

Urine

The chromatogram shown in Fig. 4 was obtained from 3 ml of the urine of a healthy
adult individual. An almost full spectrum of amino acids was recorded here despite
the fact that they occurred in considerably varying concentrations. In addition, the
presence of 17 other ninhydrin-positive compounds, most of them located in places
distant from the spots formed by amino acids, were visible on the chromatogram.

Cerebrospinal fluid

Since the concentration of free amino acids is lower in cerebrospinal fluid than in
blood and urine, 45 ml of a fluid obtained from a lumbar puncture of an individual
suffering from epilepsy was subjected to a single analysis. Clear and distinctly separat-
¢d spots, of which 19 corresponded to common amino acids and 8 were formed by
unidentified compounds, were recorded on the chromatogram (Fig. 5).

DISCUSSION

The two-dimensional chromatograms obtained by combined column—paper chromatog-
raphy are similar as those in the coloured photographs shown by Fowpgx4, The differ-
ence between his method and ours is that, instead of the toilsome work of transferring
substances collected in numerous fractions on a collector, to the paper, we used an
apparatus® which directly places the elnate of several analyses on the sheets simul-
taneously. This method extends the possibilities of using various adsorbents and
various solvent systems for developing chromatograms.

Chromatograms of the analysis of one mixture onlyv are placed on 2—4 sheets of
paper. Under such conditions, particular components are separated into clearly
defined spots by the use of a larger quantity of a mixture of amino acids (0.3-3 mg)
than in two-dimensional paper chromatography. This enables us to detect components
occurring in a quantity of a few ug, as well as those occurring in excess (> 300 pg).
The results depend on the selection of suitable solvents. In the present work, two
solvents, 10 % ethanol and 10 % ethanol with 1 ml of 1 N hydrochloric acid, were used
for separating amino acids on the column; the eluate was collected on 4 sheets of
paper. The chromatograms were subsequently developed with methanol by the as-
cending method. Quantitative values of particular components were determined by
the method of elution and colorimetry developed by Kay ef al.5.

This .method is easier in practice compared with the procedure previously
described?, since it does not require a concentration gradient of solvents and gives a
more accurate separation of neutral amino acids. In particular, glycine separates
from serine and phenylalanine from methionine, while proline and hydroxyproline
appear at some distance from the remaining neutral amino acids. This is important,
as there is only slight staining of imino acids with ninhydrin.

With the intention of separating as many components as possible during a
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single analysis, we conducted the development on a column over a 13-day period,
collecting the eluate on 4 sheets of paper. This long developing period is, however,
used simultaneously for making larger numbers of serial analyses. By means of an
appropriate device, an eluate from 10 or even more columns is simultaneously
placed on particular paper sheets.

In addition to amino acids, the spots of new compounds denoted by Fig. 3-5
were discovered on chromatograms of urine and other biological fluids, this enabled
us to begin their identification. Preliminary investigations, would indicate that
some of these spots come from amino alcohols, amino sugars and peptides.

SUMMARY

The systems of solvents and the procedure have been elaborated in order to obtain
two-dimensional chromatograms of amino acids by the combined column-paper
chromatography method. The eluate from the columns was directly placed on sheets
of paper by means of appropriate apparatus. Chromatograms were obtained for a
quantitative determination of amino acids contained in blood, urine and cerebro-
spinal fluid. In addition to amino acids, clearly separated spots of other amino deriv-
atives, such as peptides and amino alcohols, were also obtained on chromatograms.
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CHROMATOGRAPHIC SEPARATION OF PYRIDOXYL DERIVATIVES
OF AMINO ACIDS*

CARLO TURANO, PAOLO FASELLA, PAOLA VECCHINI anp ANNA GIARTOSIO
Istitutd di Chimica Biologica, Universita di Roma e Centro di Enzimologia del C.N.R., Rome (Italy)

(Received August 5th, 1963)

Much interest has recently been given to pyridoxyl derivatives of amino acids, because
it is in this form that coenzyme-binding sites and coenzyme-substrate complexes have
been isolated from pyridoxal dependent enzymes.

Even though methods for the synthesis of pyridoxyl-amino acids are known?, no
procedure is yet available for the quick identification of less then micromolar amounts
of these compounds. It is the purpose of this paper to describe a two-dimensional
chromatographic technique that fulfils this requirement.

The non-phosphorylated form of the pyridoxyl derivatives was chosen for the
present work because it is this form which is obtained after hydrolysis of reduced
pyridoxal enzymes.

EXPERIMENTAL

Preparation of a-pyridoxyl-amino acids

Twenty milligrams of the amino acid were dissolved in 1.5 ml of hot water. Solutions
of dicarboxylic acids were neutralized by the addition of solid KHCO,. The aqueous
solution of the amino acid was diluted with an equal volume of methanol, 2 mg of
solid pyridoxal hydrochloride were added and the solution was neutralized. The so-
lution acquired a characteristic yellow colour indicating Schiff base formation between
the aldehydic group of pyridoxal and the a-amino group of the amino acid?. The yellow
solution was mixed with 5—10 mg of sodium borohydride. This treatment produced a
reduction of the azomethinic double bond and was accompanied by the disappearance
of the yellow colour.

The solution was deposited as a 10 cm long band, 7 cm from the end of a sheet of
Whatman 3 MM paper, and developed for 20 h by descending chromatography in
n-butanol-acetic acid—water (40:10:50).

Examination of dried chromatograms in U.V. light revealed the presence of three
bright-blue fluorescent spots of decreasing intensity corresponding respectively to the
pyridoxyl-amino acid compound, to pyridoxine and to pyridoxamine. A small vertical
strip of the chromatogram was cut off and treated with ninhydrin to locate the
amino acids.

The band corresponding to the pyridoxyl-amino acid was cut from the chromato-
gram, eluted with water and the eluate was submitted to two-dimensional paper

*This work is part of a programme supported by ‘“Impresa di Enzimologia del Consiglio
Nazionale delle Ricerche”
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chromatography using collidine-lutidine (1:1) saturated with water for the first and
n-butanol-acetic acid-water (40:10:50) for the second run.

All pyridoxyl-amino acid compounds tested in this way gave a single spot.

The chromatograms were analyzed in U.V. light and sprayed with ninhydrin fo -
detect free amino groups or with 2,4-dichloroquinone-chlorimide, to detect the phenolic
groups of the pyridoxyl derivatives®.

Preparation of pyridoxyl-lysine derivatives
«,e-Dipyridoxyl-lysine was prepared (together with «-pyridoxyl-lysine) as follows: 8
mg of lysine dihydrochloride and 24 mg of pyridoxal hydrochloride were dissolved in
0.5 ml of water and neutralized with dilute NaOH. The solution was then evaporated
over a gentle heat and to the residue, dissolved in methanol, was added sufficient
sodium borohydride to completely discharge the yellow colour. After filtration the
solution was applied as a long band on a sheet of Whatman 3 MM paper and analyzed
in the usual way.

e-Pyridoxyl-lysine was prepared as follows: 300 mg of lysine dihydrochloride were
dissolved in 2 ml of water and an excess of solid basic copper carbonate was added. The
insoluble matter was filtered off on sintered glass and the filtrate was gently heated to
drvness in an evaporating basin.

The dry residue was suspended in 5 ml of methanol containing 50 mg of pyridoxal.
The suspension was heated at 40° for a few minutes, cooled to room temperature,
treated with several aliquots of sodium borohydride and the black copper precipitate
was filtered off. The solution was concentrated under vacuum, submitted to preparative
chromatography and analyzed as described for the other pyridoxyl-amino acids. The
spot corresponding to e-pyridoxyl-lysine was identified by its fluorescence and by the
colour reaction described by OLESEN LARSEN aND KJAER? for differentiating «- from
w-amino acids.

o-Pyridoxyl-lysine was prepared as follows: 50 mg of pyridoxal hydrochloride and
100 mg of g-acetyl-lysine® were dissolved in 5 ml 50% ethanol and neutralized with
dilute NaOH. The mixture was then dried under vacuum. A suspension of 20 mg
sodium borohydride in z ml of ethanol was added to the dry residue and, after 10 min,
1 ml of 1 M acetic acid. The mixture was dried under vacuum, dissolved in 2 ml of 6 N
HCl and sealed in a vial. The vial was kept at 120° for 7 h. The excess of acid was then
removed under vacuum. The dry residue was dissolved in a minimum. of water and
analyzed as usual.

RESULTS

The Rp values in different solvents of the pyridoxyl amino acids investigated in the
present paper are reproduced in Table I.

A typical two-dimensional chromatogram of a mixture of the derivatives under
investigation is reproduced in Fig. 1, where the fluorescent spots which appear upon
exposure to U.V. light are shown.

As regards the identification of the lysine derivatives, e-pyridoxyl-lysine gave the
expected positive ninhydrin reaction but showed no ninhydrin reaction after treat-
ment with the OLESEN LARSEN aAND KJAER reagent?, which blocks «-amino groups.

When lysine was reacted with an excess of pyridoxal (see preparation of «,e-
dipyridoxyl-lysine), two pyridoxyl derivatives were obtained, one of which, with Rp
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TABLE 1

Rp VALUES OF PYRIDOXYL-AMINO ACIDS IN VARIOUS SOLVENTS

Pyridoxyl-amino acid Rp vaues
n coll%i}tcl—lutidinz n u;zlwcz;[tia::;r’)[ft—;cclic
saturated with walcr {g0:10:50)
Alanine 0.56 0.39
Arginine 0.28 0.06
Aspartic acid 0.41 0.19
Phenylalanine 0.57 0.62
Glycine 0.54 0.22
Glutamic acid 0.30 0.32
Histidine 0.54 0.07
Leucine 0.72 0.52
Lysine (e-pyridoxyl) 0.45 0.06
Lysine {a-pyridoxyl) 0.2 0.13
Lysine («,e-dipyridoxyl) 0.47 0.09
Methionine 0.70 0.40
Serine 0.59 0.20
Threonine 0.77 0.31
Tyrosine 0.83 0.38
Valine 0.74 0.49
Pyridoxine 0.88 0.63
Pyridoxamine 0.52 0.45

All values were obtained on Whatman No. 4 paper by descending chromatography.

values of 0.47 and 0.09 in collidine-lutidine and butanol-acetic acid respectively, was
ninhydrin negative and was identified as «,e-dipyridoxyl-lysine. The other derivative,
with Rp values of 0.25 and 0.13 respectively, was ninhydrin positive, even after
treatment with the OLESEN LARSEN AND KJAER reagent?, and was identified as
a-pyridoxyl-lysine; the same spot was obtained starting the preparation with e-
acetyl-lysine (see EXPERIMENTAL).

DISCUSSION

The chromatographic procedure described in this paper provides a simple and quick
way of identifying 0.01 micromolar amounts of 16 pyridoxyl-amino acids.

The method could therefore prove useful in the investigation of the apoenzyme-
coenzyme and enzyme-substrate complexes of pyridoxyl phosphate dependent en-
zymes. Application of this method to glutamic-aspartic transaminase from pig heart
will be described elsewhere.

It is interesting to observe that owing to the presence of the pyridoxyl group in
the molecules of the amino acid derivatives, the Ry values are, as was to be expected,
slightly higher then those of the corresponding amino acids in the same solvents.
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Fig. 1. The fluorescent spots appearing on a typical chromatogram of a mixture of the pyridoxyl-
derivatives of the following amino acids: 1 = alanine; 2 = arginine; 3 == aspartic acid; 4 = phenyl-
alanine; 5 = glycine; 6 = glutamic acid; 7 = histidine; 8 = leucine; 9 = lysine (e-pyridoxyl);
= lysine («¢-pyridoxyl); 11 = lysine (x,e-dipyridoxyl); 12 = methionine; 13 = serine; 14 =
threonine; 15 = tyrosine; 16 = valine; 17 = pyridoxine; 18 = pyridoxamine.

SUMMARY

The preparation of sixteen pyridoxyl amino acid compounds is described, together
with their separation by means of a two-dimensional chromatographic system.
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PAPER CHROMATOGRAPHIC DETECTION AND ESTIMATION OF
L-AMINO ACID OXIDASE OF SNAKE VENOM
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The Haffkine Institute, Pavel, Bombay (India)
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The L-amino acid oxidase activity in snake venoms is usually estimated by any of the
following methods: (a) manometric method where oxygen consumption is measured,
(b) estimation of ammonia produced, (c) colorimetric estimation of keto acid pro-
duced by the L-amino acid oxidase in presence of catalase and (d) the estimation
of hydrogen peroxide produced in absence of catalase!’. Recently, WEIssBACH and
coworkers? have described a spectrophotometric procedure for the determination of
L-amino acid oxidase in snake venoms. BoMaN AND KALETTA® have used a filter
paper spot test, where remaining L-leucine is détermined after oxidation with the
snake venom enzyme, by the ninhydrin reaction.

While working on the enzyme systems in the venoms of Indian snakes, a paper
chromatographic method was developed to detect and estimate L-amino acid oxidase.
This method can also be used for the detection and determination of p-amino acid
oxidase and histidase.

In the absence of catalase, L-amino acid oxidase acts on L-amino acids according
to the following scheme!.

RCH(NH,)COOH + 0O, + H,0 -+ RCOCOOH + NH,; + H,0,

RCOCOOH + H,0, » RCOOH + CO, + H,0.

With r-histidine as the substrate, the product of reaction would be imidazole ace-
tic acid according to the reaction given above. The imidazole acetic acid formed is
detected and estimated over the range 5-40 ug using diazotized sulphanilic acid as
the spray reagent.

. PROCEDURE AND RESULTS
Materials and methods

Venoms. The lyophilized venoms of cobra and Russell’s viper collected at the Haftkine
Institute were used. L-Histidine hydrochloride was purchased from Nutritional
Biochemical Corporation, Cleveland, Ohio, urocanic acid was kindly supplied by
Dr. Mariax W. Kies of N.ILH. (U.S.A.) and imidazole acetic acid was a gift from
Dr. HerBerT TABOR, (N.I.H.) US.A. A 1% solution of the lyophilized venom in

distilled water was prepared. Aqueous solutions (2 mg/ml) of L-histidine hydrochloride,

—_—
* Present address: Division of Enzymology, Institute of Medical Research, The Chicago
Medical School. )
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venom of Russell’s viper. Solvent = n-Butanol-acetic acid—water (4:1:5).

imidazole acetic acid and urocanic acid were used for spotting different volumes of
those compounds on paper chromatograms. Circular paper chromatography was
carried out according to the method of GIRI AND Rao*.

Usually the reaction was carried out with 1 ml (2 mg/ml) L-histidine hydro-
chloride solution, 1.0 ml of 0.05M Tris-HCI buffer pH 8.5 and 1.0 ml of 1 % solution
of the venom under investigation. After incubation at 37° for 12-14 h, 10 £l aliquots
of the reaction mixture were used for the chromatographic procedure. Two solvents
were found to be useful for paper chromatography: solvent I = 77 9%, ethyl alcohol,
solvent IT = n-butyl alcohol-acetic acid-water, (4:1:5, v/v/v).

The spray reagent used was diazotized sulphanilic acid (Pauli’'s Reagent) pre-
pared according to the method of MANN AND LEONES.

TABLE 1

Rp VALUES OF L-HISTIDINE HYDROCHLORIDE, IMIDAZOLE ACETIC ACID AND
UROCANIC ACID OBTAINED UNDER THE EXPERIMENTAL CONDITIONS DESCRIBED IN THE TEXT

L-Histidine I'midazole acetic Urocanic
HCI acid acid
Solvent I
(77 % ethyl alcohol) 0.56 0.67 0.71
Solvent 1I
(n-butyl alcohol-acetic acid-water)
(4:1:5) 0.31 0.54 0.71

J. Chvomatog., 14 (1964) 205-208
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A typical chromatogram obtained is illustrated in Fig. 1.

The Rp values obtained for histidine, imidazole acetic acid and urocanic acid on a
circular paper chromatogram using a 24 cm diameter disc of Whatman No. 1 filter
paper are given in Table 1.

With the solvents used, and especially with solvent II, imidazole acetic acid and
urocanic acid can be distinctly separated from L-histidine hydrochloride. Thus even
histidase which gives urocanic acid® with L-histidine as the substrate can be detected
by this method in presence of the L-amino acid oxidase. As the D- and L-isomers of
histidine have the same Rp values, even D-amino acid oxidase could be detected
by the same procedure.

The colour of the bands for all three compounds is reddish brown on paper chro-
matograms. It is remarkably stable and the chromatograms can be preserved in the
dark for months without any apparent fading of the bands. Of the several solvents
tried to elute the coloured products from paper chromatograms, glass distilled water
was found to be most satisfactory. 3 ml of glass distilled water could extract all the
colour from the bands in 20-30 min. After elution of the colour from filter paper, the
solution was yellowish red and could be measured colorimetrically.

Coloured complexes of all the three compounds had a maximum absorption at
360 mu in the visible region of the spectrum as determined in a Unicam spectrophoto-
meter Sp. 600. The original imidazole compounds had no absorption at this wave
length. Hence the absorption of coloured products of both imidazole acetic acid and
urocanic acid with Pauli’s reagent can be measured and can be utilized for quanti-
tative determination of L-amino acid oxidase as well as histidase. Imidazole acetic
acid could be measured over a range of 5 to 40 ug and urocanic acid in the range of
5 to 60 ug under the conditions of the experiment described above.

As soon as the reaction mixture is applied to the paper chromatogram and dried,
further enzymic reaction stops and hence the extent of oxidation of the substrate can
be followed both qualitatively as well as quantitatively.

This method was routinely employed in our laboratory to detect and estimate
L-amino acid oxidase in Indian snake venoms and also that in the white and yellow
venoms of Vipera ammodytes after electrophoretic and chromatographic fractionation.

Another way of comparison of activities in venoms on a semiquantitative basis
has been to compare the concentrations of venoms to produce a minimum visible
reactipn on paper chromatograms or the minimum concentrations of different
venoms required to convert all the substrate into imidazole acetic acid.

DISCUSSION

As observed by paper chromatography, since L-amino acid oxidase converts all of
L-histidine hydrochloride into imidazole acetic acid, the reaction can be used for the
biological preparation of imidazole acetic acid following the procedure of MEISTER'.

Histamine hydrochloride and rL-histidine hydrochloride have ,the same Rp
values in the n-butyl alcohol-acetic acid—water solvent. Hence if L-histidine decarbo-
xylase is present in the reaction mixture, its presence will not interfere with L-amino
acid oxidase activity determinations.

Though v-histidine is relatively less susceptible to the action of L-amino acid
oxidase of snake venoms as compared to L-leucine!, the method described in this

J. Chvomatog., 14 (1964) 205-208
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communication has the added advantage in that the product of reaction distinctly
gets separated from the substrate on paper chromatograms, thus affording a quick
identification of that enzyme qualitatively as compared to the method of Bomax
aND KareTTa®%, where the disappearance of the ninhydrin reacting spot is the cri-
terion of the activity.
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SUMMARY

A paper chromatographic method is described for the detection and estimation of
L-amino acid oxidase in snake venoms using L-histidine as the substrate. The product
of reaction is separated paper chromatographically using 77 % ethyl aleohol or #-
butyl alcohol-acetic acid-water. The method can also be applied to the detection
and determination of histidase and p-amino acid oxidase. Histidase and r-histidine
decarboxylase do not interfere in the determination of L-amino acid oxidase.
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CONTRIBUTION A L’ANALYSE DES POLYETHYLENEGLYCOLS ET
DE LEURS MONOETHERS PAR CHROMATOGRAPHIE DE PARTAGE
DE LEURS ESTERS 3,5-DINITROBENZOIQUES

I. POLYETHYLENEGLYCOLS

H. GAUTHIER
Laboratoive Analytique, Labovatoive Centval, FMC-SA.*,
Saint-Denis, Seine (France)

ET

G. MANGENEY
Chef Sevvice PAT**, Laboratoive Central, FMC-SA.*,
Saint-Denis, Seine (France)

(Regu le 3 juillet 1963)

La méthode de chromatographie sur papier des 3,5-dinitrobenzoates (DNB) des
polyéthyléneglycols (PEG) et de leurs éthers avec les alcools aliphatiques, publiée
par BOorRECKY ET GaASPARICL:?, a été appliquée dans notre laboratoire 4 I'étude des
produits techniques obtenus par polyoxyéthylénation du glycol (“polyéthyléne-
glycols”). Nous rappelons que, selon les auteurs cités, les substances (PEG, respective-
ment leurs dérivés) sont transformées préalablement en 3,5-dinitrobenzoates, lesquels
sont chromatographiés sur papier imprégné, selon les cas, de formamide, diméthyl-
formamide, huile de paraffine. La révélation est obtenue par transformation, sur le
papier, en bases de Schiff correspondantes (de couleur jaune), grice a une réduction au
moyen de chlorure stanneux suivie de condensation avec le p-diméthylamino-
benzaldéhyde.

La méthode nous a effectivement fourni de bons résultats. Cependant, dans le
cas des diesters 3,5-dinitrobenzoiques des polyéthyléneglycols, et avec le formamide
comme phase stationnaire, nous avons rencontré des difficultés de séparation (forme
allongée des taches, défaut de reproductibilité, etc.). Il est apparu, de plus, au cours
du travail, que la phase stationnaire (formamide) génait la révélation.

Nous avons également étudié I'application du principe de la méthode de BoRECKY
ET GASPARIC, a savoir la chromatographie sur papier a ’état d’esters 3,5-dinitroben-
zoiques, a la classe fort importante mais, & notre connaissance, non traiteé par les
auteurs tcheques, des alkylphénols polyoxyéthylénés. Mentionnons seulement pour

"T'instant que I'emploi des systémes de phases préconisés par BORECKY ET GASPARIC,
tant pour le cas des DNB des polyéthyiéneglycols que pour celui des DNB des alcools
aliphatiques polyoxyéthylénés (notamment l'utilisation d’huile de paraffine comme
phase stationnaire), n’a pas donné de résultat positif. Par contre, la résolution des
DNB des alkylphénols polyoxyéthylénés (du moins de leurs douze 4 quinze premiers

* Francaise des Matiéres Colorantes, Société Anonyme.
** Produits Auxiliaires de Teinture.
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termes) a pu étre réalisée grace 4 emploi d’'une phase stationnaire telle que ’huile de
soja, ayant un caractére polaire dont l'huile de paraffine est dépourvue. La netteté et
la reproductibilité des séparations observées avec ce type de phase stationnaire nous
aincités, par la suite, a étendre leur emploi a la chromatographie sur papier des esters
3,5-dinitrobenzoiques des alcools gras, et des diesters 3,5-dinitrobenzoiques des
polyéthyléneglycols. Nous réservons a une date ultérieure la publication de nos
travaux a ce sujet.

Pour ce qui concerne la chromatographie selon BORECKY ET GASPARIC, sur papier
imprégné de formamide, des diesters 3,5-dinitrobenzoiques des polyethyléneglycols,
nous rapportons ici, d'une part, 1'étude des facteurs susceptibles d’étre responsables
des irrégularités signalées plus haut, et d’autre part, la recherche de phases mobiles
permettant de réaliser des séparations plus nettes et plus réguliéres.

Enfin, nous écartant de la méthode de BORECKY ET GASPARIC, nous examinons la
possibilité d’employer des supports de la phase stationnaire (formamide) autres que
le papier (Kieselguhr en couche mince, colonne d’alumine).

Auparavant, nous tenons toutefois a préciser ici le mode opératoire utilisé par
nous pour la préparation des esters 3,5-dinitrobenzoiques.

PREPARATION DES DIESTERS DES PEG

La préparation en série des esters dinitrobenzoiques peut étre effectuée selon la
méthode simple indiquée par BORECKY ET Gaspari¢l. Cependant, pour I’élimination
de V'excés de chlorure de 3,5-dinitrobenzoyle, nous avons été conduits, d’une part,
4 substituer la soude 5% au carbonate de sodium trop peu actif (préconisé par
BoreCkY ET GAspariC!), et d’autre part, a effectuer un lavage systématique des
solutions benzéniques.

Nous opérons actuellement de la maniere suivante:

Dans un tube a essais de 160 mm de longueur et 16 mm de diamétre, on pése
exactement 0.I g de produit a étudier, et approximativement une quantité de Cl-
DNB correspondant a un excés de 50 % par rapport a la quantité théorique nécessaire
pour obtenir les diesters dans le cas des PEG. On mélange le tout avec une baguette de
verre, et porte 20 min & 110°,

Aprés refroidissement, on ajoute d’abord 2 ml de benzéne, puis 34 ml de soude
a 5%; on agite avec la baguette de verre pour dissoudre le produit de réaction, et
I'on ajoute encore 8 ml de benzéne de maniére & obtenir une solution 4 1 % en produit
mis en oeuvre.

Le tube est bouché au moyen d’'un bouchon de litge protégé par une feuille
souple de polyéthyléne, et agité mécaniquement pendant 5 min. On laisse décanter;
la solution alcaline sous-jacente est pipetée, remplacée par 5 ml de soude 4 5% et le
tube est soumis pendant 15 min a l'agitation mécanique. L'opération est répétée
trois fois. On lave, de la méme maniére, a I'eau distillée jusqu’a neutralité (3—4 fois).

La phase benzénique restante est additionnée de sulfate de sodium anhydre et
agitée afin de la sécher. On laisse reposer. La solution benzénique surnageante des
dinitrobenzoates est alors préte a étre déposée sur le papier pour la chromatographie.

Nous avons opéré en chromatographie descendante; les indications et les obser-
vations du texte qui suit sont relatives a ce mode opératoire. Le papier utilisé était
le papier Arches 302. Ajoutons que la position verticale adoptée lors du développe-
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ment correspondait au “sens machine” du papier; le déplacement de la phase mobile
s’effectuait donc suivant le sens d’orientation des fibres.

Il convient peut-étre de souligner que la présente étude de séparation chromato-
graphique ne concerne que les esters 3,5-dinitrobenzoiues des classes de corps citées
(polyéthyléneglycols). Si donc, dans le texte qui suit, il nous arrive d’utiliser des
expressions telles que par exemple premiers termes, termes légers, termes lourds, etc.,
ce n'est que dans le dessein d’alléger le texte, et il faut toujours entendre par la les
esters 3,5-dinitrobenzoiques de ces termes.

REVELATION DES TACHES

Nous avons mentionné que l'excés de la phase stationnaire (formamide) génait la
révélation des DNB sur le papier. Nous avons donc recherché tout d'abord un moyen
d’y remédier.

Fig. 1. Bis-3,5-DNB de polyéthyléneglycols techniques.
1 = mélange synthétique des mono-, di-, tri-, tétra- et
pentaéthyleneglycols; 2, 3, 4 = polyéthyléneglycols
techniques 300, 400, 500. Phase stationnaire: formamide
(20% dans acétone). Phase mobile: hexane-benzéne
(r:1) (en vol.). Atmosphére de l'enceinte saturée avec
hexane-benzene (1:1). Durée de développement: 6 h.
Température: 17-19°.

J. Chromalog., 14 (1964) 209-227
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Nous n'avons pas trouvé de solvant permettant, par lavage des chromatogram-
mes, d’éliminer le formamide sans dissoudre les DNB. Mais il est facile de s'en dé-
barrasser en le volatilisant par chauffage des chromatogrammes & 75-80° pendant
1.5-2 h. Nous avons vérifié que, pendant ce traitement, les DNB ne se décomposent
pas et ne diffusent pas dans le papier. Par suite du départ du formamide, la révélation
ultérieure des taches se trouve grandement améliorée (intensité, sensibilité, stabilité
accrues, Fig. 1).

Aprés révélation des DNB, les bases de Schiff formées (jaunes) ne sont plus
solubles dans l'éther éthylique, ni méme dans des mélanges éther-méthanol suffi-
samment riches en éther, ce qui permet, a ce stade, de laver les chromatogrammes et
d’éliminer ainsi la majeure partie de l'excés des réactifs ayant servi a la révélation
(SnCl,, SnCl,, HC], p-diméthylaminobenzaldéhyde), et méme le formamide ayant
éventuellement échappé au chauffage. Ce traitement assure une meilleure conservation
des chromatogrammes.

SYSTEME FORMAMIDE/HEXANE-BENZENE

De méme que BORECKY ET GASPARIC!, nous avons observé un accroissement no-
table des Ry, en fonction de la concentration, dans les dépots, des termes corres-
pondants, accroissement sensible surtout a partir du bis-3,5-DNB du pentaéthyléne-
glycol.

D’autre part, et également a partir du bis-3,5-DNB du pentaéthyléneglycol, les
taches prennent une forme allongée particuliere: téte de forme plus ou moins aigué
(en V, en W, parfois plus arrondie) ol la concentration est maximale, suivie d'une
queue élargie et diffuse, de concentration décroissante; cette queue bifurque méme
souvent en deux branches. Le phénomeéne, parfois trés prononcé, géne la séparation
des DNB: les taches se recouvrent, souvent sur une partie importante de leur surface,
et cela surtout pour les termes supérieurs (par exemple, Figs. 1 et 2)”.

A cet allongement des taches s’ajoute un élargissement par diffusion dans le
papier au cours du développement, lequel diminue encore la netteté des séparations,
et semble en méme temps accentuer I'allongement des taches.

Enfin, malgré tous les soins apportés, une reproductibilité suffisante de la qualité
des séparations reste difficile a atteindre.

Nous avons considéré un certain nombre de facteurs qui nous paraissaient sus-
ceptibles d’étre responsables des phénoménes d'irrégularité observés.

Sauf indication contraire, les systémes de phases utilisés dans I'étude de ces
facteurs sont les suivants:

Phase stationnaire Phase mobile

Papier imprégné avec une solution de
formamide a 20 %, Hexane-benzéne (1:71)

Papier imprégné avec une solution de
formamide a 25%, Hexane-benzéne (3:4)

* 11 est d'ailleurs probable que l'accroissement des Rp en fonction de la concentration des
termes correspondants et l'allongement des taches sont imputables 2 une méme cause: nous
verrons en effet que I'importance des deux phénomeénes augmente ou diminue simultanément.
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Influence de la qualité du formamide

Des essais comparatifs de formamides d’origines et de puretés différentes (produit
Prolabo tel quel, ou purifié par nos soins, produit Merck pur pour chromatographie)
n’ont pas fait ressortir une influence significative du facteur pureté du formamide sur
la qualité des chromatogrammes.

L’addition de petites quantités de produits de décomposition que 'on peut
trouver dans le formamide (ammoniac, formiate d’ammonium, acide formique) n’a
pas non plus paru exercer une influence notable.

Influence du solvant du formamide

Nous utilisions primitivement le méthanol comme solvant du formamide, pour I'im-
prégnation du papier. Mais nous avons constaté que les solutions méthanoliques de
formamide se décomposaient rapidement, avec dégagement d’ammoniac (~ 24 h).
Nous avons alors remplacé avantageusement le méthanol par I'acétone qui permet
de réaliser des solutions beaucoup plus stables, pouvant étre conservées plusieurs
jours sans décomposition apparente. Les auteurs tchéques utilisent 1’éthanol.

Influence de I’ humidité

On effectue I'imprégnation du papier en formamide par immersion dans une solution
de ce dernier dans un solvant volatil. Lors de ’évaporation du solvant suivant les
indications de BORECKY ET GaAspaRrIC!h?, c’est-a-dire dans l'atmosphére et a la
température ambiante, il se produit inévitablement une absorption d'humidité par
le papier imprégné, due a l'action conjuguée des propriétés hygroscopiques du forma-
mide et du refroidissement provoqué par I’évaporation du solvant.

Nous avons cherché & éliminer I'influence de cette humidification en séchant,
aprés départ du solvant, le papier imprégné de formamide dans une enceinte légére-
ment chauffée: par exemple, un séjour de 15 min dans une étuve, réglée a 45° et en
présence de CaCl, anhydre, s’est avéré suffisant, sans provoquer de départ sensible
de formamide. (Notons que ce traitement permet en méme temps d’éliminer des
traces de solvant, capables, le cas échéant, d'exercer une action perturbatrice
(Réf. 2, p. 483).)

Aprés le dépot des substances a chromatographier, on séche a nouveau pendant
10 min dans les mémes conditions.

Nous prenons également soin de dessécher I'atmospheére de la cuve de développe-
ment au moyen de CaCl, anhydre.

Dans ces conditions, nous avons constaté que l'effet d'élargissement diffus des
taches se trouvait réduit notablement (Fig. 2a et 2b).

Influence du mode de dépét des substances a chromatographier

Nous avons déja dit plus haut (p. 212) que, dans le systéme considéré ici (formamide 20
ou 25 %/hexane-benzéne (1:1) ou (3:4)), les Rp variaient en fonction directe de la
quantité de substance déposée par unité de surface (concentration de substance sur le
papier). Cette variation est accompagnée du phénoméne d’allongement des taches.
Nous nous sommes alors demand# si la forme elle-méme des taches (forme en V ou W),
de son cHté, n'était pas & mettre en relation avec des variations de concentration en
substance a l'intérieur de la surface de dépot.

J. Chvomatog., 14 (1964) 209-227
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(a) ()

Fig. 2. Bis-3,5-DNB de polyéthyléneglycols techniques. (a) Papier séché 15 min & 45° aprés im-

prégnation. (b) Papier non séché aprés imprégnation. 1 = mélange synthétique des mono-, di,- tri-,

tétra- et pentaéthyléneglycols; 2,3,4,5 = polyéthyléneglycaols techniques 200, 300, 400, 500. Phase

stationnaire: formamide (209, dans acétone). Phasc mobile: hexane-benzéne (1:1). Durée de
développement: 3 h 30 min. Température: ~ 18°,

Nous déposons les DNB des polyéthyléneglycols sous forme de leurs solutions
dans le benzéne. Sil'on effectue le dépdt en appliquant la pointe de la micropipette
au point choisi sur le papier, il se produit autour de ce point une tache circulaire,
constituant la surface de dépot. Le diamétre de cette tache dépend du volume de
solution déposée et de la rapidité d'évaporation du solvant (température, courants
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d’air, etc.). Or, le benzéne est, vis-a-vis des DNB, un éluant fort; il aura tendance a
les entrainer vers la périphérie de la surface de dépot.

On concoit que le mouvement de la phase mobile 4 travers une surface de dépot
ainsi constituée (surface circulaire & concentration périphérique plus grande) ait
tendance, étant donné l'influence sur les Rp de la concentration en substances, a
donner des taches & double maximum (forme en W plus ou moins prononcé).

La réalisation d’une surface de dépédt plus homogeéne, obtenue par exemple en
multipliant les touches a la micropipette et en les répartissant sur une surface rec-
tangulaire, a permis d’obtenir des taches en forme de trapézes plus ramassés.

Mais aucun artifice ne nous a permis, dans le systéme considéré ici, de supprimer
ou de réduire I'allongement des taches proprement dit.

Influence de la saturation de I’ atmosphére de la chambre de développement

Dans nos essais, 'atmosphére de la chambre de développement est saturée en phase
mobile d'une part grice & un bac, contenant celle-ci, placé au fond de la chambre,
d’autre part grace & une feuille de papier supplémentaire imbibée de phase mobile,
dispensée par une augette spéciale située & la partie supérieure de l'enceinte.

La saturation exacte de 'atmosphére de la chambre en phase mobile (hexane-
benzéne) est trés importante, car elle influe directement sur la composition de la
phase mobile parcourant la feuille de papier. Cette variation de composition, a coup
stir, perturbe le développement; elle pourrait trés bien étre responsable de I'allonge-
ment des taches: en effet, une saturation imparfaite semble devoir a priori entrainer
un enrichissement, sur le papier, de la phase mobile en benzéne, par suite d'une éva-
poration plus rapide de I'hexane. Et le benzéne, ¢luant fort vis-a-vis des DNB,
a tendance 2 les entrainer vers le front du liquide.

Effectivement, des essais en atmosphére saturée par un mélange hexane-ben-
zéne plus riche en benzéne que la phase mobile, ont conduit a des chromatogrammes
dont les taches sont trés allongées; en méme temps, I'on constate une augmentation
générale des Rp (Fig. 3b). Inversement, les chromatogrammes obtenus en opé-
rant en atmosphére saturée par un mélange plus riche en hexane que la phase mobile
ont montré une atténuation sensible de 'allongement des taches, en méme temps
qu’une diminution des Rp (Fig. 3a).

Nous avons, également, réalis¢ volontairement une saturation imparfaite de
I'enceinte, de maniére & en vérifier directement 'influence, envisagée ci-dessus, sur la
forme des taches. On constate 12 aussi une forte accentuation de l'allongement des
taches, accompagnée d'une forte augmentation des Rp (mesurés au front des taches).

Ces essais vérifient donc bien que linfluence perturbatrice d'une saturation
imparfaite de I'atmosphére de l'enceinte consiste en une accentuation de ’allonge-
ment, un étirement des taches.

Cependant, ce facteur ne peut pas étre considéré comme une cause essentielle
du phénomene pour la raison suivante: nous avons effectué des essais dans une at-
mosphére & la saturation et a I'homogénéité de laquelle avaient été apportés des
soins tout particuliers (notamment grice 4 un brassage de I'atmosphére de I'enceinte
par ventilateurs: la saturation est vérifiée par le fait que la feuille de papier destinée
4 saturer I'atmosphére ne séche plus, méme & proximité du courant de vapeurs
produit par le ventilateur). Et pourtant, le phénoméne d’allongement des taches est
demeuré toujours aussi prononcé.
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Fig. 3. Bis-3,5-DNB de polyéthyleneglycols techniques. (a) Atmosphére de 'enceinte saturée ave ¢

hexane-benzéne (2:1). (b) Atmosphere de l'enceinte saturée avec hexane-benzéne (1:2). Phase

stationnaire: formamide (209, dans acétone); papier séché i 45° aprés imprégnation. Phase
mobile: hexane-benzéne (1:1).

Il reste que, lorsqu'’il intervient, le facteur saturation imparfaite de I'atmospheére,
joint d'autre part aux fluctuations de la concentration du papier en formamide!.?
peut du moinsrendre compte du défaut de reproductibilité observé dans les sé parations.

Influence de la concentration du papier en phase mobile

Nous avons pens¢ aux perturbations que peut apporter 4 un développement régulier
le fait que, au cours de la migration de la phase mobile, il existe sur le papier une dimi-
nution continue de la concentration en phase mobile depuis la ligne d’immersion
jusqu’au front de progression.

J. Chromatog., 14 (106b4) 209-227
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Ce phénomene, qui est connu (cf., entre autres, Réfs. 4, 5), est facilement obser-
vable dans le cas présent: la partie de la feuille de papier voisine de la ligne d'immer-
sion prend un aspect mouillé alors que les régions proches du front apparaissent pres-
que séches, a tel point que le front de déplacement de la phase mobile devient de
moins en moins discernable avec I'augmentation de la distance parcourue (ceci étant
vrai méme en atmosphére bien saturée).

Plus particuliérement, nous nous sommes demandé comment évoluerait le
développement si 'on évitait, ou si I'on supprimait la zone trés mouillée. Une pre-
mlere maniére était d'éloigner de la ligne d’immersion les points de dépot des produits
a chromatographier (c'est d’ailleurs cette raison qui sans doute justifie la recommanda-
tion faite par certains auteurs de déposer les substances 4 une distance d’au moins
5 cm de la ligne d'immersion).

Fig. 4. Bis-3,5-DNB d'un polyéthyléneglycol 500 technique. Dépét de la substance & des distances

croissantes de la ligne d'immersion. Col. 1 = 3 cm; col. 2 = 6 ¢cm; col. 3 = g cm; col. 4 = 12 cm;

col. 5 = 15 cm. Phase stationnaire: formamide (209, dans acétone); papier séché a 45° aprés im-

prégnation. Phase mobile: hexane-benzéne (3:4). -\tmosphere saturée avec hexane-benzéne (3:4).
Température: 21-22°
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Une seconde maniére consistait 4 abaisser le régime des tensions de vapeur dans
I'atmosphére de I'enceinte par création dans celle-ci d'un gradient de température, de
maniére & diminuer, par évaporation, la concentration en phase mobile sur le papier:
ce que nous avons tenté de réaliser par introduction de glace carbonique dans 1'en-
ceinte.-C’est, en quelque sorte, prendre le contrepied de ce que nous avons recherché
p. 215, mais d’une maniére tout & fait particuliere®.

(a) Eloignement des points de dépol des produils i chromalographier. La Fig. 4mon-
tre trés nettement une diminution progressive de I'allongement des taches au fur et a
mesure que l'on augmente la distance des dépdts a la ligne d'immersion. Pour une
distance de 12-15 cm, les taches ne sont pratiquement plus allongées; la résolution est
sensiblement améliorée.

(b) Introduction de glace carbonique dans I'enceinte en début de développement. Voici
comment nous avons procédé: la saturation de I'atmosphére en phase mobile étant
assurée selon les modalités indiquées plus haut, et le papier, portant les substances a
chromatographier, étant en place dans son augette vide, on introduit rapidement dans
I'enceinte 500-800 g de glace carbonique pilée; on ferme I'enceinte, puis on versc
rapidement, par un orifice prévu a cet effet, la phase mobile dans son augette.

On observe alors, autour de la glace carbonique, I'apparition d’aiguilles de ben-
zéne et une condensation d’hexane (moins apparente). Entre temps, la progression de
la phase mobile a commencé ; mais, aprés une certaine avance (qui dépend des condi-
tions opératoires; Fig. 5), le développement est pratiquement stoppé du fait de 'ap-
pauvrissement du papier en phase mobile. Puis, au fur et a mesure que disparait la
glace carbonique les conditions initiales se rétablissent, et le développement reprend
progressivement.

Le résultat obtenu est intéressant: aprés révélation, on voit apparaitre des
taches presque rondes pour les termes inférieurs, beaucoup moins allongées pour les
termes plus élevés, et la séparation est améliorée (Fig. 5, col. 1).

(¢) Combinaison des modifications (a) et (b). Le chromatogramme de la Fig. 5 (col.
2-8) permet de voir que la combinaison des deux modifications (a) et (b) est encore
plus efficace que chacune d’elles prise isolément: 2 encore les taches sont d’autant
plus rondes ct régulicres que le point de dépot a été ¢loigné davantage de la ligne
d’immersion, et leur séparation devient cette fois pratiquement complete (alors que,
notons-le en passant, les quantités de substances présentes dans les taches sont
relativement trés importantes).

Influence de la concentration du papier en phase stationnaire

Nous venons d’exposer que la diminution de la concentration en phase mobile sur le
papier (diminution obtenue soit par introduction de glace carbonique dans I'enceinte,
soit par l'artifice de 1'éloignement des points de dépot, soit encore par la combinaison
des deux procédés) avait pour consiquence l'obtention de taches arrondies bien
ramassées.

On peut se demander si le méme effet ne pourrait pas étre atteint par une voie
inverse, ¢’est-a-dire par augmentation de la concentration du papier en phase sta-
tionnaire (formamide).

BORECKY ET GASPARIC! imprégnent le papier au moyen d’une solution de for-

* Une technique analogue de création d'un gradient de température a déja été décrite (DRA-
PRONY).
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Fig. 5. Bis-3,5-DNB d'un polyéthyléneglycol 4oo technique. Introduction de glace carbonique

dans I'enceinte au début du développement. Dépot de la substance a des distances croissantes de la

ligne d'immersion. Col. 1 = 3 em; col. 2 = 6em;eol. 3 =9gcem;col. 4 = 12 cm; col. 5 = 15 cm;

col, 6 = 18cm; col. 7 = 21 cm; col. 8§ = 24 cm. Phase stationnaire: formamide (20 %, dans acétone)
papier séché & 45° aprés imprégnation. Phase mobile: hexane-benzéne (r:1)

mamide a 20 % (dans I'éthanol). Nous avons alors imprégné le papier avec des solu-
tions de formamide a 40 % et davantage (dans l'acétone).
Cependant, conformément a la formule:

T
Be=—74

i CmAm

ol C4/Cm = coefficient de partage entre phase stationnaire et phase mobile, 4; = aire
de la section transversale de la phase stationnaire, 4 », = aire de la section transversale
de la phase mobile, conformément, aussi, aux observations faites par GASPARIC ET
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BORECKY? et par nousmémes & ce sujet, 'augmentation de la concentration du papier
en phase stationnaire a pour effet de diminuer les valeurs des Rp. Afin de compenser
cette influence défavorable, nous avons été amenés a augmenter la proportion d’éluant
fort (benzéne) dans la phase mobile et 4 utiliser ainsi des mélanges hexane-benzéne
dont les proportions respectives étaient, par exemple, de 1:2.

Il convient de souligner que, pour obtenir des résultats satisfaisants, tant du
point de vue de la qualité des séparations que de celui de la qualité de la révélation des
chromatogrammes, avec des concentrations aussi élevées en formamide sur le papier,
il est nécessaire de prendre les précautions indiquées plus haut: (a) séchage, avant
développement, du papier imprégné en formamide (p.213), (b) élimination totale de
la phase stationnaire (formamide) avant révélation (p. 212).

Tl est possible que les effets défavorables du formamide, constatés en 1'absence de
ces précautions, aient amené BORECKY ET GASPARIC & ne pas dépasser la concentration
de 20 % en formamide, pour la solution d'imprégnation.

Afin d’observer I'action d'une concentration plus grande du papier en formamide,
nous avons donc développé deux chromatogrammes simultanément, dans la méme en-
ceinte, I'un ayant été imprégné avec une solution de formamide & 20 % (dans I'acétone),
l’autre avec une solution 4 40 % (dans le méme solvant). Les autres conditions opé-
ratoires étaient maintenues aussi identiques que possible: procédure d’imprégnation,
séchage 4 45° (selon mode opératoire p. 213), dépots a la méme distance de la ligne
d’immersion (~ 3 cm), composition de la phase mobile hexane-benzéne (1:2), satu-
ration de I'atmosphére de I'enceinte, dispositif d’alimentation en phase mobile, tempé-
ature, etc.

Les résultats sont démonstratifs: sur le papier traité avec la solution de formamide
4 40 % (et malgré la faible distance, 3 cm, des dépéts a la ligne d'immersion), on con-
state I'absence de tout allongement des taches (Fig. 6b). Au contraire, le chromato-
gramme réalisé sur papier traité au formamide & 20 % a conservé 'aspect habituel:
taches allongées, qui se recouvrent partiellement (Fig. 6a).

Ces résultats (disparition de l'allongement des taches par augmentation de la
concentration du papier en phase stationnaire), joints & ceux du paragraphe précé-
dent (disparition de l'allongement des taches par diminution de la concentration du
papier en phase mobile), font donc apparaitre un lien, nécessaire a l'obtention de
taches réguliéres, entre quantités de phase stationnaire et de phase mobile en pré-
sence sur le papier.

Ceci nous ameéne a reconsidérer la manitre de préparer le papier imprégné en
phase stationnaire. En effet, jusqu’ici, dans un souci de régularité d’imprégnation,
nous avions, a I'encontre de BORECKY ET GaspaRIC, suspendu le papier imprégné, aux
fins d’égouttage et d'évaporation, de telle maniére que la future ligne de départ fiit
placée en haut. BORECKY ET GASPARIC placent, dans cette opération, la ligne de
départ en bas (Réf. 2, p. 482). La concentration du papier en phase stationnaire est
alors plus élevée a la ligne de départ, et décroit lorsque 'on s’en éloigne (Réf. z,
p. 481)*. De cette maniére, le gradient de concentration du papier en phase station-

* On pourrait méme, & ce propos, objecter au raisonnement de la p. 218 (influence de I'éloigne-
ment des points de dépot) que l'effet observé est dit & ce gradient (de sens croissant) de concen-
tration du papier en phase stationnaire, et non pas au gradient (de sens décroissant) de concen-
tration du papier en phase mobile, Mais, nous I'avons vérifié, la variation de la concentration de la
phase stationnaire le long du papier, sur une longueur de 10-15 ¢m, n'est pas assez importante
pour produire un effet aussi notable.
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Fig. 6. Bis-3,5-DNB d'un polyéthyléneglycol 400 technique. (a) Papier imprégné avec solution de
formamide & 209%,. (b) Papier imprégné avec solution de formamide a 409%,. Papier séché a 45°
aprés imprégnation. Phase mobile: hexane-benzéne (1:2). Atmosphére de l'enceinte saturée avec
hexane-benzéne (1:2), et brassée par un ventilateur. Durée d'élution: 5 h 15 min. Température:
19°.
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naire est de méme sens que le gradient de concentration du papier en phase mobile
qui s’établit lors du développement. Ce mode opératoire est donc plus indiqué dans le
cas étudié ici, puisqu'il tend a corriger partiellement le déséquilibre, sur le papier,
entre quantités de phase stationnaire et de phase mobile en présence. Nous l'avons
utilisé pour effectuer le chromatogramme de la Fig. 7, olt l'on peut voir en effet une
certaine diminution de l'allongement, bien que la résolution soit ici incompléte.
Avec ce mode opératoire, il suffit de porter la concentration de la solution d’impré-
gnation & 30 ou 35 % (au lieu des 40 % indiqués plus haut) pour obtenir de bons
résultats.

Influence de la concentration du papier imprégné en substance déposée

Le fait que 'augmentation de la concentration du papier en phase stationnaire a pour
effet de supprimer l'allongement des taches conduit 4 se demander s'il n'intervenait
pas, lors de I'emploi de papier traité avec des solutions 4 20 % seulement en phase
stationnaire (mode opératoire de BORECKY ET GASPARIC!:?), un phénomeéne de satu-
ration de celle-ci en substance & chromatographier, saturation que 1'augmentation de
la quantité de phase stationnaire ferait cesser.

S'il y a saturation, on peut aussi bien la faire cesser en diminuant la concentra-
tion en substance dans les taches déposées. Nous avons par conséquent étudié l'in-
fluence de la variation de cette concentration sur la forme des taches et sur la réso-
lution. A cet effet, nous avons effectué, dans le systéme formamide & 20 %/hexane-
benzéne (4.5:5.5), la chromatographie d'une série de dépots de méme volume (50 ul),
donc de méme surface, de solutions benzéniques du méme produit de dinitrobenzoyla-
tion d'un polyéthyléneglycol 400 technique, a des concentrations variables: 0.1 %,
0.2%,0.5%, T % et 2%.

On peut alors constater (Fig. 7) que, en effet, I'allongement des taches diminue
et que la résolution s’améliore avec la diminution de concentration des solutions
déposées. L'effet est cependant beaucoup moins important que l'on pourrait s’y
attendre: pour voir disparaitre 'allongement des taches, il faut descendre jusqu'a une
concentration de 0.1 %, concentration dix fois plus faible que celles que nous avons
utilisées en général, et avec lesquelles nous avons cependant obtenu des taches non
allongées et bien séparées, simplement en doublant la concentration du papier en
phase stationnaire.

Le phénomeéne parait donc plus complexe qu'une simple question de saturation de
la phase stationnaire en produit & chromatographier. Cependant, la saturation, comme
toujours en chromatographie, fixe une limite supérieure, & ne pas dépasser, pour la
concentration en substance déposée du papier imprégné, limite qui, naturellement,
varie avec le degré d'imprégnation.

Conclusion

11 semble donc bien, d’aprés les essais décrits ci-dessus, que l'allongement des taches
soit dil essentiellement & un déséquilibre entre quantité de phase stationnaire et
quantité de phase mobile en présence sur le papier. L'équilibre, par contre, parait
rétabli aussi bien lorsque (toutes autres modifications mises a part) 'on diminue, par
un moyen approprié, la concentration du papier en phase mobile, que lorsque I'on
augmente la concentration du papier en phase stationnaire.

Nos essais semblent, en outre, mettre en ¢vidence une influence, sur l’allonge-
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Fig. 7. Col. 1 = bis-3,5-DNB des mono-, di-, tri-, tétra- et pentaéthyléneglycols; col. 2,3,4,5,6 =

bis-3,5-DNB d'un polyéthyléncglycol 400 technique 4 0.1, 0.2, 0.5, 1 et 2%, (pourcentages exprimés

en PEG mis en oeuvre). Phase stationnaire: formamide & 209%, (dans acétone); égouttage ligne de

départ en bas; papier séché a 45° aprés imprégnation. Phase mobile: hexane-benzéne (4.5:5.5).
Durée d'élution: 2 h 55 min. Température: 19°.

ment des taches, de la concentration en substance a chromatographier dans la surface
de dépdt; en tout état de cause, et pour un systéme donné il faut éviter des concen-
trations trop élevées; la limite a ne pas dépasser, pour les concentrations des solutions
A déposer, dans le systéme formamide 20 %, se situe 4 0.1 ou 0.2 % et dans le systéme
formamide 40 % & 1 ou 2 % (avec le papier Arches 302).

Nous avons pu dégager également l'influence d'autres facteurs sur la qualité des
chromatogrammes, ce sont:

(i) L’humidité (élargissement diffus des taches).

(ii) Le défaut de saturation de l'atmosphére de 1'enceinte (enrichissement, sur
le papier, de la phase mobile en benzéne, d’oll augmentation des R et étirement géné-
ralisé des taches).

(iii) Le mode de dép6t de la substance a chromatographier (hétérogénéité de la
surface de dépét).
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En résumé, les améliorations introduites dans la procédure de BORECKY ET
GasPARIC sont de deux sortes: celles qui concernent le développement des chromato-
grammes, celles qui concernent leur révélation.

Les premiéres comprennent:

(a) L’alternative: augmentation de la concentration du papier en phase station-
naire, “diminution” (voir p. 216-218) de la concentration du papier en phase mobile.

(b) La détermination des limites supérieures de la concentration des surfaces de
dépét en produit & chromatographier, en fonction du systéme de phases utilisé.

(c) L’élimination de I'humidité par séchage du papier imprégné en phase sta-
tionnaire, & 45° en présence de CaCl, anhydre.

(d) La saturation et I’homogénéisation de I'atmosphére de l'enceinte par bras-
sage.

(e) La réalisation de surfaces de dépot (des substances a chromatographier) plus
homogénes en concentration.

Les secondes (voir p. 212) sont les suivantes:

(a) Elimination de la phase stationnaire (formamide) avant révélation (traitement
thermique a 75-80°).

(b) Elimination des réactifs excédentaires aprés révélation, par lavage des chro-
matogrammes (par mélange éther éthylique-méthanol).

L’ETHER ETHYLIQUE COMME PHASE MOBILE

Nous avons essayé d’autres phases mobiles (heptane-benzéne, heptane-toluéne, etc.).
Si la séparation des termes légers se montrait meilleure (différences de Rp plus mar-
quées), celle des termes lourds était par contre moins bonne. Par conséquent, nous
n’avons pas retenu ces phases mobiles.

Mais nous avons obtenu des séparations d'une qualité excellente en utilisant
comme phase mobile I'éther éthylique. La résolution est particuliérement nette,
comme le montre, par exemple, le chromatogramme de la Fig. 8, obtenu avec les
dérivés bis-3,5-dinitrobenzoylés des premiers représentants de la série, purs (mono-,
di-, tri-, tétra- et pentaéthyléneglycols), et avec les dérivés bis-3,5-dinitrobenzoylés
de polyéthyléneglycols techniques de P.M. moyens compris entre 200 et 600:

(1) Les taches sont rondes, séparées complétement les unes des autres, jusqu’au
dixiéme terme.

(ii) Les Ry des constituants se montrent relativement indépendants de leur con-
centration dans les dépots; par conséquent, les identifications sont plus aisées et plus
stires.

(iii) Alors qu’avec le mélange hexane-benzéne comme phase mobile, les trois
premiers termes ne sont pas séparés, seuls les deux premiers ne sont pas résolus en
utilisant 1'éther éthylique comme phase mobile.

Il est nécessaire de saturer I'éther en formamide, celui-ci étant légérement soluble
dans l'éther. La volatilité de 1'éther éthylique oblige & assurer une étanchéité suffi-
sante de l'enceinte, d’abord pour des raisons de régularité de développement, ensuite,
pour des raisons de sécurité. De méme, la manipulation, aprés développement, des
papiers imbibés d’éther éthylique exige I'observation de certaines précautions, ce qui
est aisément concevable. D'ailleurs, les mémes servitudes valent, encore davantage
peut-étre, pour I'emploi de solvants tels que benzéne, hexane, etc. Toutefois, le fait
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Fig. 8. Bis-3,5-DNB de polyéthyléneglycols techniques. 1 = glycol tache supérieure (tache infé-

rieure non identifiée) ; 2 = diéthyléneglycol; 3 = triéthyléneglycol; 4 = mélange synthétique des

mong-, di-, tri-, tétra- et pentaéthyléneglycols (mono et di en faible proportion); 5 = PEG 200;6 =

PEG!300; 7 = PEG 400; 8 = PEG 500; 9 = PEG 600. Phase stationnaire: formamide (20 % dans

acétone); papier séché & 45° aprés imprégnation. Phase mobile: éther ¢thylique saturé de forma-
[ mide. Durée de développement: 3 h. Température: 17-18°.

|
|

que_ila. phase mobile soit constituée par un solvant unique constitue, en soi, une
notable simplification, puisque tout risque de variation dans la composition de la
phase mobile, pendant la durée du développement, se trouve écarté; I'obtention aisée
de d’zeilleurs résultats doit sans aucun doute étre attribuée pour une part a cet avantage.

|La manifestation simultanée de la disparition compléte de l'allongement des
tac}jues et de I'insensibilité relative des R des constituants vis-a-vis de leur concen-
tration dans les dépéts, confirme & nos yeux l'existence d'un lien entre ces deux
phénomeénes.

' La netteté particuliére des séparations obtenues avec ce systéme est trés favo-
rabie A une étude quantitative de la composition des polyéthyléneglycols techniques,
étu#e qu'il est dans notre intention d’entreprendre.
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UTILISATION DE SUPPORTS DE LA PHASE STATIONNAIRE AUTRES QUE LE PAPIER

Dans la chromatographie sur papier imprégné, le role du papier parait étre simplement
celui de support de la phase stationnaire. Il est, d'ailleurs, sans doute souhaitable, en
chromatographie de partage, que le réle du support soit aussi minime que possible.

Nous avons donc pensé qu’il était possible d’obtenir, par exemple sur couche
mince ou sur colonne, imprégnées de formamide, les mémes résultats que sur papier
imprégné.

En effet, nous avons obtenu les mémes séparations (des neuf a dix premiers
termes des bis-3,5-DNB des PEG) et d'une qualité égale, sur couche mince de Kiesel-
guhr imprégnée de formamide (au moyen d'une solution a 209% dans I'acétone).
Comme liant de la couche mince, plutét que le platre trés fragile, nous avons utilisé
la gomme du Sénégal, laquelle donne un revétement trés adhérent et trés résistant.
LA aussi, la phase mobile éther éthylique saturé de formamide donne de bonnes sé-
parations (taches rondes complétement séparées), tandis que les mélanges hexane-
benzéne donnent des taches allongées en V se recouvrant partiellement. On observe
seulement une rétention un peu plus grande des DNB (R plus faibles). La révélation
est effectuée de la méme maniére que sur papier (pulvérisation de chlorure stanneux,
puis de p-diméthylaminobenzaldéhyde) et les précautions prises (séchage & 45° aprés
imprégnation en particulier) sont les mémes.

Des essais sur colonne (par exemple alumine imprégnée de formamide) ont
également permis d’obtenir la séparation des premiers termes des diesters 3,5-dini-
trobenzoiques des polyéthyléneglycols (depuis le quatriéme jusqu’au neuviéme) en
quantités pondérales (20-30 mg de chacun des constituants ont été ainsi obtenus).
L’éluant utilisé était le mélange hexane-benzéne, la quantité de benzéne étant pro-
gressivement accrue au fur et & mesure de I’élution.

La progression des zones dans la colonne était suivie d’une part par leur pouvoir
absorbant en lumiére U.V. réfléchie, et d’autre part par pesée des fractions éluées (le
formamide est insoluble dans les mélanges hexane-benzéne). Cette méthode a toute-
fois comme inconvénient la lenteur d’élution des taches.
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Nous tenons a exprimer ici nos remerciements A la Direction Technique de la Société
Francaise des Matiéres Colorantes, dans les services de laquelle nos travaux ont été
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nous avons pu apprécier 1'aide technique.

RESUME

L'étude analytique des polyéthyléneglycols par chromatographie sur papier de leurs
diesters 3,5-dinitrobenzoiques, telle qu’elle a été proposée par BORECKY ET GASPARIC!,
conduit a des résultats trés intéressants. Cependant, certaines irrégularités (allonge-
ment des taches, diffusion) réduisent la netteté des séparations. Il a donc été procédé
a une étude des causes de ces perturbations, ainsi qu’a la recherche d’autres phases
mobiles, permettant d’obtenir une netteté et une reproductibilité plus grandes dans
les séparations.
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Cette étude a montré que la cause essentielle de perturbation (formation de
taches allongées se recouvrant partiellement) pouvait étre attribuée a un déséquilibre
entre quantité de phase stationnaire (formamide) et quantité de phase mobile (mé-
lange hexane-benzéne), en présence sur le papier. Un autre facteur, I’humidité pré-
sente dans le papier imprégné, ajoute ses effets au premier (taches diffuses).

Une phase mobile, 'éther éthylique, en association avec le formamide comme
phase stationnaire, s’est montrée particuliérement intéressante: les taches obtenues
sont presque rondes et leur séparation est complete.

Des supports autres que le papier pour la phase stationnaire (formamide) ont
également été examinés. L'utilisation de Kieselguhr en couche mince, li¢ 4 la gomme
du Sénégal, et imprégné de formamide, a donné des séparations de qualité équivalente
a celles obtenues sur papier imprégné. De méme, la chromatographie sur colonne
d’alumine imprégnée de formamide a permis la séparation de quantités pondérales
des neuf premiers termes.

SUMMARY

Analysis of polyethylene glycols by paper chromatography of their bis-3,5-dinitroben-
zoates according to the method of BORECKY AND GASPARIE, gives useful results.
However, some irregularities (elongation of the spots, diffusion) make the separations
less distinct. Therefore the causes of these disturbances were studied and a search
was made for other mobile phases with which better separations and greater repro-
dicibility might be obtained.

This investigation showed that the main cause of the disturbances (formation
of elongated spots, partially overlapping) was a lack of equilibrium between the
amount of stationary phase (formamide) and the amount of mobile phase (hexane-
benzene mixture) present on the paper. Another factor, the moisture of the impreg-
nated paper, has an additional effect (diffuse spots).

One mobile phase, ethyl ether used in conjunction with formamide as stationary
phase, is particularly interesting, since the spots obtained are practically round and
completely separated from each other.

Other supports for the stationary phase (formamide) besides paper were also
examined. Thin layers of kieselguhr with Senegal gum as binding agent and impreg-
nated with formamide, gave separations of the same quality as those obtained
with impregnated paper. Chromatography on columns of alumina likewise made it
possible to separate weighable amounts of the first nine members of the series.
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INTRODUCTION

Owing to the anomalous valency state of the central copper atom the complexes of
trivalent copper act as powerful oxidizing agents, especially in an alkaline medium.
This property of the complex bound copper(III) was used for the first time by BEck!
as a semi-quantitative analytical method for the oxidative degradation of proteins. By
far the most useful application of these complex copper(I1I) salts is to the oxidation of
polyhydroxy compounds. This reaction can be followed electrometrically or spectropho-
tometrically and has been used ¢.g. in the quantitative estimation of tartrates? or for
the detection of sugars and their derivatives on paper chromatograms3. The potassium
periodatocuprate(III) reagent used by BoNNER? for this purpose has in the complex
anion the ligand of another strong oxidizing agent, namely periodate. It seemed
interesting to investigate the detection of carbohydrates and other organic compounds
by means of the telluratocuprate(IIT) anion [Cu(TeOg4)]?-, where the only oxidizing
agent is the trivalent copper. The different oxidizing properties associated with the two
complex ions were considered as a possible means of distinguishing between the
structures of various compounds. This means of identification proved unsuccessful
and in fact on comparing our results with those of BONNERS, no qualitative difference
could be found in the action of periodatocuprates(IIl) and telluratocuprates(I1I).
The new reagent, however, is worth investigating for its high sensitivity to a wide range
of organic compounds, ¢.g. the various non-reducing carbohydrates dealt with in this
paper.

EXPERIMENTAL
Reagent

The 0.05 M telluratocuprate(ITI) solution was prepared as described by JEN§OVSKY4-6
and BONNER?, using the equivalent amount of potassium tellurate instead of po-
tassium periodate.

Sample solutions

The samples were dissolved in ethyl alcohol in concentrations of 0.1 % w/v.

* Albertov 2030, Praha 2 — Nové Mésto, Czechoslovakia.
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Paper chromatography

The descending technique was employed, using Whatman No. 1 or No. 3 filter paper
in a #-butanol-acetic acid—water (10:1:3) system, except in the case of the higher oli-
gosaccharides, where the system #-propanol-ammonia—water (6:3:1) was used.

Detection of the spots

The paper chromatograms were thoroughly dried and, when free from all acid residues,
were sprayed with the reagent. The sugar compounds give white spots on a distinc-
tive deep yellow-brown background. The background disappears after a few minutes
but a permanent record of the spots can be made either by marking with pencil or
by spraying the chromatogram, immediately after the maximum contrast of the spots
has been reached, with a solution of rosaniline as described by BoNNER®. Red spots
on a greenish yellow background were then obtained. A second method for stabilizing
the chromatograms, especially useful where Whatman No. 3 paper was used, con-
sisted in spraying with TTC* solution (2 % w/v sol. of TTC in water mixed with the
same volume of 1 N NaOH) at 50-60° in the dark?.®. At the positions occupied by the
oxidized compounds deep rosy spots appeared on a pink background. For the location
of water insoluble carbohydrate derivatives, the standard dipping technique was
found more suitable than spraying.

TABLE I

Rp VALUES OF NON-REDUCING FREE OLIGOSACCHARIDES, GLYCITOLS, GLYCOSIDES, GLYCOSANS
AND GLYCONIC ACID LACTONE LOCATED BY MEANS OF TELLURATOCUPRATE(III) REAGENT WITH A
SENSITIVITY OF I 4g

Compound Solvent system Rp

Saccharose n-BuOH~AcOH-H,0O (10:1:3) 0.08
Trehalose 0.55
Raffinose n-PropOH-NH,OH-H,O (6:3:1) 0.48
Stachyose 0.41
p-Glucitol (Sorbitol) n-BuOH-AcOH-H,O (10:1:3) 0.05
1,5-Anhydro-p-glucitol 0.2
D-Mannitol 0.05
myo-Inositol 0.05
Methyl B-p-glucopyranoside n-BuOH-AcOH-H,O (10:1:3) 0.22
n-Propyl -p-glucopyranoside 0.61
Isopropyl f-p-glucopyranoside 0.55
Isobutyl f-p-glucopyranoside 0.73
tevt.-Butyl f-p-glucopyranoside 0.64
Cyclohexyl 3-p-glucopyranoside 0.72
Phenyl f-p-glucopyranoside 0.55
m-Hydroxyphenyl f-p-glucopyranoside? 0.52
p-Hydroxymethylphenyl -p-glucopyranoside

(Salicin) 0.52
Phenyl B-cellobioside 0.35
1,6-Anhydro-f-p-glucopyranose n-BuOH-AcOH-H,O (10:1:3) 0.45
n-Galactonic-y-lactone #-BuOH-AcOH-H,O (10:1:3) 0.21

a m-Hydroxyphenyl -p-glucopyranoside gives, as all free phenols, a stable red-brown colo-
ration without a further stabilizing spray.

* Triphenyltetrazolium chloride.
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TABLE II

Rp VALUES OF VARIOUS SUBSTITUTED CARBOHYDRATE COMPOUNDS DETECTED BY MEANS OF TEL-
LURATOCUPRATE(III) REAGENT WITH A SENSITIVITY OF 5 TO 10 ug
System n-butanol-acetic acid—water (10:1:3).

Compound Rp
1,2,3,6,2",3",4",6’-Octa-O-acetyl-f-maltose 1.0
3.4,6-Tri-O-acetyl-nD-glucal 1.0
1,2-O-Isopropylidene-x-p-glucofuranose 0.70
1,2,5,6-Di-O-isopropylidene-«-D-glucofuranose® 0.98
1,2-O-Isopropylidene-5,6-anhydro-«-D-glucofuranose 0.95
1,6-Anhydro-2-O-p-tolyl-f-p-altropyranose® 0.85

8 Does not react with the telluratocuprate(Ill) but develops a deep rosy coloration with the
TTC reagent without any previous treatment. This remarkable reaction is difficult to explain as the
compound is perfectly stable in alkaline medium and has one single hydroxyl group in the C-3
position.

b Sensitivity = 50 ug.

RESULTS

The miscellaneous carbohydrate compounds tested for the applicability of the tellu-
ratocuprate(ITI) reagent can be divided into three groups according to the sensitivity
of the reagent.

(x) The unsubstituted sugars, glycosides, glycosans and anhydrosugars are
detectable in amounts of T pg.

(2) In substituted sugars, e.g. in fully acylated sugars easily hydrolysable in the
strong alkaline medium, or in various alkylidene derivatives with at least one pair of
vicinal hydroxyl groups, the sensitivity varies between 5 and 10 pg. In some cases, e.g.
1,6-anhydro-2-O-p-tolyl-g-D-altropyranose, a compound with a single hydroxyl
pair adjacent to the large p-tolyl group, the limit of sensitivity was shifted to 50 pg.

(3) The non-reactive substances include especially the alkali-stable polytopic
alkylidene and arylidene derivatives such as the various di- and tri-benzylidene or
isopropylidene derivatives of monoses and glycitols, e.g. 1,2,5,6-di-O-isopropylidene-
o-D-glucofuranose.

The telluratocuprate(III) reagent has been used with success for the detection
of sugar compounds in plant extracts and in mixtures of enzymic transglycosylation
products. Rp values of carbohydrate compounds located with the reagent are summa-
rized in Tables I and II.

DISCUSSION

The results summarized in this paper as compared with those of BONNER? indicate
the interesting fact that in both periodatocuprates(III) and telluratocuprates(ITI)
applied as locating reagents in paper chromatography the only oxidizing agent is the
trivalent copper. The sensitivity of telluratocuprate(III) is in most cases even slightly
higher than that of periodatocuprate(III) as, after spraying, a picture is developed
in which white spots show up very vividly against a deep yellow-brown background.

J- Chromatog., 14 (1964) 228231
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SUMMARY

The use of potassium telluratocuprate(III) is described for the detection of non-
reducing carbohydrate compounds on paper chromatograms. The sensitivity of the
reagent is 1 ug to unsubstituted sugars and glycosides and 5 to 10 pug to a number

of carboxylic acid esters and alkylidene carbohydrate derivatives tested.
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INTRODUCTION

In our long usels2 of the common two-dimensional papergram system, phenol-water
followed by butanol-propionic acid-water®, for the separation of various soluble,
intracellular metabolic products, we have experienced only rare lapses of repro-
ducibility; and most of these lapses we had crudely associated with the season of the
year. Hangs and his co-workers reported in great detail on the effects and the methods
of control of the moisture content of chromatographic papert—¢. These reports sug-
gested to us that moisture control might prove useful even in chromatographic
systems less sophisticated than those developed in the HaxEs laboratory. The present
report describes the simple procedure of moisture control which we have found satis-
factory over the past two years.

EXPERIMENTAL
General procedure

Whatman No. 1 paper was used, twelve 18/, X 22!/, in. sheets per cabinet, for de-
scending chromatography.

The first (short) dimension of the paper was developed with a phenol-water
mixture (722 :278, w/w) (cloud point, 18/, to 20/,°) at the controlled room tempera-
ture of 21 to 22°. When made with distilled phenol” and stored in the dark, this solvent
remains colorless for over a month. As suggested by WADE ef al.5, there was no prelimi-
nary equilibration of paper with phenolic solvent.

The second solvent consisted of #-butanol-water (1770:119, v/v) and propionic
acid-water (88:110, v/v) mixed in equal volumes, the cloud point being 18!/, to 20°.
Commercial grade propionic acid (E.I. du Pont Co.)** was used directly, without
redistillation. An arbitrary one hour of equilibration of paper with this solvent was
allowed, following any preadjustment of the paper’s moisture content.

Moisture adjustment

For most of the chromatographic experiments reported here, papers were stored for

24 h in the chromatographic cabinet with three 15 cm petri dishes containing thin
* Affiliated with Sloan-Kettering Institute for Cancer Research, New York, N.Y.

** This material was stored for several years without any alteration of its miscibility in the

solvent system. This stability was not characteristic of other commercial propionic acids (Cliffs Dow
Chemical Co. and Celanese Chemical Co.) even after redistillation.

J. Chromatog., 14 (1964) 232-237



WATER CONTENT OF CHROMATOGRAPHIC PAPER 233

layers of various ‘‘constant humidity agents”. These agents, together with the equilib-
rium relative humidities as measured on our instruments (see below) were: water
(87 % R. H.); saturated aqueous ammonium sulfate, technical grade (72 % R.H.);
sodium acid sulfate, technical grade crystals moistened with water (53% R.H.);
chromium trioxide, technical flakes moistened with water (42 % R.H.); potassium
acetate, N.F. (24 % R.H.); and calcium chloride, anhydrous (10 % R.H.).

In experiments where equilibration time was a variable, the cabinet also con-
tained a thermograph, and a very small fan (an 0.2 A tube-cooling fan available from
radio supply stores). Ordinarily, we use this fan in conjunction with a proportio-
nating timer (General Electric Co., TSA-14, 5-min cycle) set for 20 % on.

Relative humidity measurements were primarily by a humidigraph (Model 4033,
The Bristol Co., Waterbury, Conn.), although a membrane hygrometer (Model 201,
Serdex, Inc., Boston, Mass.) was included as a check and to provide a faster-responding
instrument for short-term observations. Readings taken from a sling psychrometer
(in the range of 25 to 75 % R.H.) were used to calibrate the humidigraph.

All instruments, the fan, and the dishes of humidity control agents were removed
from the cabinet before the addition of chromatographic solvent.

RESULTS

Time requived for equilibration

The relevance of humidigraph readings to water content of chromatographic paper
was checked directly by using an external balance to weigh a pair of paper sheets
suspended inside a cabinet containing ten other sheets and humidity control agent
(potassium acetate or ammonium sulfate). Paper weights and humidigraph readings
were both plotted against time, adjusting the graphic scales to cause coincidence
of the curves at both their beginnings and their final equilibrium values (e.g., Fig. 1).
Under conditions of constant fan operation (except when weighing) the humidigraph-
responded somewhat faster than the paper; but in absence of fanning the paper
responded somewhat faster. Discrepancy in the two responses never exceeded §
units of % R.H. in either the humidifying or drying direction; and it wasalways 2 units
or less by the time the paper weight had come to within 5 units of the final equilibrium
value.

46.5
90

46.0 lao .
455 2
- 170 €
0 2
g 45.0 160 ¢
S F‘<:;::e\r;veigl_1t Humidigraph reading E,
£ 445} 150 2
£ f b o ol
) - - o
2 44.0 °
a

. ! . . : ; L )
o} 4 8 12 B 20 24 28 3240 60 80
Time in hours
Fig. 1. Rate of equilibration to a humidity change.
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Based on humidigraph readings only, using any of the humidity control agents*,
24 h were required for equilibration within 5 units of the final relative humidity.
With the use of the circulating fan, this same extent of equilibration required only
g h or 6 h, depending on whether the fan was used 20 % of the time or continuously.
The use of intermittent fanning was devised primarily for insulated chromatographic
boxes (Chromatocabs) in order to keep the temperature rise within the box from
exceeding 0.5°.

These data have led to the evolution of the following routine procedure. When
empty cabinets are available, the papers are stored in the cabinets with the sodium
acid sulfate for at least 24 h. When cabinets are not available the papers are hung in
the laboratory. Procedure with the latter papers varies according to the humidity
of the laboratory. If the humidigraph shows that the relative humidity of the labora-
tory was within the chosen limits (50 to 75 % in our case) for the preceding 6 h, the
papers may be placed in cabinets without any humidity control agent and stored
there till ready for the addition of solvent. If the humidity record of the laboratory
indicates the need for adjusting the moisture content of the papers, the papers are
placed in a cabinet with an appropriate humidity control agent and a circulating fan.

Loss of equilibration upon opening of boxes

The literature on general chromatographic procedures leaves the impression that
opening a box lid to permit the filling of solvent troughs (following equilibration of
papers with solvent vapors) can cause a sufficient loss of solvent vapor to affect the
chomatographic result. With regard to the special case of equilibration with water
vapor, we find this impression to be misleading.

On days of especially low humidity we have tried opening boxes of high internal
humidity (containing no papers) for various lengths of time. By comparison of the
final equilibrium R.H. within the box to the initial and external R.H., we concluded
that opening the box for 3 min permitted the interchange of only 1/, of the air volume
of the box. To be sure, this did involve two precautions: the tray door near the bottom
of the box was never opened when the top was open, and strong air currents were
avoided by shutting off circulating fans in both room and box. What makes this
result especially significant is the fact that the paper in a box contains several times
the water content of the airspace in the box.

Effect of water content of paper on excursion values

For purposes of Figs. 2 and 3, sheets of known compounds were subjected to chro-
matography in only one dimension. The curves in Figs. 2 and 3 are chosen as typical.
For both solvents a generality may be noted: excursion values are not appreciably
affected by the water content of the paper, except that papers with very high water
content produce a marked opening up of the chromatographic pattern near the
origin together with some crowding in the remaining areas. Within this qualitative
generality, some compounds differ markedly in the extent of their response to papers
of very high water content. Glutamine in phenol-water solvent (Fig. 2) and lactic
acid-1C in butanol-propionic acid-water solvent (Fig. 3) illustrate that this quanti-

* After several days exposure to R.H. about 9o %, the humidigraph required several weeks to
regain its former calibration.
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Fig. 2. Averaged excursion values of known compounds in phenol-water solvent. The merging
of the ADP and ATP curves indicates that the compounds were no longer separated.

tative difference can result in a reversal of spot positions within the chromatographic
pattern. Both of the above reversals had been observed on numerous occasions in
our studies of mouse tissue and bacterial extracts before we resorted to controlling
the water content of our papers. Additional reversals for the phenol-water solvent
may be noted in Figs. 4 and 5 by comparing glutamic acid, aspartic acid, and malic
acid with AMP, IMP, and ADP; also, (not illustrated) there is a similar reversal of
glutamic acid and CMP. Indeed, it appears general for the phenol-water solvent, that
the high moisture content of papers causes larger increases of Rp for purine and pyri-
midine ribonucleotides than for aminoacids and hydroxyacids.

In the chromatography of larger amounts of tissue extracts, papers of low mois-
ture content frequently lead to elongation of the fast-moving spots in the phenol-
water direction. We take this to indicate that dry papers have less loading capacity.
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Fig. 3. Averaged excursion values of known compounds in butanol-propionic acid-water solvent.
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DISCUSSION

Our main purpose in controlling the water content of chromatographic paper is to
insure reproducibility of chromatographic patterns. We use this chromatographic
system in testing for possible effects of various biological inhibitors upon the inter-
mediary metabolism of purines (or pyrimidines). In deciding whether preliminary
experiments warrant a more complete study, it is essential that individual spots
in the normal pattern must be identifiable by visual inspection. Toward this end, the
given procedure for control of water content of paper has been very useful. This has
been true even though our use of the procedure is not so much for precise control as it
is for the avoiding of harmful extremes.

Another purpose in controlling water content of paper might be the deliberate
use of extreme conditions to produce some specially desired effect. In our work, we
have occasionally resorted to very moist papers to effect difficult separations in the
ribonucleotide area.

The use of a humidity meter whose sensing element consists of wood fibres pro-
vides a reasonably close analog of the water content of paper. In addition, the recorded
time course of humidity variation is more pertinent to the moisture content of paper
than a single humidity reading on a rapidly-responding instrument.
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SUMMARY

A simple procedure is described for improving the reproducibility of two-dimensional
papergrams made by the solvent systems: phenol-water followed by butanol-propio-
nic acid-water. The procedure involves control of the water content of the chromato-
graphic paper prior to the addition of solvent. Some effects noted upon the variation
of the water content of paper are described for some chromatographic patterns of
biochemical interest.
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(Received September gth, 1963)

INTRODUCTION

The adsorption of numerous metal ions on anion exchange resin paper, DEAE
cellulose paper, amino-ethyl cellulose paper and Whatman No. 1 paper from HCI
solutions was described in a previous communication of this series!. The differences
between the adsorption from HCl and LiCl were considered in a preliminary note?
dealing only with two typical anions, ReO,~ and AuCl,~. In this paper we shall de-
scribe further investigations on the adsorption of metal ions on various anion ex-
change papers which enlarge upon the problems already dealt with and add new data
for analytical purposes.

The directions in which we extended the previous work were (i) obtaining data
of adsorption from HCI solutions of ions which had not been previously studied
[As(III), As(V), Ru(III) and U(IV)], (ii) studying Amberlite WB-2 weak anion ex-
change resin paper with a few typical metal ions, (iii) making an extensive survey of
the adsorption of metal ions from LiCl solutions and (iv) studying the adsorption of a
number of metal ions from HBr solutions.

The general technique of washing the papers and chromatographing in small jars
by the ascending method was employed as described previously'. When additional
operations were performed these are mentioned under the relevant sub-heading.

(3) Further data on the adsorption of metal ions from HCI

Fig. 1. shows the Rp values of As(III), As(V), U(IV) and Ru(III) plotted against the
normality of HCIL. The Ry values on the strong base resin paper (SB-z) agree well with
the data of Kraus anD Nerson®. The adsorption of Ru(ITI} (i.c. chlororuthenite) on
aminoethylcellulose is much higher than may be expected from the adsorption on the
DEAE cellulose and is difficult to explain by ion exchange and adsorption phenomena;
the latter should be more pronounced for the DEAE paper.

(i4) The adsorption of som: metal ions on the Amberlite wzak anton exchange paper (W B-2)
Jfrom HCL or LiCl

The weak base resin paper (WB-2) containing Amberlite IR-4B differs from the strong
base resin paper SB-2 (containing Amberlite IRA-400) not only in the type of ion
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Fig. 1. Ry values of some metalions plotted against the concentration of HCl. O—O on Whatman
No. 1 paper; M— R on SB-z strong base resin paper; ® —@ on Whatman DE 20 DEAE paper;
O-—0O on Whatman AE 30 amino ethyl cellulose paper.

exchange groups but also in the type of polymer, as Amberlite IR-4B is a phenol-
formaldehyde resin while Amberlite IRA-400 is a polystyrene resin. It is unlikely
that in solutions containing more than 1 N HCI any difference in ionisation exists
between the two types of exchange groups, the quaternary ammonium and the amino
group. The effect of the substituents on the nitrogen as well as the differences in the
polymer network should, however, both produce differences in the non-polar nature
of the two resins. In Fig. 2 we have given the Ry values on WB-2 and SB-2 papers
both with HCl and with LiCl (containing 1 N HCl) for a few metal ions. The adsorp-
tion on the WB-2 paper is consistently lower, the biggest differences occurring in
those solutions where equilibria of neutral species seem to be involved e.g. with
Fe(III) and UO,(II) in intermediate concentrations of chloride ions. In the case of
Cu(IT) there seems to be little difference between the two resins. Strongly adsorbed
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Fig. 2. Rp values of some metal ions plotted against (a) the concentration of HCL, (b) the concen-
tration of LiCl (containing 1 N HCl throughout). #— W on SB-2 strong base resin paper; X — X on
‘WB-2 weak base resin paper.
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anions such as HgCl,?>~ and ZnCl,2~ have slightly higher Ry values on the weak base
resin paper. The results obtained indicate that an extensive study of resins other than
polystyrene resins may produce still more interesting differences in the sequence of
separations. Cu(II) for example moves faster than Fe(I1I) on the SB-2 paper but more
slowly on the WB-2 paper (up to 4 NV LiCl).

(512) A survey of the adsorption of metal ions from LiCl solutions

In preliminary work with LiCl? it was noted that if small amounts of HCl are added to
LiCl {e.g. o.1 N HCI) the H* front moves much more slowly than the liquid front.
As this would have a considerable influence in work with some hydrolysable metal
ions, we increased the HCI concentration to 1 IV throughout in this work. The ions
were chromatographed with solutions T NV with respect to HCl and 1, 2, 4 and 8 N
with respect to LiCl. The total chloride concentration in these cases is thus the sum of
LiCl and HCI concentrations.

In Fig. 3, R values have been plotted against LiCl concentration for four papers
(Whatman No. 1, Whatman DE zo, Whatman AE 30 and Amberlite SB-z papers)
and the ions are arranged according to their positions in the periodic table. The results
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Fig. 3. Rr values of metal ions on various anion exchange papers plotted against the concentration
of LiCl (containing ¥ N HCl). Symbols as in Fig. 1.

with LiCl must be discussed by comparing them with the results with HCI published
previously?.

Ag* and Pb?+ have practically identical Rp values in HCl and LiCl. Here it
should be remembered that these two ions seem to be retained almost entirely by ion
exchange and not by adsorption. The results with LiCl seem to confirm these findings
since in ion exchange the cation of the eluant should theoretically have no
effect.

With the chloro-anions such as IrClg2—, PtClg~, AuCl,~, HgCl,?~ and also with
CrO,2- etc., there is a marked desorption with an increase in the HCl concentration
on the cellulose exchangers. This is not the case (or to a much less extent) in LiCl, there
being little variation of the Rp values. The salting-out effect previously observed?
with AuCl,~ seems to be a general phenomenon for these chloro-anions.

With Fe(III), Co(II), Cu(1l), Ga(II11), UO4(II) and MoO?~, there is considerable
lowering of the Rp values on SB-2 paper in comparison with HCI and noticeable but
relatively small effects with the cellulose exchangers. Surprisingly there is little
difference between HCl and LiCl for 7n(IT) and Cd(II), although larger salting-out
effects would be expected from previous work with anion exchange resins.
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(1v) The adsorption of metal ions from HBr solutions

The papers (washed with 2 N HCl and water as usual) were converted to the
bromide form by leaving them for 30 min in N KBr, washing with distilled water
till free of excess bromide and subsequent drying in air. Since oxidation to bromine
in the atmosphere is a risk with the bromide form of the papers, they were always
freshly prepared and used within 24 h. The solutions of HBr used were prepared
freshly each day from colourless batches of conc. HBr (Carlo Erba). The solutions of the
metal ions were prepared in 4 N HBr from chlorides in the case of the reversibly
complexing metal ions. Chlorauric acid was heated on the water bath fors everal
hours in 4 N HBr to convert it to HAuBr,.

Fig. 4 shows the Rp values on SB-z paper, DEAE paper, aminoethylcellulose
paper and Whatman No. T paper for a number of selected ions.
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Fig. 4. Rp values of metal ions on various anion exchange papers plotted against the concen-
tration of HBr. Symbols as in Fig. 1.

It is useful to start discussing these results with the perrhenate ion which is
neither complexed nor reduced in HBr. Its Rr values are much higher than in the
corresponding HCI concentration owing to the stronger affinity of Br— for the ex-
changer and the consequent higher displacing action on the ReQ,~ ion. The sequence
of the Rp values and the relative values on the various papers indicate that the mech-
anism of fixation is essentially one of ion exchange with little or no adsorption.
Both Pb(II) and In(III) seem to be also retained by ion exchange, while Au(ITI)
(¢.e. AuBr ), C4(II), Bi(ITI) and Hg(II) seem to be held by adsorption as well as
ion exchange; their R values on the DEAE paper being considerably lower than on
the aminoethyl-cellulose paper.
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The retention of Fe(ITI) and Cu(II) on the SB-z paper seems to be due to ad-
sorption since there is hardly any fixation on the cellulose exchangers when the
Ry values on the SB-2 are near zero. Gallium is practically unadsorbed as could be ex-
pected from solvent extraction and paper chromatography results. Molybdate
produces long comets on SB-z paper at concentrations of HBr below 2 N and its
values then decrease slowly. U(VI) is much less adsorbed than from HClL.

CONCLUSIONS

The results given here confirm on the whole the picture of adsorption on anion ex-
changers presented in the two previous communications, namely that both adsorption
and ion exchange contribute to the retention of ions on the various exchangers and
that the differences between HCl and LiCl may be interpreted as a “‘salting-out
effect”, affecting those ions which are held by adsorption. A qualitative measure of
“adsorption” can be found in the differences in Rr values between the DEAE paper
and the aminoethyl cellulose paper where the first will “adsorb” more strongly
having two additional ethyl groups, while the latter has a higher ion exchange capac-
ity and should retain ions more strongly by ion exchange. The differences between
the adsorption on WB-2 (weak base) and SB-2 (strong base) resin papers can be ex-
plained by considering the differences in the polymers rather than in their exchange
groups. Preliminary work with a cellulose anion exchanger with quaternary ammonium
groups (kindly presented by Macherey-Nagel) showed again that the adsorption of
AuCl,~ from 2 N HCl (Rp = 0.18) is similar to that on other weak anion cellulose
exchangers. Tt is also very much less than the adsorption on either strong or weak
resin paper.

Owing to its simplicity, the method used here for studying ion exchange seems
to shed new light on a variety of problems of ion exchange. The results, however, are
at best semiquantitative.

Further work is in progress in this laboratory on some of these problems and will
be reported here in due course.

SUMMARY

Data on the behaviour of metal ions on various anion exchange papers in HCl, LiCl
and HBr are given and the mechanism of the adsorption is discussed.
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CHELATBILDENDE AUSTAUSCHERHARZE

IV. SCHWERMETALLSELEKTIVE
KOMPLEXONAUSTAUSCHER AUF POLYAMINPOLYESSIGSAURE-BASIS

E. BLASIUS vnp I. BOCK
Amnorganisch-Chemisches Institut dev Technischen Universitit,
Berlin+(Deutschland)

(Eingegangen am 26. Juli 1963}

In einer Reihe fritherer Veroffentlichungen befassten sich Brasius und Mitarbeiter!-3
mit der Herstellung und Untersuchung der analytischen Eigenschaften von Ionenaus-
tauschern mit selektiven chelatbildenden Gruppen.

Unter den Reagenzien, die infolge Chelatkomplexbildung gewisse Metallionen
selektiv binden, spielen die Komplexone, also monomere Polyaminpolyessigsduren,
eine bedeutende Rolle. Die Befdhigung zur Ausbildung von Chelaten bleibt erhalten,
wenn an einem oder mehreren der N-Atome an Stelle einer Carboxymethylengruppe
ein anderer Substituent, etwa eine Alkyl- oder Benzylgruppe*-$ sitzt. Bei diesen
substituierten Komplexonen ist zwar oft eine allgemeine Abnahme der Stabilitit,
jedoch eine Zunahme der Unterschiede zwischen den Komplexstabilititen verschiede-
ner Metallionen zu beobachten.

Beide Effekte versprechen ein giinstiges Verhalten von Austauschern auf der
Basis von Polyaminopolyessigsduren. Nicht zu hohe absolute Komplexstabilitdt
bedeutet leichtere Entfernung des gebundenen Metallions vom Austauscher, relativ
grosse Unterschiede zwischen den Komplexstabilititen verschiedener Metallionen
verbessern den Trenneffekt.

In der Literatur finden sich bereits einige Beispiele fiir Polymerisationsharze mit
komplexonartigen funktionellen Gruppen. Praktische Anwendungen sind jedoch nur
von Harzen mit Iminodiessigsiure- und Nitrilotriessigsdure-Gruppen bekannt ge-
worden® 2. Bei weiteren erwihnten Komplexonharzen werden keinerlei nahere
Angaben {iber Herstellung, Qualitit und Anwendung gemacht!s,

Im folgenden wird die Herstellung von Polyaminpolyessigsdure-Austauscher-
harzen, die Untersuchung ihrer komplexbildenden Eigenschaften und ihre analy-
tische Anwendung beschrieben.

Die Herstellung der Austauscher erfolgte stufenweise: chlormethyliertes, mit
Divinylbenzol vernetztes Polystyrol wurde mit einem Polyamin umgesetzt und das
als Zwischenprodukt entstandene Aminharz durch Reaktion mit Chloressigsidure
carboxymethyliert.

Es wurden verschiedene homologe Polyamine, nimlich Athylendiamin, Diathyl-
entriamin und Tridthylentetramin als Grundform der Austauschergruppe eingesetzt
und mehrere unterschiedlich stark vernetzte Geriistpolymerisate verarbeitet (2 %,
4% und 8 % Divinylbenzolgehalt).
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DARSTELLUNG DER AUSTAUSCHER

Auf Grund der Ergebnisse zahlreicher Vorversuche wurde folgende optimale Dar-
stellungsmethode entwickelt:

20 g lufttrockenes chlormethyliertes Polymerisat werden in go ml Dioxan auf
dem Wasserbad 30 min unter Riickflusskiithlung erhitzt. Das iiberstehende Dioxan
wird dekantiert.

Das gequollene, dioxanfeuchte Harz wird mit 100 ml des gewiinschten Amins
versetzt und in einem Jodzahlkolben kurze Zeit bis zur beginnenden Erwirmung
geschiittelt. Um einen weiteren Temperaturanstieg auszuschliessen, wird das Reak-
tionsgemisch 15 Stunden im Eisschrank bei 4° aufbewahrt, dann bei Raumtempera-
tur in einer Schiittelmaschine 10 Tage lang bewegt.

Das aminierte Harz wird neutral gewaschen und durch Behandlung mit 2 N
HySO, in die Sulfatform tiberfiithrt. Zwecks Wiederherstellung der Basenform wird
das Harz mit 1 N NaOH behandelt, bis keine Sulfationen mehr nachzuweisen sind.
Nach griindlichem Auswaschen wird das Priparat bet Raumtemperatur an der Luft
getrocknet (ca. 1o Tage).

20 g des so erhaltenen Aminharzes werden in 250 ml Dioxan durch einstiindiges
Erhitzen unter Riickflusskithlung auf dem Wasserbad vorgequollen und anschliessend
iiber Nacht stehen gelassen. Das Dioxan wird weitgehend abgegossen und zu dem
Harz ein unter Eiskithlung hergesteliter Brei aus 285 g (3 Mol) Monochloressigsdure
und 160 g (1.5 Mol) Na,CO;, in 100 ml Wasser gegeben. Fiir alle drei Aminharze wird
die gleiche Menge Chloressigsdure eingesetzt, da sie in jedem Fall einen reichlichen
Uberschuss darstellt. Die Mischung wird 2 Tage bei Zimmertemperatur gerithrt, dann
auf dem Wasserbad langsam auf g5° gebracht. Der pH-Wert der Lésung, der ur-
spriinglich etwa 7.5 betrdgt, sinkt anfangs rasch auf 3—4, so dass mehrere Zugaben
von Natriumcarbonat (in Abstdnden von o0.5-1 Stunde) erforderlich sind, um die
Reaktion bei pH 7-8 durchzufithren. Nach der letzten Sodazugabe wird die Mischung
noch 6 Stunden lang bei g5° geriihrt, ohne dass der pH-Wert weiter abnimmt.

Der Austauscher bleibt iiber Nacht unter der Reaktionsflissigkeit stehen, wird
dann mit Wasser alkalifrei gewaschen und schliesslich zwecks Uberfithrung in die
H+-Form mit 2 N H,S0, behandelt. Das griindlich gewaschene, sdurefreie End-
pradukt wird 1o Tage lang bei Raumtemperatur an der Luft getrocknet.

Die Austauscher zeichnen sich durch grosse Bestdndigkeit aus. Auch nach
langem Gebrauch ist keine Anderung des Stickstoffgehalts und kein Kapazitdtsver-
lust festzustellen. Die Anwendung der Austauscherharze in Siulen wird nicht durch
die bei den meisten anderen Chelataustauschern ibliche grosse Volumenidnderung bei
Umladung beeintrichtigt.

BESTIMMUNG DER AUSTAUSCHEREIGENSCHAFTEN

Bei der Reaktion eines chlormethylierten, vernetzten Styrol-Polymerisats mit
Polyithylenpolyaminen enstehen Produkte, bei denen das Aminmolekiil teils iiber
eine, teils iiber mehrere Methylenbriicken an das Harzgeriist gebunden ist, wie sich
aus nach der Kjeldahl-Methode erhaltenen Stickstoffwerten folgern ldsst. Die Anzahl
der Verbindungsstellen mit dem Geriist ist bei den einzelnen Aminen verschieden.
Der Vernetzungsgrad hat nur geringen Einfluss auf den Einbau der Aminreste. Erst
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bei 8 %iger Vernetzung machen sich fiir Tridthylentetramin sterische Behinderungen
bemerkbar.

Bei der Carboxymethylierung der aminierten Zwischenprodukte wird nur ein
Teil der zur Verfigung stehenden Amin-Wasserstoffatome substituiert. Auch diese
Erscheinung hingt wenig vom Vernetzungsgrad, mehr vom vorliegenden Amin ab.

Zur Charakterisierung der Priparate hinsichtlich ihrer Austausch-, inshesondere
Komplexbildungsfihigkeit, wurden Neutralisationstitrationen sowohl ohne, als
auch mit Zusatz komplexierbarer Kationen durchgefithrt, sowie die Beladung mit
verschiedenen Metallionen in Abhidngigkeit vom pH-Wert verfolgt. Als Modellkat-
ionen dienten Cu?+, Ni2+, Co2+, Zn?+ sowie Mg?+. Die Aufnahme deq Neutralisations-
und auch der Beladungskurven erfolgte im batch-Verfahren.

(@) Neutralisationskurven

Die hergestellten Austauscher verhalten sich bei der Titration wie schwache mehr-
basige Sduren, wie aus Lage und Form der Neutralisationskurven ohne Zusatz von
Kationen hoherer Tonenladung hervorgeht (siehe Fig. 1-3).

Die Kurven beginnen bei etwa pH 4 und weisen zwei bzw. drei Puffergebiete und
Spriinge auf, die infolge Uberlagerungserscheinungen auf Grund des uneinheitlichen
Baus der Festgruppen mehr oder weniger schlecht ausgebildet sind. Zwischen den
verschiedenen Amintypen sind Abstufungen in der Aciditdt zu erkennen.

Zur Komplexbildung befihigte Metallionen héherer Ionenladung kénnen an die
carboxymethylierten Amin-Gruppen iiber mehrere Chelatringe gebunden werden.
Solche Kationen werden daher stark bevorzugt, so dass der Protonenaustritt bei
niedrigeren pH-Werten erfolgt.

Die Fig. 1-3 zeigen neben den einfachen Neutralisationskurven der Aus-
tauscher die Kurven, die sich bei der Neutralisation in Gegenwart verschiedener Me?+-
Ionen ergeben.
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Fig. 1. Neutralisation von Athylendiaminpolyessigsiure-Austauscher.
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Fasst man die Austauscher als zweiprotonige (Tridthylentetraminpolyessig-
siaure-Austauscher als dreiprotonige) Festsiuren auf, so werden durch die Komplex-
bildung mit Schwermetallionen beide (bzw. die ersten beiden) Protonen betroffen.
Beide dissoziieren in Gegenwart von Me?+-Ionen etwa gleichzeitig. Die Kurvenver-
schiebung ist ein Mass fiir die relative Stabilitdt der gebildeten Komplexe und zeigt,
dass zwischen Erdalkali- und Schwermetallionen-Komplexen betrichtliche, jedoch
nur unbedeutende Unterschiede innerhalb der Gruppe der Ubergangselemente selbst
bestehen. Die Reihenfolge der Komplexstabilitit (Co?+ << Zn?+ < Ni2+ < Cu?*) ist bei
allen drei Austauschern gleich. Die unterschiedliche Verschiebung bei den einzelnen
Austauschertypen entspricht der Abhingigkeit der Komplexstabilitdt von der Zahl
der zur Verfiigung stehenden Ligandstellen bzw. der moglichen Chelatringe.

Fiir jede Neutralisationskurve ohne Zusatz von Me?*+-Ionen wurden mindestens
elf Einzelansitze gemacht, wobei jeweils 0.5 g lufttrockener Austauscher in H+-Form
in einem gut verschliessbaren Erlenmeyerkolben mit berechneter Menge Wasser, 1 N
NaCl-Losung und, als Titrationsfliissigkeit, 0.1 N NaOH in steigenden Mengen von
o bis 20 ml versetzt wurde. Die zugegebenen Mengen NaCl-Lésung und Wasser waren
entsprechend dem NaOH-Anteil des Ansatzes so berechnet, dass die Gesamtkonzen-
tration des Ansatzes an Nat 0.5 M bei einem Lésungsvolumen von 1oo ml fiir 0.5 g
Austauscher betrug. Die Ansidtze wurden unter Schiitteln 7 Tage aufbewahrt, dann
die pH-Werte der Lésungen potentiometrisch bestimmt. Diese pH-Werte, aufgetragen
gegen die pro Gewichtseinheit getrockneten Austauschers zugesetzten Aquivalente
Lauge, liefern die Titrationskurven.

Fir die Aufnahme von Neutralisationskurven in Gegenwart komplexierbarer
Me?+-Ionen wurde wie oben angegeben verfahren, wobei jedoch je Probe 1 mVal
Me?*+-Ion zugesetzt wurde. Die Gesamtkonzentration an Na+ und Me2+ wurde jeweils
auf 0.5 N eingestellt. Um eine Ausfillung der zugesetzten Kationen moglichst zu ver-
hindern, erfolgte der Laugezusatz erst nach mehrstiindigem Stehen der Ansitze, bei
grosseren Laugemengen im allgemeinen portionsweise. Die Hochstmenge Lauge, die
zugesetzt werden konnte, ohne dass eine bleibende Hydroxidfdllung auftrat, richtete
sich nach dem anwesenden Me?+-Ion. Da die Reaktion der zugesetzten Me?+-Ionen
mit den Austauschergruppen wesentlich langsamer abliduft als die mit OH—Ionen,
konnen trotzdem die letzten Messpunkte der unter Me?+-Zusatz aufgenommenen
Kurven bereits in geringem Masse durch Hydroxidfillung beeinflusst sein. Die be-
troffenen Kurvenabschnitte sind schraffiert gezeichnet.

(b) Beladungskurven

Fiir die Bindung der komplexbildenden Kationen, gemessen bei zwei verschiedenen
Me?*+-Konzentrationen (im Verhdltnis 1:2), ergibt sich bei allen drei Austauschern im
wesentlichen das gleiche Bild. In Ubereinstimmung mit den Ergebnissen der Neu-
tralisationstitrationen zeigen alle eine besonders hohe Selektivitit fiir Cu?+, hinter
der die Bindung der Gruppe Co?*, Zn?+, Ni?+ iiberall in dhnlichem Umfang zuriick-
bleibt. Die Austauschwerte innerhalb dieser Gruppe unterscheiden sich nur wenig.
Die Mg**-Aufnahme weicht erheblich von der Bindung der Ionen der Ubergangs-
elemente ab, am stirksten bei Didthylentriaminpolyessigsidure-Austauscher.

Die aufgenommene Me2+-Menge hingt bei niedrigen pH-Werten kaum von der
Me?*-Konzentration in der Lésung ab, sondern wird in erster Linie durch die Stirke
der Komplexbildung mit den Austauschgruppen bestimmt.
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Fig. 4. Beladung von Didthylentriaminpolyessigsdure-Austauscher bei Einsatz von 1 mVal Me?*.

Von den untersuchten Austauschern zeichnet sich Didthylentriaminpolyessig-
samre-Austauscher als stirkster Chelatbildner aus. Die Komplexwirksamkeit des
Tridthylentetraminpolyessigsidure-Austauschers ist nur wenig grosser als diejenige
des Athylendiaminpolyessigsdure-Austauschers.

Fig. 4. zeigt die an Diithylentriaminpolyessigsdure-Austauscher gemessene
Beladung bei Einsatz von 1 mVal Me2+.

Die Schwermetallionen werden bereits bei niedrigen pH-Werten (unterhalb
pH 2.5) in betrichtlichen Mengen vom Austauscher gebunden. Nach anfinglich
steilem Anstieg der Beladungskurven werden je nach Starke der gebildeten Komplexe
im Bereich von ca. pH 3.5-5.5 die Endwerte der Me?+-Aufnahme erreicht, die ent-
sprechend der geringen zugesetzten Mengen Me?* unter der totalen Austauschkapazi-
tit liegen.
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Fig. 5. Beladung von Diithylentriaminpolyessigsiure-Austauscher bei Einsatz von 2 mVal Me?+,
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Die Mg?+-Aufnahme beginnt dagegen erst bei pH. 3.5. Der Anstieg der Beladungs-
kurven verlduft unter Andeutung von Spriingen weniger steil und erstreckt sich iiber
ein viel grosseres pH-Gebiet, bis auch hier der Endwert erreicht wird.

Bei Einsatz der doppelten Menge Me?+ ergibt sich das in Fig. 5 dargestelite
Diagramm.

Auch hier ist fiir Schwermetallionen ein steiler Beginn der Me?*-Aufnahme zu
erkennen, der, abhingig von der Komplexstabilitit, in ein mehr oder weniger saures
Gebiet fallt.

Die Anfinge der Kurven decken sich ungefdhr mit den Anfingen der Beladungs-
kurven bei Einsatz von nur r mVal Me?+. In dem Masse, wie die Dissoziation der
Komplexe nachlisst, also erst bei htheren pH-Werten, wirkt sich die gréssere Me?+-
Konzentration in einer erhdhten Me2+ Aufnahme aus. Die Zunahme ist umso grosser,
je stabiler der Komplex ist.

Zur Aufnahme der Beladungskurven wurden die Austauscher mit den entspre-
chenden Kationen in gepufferter Lésung von pH 1-11, die in der Lage war, die
Kationen weitgehend komplex in Losung zu halten, ins Gleichgewicht gesetzt.

Es wurden 0.25 M Ammonacetat-Salzsdure- bzw. 0.25 M Ammonacetat-
Ammoniak-Puffer verwendet, welche bis zu pH 8-g alle betrachteten Metallionen
einwandfrei in Lésung hielten. Die Puffer wurden durch Mischen wechselnder Mengen
0.25 M Ammonacetatlésung und — je nach gewiinschtem pH-Wert — o.25 M HCI
bzw. 0.25 M NH, hergestellt.

Da fiir die Beladungskurven ohnehin die pH-Werte der Gleichgewichtslésungen
benutzt werden, wurde darauf verzichtet, die Austauscher vor der Me?+-Zugabe mit
den Puffern ins Gleichgewicht zu bringen.

Fiir jeden Ansatz wurden 0.5 g lufttrockener Austauscher in H+-Form in einem
gut verschliessbaren Erlenmeyerkolben mit 10 ml einer o.x bzw. 0.2 N Lésung des
jeweiligen Me2+-Salzes und roo ml Puffer von entsprechendem pH-Wert versetzt.
Nach 7-tigigem Aufbewahren unter Schiitteln wurde der pH-Wert der Losung ge-
messen und der Gehalt an nicht ausgetauschtem Me2+ durch komplexometrische
Titration eines aliquoten Teils der {iberstehenden Losung bestimmt. Die Differenzen
zwischen diesen Werten und der eingesetzten Menge Me?+, umgerechnet auf 1 g
entwisserten Austauschers, sind in den Beladungskurven als aufgenommene Menge
Me2+ gegen die pH-Werte der Gleichgewichtslésungen aufgetragen.

TRENNUNGEN

Die pH-abhingige Selektivitit der Austauscher ldsst sich vorteilhaft zu Kationen-
trennungen ausnutzen. Durch besonders geringen Material- und Arbeitsaufwand
zeichnet sich jene Methode aus, die Kationenmischung bei einem solchen pH-Wert
iiber die Austauscherpackung zu geben, bei dem das eine Ion quantitativ gehalten,
das andere dagegen nicht oder héchstens geringfiigig gebunden wird. Dadurch ist es
moglich, mit wesentlich weniger Austauschersubstanz und damit auch kleineren
Mengen an Wasch- und Elutionsmitteln auszukommen, als fiir eine chromatograph-
ische Trennung erforderlich sind, wenn beide Ionen am Austauscher haften.

Nach diesem Prinzip wurden zahlreiche Zweistoff-Trennungen durchgefiihrt, z.B.
Cu2+-Co?+, Cu2+—Zn?+, Cu2+-Mg?+. Das molare Mischungsverhiltnis war im allgemei-
nen 1:I, wurde aber bei der Trennung Cu?+-Mg2?*t von 20:1 bis 1:1000 variiert.
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Der fiir die jeweilige Trennung in Frage kommende pH-Wert richtet sich nach den
anwesenden Kationen und dem verwendeten Austauscher und wird aus den Beladungs-
kurven abgeleitet. Um moglichst genau den optimalen pH-Wert einzuhalten, er-
folgen Aufgabe der Me?**-Mischung und Auswaschen des nicht gebundenen Metallions
zweckmissigerweise mit Pufferlésungen. Bei den verwendeten Pufferlésungen handelt
es sich um die gleichen Ammonacetat-Salzsdure-Puffer, die auch bei der Aufnahme
der Beladungskurven benutzt werden.

Der Verlauf der Trennungen wird in Form von Elutionskurven dargestellt, in
denen die Me2+-Konzentration im Eluat gegen die Menge Elutionsmittel, ausge-
driickt durch den Quotienten aus Eluatvolumen Vg und Siulenbettvolumen Vg,
aufgetragen ist.

Vor Aufgabe des Me?+-Gemisches werden die Austauschersdulen mit Wasser
oder Puffer von einem fiir den jeweiligen Versuch in Aussicht genommenen pH-Wert
solange gespiilt, bis der Ablauf denselben pH-Wert wie die aufgegebene Iliissigkeit hat.

Nach Ablauf des Puffers bis zum oberen Rand der Packung wird die zu trennende
Zweistoff-Mischung in den der Siule aufsitzenden Trichter eingefiillt. Anschliessend
wird die Packung mit dem vorgesehenen Waschmittel kontinuierlich gewaschen.

Fiir den in Fig. 6 dargestellten Modellversuch wurden Fraktionen zu je 100 ml
bzw. 250 ml gesammelt und jede Fraktion unter den erforderlichen Bedingungen
einzeln auf jedes Me2+ der Trennmischung komplexometrisch titriert!4, was den Nach-
weis der An- bzw. Abwesenheit des zweiten Me?* in der Waschfraktion erbrachte.
Diese Art des Nachweises erwies sich als weit empfindlicher als eine Priifung mit den
in der qualitativen Analyse gebrauchlichen Reagenzien.

Nach restloser Entfernung des ersten Metallions mit Waschlésung wurden noch
ein oder zwei weitere Fraktionen Waschmittel aufgefangen, welche auf das zweite,
eventuell bereits durchgebrochene Me?+ gepriift wurden.

Danach wird das zweite Me2+ mit der vorgesehenen Sdure abgeldst und im Eluat
komplexometrisch bestimmt. In jeder ersten Eluatfraktion sollte vorsichtshalber
auf Riickstinde des mit der Waschlosung abgetrennten Me?+ gepriift werden.

Nach Beendigung der Elution werden die Sdulen mit Wasser gewaschen, bis der
pH-Wert im Ablauf zwischen 3.5 und 4 betrigt. Danach sind die Austauscher ohne
Regeneration wieder einsatzfihig.

Ein interessantes Beispiel fiir die Anwendung der Austauscher sei an einer Serie
von Trennungen des Systems Cu?t—Mg?+ bei extremen Konzentrationsverhéltnissen
an einem Diithylentriaminpolyessigsidure-Austauscher gezeigt. Das molare Misch-
ungsverhiltnis wird von 20:1 bis 1:1000 variiert (Fig. 6, Tabelle I).

Die Versuche zeigen, dass es mit Hilfe der beschriebenen Polyaminpolyessig-
sdure-Austauscher auf einfache Art méglich ist, Spuren von Schwermetallionen
aus Erdalkalilésungen zu entfernen. Der Spurenbestandteil, hier Cu?*, wird auch
bei extremer Verdiinnung stets sauber aus der Mischung abgetrennt. Mg+ wird
auch bei Ubergabe sehr grosser Mengen nicht vom Austauscher gebunden. Es er-
scheint gleich im Filtrat, so dass also keine fraktionierte Elution erforderlich ist.
Zwischen das Mg2+haltige Filtrat und das Cu®+haltige Eluat kénnen beliebig viele
Waschfraktionen eingeschaltet werden, in denen keins der beiden Tonen nachzuweisen
ist.

Nach dem angefiihrten Prinzip kénnen auch die Tonen Ni?*, Zn2*+ oder Co®**+ von
Cut+ abgetrennt werden. Die Versuchsbedingungen sind entsprechend zu variieren.
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Fig. 6. Trennung von Cu?t-Mg?+ iiber Didthylentriaminpolyessigsdure- Austauscher.

TABELLE 1

VERSUCHSDATEN ZU FIG. 6

(@) (b) () (4 (e

Harzhohe in der Sdule (Hg) (cm) 23.5 20 20 23.5 23.5
Querschnitt der Saule (Eg) (cm?) 1.15 1.15 1.15 I.15 1.15
Harzvolumen (Vg) (ml) 27 23 23 27 27
Austauschermenge (g) 18 15 15 18 18
Mischungsverhaltnis Cu?+: Mg?+ 1:1000 1:100 1:10 I:1 20:1
Aufgabe (mVal) an

Cu?+ 0.2 0.2 0.2 I 4

Mg?t 200 20 2 I 0.2
Konzentration der Aufgabelosung (M) an

Cu?+ 0.0001 0.0005 0.0032 0.0167 0.033

Mg+ o.1 0.05 0.032 0.0167 0.00165
pH der Waschloésung 1.4 1.4 I.4 15 1.3
Elutionsmittel 3 NHCl 3 NHClI 3 NHCl 3N HCl 3N HCI
Durchflussgeschwindigkeit (ml/min) 1.2 0.8 1.0 0.5 0.1
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ZUSAMMENFASSUNG

Durch Umsetzung von vernetzten, chlormethylierten Styrolpolymerisaten mit
Polyithylenpolyaminen und darauffolgende Carboxymethylierung entstehen Ionen-
austauscher mit chelatbildenden Festgruppen.

Da die Polyithylenpolyamine bei der Aminierungsreaktion je nach Grosse teils
einfach, teils mehrfach an das Harzgeriist gebunden werden und die Carboxymethylie-
rung unvollstindig ist, sind die einzelnen Festgruppen eines Austauschers nicht
einheitlich gebaut. Daher ist die Komplexbildung am Austauscher nicht eindeutig zu
beschreiben.

An Hand der Neutralisations- und Beladungskurven sind jedoch deutliche Ab-
stufungen in der Aciditit und Komplexwirksamkeit der durch Einbau verschiedener
Amine hergestellten Harztypen zu erkennen.

Die Austauscher lassen sich vorteilhaft mit geringem Material- und Arbeitsauf-
wand zur Trennung von Metallionen, besonders auch bei extremen Konzentrations-
verhiltnissen, verwenden, wie in zahlreichen Zweistofftrennungen verschiedener
Me2+-Kombinationen im Sdulenverfahren nachgewiesen wurde, indem die Kationen-
mischung bei einem solchen pH-Wert iiber die Austauscherpackung gegeben wird,
bei dem das eine Ion quantitativ gehalten, das andere nicht oder héchstens gering-
fugig gebunden wird.

SUMMARY

Ion exchangers containing chelating functional groups are obtained when cross-
linked chloromethylated styrene polymers are treated with polyethylenepolyamines
and subsequently carboxymethylated with chloroacetic acid.

According to their length the polyethylenepolyamines are linked to the matrix
by one or more bridges by the amination reaction. The carboxymethylation of the
final product is incomplete. Therefore the chelating groups of a given exchanger do
not have the same structure and it is impossible to give an exact description of the
complex formation of the resins.

Nevertheless neutralization and adsorption curves of the resins show differen-
tiations in the acidity and complexing ability of the three resin types containing
different amines.

In a time- and material-saving procedure the ion exchangers can be used to
separate metal ions present in extreme concentration ratios. A column procedure was
developed by which a number of two-element separations was performed. The cation
mixture was passed through the resin bed at a pH value at which one ion is adsorbed
quantitatively by the resin, while the second ion is not or only slightly bound.
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ION EXCHANGE PROCEDURES
II. SEPARATION OF ZIRCONIUM, NEPTUNIUM AND NIOBIUM*.**

JAMES H. HOLLOWAY """ anp FREDERICK NELSON
Chemistry Division, Oak Ridge National Labovatory, Oak Ridge, Tenn. (U.S.A4.)

(Received May 18th, 1963)

This procedure was devised for separation and individual isolation of trace amounts of
neptunium and niobium from macro-amounts of zirconium. It makes use of the fact
that Zr(IV) in HCI-HF media at high HCI concentrations is essentially non-adsorb-
able? by anion exchange resins under conditions where Np(VI) and Nb(V) are strongly
adsorbed; these may then be sequentially eluted.

TYPICAL SEPARATION

Separation of milligram amounts of Zr(IV) and trace amounts of Np(VI) and Nb(V)
is illustrated in Fig. 1. A 0.38 M ZrOCl, (ca. 34 mg Zr/ml) solution was prepared by
dissolving ZrOCl,-8 H,O in warm 6 M HCl-1 M HF. When dissolution was complete,
tracer ¥Zr—Nb and 2¥Np were added. Chlorine gas was bubbled through the solution
for a few minutes to assure oxidation of neptunium to Np(VI}.

A 0.67 cm? X 3 cm resin column (bed volume 2 ml) was prepared with Dowex
1-X10, —400 mesh resin. The resin as a slurry in water was treated with chlorine gas
before preparing the column to insure strongly oxidizing conditions in the bed. The
column was pretreated with 5 ml of 6 M HCl-1 M HF-Cl, which was also used for
elution after addition of the Zr-Np-Nb sample (x ml). Flow rate was 0.8 cm/min.
Effluent fractions (0.5 ml) were collected and counted. Zirconium was non-adsorbed
and appeared in maximum concentration at less than 1 column volume (c.v.) of
effluent while Np(VI) and Nb(V) remained essentially completely adsorbed. A small
amount (<< 2%) of Np appeared in the Zr-fraction. The neptunium remaining on the
-column was selectively eluted with 0.5 M HCl-1 M HF-Cl, solution. Niobium was
removed with 4 M HNO,-1 M HCl-0.2 M HF.

DISCUSSION

This separation requires neptunium to be essentially completely oxidized to Np(VI).
Since Np (V) is not adsorbed from HCI solutions?, and Np(IV) is weakly adsorbed*
from 6 M HCI-HF mixtures, the appearance of a small amount of neptunium in the
zirconium fractions indicates that some reduction may occur even in the presence of

* This document is based on work performed at the Oak Ridge National Laboratory, Oak
Ridge, Tenn., operated by Union Carbide Corporation for the U. S. Atomic Energy Commission.
** For Part I see ref. 1.
*** United States Air Force.
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Fig. 1. Separation of milligram amounts of Zr(IV) and trace amounts of Np(VI) and Nb(V)
(Dowex 1-X10, — 400 mesh, 0.67 cm? X 3 cm column).

chlorine. Under the conditions described, however, neptunium leakthrough is rela-
tively small, ¢.e., less than 29%,.

A fine mesh resin (—400) is used to permit separation with a shallow bed at
reasonably rapid flow rates; with the resin used in this procedure, sharp elution bands
are observed.

. PROCEDURE
(a) Materials and reagents

Resin. Dowex 1-X10 (— 400 mesh), chloride form.

Apparatus. A section of plastic tubing 0.9 cm I.D. and 12 cm in length is used to
prepare the column. The tubing is pulled out to a tip at one end and a porous Teflon
plug inserted to retain the resin. Additional apparatus used are plastic test tubes,
Teflon evaporating dishes, and plastic transfer pipettes.

Column. Resin bed: 0.67 cm? X 3.0 cm. Flow rate: ca. 0.8 cm/min. Temperature:
25°. Effluent volumes (column volumes = c.v.):

Zr fraction: 3 c.v. (6 mi) of solution I.

Np fraction: 3 c.v. (6 ml) of solution II.

Nb fraction: 3 c.v. (6 ml) of solution III.

Solutions. (I): 6 M HCl-1 M HF-Cl,; (IT): o.5 M HCl-1 M HF; (IIT): 4 M
HNO;-1 M HCl-0.2 M HF.

(b) Sample preparation

The sample containing milligram amounts of zirconium is dissolved by standard

methods, evaporated to near dryness, and residue taken up in about 1 ml of 6 M

HCl-1 M HF-Cl,. If solids are present, the solution is warmed to hasten their disso-

Iution. The sample is transferred to a plastic tube and a small stream of chlorine gas
ubbled through it for ca. 3 min.
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(¢) Columm operation

Resin as a slurry in water is chlorinated about 3 min. with Cl, gas and then added to
the plastic column until a resin bed about 3 cm in length (ca. 2.0 ml) is formed. The
column is pretreated with at least 2 ¢.v. (4 ml) of 6 M HCl-1 M HF-Cl, solution and
the sample added. Flow rate is controlled by air pressure to about 0.8 cm/min. After
the sample has passed into the resin bed, 0.5 ¢.v. of 6 M HCl-1 M HF-Cl, are added
as wash, taking care not to disturb the resin at the top of the bed. When the wash
solution has passed into the bed, an additional 3 c.v. (4 ml) of eluent are added and
elution continued. The effluent is collected in a plastic test tube and contains > 99%
of the Zr(IV) while Np(VI) and Nb(V) remained adsorbed.

Np(VI) is eluted by passing 3 ¢.v. (6 ml) of 0.5 M HCl-1 M HF through the resin
bed. The effluent is collected in a plastic tube and contains > 98% of the Np. Nb(V)
is removed with 3 c.v. (6 ml) of 4 M HNO,;—1 M HCl-0.2 M HF. The column may be
regenerated by treating with 6 ml of 6 M HCl-1 M HF-Cl,.

Column operation time for the separation of 7r(IV) and Np(VI) into individual
fractions is about 20 min; an additional 10 min is required to remove Nb(V).
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SUMMARY

An anion exchange procedure for separating trace amounts of neptunium and niobium
from each other and from macro-amounts of zirconium is described.
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ION EXCHANGE PROCEDURES
III. SEPARATION OF URANIUM, NEPTUNIUM AND PLUTONIUM*.**

FREDERICK NELSON, DONNA C. MICHELSON anp JAMES H. HOLLOWAY***
Chemistry Division, Oak Ridge National Laboratory, Oak Ridge, Tenn. (U.S.A.)

(Received May 18th, 1963)

Numerous methods have been investigated in recent years for separating uranium and
the trans-uranium elements. For a recent review of analytical methods see HOFFMANZ.
The present procedure, while based on existing methods®#, appears preferable because
it is rapid, simple and permits quantitative separation of the elements. The method
utilizes anion exchange in HCI for separating U, Np and Pu from “non-adsorbable”
elements which include alkali metals, alkaline earths, rare earths, trivalent actinides
and a number of other elements such as Al, Sc, Y, Ac, Th and Ni.

Adsorption of the uranides by anion exchangers from HCI solutions can occur
in either the + 4 or + 6 oxidation states but not in the -+ 3 or + 5 states®. Adsorption
and sequential elution thus can be achieved through control of the oxidation states. In
this procedure, uranium is adsorbed in the +6 state while, with the mild oxidizing
conditions used in the sample treatment, neptunium and plutonium are adsorbed
presumably in the 44 state. Plutonium is selectively reduced to Pu(III) and eluted
under conditions where Np (IV) and U(VI) remain adsorbed. The latter are then eluted
in separate fractions with HCI-HF mixtures.

In a previous procedure!, neptunium was adsorbed as Np(VI) from HCI-HF
mixtures with chlorine as oxidizing agent. Adsorption of neptunium as Np(IV) from
HCl solutions is often preferable because Np(VI) is difficult to maintain in either HCl
or HCI-HF solutions and some leak-through may occur through reduction. While
removal of neptunium as Np(IV) could be carried out with 4 M HCI, the present
procedure employs HCI-HF mixtures because they give sharper bands and more rapid
removal. In this respect Np(IV) is similar to U(IV), as expecteds.

TYPICAL SEPARATION

A typical separation is illustrated in Fig. 1. A mixture of 27U, Z8Np, 238-29Pqy tracers
and some non-adsorbable fission products in 9 M HCl-0.05 M HNO, was prepared.
The solution was warmed to insure oxidation of the heavy elements and added to a
0.25 cm* X 2 cm column of Dowex 1-X10, —400 mesh, pretreated with g M HCI. The
column was operated at 50° to improve exchange rates. After the sample had drained
into the resin bed, elution was carried out with 5 column volumes (c.v.) of g M HCI

*This document is based on work performed at the Oak Ridge National Laboratory, Qak
Ridge, Tenn., operated by Union Carbide Corporation for the U.S. Atomic Energy Commission.
** For Part II see ref. 1.
*** United States Air Force.
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Fig. 1. Separation of Pu, Np and U (Dowex 1-X10, — 400 mesh, 0.25 cm? X 3 cm column).

CONCENTRATION , arbitrary units

which was sufficient to remove all the non-adsorbable elements; U, Np and Pu re-
mained adsorbed. Plutonium was removed with ¢ M HCl-0.05 M NH,I. Breakthrough
of plutonium was delayed until breakthrough of iodide occurred. Neptunium was
removed with 4 M HCl-0.1 M HF and uranium with o.5 M HCl-1 M HF.

In the elution of plutonium, the HCl concentration should not exceed 10 M;
otherwise partial reduction of U(VI) by iodide can occur and the neptunium fraction
can become contaminated with uranium. For the same reason, it is probably well to
avoid use of excess iodide in the eluent.

. PROCEDURE
(@) Materials and reagents

Resin. Dowex 1-X10 (—400 mesh), chloride form.

Apparatus. A section of plastic tubing 0.6 cm I.D. and 12 cm in length is used to
prepare the column. The tubing is pulled out to a tip at one end and a porous Teflon
plug inserted to retain the resin. Additional apparatus are plastic test tubes, Teflon
evaporating dishes, and plastic transfer pipettes.

Column. Resin bed: 0.28 cm? X 3.0 cm; column volume 0.85 ml. Flow rate: ca.
0.8 cm/min. Temperature: 50°.

Effluent volumes (column volumes = c.v.):

Non-adsorbed fraction: § c.v. (4.2 ml) of solution II.

Pu fraction: 8 c.v. (6.8 ml) of solution III.

Np fraction: 4 c.v. (3.4 ml) of solution IV.

U fraction: 3 ¢.v. (2.5 ml) of solution V.

Solutions. (I): 9 M HCl-o0.05 M HNOy; (II): 9 M HCI; (IIT): 9 M HCl-0.05 M
NH,I; (IV): 4 M HCl-o.1 M HF; (V): 0.5 M HCl-1 M HF.

(b) Sample preparation
The sample is dissolved by standard methods, evaporated to near dryness, and residue
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is taken up in about 1 ml of g M HCl-0.05 M HNO;. The solution is warmed, but not
boiled, for 5 min.

(¢) Column operations

Resin as a slurry in water is added to the plastic column until a resin bed about 3 cm
in length (ca. 0.85 ml) is formed. The column is placed in a water jacket which is
heated to 50°; it is then pretreated with at least 3 c.v. (2.5 ml) of ¢ M HCl solution and
the sample is added. Flow rate is controlled by air pressure to about 0.8 cm/min. After
the sample has passed into the resin bed, 0.5 c.v. of g M HCl is added as wash, taking
care not to disturb the resin at the top of the bed. When the wash solution has passed
into the bed, an additional 3.5 c.v. (3 ml) of eluent are added and elution continued.
The effluent is collected in a plastic test tube; it contains the non-adsorbed elements.

Plutonium is eluted by passing 8 c.v. (6.8 ml) of g M HCl-o0.05 M NH,I through
the resin bed. The effluent is collected in a plastic tube. Neptunium is removed with
4c.v. (3.4 ml) of 4 M HCl-0.1 M HF. Uranium is eluted with 0.5 M HCl-1 M HF. The
column may be regenerated with 3 c.v. of g M HCl.

Column operation time for the separation of uranium, neptunium, plutonium and
the non-adsorbed elements into individual fractions is about 8o min.
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SUMMARY

An anion exchange procedure is described for separating uranium, neptunium and
plutonium from each other and from several non-adsorbed elements.
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Short Communication

Uber die Verwendung extrem kleinvolumiger Trennkammern
in der Diinnschicht-Chromatographie

Diinnschicht-Chromatogramme wurden bisher zumeist in grossvolumigen Trenn-
kammern entwickelt. Es besteht allgemein Einigkeit dariiber, dass es notwendig ist,
den Gasraum der Kammern mit dem Dampf des Losungsmittels zu sittigen. Lésst
man ein Diinnschicht-Chromatogramm ausserhalb einer Trennkammer laufen oder
in einer grossvolumigen Kammer, die nicht gesdttigt ist, so dampfen von den ver-
schiedenen Zonen der Platte verschieden grosse Mengen Lésungsmittel ab. Das hat
zur Folge, dass in manchen Zonen der Platte grossere Lésungsmittelmengen zur
Wanderung der Substanzflecken beigetragen haben als in anderen. Folglich laufen
gleiche Substanzen auf derselben Platte verschieden weit. Noch viel weniger kann
man auf reproduzierbare Rp-Werte bei verschiedenen Platten hoffen. Grossvolumige
Trennkammern, die fiir das Plattenformat 20 X 20 cm Inhalte von 2-5 | aufweisen,
sittigt man gewodhnlich in der Weise, dass man einen mehr oder weniger grossen Teil
der Wand innen mit Fliesspapier bedeckt, das mit dem Lésungsmittel getrdnkt ist.
Dass auch bei diesem Vorgehen keineswegs immer eine hinreichentle Sittigung er-
reicht wird, zeigen immer wieder beobachtete ‘“‘Randeffekte”. MaNGoOLD! z.B. be-
schreibt die Entfernung der Schicht vom Plattenrand, um dadurch den Randeffekt
weitgehend auszuschalten.

In letzter Zeit sind eine Anzahl kleinvolumiger Trennkammern beschrieben
worden, die alle gleichartig aufgebaut sind: die in tiblicher Weise beschichtete Dtinn-
schicht-Platte bildet die Kammerriickwand. Die Kammervorderwand wird ebenfalls
durch eine Glasplatte gebildet. Um beide Winde in einem definierten, geringen
Abstand voneinander zu halten, werden an den Seitenkanten, meist auch an der
Oberkante, Distanzstiicke vorgesehen. Dort, wo die Distanzstiicke mit der Diinn-
schicht-Platte in Berithrung kommen, wird die Sorptionsmittelschicht zuvor entfernt.
Diese schmale, unten offene Kammer, die in allen Fillen durch irgendwelche Klam-
mern zusammengehalten wird, taucht man in einen Trog, der das Lésungsmittel
enthalt.

I. STAHL? beschreibt 1962 das sogenannte “‘S-Kammer-System”. Distanzstiicke
und Vorderwand der Kammer bilden hier eine Einheit, indem die sogenannte Deck-
platte aufgeschmolzene Glasstreifen trégt, die oberflichlich plangeschliffen sind.

2 Ende 1962 benutzt HoNEGGER? ein gleichartiges, selbstgebautes System, bei
dem die Glasstreifen lediglich nicht aufgeschmolzen sind.

3. WasIcKY* beschreibt im April 1963 wiederum ein derartiges System, bei dem
als Distanzelement ein “weicher Draht” verwendet wird, und gleichzeitig beschreibt
DAVIES® eine solche Anordnung mit dem Unterschied, dass ein gebogener Glasstab
als Distanzstiick verwendet wird.
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4. Kurz davor brachten wir ein System heraus, bei dem als Distanzstiick ein
Papprahmen verwendet wird. Zuvor hatten wir Versuche angestellt, als Distanz-
element Teflon zu verwenden, doch zeigte sich der weiche, leicht dichtende Papp-
streifen allen anderen Dichtungselementen iiberlegen, selbst den Glasstreifen, da
der geringste Rest Sorptionsmittel auf dem freigelegten Streifen ein Dichtschliessen
unmdglich macht.

Dieses Kammersystem, das kommerziell erhiltlich ist*, nannten wir seines
Aufbaues wegen “‘Sandwich-Kammer”. Fig. 1 zeigt das Schema, in der Fig. 2 sieht
man die Kammer in Betrieb. Die eigentliche Diinnschicht-Platte (1) mit den aufgetra-
genen Substanzen ist an drei Seiten vom Sorptionsmittel befreit. Darauf wird der
Papprahmen (2) gelegt und schliesslich eine Glasplatte (3) dariiber plaziert. Das
Ganze wird mit den Federklammern (4) zusammengehalten, von denen zwei an dem
Stdnder (5) befestigt sind. Dieser ““Sandwich” taucht mit seiner Unterkante in den
Losungsmitteltrog (6).

In manchen Fillen ist es nicht zuldssig, einen offenen Losungsmitteltrog zu
verwenden, da heterogene Losungsmittel wihrend der Laufzeit des Chromatogramms
ihre Zusammensetzung dndern koénnen. Es ist dann empfehlenswert, den Sandwich
in eine herkémmliche Entwicklungskammer zu stellen, die ein selektives Abdampfen
einer Lésungsmittelkomponente verhindert.

Sofern man nicht wiinscht, den Pappstreifen in das Lésungsmittel eintauchen zu
lassen, kann man ihn um einige Millimeter kiirzen, sodass er dicht iiber der Ober-
fliche des Losungsmittels beginnt.

Der Vorteil dieser extrem diinnen Kammern, im folgenden der Einfachheit
halber alle “Sandwichkammern’ genannt, ist der, dass zur Sittigung des Gasraumes
nur sehr wenig Losungsmittel gebraucht wird. Man kann es also der aufsteigenden
Front entziehen, ohne die eingangs geschilderten Unzutraglichkeiten in Kauf nehmen
zu missen. Beispielsweise wird zur Sittigung der CAMAG-Sandwichkammer nur
etwa der 150. Teil der Lésungsmittelmenge benétigt, die in einer herkémmlichen
Trennkammer verdampft werden muss. Aus diesem Grunde sprechen auch alle vor-
genannten Autoren® %% davon, dass man sich um die Sittigung des Kammervolumens
bei dem Sandwich-System nicht zu kitmmern braucht. Lediglich HONEGGER? wies
schon darauf hin, dass es mitunter einen Vorteil bietet, die Innenseite der Deckplatte
mit 16sungsmittelgetranktem Fliesspapier zu bedecken.

Unsere eigenen Versuche haben nun gezeigt, dass es in vielen Fillen unerlasslich
ist, auch Sandwichkammer-Systeme vor dem Entwickeln des Chromatogramms mit
Losungsmitteldampf zu sittigen. Unterldsst man diese Sittigung, so zeigen sich dann
Stdrungen, wenn man heterogene Lésungsmittel verwendet, deren Komponenten
sich hinsichtlich ihrer Dampfdichten stark unterscheiden. In solchen Fillen treten die
typischen Entmischungserscheinungen auf, d.h. man hat zwei oder mehrere Losungs-
mittelfronten auf dem Chromatogramm.

Zwei Beispiele, die fiir diese Stérung typisch sind, sollen zur Erliuterung dic- en.
Wir benutzten ein Gemisch bestehend aus 98 % Chloroform und 2 % Methanol. Mit
diesem Gemisch sollten Steroidhormone auf Kieselgel getrennt werden. Nachdem
das Chromatogramm entwickelt war und unter der U.V.-Lampe begutachtet wurde,
zeigte sich, dass nach 30 mm Laufstrecke offenbar nur noch reines Chloroform ge-

* CAMAG, Homburgerstrasse 24, Muttenz, Schweiz.
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Fig. 1. Sandwichkammer, schematische Aufbau.

Fig. 2. Sandwichkammer in Betrieb.
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laufen war. In einem anderen Fall benutzten wir als Laufmittel ein Chloroform-
Methanol Gemisch (80:20). Hier trat die Entmischung erst bei 8o mm Laufstrecke auf.

Dieses Phinomen kann man wie folgt erklidren: die Sattigung des Gasraumes
erfolgt bei diesem Sandwich-System ausschliesslich durch Abdampfen von Loésungs-
mittel von der aufsteigenden Front. Da jedoch Chloroformdampf wesentlich schwerer
ist als der Dampf des Methanols, sinkt ersterer zu Boden, und der obere Teil der
Kammer fiillt sich vorzugsweise mit Methanoldampf. Je kleiner der Anteil des Me-
thanols ist, umso schneller verarmt die aufsteigende Front vollstindig an diesem
Lésungsmittel, und es steigt nur noch reines Chloroform auf. Da in einem so schmalen
Raum die normale Konvektion stark beschriankt ist, tritt auch kaum erneute Mi-
schung der Dampfe im Gasraum ein.

Diese Annahme wird bestdtigt durch die Art, wie man dieser Stérung abhelfen
kann: verwendet man als Deckplatte eine beschichtete Diinnschicht-Platte, von der
das Sorptionsmittel an drei Seiten abgestreift wurde, und trinkt man diese Schicht
mit dem Losungsmittel, das zum Entwickeln des Chromatogramms benutzt werden
soll, so besteht schon eine ideale Sattigung des Gasraumes, bevor das Chromatogramm
zu laufen beginnt. Stérungen der vorgenannten Art treten nicht mehr auf.

Als weiterer Vorteil ist zu vermerken, dass die Rp-Werte sehr gut reproduzierbar
sind. Gegeniiber einem Fliesspapier hat die Verwendung einer beschichteten Platte den
Vorteil, dass mit Sicherheit eine Beriihrung zwischen ihr und der eigentlichen Chro-
matographie-Platte vermieden wird.

Selbstverstdndlich ist es nicht nétig, auf der Deckplatte das gleiche Sorptions-
mittel zu verwenden, das als Chromatographie-Schicht vorgesehen ist. Empfehlens-
wert ist es, fiir diesen Zweck die mechanisch sehr widerstandsfihigen Cellulose-
schichten zu verwenden.

CAMAG, Muttenz (Schweiz) D. JANCHEN

1 H. K. MaNGoLD, J. Am. Oil Chemists' Soc., 38 (1961) 708.

* E. StaHL, Diinnschichi-Chromatographie, Springer Verlag, Berlin, Gottingen, Heidelberg, 1962.
3 C. G. HONEGGER, Privatmitteilung.

4 R. Wasicky, Naturwiss., 50 (1963) 569.

5 B. H. DaviEs, J. Chromalog., 10 (1963) 518.

Eingegangen den 25. November 1963
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Notes

Thin-layer chromatography under controlled conditions

Within the past few years thin-layer chromatography (TLC) has developed into an
important chromatographic technique. Although TLC has many advantages, the
fact that it is, in principle, chromatography with “open” columns gives rise to a
number of problems which cannot be solved without special precautions and suitable
equipment.

One of these problems is caused by atmospheric humidity which can influence
separation on chromatoplates. Though this phenomenon is now fairly well known, its
effect can be more disadvantageous than hitherto recognized. In our work on the
separation of 2,4-DNPs* of aliphatic carbonyl compounds into classes:2 it was found
that although an oven-dried plate was used even the humidity of the air in a chroma-
toplate jar was sufficient to prevent separation. Separation could only be obtained
when a chromatoplate jar was used in which it was possible to work in complete
absence of atmospheric humidity. Results are given in Figs. 1A and 1B.

S s
I S ]

Fig. 1. Separation of 2,4-DNPs into classes by thin-layer adsorption chromatography on basic

zinc carbonate. Mobile phase petroleum ether bp. 60—70°-benzene-pyridine (7:1 :2) containing

.29, abs. ethanol. A. Chromatography in absence of water vapour: a = hexanone-2; b = pen-

tanone-3; ¢ = heptanal; d = hept-2-enone-4; e = oct-2-enal; g = deca-2,4-dienal; s = solvent

front; plate 8 x 18 cm. B. Chromatography in presence of water vapour. The same mixture of
DNPs as in (A) is not resolved and moves close to the solvent front.

* 2,4-Dinitrophenylhydrazones.
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Another important source of problems is the presence of oxygen during the
chromatography of lipids. In TLC the risk of autoxidation of lipids is even greater
than in column chromatography. To demonstrate this effect, a mixture of fatty acid
methyl esters was run on two chromatoplates, the first in an atmosphere of nitrogen
and the second in air. The methyl esters were extracted from the two adsorbent
layers and the fatty acid composition was determined by gas chromatography.
Results are given in Table 1. It can be seen that there is a significant decrease in the
amount of higher unsaturated fatty acids as a result of autoxidation.

In order to overcome the above problems we designed the chromatoplate chamber
shown in Fig. 2. It consists of a glass tank (20 X 20 X § cm inner dimensions) closed
by a glass plate with a hole to which a female joint was cemented. In one side of the
jar an opening was drilled for the introduction of the mobile phase from a funnel
fastened to the side of the chamber. To obtain an air-tight seal with the covering
plate, some silicone grease was applied to the polished rim of the tank.

TABLE 1
INFLUENCE OF OXYGEN (DURING TLC) ON THE COMPOSITION OF A MIXTURE OF FATTY ACID METHYL
ESTERS

The figures refer to peak areas of fatty acid methyl esters separated by TLC relative to methyl
stearate (= 100).

Composition of the mixture of fatty acid
wmethyl esters

before after TLC after TLC

TLC in Ny n aty
Methyl stearate 100 100 100
Methyl oleate 31 31 31
Methyl linoleate 92 91 87
Methyl linolenate 115 115 108
Methyl arachidonate 82 83 72

When carrying out a separation, the spotted plate was placed in the chamber
(with a piece of filter paper covering the walls of the jar if the chamber had to be
saturated with the solvent vapour). The lid was closed and, using the two openings
in the chamber, dried nitrogen (or air) was passed through the chamber. After dis-
placement of moisture (and oxygen) the mobile phase was introduced while the
chamber was tilted backwards in order to wet the piece of filter paper. When the
atmosphere in the jar was saturated with vapour, the jar was placed in a vertical
position so as to bring the plate in contact with the mobile phase which began to
ascend. The development of too high a pressure in the chamber was prevented by
opening the tap at the side of the funnel.

Using the equipment described, it was possible to prevent the undesirable
effects of humidity and of oxygen. R values were very reproducible as can be seen in
Fig. 3, e.g., where the results of separation of 2,4-DNPs according to chain length? are
given.

It was also possible to carry out separations on chromatoplates of lower activity
by leading air (or nitrogen) of fixed humidity through the chromatoplate chamber.

In our experiments plates of different size were coated with a thin layer of ad-
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Fig. 2. Chromatoplate chamber designed for TLC under controlled conditions.
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Fig. 3. Separation of 2,4-DNPs according to chain length by thin-layer partition chromatography
on Carbowax-400 impregnated plates of basic zinc carbonate. Eluent = petroleum ecther, bp.
100+120°. 1 = alkanals C, to Cy,incl.; 2 = alk-2-enals C; to C;, incl.; 3 = sameasin 1; 4 = alka-
2,4-dienals Cy, C;, Cy, Cy,; 5 = same as in 1; 6 = alkanones-z C3 to Cyincl.,; 7 = sameas 1; 8 =

alk-2-enones-4 C;, Cq, C,, Cyp; 9 = same as 1; s = solvent front; plate 15 X 15 cm.
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Fig. 4. Applicator for thin-layer chromatography.

sorbent using an applicator of our own design. With this applicator, shown in Fig. 4,
a layer of the desired thickness (max. 2 mm) can be applied to plates of different
widths. The slide on the left side of the applicator is extended according to the width
of the plate, while the slide at the front of the instrument is moved vertically to
adjust the adsorbent layer to the desired thickness.

I wish to thank Mr. C. DE GRAAF and Mr. A. M. BAKKENES for carrying out the
construction of the designed chromatoplate chamber and the applicator respectively.

Netherlands Institute for Dairy Research (NIZ0), H.T. BApINGS
Ede (The Netherlands)

! H. T. Bapings, J. Am. OQil Chemists' Soc., 36 (1959) 648.
2 H. T. BApINGS aND ]J. G. WassINK, Neth. Milk Dairy J., 17 (1963) 132.
Received September 20th, 1963
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Thin-layer chromatography of steroids:
Specificity of two location reagents

Although there are many location reagents that can be used for detecting steroids,
there are few of known specificity. When the specificity has been determined, it has
been found that several of these reagents are either of limited application, e.g. iso-
nicotinic acid hydrazide for 4% and A%4-3-keto steroids, or of low sensitivity, e.g.
2,4-dinitrophenyl-hydrazine (+ hydrochloric acid) for ketones.

During routine examination by thin-layer chromatography of compounds pro-
duced during the synthesis of corticosteroids from sapogenins and of synthetic C,; and
C,, intermediates (the latter containing a 16-methyl or -methylene group), we have
found three location reagents adequate to deal with almost all samples, namely,
2,5-diphenyl-3-(4-styrylphenyl)-tetrazolium chloride (T.P.T.Z.) (M & B 1767), effec-
tive on alumina, p-hydroxybenzaldehyde—sulphuric acid (Komarowsky’s reagent)!
and methanolic zinc chloride; the last two were studied mainly on silica gel, but
were effective also on alumina. A brief note mentioning this work has already been
published®.

The tetrazolium salts are well known for use in the detection of reducing steroids;
we mention the styryl derivative because in our view it is an improvement on the more
usual anisole derivative. Its use has already been reported, but not perhaps sufficiently
stressed?. This styryl phenyl derivative produces strong purple spots on a yellow
ground, visible in daylight, compared with the weaker lilac spots given by the di-
anisole derivative (“blue tetrazolium’) commonly used.

Use of Komarowsky’s reagent was reported for location of sapogenins?, but it
was subsequently found that 23-substituted sapogenins would not react. The 23-
position can be regarded as « to a potential C,, ketone, by considering the spiroketal
group as the internal ketal of a 16,26-dihydroxy-22-ketone, and it is thought that
p-hydroxybenzaldehyde condenses at the 23-position in the presence of sulphuric acid.
Komarowsky's reagent has also been used for the detection of several corticosteroids®.
More detailed examination has shown that it will react with all 3-keto steroids having
an unsubstituted C, position, which is the active site o to the 3-ketone*. The reaction
is thus analogous to that for sapogenins, both requiring a methylene group « to a
ketone. Spots are visible in daylight and are generally yellow on a white ground, which
will gradually turn pink if the plate has been heated at 100°.

Zinc chloride is, in our view, greatly to be preferred to the most commonly used
metal halide, antimony trichloride, especially since the latter gives best results when
used in conjunction with both thionyl chloride and chlorine®. Zinc chloride is non-
corrosive and virtually non-toxic, the only precaution required in handling it being to
protect it from moisture, as it is highly deliquescent. There are no unpleasant fumes
produced by it during either spraying or heating of the plate.

The specificity of zinc chloride for C,, and C,, steroids can be summarised as
follows. All 3-hydroxy or 11-hydroxy derivatives are located, but for 3-ketones some
form of activation is required, notably by an epoxide or a double bond. The activating
effect of more distant groups, such as a 16,17 epoxide, is observed only when there is

* Substitution of the 3-ketone does not affect sensitivity, but this is diminished by substitution
of the C, position, for example by a double bond or bromine atom.
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no 11-ketone in ring C. In the absence of an oxygen function at C,, only 11-hydroxy
derivatives will react.

Location of 3-ketones was achieved in the presence of g,11- and 16,17-epoxides,
of 11-hydroxyl groups, and of A%, A4:6-, and A°'1%- double bonds. The only effective
monoenes were the A% -derivatives, whereas A1-, A4 and A%-3-keto steroids showed
weak reactions.

A double bond or an epoxide grouping can presumably produce reactivity at the
3-keto position because the steroid ring structure is under strain. In 3-keto-r1-hydroxy
compounds there is no distortion of the rings, and the reaction occurs at the 11
position. This was demonstrated by converting 50-pregnan-16-ene-11,2o0-dione (I}, a
3-desoxy compound not located by zinc chloride, to the corresponding 11-hydroxy
derivative (II), which was then easily detectable.

CH,OR
=0 =0 =0
OH

0\/\1/\: HO\/\r/x O\|/\|1/\|~CH3

N \l/k/—’ NN
\/lz\/ /‘:\/| OJ\ /I\J

I I I11 (a) R=H

(b) R=CH,CO

The presence of a 16-methyl group does not improve reactivity, since zinc
chloride will not locate 168-methyl-4,5¢-dihydrocortisone 21-alcohol or acetate (111
a -+ b), two C,, 3-keto steroids that do not contain a double bond or an epoxide
grouping. The corresponding C,, steroid, 4,5x-dihydrocortisone acetate (IV), also
gives weak spots with zinc chloride.

The deactivating effect of an 11-ketone is shown by 16a,17-0xido-5¢-pregnane-
3,20-dione (V), which gives strong spots with zinc chloride, whereas the introduction
of an 11-ketone produces a nonreacting compound.

CH,0Ac
]:o =0
o | .OH 0
AN &
KY‘Y[ = KY(/Y_‘
OP T o%\/\/l
v \'

In steroidal sapogenins there is no specific group that appears necessary, and the
reactivity could well be intrinsic to the spirostane system, since a compound con-
taining no substituent groups, 5u,25D-spirostane (VI), is still located with zinc
chloride. All sapogenins examined were found to react, including 3-desoxy compounds,
such as 5x,25D-spirostan-11-one (VII), and 3-ketones, such as 5¢,25D-spirostan-3-one
(VIII) (“‘tigogenone”).

The variety of colours produced makes this reagent particularly useful for the
examination of mixtures of close-running spots. Some spots are visible in daylight, but
all reacting steroids give vivid spots of various colours when seen under U.V. light
of 366 mu wavelength.
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It should be stressed that the presence of a 3-hydroxy group does not apparently
guarantee the location of all classes of steroid, for example sterols. Thus the only
reference to the use of methanolic zinc chloride®, which relates to its application for
paper chromatography, claims positive detection of several oestrogens and androgens
but not of progesterone (IX), a 3-keto steroid, or of cholesterol (X), a 34-hydroxy
steroid. We have not had the opportunity to examine such compounds by thin-layer

chromatography.
AN
N X
SN PN
l/\J/l\/l—J (\1|/|\|/|"-]
0PN HO -~
IX X

In the course of examining over 250 different steroids restricted to the classes
mentioned initially we have only come across one anomalous reaction, that of the
3- and 20-oxime groups. The zo-oxime of 4,5a-dihydrocortisone acetate (XI) gives
positive results with zinc chloride, and the 3-oxime (XII) is not detected. Neither
would have been expected to react, since the parent compound (IV) does not. It
would appear that the 20-oxime group is reacting as an hydroxyl compound rather
than as a substituted ketone, but there is no obvious reason why only the 20 position
should react in this way, except that the side chain is more easily able than ring A to
undergo rearrangements.

CH,0Ac CH,0Ac
=NOH =0
ou g QH OYY OH
\ll/\|/L (\i/\/j
O NN HONZ >~
XI XI1

It must be emphasised both for Komarowsky’s reagent and for zinc chloride that
faint colours are produced with a number of so-called unreacting compounds. However,
the sensitivity is greatly diminished for these steroids, whereas for all three location
reagents the detection limit for reacting steroids is 0.1 ug or less. Itis therefore possible,
with a 1 % solution and 2.5 A loading, to detect 1 % or less of an impurity.

Preparation of location reagents
2,5-Di phewyl-3-(4-styrylphenyl)-tetrazolium chlovide. Mix 1 part of a 1% solution of
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T.P.T.Z. salt in methanol with 10 parts of a 3% solution of sodium hydroxide in
distilled water, and apply immediately.

Komarowsky’s reagent. Mix 1 part of a 509%, v/v solution of concentrated sulphuric
acid in distilled water with 10 parts of a 2%, solution of p-hydroxybenzaldehyde in
methanol. Apply immediately, and heat the sprayed plate for 3—4 min at 105° or
10 min at 60° (less background colour develops).

Zine chloride. Prepare a 30 % solution of technical grade zinc chloride in analytical
reagent grade methanol, and filter the cloudy solution through a sterimat. After
spraying, heat the plate for 60 min at 105°, and cover immediately with a second plate
on removing the chromatoplate from the oven (the intensity and colour of spots is
rapidly affected by atmospheric moisture). Examine under U.V. light of 366 mu
wavelength.

TABLE 1
Basic Characteristic groups Location reagent
F i .ofC Sterotd (trival e .

o oms o name) 3 11 17 ﬁ’s';;'s czh’l’;‘, T.P.T.Z.
XII1 21 21-Desoxydihydrocortisone CcO CO OH CH, + — —
X1V 27 Hecogenin acetate OAc — —_ — + + —
XV 21 Dihydrocortisol acetate CO OH OH OAc + + +
v 21 Dihydrocortisone acetate CO CO OH OAc + — +
XVI 21 Prednisone acetate CO CO OH OAc — + +
XVII 21 3,17-Desoxydihydrocortisone — cO — OH — — +
XVIII =21 3,17,21-Desoxydihydrocortisone  — cO — CH, — — —
XI1X 27 11,23-Dibromohecogenin acetate OAc Br e — — -+ —

CH,OAc
-0 o / } -
o .OH NO— .OH
\1/\1/ \| I/“\l/\/o HO\(\t/ﬁ
OP T ACO/\/E\) 0~ /‘I\
XIII X1v XV
CH,0Ac CH,0H
[:O 1:0 =0
.OH
O~ N O5 /\1/: O\l/\f/\l
QF ‘\/\) \/l\ j/
XVI XVII XVIII
Br
—
o F{o
Brwl/'\l/\/o
]/ N P
AcO T
XI1X
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Examples of differently reacting steroids
Some examples of the use of the above location reagents are given in Table I.

Note added in proof

The tetrazolium reagent is also effective on silica gel, provided that an 8% (2 N)
solution of sodium hydroxide is used to ensure alkaline conditions on the adsorbent.

Glaxo Laboratories Ltd., Montrose, Angus PETER J. STEVENS
(Great Britain)
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Reverse phase thin-layer chromatography of
2,4-dinitrophenylhydrazones of n-alkanals and n-alkan-2-ones”

UrsacH! of C.5.1.R.O. (Melbourne) has recently published a comprehensive thin-layer
chromatographic (TLC) study of the 2,4-dinitrophenylhydrazones (DNPH’s) of the
aliphatic monocarbonyls. The author briefly reviewed the pertinent literature, and
presented methods for both class and homolog separations. Our purpose in this com-
munication is to briefly describe an alternate method for the separation by TLC of an
homologous series of the DNPH’s of aliphatic aldehydes and ketones. In URBACH's
system, chain-length separation is achieved on Kieselguhr G plates impregnated with
2-phenoxyethanol; the impregnated plates are spotted with derivatives, and developed
several times with 4% diethyl ether in light petroleum. Resolution of the DNPH’s of
C,-C,4 n-alkanals and C4—C, 4 n-alkan-z-ones was achieved; the higher members of the
series moved the fastest.

In our method we have adapted the KLEIN AND DE JoNG? paper chromatographic
procedure for TLC. Glass plates 5 X 20 cm were coated with a 250 u layer of silica gel
G using the Brinkmann apparatus. After allowing about 15 min for the adsorbent to
set, the plates were placed in an oven and heated at 110° for at least 1 h. The plates
weré then cooled to room temperature and very slowly immersed in petroleum ether
(boiling range 30-60°) containing 10% (v/v) of Shell Ondina 27 mineral oil. After
impregnation, the petroleum ether was allowed to evaporate at room temperature, and
the plates were then spotted. The plates were given a single development with

* h‘hjs investigation was supported by Public Health Service Research Grant EF-269 from the
Division of Environmental Engineering and Food Protection.
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Fig. 1. TLC of C;-C,, n-alkanal DNPH's

(A and B are from two different runs).

Developed for 7 h with dioxane-water

(65:35, v/v) using the ordinary TLC cyl-

inder as a chromatographic chamber. The

C, derivative moved the fastest, the C,,
the slowest.

Fig. 2. TLC using “continuous develop-
ment”’. Developed for 7 h with dioxane—
water (65:35, v/v) in a 1000 ml beaker
covered with Saran film; 3-4 cm of the
top of the plate was exposed to the at-
mosphere through a slit in the film. (A)
C3-Cy,q3 m-alkan-2-one DNPH's. (B) and
(C) C,~C,, n-alkanal DNPH'’s.
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dioxane-water (65:35, v/v). A single development took about 6 h at 25°; multiple
development, in this particular system, did not result in further resolution. Tig. 1
shows a photograph, taken under U.V. light, of the TLC of the C,—Cy,y n-alkanal
DNPH’s using the technique described. We have observed that the best separation
is achieved with the middle members of the C,~C,, series; the C, and C, derivatives
tend to run together, and the C,, and C,, derivatives are often not well separated.

Although multiple development did not enhance resolution, we have used what
we call “continuous development” to increase resolution. In this technique the deriva-
tives are spotted into the impregnated plates, and the plates are developed with the
dioxane~water system with 3-4 cm of the top of the plates exposed to the atmosphere.
This is conveniently done in a Saran*-covered 1000 ml beaker, with a slit cut in the
Saran film for the plate. Using this technique the slow and medium-mobility fractions
are usually well resolved. Overdevelopment, however, can cause the “‘piling-up” of the
fast-moving fractions at the top of the plate. Fig. 2 shows a plate that had been run
with “continuous development”.

Department of Food Science and Technology, L. M. LiBBEY
Oregon State University, E. A. Day
Corvallis, Oreg. (U.S.A))

1 G. UrBAcH, J. Chromatog., 12 (1963) 196.
2 F. KLEIN AND K. DE JonG, Rec. Trvav. Chim., 75 (1956) 1285.
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* Saran is a trade name for polyvinylidene chloride.
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Thin-layer chromatography of tetra- and pentacyclic triterpenes

Thin-layer chromatography has occasionally been applied to the separation of tri-
terpenes, e.g. by TSCHESCHEL? to those of Bredemeyera flovibunda, by THOMAS® to
those of Commiphora glandulosa and by HuNEeCk* to those of Sorbus torminalis.

In experiments with Israeli peat, which will be reported elsewhere, we have
developed a system that proved useful in the separation of triterpenoid compounds
and permitted their easy identification. The solvent mixture used was heptane-
benzene—ethanol (50:50:0.5), applied to alumina G. This mixture has the advantage
that an increase in the alcohol concentration increases and a decrease in its concen-
tration decreases the rate of migration. For example, the Rp values for betulin (No. 3)
are 0, 0.14, 0.73 for 0%, 0.5 % and 2 % alcohol, for lupeol (No. 10) 0.16, 0.37, 0.94
for the same three alcohol concentrations.

A systematic study has given the following results, which will be extended by
further investigations: epi-B-Amyrin (No. 15) and epi-lupeol (14) can be separated
from their diastereoisomers f-amyrin (No. 6) and lupeol (10); the ¢pi-compounds have
higher Rp values.

J. Chvomaiog., 14 (1964) 275-279
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Friedelin (1g9) can be easily separated from friedelan-36-cl (13), euphone (31)
from euphol (24), allobetulone (17) from allobetulin (rx). In these cases, the ketones
have higher Rg values than the corresponding secondary alcohols. Equally, the esters
of alcohols have higher Rp values than the free alcohols.

In Tables I and II are listed the tetra- and pentacyclic triterpenes so far studied,
together with their Rp values and the colours obtained by spraying with three rea-
gents. For convenience, the structural formulae of the compounds investigated are
given in Fig. 1. In the tables, the compounds are arrangedin the order of increasing Rp.

Fig. 1.

In the a-amyrin (I} series, the Rp value decreases with the increasing number of
hydroxyl groups. This is also evident in other series, e.g. (V). For the g-amyrin (III)
compounds, the double bond has a small, but significant effect. If R = OH, the Rp

J. Chvomatog., 14 (1964) 275279
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value increases when the double bond is transposed from the 18, 19 (No. 5) via the 12,
13 (No. 6) to the 14, 15 position (No. 8). The Rp value for the saturated analogue
(No. g) is still higher. This appears to indicate that in the three unsaturated substan-
ces the double bonds become less polar or less important for adsorption in the se-
quence given.

In the tetracyclic series, (VII) has almost the same Rp value, whether the double
bonds are in the 24, 25 and the 8, ¢ positions (No. 24), in the 24, 25 and the 7, 8
positions (No. 27) or in the 24, 25 and the 9, 11 positions (No. 25).

It is somewhat surprising on the other hand that in the lanosterol series (VIII),
three double bonds (No. 33) make the compound migrate more quickly than two
(No. 25, 26).

Undoubtedly, a more complete study of this class of compounds will reveal the
inherent regularities more clearly.

Experimental procedure

For the preparation of 5 glass plates (20 X 20 c¢m) a mixture of 50 g of alumina G
(Merck) and 1oo ml of distilled water was used. The well-shaken mixture was applied
to a thickness of 0.25 mm with a Desaga apparatus. After 1 h at room temperature,
the plates were dried for 30 min at 125° and kept in a desiccator.

The base line was fixed at a distance of 3 cm from the rim of the plate and the
compounds were applied in chloroform solution by means of a micro-pipette. The
distance between samples on the same plate was about 2 cm.

The development of the chromatogram with the above-mentioned mixture was
carried out in one dimension, at 23°. Within 1 h, the solvent rose a distance of 12 cm.
At the end of the development, the height to which the liquid rose was noted; after
a further 10 min at room temperature, the plates were dried for 5 min at 120°.

The triterpenes were detected by spraying with three reagents: (A) antimony
trichloride, 20 % in chloroform, (B) antimony pentachloride, 20 % in chloroform,
(C) acetic anhydride (10%) and sulphuric acid (10 %) in absolute alcohol.

After spraying, the plates were dried at 120° for 5 min.
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Emploi des complexes = en chromatographie sur couche mince

Dérivés polynitrés aromatiques et hydrocarbures aromatiques a2 noyaux

condensés

De nombreux auteurs ont essayé d’améliorer les séparations chromatographiques en
modifiant la composition de I’adsorbant utilisé. Dans ce but on imprégne en général
l'adsorbant avec un produit susceptible de réagir sur les produits 4 séparer, par exem-
ple en donnant réversiblement des complexes.

SONDHEIMER ET POLLAK ont appliqué avec succés ce principe 4 la résolution sur
colonne de dérivés de l'acide cinnamique en imprégnant ’adsorbant avec un dérivé
de la théophylline!.

Dans le domaine de la chromatographie sur couche mince, on utilise également
ce principe. C’est ainsi que l'on a eu recours a I'imprégnation avec du bisulfite de
sodium (séparation des aldéhydes) ou avec de l'urée (séparation d’hydrocarbures
linéaires d’hydrocarbures ramifiés?). HALMEKoSKI® utilise des molybdates et des
tungstates qui forment des chelates avec les acides phénoliques. PAsTUSKA? prépare
les plaques de Kieselgel avec une solution d’acide borique pour améliorer la séparation
des sucres. Lors de la séparation d’isoméres éthyléniques, on a recours aux complexes
avec le nitrate d’argent:6.

Ceci nous a amenés a généraliser. I'utilisation des complexes moléculaires et plus
particuliérement des complexes iz en chromatographie sur couche mince.

Si deux catégories de produits, A et B, respectivement acide 7 et base 7z donnent
réversiblement des complexes, on peut ou bien séparer les produits A en utilisant
un produit B convenablement choisi comme complexant, ou bien faire linverse.
Deux modes opératoires sont possibles: d’une part introduire le complexant dans
la plaque par imprégnation préalable (technique habituelle de I'inversion de phase)
ou d’autre part introduire le complexant dans le solvant. La solubilité du complexant
dans le solvant utilisé oriente évidemment vers l'une ou l'autre de ces méthodes.
Les complexes 7z étant généralement colorés, on peut suivre le fractionnement pen-
dant la migration des produits et au besoin procéder & des développements multiples.

L’emploi d’un révélateur n’est pas indispensable, mais peut étre utile pour
augmenter la sensibilité. Nous avons choisi comme exemple le couple dérivés poly-
nitrés aromatiques et hydrocarbures aromatiques 4 noyaux condensés.

Nous avons ainsi mis au point deux méthodes de séparation:

(a) Dérivés nitrés aromatiques courants grice 4 un solvant saturé d’une base n
(analyse des explosifs, critére de pureté).

(b) Hydrocarbures 4 noyaux condensés en utilisant des plaques imprégnées d’un
acide 7 (applications possibles: huiles anthracéniques, hydrocarbures cancérigénes,
structure de substances naturelles par aromatisation).

Dans le cas présent, l'intérét de la méthode est particuliérement évident: sur
plaques conventionnelles, les hydrocarbures polynitrés et surtout les hydrocarbures

/\/\ l/\J/
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4 noyaux condensés se séparent mal, voire pas du tout. L'emploi des “plaques
nous a notamment permis de séparer en un simple développement le réténe (I) du
pimanthréne (II).

Cette technique nous a également permis de mettre en évidence des impuretés
dans les produits commerciaux considérés comme purs (anthracéne, biphényle, etc.).

Partie expérimentale

Dans les deux cas nous nous sommes servis de plaques de Kieselgel G selon Stahl
(Merck) de format 14 cm X 10.5 cm, préparées manuellement, et activées 0.5 h a110°.
Les cuves sont d’un modeéle courant sans “‘sursaturation’.

(@) Dérivés nitrés
Les produits sont déposés en solution dans le chloroforme 4 raison de 1 % par consti-
tuant.

Solvant. Cyclohexane—chloroforme (50:50) saturé d’anthracene.

Mise en évidence. Les taches jaunes ou brunes sur fond blanc sont directement
visibles. On augmente la sensibilité en examinant en lumiére ultra-violette (36504).

Nous avons ainsi séparé en un simple développement les dérivés nitrés aromati-
qués suivants: m-dinitrobenzéne (DNB), 2,4-dinitrotoluéne (DNT), 2,4,6-trinitro-
toluéne (TNT), 2,4,6-trinitroanisole (TNA) et tétryl (Tet) (Fig. 1).

En l'absence de complexant, une séparation a peu pres identique n’est obtenue
qu’apres trois développements successifs.

S
0000
0Qo00
0000

Fig. 1. Séparation de dérivés nitrés. 1 = Tet; 2 = TNA; 3 = INT; 4 = DNB; 5 = DNT; 6,7,8 =
mélange.
(b) Hydrocarbures a noyaux condensés

On commence par imprégner les plaques par ascension jusqu’au bord supérieur d'une
solution benzénique de trinitrobenzéne (TNB) & 3 %. On laisse sécher verticalement &
l’air les plaques avant de les utiliser.

J. Chromatog., 14 (1964) 280—283
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Fig. 2. Séparation d’hydrocarbures aromatiques. 1 = biphényle (2 impuretés); 2 = naphthaléne;
3 = acénaphthéne; 4 = anthracéne; 5 = octahydroanthracéne (2 impuretés); 6,7 = mélange et
pyréne.

Solvant. Selon le Ry des hydrocarbures on se sert de cyclohexane pur ou avec 5 %
d’acétate d’éthyle. Il est & noter que l'on peut aussi dans une certaine mesure faire
varier globalement les Rp en changeant la concentration de TNB dans le solvant
d’imprégnation.

Révélation. Les hydrocarbures sont visibles sous forme de taches jaunes ou
brunes sur fond blanc. La meilleure révélation est obtenue par pulvérisation d’une

0O
0,888 8
0

D00

0o 66 9 & 2
1 2 3 4 5 6 7
Fig. 3. Séparation d'hydrocarbures aromatiques. 1 = réténe; 2 = pimanthréne (1 impureté);

3,4,5 = mélange des deux; 6,7 = mélange des deux et chryseéne.
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solution de pentachlorure d’antimoine 4 209% dans le tétrachlorure de carbone,
éventuellement suivie d’une deuxiéme pulvérisation d’acide sulfurique-paraformal-
déhyde. Les taches sont alors trés diversement colorées: orange a bleu-noir sur fond
blanc.

Nous avons ainsi réussi & séparer les hydrocarbures suivants: pyréne, anthracéne,
acénaphténe, octahydroanthracéne, naphtaléne (solvant: cyclohexane) (Fig. 2), et
sur une autre plaque le chryséne, le réténe et le pimanthréne (solvant: cyclohexane—
59 acétate d’éthyle) (Fig. 3). Les Ry s’échelonnent de 0.1 5-0.60 avec des taches tres
nettes alors que sans complexant les produits donnent des Rp allant de 0.45-0.60.

Il est évident que les modalités d’application du principe décrit ici sont trés
variées, tant en ce qui concerne la technique d’imprégnation de la plaque que pour
]a nature de I'agent complexant utilisé.

Institut de Chime™, M. FraNCK-NEUMANN
Strasbourg (France) P. JossanG

1 E. SoNpDHEIMER ET 1. E. PoLrax, J. Chromatog., 8 (1962) 413.

¢ E. StanL, Dinnschichi-Chromatogvaphie, Springer Verlag, Berlin, Goéttingen, Heidelberg, 1962,
P 40.

3 J. HALMEKOSKI, Suomen Kemistilehti, 35 (1962) 39.

4 G. PasTUsKA, Anal. Chem., 179 (1961) 427.

5 B. pE VRIES, Chem. Ind. (London), (1962) 1049.

6 L. J. Morris, Chem. Ind. (London), (1962) 1238.

Requ le 3 aott 1963

* 2, Rue Goethe, Strasbourg.
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Diinnschichtchromatographisches Verhalten herbicidwirksamer
Verbindungen

Wir haben im Rahmen unserer analytischen Untersuchungen tiber Pesticide auch die
Moglichkeiten des Nachweises, der Trennung und der Bestimmung herbicidwirksamer
Verbindungen auf diinnschichtchromatographischem Wege gepriift. Die Arbeiten
wurden vorerst mit sym.-Triazin-Derivaten und Phenoxyalkancarbonsiureester be-
gonnen. Hierbei sollte vor allem die Leistungsfahigkeit der Methode gegeniiber
chemisch sehr dhnlichen Verbindungen untersucht werden.

Triazine
In die Arbeit wurden folgende sym.-Triazine einbezogen: 2-Methoxy-4-dthylamino-6-
isopropylamino- (Atraton), 2-Methoxy-4,6-bis-(isopropylamino)- (Prometon), 2-Me-
thylmercapto-4,6-bis-(isopropylamino)- (Prometryn), 2-Chlor-4,6-bis-(athylamino)-
(Simazin), 2-Chlor-4,6-bis-(isopropylamino)- (Propazin) und 2-Chlor-4-4thylamino-6-
isopropylamino- (Atrazin).

Als geeignetes Sprithreagenz fiir die O- und S-haltigen Verbindungen (Prome-
ton, Atraton, Prometryn) erwies sich Dragendorffs-Reagenz nach MUNIER UND

J. Chvomatog., 14 (1964) 283285
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MACHEBOEUF!, das schon bei schwachem Bespriithen der Platte orange-braune Flecken
auf hellgelbem Grund hervorruft. Die Cl-haltigen Derivate werden erst nach dem
Transparentsprithen als weisse Flecken sichtbar. Wihrend mit diesem Reagenz fiir
die O- und S-haltigen Verbindungen ausreichende Empfindlichkeiten erreicht werden,
befriedigen diese bei den Cl-haltigen nicht. Eine bessere Empfindlichkeit fiir diese
Gruppe ergibt sich bei Verwendung der Jodplateat-Losung (modifiziert fiir Alkaloide
und verschiedene Heterocyclen?), mit der man nach dem Besprithen bis zur Trans-
parenz weisse Flecken auf kriftig rosafarbenem Untergrund erhilt.

Liegen alle 6 Verbindungen im Gemisch vor, so hat es sich als zweckmassig er-
wiesen, die Platte zuerst schwach mit Dragendorffs Reagenz und dann mit Jodplateat
bis zur Transparenz zu bespriithen. Ferner war eine neutrale 0.25%ige KMnO,-Ldsung
fiir alle sechs Triazine, besonders aber fiir Simazin recht brauchbar. Das AgNO,—-Phe-
noxyithanol-Reagenz nach MiTcHELL? kann ausser fiir Simazin und Atrazin® auch fir
Propazin und Prometryn benutzt werden. Nach unseren Erfahrungen eignet sich
jedoch dieses Verfahren nur fiir Mengen {iber 5 ug; die untere Erfassungsgrenze konnte
nicht genau festgelegt werden. Als wesentlich empfindlicher fiir die Cl-haltigen Triazin-
Derivate zeigte sich dagegen die Sprithmethode mit 0.1 N AgNO; in 3 N HNO;
(Nachbehandlung: 5 Min. bei 80°, 10-15 Stunden im Tageslicht). Die lange Entwick-
lungszeit, die auch durch U.V.-Bestrahlung nicht verkiirzt werden kann, steht aller-
dings der Anwendung als Schnellmethode entgegen. In Tabelle I sind die unteren
Erfassungsgrenzen zusammengestellt, die einwandfrei reproduziert werden konnten.

Eine befriedigende Trennung der sechs Triazin-Derivate wurde in einer Zweistufen-
Entwicklung mit Chloroform-Diisopropyldther (3:2) erreicht (Fig. 1).

TABELLE I

UNTERE ERFASSUNGSGRENZEN (IN /,tg)

Dragendorff Jodplateat o.; % ;_11%\(7)(: s Igllzljn z‘:
Prometon 2,5 3.0 — 2.0
Atraton 2.0 10.0 — 2.0
Prometryn 1.0 2.0 — 1.0
Simazin 1.0 1.0 0.5 0.5
Atrazin 3.0 2.5 0.3 1.5
Propazin 1.5 1.0 0.1 1.5

Das in Pflanzenschutzmitteln zusammen mit Triazinen, z.B. neben Simazin an-
gewendete 3-Amino-1,2,4-triazol kann ebenfalls mit Jodplateat sichtbar gemacht wer-
den (Erfassungsgrenze: 0.25 ug). Es ldsst sich im System Essigester—Methanol (4:1)
von Simazin trennen. Beide Produkte kénnen so z.B. in Handelspriparaten nach-
gewiesen werden.

Phenoxyalkancarbonsdureester

Von den “Phenoxyalkancarbonsdureestern” wurden folgende Derivate untersucht:
2-Methyl-4-chlorphenoxyessigsaure-hexylester (MCPA-hexyl) und -(z-butoxyithyl)-
ester (MCPA-butoxydthyl), o-(2-Methyl-4-chlorphenoxy)-propionsidure-hexylester
(MCPP-hexyl), -athylester (MCPP-athyl), -(2-butoxyithyl)-ester (MCPP-butoxyathyl)

J. Chvomalog., 14 (1964) 283285
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Fig. 1. Fig. 2.

Fig. 1. 1 = Prometryn; 2 = Propazin; 3 = Atrazin; 4 = Prometon; 5 = Simazin; 6 = Atraton.
System Chloroform~Diisopropylather (3:2), zwei Stufen.

Fig. 2. 1 = MCPP-hexyl; 2 = MCPA-hexyl; 3 = MCPP-ithyl; 4 = MCPP-butoxyithyl; 5 =
MCPA-butoxyithyl; 6 = MCPP-hydroxybutyl. System Cyclohexan—Diisopropylather (5:1), zwei
Stufen.

und -(3-hydroxybutyl)-ester (MCPP-hydroxybutyl). Eine Trennung der sechs Ver-
bindungen ist mit Cyclohexan-Diisopropylither (5:1) bei zweistufiger Arbeitsweise
im gleichen System méglich (Fig. 2). Im Gegensatz zur Triazingruppe verhalten
sich die Ester einheitlich gegeniiber den Detektionsmitteln. Die Flecken sind nach
Besprithen mit Rhodamin B (0.5 % in Athanol) im U.V.-Licht sichtbar; die Erfas-
sungsgrenze (20 ug) ist jedoch vollig unbefriedigend. Sie kann aber durch Bespriihen
mit SbCly in CCl, (1:4) bis zur Transparenz und Nachbehandlung bei 105° auf 0.5 ug
pro Komponente gesenkt werden. Es entstehen braune bis violette Flecke.

Fiir alle beschriebenen Arbeiten wurden handgegossene Platten, 100 X 200 mm,
mit 2 g Kieselgel G (Merck, nachgesiebt) pro Platte, luftgetrocknet, verwendet. Laut-
strecke: 10 cm. Die manuelle Herstellung war bei dieser und geringerer Plattengrosse
(s0 X 100 mm) notwendig, um gleichmissig ausgebildete Schichten mit reproduzier-
barer Dicke zu erhalten. Die mit dem Desaga-Streichgerit (nach Stahl) hergestellten
Schichten erfiillten diese Bedingungen nicht.

Biologische Bundesanstalt fiir Land- und Forstwivischaft, Hanns G. HENKEL
Institut fiir Pflanzenschutzmittelforschung, WINFRIED EBING
Berlin-Dahlem (Deutschland)

1 Anfirbevéagenzien fiir Dunnschicht- und Papier-Chvomatographie, Merck A.G., Darmstadt.
2 1. C. MrtcHELL, J. Assoc. Offic. Agv. Chemisis, 44 (1961) 643.
3 A. Major, J. Assoc. Offic. Agr. Chemists, 45 (1962) 679.

Eingegangen den 26. August 1963
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Die Herstellung einer einfachen Deckplatte die die Firbung von
Diinnschichtchromatogrammen mit fliichtigen
Reagenslsungsmitteln bei héheren Temperaturen erméglicht

Verschiedene chemische Reaktionen mit Hilfe welcher man nach Dimnnschicht-
chromatographie die getrennten Substanzen sichtbar macht, zum Beispiel beim
Nachweis von Zucker!, Aminosiuren?2, Glykolipiden?, usw., erfordern héhere Tempe-
raturen und bestimmte Detektionszeiten. Das Problem der Anfirbung bei hoheren
Temperaturen besteht darin, dass nach der Aufsprihung des Nachweisreagenses das
Losungsmittel sich viel zu schnell verfliichtigt, was zur Folge hat, dass das eigentliche
Nachweisreagens viel zu wenig mit den getrennten Substanzen reagiert, sie nicht
anfdrbt, oder wie in den obengenannten Fillenl-3 die ganze Diinnschichtoberfliche
anfirbt und hiermit die Identifizierung der Substanzen erschwert.

Um die Verflichtigung der Lésungsmittel wihrend der Anfarbung bei héheren
Temperaturen zu unterbinden, verfertigten wir eine Deckplatte an, die der F orderung
auf stabile Zusammensetzung des Spriithreagenses auch bei hoheren Temperaturen
Rechnung tragt.

Durchfiihrung dey Detektion

Nach beendeter Chromatographie wird das Adsorptionsmaterial von den Platten-
rdndern in einer Breite von 1.5 cm (im oberen Teil der Tréagerplatte 2.5 cm) durch
Abschaben entfernt (Fig. 1, rechtes Bild) das Chromatogramm mit der Reagens-
l6sung bespritht, mit der Deckplatte zugedeckt (Fig. 2) und im Trockenschrank
erhitzt. Nach bestimmter Zeit (bei Aminosiuren mit Ninhydrinreagenslésung
10 Min. bei 105°), wird die Deckplatte abgenommen, das Diinnschichtchromato-
gramm im Trockenschrank getrocknet und hiermit die Anférbung beendet. Mit dieser
Art der Anfirbung erzielt man eine genaue Anfirbung der getrennten Substanzen,
wihrend das Adsorptionsmaterial (Kieselgel G) nicht, oder nur sehr wenig mitge-
farbt wird.

Herstellung der Deckplaite

Auf eine Glasplatte von der selben Grésse wie die Tragerplatten (wir benutzten
Platten 20 X 20 cm) werden nach Berauhung der Plattenrindern mit Glaspapier
I cm breite Glasstreifen mit Wasserglaslésung angeklebt (Fig. 1, linkes Bild).
Der obere Glasstreifen wird nicht am Plattenrande sondern um 1 cm weiter zur Mitte
angeklebt um im Falle eines Ansaugens der Deckplatte an die Trigerplatte wihrend
des Farbens Raum zur Hebung der Deckplatte zu geben.

Zur bequemeren Handhabung wird auf die Oberseite der Deckplatte ein Glas-
streifen (4 X 3 X I cm) mit seiner Lingstkante angeklebt (Fig. 3, linkes Bild).

Im Falle das wir nur in einem Teile des Dinnschichtchromatogramms die Sub-
stanzen durch Anfirbung identifizieren wollten, wihrend wir sie aus dem anderen
Teile zur quantitativen Analyse isolierten, arbeiten wir mit schmaleren Deckplatten
wie eine auf Fig. 4 dargestellt ist.

Obwohl wir mit den obenbeschriebenen Deckplatten gute Erfolge erzielten ent-
wickelten wir in letzter Zeit eine neue Deckplatte, die grosser als die Trigerplatte ist
und deren angeklebte Glasstreifen um 1 mm héher sind als die Tragerplatte mit der

J. Chromatog., 14 (1964) 286-28¢
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Fig. 1.
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Fig. 3.
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Fig. 5.

Adsorptionsschicht zusammen. Die Anfirbung erfolgt dann so, dass die Trigerplatte
auf eine gréssere Glasplatte gelegt, und mit der Deckplatte eingedeckt wird (Fig. 5).
Die untere Glasplatte mit der Deckplatte ergibt in diesem Falle eine Reaktions-
kammer. Diese neue Methode der Anfirbung bringt den Vorteil dass das Adsorptions-
material von den Plattenrindern der Trigerplatte nicht abgeschabt werden muss und
die ganze Platte zur Chromatographie ausgeniitzt werden kann.

Lehrstuhl fiir Analytische Chemie, Chemische Fakultit der L. PORGESOVA
Slowakischen Technischen Hochschule, Bratislava (Tschechoslowakes)
Lehrstuhl fiilr Medizinische Chemie, Komensky-Universitit, E. PorGEs

Bratislava (Tschechoslowaker)

1 E| D. MoFraT UND R. J. LYTLE, Anal. Chem., 31 (1959) 926.
2 G| PasSTUSKA, Z. Anal. Chem., 179 (1961) 427.
3 H. WAGNER, L. HORHAMMER UND P. WOLFF, Biochem. Z., 334 (1961) 175.

Eingegangen den 28. August 1963
J. Chromatog., 14 (1064) 286-289

Thin-layer chromatography of carboxylic acids and
keto acids of biological interest”

In conducting some biological investigations with which our institute is concerned
we had to tackle the problem of separating and identifying some compounds (amino
acidls, acids and sugars) present as mixtures in the water-alcohol extracts of plant
cells (Chlorella).

" Work supported by a grant from the National Research Council of Italy.
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Paper and ion-exchange chromatography gave satisfactory results with amino
acids, but did not prove as efficient and easy to carry out with organic acids, partic-
ularly keto acids, which are of primary importance as amino acid precursors.

The recent extension of thin-layer chromatography to water-soluble substances
led us, in view of the favourable results already reported®?, to try to develop a
separation technique for the most important acids and keto acids of biological
interest. The results we obtained can be regarded as promising.

Experimental

Suitably sized ground-glass plates washed with acetone were used as supports. The
adsorbent layer consisted of silica gel (Kieselgel Merck, also containing CaSO, as
binder) washed with HCI (1:1), then with water and finally with a 0.1 % w/v aqueous
solution of EDTA. This treatment removed from the adsorbent solid iron and other
interfering ions. As the CaSO, was also removed, it was replaced by adding 13 g of
CaS0,-1/,H,0 per 100 g of silica gel. After stirring, the mixture was suspended in
water (10:35) and poured on the plate (10 mg/cm? of surface). The layer was made
homogeneous by means of an electromagnetic vibrator and then dried for about
45 min in an oven at 105°,

Development

The solvents that gave the most satisfactory results for the separation of the com-
pounds and the compactness of the spots were (A) propanol-28° Bé ammonia (70: 30)
and (B) ethanol-chloroform-28° Bé aq. ammonia-H,0 (70:40:20:2).

After the solvent had travelled 13 cm from the starting line, the chromatoplate
was dried by means of an infrared lamp, allowed to cool and finally sprayed with a
0.1 % solution of 2,6-dichlorophenolindophenol in g5 % alcohol. A subsequent short

TABLE 1

Ry VALUES FOR CARBOXYLIC AND KETO ACIDS

Solvent A: Propanol-28° Bé ammonia (70: 30)
Solvent B: Ethanol-CHCly—-28° Bé ammonia-H,O (70: 40:20:2)

Rp x rooin
Acid

Solvent A Solvent B
Adipic 27 149]
Lactic 42 35
Succinic 17 9
Oxalic 4 o
Malic 7 4
Glycolic 30 22
Fumaric 20 12
a-Ketoglutaric 17 10
f-Ketobutyric 53 15
Pyruvic 3 3
Dehydroascorbic 35 46
Ascorbic 22 14
Levulinic 350 52
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heating brought up all acidic compounds as pink spots on a sky-blue background.
If the heating was prolonged and the chromatoplate carefully brought near to the
infrared lamp, the pink spots given by keto acids turned white, whereas those given
by carboxylic acids remained pink. In this way it was possible to distinguish keto
acids from other acids. Exposure of the plate to ammonia vapours for a few seconds
resulted in a sharper definition of the pink spots.

Results

Adipic, succinic, glycolic, fumaric, lactic, malic, oxalic, ascorbic, dehydroascorbic,
B-ketobutyric, a-ketoglutaric, levulinic and pyruvic acids were subjected to the
chromatographic procedure described above.

In Table I are listed the Ry values in the two solvents used.

Experiments are being conducted with the object of extending to other com-
pounds, including sugars, the technique developed in the present work.

Institute of Agricultural Chemistry, C. PASSERA
University of Padua (Italy) A. PEDROTTI
G. FERRARI

! G. FERRARI, C. PASSERA AND R. CULTRERA, Ric. Sci., 3 (1963) 181.
2 D. BRAUN AND H. GEENEN, J. Chromatog., 7 (1962) 56.
3 H. J. PETROWITZ AND G. PASTUSKA, J. Chromatog., 7 (1962) 128.

Received September 11th, 1963
J. Chvomatog., 14 (1964) 289—291

lon flotation of inorganic ions

1. The concentration of uranium

Surface active agents may be used for separation processes in a variety of ways such
as adsorbing them on solid supports?, in liquid phases or on a gas-liquid interface?.

The possibilities of the last-mentioned, namely ion flotation or froth flotation,
have been outlined by several workers®-6. As in ion exchange processes, however, the
adsorption of ions on the surface of the air bubbles formed from an aqueous solution
of surface active agents will depend on the ionic state of the ion to be adsorbed, the
structure and distribution of the surface active agent (not only on its functional
groups) and the pH and ions present in the solution. Thus exact conditions for opti-
mum concentration have to be worked out for each particular case.

In this preliminary communication we wish to describe a typical case, the con-
centration of UO,++ ions from a solution of ammonium carbonate.

A number of cationic surface active agents was compared in a preliminary study
using the apparatus shown in Fig. 1. Optimum results were obtained with benze-
thonium chloride. The effects of the carbonate concentration, of the concentration
of the surface active agent and of the uranyl ion concentration are shown in Figs. 2
and 3.

J - Chvomatog., 14 (1964) 291-204
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The first and most concentrated foam fractions were analysed for their surface

active agent and uranyl ion contents and gave ratios of 4:1, indicating the formation
of a salt of the type R+, UO,(CO,);* in this process. For the determination of
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Fig. 1. Apparatus for foam extraction. A = Foam chamber, B = Gz porous septum; C = Glass
column; D = Foam container.
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Fig. 2. Influence of the carbonate concentration. Each curve shows the foam concentration of

uranyl ion with a flow rate of 75 ml of N,/min and 0.2 % of BZT solution and an initial concen-

tration of 0.01 9, UQ,(NO,),-6H,0. Each curve represents a concentration of ammonium carbo-
nate (in g/100 mi).
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benzethonium, spectrophotometry at 240 mu gave good results in the required range
of concentrations. Experiments with anionic exchange resins showed similar adsorp-
tions with various carbonate concentrations as obtained in foams. It seems that a

100 1

| o

80| 0.5%

exfracted
o
o
T

N 40
L 1.0%
201
fe) I i N I ) 1 . 1 .
0 2 4 6 8 10
time (A

Fig. 3. Effect of foaming agent concentration. The foam concentration of UO,+* with a flow rate
of 75 ml of N,/min and 3.75% ammonium carbonate and an initial concentration of 0.019%,
UO,(NO,),: 6H,0. The curves show the %, extracted with time for 0.19,, 0.5% and 1% of BZT.

broad analogy between ion flotation and ion exchange can be inferred even for the
working conditions such as carbonate concentration, pH, etc. A similar correlation
was also noted in froth flotation of the EDTA-complex of U(VI) which may be
separated at pH 8 (where it is anionic) and not at pH 3 where it is cationic.

Paper chromatographic experiments as outlined in a previous communication’
yielded the same information as actual flotation experiments. A mixture of the surface
active agent and uranyl ions remained strongly adsorbed near the point of application
when developed with 19, ammonium carbonate solution but was separated into a
fast moving uranium spot and an adsorbed surface active agent spot when developed
with 10 9% ammonium carbonate.

25
A
201

15|-

10

5k }\:24—Om_p

o i ) 1
o] 5 10 mgBZT 18

Fig. 4. Absorption at 240 myu plotted against concentration of BZT (in mg).
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Fig. 5. Paper chromatograms of mixtures of uranyl carbonate and BZT. Paper: Whatman No. 1.
I: a—c solvent = 19, aqueous ammonia carbonate; a = uranium carbonate only; b = mixture

of uranium carbonate and BZT; ¢ = BZT only. II: solvent = 1 9%, aqueous ammonium carbonate

containing 3%, BZT. A spot of uranium carbonate was placed on the paper. III: solvent = 109,

aqueous ammonium carbonate. A mixture of uranyl carbonate and BZT was chromatographed
and separated into a fast moving uranium spot and a strongly adsorbed BZT spot.

The details of this work as well as some other separations of radiochemical
interest will be described elsewhere.

Laboratorio di Chimica delle Radiazioni del C.N.E.N. ALBERTO BAROCAS
e Istituto Superiore di Sanita, Centro di Chimica Generale CARLA JACOBELLI-TURI
del C.N.R., Istituto di Chimica Generale ed Inovganica FrANCO SALVETTI

dell’ Uwiversita di Roma, Rome (Italy)
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A modified method for the separation of basic amino acids
on the automatic amino acid analyzer*

The quantitative analysis of amino acids in biological preparations has been greatly
simplified by the automatic ion-exchange chromatographic method of SPACKMAN,
STEIN AND MoogrE!. Frequently, free amino acids are encountered in urine, tissue
homogenates and serum which are not well resolved by the 6 h procedure using the
15 cm column. These amino acids are readily separated and identified on the 50 cm
column, but this method is time consuming (22 h) and uses large quantities of nin-
hydrin and eluting buffer.

Kowminz? has reported an accelerated method for chromatography of basic free
amino acids on the 50 cm column using a 0.70 N sodium citrate buffer pH 5.28.
A system for analyzing basic amino acids in 80 min has also been developed by
SpackMaNS®. Neither of these methods gives complete resolution of all the basic free
amino acids which are found in urine, tissue homogenates and serum, and the second
method requires several major modifications in the operation of the amino acid
analyzer.

The present report describes a rapid method for analysis of basic amino acids
which has been applied to serum, tissue homogenates, urine and protein hydrolysates.
An analytical run takes 81/; h and only requires the equipment and reagents regu-
larly used with the Spinco model 120 amino acid analyzer. The method resolves II1
basic amino acids and the shortened operating time allows a 60 % saving in reagents.

A sample volume of 1-3 ml was applied to the 15 cm column which had been
poured to a resin height of 21 cm with Spinco type 15A resin. The eluting buffer was
the 0.37 N sodium citrate, pH 4.26, and was pumped through at 30 mil/h. The column

f¢-ALA
FER

180 210

Fig. 1. Chromatogram of a synthetic amino acid mixture containing 0.5 umole of each amino

acid. The optical density is recorded on the ordinate and the effiuent volume on the abscissa. The

following abbreviations are used: g-ala, L-phenylalanine; Tyr, L-tyrosine; allo-OH-Lys,

pL-allo-hydroxy-lysine; GABA, y-aminobutyric acid; Orn, L-ornithine; NH,, ammonia; Lys,

L-lysine; 1-CH;-His, L-1-methylhistidine; His, L-histidine; 3-CH,-His, L-3-methylhistidine; Try,
L-tryptophan; Carn, L-carnosine; Arg, L-arginine.

* This work was supported by United States Public Health Service Research Grant No. Al-
04152. Dr. KIRKPATRICK is a special post-doctoral fellow of the United States Public Health
Service.
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0.6

0.5
3-CH3-HIS

0.4 NH,

ANS

0.3

0.2

Q.

1-CH,-HIS

ORN HIS

ARG

120 150 180 2i0 240

Fig. 2. Chromatogram of the free amino acids in a homogenate of rabbit skeletal muscle. The units
are the same as Fig. 1. Ans represents L-anserine.

temperature at the beginning of elution was 30° and was increased to 30° at 4 h.
Ninhydrin was added at 30 min at 15 ml/h.

The ability of this method to resolve 1I ninhydrin-reactive compounds in a
synthetic mixture is illustrated in ¥ig. 1. The resolution was nearly equal to that
obtained with the 50 cm column and the sharp, narrow peaks allowed accurate
identification and quantitation. Fig. 2 shows the analysis of the free amino acids in a
homogenate of rabbit skeletal muscle. The location of the peaks of 15 ninhydrin-
reactive compounds is summarized in Table 1.

TABLE 1

LOCATIONS OF NINHYDRIN REACTIVE PEAKS

Compound® Eﬂift;nt to peak
i ml
L-Tyrosine, L-phenylalanine 44
D-Galactosamine 50
(shoulder
on tyr-phe)
DL-Allo-d-hydroxylysine ** 68
y-Aminobutyric acid 73
L-Ornithine 8o
Ammonia 92
L-Lysine 102
L-1-Methylhistidine IL4
L-Histidine 125
L-3-Methylhistidine 138
L-Tryptophan 158
L-Anserine 165
L-Carnosine 170
Creatinine 178
L-Arginine 241

* Tyrosine, phenylalanine, ammonia, lysine, histidine and arginine were contained in Spinco
Type 1 amino acid calibration mixture, Lot No. CM 108. The other compounds were purchased
from the California Corporation for Biochemical Research, Los Angeles 63, California.

** The shoulder on the ascending limb of the curve is believed to represent an impurity in the
reagent standard.
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This method of chromatographic analysis of basic amino acids has been used
in this laboratory for several months and has allowed substantial savings in both
time and reagents.

Department of Medicine, CHARLES H. KIRKPATRICK
University of Colovado Medical Center, ROBERTA A. ANDERSON
Denver, Colo. (U.S.A.)

1 D. H. SpackMaN, W. H. STEIN AND S. MOORE, Anal. Chem., 30 (1958) 1190.
2 D. R. Kominz, J. Chromatog., 9 (1962) 253.
3 D. H. SPACKMAN, Federation Proc., 22 (1963) 244.
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Chromatographic separation of histamine and some metabolites
on cellulose phosphate paper”

‘The metabolism of histamine (M) in animals has been reviewed recently!. The main
products of metabolism are 1-methyl-4-(8-aminoethyl)-imidazole (MeM), imidazole-
4(s)-acetic acid (ImAA), imidazoleacetic acid riboside (ImAA-riboside), r-methyl-
imidazole-4-acetic acid (MeImAA), and acetyl-histamine (AcM). Quantitative
analyses of 14C-labelled histamine metabolites have been performed by crystallization
of the different products as their respective picrates or p-iodophenyl-sulfonyl (pipsyl)
salts?3. These methods, however, are quite cumbersome and time-consuming.

Paper chromatography has been used by ScHAYER AND KARJALA? to separate
radioactive metabolites of histamine. Three radioactive peaks were found using a
solvent system composed of 1-butanol-ethanol-ammonia (8o:10:30, v/v). The
first peak contained ImAA-riboside, the second MeImAA and ImAA, and the third M,
MeM and AcM. Good separation of histamine, histidine and acetyl-histamine can be
obtained using Whatman No. 1 filter paper with isopropanol-0.25 N NH,OH (3:1)%
In this system MeM can not be separated from M nor ImAA from MeImAAS3. Thus,
until now, it has not been possible to separate all of the above mentioned metabolites
of histamine by paper chromatography.

In a preliminary effort to separate the different known metabolites of histamine
by chromatography, a variety of papers were tried, Schleicher and Schiill papers
No. 5984D, 20404, blue R389D, white R589, 20434, 2041, red R589, 598, 2043-D,
60z extra dense, 576, green R58g, black R589D, 470 and 470A. Also, different solvents
(as recommended by BLOCK et al.5) and ionophoresis at different pH values were
evaluated. None of these techniques proved successful. Amberlite ion exchange resin
loaded papers (Sa-z, Wa-2, Sb-2 and Wb-2) and Whatman cellulose ion exchangers
(P20, CM-50, DE-20 and ET-20) were tried next. Best results were achieved with
the cation exchanger, cellulose phosphate paper (P-20). These results are reported
below.

* This work was partially supported by grant-in-aid GRS-63-9 from the National Institute of
Hedlth.
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Experimental procedure

Ascending and descending chromatography with P-zo cellulose phosphate paper
was used. To recycle the paper through its H+ and Na+* forms we washed it in a
downward direction successively with (1) o.x N HCI, (2) water, (3) 0.1 N NaCl, (4)
water; each step proceeded for 24 h. To prepare a bi-functional cation exchanger
the paper was washed with a solvent containing o.x N KCI and o.0o1 N KOH,
for 24 h and then washed with water. The washed papers were airdried. The chro-
matograms were developed with 0.1 M phosphate buffer (pH 7.5) for 1.5 h by the
ascending technique and 3 h by the descending technique. The solvent front for
the former reached 21 cm and for the latter 46 cm. The papers were dried in air
and dipped in p-nitrobenzene diazonium fluoborate (Eastman No. P7078, 1 g in
100 ml acetone), and then sprayed with 0.1 N KOH in ethanol’. The stabilized
diazotizing reagent was used in place of the recommended diazotized sulfanilic acid
followed by Na,CO, (BLoCK ¢t al.5) because the latter reagent did not react with either
MeImAA or MeM.

Results and discussion

Using unwashed cellulose phosphate paper with phosphate buffer, pH 7.5 as solvent,
two zones resulted on the paper, one basic, the other acid as visualized with a bromo-
cresol green indicator spray. The basic zone extended from the origin to about Rp
0.3; the acid zone from 0.3 to the solvent front. These zones could also be observed
after treatment with the diazotizing color reagent; the lower zone (Rrp 0-0.3) was
dark brown due to formation of nitrobenzene, while the upper zone was light yellow.
The zone formation may be due to non-equilibrium conditions of the ion exchange
process or due to the separation of the solvent into two phases during development,
as has been observed by POLLARD et al.8.

Formation of two phases, however, did not seem to affect the separation of the
compounds. As a matter-of-fact, histidine always migrated to the line of phase
separation, giving a slightly distorted spot (see D, Fig. 1). Prewashing of the paper
with either the developing buffer, HCl followed by NaOH, or KCl and KOH did not
eliminate the two phases on the paper. Using paper washed with KCl and KOH
improved the chromatography and facilitated better visualization of the MeImAA
spot.

TABLE I

Rp VALUES OF SOME IMIDAZOLE DERIVATIVES* ON CELLULOSE PHOSFHATE

Imidazole derivatives Abbreviati Rr Color of spots(NBDFB
Ascending Descending reagent)

Histidine D 0.29 0.32 Dark brown
Histamine M 0.07 0.08 Dark brown
Methyl-histamine™** MeM 0.15 0.15 Yellow
Acetyl-histamine AcM 0.46 0.48 Orange
Imidazoleacetic acid ImAA 0.54 0.54 Reddish brown
Methyl-imidazoleacetic acid*** MeImAA 0.68 0.79 Orange

* Experimental details in text.
** 19 (w[v) p-nitrobenzene diazonium fluoborate in acetone, followed by 0.1 N ethanolic KOH.
These compounds were obtained from Dr. R. W. SCHAYER, later purchased from Calbiochem,
Los Angeles.

* %k
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The color of the imidazole derivatives and their Rp values are given in Table I.
A chromatogram of the imidazole derivatives is shown in Fig. 1, illustrating excellent
separation of 6 compounds. To obtain even better separation of AcM and ImAA a
chromatogram had to be run for 6 h, and the solvent was allowed to drip off the bottom
of the paper.

ImAA-riboside could not be obtained for these studies, but its identity on paper
probably could be determined by chromatography after acid hydrolysis (1 NV HCI at
150°, for 6 h) as ImAA®.

Although excellent separation of histamine derivatives is achieved, the method

ol S = =

g. 1. Paper chromatogram of imidazole derivatives. P-20 cellulose phosphate paper; develop-
ent time 3 h with o.1 M phosphate buffer, pH 7.5, as solvent; descending development. D =
histidine, all other abbreviations in text.
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is not suitable for micro-amounts since the least detectable amount is ca. 50 ug for all
investigated derivatives except for MeImAA for which ca. 100 ug is necessary. In
contrast, only 1.0-10.0 ug quantities produce colored spots on regular cellulose paper.

Using the above technique, quantitative analysis of 1#C-histamine metabolites
from embryonating chicken eggs is being investigated. Metabolic radioactive prod-
ucts are chromatographed by the described procedure with known compounds as
markers, and the developed spots cut out and their radioactivity measured with a
liquid scintillating spectrometer?®,

Departments of Avian Medicine and MOSHE SHIFRINE
Agricultural Toxicology and Residue Research Laboratory, GUNTER ZWEIG*
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Optical resolution of 9-sec.-butylphenanthrene by molecular
complexation chromatography

KLEMM AND REED! described the use of columns of silicic acid impregnated with the
optically active molecular complexing agent (+)- or (—)-a-(2,4,5,7-tetranitro-g-
fluorenylideneaminogxy)-propionic acid (I) for optical resolution of an ether and of an
ester containing one center of asymmetry (on carbon) for each compound. In addition
the method was used for optical resolution of a hydrocarbon wherein optical activity

Q
< _~O—CHCO,H /\”/’\\

i S~ \#~CRCH,CH
ozNj/\/K”/ x N02 ¥ 2
i 5
NN CH,

NO, NO, (IT): R=H
(I (I1I): R=0OH
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results from serious restriction to rotation around a pivotal bond of the biphenyl
type. We now report the successful extension of the method to the partial optical
resolution of g-sec.-butylphenanthrene (II), a hydrocarbon containing a single center
of asymmetry and expected to have a small specific rotation. The alkylarene II was
selected for investigation because it contains the simplest alkyl group (devoid of iso-
topic labelling) possessing asymmetry when attached to an aryl moiety and because
maximum overlap? of the angular fluorene and phenanthrene nuclei during molecular
complexation should bring the centers of asymmetry in I and IT into spatial proximity
for maximal interaction.

Experimental

Synthesis of 11. Methyl ethyl g-phenanthryl carbinol (IIT, 47.1 g, m.p. 102-104°, 94 %
yield from g-bromophenanthrene?) was dehydrated by distillation at 0.3 mm pressure.
Treatment of the crude distillate with an equimolar amount of anhydrous picric acid
in absolute ethanol gave 58 g (67 % yield from III) of yellow 9-(2-butenyl)-phenanthrene
picrate, m.p. 101-103°. Anal. Caled. for C,sH, ;- C;H3N O, neut. equiv. 461.4. Found?:
neut. equiv. 464. Chromatographic dissociation of the picrate using benzene and Alcoa
F-20 alumina and distillation of the effluent gave slightly yellow g-(z2-butenyl)-phen-
anthrvene, 96 9%, recovery, b.p. 137-142° (0.3 mm); infrared absorption bands at
905 cm~! (strong, terminal methylene) and 825 cm~! (medium, trisubstituted ethyl-
ene?); showing positive test with aqueous permanganate. Anal. Caled. for C;gH,q:
C, 93.06; H, 6.94. Found® (for sample of b.p. 140-141°): C, 92.74; H, 7.24.

Agitation of a mixture of 11.6 g of the preceding alkenylphenanthrene, 2 g of 5%
Pd-BaS0,, and 75 ml of glacial acetic acid in hydrogen gas at 4 atm pressure for 5 h
followed by removal of the catalyst and distillation gave 8.2 g (71%) of II, a faintly
yellow liquid, b.p. 150~-155° (0.3 mm); showing negative test with aqueous permangan-
ate. Anal. Caled. for C,gH,4: C, 92.26; H, 7.74. Found* (for sample of b.p. 151-152°):
C,92.38; H, 7.51.

II-picrate was obtained as yellow crystals from ethanol, m.p. 97-98.5°. Anal.
Caled. for C;H, 4  C,H3N 0, neut. equiv. 463.4. Found?: neut. equiv. 464.

Optical resolution. In a manner similar to that previously reported® a glass burette
(1.5 cm in diameter) with a non-lubricated stopcock was packed (dry and without
suction) with successive layers of glass wool, 2 cm of plain silicic acid, 50 cm of a
mixture of 13 g of Johns-Manville Celite (anal. grade) and 27 g of silicic acid im-
pregnated with (—)-I (8.9 % by wt.), and 2 cm of purified sand. The column was
wrapped in aluminum foil. “Pure grade” cyclohexane (99 mole % minimum) was used
as prewash for the column and as eluent for the 0.58 g of racemic IT used. As soon as
the red color of the molecular complex had reached the bottom of the column, frac-
tions of 200 drops each were collected in tared test tubes at the average rate of
1 fraction per 26 h. Fractions were evaporated to constant weight in a stream of
nitrogen, quantitatively diluted to 5 ml (the volume of the 1 dm polarimetric cell)
with cyclohexane, and measured for optical rotation at 365 mu and 24° by means of
a Perkin-Elmer model 141 polarimeter (accuracy of 4-0.002°). Only fractions 2—5 (of
11 total) showed significant rotations as follows (in order of appearance): 0.11 g, & =
+0.008°, [a] = +0.36°;-0.17, 40.005°, +0.15°; 0.0, —0.005°, —0.42°; 0.05,

* Elemental analyses by Micro-Tech Laboratories, Skokie, I1l.
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—0.007°, —0.70°. No significant rotations were found at wavelengths longer than
500 mu.
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Book Reviews

Thin-layer Chromatography, by JamEs M. BopsIT, Reinhold Publishing Corporation,
New York, 1963, xi 4+ 208 pages, price § 8.50.

This book gives a very detailed and complete account of the principles and techniques
of thin-layer chromatography in the first 123 pages. Then follows a chapter on
“specific applications of thin-layer chromatography” which consists of fifty odd
pages of tables listing the compound type, the adsorbent, the developer, visualisation,
““comments” and the reference number. In introducing the chapter the author states
that specific Rp values are not given because of their notorious inconstancy. This
remark would certainly be criticised by some authors. But even where Ry values are
not reproducible it would help the reader to see exactly which compounds were
separated and what differences in R values were obtained. These tables are thus
only a very inadequate guide to the literature. The reference list contains 460 re-
ferences, many as recent as 1963, and there is an adequate subject index.
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Handbook of Analytical Chemistry, edited by L. MEITES, McGraw-Hill Book Company,
Inc., New York, 1963, price £ 18.8.0.

This, to the reviewers’ best knowledge, is the first chemical handbook to contain an
entire section of 170 pages of data on techniques of separation, including 87 tables
on chromatography.

For solvent extraction (by H. FREISER, ¢f al.) there is a table classifying metal
extraction systems and another summarising extraction procedures for all elements
in alphabetical order. Adsorption chromatography (by H. Strain) is condensed to
five pages, but this is admittedly difficult to present in tabular form. The paper
chromatography of inorganic substances (by F. H. PoLLARD AND G. NICKLESS) con-
tains 21 tables giving the Ry values of metal ions and anions in numerous solvent
systems, as well as some tables of paper chromatographic reagents. The paper chro-
matography of organic substances (by D. P. SCHWARTZ) gives a selection of Ry values
of various compound classes in some of the more important solvent systems in over
20 tables, and some reagents in a three-page table. Evidently the right choice is
rather: difficult here considering the enormous amount of material published. There
are 20.pages of retention volume tables in the section on gas chromatography (by
R. L. PECSOK) covering a wide range of compounds. The section on “‘electrochromatog-
raphy” (by A. KARLER) is somewhat more concerned with explanatory text than
data and gives only a rather vague table of “typical applications”, while from the
previous sections some tables of My values would have been expected. Ton exchange
(by H. F. WaLTON) is again descriptive, summarising separations in a single table
giving the conditions under which certain separations were carried out. This seems to
the reviewer much less important than the tables of Kq values in which recent litera-
ture abounds, both for inorganic and organic substances. The editor and the authors of
this handbook are to be congratulated on their success in compiling a set of tables
from which, in spite of a certain lack of homogeneity, the analyst can find a method
for a given problem or a lead on the possibilities of a given technique.

The remainder of the book (over 1000 pages) covers most analytical methods
and their applications and there is a 66 page subject index arranged in such a way
that it gives not only the page number but also the kind of method that is found
thereon.
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Thin-layer Chromatography
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of glycerol. J. Chromatog., 12 (1963) 266267 — 1Y, glycerol acts as tailing reducer.

MATSEN, J. M. AND HarDING, J. W.: Theoretical plate height in helical chromatographic columns.
J. Chvomatog., 12 (1963) 145-149 — the theoretical plate number in coiled columns is given
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Gel filtration the well known method of separating substances differing in molecular
size, by passing a solution through a bed of gel grains, was described by PORATH AND
Fropin!, These authors used mainly cross-linked dextran gels (Sephadex, AB Pharma-
cia, Uppsala), but other polymer gels, such as those prepared from agar, starch,
polyacrylamide, polyvinyl alcohol, etc., are also capable of producing similar separa-
tions. A review of the technique has recently been published by Poratr?. Although
gel filtration is not strictly a process of filtration in the classical sense, the term will be
used in the following, because of its common acceptance.

Many investigations have shown that a substance having large molecules
generally passes through the gel bed faster than one having small molecules, provided
that the concentration of polymer in the gel grains lies within a suitable range.
Deviations from this pattern have only been observed in cases where it seemed
réasonable to believe that an adsorption of the substance to the polymer had occur-
red2-4. The possibility of adsorption during gel filtration will not be discussed here,
only the process that leads to a separation of molecules according to size will be
treated.

Essentially two explanations for the gel filtrations process have appeared. STEERE
AND ACKERS® have explained it as a decreased diffusion rate of the substance in the
gel grains, and LATHE aND RUTHVENS, POrRAaTH? and PEDERSEN® have discussed it in
terms of an exclusion of the substance from the gel. Both mechanisms certainly
operate in gel filtration. It has been shown that the diffusion rate of a macromolecule
is decreased in both polysaccharide gels® and polysaccharide solutions!® and that this
decrease is a function of the size of the macromolecule. Furthermore it has been
shown, both with the aid of equilibrium dialysis™ with osmometric determinations??
and with solubility studies!®!4, that polysaccharides such as hyaluronic acid and
dextran exclude a certain volume of solvent for other solute macromolecules.

THEORY

It has been demonstrated that the position at which a substance is eluted in a gel
chromatogram does not vary appreciably with the flow rate of the eluent!.4. This
indic¢ates that it is the volume available for a substance in the gel grains (total volume
of gel phase minus excluded volume), and not the decreased diffusion'rate, that deter-
mines the position of the substance in the chromatogram, for in the latter case the
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elution volume would be strongly dependent on the flow rate. In the following treat-
ment it will therefore be tacitly assumed that the volume in the gel grains available
for a particular substance will determine its position in the gel chromatogram.

The relation between the elution volume and the available volume in the gel grains

A gel bed can be regarded as consisting of two phases, one gel phase with the volume
V. and one liquid phase with the volume V,, (void volume). The resistance towards
flow of water in the gel phase is very high (compare e.g. the high flow resistance in
polyacrylamide gels'®) and therefore it can be assumed that all water flow takes place
in the liquid phase (see Fig. 1).

GEL LIGUID GEL

Fig. 1. Schematic diagram showing the most important mechanisms operating when a solute
(dotted area) moves along a bed of gel grains. The diffusion of the solute (horizontal arrows)
distributes it between the liquid phase (void volume) and the available volume in the gel phase.
The flow of the liquid phase (vertical arrow) transports that fraction of the solute that at each
moment is outside the gel grains. The lower density of solute in the gel phase indicates that only
part of the gel phase is available for the solute. A. The ideal case of diffusion equilibrium between
the gel and the liquid phases. B. The non-ideal condition, when the solute zone in the liquid phase
moves ahead of that in the gel phase.

In the ideal case, a substance introduced in the system will equilibrate instantly
between the liquid phase and the gel phase (Fig. TA). Only a certain fraction, Kgq,
of the gel phase is, however, available for the substance, which means that the total
available volume in the gel grains is K4, X V. If a solute is introduced on the top of
the gel bed and if the gel completely excludes this solute, it will be eluted after a
volume, V,, which is equal to the void volume. If, however, a volume in the gel phase
is available for the solute, only that part that is in the liquid phase at each moment
will move down the bed. The average speed of all solute molecules will be equal to the
flow rate times that fraction of the molecules that in each instance is present in the
liquid phase. In the ideal case, in which an instant equilibrium between the gel phase

J. Chromatog., 14 (1964) 317-330



A THEORY OF GEL FILTRATION 319

and the liquid phase is assumed, the fraction of solute molecules that moves at each

moment will be:

Ve (1)

The elution volume of the substance will therefore be (V, 4+ Kay X V3)/V, times
larger than that of a substance that is completely excluded from the gel phase. The
equation for the elution volume of the substance will thus be:

Ve="Vo+ Kap X Vs (2)

If the total volume of the gel bed, V; (V; =V, + V), is introduced, eqn. (2) can be
rearranged to:
Ve—Vo Ve—"Vo

Kgy = —
* Ve Ve— Vo (3)

According to eqn. (3), it is possible to calculate K gy (7.¢., the fraction of the volume
of the gel that is available for the substance) from the elution volume of the sub-
stance, the total volume of the gel bed and the void volume.

Influence on the gel filtration process of flow rate and the vate with which equilibrium
between liquid phase and gel phase is atlained

In the preceding section, it was assumed that equilibrium between liquid and gel
will take place instantly. This is an ideal condition, which cannot be attained in
practice. A study of the influence that a finite diffusion rate of the solute into the gel
may have on the resolution in gel filtration is at present in progress in our laboratories
and no quantitative presentation will be given here. Only a short qualitative de-
scription will follow (Fig. 1B).

The rate at which diffusion equilibrium is reached is governed by the size of the
gel grains and the diffusion rate of the solute in the gel. The latter is a complicated
function of the free diffusion rate, the molecular size of the solute and the concentra-
tion and structure of the gel substance? 0.

When a solute passes through the gel bed with a finite flow rate, the diffusion
between the liquid phase and the gel phase in front of the solute zone will not be
sufficiently rapid to lead to an equilibrium. The result is a higher concentration in the
liquid phase than in the available gel space. On the other hand, in the rear part of
the solute zone, the concentration in the available space in the gel phase will be
higher than in the liquid phase. The result can be regarded as if the solute zone in the
liquid phase moves ahead of the solute zone in the gel phase. The effect will be more
pronounced the higher the flow rate and give rise to a broadening and asymmetry of
ithe solute band. The elution volume will, however, change relatively little, as will be
'shown in a subsequent paper.

Diffusion along the gel bed

If diffusion takes place along the gel bed, this will cause further dilution of the solute
and broadening of the band, but the elution volume will not change.
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Calculation of the available volume in a polymer network

In order to calculate the available volume in a gel, it is necessary to design a physical
model of the gel network. The simplest model will be obtained by assuming that the
dextran chains are straight rigid rods, which are infinitely long and distributed at
random in the gel. OGsTON'® has calculated the available volume for spherical par-
ticles in such a system. He arrives at the following formula:

Ky = exp [—raLl(vs + 7,)%] (4)

where L is the concentration of rods in the solution, expressed as cm rod per cm3, 7,
is the radius of the spherical particles and 7, the radius of the rod.

This picture will of necessity be an approximation. The dextran molecule is
branched, there are cross-linkages and a certain degree of rotation can take place at
the glucosidic bonds. Also micro-heterogeneities may occur in the gel. It is, however,
reasonable to make the assumption that these deviations from a linear straight
polyglucose chain will essentially lead to a shortening and thickening of the chain.
The molecule is still considered to have a rigid rodlike character.

The theory can then be summarized as follows: the volume available for a sub-
stance in the gel determines its position in the elution diagram; this volume can be
calculated from the assumed physical model of the gel structure.

) EXPERIMENTAL

Materials

Human fibrinogen, about 95 % coagulable, was kindly supplied by AB Kabi, Stock-
holm. Ribonuclease from bovine pancreas, crystallized five times (lot No. 32143),
and cytochrome ¢ from equine heart (assay 71 %, lot No. 32117) were obtained from
California Corporation for Biochemical Research, Los Angeles, Calif. Horse myoglo-
bin I was kindly supplied by Dr. A. EHRENBERG, Stockholm and violet dextran
(molecular weight ~ 2-10%) by AB Pharmacia, Uppsala.

Methods

Gel filtration was performed as described in detail elsewherel?. All experiments were
made on Sephadex G-200 with a water regain of 19.9 g/g gel, dry mesh 200270 (U.S.
sieve series). The columns had a diameter of 4.2 cm and lengths of 70.5 or 71.7 cm.
The samples were applied in 14 ml volume. As buffer, 0.1 M Tris-HCI, pH 8.0 was
used, containing 0.5 M sodium chloride and 0.02 % sodium azide. The transmission
at 254 my was continuously registered in a Uvicord absorptiometer (LKB-Produk-
ter, Stockholm). The substances were also determined in the collected fractions by
spectrophotometry at their absorption maxima, and in the case of fibrinogen also
as coagulable protein.

Results

The results are presented in Fig. z. The ratio between elution volume and total
volume is plotted on the abscissa. It can be assumed that the elution volume of violet
dextran is equal to the void volume of the bed.
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Fig. 2. Gel filtration of four proteins and violet dextran on Sephadex G-z00.

COMPARISON BETWEEN THEORY AND EXPERIMENTS

The data presented above as well as data on the following substances taken from
the literature have been used to test the hypothesis: oligosaccharides from cellulose!8
and dextran fractions!® chromatographed on Sephadex G-25; dextran fractions!®
chromatographed on Sephadex G-50; dextran fractions!® and proteins®*-*! chromato-
graphed on Sephadex G-75; proteins?®»? chromatographed on Sephadex G-100;
and proteins!”:21,22 chromatographed on Sephadex G-zoo.

Calculation of Kav

FLODIN AND ASPBERG' and GRANATH AND FLODIN' have published data on void
volumes, total volumes and elution volumes obtained in their experiments. These
data were used to calculated Kgp according to eqn. (3). It should be pointed out that
Ky is not the same as Kg listed by GRANATH aND FLODIN, since Kgq includes a cor-
rection term for the volume occupied by the dextran chains in the gel. Only those
dextran fractions, collected by GRANATH AND FrLopiN, that contained at least half as
much material as the largest fraction, have been used for the calculations.
ANDREWS2? has listed his data as migration rates of the substances on the gel
columns divided by the migration rate of serum albumin. The elution volumes of
albumin were taken from Fig. 1 in ANDREWS’ paper. The total volume of each column
was 226 ml and the elution volume of India ink and thyroglobulin has been assumed
to be equal to the void volume. The elution volumes of four enzymes were estimated
from .data in Table IV and Fig. 1 in ANDREWS’ paper. Kgq, has been calculated from
these. data. DETERMANN AND GELOTTEZ' present their data as Kg values. These
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TABLE

I

ESTIMATED MOLECULAR RADII AND Kav VALUES ON SEPHADEX G—25 FOR DEGRADATION PRODUCTS
FROM CELLULOSE

Estimated

Substance 75 X 108 Kap
Glucose 3.9 0.58
Cellobiose 5.1 0.52
Cellotriose 6.2 0.47
Cellotetraose 7.2 0.42
Cellopentaose 8.1 0.37
Cellohexaose 8.9 0.34

values, using 0.61 as the value of the partial specific volume of dextran®, have been
recalculated to Kgp. Only those proteins for which reliable Day,,, values were found

have been listed.

The data of KiLLANDER'-22 and those presented above are expressed as ratios
between elution volume and total volume. They have been converted to Kgy using
the elution volume of violet dextran or of human macroglobulins as the void volume
The K gy values are listed in Tables I, IT and I11.

TABLE III
ESTIMATED MOLECULAR RADII AND K4, VALUES FOR DEXTRAN FRACTIONS OF DIFFERENT MOLECULAR
WEIGHT
My, Estimated 7y X 10° Kyy
Sephadex G-25
1,230 9.5 0.34
1,320 9.9 0.29
1,610 11.0 0.24
2,240 12.9 0.19
2,630 14.0 0.14
3,570 16.2 0.09
4,550 18.2 0.04
Sephadex G-50
1,250 9.6 0.55
1,450 10.3 0.51
1,760 I1.3 0.44
2,000 12.1 0.39
2,280 12.9 0.35
2,880 14.5 0.30
2,880 14.5 0.27
3,690 16.5 0.21
Sephadex G-75
1,350 10.0 0.71
1,790 i1.5 0.63
2,270 12.9 0.55
2,690 14.1 0.50
3,180 15.3 0.45
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324 T. C. LAURENT, J. KILLANDER

Calculation of moleculay vadius (rs)

The radius of the equivalent sphere was calculated from the diffusion constant, using
StoKE’s formula®, to obtain a general measure of the molecular size of each sub-
stance.

Proteins. The diffusion constants (Dgg,q) of the various proteins have been taken
from the literature and are listed in Table I together with the calculated values of the
radii. For some proteins, Dagq,,, has been calculated from known molecular weights,
Sa.w and partial specific volumes using SVEDBERG’s equation?®. For a few proteins
more than one value has been listed.

Carbohydyates. The diffusion constants for three monosaccharides, a disaccharide
and a trisaccharide have been listed by LoNnGswWORTH?. GRANATH?® has measured the
diffusion constant of various dextran fractions (B512-Ph Dextran) with known num-
ber-average molecular weights. When the square root of the molecular weight was
plotted wversus the diffusion constant for these two sets of data, a linear relationship
was obtained. This has been used for estimating the diffusion constants of the various
cellulose and dextran fractions and their molecular radii (Tables IT and III).

The radius of the dextran chain (r,)

The radius of a straight polysaccharide chain is in the order of 2-3- 107 cm. However,
the dextran in the gel is branched and flexible. The actual chain must therefore be
assumed to be considerably thicker. A value for the radius of 7-10-% cm has been
used throughout, because good agreement was then obtained between =zL#® and the
volume occupied by the dextran in the gel. For the estimation of L, see below.

Plotting of the data

The Ky, values calculated from the data determined by ANDREWS on Sephadex G-75
and G-1oo, and by KiLLANDER and the present authors on Sephadex G-200 are
plotted in Figs. 3 and 4 versus the molecular radius. The curves are drawn according
to eqn. (4), with a value for # of 7-10-8 cm. The value of L was chosen for closest
fit to the experimental values and is for G-75, 4.6-10'2; for G-100, 2.9-10'2; and for
G-200, 1.6-10'2. The experimental values are in general close to the theoretical
curves and the deviation can in most cases be explained by uncertainties in diffusion
data and Kgy values. The most notable discrepancies are shown by the alkaline phos-
phatases when chromatographed on G-100. They fall far below the theorefical curve.
7-S y-globulin seems to fall above the line and so does ceruloplasmin. Sucrose and
ovalbumin also deviate.

The points at 75 equal to zero are obtained by calculating the volume occupied
by the dextran chains and subtracting this from the total volume of gel grains. The
volume of dextran is calculated from its concentration and partial specific volume??,
0.61.

The data given by DETERMANN AND GELOTTE are generally in agreement with
the data presented in Figs. 3 and 4 (See Table I). There is, however, a larger scattering
of their points, probably due to the fact that they have been obtained in two labora-
tories under different experimental conditions.

Fig. 5 shows the same kind of plot with the cellulose and dextran oligosaccharides
chromatographed on Sephadex G-25, G-50 and G-75. The values of L chosen for
the theoretical curves are 14.0-10'%, 8.2-10%% and 4.8-10'? respectively. The experi-
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- Fig. 3. Kg4y values calculated from the experimental data of ANDREWS plotted versus the radii of

the equivalent spheres. The lines are drawn according to eqn. (4) using the values 2.9- 1012 (I) and

4.6- 102 (II) for L. Points on the ordinate indicate calculated total volume of solvent in the gel
grains.

o]
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Fig. 4. K4y values calculated from the experimental data of KILLANDER and the present authors

obtained on Sephadex G-2o00 plotted as in Fig. 3. A value of 1.6- 1012 for L is used. Open circles

show experiments with a gel with water regain 19.9; filled circles represent experiments on gels
with water regain 18.5-19.3.
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Fig. 5. The K,y values for degradation products from cellulose (O) and dextran (@) plotted as in
Figs. 3 and 4. Lines are drawn according to eqn. (4) using the values 4.8-10'2 (I}; 8.2- 1012 (II);
and 14.0- 102 (III) for L.

mental points fall somewhat above the lines for the small dextran molecules and below
the lines for the larger.

Relation between L and the polymer concentration

The polymer concentration of the gels can be calculated from the water regain values
(Wr) of the gels, using 0.61 for the partial specific volume of dextran?. The W, value is
equal to the number of ml of water held in the gel grains per gram of dextran. The
values are, however, relatively uncertain due to difficulties in the determinations.
The dextran concentrations can only be regarded as known within approximately
10 %.

The W, values of the gels used by ANDREWS were 7.9 and 9.7, respectively
(communication from AB Pharmacia) and those used by the present authors 19.9
and 18.5-19.3 respectively. The values obtained on the gel with W, = 19.9, were used
for fitting the curve in Fig. 4. FLODIN AND ASPBERG do not state the W, of their gels.
It is assumed to be the same as for the Sephadex G-25 used by GRANATH aAND FropIN.
The latter authors used gels with W, values of 2.3, 4.3 and 8.7 respectively.

Fig. 6 shows the relationship between L and the dextran concentration. An

almost linear relationship is obtained in agreement with the hypothesis leading to
eqn. (4). -
From Fig. 6 it was found that in a dextran gel with the concentration 0.1 g/ml,
L has a value of 4-10'%2 cm/cm?. If it is assumed that the length of a monosaccharide
is 5-107% c¢m, the total length of the dextran chains in 0.1 g of dextran was calculated
to be 18.6-10'% cm or approximately 4 to 5 times more than the experimental value.
This ratio can be taken as an estimate of how much the dextran chain has been short-
ened by branching, flexibility in glucosidic linkages etc.
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Fig. 6. The values of L used in Figs. 3, 4 and 5 plotted versus the concentration of dextran in the
gel grains. Horizontal lines indicate + 109, error in the calculated concentrations.

DISCUSSION

The present work was initiated in order to give a theoretical explanation of the well
known observation that molecules of various sizes can be separated by chromatog-
raphy on a bed of gel grains. It has been pointed out by some of the earlier authors
that this effect may be due to an exclusion from the grains®—8. So far only PORATH? has
tried to deduce a theoretical formula for the exclusion on the assumption that the
free spaces in the gel grains are conical. He has tested his model using the dextran
fractions obtained by gel filtration by GRANATH AND FLODIN'®. PORATH gives an
equation, which theoretically should only be valid for randomly coiled macromole-
cules and not for globular proteins. Unfortunately the test does not seem to be very
sensitive, and DETERMANN AND GELOTTEZ and ANDREWS?® show that proteins give
as good a fit as dextran fractions.

In the theory presented here, it is assumed that the gel network can be approxi-
mately treated as a three-dimensional network of randomly distributed straight
fibers. The experiments using substances of a large range of molecular size and using a
number of gels differing in polymer concentration show that if this model is used, most
of the gel filtration data can be satisfactorily explained on the basis of an exclusion of
molecules from part of the gel.

In some cases, however, there is a deviation from the expected values. Most
deviations can be explained by the uncertainty in diffusion data and the approxi-
mation involved in calculating an equivalent radius from these data. A good example
of the uncertainty in the values of the diffusion constants is given by ceruloplasmin,
where available values in the literature disagree by as much as 20 %. The diffusion
constant of 7-S y-globulin is also probably too low, since all 7-S y-globulins studied by
diffusion probably contained higher molecular weight aggregates?. This could explain
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the deviation of y-globulin to the right from the theoretical line in Fig. 4. The error in
the determination of Ky is less than in that of the radius. Repeated determinations??
on the same gel batch gave values varying only within 4 0.01.

In some instances, notably the alkaline phosphatases, the deviation is too large
to be explained by errors in measurements. In this case, it can be explained by a type
of aggregation of the protein, as the points fall below the theoretical line in Fig. 3.
If any points should fall above the line, one has to assume a disaggregation or an
adsorption of the substance to the gel matrix. Some results obtained by ANDREWS2?
are pertinent as examples of the latter. He showed that hemoglobin and f-lacto-
globulin had elution volumes that were dependent on concentration and this was
interpreted as indicative of a disaggregation. On the other hand this was not observed
by KiLLANDERY with hemoglobin in gel filtration or ultracentrifugal studies, and
DETERMANN AND GELOTTE? did not report similar effects.

In a recently published report WHITAKER*® gives data obtained by gel filtration
on Sephadex G-75 and G-100. Uncertainties in reported volume have, however,
made it difficult to calculate accurate K,y values. Rough calculations show, however,
that most of his data correspond to those of earlier authors and agree closely with the
theoretical curves of Fig. 3. This is also the case for hemoglobin and ovomucoid, two
proteins which according to WHITAKER behaved anomalously on the columns.

The dextran fractions deviate from the theoretical functions, as can be seen in
Fig. 5. This is, however, to be expected. GRANATH AND FLODIN'® chromatographed a
polydisperse dextran sample on dextran gels. They determined the molecular weights
of fractions recovered at certain elution volumes. These fractions are, however,
also polydisperse. A fraction eluted before the maximum of the peak is contaminated
to a greater degree with low molecular weight than high molecular weight material.
Conversely, a fraction which is eluted after the maximum contains proportionately
more high molecular weight contaminating material. The radii calculated from the
molecular weight values should therefore deviate in a way similar to what is the case
in Fig. 5 from that of a monodisperse sample eluted at the same volume. This is also
the reason why only the main fractions obtained by GRaNATH AND FLODIN have been
used for the calculations.

The observation that the exclusion effect determines the position in the gel chro-
matogram where a solute is eluted, opens up the possibility of treating the dynamics
of gel filtration. In a subsequent contribution, we intend to show how a solute zone
changes during the chromatographic process if the initial zone width, the flow rate
and the rate at which the solute attains equilibrium between the liquid phase and
the gel phase are known.

An important observation was made during this study. LAURENT!3, 14 studied the
solubilities of various proteins in the presence of dextran solutions. From the decrease
in solubility the volume available for, e.g., serum albumin, y-globulin, cyanomethemo-
globin and fibrinogen was determined. The values obtained in 4.9 % and 9.7 % (ex-
trapolated) dextran of a mol. wt. of 5-10° are shown in Table IV. The K,, values
from chromatography on Sephadex G-200 and G-100, which contain these concen-
trations of polymer in the gel grains, are also given in this table. In the case of gel
filtration, the value of oxyhemoglobin is given instead of that of cyanomethemo-
globin. Taking into account the experimental errors in the various determinations,
there is good agreement between the available volumes in solution and in the gel,
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TABLE IV

COMPARISON BETW.EN AVAILABLE VOLUMES OF FOUR PROTEINS IN DEXTRAN SOLUTIONS AND
DEXTRAN GELS

Available volume in

Protein 4.9 % dextran 9.7 % dextran
solution gel solution gel
Cyanomethemoglobin C 42 —_— 0.25 —
Oxyhemoglobin — 0.49 — 0.28
Serum albumin 0.4 0.41 0.19 0.19
y-Globulin o.2¢ 0.21 — —
Fibrinogen I 0.02 — —

with the exception of fibrinogen. In the latter case it should be noted that the mole-
cular weight of the soluble dextran and the fibrinogen are of the same order and that
the error in the determination of very low Ky, values is larger than for higher values.

The results indicate that the cross-linking does not essentially change the ex-
clusion properties of a certain concentration of dextran, at least not for moderately
large proteins.

"It is very probable that the unequal partition of macromolecules between two
polymer phases, which has been demonstrated by ALBERTSSONY” can partly be ex-
plained in terms of unequal exclusion properties of the two phases.
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SUMMARY

The separation by gel filtration of molecules varying in size is explained as a steric
exclusion of solutes from the gel phase.

The volume available for a solute in the gel phase can be determined from the
elution volume, the void volume and the total volume of the gel column. It has been
calculated for a number of proteins and dextran fractions and for various dextran
gels from data given in the literature as well as from some new data. The values were
used to test the hypothesis that the exclusion takes place from a three-dimensional
random network of straight polymer fibers distributed in the gel. The experimental
data were found to verify the hypothesis.

The experimentally determined available volumes in the gel phase for three
proteins are approximately the same as the available volumes in dextran solutions,
having the same polymer concentrations as the gels. Therefore there seems to be no
essenfial difference between the exclusion phenomenon in a polymer gel and in a
polymer solution.
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BEITRAG ZUR GASCHROMATOGRAPHISCHEN ANALYSE DES
LAVENDELOLS

J. KOLSEK unp M. MATICIC
Chemisches Institut *‘Boris Kidvi&’, Ljubljana (Jugoslawien)

(Eingegangen den 8. August 1963)

PROBLEMSTELLUNG

Lavendeldl, eines der populirsten dtherischen Ole, wird unter anderem auch in unse-
rem Lande — besonders in Dalmatien — in betrichtlicher Menge gewonnen. Bekannt-
lich hingt die Zusammensetzung dieses therischen Oles in starkem Masse von der
Abart der Pflanze, aus welcher das Ol isoliert wird, ab, wobei auch die klimatischen
Bedingungen, die Beschaffenheit des Bodens u.a. einen merklichen Einfluss ausiiben.
Das Ziel unserer Arbeit war, die Zusammensetzung unseres einheimischen Oles auf
‘gaschromatographischem Wege zu ermitteln und die Qualitit verschiedener Muster
dieses Oles untereinander als auch mit der Qualitit franzosischer Ole zu vergleichen.

Mit gaschromatographischer Ermittlung der Zusammensetzung des Lavendel-
®ls haben sich schon verschiedene Autoren befasst. Die meisten Untersuchungen
fithrten Naves und Mitarbeiter durch, die in diesem Ol verschiedene Terpene nach-
gewiesen haben, wobei sie Reoplex, Siliconfett und Squalan als stationdre Phase ver-
wendeten!~¢. STADLER und Mitarbeiter haben vor allem die im Lavandinél ent-
haltenen Ketone untersucht. Diese wurden durch Behandlung mit Girard-Reagens P
aus dem Ol isoliert und auf gaschromatographischem Wege auf polaren und unpolaren
Phasen getrennt und niher identifiziert?. Als polare Phase diente Emulphor O, als
nicht polare Phase dagegen Apiezon L. Auf Apiezon L haben dieselben Autoren
weiterhin die Terpenalkohole aus franzdsischem Lavendeldl untersucht®. Unter-
schiede in der Zusammensetzung des dtherischen Ols des echten Lavendels und des
Lavandins wurden auf gaschromatographischem Wege durch NAvEs ermittelt”. Auf
der stationdren Phase auf Silicondl-Basis identifizierte er 8 Komponenten, die in
einzelnen Olsorten in verschiedenen Konzentrationen enthalten sind. In gleicher
Weise bestimmte NAVES mittels gaschromatographischer Analyse an Squalan den
Gehalt des Borneols im Lavendelsl8. Hierbei wurde festgestellt, dass dtherisches Ol
aus echtem Lavendel kein Bornylacetat und nur geringe Mengen an Campher enthilt.
Zur gaschromatographischen Trennung von Linalool, Linalylacetat und Campher
schlug BRODERICK ein Gemisch von Quadrol und Saib vor?, dagegen wurde zu diesem
Zweck seitens anderer Autoren Polyathylenglykol als stationdre Phase verwendet!®.
Mit vergleichenden Untersuchungen verschiedener Muster des Lavandindls und
Lavendelols befasste sich ausserdem FENAROLIM.

Einer der wichtigsten Inhaltsstoffe des Lavendeldls ist Linalylacetat, das stets
von Linalool und Campher begleitet wird. Durch verschiedenen mengenmadssigen
Gehalt vor allem dieser Komponenten unterscheiden sich verschiedene Sorten des

—
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Oles, niamlich das itherische Ol des echten Lavendels, des Lavandins und das
Spikosl. Deswegen ist eine einwandfreie Trennung dieser Komponenten unter sich eine
der wichtigsten Aufgaben, vor die man bei der gaschromatographischen Unter-
suchung des Lavendeldls gestellt ist. Die Schwierigkeiten, die man bei dieser Trennung
begegnet, wurden schon durch BRODERICK® beschrieben, der zur Trennung erwihnter
Komponenten eine geeignete Phase gefunden hat. Da wir jedoch nach diesen Angaben
keine zufriedenstellende Resultate erzielen konnten, waren wir gezwungen, noch
eine weitere Anzahl stationdrer Phasen zu erproben, um eine gute Trennung von
Linalylacetat, Linalool und Campher zu erreichen. Eine stationidre Phase mit sehr
hoher Trennleistung war noch besonders erwiinscht, da wir die Trennungen mit dem
Pye-Gaschromatographen durchfithren wollten, bei welchem die Linge der Stan-
dardsdule nur etwa 120 cm betrdgt. Im ersten Teil unserer Arbeit fithrten wir dem-
nach nur Versuche durch, bei welchen wir die Wanderungsgeschwindigkeiten von
Linalylacetat, Linalool und Campher an verschiedenen Phasen ermittelten und die
Auftrennung dieser Komponenten im Gemisch studierten. Nachdem wir in Castorwax
eine hervorragende Phase fanden, die alle drei genannten Komponenten unterein-
ander vollkommen aufzutrennen vermag und ausserdem eine gute Auftrennung der
meisten {ibrigen Inhaltsstoffe des Lavendelsls herbeifiihrt, fithrten wir eine quantita-
tive Vergleichsanalyse verschiedener Muster einheimischer Lavandinéle und einiger
franzésischer Ole durch.

EXPERIMENTELLER TEIL
Apparatives

Zur Durchfithrung gaschromatographischer Analysen stand uns ein Gaschromato-
graph der Firma Pye (Cambridge, England) zur Verfiigung. Die Aufdeckung der
Substanzen erfolgt bei diesem Gaschromatographen mit Hilfe eines lonisations-
detektors nach Lovelock, wobei als Trigergas Argon verwendet wird.

Sdulen

Samtliche Trennungen wurden an Standardsiulen von etwa 120 cm effektiver Liange
und mit einem inneren Durchmesser von etwa 6 mm durchgefiihrt.

Trigersubstanz:

Zur Bereitung stationdrer Phasen fiir die Siulenfiillung diente siuregewaschenes
Embacel (May & Baker) mit einer Korngrosse von 0.15-0.25 mm (60-100 mesh).
Die Angaben iiber die Zusammensetzung der verwendeten stationiren Phasen sowie
iiber andere Arbeitsbedingungen sind aus der Tabelle I ersichtlich.

Standardsubstanzen

Die Muster von Reinsubstanzen, mit welchen die Trennleistung einzelner stationirer
Phasen studiert wurde und an Hand welcher uns die Identifizierung einiger Inhalts-
stoffe des Lavendeldls moglich war, wurden uns freundlicherweise von den Firmen
Dragoco (Holzminden/Weser) und Riedel de Haén (Hamburg) zur V. erfiigung gestellt.
Wegen der dusserst hohen Empfindlichkeit des Ionisationsdetektors nach
Lovelock war es nétig, nur sehr geringe Mengen von Lavendeldl zu dosieren. Aus
diesem Grunde haben wir das 4therische Ol jeweils in Form der Lésung auf die Sdule
aufgetragen. Als Losungsmittel verwendeten wir hierbei Tetrachlorkohlenstoff.
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TABELLE I

STATIONARE PHASEN UND ARBEITSBEDINGUNGEN

uadrol— Gthyl- -
Organische Phase ¢ Saib  *  Said Carb;z:ax Reoplex Hyprose izlg};yggl’f ;bf;;i{ll— Castorwax
(2:1) 20 400 adipat englykol
Provenienz W&Co* W &Co W &ECo W &ECo W &Co Pye W &Co W &Co
Konzentration der org. 20 20 20 20 20 20 20 15
Phase an Embacel
(Gew. %)
Siulentemperatur (°C) 110 120 110 110 100 110 110 120
Triagergas Einlassdruck 0.20 0.20 0.10 0.15 0.10 0.20 0.25 0.18
(atm.)
Empfindlichkeitsstufe 10 10 10 10 10 10 10 10
Detektorelektrodenspan- 1250 1250 1250 1250 1250 1250 1250 1250
nung (V)
Papiervorschub (cm/h) 40 40 40 40 40 40 40 40

* Wilkens & Co., U.S.A.

Unter den in Tabelle I angefithrten Arbeitsbedingungen haben wir zunidchst an
verschiedenen stationidren Phasen die Wanderungsgeschwindigkeiten von Linalyl-
acetat, Linalool und Campher bestimmt. Die Ergebnisse dieser Versuche sind aus
der Tabelle II zu entnehmen. Nachdem die Reinsubstanzen vereinzelt chromato-
graphiert wurden, liessen wir sie auch zusammen im Gemisch wandern um auf diese
Weise noch einmal die Trennleistung der Phase zu iberpriifen.

TABELLE II

RELATIVE RETENTIONSWERTE EINZELNER REINSUBSTANZEN (BEZOGEN AUF CAMPHER) AN VER-
SCHIEDENEN STATIONAREN PHASEN

(Arbeitsbedingungen, siehe Tabelle I)

R
Stationdre Phase r
Linalool Linalylacetat Campher
Quadrol-Saib 0.97 1.00 1.00
Saib 0.90 1.32 1.00
Carbowax 20 M 0.97 1.0 1.00
Reoplex 400 0.96 1.04 1.00
Hyprose 0.77 1.03 1.00
Polyithylenglykoladipat 0.88 0.99 1.00
Polypropylenglykol 1.01 1.56 1.00
Castorwax 0.81 1.19 1.00

RESULTATE

1. Stationdre Phase auf Basis von Quadrol-Saib-Gemisch

Linalool ist einer der Inhaltsstoffe verschiedener atherischer Ole. Als ungesittigter
tertigrer Alkohol ist diese Verbindung sowohl in freier Form als auch in Form seiner
Ester ziemlich unbestindig und muss deshalb vor Licht, Warme und Einfluss der
Siuren geschiitzt werden. BRODERICK® gibt an, dass die Mehrzahl der stationdren
Phasen zur Trennung von Linalool und Linalylacetat nicht geeignet ist, da sie eine
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Zersetzung dieser Substanzen wihrend der Chromatographie hervorrufen. Als eine
geeignete Phase, die eine Auftrennung des Gemisches von Linalool, Linalylacetat
und Campher ermoglicht, ohne dass hierbei eine Zersetzung der empfindlichen Kompo-
nenten eintritt, wurde von BRODERICK das Gemisch von Quadrol [Tetrakis-(z2-
hydroxypropyl)-dthylendiamin] und Saib (Sucrose-acetatisobutyrat) im Verhiltnis
2:1 vorgeschlagen. Nach Angaben des Autors ruft Saib allein ebenfalls eine Zerset-
zung von Linalylacetat und Linslool hervor. Die Zersetzung kann jedoch verhindert
werden, falls die Trégersubstanz vor der Imprignation mit Saib mit einer Lauge be-
handelt wird. Unter diesen Bedingungen sollen jedoch Linalylacetat und Campher
ohne Trennung in einem gemeinsamen Elutionsmaximum wandern. Quadrol allein
soll hingegen dieses Substanzpaar auftrennen, andererseits aber bleiben Linalylacetat
und Linalool ungetrennt. Auf Quadrol, das selbst eine Base ist, tritt keine Zersetzung
des Linalools und seiner Ester ein. Durch Kombination beider Substanzen, d.h. an
einem Quadrol-Saib-Gemisch soll also eine Auftrennung sdmtlicher drei genannter
Komponernten stattfinden.

Bei unserer Arbeit versuchten wir zunichst, laut Angaben von BRODERICK die
Trennung von Linalylacetat, Linalool und Campher auf der stationiren Phase auf
Basis von Quadrol-Saib (2:1) zu erreichen. BRODERICK fithrte die Trennung dieser
Komponenten auf einer etwa 3 m langen Séule bei einer Arbeitstemperatur von 136°
durch. Da unsere Sdule nur etwa 120 cm lang war, konnten wir die Arbeitstemperatur
auf 110° reduzieren um dadurch die Gefahr einer Zersetzung noch weiter herabzu-
setzen. Leider trat unter diesen Bedingungen keine Auftrennung der genannten
Komponenten ein, sie wanderten vielmehr in einem gemeinsamen Elutionsmaximum.
Auch durch Andern der Arbeitstemperatur konnten wir mit unserer Siule keine
Auftrennung dieses Substanzgemisches erzielen, da die Differenzen der Wanderungs-
geschwindigkeiten einzelner Komponenten zu gering sind.

2. Stattondgre Phase auf Basis von Saib

Im Gegensatz zu den Feststellung von BRODERICK konnten wir an Saib allein eine
relativ gute Auftrennung eines Gemisches von Linalool, Linalylacetat und Campher
erreichen. Da jedoch die Elutionsmaxima einzelner Komponenten asymmetrisch
geformt sind (Fig. 1), ist auch Saib als stationire Phase zu diesem Zweck wenig
brauchbar. An Saib wird Linalylacetat zuletzt eluiert, da Saib eine selektive statio-
nire Phase darstellt, auf welcher Ester gegeniiber den Alkoholen stirker zuriickge-
halten werden. '

1 3
\
10 20 30 40 50 60 ZEIT [min]
Fig. 1. Gaschromatogramm eines Gemisches von Linalool (1), Campher (2) und Linalylacetat (3}
an Saib.
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3. Stationdre Phase auf Basts von Carbowax 20M

Carbowax 20 M wurde schon 6fters als stationdre Phase bei gaschromatographischen
Untersuchungen der dtherischen Ole verwendet. Die Elutionsmaxima von Linalool,
Linalylacetat und Campher sind an Carbowax 20 M praktisch véllig symmetrisch,
die Differenzen der Wanderungsgeschwindigkeiten dieser Komponenten sind jedoch
zu klein, um eine Auftrennung des Gemisches zu erreichen.

4. Stationdre Phase auf Basis von Reoplex 400

Ebenso wie auf Carbowax 20 M wanderte das Linalool-Linalylacetat-Campher-
Gemisch auch auf Reoplex 400 ohne Auftrennung. Die Differenzen der Wanderungs-
geschwindigkeiten einzelner Komponenten des Gemisches sind zwar auf dieser Phase
etwas grosser als bei Carbowax 20 M, jedoch immer noch zu gering um auf einer
120 cm-Siule eine Trennung herbeizufithren.

5. Stationdre Phase auf Basis von Hyprose

Hyprose [Oktakis-(2-hydroxypropyl)-sucrose] wurde von CARTONI UND LIBERTI!? als
selektive Phase erkannt, da sie Alkohole gegeniiber Aldehyden und Estern stirker zu-
riickhdlt. Aus diesem Grunde haben wir versucht, ob wir an dieser Phase die ge-
wiinschte Trennung von Linalool, Linalylacetat und Campher erzielen kénnten.
Aus den in Tabelle 1T angegebenen Wanderungsgeschwindigkeiten einzelner Kompo-
nenten konnte schon der Beschluss erbracht werden, dass aus dem Gemisch dreier
Komponenten Linalylacetat klar abgetrennt wird, Linalool und Campher dagegen
ohne Trennung im gemeinsamen Elutionsmaximum wandern.

6. Stationdre Phase auf Basis von Polydthylenglykoladipat

Auf dieser stationdren Phase konnten wir ebenfalls nur eine Komponente des Ge-
misches abtrennen. Im Gegensatz zu Hyprose wanderte hier Linalool voran, dagegen
blieben Linalylacetat und Campher wegen zu geringer Differenz threr Wanderungsge-
schwindigkeiten ungetrennt.

7. Stationdre Phase auf Basis von Polypropylenglykol

Die Trennleistung von Polypropylenglykol ist sehr dhnlich derjenigen von Hyprose,
da an diesen beiden Phasen nur die Abtrennung von Linalylacetat aus dem Linalool-
Linalylacetat—Campher-Gemisch erzielt wird. Der Unterschied besteht lediglich
darin, dass an Hyprose Linalylacetat vor Linalool und Campher eluiert wird, an
Polypropylenglykol wandern dagegen Linalool und Campher vor Linalylacetat.

8. Stationdre Phase auf Basis von Castorwax

An allen bisher erwdhnten stationdren Phasen konnten wir im besten Falle die Ab-
trennung nur einer einzigen Komponente des Linalool-Linalylacetat-Campher-
Gemisches erzielen. Wie schon anfangs erwdhnt, konnten wir hingegen eine voll-
kommen einwandfreie Auftrennung dieses Gemisches in alle drei Komponenten an
Castorwax erreichen. Castorwax ist ein durch Hydrierung von Rizinus6l gewonnenes
Produkt und stellt chemisch Glyzerin-tri-12-hydroxystearat dar. Castorwax ist als
stationdre Phase fiir die Gaschromatographie vor allem aus dem Grunde geeignet, da.
es Arbeitstemperaturen bis zu 200° vertrdgt. Diese Phase wurde erfolgreich zur gas-
chromatographischen Untersuchung der Aromastoffe der Vanille herangezogen's.

J. Chromatog., 14 (1964) 331-330
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Da verschiedene Komponenten aus itherischen Olen an Castorwax relativ hohe
Retentionszeiten aufweisen, wiahlten wir beim Bereiten der Sdulenfiillong eine nie-
drigere Konzentration (15%) der organischen Substanz an Embacel. Dadurch
konnten wir die Arbeitstemperatur der Saule auf 120° senken ohne die Analysen-
dauer unnétigerweise zu verlingern. Die unter diesen Arbeitsbedingungen verzeich-
neten Riickhaltezeiten von Linalool, Linalylacetat und Campher sind in Tabelle 11
angefiithrt, die Auftrennung des Gemisches dieser Komponenten zeigt Fig. 2.

s - ;

10 20 30 40 50 ZEIT [min]

Fig. 2. Gaschromatogramm eines Gemisches von Linalool (1), Campkher (2) und Linalylacetat (3)
an Castorwax.

Die Elutionsmaxima sind an Castorwax praktisch vollig symmetrisch, eine
Zersetzung trat weder bei Linalool, noch bei Linalylacetat ein. Die grosse Differenz
der Wanderungsgeschwindigkeiten einzelner Komponenten erméglicht eine einwand-
freie Trennung auch an relativ kurzen Sdulen.

Da demnach Castorwax eine hervorragende Phase zur Trennung des Gemisches
von Linalool, Linalylacetat und Campher darstellt, haben wir seine Trennleistung
noch gegeniiber dem Lavendel6l ausprobiert. Auch hier stellten wir fest, dass von
allen oben genannten stationiren Phasen Castorwax die beste Auftrennung ermég-
licht und die grésste Anzahl der Maxima liefert. Aus diesem Grunde verwendeten
wir Castorwax auch zur Durchfithrung von Vergleichsanalysen, die die Qualitit
einiger Muster unserer einheimischen Lavendel- bzw. Lavandindle zeigen sollten. Die
Ergebnisse dieser Analysen sind in Tabelle ITI enthalten. Die nicht niher identi-
fizierten Komponenten der Ole sind mit laufenden Buchstaben gekennzeichnet. In
der Berechnung der Zusammensetzung der Ole wurden die Flichenprozente aus den
Chromatogrammen einfach den Gewichtsprozenten der Komponenten gleichgesetzt.
Um simtliche Inhaltsstoffe der Ole erfassen zu konnen, fithrten wir die Aufirennung
einmal bei kleinerer und das andere Mal bei griosserer Durchflussgeschwindigkeit des
Trigergases (Einlassdruck 0.35 bzw. 0.17 atm.) durch. Ein typisches Gaschromato-
gramm des Lavendeldls zeigt Fig. 3.

Die Resultate dieser Analysen zeigen, dass die merklichsten Unterschiede in der
Zusammensetzung des Lavandin- und Lavendelsls im Linalylacetatgehalt zu finden
sind. Der Linalylacetatgehalt der untersuchten Muster der Lavendel6le schwankt
zwischen 29.6 und 31.6%, bel Lavandindlen liegt er dagegen bei 3.7-7.2%. Ein
weiterer Unterschied zeigt sich im Cineolgehalt. Lavandinéle enthalten in der Regel
mehr Cineol (Eukalyptol) als Lavendeléle. In den untersuchten Mustern der Lavan-
dinéle betrug der Cineolgehalt 5.5-9.2 %, bei echtem Lavendelél war er nur gering
(0.5-1.3 %). Schon Naves stellte fest, dass sich Lavendeldl auch nach dem Gehalt
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von Bornylacetat und Campher vom Lavandingl unterscheidet’. Beziiglich des
Camphergehalts konnten wir diese Regel nicht génzlich bestitigen, da der Campherge-
halt in den intersuchten Olen sehr verschiedentlich wechselte. Eine bessere Bestiti-
gung konnten wir hinsichtlich der Fraktion, die Borneol, Bornylacetat und Isobornyl-
acetat enthilt, erbringen. Bei Lavandinélen wechselt die Summe dieser Komponenten
im Bereich von 7.0 bis 11.2% und steigt beim Muster Nr. 8 sogar auf 19.9% an.-

INALYCACETAT

\V\/U\/\J\_/\_/u

10 20 30 40 50 60 70 80 90 100 10 120 ZEIT [min]

Fig. 3. Chromatogramm des Lavendeldls an Castorwax.

In den #therischen Olen des echten Lavendels ist die Konzentration dieser Inhalts-
stoffe bedeutend geringer (1.2-1.7 %). Die durchgefithrten Analysen zeigen weiterhin,
dass sich der Gehalt einzelner Komponenten nicht sprungweise indert, sondern dass
es in der Zusammensetzung der Lavandin- und der Lavendelble oft einen verwischten
Ubergang gibt, der die festgestellten Regelmaissigkeiten zum Verschwinden bringen
kann. Wird der Inhalt dieser Stoffe jedoch nicht fiir einzelne Substanzen, sondern
komplex betrachtet, so behilt die festgestellte Regelmissigkeit nach wie vor ihre
Giiltigkeit.
DANK

Fiir die freundliche Uberlassung der Muster von Reinsubstanzen, die uns die Identi-
fikation verschiedener Komponenten aus dtherischen Olen erméglichten, sind wir der
Leitung der Firma Dragoco und Riedel-De-Haén zu aufrichtigem Dank verpflichtet.
Ebenfalls wollen wir fiic die Uberlassung der Muster von untersuchten #therischen
Olen der Firma Etol (Celje/Jugoslawien) unseren Dank aussprechen.

ZUSAMMENFASSUNG

Die Zusammensetzung verschiedener Muster jugoslawischer als auch einiger franzo-
sischer Lavendel- bzw. Lavandinéle wurde auf gaschromatographischem Wege
bestimmt, wobei in erster Linie die Auftrennungsméglichkeit fiir Linalool, Linalyl-
acetat und Campher auf verschiedenen Phasen studiert wurde. Hierbei erwies sich
Castorwax als eine ausgezeichnete stationire Phase, die nicht nur das Linalool-
Linalylacetat-Campher-Gemisch, sondern auch die meisten iibrigen Komponenten
der Lavendeldle einwandfrei aufzutrennen vermag und somit eine gute Beurteilung
der Qualitit dieser Ole erméglicht.

SUMMARY

The composition of several samples of Jugoslavian as well as French lavender and
lavandin oils was determined by gas chromatography. In the first place the separation
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of linalool, linalyl acetate and camphor on various phases was studied. Castor wax
proved to be an excellent stationary phase, by means of which not only the mixture
linalool-linalyl acetate—camphor can be well separated, but also most of the other
components of lavender oil. A good assessment of the quality of these oils is thus

possible.
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STRUKTURANALYSE SILICIUMORGANISCHER VERBINDUNGEN
MIT HILFE DER GASCHROMATOGRAPHIE

JAROSLAV FRANC unp JOSEF DVORACEK
Forschungsinstitut filr Ovganische Synthesen,
Pardubice-Rybitvi (T 'schechoslowaketi)

(Eingegangen den 2. September 1963)

Wir waren vor die Aufgabe gestellt in den Destillationsriickstdnden aus der Herstel-
lung von Methylchlorsilanen die Natur und chemische Struktur der siliciumor-
ganischen Verbindungen zu bestimmen, die die Bestandteile der Destillationsriick-
stinde bilden. Hierbei gerieten wir des ofteren in Verlegenheit, auf welche Weise
einige an Si gebundene funktionelle Gruppen zu identifizieren, insbesondere in Jillen,
wo es darum ging verschiedene funktionelle Gruppen im gleichen Molekiil zu be-
stimmen. Die sonst so verldssliche Methode der Infrarotspektroskopie versagte hier,
da in der Mehrzahl Verbindungen zu bestimmen waren, fiir die keine verldsslichen
Vergleichssubstanzen zur Hand waren. In einzelnen Infrarotspektren zeigten sich
wohl charakteristische Banden, aber ihr Aussagewert beschrinkte sich bloss auf die
Konstatierung der Wahrscheinlichkeit des Vorhandenseins der betreffenden Atom-
gruppierung. Dazu kam noch, dass einige Bindungsarten keine charakteristischen
Frequenzen besitzen.

Schon vor einiger Zeit wurden Versuche zur Identifizierung von an Si gebundenen
funktionellen Gruppen durch Abspaltung dieser Gruppen und Bestimmung der
Spaltprodukte unternommen. So spalteten BURKHARD UND NORTON! Phenyl- oder
Alkylgruppen mit konzentrierter Schwefelsiure ab; die hierbei entstandenen aroma-
tischen oder aliphatischen Kohlenwasserstoffe wurden von ihnen massenspektro-
metrisch identifiziert. KRESK0V UND BoOrk? und Smrte?® stellen Ubersichten iiber
rein chemische Methoden der Identifizierung von an Si gebundenen Atomgruppen
zusammen. Die Gaschromatographie wurde fiir solche Bestimmungen bisher nur
von Fritz, GROBE UND KsiNsik? eingesetzt, der die Gruppe =Si—-CH,~Si= durch
Chlorierung zu ==Si-CCly-Si== umwandelt und daraus durch Hydrolyse die
Methylengruppe in Form von Methylenchlorid (CH,Cl,) herausschilt, das dann
chromatographisch bestimmt wird.

Die Mehrzahl der erwdhnten Methoden ist zeitraubend und nicht immer zuver-
lassig. Wir wandten uns aus diesem Grunde der Ausarbeitung einer raschen und zu-
verldssigen Methode der chemischen Spaltung von Si-C- oder Si~-O-C-Bindungen in
Verbindung mit der Gaschromatographie zu.

EXPERIMENTELLER TEIL

Alle Spaltungsreaktionen gehen in einem Mikroreaktor vor sich, der direkt an den
Chromatographen angeschlossen ist. Der Mikroreaktor ist in Fig. I zu sehen und
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.

S
Cy
A 3
ilz L2 _ e ——

N

13

Fig. 1. A = Mikroreaktor aus Glas; B = Messingblock; C,, C, = Gummistopsel; D = Gas-
chromatographische Kolonne; E = Hahn; F = Absorber von Aerosol Hy,SO,; G = Spritznadel;
H = Spritze; I,, I, = Heizkorper; J] = Reaktionsgemisch.

bedarf keiner weiteren Erliuterung. Durch einmaliges Offnen des Hahnes zwischen
Mikroreaktor und Chromatographen wihrend 10-15 Sekunden werden die flichtigen
Spaltprodukte in die Kolonne eingegeben. Als Chromatograph wurde das Gerédt von
Griffin & George mit Wirmeleitungsdetektor verwendet.

Alkylsilane und Alkylsiloxane

(a) Spaltung mit konzentrierter Schwefelsiure (Dichte 1.834), die mit V,0; gesittigt
ist. Temperatur im Mikroreaktor: 175°. Dauer der Spaltung: 15-20 Min.

(b) Chromatographische Bestimmung der Spaltprodukte: Kolonne 180 cm ge-
fiillt mit Silikagel (Uebeticon), 30—40°, Trigergas Stickstoff 2.9 1/Std.

Arylsilane und Arylsiloxane
(a) Spaltung wie bei Alkylsilane.
(b) Chromatographische Bestimmung der Spaltprodukte: Kolonne 180 cm ge-
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fiillt mit Rysorb 4 20 % Destillationsriickstand aus der Destillation von Methyl-
phenylsilikondl, 80°, Trigergas Stickstoff 2.g 1/Std.

Chloralkylsilane und Chloralkylsiloxane

(a) Spaltung wie bei Alkylsilane.

(b} Chromatographische Bestimmung der Spaltprodukte: Kolonne 180 cm
gefiillt mit Rysorb + 20 % Destillationsriickstand aus der Destillation von Methyl-
phenylsilikonél, 20°, Trigergas Stickstoff 2.9 1/Std.

A Zkoxysilane

(a) Spaltung mit Jodwasserstoffsdure (Dichte 1.70) bei 75°.

{(b) Chromatographische Bestimmung der Spaltprodukte: Kolonne 180 c¢cm ge-
fiillt mit Rysorb -+ 20 9% Destillationsriickstand von Methylphenylsilikondl, 40°,
Tragergas Stickstoff 2.9 1/Std.

Vinylsilane

(a) Zunichst wird Chlor addiert durch Sittigen von Chlor im Vinylsilan wihrend
60 Min. auf dem Wasserbad. Danach wird wie im Fall der Alkylsilane vorgegangen,
d.h. Spalten mit konz. Schwefelsdure bei 175°.

{b) Chromatographische Bestimmung der Spaltprodukte: Kolonne 18¢ cm
gefillt mit Rysorb + 20 % Destillationsriickstand von Methylphenylsilikonél, 20°,
Tragergas Stickstof 2.9 1/Std.

=S51-Si= und = Si—-H-Bindungen
(a) Spaltung mit 25 %-iger KOH bei H-Silanen schon in der Kilte, bei Disilanen bei
100°.

(b) Chromatographische Bestimmung der Spaltprodukte: Kolonne go cm ge-
fallt mit Aktivkohle (Supersorbon), 20°, Trigergas Stickstoff 2.9 1/Std.

In allen angefithrten Fillen betrug der Durchmesser der chromatographischen
Kolonne 5 mm und die Korngrosse der Triger der stationiren Phase 0.3-0.4 mm.

DISKUSSION DER ERGEBNISSE

Die grésste Schwierigkeit, der wir beim Aufschluss der siliciumorganischen Substanzen
gegeniiberstanden, war die schlechte Mischbarkeit der Proben mit den hydrophilen
Reagentien, die zum Aufschliessen benutzt wurden. Das zeigte sich besonders bei den
Monomeren, die bei héherer Temperatur leicht fliichtig wurden; nur die Polymeren
ergaben ohne irgendwelche Vorsichtsmassnahmen richtige Resultate. Um auch bei
Monomeren richtige Ergebnisse zu bekommen trinkten wir poréses Material (in
unserem Falle wurde als solches Rysorb verwendet, das fiir gewdhnlich als Triger-
material fiir die stationdre Phase in der Gaschromatographie dient) mit der zu unter-
suchenden Substanz und iiberschichteten sodann mit dem aufschliessenden Reagens.
Infolge der grossen Berithrungsfliche geht die Reaktion rasch unter Entwicklung
einer geniigenden Menge an Spaltprodukten vor sich.

Die Zerstérung der Si-C-Bindung wird — wie aus dem experimentellen Teil zu
ersehen ist -— in der Mehrzahl der Fille mit Schwefelsiure bewerkstelligt, mit der das
Spalten meist gut verlduft. Bei Silikonen mit mehr Chloratomen hat sich eine Zugabe
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TABELLE I

ALKYLSILANE UND ALKYLSILOXANE

+ 4+ + grosse Menge; + -+ mittlere Menge; 4 kleine Menge; +— Spuren;
—— abwesend

H, CH, C.H, co, C,H,

Relative Retentionszesten o.1r 0.20 0.56 1.00 1.95

CH,C1,SiCH,SiCl,CH, — T
CH,CI,SiSiCl,CH, T+ 4+t
(CH,) (C,H,)SiCl, +— ++ 4+
(CoH,),SiCl, - T
(CaH).SiCl, + (C4H,)SiCl, — _

| + |

|+ |

.+.
ot ++
ot
ot ++

H H
H3C—S|i—O—S|iCH3

0 (I) +4++  +++ — — —_
H3C—S|i-O—SliCH3

H H
H

Si
PN
HSCSi<S HsoC>SiCH3

Cl) CH, (l) + + + + + + - - -

H,CSi o) SiCH,

| |

CH, CH,

(CH,),SiCl, ‘ — o+t
(CyH,),SiCl, —
(CH,)(C4H,)SiCl, —
CH,SiCl, +
(CH,),CISiCH,SiCl,CH, +—
CH,C1,SiCH,CH,SiCl,CH, +—
C,H,SiCl, +—

CH, CH,

A+t |
Attt
Fb ettt
b
|
R s
R
Fhttt
|
|

i |
H,CSi—O0—SiCH,
O o E— +++ +

| |
H,CSi—0—SiCH,
|
CH, CH,
CH, CH,

i |
H,CSi—O—SiCH, — S+ +—

CH, CH,

(CH,),SiSi(CH,) L
[(CHg)4(C,H,)S1],0 +— + + + + ++ +
(CH,),CISiSiCl,CoHg + + ++ +
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von etwas V,0, zur Schwefelsdure bewéhrt; in solchen Fillen empfiehlt es sich die
Spaltung direkt auf dem pordsen Material unter Zugabe eines Tropfens Wasser aus-
zufiihren. Die Zerstérung der Si-C-Bindung verlduft so leichter.

Das Reaktionsprodukt aus der Spaltung von Alkylsilanen und Alkylsiloxanen
sind die zugehorigen Kohlenwasserstoffe, deren gaschromatographische Identifizie-
rung eine leichte Sache ist. Der hier beschriebene Gang der Identifizierung von ein-
zelnen siliciumorganischen Verbindungen aus Gemischen ist besonders in solchen
Fillen vorteilhaft anwendbar, bei denen an Si verschiedene Alkyle gebunden sind.

Die Leichtigkeit, mit der die Zerstérung der Bindung Si-C verlduft ist verschieden;
Arylsilane und Arylsiloxane spalten leichter Benzol ab, wihrenddem der zugehdorige
Paraffinkohlenwasserstoff bei Alkylsilanen schwerer abspaltbar ist. Aus Griinden der
methodischen Einheitlichkeit haben wir dort, wo angingig, die Spaltung mit konzen-
trierter Schwefelsdure beibehalten, wenn auch CHVALOVSKY UND BAZANT® beweisen,
dass die Spaltung von Arylsilanen mit 60-go % am besten verlduft. In allen Fillen
entsteht fiir unsere Zwecke immer noch genug an aromatischem Kohlenwasserstoff.

In der Seitenkette chlorsubstituierte Chloralkylsilane und Chloralkylsiloxane
spalten mit Schwefelsdure die entsprechenden Chlorparaffine ab.

In der Tabelle I sind noch weitere Eigenheiten, die bei der Abspaltung von
Alkylen auftreten zu sehen. Bei Disilanen Si-Si und bei Hydrosilanen Si~H entsteht
neben Alkyl ausserdem Wasserstoff in ansehnlicher Menge, desgleichen entsteht bei
Silikonen mit Chlor oder Athoxyl Kohlendioxyd. Interessant ist auch, dass bei der
Spaltung von (C,H;)SiCl, neben Athan auch Methan auftritt, wenn vorher nicht zur
Hydrolyse ein Tropfen Wasser zugegeben wurde.

Am Kern chlorsubstituierte Arylsilane (Tabelle IT) spalten die chlorsubstituierten
Aromaten als Ganzes ab (z.B. Chlorbenzol), aber die Reaktion geht nicht mehr so
leicht wie bei nicht substituierten Arylsilanen vonstatten. Bei Chlorbenzylderivaten
konnten wir unter den von uns gewahlten Arbeitsbedingungen iiberhaupt keines der
zugehdrigen Chlortoluole erhalten.

Im Gegensatz dazu spalten Chloralkylsilane leicht die Chloralkylgruppe, meist
in Form von Methylchlorid — auch bei héheren Chloralkylen — ab, wie aus der
Tabelle ITI zu entnehmen ist. Man kann auch noch die Stellung des Chlors im Alkyl
bestimmen (siehe z.B. CH;CHCISi(OC,H;), und CH,CICH,Si(OC,Hy),); im ersten
der beiden hier angefithrten Beispiele entsteht hauptsichlich Methylchlorid und
weniger Athylchlorid, wahrenddem im zweiten Fall es gerade umgekehrt ist. Selbst-
verstdndlich lassen sich Alkyl- und Chloralkylgruppen ohne Beschwerlichkeit neben-
einander identifizieren.

Zur Identifizierung von Alkoxygruppen (Tabelle IV) nebeneinander wandten
schon frither einige Autoren®-® gaschromatographische Methoden an, die sich auch
bei der Identifizierung von an Si gebundenen Alkoxygruppen bewihrten.

Bei vinylsubstituierten Silanen (Tabelle V) konnten wir begreiflicherweise mit
unserer Spaltungsmethode nicht den zugehérigen ungesittigten Kohlenwasserstoff
fassen; wir griffen deshalb zu einer Behelfsreaktion, nach der zunichst an die Doppel-
bindung Chlor angelagert wird. Das entstandene Chlorderivat wird sodann der
Spaltung unterworfen, bei der Alkylchlorid entsteht.

Wir versuchten auch die Identifizierung von OH-Gruppen durch Ersatz des
Wasserstoffs der OH-Gruppe mit metallischem Natrium, mussten dabei aber fest-
stellen, dass es nicht immer gelang die Apparatur vollkommen trocken zu bekommen,
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TABELLE 1I

ARYLSILANE UND ARYLSILOXANE
+ + + grosse Menge; -+ + mittlere Menge; - kleine Menge; 4 — Spuren; — abwesend

345

H, 0.

CH,

CO, X* CeH, CHCl

Relative Retentionszeiten 0.2 0.3

1.0 1.9 4.9 20.4
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4+ —
+

++
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(0] O
H5CSISi—O—-ISiCH3

(IZGH5 (!:H3
O\\Si/ CH,
H,C |

++

CsHj;

+ 4+

o+

i +++
+4+ +

++

+
+ 44+t
+ o+t

+++
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* X = unbekannt.

TABELLE III

CHLORALKYLSILANE UND CHLORALKYLSILOXANE
+ 4 4 grosse Menge; + -+ mittlere Menge; + kleine Menge; — abwesend

H,

CH,

CO, CH,CL C,HCl

Relative Retentionszeiten 0.2

0.6

1.0 347 8.65

CH,CHCISi(OC,Hy),
CICH,CH,Si(OC,Hy),
CICH,Si(OC,Hy)q
CICH,CH,CH,SiCl,(CH,),
CICH,(CH,),Si08iCl,CH,Cl
CICH,SiCI(CHy),
CICH,SiCl,

++
++

[+

A

++

_I_

o+
+
+
+

+H+H++++
o S
e S S
o S
++ ++ +

++

* Festgestelit an der Kolonne mit SiO,.
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TABELLE 1V

ALKOXYSILANE
+ + 4 grosse Menge; —— abwesend
CHyJ C.HJ
Relative Retentionszeiten 1.00 2.43

(CH,)(CH,=CH)Si(OC,H,), S
CH,Si(OC,H,), -
CICH,CH,Si(0OC,H
CIC,H,CH,Si(0C,H
CH,CHCISi(OC,H,)

)
: o
CH,~CHSi(OCH,), +++

l

|
| +4+++
| +++++
e

TABELLE V

VINYLSILANE

C,HCl

CH,=CHSi(0C,H,),
CH,=CHSiCl,

grosse Menge
grosse Menge

TABELLE VI

VERBINDUNGEN MIT = Si-Si= UND = Si—-H BINDUNGEN
+ + 4 grosse Menge

H,(20°) H,(100°)

CH,SiHCl, ++ +
CH,SiH,Cl + + 4+

CH, CH,

I |
HSi—O—SiH
| |
% O +++

| l
HSi—0O—SiH

| !

CH, CH,
(CH,)CL,SiSiCl,(CH,)
(CH),CISiSiCI{CH,)
(CH,),CISiSiCl, (C,H.)
(CoH,;),SiHC] ++ 4+
(C,H,),CISiSiCl,(C,H,)

o

+ e+
+ o+t
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sodass ein allenfalls festgestellter Gehalt an Wasserstoff kein sicheres Zeichen war
fiir die Anwesenheit der OH-Gruppe in der untersuchten Substanz.

Eine Unterscheidung zwischen Si-H- und Si-Si-Bindungen (Tabelle VI) ist
durchfithrbar, wenn man die Reaktionsgeschwindigkeit bei der Spaltung mit Lauge
verfolgt. Das kann so geschehen, dass man den Mikroreaktor mehrmals hinterein-
ander mit dem Tragergas durchspiilt. Ist Si~H zugegen, dann sinkt mit fortschreiten-
dem Durchspiilen die Menge an entbundenem Wasserstoff. Bei Si-Si-Bindungen ist
das Gegenteil der Fall. Die Spaltung von Si-Si-Bindungen verlduft in manchen
Fillen nur bei héherer Temperatur.

Abschliessend ldsst sich zusammenfassend sagen, dass man mit Hilfe der Gas-
chromatographie bequem und in kurzer Zeit alle fiir gewohnlich in Betracht kommen-
den funktionellen Atomgruppierungen bei Silikonen identifizieren kann, gegebenenfalls
auch die Bindungsverhéltnisse zwischen den Silicium- und Kohlenstoffatomen.

ZUSAMMENFASSUNG

Es wurde eine Methode zur Identifizierung funktioneller Gruppen und einiger Bin-
dungsarten von siliciumorganischen Verbindungen ausgearbeitet; die Methode be-
steht darin, dass in einem an den Gaschromatographen angeschlossenen Mikro-
reaktor die zu analysierende Verbindung reagiert und die fliichtigen Reaktions-
produkte unmittelbar in den Chromatographen iibergefithrt werden. Auf diese
Weise lassen sich Alkyl-, Chloralkyl-, Phenyl-, Chlorphenyl-, Alkoxy- und Vinyl-
gruppen sowie =Sj-Si= und =Si-H in siliciumorganischen Verbindungen rasch
nachweisen.

SUMMARY

A method has been developed for the identification of functional groups and some
types of bonding in organic silicon compounds. The compound being analysed is sub-
jected to a degradation reaction in a micro-reactor, which is connected to a gas
chromatograph, so that the volatile reaction products pass directly into the gas
chromatograph. In this way alkyl, chloroalkyl, phenyl, chlorophenyl, alkoxy and
vinyl groups, as well as =Si-Si= and =S5i-H, can be rapidly detected in organic
silicon compounds.
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MICRODETERMINATION OF DITHIOCARBAMATES BY
GAS CHROMATOGRAPHY™*

CORRADO BIGHI
Istituto Chimico dell’ Universita, Feyvara (Italy)

(Received September gth, 1963)

During previous work at this institute!, carbon disulphide liberated by the decompo-
sition of dithiocarbamic acid derivatives with hot acid was determined by gas chro-
matography, using the method of internal normalisation?.

This method involved:

(a) the use of a second component, in this case #-heptane, which however gave a
rather long retention time (28 min) under the experimental conditions employed;

{b) the weighing of volatile products;

(c) the injection of the sample into the gas chromatography apparatus by means
of a microsyringe. This is not always easy or reproducible, especially when the mate-
rials undergoing quantitative microanalysis possess high vapour pressures;

(d) the use of an experimentally determined correction factor in calculating the
concentration of the product being examined.

It is therefore particularly desirable to replace the absorption of CS, in #-
heptane by condensation of the free CS, in a trap immersed in liquid air.

Use of this direct method makes gas chromatography of the CS, evolved more
accurate and more sensitive, and at the same time overcomes the difficulties listed
above.

Elimination of the second component, and hence of any impurities it might con-
tain, is particularly desirable, especially if these impurities include the substance
to be estimateds3.

In the procedure adopted in the present work, CS, obtained from the decompo-
sition of dithiocarbamic acid derivatives by hot H,SO, was collected in a liquid air
trap, omitting the intermediate operations. The whole of this condensate was then
introduced directly into the gas chromatography apparatus. This method permits
the determination of very small quantities of CS, (considerably smaller than those
which can be with equal ease determined by other methods), according to the sensitiv-
ity of the detector and to the accuracy in measuring the areas under the recorded
peaks?.

The method described below permits the determination, in solutions of various
dithiocarbamates, of amounts of CS, as low as a few , under conditions which elimi-
nate sources of error, such as weighing and sampling by means of a microsyringe.

* Paper presented at Bologna to the Emilian Group of the Societd Chimica Italiana on July
14th, 1962.
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. . EXPERIMENTAL
Calibration curves

The first step was to construct calibration curves for pure CS,.

Owing to its extreme volatility, pure CS, could not be injected directly into the
column, since the peak would run off the scale, even if the smallest samples were used
and the apparatus was set for the lowest sensitivity.

Tt was therefore necessary to prepare a number of solutions of CS, in n-heptane,
not by weighing, but by volumetric measurement with a microsyringe. Using 0.005-
0.01 ml of these solutions, it was then possible to inject a series of known amounts of
CS, into the column and to measure the areas under the corresponding peaks.

The results used to prepare the calibration curve, corresponding to a flow rate
of the carrier gas equal to 1.5 1/h, are shown in Table I.

TABLE I

DATA USED TO PREPARE THE CALIBRATION CURVE WITH A FLOW RATE OF .5 ]/h

CS,; concentration Area under peak

(g x 107%) (cm?)
1.261 3.5
2.522 6.6
3.783 10.4
6.305 17.8

11.349 31.6
12.610 35.0
18.915 52.0
25.220 69.6
37.830 104.0
50.440 140.0

The areas, which were measured planimetrically, were obtained under the con-.
ditions shown in Table II.

The calibration curve shown in Fig. 1 is suitable for the determination of medium
and high concentrations. It cannot, however, be used for low concentrations owing
to the irregularity of the peaks obtained, which are dragged out too much by the
slowly flowing carrier gas. To obtain regular peaks with areas coinciding exactly

TABLE 1I

EXPERIMENTAL CONDITIONS

Equipment Fractovap model B (C. ERBA-MILAN)
Column 2 m length, i.d. 6 mm
Packing 30-60 mesh celite
Liquid phase 25 9%, silicone grease E-301
Thermostat chamber 85° 4 0.2
temperature
Carrier gas He, at 1.5 1/h
3.6 1/h
Bridge current 18 mA
Chart speed 1.25 cm/min
Retention times 9 min 45 sec at 1.5 l/h

4 min at 3.6 1/h
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Fig. 1. Calibration curves.

with the calibration curve, the flow rate of the carrier gas was therefore increased
from 1.5 to 3.6 1/h for low concentrations of CS,.

The new curve, which is also shown in Fig. 1, possesses a less steep slope than
the first plot and has the advantage that it can be used for all the concentrations
examined. The data used to construct it are shown in Table ITI.

The experimental conditions mentioned above remained unchanged, except that
the rate of flow of the carrier gas was increased from 1.5 to 3.6 1/h, the pressure at
the column inlet being equal to 0.27 kg/cm?. This change reduced the retention time

of carbon disulphide to 4 min.

TABLE I1II

DATA USED TO PREPARE THE CALIBRATION CURVE WITH A FLOW RATE OF 3.5 1/h

CS, concentration Area under peak

(g X 1075) (em?)
0.448 0.52
2.522 2.8
6.305 7.2

12.610 14.0

18.915 20.8

25.220 28.0

37.830 42.0

50.440 55.6

56.745 63.2

75.660 84.0

Determination of CS,

The above calibration curves were used to determine, by gas chromatography, the
CS,, produced from the decomposition of specially prepared pure sodium ethylene-

bis-dithiocarbamate with hot H,SO,.
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This compound possesses the great advantage over the dithiocarbamates of
other metals in being water soluble. Standard aqueous solutions could thus readily be
prepared, with concentrations ranging from 4 to 12 %. Solutions containing various
amounts of CS, were then prepared by diluting known volumes of these solutions
to the required concentrations.

The apparatus used to distil the samples is shown in Fig. 2 on a scale of 1:10.
The operation is carried out in a stream of helium (aspirated in directly from a
fractometer) in place of air, to avoid any possible oxidation of the products during
decomposition and distillation.

—To pump

.

Fig. 2. Apparatus for distillation of CS,.

The rate of flow of He must not be too high, and should be 1 1/h. Traps 3 and 4
contain concentrated H,SO, to retain as much as possible of the water vapour evolved
in the distillation. The cadmium acetate tube included in Clarke’s apparatusto ab-
sorb hydrogen sulphide has been omitted, since H,S has a much shorter retention
time and does not interfere at all with the detection of CS,.

The cell in which the CS, is trapped and solidified by liquid air is illustrated in
Fig. 3.

The evaporated sample is introduced into the gas chromatography apparatus
by displacing a known quantity from a calibrated container, using the same carrier
gas. To ensure that the resultant peaks are regular and significant, and therefore
easily measurable, the gaseous sample should be introduced into the adsorption
column as rapidly as possible, and without excessive dilution by the carrier gas.
The gas will thus occupy the entire cross-section of the column, but will spread over
the shortest possible portion of its length. For a column with an internal diameter of
4-8 mm, the volume of the gaseous sample should normally not exceed 5 cc. In the
present work it was found that an excessive rate of flow of the carrier gas could be
avoided under the existing experimental conditions, and the CS, could be displaced
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sufficiently rapidly (assuming evaporation from the cell at ambient temperature),
if the total internal volume of the cell was 3, or at most 4 cc.

On the other hand, the condensation cell must be at least 15-20 cm long to
ensure complete collection of the CS, during distillation.

v

Fig. 3. Trap to collect CS, in liquid air.

It is not necessary to known the exact volume of the cell nor the pressure and
temperature of the gas retained in it, since all the gaseous products liberated by
decomposition and distillation of a known quantity of the initial substance are
eventually displaced by the carrier gas and carried into the adsorption column. |

The method of carrying out the entire operation in the various stages {decompo-
sition, distillation and introduction of the condensate into the column) is as follows.
The required volume of the solution to be examined is introduced into flask 2; and
10—20 ml of 1.1 N sulphuric acid, previously heated to its boiling point, are placed in
funnel 1. The funnel is then closed with a stopper through which passes the inlet tube
for helium from the fractometer. Slight suction is then started using the pump, and
the flow is adjusted by means of a Mohr clip to the desired velocity as soon as all the
acid has passed into the flask. The solution is immediately heated to 100°, so that the
liquid begins to boil evenly as soon as possible.

After 50 min distillation, the taps of the cell containing the condensed CS, and
other possible volatile products are closed, the cell is removed from the Dewar
flask, and is immediately attached via a suitable adaptor to the manifold for the intro-
duction of the sample into the chromatographic column (Fig. 4).

It is very important that this operation should be completed fairly quickly,
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Fig. 4. The manifold for the introduction of samples.

since the stream of helium which is to carry CS, into the column must be connected
while the cell is still very cold, to avoid evaporation of any water condensed in the
cell. Introduction of water vapour into the column would give rise to a peak close
to that of the CS,, so that the latter could not be perfectly zeroed.

If, on the other hand, the temperature of the cell remains too low, the CS; may
not be completely vaporised. It is therefore advisable to allow the cell to warm up
for 2 min after its removal from the Dewar flask before the carrier gas is passed in.
About T min after connecting the carrier gas, the CS, cell is again cut off from the
analytical system, to avoid contamination of the column with evaporating water.

Disregarding the limits of sensitivity of the apparatus and of the planimetric
measurements, it can be stated with considerable confidence that the method does
not give appreciable errors.

In addition to the work with pure water-soluble sodium dithiocarbamate, the
method was also tried out on the corresponding zinc, manganese, and iron salts.
Since these are insoluble in water, very dilute aqueous suspensions of these compounds
were prepared, adding a few drops of a wetting agent (polyglycol esters) to facilitate
the dispersion process.
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In contrast to the use of the same dithiocarbamates suspended in inert diluents,
or to the use of the solid product alone, the addition of a wetting agent enabled
the control tests to be carried out on quantities of the order of a few y, by reliable
volumetric sampling, and with perfectly reproducible results.

It can be seen from Table III that with the aid of the procedure described it is
possible to determine quantities of dithiocarbamates corresponding to less than 5 y
of CS,, even if the parent compounds are rich in impurities and do not dissolve in
water. Control experiments with pure products gave, even at lower concentrations,
perfectly reproducible results which were practically identical with theoretical values.

Ethylene-bis-dithiocarbamic derivatives tend to give side-reactions which
effectively reduce the quantity of CS, evolved by the production of other sulphur
compounds, such as ethylenethiourea and H,S. To avoid this source of error it is im-
perative to carry out the distillation at 100° throughout.

Having eliminated interference directly associated with the final processes of
evaluation of CS,, the conversion to CS, of even extremely small amounts of organic
dithionic compounds, irrespective of their composition and nature (provided they

ZS
contain the —C-S- group which can be converted to C<g), can be controlled by
controlling the conditions under which the starting materials are decomposed.

SUMMARY

Carbon disulphide obtained from the acid decomposition of pure and commercial
dithiocarbamates and bis-dithiocarbamates was entrained in a stream of helium and
condensed in a trap immersed in liquid air.

The entire condensate was then analysed by removing the trap from the liquid
air and connecting it directly to an appliance for introducing gaseous substances into a
gas chromatographic column.

The experimental procedures for preparing the calibration curves and for the
determination of the compounds in question are reported, and advantages of the
proposed method are described. One of these advantages is that, besides eliminating
any risk of interference which may be encountered in other methods, this technique
enables amounts down to a few vy of carbon disulphide to be determined.

With the aid of the method described it is therefore possible to determine quan-
titatively trace amounts of dithiocarbamates, or of any compounds which can liberate
carbon disulphide.
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PHOTOIONIZATION DETECTOR FOR GAS CHROMATOGRAPHY
I. DETECTION OF INORGANIC GASES

MIKIYA YAMANE
Hitachi Central Research Laboratory Kokubunji,
Tokyo (Japan)
(Received October 8th, 1963)

Two previous papers’? described properties of the argon ionization detector, in
which the radioactive source is replaced by a gaseous discharge in the vicinity of the
sensing electrodes. It was shown that the detector was based on the same reactions as
those of LovELOCK's argon ionization detector®, except that primary electrons were
supplied from the discharge.

There has been, however, added interest in this type of device since the discharge
excited in inert gases emits ultraviolet radiation with energies above the ionization
potentials of solute molecules. This implies that the radiation can produce ionization
when passing through the solute gases. This fact has been made the basis of a new
detector by LovELoCK®, but little information on the performance characteristics of
the detector has been published.

The present work has been directed toward finding a practical photoionization
detector by modifying its predecessors?. The modification was made in such a way
that only light emitted from the discharge can pass through the sensing region while
charged particles generated by the discharge are inhibited from flowing to the sensing
electrodes.

The detector as modified was operated using helium as both the discharge and
the carrier gas, and it was found that the photoionization method can be applied
with considerable advantages over other techniques to the detection of wide variety
of substances and that it is particularly well suited to the investigation of inorganic
gases, the detection of which is difficult by other techniques when only small quan-
tities are present.

APPARATUS

Figs. 1{A) and 1(B) show the photoionization detector used, a modified version of
those previously described?. The detector consists of two glass chambers, one of
which is the discharge chamber and the other the sensing chamber, and is provided
with the inlets for the discharge and the carrier gas and a common outlet. In the
discharge chamber is mounted a pair of 0.5 mm Kovar wires, the ends of which are
bent toward each other (gap distance approximately 0.I mm), so that the discharge
may be fixed there. The anode in the sensing chamber is made of a Kovar pipe of
1.5 mm o.d. and 1 mm i.d. The cathode is a semi-spherical nickel dish with a radius
of 2.5 mm.

The two chambers are joined together by a funnel-shaped Kovar pipe, so that the
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light beam from the discharge may traverse through the space between the sensing
electrodes. The light, however, does not irradiate the surface of the sensing electrodes
and thus photoelectric emission from the sensing electrodes is negligible. This pipe is
electrically grounded and acts as an electrode that prevents charged particles from
flowing into the sensing chamber (hereafter this pipe is called the ion trap).

Discharge chamber /Cuthode

Discharge electrodes

T~

Discharge gas inlet

a ——
<~—cCarrier gas inlet
O 1 2 3 4 5cm
Fig. 1 (A). Construction of photoionization detector.
b

Fig. 1 (B). Photoionization detector.

The basic arrangement of the apparatus used for measuring the photoionization
current of solute molecules is the same as that described in the previous paper?. The
apparatus incorporates two separate gas flows, namely, the discharge gas flow and the
carrier gas flow. In all the measurements helium was used as both the discharge and
the carrier gas for two reasons.

(1) As discovered by HopriELD® and studied by TANAKA ef al.578, the discharge in
helium at high pressures emits a continuum of radiation in the wavelength region
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between ca. 600 and 1100 A, photons of the highest energies that can be obtained
under the simple discharge condition. This continuum can profitably be used to
ionize all kinds of molecules except those of helium and neon.

(2) These photons should not be absorbed by the carrier gas, as this would reduce
the ionization efficiency of the solute gases. The use of helium as the carrier gas satis-
fies this requirement and, moreover, should not give any background current in the
absence of solute gases.

Precautions were taken to remove impurities from helium by incorporating an
impurity trap into each of the gas flows. These traps were copper columns (I m X
4 mm i.d.) packed with activated charcoal. After activation (by heating to 200° for
about 1 h), they were immersed in liquid nitrogen.

EXPERIMENTAL RESULTS
Background current

In principle, the background current of the photoionization detector should be zero
in the absence of solute gases, since charged particles generated by the discharge are
inhibited from flowing into the sensing chamber. In order to check this prediction,
measurements were made of the background current-anode voltage characteristic
under the following conditions:

Carrier gas = He 30 ml/min.

Discharge gas = He o, 50, 100, 150 ml/min.
Discharge current = 30 pA.

Ion trap voltage = oV.

Impurity trap = Activated charcoal 1 m (—196°).
Column = Molecular sieve 13X 1.5 m (20°).

The results plotted in Fig. 2 show that the background current in the saturation
region is of the order of 1071° to 107° A.

It can be seen that all the curves pass through the origin, indicating that the
effect of the electrical force between the discharge and the sensing chamber? is entirely
eliminated by the earthed ion trap.

It is clear from Fig. 2 that the background current varies with the discharge gas
flow, and that in the four curves a maximum current is obtained at a flow rate of
50 ml/min. To investigate the matter further, gas-flow dependence studies were made
under the same conditions, while the anode voltage was kept constant and the gas
flow rate was varied. The results of measurements at three different anode voltages
are shown in Fig. 3. The curves in Fig. 3 show that with increasing gas flow the back-
ground current increases at first, reaches a maximum at ca. 50 ml/min and then
decreases. This trend of the curves is not in accordance with the previous investi-
gations where the background current increased continually with the gas flow. It
can be interpreted in terms of photoionization of impurities which, in spite of purifi-
cation by the cold impurity traps, are entrained by both the carrier and the discharge
gas.

There are two possible causes for the initial rise of the background current. (1)
The discharge gas is contaminated with impurities that come from the wall of the
tube or from the impurity trap. These impurities when present between the discharge
\and the sensing chamber can absorb photons, thus reducing the intensity of ultra-
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Fig. 2. Background current as a function of the anode voltage. Carrier gas = He 30 ml/min;
discharge gas = He o, 50, 100, 150 ml/min; discharge current = 30 uA; impurity trap = activated
charcoal (—196°); column = molecular sieve 13X 1.5 m (20°).
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Fig. 3. Background current as a function of the flow rate of the discharge gas. Carrier gas = He
30 ml/min; discharge current = 30 uA; anode voltage = 100, 200, 300 V; impurity trap = acti-
vated charcoal (—196°); column = molecular sieve 13X 1.5 m (20°).
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violet radiation that passes through the sensing region. The increase in the discharge
gas flow dilutes the impurity and increases the radiation intensity. (2) The carrier gas
is much more contaminated with impurities than the discharge gas, as it has passed
through a sample port and a chromatographic column. At lower discharge gas flows,
the carrier gas that has flowed in the sensing chamber can diffuse towards the dis-
charge chamber counter to the discharge gas flow. The effect of this counter-flow
diffusion is to reduce the intensity of ultraviolet radiation because of absorption by
the impurities contained in the diffusing carrier gas. The increase in the discharge gas
flow suppressed the counter-flow diffusion of the carrier gas and increases the radiation
intensity. '

The increase in the background current with the discharge gas flow continues
until the dilution of the impurities in the sensing chamber becomes appreciable.
Thereafter, further reduction of the concentration causes a lowering of ionization.
The decrease in the background current with higher discharge gas flows is attribut-
able to this effect.

Effect of the impurity traps
As would be expected from the results of the foregoing measurements of the back-
ground current, the output signal of the detector should be influenced by the impuri-
ties contained in both the discharge and the carrier gas. To study this effect, chromato-
grams were taken, setting the temperature of the impurity traps to different values
and operating the detector under constant conditions.

Fig. 4 shows two typical chromatograms of 0.1 ml of coal gas. The impurity traps
of the two gas flows were kept at room temperature (right chromatogram) and then
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Fig. 4. Chromatograms of 0.1 ml of coal gas showing the effect of the impurity traps. Full scale =
50-10-% A. Carrier gas = He 30 ml/min; discharge gas = He 150 ml/min; discharge current =
6o uA; anode voltage = 100 V; column = molecular sieve 13X 1.5 m (20°).
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cooled to liquid nitrogen temperature (left chromatogram). Other operational con-
ditions were as follows:

Carrier gas = He 30 ml/min.

Discharge gas = He 150 ml/min.

Discharge current = 60 uA.

Anode voltage = 100 V.

Ton trap voltage = oV.

Column = Molecular sieve 13X 1.5 m (20°).

In both of these chromatograms, signal currents corresponding to hydrogen, oxygen,
nitrogen, methane and carbon monoxide appear as a positive deflection. These ioni-
zation peaks can only come from the photoionization process, since it is not believed
that ionization by collision of electrons could take place at an anode voltage of 100 V.

The effect of the gas treatment on the output signal is quite clearly shown in
Fig. 4: corresponding ionization peaks in the two chromatograms differ by a factor
of about 10. This difference can be attributed to the fact that, with the impurity traps
kept at room temperature, permanent gases cannot be removed from the discharge
gas. Such impurities absorb ultraviolet light and decrease the number of photons
passing through the sensing chamber, so that ionization peaks must be diminished.

It is to be noted that the background current in the right chromatogram is
about two times as great as that in the left chromatogram. This observation is con-
sistent with the view that the background current is determined by the concentration
of the impurities.

Owing to these observations, all measurements described below were conducted
with the impurity traps immersed in)liquid nitrogen, and it was found that, with
proper precautions, results were reproducible for a long time period of operation.

Effect of the discharge gas flow

As indicated in the studies of the background current, the flow rate of the discharge
gas is an important parameter for the satisfactory operation of the detector. To
illustrate this effect, four representative chromatograms are shown in Fig. 5. These
chromatograms were obtained with 0.1 ml of coal gas, varying the flow rate of the
discharge gas and keeping other operational conditions constant.

These data reveal some interesting effects; the outstanding ones can be briefly
summarized as follows.

(1) At 30 ml/min, inversions occur in the peaks of H,, N, and CH,.

(2) With increasing gas flow, these peak inversions become diminished; the in-
version of the N, peak disappears at 70 ml/min and those of H, and CH, at 150 ml/min.

(3) The peak of O, gives a maximum current at 70 ml/min, while that of CO is
diminished as the flow rate is increased.

In addition to this preliminary survey, measurements were also made for H,, O,
and N, to obtain more quantitative information on these phenomena. The results ob-
tained are shown in Figs. 6, 7 and 8. In these figures, the dashed portions of the curves
correspond to current values at which inversion occurs.

It can be seen from these figures that, with increasing gas flow, the peak current
increases at first, reaches a maximum and then decreases. This is similar to the back-
ground current vs. gas flow characteristic.
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diat 5

5 Chromatograms of o.1 ml of coal gas showmg the effect of the dlscharge gas flow. Full scale
©00-10-1° A. Carrier gas = He 30 ml/min; dxscharge current = 30 xA; anode voltage = 100V;
column = molecular sieve 13X 1.5 m (20°).
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Fig. . Effect of the flow rate of the discharge gas on the peak current of H,. Sample quantity =
0.1, 0.01, 0.001 ml; carrier gas = He 30 ml/min; dxscharge(current = 30 uA; anode voltage =
100 V; column = molecular sieve 13X 1.5 m (20°).
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Fig. 7. Effect of the flow rate of the discharge gas on the peak current of O,. Sample quantity
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Fig. 8. Effect of the flow rate of the discharge gas on the peak current of N,. Sample quantity =

0.1, 0.01, 0.001 ml; carrier gas = He 30 ml/min; discharge current = 30 puA; anode voltage

100 V; column = molecular sieve 13X 1.5 m (20°).
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With this similarity as a basis, we can interpret the experimental curves as fo[-
lows. The discharge gas has two effects, that of increasing the number of photons that
pass through the space between the sensing electrodes and that of reducing the con-
centration of the sample gas in the sensing chamber. The initial increase in the current
at lower discharge gas flows is caused by the former effect. The latter effect is, of
course, to reduce the ionization efficiency; this accounts for the slow decline in the
region of higher discharge gas flows. These opposing effects should yield a maximum
point on the current-gas flow curves.

The peak inversion that is likely to occur when the gas flow is low, and when the
sample quantity is large, is attributed to the diffusion of the sample gas counter to
the discharge gas flow. As the density of the sample gas in the sensing chamber is in-
creased, the rate of the counter-flow diffusion increases, and fractions of the diffusing
sample gas can move closer to the discharge chamber. Thus, with increasing density of
the sample gas, the absorption of ionizing photons increases to astage where the result-
ing ions cannot be collected by the ion collector, but are captured by the ion trap or
recombine with electrons. This reduces the effective radiation intensity in the sensing
region, resulting in a decrease in ion current at higher densities of the sample gas.

Effect of the anode voltage

Fig. g shows the peak current as a function of the anode voltage for 0.0 ml of H,, O,
and N,. It can be seen that H, and N, yield a saturation current below ca. 300 V,
while for O, the current increases, though slightly, as the anode voltage is increased.
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