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INTRODUCTION

An outline has been given, in an earlier communication from this laboratory!,
of the observations made on the anomalous behaviour of the flame ionization detector
(FID) in the presence of organometallic compounds. It was found that, under condi
tions which gave normal or even ideal detector performance for organic compounds,
inversion of the gas chromatographic peaks occurred with organosilicon, organoger
manium and organotin compounds. This phenomenon was observed with both types of
detectors used in the experiments. The experiments reported in this paper were re
stricted to organosilicon compounds.

According to our experience, the inversion of peaks had no relation to the slight
deposition of Si0 2 on the electrodes.

The inversion of the peak, i.e. the decrease of the ion current at increasing
mass flow rates takes place when the silicon mass flow rate exceeds a critical value in
the flame. On the basis of our previous experiments it has been stated that the critical
values of the silicon mass flow rate, as well as the maximum ion current, depend on
the following factors: detector geometry, detector voltage, the flow rates of the car
rier-, fuel- and scavenging gases and the actual carbon mass flow rate in the flame,
the extent of which is determined by the composition of the organosilicon compound
tested. Except this last factor, these are the same as those which influence the sensi
tivity and the linearity range of an FID when measuring organic compounds. All
experimental conditions being constant, the maximum height of the inverted peak
depends only on the carbon/silicon molar ratio of the test substance.

In our previous communication!, the application of an FID operating with a
mixed hydrocarbon-hydrogen flame was also described. This arrangement detects
organometallic or other volatile metallic compounds by a decrease of the ion current.

Following these observations, a more detailed investigation of the peak in
version seemed to be reasonable. A number of experiments was needed to afford the
possibility of making a comparison between detector signal produced by organic and
organosilicon compounds under different conditions.

Plotting of response curves, i.e. detector signal vs. mass flow rate, was chosen as
the basis of the comparative examinations, as described by BRUDERECK et al. 2• Con-
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of different CjSi ratio, and in addition a hydrocarbon, at the same time taking into
account the requirement of a good separation. The components of the mixture are
listed in Table T.

TABLE I

COMPOSITION OF TEST MIXTURE CONTAINING ORGANOSILICON COMPOUNDS

Number Compound Concen- CjSi molar
tration % ratio

Benzene 60·5
2 Trimethyl-butenylsilane 3·9 7
3 Hexamethyl-cydotrisiloxane 13·7 2

4 Divinyl-tetramethyldisiloxane IrA 4
5 o-Xylene 10·5

The numbers in Figs. 4-8 refer to the same compounds as in Table 1. Benzene
served only for the dilution of the mixture to the required extent, therefore neither
the peaks on the chromatograms, nor the response curves referring to benzene were
recorded.

The mixture was separated on a chromatographic column of 3 m length and
2 mm I.D., containing 6 % of SE-30 silicon elastomer on Chromosorb W, thermo
stated to 56°. Nitrogen was used as carrier gas, at a flow rate of 19.2 mljmin. The
electrodes of both detectors were cleaned with hydrogen fluoride solution after every
2 or 3 runs, in order to minimize the effect of the slight deposition of Si0 2 . The oper
ating variables of the FIDRx were as follows:

Carrier gas: 9.6 mljmin,
Hydrogen: 19.5 mljmin,
Oxygen: 200 mljrnin,
Detector voltage: ISO V.
Response factors of the FIDRx for the compounds used were calculated from

series of chromatograms by the method described previously, and are listed in
Table II.

As can be seen from the data in Table II, there is a pronounced difference
between the individual response values. This fact has been taken into account when
calculating the MFC values of the components in FID Iy from the ion current meas
ured in the FIDRx.

TABLE II

RESPONSE FACTORS OF THE FIDRx

Compound

Hexamethyl-cydotrisiloxane
Xylene
Divinyl-tetramethyldisiloxane
Trimethyl-butenylsilane

"r" (mC
per g
carbon)

50 .6
47. 0

47·5
46.4
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The application of this procedure is not limited, of course, to the study of the
anomalous behaviour of the FID. With an appropriate selection of the reference
detector it provides a quick and reliable method for studying the sensitivity, linearity
and the optimal operating conditions of a gas chromatographic detector of any kind.

EXPERIMENTAL RESULTS

Response curves of the parallel-electrode type detector were recorded in three
serres:

(I) The detector voltage was varied with constant electrode gap and constant
gas flow rates.

(z) The flow rate of hydrogen gas was varied with constant electrode gap and
detector voltage.

(3) Variation of the hydrogen gas flow rate was repeated at the same detector
voltage, but with a different electrode gap from that employed in case (z).

The operating parameters of the detector and the characteristic data of the
response curves are listed in Table III. The actual gas flow rates are characterized
by the percentage of hydrogen in the mixture emerging from the burner jet, cal
culated from the volumetric flow rates of nitrogen and hydrogen. The flow rate of the
carrier gas was maintained at 10 ml/min in all experiments and pure oxygen was
always used as scavenging gas at a flow rate of zoo mljmin. In agreement with
the observations of STERNBERG et al. 4 , it was found that the response characteristics
depend to a great extent upon the partial pressure of H 2 in the reaction zone of the
flame.

Some of the response curves recorded are shown as examples in Fig. 5 I-VI,
while Fig. 4 shows two chromatograms recorded synchronously, corresponding to

Trimethyl-butenylsilane Divinyl-tetramethyldisiloxane

r iVIFC'lim jllfFSi'lim r MFC'lim MFSi'lim

32.0 0.294 0.lI4 0.°38 ~38 0.227 0.°72 0·°4
32.5 0.63 0.218 0.073 ~38 0·535 0.143 0. 083
31.4 0·97 0.3 2 0. 107 ~ 38 0·755 0.22 0.128
31.8 ;.98 0·59 0.179 ~38 ;.58 °-415 0.242
38.0 ~4°

18.8 0.7 15 0.336 0.lI2 ~ 24·5 0.585 0.236 0.137
31-4 0·97 0.32 0.1°7 ~ 38 0·755 0.22 0.128
36 .2 1.69 0·45 0.150 ~41 1.3 0.299 0.174
40.7 2.27 0.58 0.19 ~45 1.7 0.388 0.226

34·7 1.23 0.325 0.108 ~39 0·98 0.232 0.135
40.0 1.72 0.385 0.128 ~44 1.35 0.229 0.133
40.5 2.1 0.432 ·0.lI4 ~46 1.67 0.3 18 0.185
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VI is representative of the effect of the electrode gap, an increase of which resulted
in a decrease of the limiting values, while the response factors remained constant.

In general, the shape of the response curves draws attention to the fact that
there is a fairly wide linearity range of the FIDIy signal with respect to organosili
cons, under all operating conditions examined. Within this range the corresponding
U r " factors do not differ considerably from the U r " values of a hydrocarbon. Hexa
methyl-cyclotrisiloxane and divinyl-tetramethyl-disiloxane showed an u r " factor
slightly higher, while trimethyl-butenyl-silane an u r " factor slightly lower than
xylene. This observation indicates that the silicon does not exert any lowering effect
on the ion current below a critical MFSi, in fact some increment of the ion current
may be attributed to the Si-C bond.

As shown Fig. 5, the response curves of organosilicons may be divided into
different regions. There is always an initial linear region followed by a non-linear one
and, in some cases, this is also followed by a region of constancy. Finally, if conditions
are favourable for peak inversion, a descending region is observed. The length of these
regions as well as the slopes of the descending region depend to a great extent on the
operating conditions.

The experimental results obtained hitherto by recording response curves are
summarized in the diagrams of Figs. 6, 7 and 8 and in Table III.
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Fig. 6. Effect of detector voltage on (a) hIm (solid lines) and linear I (dotted lines), and (b)
MFC'llm (solid lines) and linear MFC (dotted lines) at a constant electrode gap (4·5 mm) and con
stant gas flow rates (H2 : 62.4 %).2 = Trimethyl-butenyl-silane; 3 = hexamethyl-cyclotrisiloxane;
4 = divinyl-tetramethyl-disiloxane; 5 = a-xylene.

The following conventions were used for the evaluation of the characteristic
data of the response curves listed in Table III.

As the determination of the abscissa of the maximum proved to be unreliable
or even impossible in many cases because of the flat maximum or constant region of
the curve, the initial linear region of the response curve was elongated and a horizon
tal line was drawn at the height of the maximum ion current (IIIm). The abscissa of
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Fig. 7. Effect of the hydrogen percentage on 111m and linear I (a), on MFC'llm and linear MFC (b),
and on "r" factors (c), with an electrode gap of 4·5 mm (solid lines) and 5·5 mm [dotted lines in
(a) and (b) ] and a constant detector voltage of ISO V. For an explanation of the numbers see
Table 1.

the intersection of the two straight lines is called the. extrapolated limiting carbon
mass flow rate (MFC'lim). Presuming the constancy of "r" up to the maximum of the
curve, this value would represent the MFC pertaining to the limiting ion current
[lim.

Another convention had to be used for the evaluation of the linearity limit on
the response curves of xylene. Here again the linear section of the curve was extra
polated. That point of the curve where the deviation of the recorded curve from the
elongated line reached 0.5 % of the actual ion current was considered to be the linear
ity limit, since the precision of the recorder was 0.5 %.
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Fig. 8. Effect of the CISi molar ratio of the test substance on the critical values 1 11m (a) and
MFSi'llm (b). For an explanation of the numbers see Table 1.
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DERIVATOGRAPHIC STUDIES OF GAS-CHROMATOGRAPHIC PARTITION

LIQUIDS. 1.

G. LIPTAY AND J. TAKAcs

Institute for General Chemistry of the Technical University, Budapest (Hungary)

(Received January 12th, 1966)

The number of partition liquids used in the chromatography of gas-liquid
systems is increasing every year. One of the most important characteristics of the
partition liquids is the upper temperature limit of their applicability.

Different values for the upper temperature limits of the partition liquids have
been given by different workers owing to the diverse methods used for the deter
mination. Therefore these values should be used with reservation, because in some
cases the partition liquid leaves the carrier in considerable amounts at much lower
temperatures than those given in the literature as the temperature limit of use. This
has an adverse effect on the operation of the detector and also changes the charac
teristic parameters of the column to an uncertain extent.

On the basis of previous experiments with the thermobalance1 we have found
the derivatographic method2 suitable for studying gas-chromatographic problems
concerning temperature limits of usability of partition liquids.

Our experiments were carried out with aPAuLIK-PAULIK-ERDEyORION-GYEM
676 Type derivatograph3 .

The thermoanalytical measurements were carried out with samples of about
300 mg, in air, or in a nitrogen atmosphere of varying purity, at a heating rate of
3°jmin.

For the evaluation of the data obtained the experimental conditions of the
derivatographic measurements should also be taken into consideration. In the case
of programmed temperature gas chromatography the thermal conditions are com
pletely similar (if the rates of heating during the programming and during the deriva
tographic measurements are equal), consequently the results obtained really give the
upper temperature limit of applicability for partition liquids.

The results obtained under dynamic conditions can only be used for columns
operating under isothermal conditions with certain reservations. In these cases, it
has been found as a result of experience that it is expedient to give temperature data
some 20-30° lower than the decomposition temperatures found by the dynamic
method. The temperature at which the vapour pressure of the partition liquid reaches
10 mm Hg is usually given as the upper limit of applicability4. The upper temperature
limit can be characterized by the point on the derivatographic DTG curve-which is
more sensitive to changes than the TG curve-where it deviates from the base line. *

* TG = thermogravimetric; DTG = differential-thermogravimetric; DTA = differential
thermoanalytic.

]. Chromatog., 24 (1966) 22-25
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First we wished to decide whether the pure partition liquid or the prepared
packing is more suitable for the determination of the temperature limit. In practice,
however, the study of the latter is more important. The experiments, which include a
derivatographic study of the support, will also show whether or not any interaction
occurs between the partition liquid and support. Fig. I shows the derivatograms of a
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Fig. 1. Derivatograms of Celite (a), polyethylene glycol (b), and Celite packing freshly wetted
with 25 wt. % polyethylene glycol (c).

pure support, Celite, of a pure partition liquid, polyethylene glycol, and of a column
filling prepared freshly with both of them, (a), (b) and (c) respectively. It was found
that, up to 400°, Celite showed no considerable weight change while the pure partition
liquid decreased in weight with increasing temperature. At 250° an exothermic
decomposition process, probably oxidation, takes place, after which the rate of de
composition decreases. The DTA curve also shows that the polyethylene glycol melts
at about 40°. This was not detectable in the curve for the prepared packing. This
curve shows that the packing had a constant weight up to 170° apart from the
bleeding of a small amount of solvent. This bleeding of the solvent can only be ob
served with fresh fillings. Above 170°, it loses the polyethylene glycol in an exothermic
process at a higher rate than that due to the bleeding process. So the thermal de
compOSItion of the pure partition liquid and of the prepared support proceeds
differently.

This can be explained by the fact that two opposing processes take place
between the support and the partition liquid as a result of the rising temperature.

J. Chromatog., 24 (1966) 22-25
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The partition liquid is adsorbed on the surface of the support; this process results
in bleeding of the liquid not taking place until higher temperatures. On the other
hand, the high specific surface area of the support has the effect of increasing the
surface of the liquid phase, and therefore makes it easier for the latter to leave the
support than the pure liquid phase. The derivatograph measures the result of the
two effects, and shows the second to be predominant: the partition liquid is therefore
removed from the support at lower temperatures than the pure liquid phase.

Besides establishing the upper temperature limit for the use of column packings,
the derivatographic measurements can also be used for determining or checking the
degree of wetting of the fillings and the degree of exhaustion.

In order to approach the conditions of the removal of the partition liquid from
the column as an effect of heating during the measurements, experiments were also
carried out in a flow of nitrogen used as carrier gas in the gas chromatograph. It was
observed that the experiments in nitrogen atmosphere taken from a bomb yield
practically the same results as those in air. Using lamp-pure nitrogen and ensuring
the total exclusion of oxygen from the inside of the furnace, an essential difference
was found. Fig. 2 shows the derivatograms taken of Celite coated with 25 % Apiezon
grease under the above described conditions (a). No change of the column filling can
be observed up to 175 ° either in presence of air or bomb nitrogen. At this point a small
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Fig. 2. Derivatogram of Celite packing containing 25 wt. % Apiezon fat in a stream of bomb
nitrogen (a) and in an oxygen-free atmosphere (b).

Fig. 3. Derivatograms of Celite packing wetted with 25 wt. % polyethylene glycol, at heating
rates of 3, 10 and 20 0 /min, respectively.
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but distinct weight increase can be observed, after which the partition liquid begins
to leave the carrier. Simultaneously with the weight increase or little after it a distinct,
sharp exothermic peak appears on the DTA curve, which can be explained by oxida
tion. The DTA curve remains in the exothermic region also after the peak, which
means that the substance burns off under the given experimental conditions.

In the experiments carried out with the exclusion of oxygen the process is
different. No weight or enthalpy change occurs up to 280°, and the partition liquid
begins to leave the column only above that temperature in an endothermic process
(b). A similar phenomenon was observed with other partition liquids. It can be stated
that the purity of the nitrogen used has an important effect on the upper temperature
limit of the usefulness of the column filling. In the absence of oxygen the upper tem
perature limit is higher. In air and in impure nitrogen an oxidation process takes
place: the oxidation of the partition liquid.

Fig. 3 presents the thermoanalytical decomposition curves of Celite wetted
with 25 % polyethylene glycol, the rate of heating being 3, 10 and 300/min in air.
The fact, well known by thermoanalysts, that the curves vary according to the
heating rate is demonstrated in Fig. 3. At a lower heating rate the oxidation of poly
ethylene glycol starts at lower temperatures, while at a higher heating rate it starts
only at higher temperatures. The partition liquid for programmed (heating) gas
chromatographic measurements should be chosen with consideration for this fact.

The derivatographic method also seems to be suitable for the examination of
mixed partition liquids. Our experiments concerning this are in progress.

I t can be stated also from the results given here that the derivatograph can be
successfully used in a new field, for the investigation of problems concerning the
upper temperature limit for the use of partitions liquids.
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SUMMARY

The upper temperature limit of applicability of gas chromatographic partition
liquids and problems concerning this were studied by means of the derivatograph.
It has been found that the instrument cannot only be used for the determination or
checking of the upper temperature limit, but also for the measurement of the extent
of wetting and exhaustion.

I t was shown that the upper temperature limit for the application of column
fillings also depends on the experimental conditions. An ong others we have studied
the dependence of the upper temperature limit of the partition liquid on the heating
rate. The method seems to be suitable for the examination of the interactions be
tween the support and the liquid phase.
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INTRODUCTION

Some papers have already been published on the gas chromatographic analysis
of sympathomimetic aminesl , 2; their separation is not easy to perform. This is mainly
attributable to the high basicity and polarity of these compounds, as a result of
which adsorption on the supports used may occur. The adsorption phenomenon
manifests itself as a pronounced tailing of the peaks, the result being that the reten
tion times become dependent on the quantity of amine injected and the separating
power of the column declines considerably3. This makes it difficult to identify sympa
thomimetic amines in drugs, especially in a mixture.

It is therefore of great importance that inert supports, such as Teflon, be used,
or that the support be treated with, e.g., KOH in methanol or with hexamethyl
disilazane, etc. in order to inactivate the adsorptive ~ites at the surface. Further
improvement may be achieved by applying a high percentage of stationary phase
to the support.

A second problem is decomposition of the amines during separation. This
process is promoted by the high injector and detector temperatures. Because of this,
a gas chromatograph with glass columns and on-column injection has to be used.
It also appears from data from the literature and our own research that some sta
tionary phases promote this phenomenon5 ; however, it is possible to stabilize the
amines by converting them into other compounds, such as acetates6- S.

EXPERIMENTAL

An F & M gas chromatograph, Model 400, with a flame ionization detector was
used. The column consisted of glass; length about 105 em, and diameter 25 mm. The
injector-heater zone of the column was filled with 60-80 mesh glass beads and closed
with a plug of glass wool. Nitrogen was used as carrier gas.

A preliminary investigation showed that the best results were obtained if a
silanized support was used.

The following column packings were tested on a Diatoport S* (60-80 mesh)
support: (I) 18.8 % Apiezon N; (2) 20.6 % Versamid goo; (3) 12.3 % triethanolamine;

* Diatomaceous earth specially treated and silanized with dimethyldichlorosilazane, supplied
by F & M Scientific Corporation.

J. Chromatog., 24 (1966) 26-3 1
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RESULTS

Peak tailing
The columns chosen do not entirely suppress the tailing. Nevertheless, it is

possible to achieve a reasonably small asymmetry factor even with amphetamine
(Table II).

An asymmetry factor of less than I indicates overloading of the column (see
Fig. I).

3
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Fig. 1. Peak shape defined by the asymmetry factor.

D

~Il\~---"'- E

Fig. 2. Gas chromatogram, on a triethanolamine column of a mixture of 10 sympathomimetic
amines as described in Table Ill. Column temperature: 100°. Numbers above peaks, see Table I.

Relative retention (Table III and Figs. 2 and 3)
Methylphenidate did not give a clear response on any of the columns; total

decomposition occurred in almost all cases. This phenomenon was also noticeable
with phenylpropanolamine, though it was not as pronounced.

In the case of the Apiezon column, the calculated Kovats indices9 were found

TABLE IV

THE KOVATS INDEX AND EFFECT OF COLUMN TEMPERATURE ON THE APIEZON COLUMN

Name Column temperature

I800 I38 ° IOOo

Amphetamine II45 II36 II20
Methamphetamine 121 4 1200 II72
Propylhexedrine 1200 II92 II76
Phenylpropanolamine 1333 1369 1278
Diethylpropion 1502 1501 1426
Phenmetrazine 1482 1485 1399
Phendim~trazine 1502 1495 1417
Chlorphentermine 1406 1381 1338
Phentermine II92 II76 II56
Nonanol·l 1530 1332 II22

J. Chromatog., 24 (1966) 26-3 1
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DISCUSSION
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It is possible to identify which sympathomimetic amine has been used in an
anorexigenic drug by analysing a chloroform or ethyl alcohol extract with a column
consisting of 18.8 % Apiezon N on Diatoport S 60-80 mesh. Only the peaks for
methamphetamine and isopropylhexedrine coincide. Although the latter two drugs
are separated on a column of 12-3 % triethanolamine on Diatoport S, there is no
response here, however, to phenylpropanolamine.

In quantitative analysis, it is advantageous to react the primary amines,
especially those where considerable peak tailing occurs, with acetone. Further details
of the quantitative analysis of sympathomimetic amines in drugs will be reported in
the future.

SUMMARY

The identification and separation of some sympathomimetic amines which are
used in anorexigenic drugs is described. These compounds can be successfully
separated with Apiezon N on Diatoport S, with the exception of methamphetamine
and isopropylhexedrine. The latter two can be separated with Olie of the other columns
described.

It was found impossible to analyse methylphenidate. A detailed study of the
minimum detectable quantity and the linearity of the peak height, plotted against
quantity injected, was carried out on one of the amines, viz. amphetamine.
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DETERMINATION OF DIBROMOETHANE IN GASOLINES 35

capturing species leads to a fall in the current the sensitivity and dynamic range of the
detector to electron capturing species is likely to increase with increasing standing
current. It is therefore useful to operate the detector with a high· gas flow rate. In
some cases where a low flow rate is needed (e.g. for a capillary column) it is desirable
to add further nitrogen to the column effluent before it reaches the detector.
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Fig. 3. Electron capture detector. Variation in standing current with gas flow rate.

Fig. 4. Electron capture detector. Variation in response with temperature. Sample: 1,2-dibromo
ethane; vOltage: 4 V.

Temperature
It has been found that electron capture detector response is influenced by tem

perature. Data for dibromoethane are plotted in Fig. 4. Similar response curves have
been obtained for other substances. Ideally an ECD should be operated in a thermo
stated enclosure separate from the column oven.

Quantity of electron capturing material
The ECD functions because electron-capturing materials reduce the standing

current. The quantity of electron capturer present in a detector can be so high that
all electrons may be captured and no current flows. This occurs if one flol of 1,2

dibromoethane is injected into an ECD, and the detector standing current takes
many minutes to recover to its original level. Qualitatively if successively larger
quantities of, for example, DBE are passed into an ECD, the peaks obtained have the
form shown in Fig. 5. Peak broadening and tailing are seen to be functions of the
detector. Peak heights are reckoned from the base line indicated in Fig. 5 (i). In the
present state of knowledge it would seem safest to use an ECD only in the range where
peak width is constant and peaks are symmetrical. Because of the exponential nature
of the capture process calibration is essential.

Possibility of detector contamination
Deposition of relatively involatile material on the tritiated foil of the detector

would lead to a serious loss of f3-particle emission and consequent loss of sensitivity.

J. Chromatog., 24 (1966) 32-38
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TABLE I

OPERATING CONDITIONS FOR DETERMINATION OF I,2-DIBROMOETHANE
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Detector temperature: 95°.
Detector voltage: 4 V.
Carrier gas flow rate:

Column: 100 c.c. min-I.
Electron capture detector: 15 c.c. min-I.

Column: 10' 5 % Apiezon "L"-0.5 % P.E.G. 4000 on 100-120 mesh "Embacel".
Elution time of dibromoethane: 6 min.
Sample size: 1.0 f.ll of 60-80 petroleum ether diluted sample, so that DBE concentration is between
I and 50 p.p.m.

TABLE II

DAY-TO-DAY REPEATABILITY OF DIBROMOETHANE CALIBRATION

Dibromoethane Peak heights (mm) 0
in sample
(p.p.m.) Feb. 6 Feb. 7 Feb. IO Feb. II Feb. I7

6,5 27 36 34 29 30
13.0 52 54 56
16.2 62 71 66
19·5 61 77 59 80
25·9 100 96 92
32.4 IIO 121 II8 105 110
45·4 149 128

TABLE III

"EQUILIBRATION" TIME OF AN ELECTRON CAPTURE DETECTOR

Response given by an electron capture detector to a fixed sample charge of DBE (precision of
operation ± 10 % at 2a level).
Carrier gas flow and temperature had been constant for 5 days but voltage across the cell was
changed from 7 to 4 at time zero.

Time zero plus
(min)

60
105
120
140

Peak height
(mm)

80
101
1I0

1I0

J. Chromatog., 24 (1966) 32-38
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SYMBOLS
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f
It
c
hr
h2

V

Dr> D 2

Vr' V 2

jmij

Itmi j

Ai

t-t
t-t2
M

y
v
D
w.

1)

solute concentration in mobile phase
solute concentration in stationary phase
concentration of sorbent
rate constant for sorption
rate constant for desorption
translational velocity of mobile phase
diffusion coefficients in mobile and stationary phase respectively
volumes per interphase area of mobile and stationary phase respectively
matrix element representing f
matrix element representing h
ith moment of the concentration distribution
mean of the concentration distribution
variance of the concentration distribution
mode of the concentration distribution
duration of equilibration step
partition coefficient
peak velocity
spreading coefficient
velocity of concentration front in frontal analysis

2 Dr

TV 2

INTRObUCTION

The theoretical treatment of sorption chromatography in the preceding articler

has been supplemented by numerical calculations performed on a digital computer.
As the basis of the calculations the following equations were used:

J. Chromatag., 24 (1966) 39-55
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(9)

(10)

where a is an arbitrary constant.
Each of these transformations makes it possible to change the value of one of

the parameters via corresponding changes in some other parameters. In the calcula
tions therefore only the parameters c, D 1, k 1 and h 2 were varied, the others being
kept constant and, when not otherwise stated, had the values:

v = 0.01 (em sec-I)

VI = 0.004 (em)

1=100

7: = S (sec)

(II)

(12)

(13)

(14)

The value of VI was chosen to represent a column filling consisting of tightly
packed spherical beads with a radius of approximately O.OI cm. The value of r may be
fixed arbitrarily, but is related to the values of other variables by formula (IO).

(Dr> hI and h2enter the calculations in form of the combined parameters rx. = 2 D1/rv2,
rim hI and rim k2). The value in (I4) may be used for convenience, as it provides
realistic operational conditions for the column. It gives a cell width rv = 0.05 cm.

All the matrixes were of the order n = 200 and in all cases the value m = 5
was used.

The calculations were carried out with the following initial conditions:

(100 for i = I
10il = (IS)

o for i = 2, .... , 200

1°1;
( 100 for j = I, .... , n

(16)
o for j = n + I, .... , 200

tmo; =
( 100 for j : I, . . . . , n - I

(17)
o for 1 - n, .... , 199

hm
iO = o for i = I, .... , 200 (IS)

In the case of isolated peaks in general the value n = 5 was used, though for
matrixes 22, 24, 25 and 26 the value of n was 2, la, IS and 20, respectively. In the
case of frontal analysis, for matrixes 21 and 22, the value of n was 200.

The values of the characteristic parameters for the different matrixes are listed
in Table I, and the primary results of the calculations are given in Tables II and IV.

In Table II, the matrixes may be grouped together according to the following
scheme. In I, 2 and 3 the longitudinal diffusion coefficient is varied; in 4, 5, 2 and 6 the
equilibrium constant is varied; in 7,8,9, la, 2 and II the concentration of the sorbent
is varied; in 12, 13, 14, 2, IS and 16 the reaction rate is varied and in 17, 18, 2 and 19

the feed concentration is varied. Finally, the matrixes 20 and 21 represent frontal

]. Chromatog., 24 (1966) 39-55
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longitudinal diffusion in the stationary phase in the latter equations and put V 2 = 1.

Then, by identity:

k2 = 2 D2 (20)

and
k1c

(21)-- = y
k2

I t then becomes possible to use the exact expressions for peak velocity and peak
spreading, which were derived for the partition case, eqns. (36) and (39) in ref. 6.
With proper values of the parameters (V 2 = I and D 2 = 0 in the last term in the
expression for D) we get:

and

1
1'=---

k1c
1 +-

k 2 V 1

(22)

These relations are amenable to simple physical interpretations. Thus, Y is equal
to the fraction of solute in the mobile phase, and is independent of the rate of the
sorption reaction (k 1/k2 is the equilibrium constant). D, on the other hand, is strongly
dependent on the reaction rate. For an infinitely fast reaction the chromatographic
dispersion vanishes, and the spreading is solely due to longitudinal diffusion in the
mobile phase. The spreading coefficient then equals the diffusion coefficient times the
fraction of solute in the mobile phase.

In order to show the deviation from asymptotic conditions for different column
characteristics, Y and D values were calculated for the matrixes in Table II according
to eqns. (22) and (23), and from finite differences of the data in Table II, according to:

LI,u Ll112
V = -- D = 1/2 --

Lit ' Lit

The results for the mobile phase are listed in Table III. They are expressed in
local units (. and Y. as units of time and length respectively) and refer to the mid
points of the respective intervals.

The data in Table III show that Y generally is rather close to its asymptotic
value, whereas for D pronounced deviations occur. The deviations are small if the
initial concentration is low, as in matrixes 17 and IS. Also, in the case of large D
values the asymptotic conditions are rapidly approached. Then the peak ?preads
out rapidly and its concentration falls to a level where asymptotic conditions prevail.
This is the case in matrixes 12, 13 and 14 where the reaction rate is low and hence D
is large. In cases when the concentration in a peak remains high, usually pronounced
deviations from asymptotic conditions occur. This happens when the column is
overloaded, matrix 19, and also when the reaction rate is high, matrixes IS and 16.

J. Chroma/og., 24 (1966) 39-55
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mixture of hexane-diethyl ether, 8: 2. The columns were charged with 30 g of de
activated Florisil slurried in elution solvent.

The reacted fat, after evaporation of the solvent, was taken up in 10 ml of the
elution solvent and introduced into the chromatographic column. The GS 3 were
eluted with 500 ml of the hexane-ether mixture and weighed after evaporation of the
solvent.

The unsaturated glycerides could be obtained and regenerated from the adducts
adsorbed on the Florisil by a second elution with 180 ml of a solvent mixture con
sisting of 95 % ethanol, chloroform and hydrochloric acid, 9: 8: 1. The eluent was
transferred to a 500 ml separatory funnel, 200 ml of water and 200 ml of petroleum
ether added and the organic solvent layer washed several times with water. The
organic layer was then neutralized, washed again and evaporated.

The fatty acid compositions of the GS 3 and GD were determined by GLC using
a method similar to the one described by DEMAN3. The results are expressed in weight
% as methyl esters.

RESULTS AND DISCUSSION

The reliability of the outlined procedure is indicated by the fatty acid analysis
of the GS 3. In no case was there more than a trace (less than 0.1-0.2 %) of unsaturated
fatty acid in the GS 3. Fig. I shows the gas chromatograms of a sample of shortening
(sample No.2), and of the GS 3 obtained from it. Recovery trials of added trilaurin
and trimyristin to vegetable oils indicated recoveries within ±0.6 %, when GS 3 was
added at levels of 20-40 %. Repeatability was checked by performing 10 replications
on a sample of milk fat, which resulted in values ranging from 35.2 to 36.6 % with a
standard deviation of the mean of 0.15 %.

The GS3 contents of two samples of lard (Table I) were 10.3 and 11.1 %. The
fatty acid compositions of sample I, its GS 3 and GD are given in Table II. The values
for GS 3 content correspond with figures reported by COLEMAN4, who found 9.2 and
12.9 mole % in two samples. VA'NDER \iVAL5 found only 0.6 mole % and YOUNGS6

8.0 mole %. The GS 3 contains palmitic and stearic acid as major components in
approximately equal amounts, and small amounts of lauric and myristic acid. The

(0)-~-------

(b)__~J\_~
Fig.!. Gas chromatograms of the fatty acid methyl esters of a sample of shortening (No.2, Table I)
and of the trisaturated glycerides obtained from it by the mercuric acetate method. Peaks from
right to left: (a) q:o, r6:0, r8:0, r8:r, r8:2, and r8:3: (b) r4:0, r6:0, and r8:0.

J. Chromatog., 24 (r966) 56-60
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The shortening samples analyzed contained 17.1 and II.S % GSa' There seems
to be no published information on the content and composition of the GSa of short
enings. Table III gives the fatty acid composition ofoshortening sample No.1 and its
GSa and GU. As in the lard there was a relatively greater accumulation of stearic acid
than palmitic acid in the GSa.

Coconut oil had a GSa content of 81.9 %. ESHELMAN et at. s reported 72.2 and
76.2 % in two samples analyzed by the mercaptoacetic acid method. COLLIN AND
HILDITCH9 found 84-86 mole %. The fatty acid composition of coconut oil, its GSa
and GU is listed in Table IV. It is interesting to note that palmitic acid is present in a
higher percentage in the GU than in the GSa'

TABLE IV

FATTY ACID COMPOSITION IN WEIGHT % AS METHYL ESTERS OF COCONUT OIL AND THE TRISATURATED

(GS3) AND UNSATURATED GLYCERIDES (GU) OBTAINED FROM IT BY THE MERCURIC ACETATE ADDUCT

PROCEDURE

Fatty acid Whole fat GS3 GU

6:0 0.8 0·9 0·5
8:0 7.6 8.6 4. 6

10:0 6·5 7. 1 2·9
12:0 47·3 53.8 23. 1

14: 0 17·3 19·3 9·5
16:0 8.2 7. 2 11.2

16: I 0.1 0 0·5
18:0 2·7 3.0 2.6

18:1 7. 2 trace 35·5
18:2 2·3 trace 9. 6

18:3 trace 0 trace

Five samples of margarine fat analyzed had GSa contents ranging from 4.1 to
9.3 %. The fatty composition of sample No.1 and its GSa and GU is given in Table V.

The examples given above indicate that this method can be applied to determine
the GSa content of a variety of fats, it is considerably easier to perform and less time
consuming than other methods.

TABLE V

FATTY ACID COMPOSITION IN WEIGHT % AS METHYL ESTERS OF MARGARINE FAT SAMPLE I AND THE

TRISATURATED (GS3) AND UNSATURATED GLYCERIDES (GU) OBTAINED FROM IT BY THE MERCURIC

ACETATE ADDUCT PROCEDURE

Fatty acid Whole fat GS3 GU

14: 0 1.2 16.8 0-4
16:0 12·3 61.0 10·4
18:0 5·9 22.2 5-4
18:1 49.0 trace 51.0
18:2 31.6 0 32.8

J. Chromatog., 24 (1966) 56- 60
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SUMMARY

E. KERKHOVEN, J. M. DEMAN

A new method for the determination of the trisaturated glyceride (GS 3) content
of fats is described. The method is based on the formation of mercuric acetate adducts
of the unsaturated glycerides (GU) of the fat and the subsequent column chromato
graphic separation of the GS 3 and the mercuric acetate adducts on deactivated
Florisil. The GU can be regenerated and eluted with an acid-containing solvent. The
fatty acid compositions of the fats, GS 3 and GU of lards, shortenings, coconut oil, and
margarine fats were determined.
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QUANTITATIVE DETERMINATION OF rx- AND y-2,{-DINITROPHENYL

ISOMERS OF rx,y-DIAMINOBUTYRIC ACID WITH AN AUTOMATIC AMINO

ACID ANALYZER AS A METHOD OF STUDYING N" ~ NY MIGRATION IN

PEPTIDES OF rx,y-DIAMINOBUTYRIC ACID AND POLYMYXIN M

A. B. SILAEV, L. A. BARATOVA AND G. S. KATRUKHA

Laboratory of Chemistry of Proteins, Nucleoproteides and Antibiotics, Chemical Faculty, Moscow
State University, Moscow (U.S.S.R.)

(Received December 30th, 1965)

According to the data reported in the literature, salts of antibiotics of the poly
myxin group are stable in weak acid and neutral solutions, but are inactivated in acid
solutions and in particular in alkaline onesl - 5 . The study of the alkaline inactivation
of the antibiotic polymyxin M has shown that in 0.1 N NH40H at 37° the antibiotic
almost completely loses its antibacterial activity in three to five days6, 7. The inactiva
tion is caused by the change of the secondary structure of the molecule, by a partial
racemization of the amino acids forming the molecule of polymyxin M, and finally by
intramolecular transfer of the amino acid acyl residue from the rx-amino group to
the y-amino group of rx,y-DAB*, which takes place according to the following
schemeS- 10•

···NH.,C_O
~CH/CHz'CH

I I z
(X·NH NHz'Y

....C=O
I

",-C-NH-CH
II I
o R

(I)

OH
--->-
-<---

-----+
-<---

·'·NH....C- O
~CH/'CHz,CH

I I z
(X·NHz NH

/'

c=o
I

· .. -C-HN-CH
II I
o R
(III)

The possibility of such N" -->- NY and vice versa NY -->- N" migrations occurring
was later qualitatively demonstrated on model peptidesll , 12. The problem confront
ing us was that of the quantitative estimation of the N" -->- NY migration. To solve it,
one had to know the composition of the Il(-peptide of rx,y-DAB and of the y-peptide
formed as a result of N" -->- NY migration and the quantity of y-peptide and Il(-peptide
formed from it in the case of NY -->- N" migration. The simplest way to achieve this is
by marking the free Il(- or y-amino group of the rx,y-DAB forming the peptide with,
for example, a DNP-residue. Then the quantity of rx-peptide in the mixture may be
easily determined from the percentage of y-DNP-DAB, while the quantity of y-

* Abbreviations: Pel = pelargonic acid; OI,y-DAB = oc,y-diaminobutyric acid; DNP = 2,4
dinitrophenyl-; FDNP = 1-fluoro-2,4-dinitrobenzene; yly-D'j\B = glycyl-diaminobutyryl

diketopiperazine; DA~B = a,y-DAB diketopiperazine; Thr = threonine; Leu = leucine.
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peptide may be determined from the amount of iX-DNP-DAB obtained upon hydrol
ysis and separation of the DNP-isomers of iX,y-DAB. The main difficulty consists in
the separation of the iX- and y-DNP~derivativesof iX,y-DAB. There are only a few,
not very effective, ways of separating the iX-DNP- and y-DNP-isomers of iX,y-DAB
described in the literatures, 10, la, 14. The most complete separation was achieved by
paper electrophoresis at pH g.I (ref. 14). However, the analysis takes a long time
(17 h) and requires additional correction factors for the adsorption of DNP-deriva
tives on the paper. In the present study we used an automatic amino acid analyzer
for the separation of the iX- and y-DNP-isomers15,16.

iX- and y-peptides of iX,y-DAB and polymyxin M, after being sustained under con
ditions of inactivation of the antibiotic (0.1 N NH40H, 37°, for four days), were sub
jected to dinitrophenylation in a bicarbonate buffer pH 9.5 according to methods
described previously17. The completeness of dinitrophenylation was checked by paper
electrophoresis in the mixture: 85 % formic acid-glacial acetic acid-water (28: 20: 52)
(300 V, 2-3 h)1S' 19. Then the DNP-peptides, without preliminary refining to prevent
losses, were hydrolyzed by 6 N HCl for 16 h at 106-108°, and after complete removal
of HCI, studied with the "Hitachi" amino acid analyzer, KLA-2 type. The analysis
was carried out on a o.g X IS em column filled with Amberlite CG-I20, type III (400
mesh). A 0.30 N Na+-citrate buffer with a pH of 5.28 ± 0.02 was used as eluting
buffer. The separation of iX-DNP- and y-DNP-isomers of iX,y-DAB is based on their
differences in solubility and basicity. Fig. I depicts an elution curve for iX- and y-DNP
DAB, iX,y-DAB and NHa. The first peak is that of iX-DNP-DAB (106 min ± 3 min),
the final one (Ig5 min ± 3 min) is the peak of y-DNP-DAB. The whole analysis takes
about 3.5 h.

The clear-cut separation of the pairs iX-DNP-DAB and iX,y-DAB, and NHa and y-
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Fig. 1. The separation of the main amino acids and their mono-DNP-derivatives with the KLA-2
"Hitachi" analyzer on a column of IS cm at a temperature of SOD with 0.30 N Na+-citrate buffer,
pH 5.28 ± 0.02. I = a-DNP-DAB; II = a,y-DAB; III = NH3 ; IV = y-DNP-DAB.
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TABLE I

THE RESULTS OF THE QUANTITATIVE ANALYSIS OF PEPTIDES AND OF AN INACTIVE POLYMYXIN lVI

Is-em column; temperature 50°; eluent 0.30 N Na+-citrate buffer; pH 5.28 ± 0.02.
The analysis of the peptides was carried out after their complete dinitrophenylation and acid
hydrolysis under standard conditions. The data presented in the table are given as the degree of
breakdown of the DNP-amino acids during hydrolysis: a-DNP-DAB is destroyed to an extent of
16.6 % (6 N Hel, 16 h, 105-108°), y-DNP-DAB to an extent of 10.5 % (according to data in the
literature13 IO-II %). (a) Before keeping in a thermostat in 0.1 N NH40H; (b) after keeping in a
thermostat in 0.1 N NH40H for 4 days at 37 ± 1°.

No. Compound A mino acid residue Quantity of
analysed

rx.-DNP-DAB y-DNP-DAB rx.,y-DAB
isomer peptide
(degree of

pmole % pmole % pmole %
re-acylation)

I rx.-Pel-DAB 0·95 56,5 0.65 39·3 0.07 4. 2 56·5
2 y-Pel-DAB 1.12 59-4 0.63 33·5 0.13 7. 1 33·5
3 a-Gly-DAB (a) LOS

(b) 2.48 76.8 0·39 11.7 0-43 13. 1 76 .8
4 y-Gly-DAB (a) 1.38 92.8 0.12 8.0

(b) 0·56 81.7 0.07 9·9 0.06 8·5 9·9
5 Inactive DNP-poly-

mvxin 1\'[* 0.34 1 50 .2 0.304 44. 8 0.034 5.0 50.2
6 Gly-DAB 0.5 8 26.1 0.19 8·9 1-43 65. 0

~I

7 DAB-DAB 0.25 14. 1 0.68 38.0 0.86 47·9
l---...J

* In estimating we took into consideration quantities of a-DNP- and y-DNP-DAB and an
excess quantity of a,y-DAB as compared to the active DNP-polymyxin lVI (see text p. 65).

DNP-DAB ensures a precise identification and a quantitative estimation according to
the absorption at 570 m,u. Under these conditions the micromolar absorption coeffi
cient (G) is equal to 6.6 for a-DNP-DAB, 12.6 for y-DNP-DAB, and 13.1 for a,y
DAB. It should be mentioned that under identical conditions a clear-cut separa
tion of a-DNP-lysine, e-DNP-lysine and lysine is also obtained (see Fig. 2). The sepa
ration of ornithine and its DNP-isomers is satisfactorily carried out in 0.7 N Na+
citrate buffer pH 5.28 (see Fig. 3). Neutral amino acids and their DNP-derivatives as
well as FDNB and dinitrophenol are eluted from the column in the first 50-65 min.
Table I shows the results of the analysis of four synthetic peptides* and of two di
ketopiperazines of a,y-DAB and of an inactive DNP-polymyxin M.

Table I illustrates that re-acylation occurs in a- as well as in y-peptides of
a,y-DAB. However, No: -l> NY migration goes on more extensively than NY -l> NO:_
migration, i.e. a shift towards the greater formation and preservation of the y
peptide is observed. In other words, under conditions of polymyxin M inactivation an
equilibrium mixture is formed with 58 % of the y- and 36 % of the a-peptide in the
case of a- and y-Pel-DAB, and 79 % of the y- and 10 % of the a-isomer in the case of
a- and y-Gly-DAB. This phenomenon may be explained by a lower basicity of the
a-amino group of a,y-DAB as compared to that of the y-amino group, as well as by a
possible steric hindrance of the attack of the -C(O)NH(y) bond by an a-amino
group. In addition, the degree of re-acylation also depends on the kind of acyl residue.
Thus, for y-Pel-DAB NY -l> NO: migration is 33.5 %, whereas for y-Gly-DAB it is
only 9.9 %.

* The peptides were synthesized by K. PODUSHKA (CSSR) and by one of our colleagues12 .
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CONCLUSIONS

A.B. SILAEV, L. A.BARATOVA, G. S. KATRGKHA

A rapid and convenient method of separation and quantitative estimation of
(X- and w-DNP-derivatives of (X,y-DAB, ornithine and lysine has been suggested.

A quantitative estimation of the NIX +:t NY migration in four peptides of (X,y
DAB has been carried out.

The extent of migration in inactive polymyxin M has been determined.
It was shown that in (X- and y-DNP-isomers of N-Pel-DAB, under conditions of

inactivation of polymyxin M, a unique mixture is formed which contains about 58 %
of the y- and 36 % of the (X-isomer; in N-Gly-DAB peptides, under these conditions,
the mixture formed has 79 % of the y- and 10 % of the (X-isomer.

SUMMARY

For a quantitative estimation of the value of NIX +:t NY migration in inactive
polymyxin M and in peptides of (X,y-diaminobutyric acid ((X,y-DAB) a rapid method
of separation and quantitative determination of the ct.- and y-z,4-dinitrophenyl
derivatives of ct.,y-DAB is suggested. Their breakdown during acid hydrolysis can be
followed with an automatic amino acid analyzer (a Is-em column, Amberlite CG-I20;
0.30 N Na+-citrate buffer, pH 5.28, 50°; 3.5 h). This method enables the ct.- and w-z,4

dinitrophenyl-isomers of lysine and ornithine to be separated. The method has also
been used to study the NIX +:t NY migration in four peptides of ct.,y-DAB and in inac
tive polymyxin M. It is shown that in the (X- and y-isomers of N-pelargonyl-DAB,
under conditions for inactivation of polymyxin M, a unique mixture is formed, con
taining about 58 % of the y- and 36 % of the ct.-isomers; in peptides of N-glycyl-DAB,
the mixture formed has 79 % of the y- and 10 % of the ct.-isomer. With polymyxin M
NIX -+ NY migration is 50 %. It is suggested that in polymyxin M all five y-amino
groups take part in NIX -+ NY migration. The quantitative aspect of the transformations
of diketopiperazines of ct.,y-DAB and of glycyl-DAB, occurring under conditions for
inactivation of polymyxin, have also been studied.
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The conclusions drawn from these three thin layer systems (Fig. 2) that mitragy
nine resembles corynantheidine stereochemically and that paynantheine resembles
speciogynine stereochemically were further substantiated when these four alkaloids
were run on all the systems of the modified Waldi scheme (Fig. 3). The close hRF

values in all these systems between corynantheidine and mitragynine suggest that
these two alkaloids have the same stereochemistry at all centres and thus it would
appear that the stereochemistry at C-17 is identical for these. two alkaloids and not
different as proposed, V (mitragynine) and VI (corynantheidine)9,1O.

(V) Mitragynine
lZI

(VII) Corynantheidine

ZACHARIAS, ROSENSTEIN AND JEFFREyll have shown by X-ray crystallography
that the C(17)-H in mitragynine is cis to the carbomethoxy group (V) and PHIL

LIPSON12 as a result of thin layer chromatographic and N.M.R. considerations sug
gested that the arrangement is the same in corynantheidine. This postulation was
independently confirmed by \VEISBACH et al. 13 .

There are four known isomers with a mitragynine-like structure, mitragynine,
speciogynine, speciociliatine4 and mitraciliatinel4. The relationship between the hRF

values of these four isomers is shown in Fig. 3 and it can be seen that in most systems
mitragynine has the highest hRF, then speciogynine, speciociliatine and the lowest
mitraciliatine. The LR. spectra of mitragynine and speciogynine indicate trans CID
ring junctions whilst the LR. spectra of speciociliatine and mitraciliatine indicate
cis CID ring junctions4,12. Thus the two alkaloids with cis CID ring junctions have
lower hRF values than the two alkaloids with trans CID ring junctions. If it is assumed
that the stereochemistry at C-17 is identical for these four alkaloids then it is likely
that these four alkaloids correspond to the four possible stereochemical skeletons for
mitragynine, namely normal, pseudo, allo and epiallo. The behaviour on thin layer
chromatograms suggests that since mitragynine has a cis DIE ring junction then
speciogynine has a trans DIE ring junction and the same argument would suggest
that speciociliatine has a cis DIE ring junction and mitraciliatine a trans DIE ring
junction. These proposals are summarised in Table I:

Insufficient alkaloids are available for comparison of the stereochemistry of
the oxindole alkaloids with their behaviour on thin layer chromatograms but it is

TABLE I

Mitragynine (aUo)
Speciociliatine (epiaUo)
Speciogynine (normal)
Mitraciliatine (pseudo)

Configuration of H
atom at

C-] C- I 5 C-20

eX eX cX

fJ 0( cX

eX 0( fJ
fJ 0( fJ
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STEREOCHEMISTRY OF INDOLE AND OXINDOLE ALKALOIDS

possible to use thin layer chromatography in .order to ascertain the stereochemistry
at the spiro carbon C-3.

Mitraphylline (VII) and isomitraphylline (VIII) and rhynchophylline (IX) and
isorhynchophylline (X) have the same stereochemistry at the DIE ring junction and
each pair is isomeric at the spiro carbon C_315- 17. Fig. 4 shows that rhynchophylline
and mitraphylline have similar hRp values in most systems of the modified Waldi
scheme whilst isorhynchophylline and isomitraphylline have similar hRp values to
each other, the latter pair moving more quickly. Although no explanation can be
offered, it is interesting to note that mitraphylline usually has a higher hRp value
than rhynchophylline whilst the reverse is true for the iso alkaloids.

rN ON~-CH3
COOCH3

" 3
.! ~

'lII

(VII) Mitraphylline

?rHN N Ec~)gtH3
3 COOCH 3

I":
~

IX

(IX) Rhynchophylline

~
~

- N D - CH 3
HN -: COOCH 3

o
'lIII

(VIII) Isomitraphylline

x
(X) Isorhynchophylline

Speciophylline, a new oxindole alkaloid from Mitragyna speciosa, has been
characterised by equivalent weight, analysis, U.V., I.R., and N.M.R. spectra as an
isomer of mitraphylline. Thin layer chromatography has indicated that specio
phylline is different from mitraphylline, isomitraphylline, uncarine A and uncarine B,
the four known isomers of mitraphylline. Fig. 4 shows that on thin layer chromato
grams speciophylline resembles mitraphylline rather than isomitraphylline; thus it is
proposed that the stereochemistry of the spiro carbon at C-3 is the same for specio
phylline as for mitraphylline.

ACKNOWLEDGEMENTS

We thank the Smith Kline and French Laboratories, Philadelphia, for gifts of
reserpinine, tetrahydroalstonine and tetraphylline and Prof. ]ANOT, Paris for a gift
of corynantheine.

The dihydrocorynantheine was obtained from S.B. Penick and Co. (as the
hydrochloride).

SUMMARY

Thin layer chromatography may be used to distinguish between indole alkaloids
having cis or trans CfD and DIE ring junctions, with or without methoxy substituents,
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and with vinyl groups instead of ethyl groups at C-20. The behaviour on thin layer
chromatograms of some new indole and oxindole alkaloids from M itragyna species has
been examined and proposals made for their stereochemical differences.
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SEPARATION OF OXYGENATED FATTY ACIDS BY TLC

TABLE II

SEPARATION OF MONOHYDROXY ACIDS AND ESTERS BY TLC

Rp values x 100.
D = direct.

Compounds Acids Esters

Da Db

6(7)-Hydroxyoctadecanoic acid 62, 57 27, 22
9(10)-Hydroxyoctadecanoic acid 71,66 36, 3°
2-Hydroxydocosanoic acid 96 93
13(14)-Hydroxydocosanoic acid 85 78

a Ether-light petroleum (30: 70, v/v).
b Ether-light petroleum (20: 80, v/v).

95

an earlier reporP. Separation is also effected according to chain length, e.g. C18 from
C22 , the latter having greater mobility.

(b) Dihydroxy acids, esters and alcohols. Table III shows the separation of
dihydroxy compounds by D-, RP- and BTLC. As with epoxy compounds, RPTLC
separates according to carbon chain length and number of hydroxy groups, and is
ineffective in separating stereoisomers. DTLC on the other hand shows slight separa
tion of erythro and threo isomers. Incorporation of boric acid as now well established
causes the threo isomer to move considerably faster than the erythro. Positional
dihydroxy isomers (6,7- and 9,1o-dihydroxyoctadecanoic acids and 2,3- and 13,14
dihydroxydocosanoic acids) are separable by DTLC and BTLC but not by RPTLC.
The behaviour of 2,3-dihydroxydocosanoic acids is anomalous. By analogy with thE

TABLE III

SEPARATION OF DI- AND TETRAHYDROXY ACIDS, ESTERS AND ALCOHOLS BY TLC
R p values x 100.
D = direct, B = boric acid-coated, RP = reversed-phase.

Acids Esters Alcohols

Da Eb Rpe Da Eb Rpe Dd Ed

threo-6, 7-Dihydroxystearic acid 8 42 84 24 55 78
erythro-6, 7-Dihydroxystearic acid 5 30 84 20 29 78
threo-9, 10-Dihydroxystearic acid 14 48 85 33 60 78
erythro-9, 10-Dihydroxystearic acid 10 35 85 29 33 78
threo, threo-9, 10,12, 13-Tetrahydroxystearic

acid ° 10 94 ° 17 87
erythro, erythro-9, 10, 12, I 3-Tetrahydroxy-

stearic acid ° 5 94 ° 10 87
threo-2,3-Dihydroxydocosanoic acid ° ° 60 64 23 45
erythro-2 ,3-Dihydroxydocosanoic acid ° ° 55 56 22 44
threo- I 3,14-Dihydroxydocosanoic acid 25 61 72 46 84 64 55 53
erythro- I 3, 14-Dihydroxydocosanoic acid 22 48 72 39 43 64 54 47

a Ether-light petroleum (50:50, v/v).
b Ether-light petroleum (4°:60, v/v).
e Acetonitrile-acetic acid-water (70: 10: 20, v/v).
d Ether-light petroleum (70: 30, v/v).
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TABLE V

SEPARATION OF HALOHYDROXY ACIDS AND ESTERS BY TLC
Rp values x 100.
D = direct.

97

Compound Acids Esters

CIS series
tlweo-6(7)-Chloro-7(6)-hydroxy
erythro-6 (7) -Chloro-7 (6) -hydroxy
tlweo-g (10)-Chloro- 10 (g)-hydroxy
erythro-g (10)-Chloro-I 0 (g) -hydroxy

C22 series

tll1'eo- 13 (14 )-Chloro- 14 (13 )-hydroxy
erythro- I 3 (14) -Chloro- I 4 (13) -hydroxy

a Ether-light petroleum (20: 80, v/v).

25, 22
25,22
31 ,28
32,28

44
40

2g, 25
2g,25
35,31
35,31

Esters move faster than acids. Chloro-, bromo- and iodohydroxy acids are not sepa
rated from each other. RPTLC failed to give any of these separations except ac
cording to chain length.

Hydroxy and keto acids
From Table VI a diketo acid is seen to move faster than a monoketo acid,

which in tum moves faster than a monohydroxy acid. A monoketo acid has an RF

value between those of a diketo and a ketohydroxy acid, and similarly a mono
hydroxy acid lies between a dihydroxy and ketohydroxy acid. Positional ketohydroxy
compounds are not separable. When the crude reaction product of peracid epoxida
tion of an unsaturated acid is separated by DTLC with 30 % ether-light petroleum,
the unreacted unsaturated acid moves with the solvent front and the epoxy, di
hydroxy and hydroxyacetoxy acids follow the pattern shown in Table VI.

TABLE VI

SEPARATION OF EPOXY, HYDROXY AND KETO ACIDS BY TLC
Rp values X 100.
D = direct.

Compound

cis-g,1O-Epoxystearic acid
g(Io)-Hydroxystearic acid
9 (10) -Ketostearic acid
g, 10-Diketostearic acid
g-H ydroxy- 10-ketostearic acid
10-H ydroxy-g-ketostearic acid
threo-9,1O-Dihydroxystearic acid
e,'yth"O-9, 10-Dihydroxystearic acid

Acids

37
17, 13
37
53
21
21

3
I

a Ether-light petroleum (20:80, v/v).
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QUANTITATIVE THIN-LAYER CHROMATOGRAPHY OF CHENODEOXY

cHoLIC ACID AND DEOXYCHOLIC ACID IN HUMAN DUODENAL

CONTENTS·

JUERGEN WOLLENWEBER**, BRUCE A. KOTTKE*** AND CHARLES A. OWEN, Jd.

Mayo Clinic and Mayo Foundation: Sections of Medicine and Clinical Pathology, Rochester, Minn.
and Mayo Graduate School of Medicine, University of Minnesota, Rochester, Minn. (U.S.A.)

(Received January Ilth, 1966)

We previously described a methodl for the quantitation of free and conjugated
cholic acid in bile and duodenal contents by using thin-layer chromatography (TLC).
However, the quantitative separation of the dihydroxycholanic acids, chenodeoxy
cholic acid (CDC) and deoxycholic acid (DC), from a mixture was particularly diffi
cult. We shall show that, despite the contiguity of the spots for CDC and DC on TLC
plates, sufficient separation can be obtained to permit the quantitative determination
of both of these bile acids.

METHODS

Preparation ofplates and samples
Silica gel G and standard equipment for TLC were used. The commercial

silica gel G was washed in sulfuric and hydrochloric acids as described previouslyl.
Pure CDC and DC were supplied by Dr. H. L. MASON, Section of Biochemistry,
Mayo Clinic, and were dissolved in ethanol for use as standards. Samples of duodenal
contents were obtained by intubation. A methanol-acetone (I: I, v/v) extract was
prepared with 4 volumes of methanol-acetone for each I volume of sample. After
centrifugation, the supernate was concentrated in a stream of air. An aliquot of the
concentrated extract was submitted to alkaline hydrolysis in 2 ml of 2 N NaOH
for 3 h at IS p.s.i. in a pressure cooker. After acidification with concentrated HCI the
free bile acids were extracted three times with 3-ml portions of ethyl ether. The ether
extracts were taken to near-dryness in an airstream and the residue was redissolved
in 0.1 to 0.2 nil of 95 % ethanol. Appropriate aliquots of this preparation, usually
5 to 25 ,ul, were used for TLC as previously describedl .

Solvent systems
Two systems were used: isooctane-ethylene chloride-acetic acid (2: I: I) as

modified from the system described by HAMILTON2 and isooctane-ethyl acetate
acetic acid (5: I: I) as described by ENEROTH3. The latter system was used primarily

* This investigation was supported in part by Research Grant FR-5530N from the National
Institutes of Health, Public Health Service.

*- Resident in Medicine, Mayo Graduate School of Medicine.
*** Mayo Clinic and Mayo Foundation, Section of Medicine.

§ Mayo Clinic and Mayo Foundation, Section of Clinical Pathology.
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QUANTITATIVE THIN-LAYER CHROMATOGRAPHY OF BILE ACIDS

TABLE I

RESULTS OF RECOVERY AND REPRODUCIBILITY STUDIES

r03

System Chenodeoxycholic acid Deoxycholic acid
(CDC) (DC)

No. of Mean ± No. of Mean ±
samples S.D. (%) samples S.D. (%)

H.ecovery of pure standards * 26 82.1 ± 4.2 23 82·7 ± 4.8
Eecovery of internal standards * 32 82.2 ± 7.9 18 84. 8 ± 7. 0

Variation between duplicate deter-
2.1 (0-7.1)*** 2.6 (0-IO.5) ***minations * * 68 68

* In each case, 15 fl.g of CDC or DC was added.
** Calculated as the deviation of the mean from the lower value in duplicate runs.

*** Eange of values.

cent area (Table II). Cross contamination was least when the absolute counts for
14C and 3H were in the same order of magnitude. When the disparity between radio
activity in the two bile acids became great, the calculated value for cross contamina
tion tended to be greater for one of the bile acids.

TABLE II

STUDIES OF CROSS CONTAMINATION*

No. of
samples

Contamination of CDC by DC (I isotope only) 10

Contamination of CDC by DC (2 isotopes) 40

Contamination of DC by CDC (2 isotopes) 40

Mean ±
S.D.(%)

8·5 ± 2·9

7·9 ± 5. 2

9·4 ± 4. 6

* Contamination is expressed as percentage of counts found to be associated with the area
of CDC when DC was labeled, or vice versa, following separation by TLC.

DISCUSSION

In an excellent review, S}<)VALLll discussed the different approaches used for
the separation and quantitation of bile acids. GANSHIRT and co-workers5, who first
used TLC for the quantitative determination of bile acids, could not quantitate CDC
and DC from a mixture because of inadequate chromatographic separation of these
two bile acids. Although more suitable solvent systems have been developed in
recent years2,3 to separate these two bile acids, the difference in the RF values on
thin-layer chromatograms remained small.

FROSCH AND WAGENER12 bypassed this difficulty by scraping off CDC and DC
as a combined spot and using a specific color reactionI3,14 for each of the acids. Thus,
they were able to use TLC to quantitate each bile acid in the presence of the other
from mixtures of pure bile acids and also from duodenal contents15. However, a
number of factors make it desirable to separate the bile acids before quantitation is
carried out. These include the lack of absolute specificity of the color reagentsll and
the modification of the absorption spectra by the presence of silica gel which makes
it impossible to measure these colors at their peak optical densities.
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In a previous report! we noted that commercial silica gel G contains impurities
which interfere with the quantitation of bile acids in 65 % sulfuric acid. This proved
to be particularly true for CDC and DC. Only when the silica gel was treated by a
specific washing procedure before being made into plates could we obtain reprodu
cible results and linear extinctions in the concentration ranges studied. The recovery
of standards is quite constant and compares favorably with the results obtained pre
viouslyl for taurocholic, glycocholic, and cholic acids.

The reasons for the consistent IS to 18 % loss of internal standard are not fully
understood. Migration losses during chromatography do not appear to be a significant
factor because the same magnitude of loss was noted when standard bile acids ,vere
spotted on a TLC plate and the spotted areas were transferred directly to test tubes
without chromatography. Studies of the supernate obtained after centrifugation of
a mixture of silica and 65 % sulfuric acid revealed the presence of a Tyndall effect
and fluorescent properties in this fraction. The Tyndall effect suggests that a colloidal
suspension of silica particles remains in the supernate. The Tyndall effect and the
fluorescence could interfere with the spectrophotometric determination of the bile
acids, but, ordinarily, the silica blank would be expected to correct for this. The
addition of more silica gel to the supernate after the color reaction of the bile acids
in sulfuric acid had reached its end point did not result in further decreased recoveries.
When standard bile acid was pipetted into 65 % sulfuric acid, the characteristic color
allowed to develop, and then more silica added and the mixture centrifuged, there
was no additional loss of optical density in the supernate. Incomplete elution of the
bile acids from the silica gel may be a reason for the losses. However, since these
losses are linear in the ranges studied (Fig. 2), they are of no significance as far as the
reliability of the method is concerned. It should be emphasized that the recoveries
and the low optical densities of the silica blank were consistent only when the dura
tion of the centrifugation of the sulfuric acid suspension was extended to 60 min at
2,700 to 3,000 r.p.m.

Water was used by GANSHIRT and co-workers5 as a spray reagent to locate the
different bile acids on the plates. Compared to other means of identification, water
has a distinct advantage in that the same spot can subsequently be used for quanti
tation. It was not possible to locate and identify the CDC and DC spots accurately by
staining adjacent strips or columns because of the inevitable small fluctuations in the
RF values between different columns even on the same plate. The detection of as
little as 5 fig of bile acid by water spraying is unique for free acids. Larger amounts
of conjugated acids are necessary for detection by this technique.

The anisaldehyde stainlO and the studies with labeled CDC and DC support the
feasibility of the approach described. As a consequence of virtually eliminating inter
fering substances from the silica, the presence of silica became less of a problem and
measurements could be carried out at the peak of the absorption spectra. In 68 sam
ples of duodenal contents the ratio between CDC and DC was usually close to I, with
a range of I: 2 to 3: I. In no instance did this range present a problem as far as identi
fication on the plates was concerned.

FROSCH AND WAGENERl5 used the specific color reactions for CDC and DC for
the quantitation of the dihydroxycholanic acid conjugates as well as for the free
CDC and DC. At present, no solvent systems are known for separation of either the
glycine or the taurine conjugates of CDC and DC by TLC. Attempts were made to
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quantitate the conjugated dihydroxycholanic acids by a two-step chromatographic
procedure. The conjugates were isolated from bile extracts by TLC in suitable sys
tems and identified as previously described1 . The combined taurine-conjugate spot
and the combined glycine-conjugate spot were scraped into separate test tubes and
subinitted to hydrolysis in the presence of the silica gel. Each hydrolysate was chro
matographed again as described above and an attempt was made to quantitate the
resulting free bile acids separately. Reproducible results could not be obtained and
the recoveries of standards did not exceed 65 %. This is most likely due to the very
small amounts (IO to 50 flg) of conjugates subjected to hydrolysis. It has been
pointed out thatll ,16, when very small amounts of bile acids are hydrolyzed in glass
tubes, a significant amount of bile acid material sticks to the glass or may even form
silicate complexes. A loss of this type may be enhanced in the presence of silica.
Wilen large amounts of conjugated bile acids were hydrolyzed, recoveries of standards
after hydrolysis and TLC were only a few per cent lower than after TLC alone. For
this reason, whenever possible we used aliquots of bile extract containing at least
I mg of conjugated bile acid material for hydrolysis.
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SUII'IMARY

A method is described for quantitating chenodeoxycholic acid and deoxycholic
acid in a mixture after separating them by thin-layer chromatography. The procedure
involves the preliminary purification of the silica and the identification of the bile
acids on thin-layer plates by water spraying. The feasibility of the method and the
reproducibility of the results have been demonstrated by special staining techniques
and radiotracer studies. The method was applied to human duodenal contents.
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Adsorbent powder. The thin layers used in the present investigation were pre
pared from Cellulose Powder MN 300 manufactured by Macherey, Nagel & Co.*

Standard solutions. Standard amino acid solutions were prepared as suggested
by SMITH1o. Sufficient of each amino acid was accurately weighed out to produce a
0.05 M solution in 25 ml of aqueous propan-2-01 (10 %, vjv). The quantities of amino
acids were dissolved in 10-15 ml of the propan-2-01 solution with the addition, if
necessary, of the minimum quantity of hydrochloric acid to dissolve those amino
acids insoluble in water. The final volumes were then made up to 25 ml.

Ninhydrin-collidine chromogenic reagent. This reagent was similar to that used by
BRENNER AND NIEDERWIESER3 . It consisted of ninhydrin (0.3 g), glacial acetic acid
(20 ml), and collidine (2,4,6-trimethylpyridine) (5 ml) in sufficient ethanol to produce
a final volume of 100 ml.

Solvents jor chromatographic development. All solvents used in this work were of
Analar grade**, with the exception of tert.-butanol, which was GPR grade**.

PREPARATION OF CELLULOSE THIN LAYERS

TRUTERll states that slurries of cellulose may be obtained by dispersing cellulose
powder (I g) in acetone (6 ml). However, thin layers produced in this way were found
to be thicker than those produced from water slurries of cellulose powder, and they
also adhered to glass less firmly. They had the further serious disadvantage that when
samples, in aqueous solution, were applied to the layer, fissure occurred around the
circumference of the sample spot during drying thus isolating the spot from the rest
of the layer.

The most satisfactory thin layers of cellulose powder were produced in a
manner similar to that employed by VON ARX AND NEHER7• A quantity of cellulose
powder (15 g) of MN 300 was slurried with a mixture containing 70 ml of water and
10 ml of ethanol. From this quantity of slurry five 20 X 20 cm glass plates were
coated with layers of slurry each 300 p in thickness. When the surfaces of the thin
layers became matt (this occurred after about 20 min), the plates were transferred to
a chromorack and stored overnight at room temperature.

During this time the cellulose thin layers came to equilibrium with atmospheric
moisture at room temperature. This is important, since cellulose layers as used,
constituted partition chromatographic systems, the water adsorbed on the layers
acting as the liquid phase on a solid cellulose support. RANDERATH12 correlates paper
chromatography and cellulose thin-layer chromatography with partition systems.

The final thickness of a cellulose thin layer (when dry) is much less than the
initial thickness of the layer, when water is used to form the slurry. Layers initially
spread to a depth of 300 p produce cellulose layers only 100 p thick when dry.

DEVELOPMENT OF TWO-DIMENSIONAL CHROMATOGRAMS

Sample spots were so positioned on thin layers that development of the first
dimension was always "along the grain" of the layer, thus maintaining a standard
procedure (see Fig. I). Amino acid solutions, I pI or less, were placed on the thin

* Macherey, Nagel & Co., agents Camlab (Glass) Ltd., Cambridge.
** Hopkin & Williams Ltd., Freshwater Road, Chadwell Heath, Essex.
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The mobility of butylammonium ion at infinite dilution in water at 25 0 is
3.88'10-4 cm2 ·sec-l.V-l (ref. 2). The limiting mobilities (in cm2 ·sec-l.V-l) of the

NH3+-CHR-C02H +tNH3+-CHR-C02-+t NH2-CHR-C02-
(I) (II) (III)

cations (I) of the amino acids (II) in water at 25 0 may be calculated using a modified
STOKES equation2,3:

uo+ = (1.602 X ro-12 z)/s:rr.rw+I)(f/!0)

where z is the ionic charge, rw+ is the Van der Waals radius of the cation (in A),
1] the viscosity of the solvent (in poises), and (fifo) is the "frictional ratio" (> 1),
which measures the increased resistance to the passage of the ion if its shape is not
spherical4.

(a) Calculation of charge z
The effective charge (z) of the cation (1) depends on the extent of conversion of

the zwitterion (II) and hence on the hydrogen ion activity aH+ of the solution:

z = [I]/([IJ + [II]) = aH+/(aH+ + K 1')

where K'1 is the apparent dissociation constant for the reaction: 1 +t II + H +, and
-log aH+ = pH is measured potentiometrically using a glass electrode. The apparent
dissociation constant K r' (= - antilog pKr') is related to the thermodynamic dis
sociation constant K 1 (= - antilog pK1) by the equation:

pK1' = pK1 + o.syw/(r + Qayw) - KRw (s)

where w is the ionic strength of the solution, Q(""' 0.33) is a constant, a is the collision
diameter of the cation, and K R is a salting-in term5. For our present calculations we
have, following NEUBERGER6, assumed Qa ~ 1, and have set K R = 0.32 for the amino
acids (Nos. 1-16 of Table 1), 004 for glycylglycine, and 0.6 for diglycylglycine. These
values of K R seem reasonable for the ex-amino acids (Nos. 1-12) and peptides5,6, but
may be too low for the aminobenzoic acids (Nos. 14-16).

The values of z calculated from K 1 values listed by ROBINSON AND STOKES7 are
given in Table 1. These values have a possible error of about ± 5 % because of va
riations in the pH of the hydrochloric acid solutions and because of the various
approximations in the calculations using Eqns. (4) and (5).

(b) Calculation offrictional ratio (fifo)
The frictional ratio (fIfo) of the cations derived from simple amino acids such as

glycine and alanine, which have approximately ellipsoidal shapes, can be obtained
by the application of PERRIN'S equations4 • However, the shapes of most of the amino
acids are too irregular for these equations to be applicable. Consequently, the friction
al ratios were obtained from the limiting diffusion coefficients Do± of the amino
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TABLE I

RELATIVE ZONE MOBILITIES (Ur+) OF AMINO ACIDS AND PEPTIDES AT pH 1.5

No. Compound z rw±jrw+ u r+ ur+
(calc.) (obs.)

I Leucine 0.890 1.01 0.65 0.67

2 Norleucine 0.890 1.01 0.65 0.68

3 Valine 0.880 1.01 0.69 0.68

4 Norvaline 0.898 1.01 0.70 0.65

5 Threonine 0. 82 3 1.01 0.66 0.67

6 Serine 0.853 1.01 0.76 0.70

7 Proline 0.772 1.01 0.69 0.66

8 Alanine 0.895 1.02 0.82 0.83

9 Asparagine 0.810 1.01 0.68 0.68

10 Phenylalanine 0.720 1.01 0.5 1 0·53
II Tryptophan 0.90 4 1.01 0-48 0-49
12 Glycine 0.895 1.02 0.96 0·97

13 t'l-Alanine 0·994 1.10 1.02 1.02

14 o-Aminobenzoic acid 0.83 1 1.01 0.61 0.19

15 m-Aminobenzoic acid 0.982 1.10 0.68 0.65

16 p-Aminobenzoic acid 0.9 1 0 1.10 0.69 0.66

17 Glycylglycine 0.892 1.10 0.86 0.82

18 Diglycylglycine 0.98 5 1.0 7 0.70 0.7 2

acid zwitterions (II). It has been shown that a modified STOKE'S equation applies to
the diffusion in water of these and other neutral organic molecules7 :

Do± = kTIsnrw±rJ(ll/o)

(11/0) = kTIsnDo±rw±rJ

(6)

(6a)

where k is Boltzmann's constant, T the absolute temperature, and rw ± the Van der
Waals radius of the zwitterion. Equation (6) has been found to hold fairly well for
glycine and alanine (which are sufficiently ellipsoidal for (fIfo) to be obtainable from
PERRIN'S equations)8, and hence may be assumed to apply to the more irregular
amino adds which deviate widely from ellipsoidal shapes. Values of Do± for the amino
acids and peptides of Table I are available from the careful work of LONGSWORTH9 .

LONGSWORTH'S experimental values are for low solute concentrations, rather than
for infinite dilution, but will differ by only 1-2 %from values for the latter condition.

(c) Calculation of the ionic radius rw+
The Van der Waals volume V w of organic ions may be obtained by the addition

of the volumes of the constituent atoms or groups, which have already been list
edl , 2, lO,H. The Van der Waals radius rw is thus given by the relation: V w = 4 n rw3/3.
However, in aqueous solution it was sometimes found necessary to assume an in
crease in volume because of hydration, in order to compute correct ionic mobilities
by the use of Eqn. (3). Thus it was found that the volume of the ionized carboxylate
group (29.5 A3) had to be increased by about 40 A3 to account satisfactorily for the
mobilities of ions containing this group2. On the other hand, it was not found nec
essary to increase the Van der Waals volume (n.5 A3) of the -NH3+ group to ac
count satisfactorily for the mobilities of substituted ammonium ions in water2,3, in
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spite of the fact that other types of evidenceI2 indicate this group also to be hydrated.
It would seem that with substituted ammonium ions the effect of hydration is
counterbalanced by other effects, such as loosening of the surrounding water struc
tureI3, insofar as mobilities are concerned.

The Van der Waals volumes calculated in this way prove satisfactory in ex
plaining the mobilities of monofunctional and some simple polyfunctional com
pounds2, 3. However, there is some evidence that hydration increases when several
polar groups are near each other in an ion2, perhaps through cooperative effects in
binding water molecules. Thus the cations of glycine (I; R = H) and alanine (I;
R = CH3) were found to have mobilities considerably less than calculated from
Eqn. (3)1. The experimental mobilities may be brought into line with calculated
values if it is assumed that the Van der Waals volumes of these cations are increased
by about 30 A3.

The work described in the present paper with the more extended series of
amino acids of Table I corroborates this finding. The relative mobilities of these
cations were obtained from Eqn. (7), obtained by combining Eqns. (3) and (6):

For water solutions at 25 ° this becomes:

D being measured in cm2. sec-I. When butylammonium (uo
sec-I. V-I at 25°) is used as the standard ion:

(8)

3.88 X r0-4 cm2 •

(9)

The mobility ratio calculated from Eqn. (9) is for aqueous solutions at 25°.
However, the relative mobilities of organic ions having radii larger than about 3 A
are not affected by temperature2. In the present work temperatures were about 30°,
but were not controlled closely.

(d) Determination oj p/P(std)
The adsorptive factor (P(std») of the butylammonium ion is known to be LOOI.

The same adsorptive factors would be anticipated for the cations of all the amino
acids and peptides listed in Table I, except perhaps phenylalanine, tryptophan and
the aminobenzoic acids, which contain aromatic rings. The adsorptive factors were
determined by the method described earlier!, and were found to be approximately
LOO for all the amino acids (including phenylalanine) in aqueous hydrochloric acid
(pH L5) on Whatman No. r paper, with the exception only of a-aminobenzoic acid
(p = 0.86), m-aminobenzoic acid (p = 0.82), p-aminobenzoic acid (p = 0.82), and
tryptophan (p = 0.80). The different values obtained for phenylalanine and the
aminobenzoic acids illustrate the fact that while the adsorptive factor is in general
governed by the area of flat hydrophobic surface in the molecule, other more specific
factors are also involved2.
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anions (III) in aqueous piperidine at pH 1I.4, using picrate as the standard anion.
Qualitatively, the results appeared to indicate hydration of the anions (III) consider
ably in excess of the hydration assumed for simple carboxylate ions. However, the
mobilities of a-amino acids in this and in other alkaline media varied in an erratic
manner, for reasons not yet understood. The attempt to clarify this behaviour is
being continued.
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SUMMARY

The relative zone mobilities of several protonated amino acids and two peptides
have been calculated from the diffusion coefficients. of the zwitterionic forms of the
compounds. Good agreement with observed values was obtained if it was assumed
that the Van der Waals volume of protonated a-amino acids is increased by 33 Aa
by hydration.
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B. tert.-Butanol-acetone-o.2 M NH 3 (aq.)-0.2 M HCl (aq.) (35:35:21:9).
The apparent pH of this mixture is pH 9.0. This pH was chosen because it was found
to prevent "ghosting" of components in the case of the alkaline thiazine dyes.

C. tert.-Butanol-n-butanol-o.2 M NH3 (aq.) (40:30:30), with an apparent
pH of 10.6.

Chromatographic development was carried out on wedge-shaped :otrips7 of
Whatman 3MM paper, 4 cm wide and 45 cm long, in a Chromatobox (Warner
Chilcott Laboratories). Chromatography was carried out in the dark, and the cham
bers were sealed with parafilm in order to minimize evaporation of the volatile
solvent components.

In order to keep conditions constant, a standard developing time of eighteen
hours was adopted for solvents A and B. With solvent C forty hours were necessary.
At the end of these time periods the solvent front had reached to within two cm of the
end of the paper.

RESULTS AND DISCUSSION
The results of the chromatographic analysis of thiazine dyes are listed in

Table II. The value !Y.. is the absorbance at the absorption maximum in ml per mg
of dye. If the different fractions in a dye sample do not differ greatly in molar ex
tinction coefficient, the values of !Y.. can be taken as the relative molar proportions
of the components of the mixture. Thus one can calculate that the methylene blue
sample analyzed is contaminated with 2.3 % Azure A and 8.1 % Azure B. The repro
ducibility of the RF values and of !Y.. are illustrated for the analysis obtained in the
case of methylene blue, where the standard deviation of ten determinations is listed.
For those fractions whose spectra showed a definite shoulder in the absorption
maximum this wavelength is listed, together with the relative absorbance at this
wavelength compared to that at the absorption maximum. These values frequently
aid in the identification of the various fractions. It should be noted that the spectral
data given were obtained by eluting the fractions into 50 % (v/v) aqueous formamide
(in order to get quantitative elution) and that these spectra therefore differ from those
obtained in acetate or in methanol: the shoulders in the absorption spectra are less
pronounced. In the eighth column of the table are listed what we believe to be the
identity of the various fractions obtained. These are based on absorption maxima,
RF values and the comparison of the spectra in acetate buffer or methanol with
spectra reported in the literature.

Excellent separation of components was achieved both at alkaline and acid pH.
None of the samples tested was pure, some containing as much as sixty per cent of
contaminant. Our results are in overall agreement with those reported for thiazine
dyes by TAYLOR4 ,5 who used circular chromatography, and developed chromato
grams using solvents based on cyclohexanone. Using this author's solvents in a
closed system such as ours produced poor results: his method depends on the con
tinued evaporation of the volatile solvent from the edge of the strip. It is therefore
unsuited to the identification of dye components by their RF values, since the values
so obtained are all relative to the fastest-moving component.

Our identification of the various fractions occurring in those commercial
samples of thiazine dyes which we analyzed, in general coincide with those assigned
by TAYLOR4 ,5. Several other authors3,8-10 obtain slightly different proportions of
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contaminant, and, in some cases incorrectly designate the fast (pink) component in
thionine as thionolin8. This unknown component is a weak base which can readily
be extracted into chloroform from an aqueous solution at pH 9. The absorption
spectra of the major component in the sample labelled "Azure An in formamide,
or in pH S acetate buffer do not resemble those of Azure A (absorption max. in
formamide at 627-629 mfl).

By the use of the alkaline solvent ("solvent Bn) one obtains lower values for
total absorbance (IX) than in the acid system A. This is probably due to decomposition
of several of the thiazine components at this pH. The more acid solvent is therefore
to be preferred for the chromatographic separation of thiazines. Thionol, the fastest
moving component in methylene violet (solvent A) is resolved better in solvent
system B.

The necessity for using pure samples in evaluating the photochemical reactivity
of a dye is well illustrated by our observations on methylene green. On chromato
graphy this dye sample was shown to contain at least forty per cent of contaminants,
of which methylene blue is by far the major constituent. The ability of these fractions
to sensitize the photopolymerization of calcium acrylatell is vastly different: when
the components were used at equal absorptivity, whereas the methylene blue fraction
caused polymer formation within seconds, the methylene green fraction caused only
slight polymerization after six minutes. The decreased reactivity of the methylene
green as compared with methylene blue can be ascribed to the presence of a nitro
group12. Methylene green has been reported to be a good sensitizer for the photo
dynamic inactivation of viruses13. On the basis of our findings we would suspect that
the dye sample used by this author was heavily contaminated with methylene blue,
which was probably responsible for the photodynamic effect.

Table III gives results obtained for the chromatographic analysis of various
photosensitizing dyes other than thiazines. Good separation was achieved with
neutral red at acid pH, and for the acridine dye, acriflavine, at both acid and alkaline
pH. Safranine 0 gave very poor separation in solvent system A. Increasing the po
larity and the acidity of the resolving solvent may somewhat improve the resolution
obtained. In the case of xanthene dyes, the alkaline butanol-acetone solvent (solvent
B) gave poor resolution of the secondary bands, which were quite broad, although
these were well-differentiated froin the main component. Replacement of acetone with
n-butanol and increasing the apparent pH of the mixture resulted in better separation
of the contaminants, but the time needed to achieve resolution is twice as long. Our
results agree with those obtained by others14- 16 using different solvent systems,
in that eosin Y, for instance, produced two zones; the minor component is probably
2,4,s-tribromofluorescin15. Since the authors cited do not quote RF values, it is
difficult to decide whether the separations achieved are comparable.

None of the solvent systems used could usefully be applied to the analysis of
triphenylmethane dyes: the polarity of the solvents is such that these dyes move
with the solvent front. Reverse-phase chromatography, although it is a cumbersome
technique seems best suited for the analysis of these dyes17.

SUMMARY

Simple one-phase solvent systems were developed which are useful for the
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Fig. 2. Separation of a number of elements on TBP Corvic layers by elution with hydrochloric acid.
Acid strength: (a) 8 N, (b) 4 N.

Fig. 3. Histograms of separations carried out on HDEHP-silica layers with hydrochloric acid as
eluant. Acid strength: (a) 1.75 N, (b) 0·3 N, (c) 1.5 N.

for adjacent elements with this extractant20. The rare earths are normally eluted
with aqueous acid and their mobilities are found to decrease with increasing atomic
number. \iVe have already reported the rapid separation of a number of rare earths
on layers of a coarse grade of Corvic retaining HDEHp5; for the experiments reported
here the reagent was added either to silica gel, or to a finer grade of Corvic with
particles of the size more usually employed for thin-layer chromatography. No
attempt was made to obtain a plot of t,he zone migration parameter, RM log (r/RF-r)
against the hydrogen ion concentration of the aqueous phase as this has already been
reported for the thin-layer system5, and instead a number of separations were at
tempted by eluting elements and mixtures on Corvic and silica layers retaining
HDEHP as the stationary phase. An example is given in Fig. 3. Development was
carried out at room temperature and not at the elevated temperatures used for some
column separations. Again elements showing the highest distribution ratios in the
respective liquid-liquid systems gave the lowest RF values, and separation factors
were of the order expected from column chromatography although accurate separation
factors could not be calculated from histograms of the type shown in Fig. 3.

T ri-iso-octylamine
The third extractant used as stationary phase was the liquid anion exchanger

TIOA. The use of high molecular weight amines for the extraction of inorganic ions
has received considerable attention21 and distribution data for the extraction of more
than sixty elements from hydrochloric acid into TIOA has been reported22 . Experience
with TIOA retained on a carrier as stationary phase for column chromatography
indicated that the amine might also be of use for reversed-phase partition chromato
graphy on thin layers.
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TRENNUNG DER SELTENEN ERDEN. V. 159

Dabei werden die an Punkt B befindlichen Yttererden aufgetrennt. Die Ceriterden
vom Punkt B sind nicht mehr nachweisbar.

Auch wenn die Konzentration der Ceriterden im Vergleich zu der der Yttererden
grasser ist, kann man eine Trennung durchfiihren (Fig. 6). Bei B und C enthiiJt die
aufgetragene ProbelOsung je 7 fig von 5 Yttererden und je 35 fig von 4 Ceriterden.
Bei A ist eine auf das Funffache verdunnte Probelasung aufgegeben worden. Wahrend
in der ursprunglichen Lasung die Yttererden gut aufgetrennt wurden, die Ceriterden
dagegen nicht, kannen nach der Verdunnung auch die Ceriterden deutlich getrennt
werden.

TRENNUNG DER SELTENEN ERDEN AUS TECHNISCHEN PRODUKTEN

Die Trennung der Seltenen Erden wurde an technischem Ceritcarbonat (Fa.
Auer-Remy, Hamburg) und an Seltenen Erden, die durch Tributylphosphat-Extrak
tion aus Kola-Apatit gewonnen wurden4 , uberpruft. 1m Folgenden wird die Trennung
der Seltenen Erden aus Kola-Apatit beschrieben.

600 mg des erhaltenen Rohoxid-Gemisches werden in HCl gelast. Vorhandenes
Cer(lV) wurde mit H 20 2 reduziert, die Lasung zur Trockne eingedampft und 10 ml
einer 0.1 N salzsauren Lasung hergestellt. 0.005 ml dieser Lasung dienten zur Tren
nung der Yttererden (B). Fur die Trennung der Ceriterden wurden die Lasung funf
fach verdunnt (Punkt A). Wie Fig. 7 zeigt, sind die Elemente Lanthan, Cer, Yttrium
sowie die Summe von Praseodym und Neodym nachweisbar. Die ubrigen Seltenen
Erden sind wegen ihres geringen Anteils in der Mischung nicht zu erkennen.

Sie sind zu weniger als 10 % gegenuber der Hauptkomponente vorhanden.
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Fig. 7. Trennung der Seltenen Erden des Kola-Apatit.
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Direkte gaschromatographische Bestimmung der einfachern Alkohol
isomeren bis zu n-Pentanol in verdunnten, wasserigen Losungen

Das in Wasser gut bestandige I-Nonylphenoxypropandiol-2,3 (Nonylphenol
Glyzerinather, NPGA) eignet sich als stationare Phase fUr die Trennung von Alkoholen
und Ketonen1 • Wie systematische Untersuchungen2 zeigten, lassen sich mit Chromo
sorb A-als Tragermaterial fur Glyzerinather-verbesserte Trennungen von Sub
stanzgemischen in verdunnten, wasserigen Losungen erzielen. Da die erwahnte sta
tionare Phase bis zu einer Temperatur von 1000 verwendbar ist, untersuchten wir die
Auflosefahigkeiten von NPGA-Chromosorb A-Kolonnen am Beispiel der Trennung
von einfachen Alkoholen (die 16 moglichen Isomeren bis und mit 5 C-Atomen) unter
Anwendung eines Temperaturprogrammes und eines empfindlichen Flammenionisa
tionsdetektors (zur "Elimination" des Wassers).

1m Folgenden solluber die Moglichkeiten dieser Trennsaule berichtet werden.

Apparatives
Gaschromatograph: Beckman GC4 mit zwei Saulen, Doppelflammenionisations

detektor und Temperaturprogrammiereinheit.
Kolonnen: 12 ft. Stahlsaulen, 3/16 in. innerer Durchmesser, 10 % NPGA und

0.2 % Alkaterge T auf Chromosorb A, 60180 mesh (Johns Manville). Die Kolonnen
wurden vor Gebrauch 24 Std. bei 1400 ausgeheizt.

Tragergas: Stickstoff ca. 17 ml pro Min.
Testlosungen: Fur die Herstellung der Testgemische wurden analysenreine

Alkohole (Merck, Fluka) verwendet.

Resultate
Dimensionen der Trennsaulen: Die Trennsaulen wurden fur die Analyse von

Probemengen in der Grossenordnung von 10-15 fLI ausgelegt. (Diese Mengen lassen
sich-im Hinblick auf spatere quantitative Bestimmungen - ohne weiteres genau
reproduzieren, z.B. mit dem Beckman liquid sampler.) Als geeignet erwies sich ein
Saulendurchmesser von 3/16 in. mit Tragermaterial von 60180 mesh Korngrosse.
1/8 in. Kolonnen ergaben durchwegs schlechtere Trennfaktoren, 1/4 in. Kolonnen er
forderten zu lange Analysenzeiten.

Temperaturprogramm: Fur die vorliegende Untersuchung wurde folgendes Tem
peraturprogramm gewahlt: 6 Min isotherm bei 700, anschliessend aufheizen bis auf
1000mit 10IMin. Dadurch ergibt sich eine Retentionszeit fUr n-Pentanol von ca. 45 Min.

Nach dieser Zeit ist die Saule sofort wieder verwendbar, da das Wasser bereits
eluiert ist (Retentionszeit des Wassers ist etwas grosser als diejenige von 2-Methyl
butanol-z). In Fig. list ein mit diesem Temperaturprogramm ermitteltes Chromato
gramm dargestellt (Alkoholgehalt je 1°/00 in Wasser).

Auflosefaktoren: Gemische mit (gewichtsmassig) gleichen Teilen der Alkohole
mit Ibis 5 C-Atomen wurden analysiert (Einspritzmenge je IS fLI). Entsprechend der
Alkoholkonzentration wurde das Detektor-Signal so verstarkt, dass sich am Schreiber
ein Ausschlag pro Substanz von durchschnittlich 50 % registrieren liess. Aus den er
haltenen Chromatogrammen ergaben sich die in Tabelle I angefiihrten Trennfaktoren
(vgl. auch Fig. I).
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durch zwei Faktoren beeinflusst, einerseits durch das Wasser und andrerseits durch die
Menge der einzelnen Substanzen. Letzteres manifestiert sich vor allem bei den wasser
freien Alkoholgemischen durch niedrigere Trennfaktoren. Der Grund dazu durfte in
einer Dberlastung der Saulen zu suchen sein.

Eine Verschlechterung der Trennfahigkeit infolge des Wassergehaltes tritt erst
bei sehr starken Verdunnungen, O.I %

o, andeutungsweise zutage. Storend wirkt sie
sich bei noch niedrigeren Konzentrationen im Bereiche von 0.05 % 0 aus (vgl. Tabelle I).

Die Dauer einer Analyse liegt mit dem vorgeschlagenen Temperaturprogramm
unter einer Stunde. n-Pentanol erscheint nach ca. 45 Min. Zudem ist die Trennsaule
sofort wieder betriebsbereit, da das Wasser schon nach dem z-Methylpropanol-z
eluiert wird. Allerdings wird der Wasser-peak durch den Flammenionisationsdetektor
nur durch eine geringfugige Nullpunktverschiebung - und nur bei hoher Empfind
lichkeit - angezeigt. Die vorgeschlagene Saule eignet sich somit fur rasche, direkte
Analysen wasseriger Alkohollosungen bis hinunter zu Konzentrationen von O.I% o'
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A simple reproducible technique for sample introduction in analyses of
volatile fatty acids by gas chromatography

The determination of the composition of volatile fatty acid mixtures by gas
liquid chromatography in association with automatic titration was first described by
JAMES AND MARTINI. Their technique has the advantage over more elaborate detection
systems in that absolute values may be estimated easily and with greater precision.
Usually relative ratios only of acids are obtained with other types of detectors. To
judge from the literature, cj. for example SMITH2, if actual concentrations are desired
correction factors must be applied to the calculations.

A difficulty in the JAMES AND MARTIN technique is to obtain a satisfactory
method for sample injection which gives a quantitative and smooth delivery of the
ethereal solution. The technique now described is satisfactory for this purpose.

A pellet of sintered glass is immersed in the ethereal solution of volatile fatty
acids prepared as described by McINNES3 and then placed inside the inlet end of the
column well within the heated vapour jacket. The amount of acids introduced to the
column depends on pellet size and time of immersion. With the equipment in the Fats
Research Division D.S.I.R., New Zealand, satisfactory graphs were obtained using
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TABLEAU I

NOTES

VALEUR DES COEFFICIENTS D'INTEGRATION EN FONCTION DE L'ORDONNEE A LAQUELLE EST MESURE

LE PARAM:InRE DE LARGEUR

Ordonnee ou est k* k'** Ecart Observations
mesure le parametre maximum (%)
de largeur (H) pour k (%)

0·5 1.045 (1.064) 1.00 (1.00) 2·5 55 valeurs sur 60 a ± 1.43
0.6 1.21 (1.239) 1.16 (1.I6) 4-4 58 valeurs sur 60 a ± 2-48
0·7 1.44 (1.483) I.38 (1.39) 5. 2 55 valeurs sur 60 a ± 3.47
0·75 1.60 (1. 651) 1.53 (1.55) 5·3 56 valeurs sur 60 a ± 3-44
0.8 1.82 (1. 876) 1.74 (1.76) 5·3 55 valeurs sur 60 a ± 3.84
0·9 2.63 (2,730) 2.52 (2·56) 8.2 55 valeurs sur Do a ± 5.70

* k Est Ie coefficient d'integration a appliquer pour connaltre l'aire reelle; entre parentheses
on a mis Ie coefficient correspondant calcule pour la courbe de Gauss.

** k' Est Ie coefficient a appliquer pour connaitre I'aire du triangle construit sur la hauteur
et la largeur a demi-hauteur du pic; entre parentheses: Ie meme coefficient calcule pour la courbe
de Gauss.

de largeur jusqu'aux huit dixiemes de la hauteur. Aux neuf dixiemes l'ecart est encore
inferieur Ii 6% dans neuf cas sur dix.

Dans la plupart des cas, il n'y a aucun avantage Ii mesurer Ie parametre de lar
geur Ii une hauteur differente de H/z, sauf pour verifier eventuellement un resultat;
c'est cependant la methode la plus rapide et parfois la seule applicable pour integrer
des pics qui se chevauchent. II suffit en effet, dans ce cas, de se placer Ii une ordonnee
telle que la contribution de la coloration due au second amino-acide soit negligeable,
pour mesurer Ie paramHre de largeur.
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Fig_ 1. Integration d'un pic enregistre en transmission.
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Le fait de trouver une valeur commune apartir d'une certaine ordonnee permet
d'affirmer que celle-ci est une bonne estimation de l'aire du pic principal. On peut
evaluer l'aire correspondant au second acide amine par Ie meme procede d'integration,
s'il est applicable, ou en retranchant la valeur ca1culee pour Ie pic principal de celIe
obtenue par sommation des densites optiques pour l'ensemble des deux acides amines.

Nous n'avons pas verifie si les valeurs que nous avons ca1culees sont valables
pour des colonnes ou des systemes d'elution differents de ceux que nous utilisons.
Vu Ie faible ecart des valeurs experimentales et des valeurs theoriques ca1cuIees a
artir de la courbe de Gauss (Tableau I) nous pensons qu'il en est probablement ainsi.
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Fig. 3. Integration d'un pic lorsque la ligne de base n'est pas confondue avec Ie zero de l'enregis
treur.

Integration rapide
Lorsque la ligne de base du chromatogramme n'est pas confondue avec Ie zero

du papier d'enregistrement (Fig. 3), il faut en tenir compte pour l'integration. Les
formules (a) et (b) deviennent respectivement:

et

i = 11-

5 = c.~· (Hi-btl
~ = I

5 = k(H-b)L

(a')

(b')

OU bi est l'ordonnee de la ligne de base interpolee a l'abscisse "i" et best l'ordonnee
de la ligne de base interpoIee a l'abscisse du maximum.
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Gas-chromatographic analysis of tri-n-butyl phosphate

175

A gas-chromatographic method was found to be applicable for the quantitative
analysis of dilute mixtures of tri-n-butyl phosphate (TBP) , containing water and
-other impurities.

Normally, indirect methods' are used to determine the TBP content in mix
tures. Mono- and di-n-butyl phosphates (MBP, DBP) are determined by potentiome
tric titration2 or by paper chromatography3. Butyl alcohol is measured by its reaction
with dichromate in sulphuric acid4. For water, either Karl-Fisher reagent is used or
the weight loss is determined after evaporation under vacuum5. These methods are
inconvenient and time consuming because each component has to be analyzed
separately. The method described below (which is a programmed temperature gas
chromatographic analysis) is simple and rapid.
While this work was in preparation, BERLIN et al.6 published results of isothermal
gas-chromatographic analyses of several classes of organophosphorus compoundS.

3
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Bo·e
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32"

2+3
1

2+3

1 22"

115·e

172" (e)

(b)

(a)

5

4

460"

6

650"

270·e

Fig.!. Chromatographic analyses of TBP-diluent mixtures. (a) 60 % v/v TBP + 40 % v/v
dodecane, saturated with water, 1.5 fll; (b) TBP + kerosene, saturated with water, 3 fll; (c)
butyl alcohol + water, I fll. I = air; 2 = water; 3 = butanol; 4 = dodecane; 5 = kerosene;
Q = tri-n-butyl phosphate.
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Gas-chromatographic characterization of the electrophoretically separated
fractions of acid mucopolysaccharides

Acid mucopolysaccharides can be separated by elution of columns of cellulose1

(after precipitation with cetylpyridinium chloride), Dowex-12 or DEAE-Sephadex3

with magnesium chloride or sodium chloride solutions of increasing concentration.
Relatively large (about 10 mg) quantities of mucopolysaccharides are required for
these methods.

Very small (5-10 iLg) samples of mucopolysaccharides can be analyzed by means
of cellulose acetate electrophoresis4,5, but it has been difficult to characterize the
fractions chemically.

Materials and methods
Materials. n-Glucosamine and n-galactosamine, homogenous in paper chromato

graphy, were obtained from Mann Research Laboratories Inc., New York, N.Y.,
n( +)-glucose, analytical reagent grade, from B.D.H., Poole, Great Britain; galac
tose, puriss. from E. Merck A.G., Darmstadt, Germany; n( + )-glucuronic acid lactone,
puriss. from Fluka AG, Buchs, S.G., Switzerland; hexamethyldisilazane, purum 98 %,
and trimethy1chlorosilane, puriss. 99 %, from Fluka AG, Buchs, S.G., Switzerland;
pyridine, reagent grade, redistilled, anhydrous, ]. T. Baker Chern. Co., Phillipsburg,
N.].; cetylpyridinium chloride, Recip AB, Stockholm, Sweden; oxoid electropho
retic strips, The Oxoid Division, OXO Ltd., London; Dowex-so, ]. T. Baker Chern.
Co., Phillipsburg, N.].; and alcian blue, Gurr Ltd., London.

Iduronic acid was prepared from chondroitin sulphate B and was a gift from
K. VON BERLEPSCH, F. Hoffman-La Roche Ltd., Basel, Switzerland.

Samples of keratosulphate and heparitin SUlphate were obtained from Dr.·
M. B. MATHEWS, University of Chicago, Chicago, Ill., and from Prof. K. MEYER,
Columbia University College of Physicians and Surgeons, New York, N.Y.

Extraction of mucopolysaccharides. The acid mucopolysaccharides were liber-
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but heparitin sulphate and keratosulphate can be differentiated by analysis of the
carbohydrate components.

The disadvantage of this method, however, is that chondroitin sulphates A, B
and C cannot be separated from each other; though iduronic acid of chondroitin
sulphate B and glucuronic acid of chondroitin sulphate A and C can be differentiated
by gas chromatography. The quantitative determination of the uronic acids by this
method is under investigation.

This procedure is useful for the qualitative and semiquantitative analysis of
the tissue polysaccharides, when the individual electrophoretic fractions are available
in amounts of 5-50 flg.
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Quantitative determination of griseofulvin by gas-liquid chromatography

Several methods have been described for the determination of griseofulvin in
many types of mixtures. The use of a spectrophotometric method1 is relatively non
specific and therefore an indirect method2 , based on the conversion of griseofulvin to
isogriseofulvin, was devised for quantitating griseofulvin in the presence of structurally
similar contaminants. There is a spectrophotofluorometric assay3,4 which is rather
more specific and has been used extensively for detecting and estimating griseofulvin
in biological fluids. In this assay, however, aspirin, salicylic acid and quinine are likely
to interfere5. Recently a liquid-solid chromatographic method6, although the procedure
is tedious and time consuming, has been reported for the direct analysis of griseofulvin
in complex fermenter broths.

In this study, a new gas chromatographic method was successfully developed for
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Results and discussion
Choice of reaction conditions
Catalytic dehydrogenation reactions carried out by conventional techniques

generally require several hours for completion. Vapour phase reactions require less
time but recycling of products is often still necessary. On the other hand reaction
gas chromatography, employing the reactor assembly described, permitted very fast
and efficient conversions, the short residence time of the sample in the catalyst
chamber being compensated by a high catalyst/sample ratio. Minimum temperatures
required for dehydrogenation were found to be dependent on the nature of the com
pounds. For most of the substances investigated the reaction proceeded smoothly
at 280°. Helium (flow rate 75 ml/min) provided an inert atmosphere and further
more accelerated the reaction by sweeping liberated hydrogen immediately off the
sites of reaction. This also minimized the occurrence of undesirable side reactions.

Choice of catalyst
Several metals viz. platinum, palladium, nickel, rhodium etc., have been used as

dehydrogenating catalysts. Platinum and palladium, in particular, are very widely
employed. Since palladium exhibits a greater tendency to produce side reactions13,

platinum catalysts were used throughout this study. The nature of the support
proved to be important. Thus a 10 % Pd on charcoal catalyst strongly adsorbed
many of the compounds and their dehydrogenation products. Tetralin and decalin
and their dehydrogenation products, for example, could not be recovered under the
experimental conditions described. Similar observations have been reported for a Pt
on charcoal catalystll. Employing a 5 % Pt-alumina catalyst, however, both decalin
and tetralin were quantitatively converted to naphthalene (Table I). This catalyst
proved satisfactory for other alicyclic compounds as well. It was, however, generally
unsuitable for analysis of nittogeneous heterocyclic co~pounds which adsorbed
strongly at the acidic sites of the supportl4 . Platinum on alkali-washed firebrick was
found to be satisfactory for these products although conversions were low (Table I).

Alicyclic compounds
The platinum-alumina catalyst proved to be more efficient than the platinum

firebrick catalyst for the aromatization of alicyclic compounds (Table I). The ease
with which cyclohexene changed into benzene showed that presence of a double
bond in the ring facilitates the reaction. Aromatization of cyclohexanol and cyclo
hexylamine probably proceeds via cyclohexene as an intermediate formed at active
sites on the alumina14,15. Both these compounds gave poor yields on platinum
firebrick. On this catalyst cyclohexylamine remained practically unchanged while
cyclohexanol yielded cyclohexene as the main product of reaction. The dehydro
genation of 2-methylcyclohexanone and 3-methylcyclohexanone also appears to be
initiated by acidic sites on alumina. In addition to toluene (35 %), methylcyclohexane
(54 %) was also obtained. Platinum-firebrick failed to aromatize these ketones to
any significant extent and only small quantities of toluene were recovered. Con
versions of six membered alicyclic ketones to alcohols and phenols reported to take
place during catalytic dehydrogenations16- 19 were not observed with these two ke
tones under the present experimental conditions.
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used as narcotics and their detection is of forensic importance. Aromatization of
cyclohexyl rings is of special interest in investigations on terpenoids. Applications of
the technique to several classes of compounds of pharmaceutical interest are under
study and will form the subject of forthcoming publications.
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occur in oxidized fatty materials1 ,2. The column techniques also provide a method
to obtain MA in a given buffer solution at any pH, free from other substances. The
original hydrolyzate of MA acetal contains ethanol, and may also contain polymeric
MA2 and other partial hydrolysis products in addition to MA.
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An adjustable column end-piece for gel filtration

The end-piece is constructed from two concentric acrylic tubes (Fig..1). The
inner tube has an expanded end which can be drawn up against the outer tube by a
screw thread and nut. A cuff cut from silicone rubber tubing is placed between the
ends of the acrylic tubes so that tightening the screw increases its diameter. The
expanded end of the inner tube is funnelled to a sharp edge, but is also recessed to take
a disc of porous polyethylene which is cemented in with acrylic cement. A silicone tube
is pressed into the narrow end of the funnel to convey the column fluid.

Two end-pieces are inserted into a glass cane of slightly larger internal diameter,
and tightened till the cuffs expand to fit snugly to the glass. A column of variable bed
length can be obtained, and shrinkage can be taken up between experimental runs.
The dead space volume of the end-pieces can be made very small, and their porous
faces are little smaller than the column cross section. The need for precision bore
column tubing is obviated though the diameters of the end-piece and column tube
should not be so disparate that fractions with very high or low densities gravitate into
the space between them. This risk can be reduced by pressing a little column gel into
this space when the end-pieces are finally adjusted.
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Separation of transfer-ribonucleic acid from deoxyribonucleic acid by gel
filtration

In the work on the development of granulation tissue we were faced with the
problem of obtaining information on all the nucleic acids simultaneously. We wished
to avoid the preliminary centrifugation of the homogenate and proceed with the
phenol extraction! with the minimum of delay in order to avoid degradation of the
nucleic acids. When HMW-RNA's* were precipitated from the aqueous phase with
3 M sodium acetate, DNA and t-RNA remained in the supernatant. It is possible to
separate DNA from t-RNA by Sephadex gel filtration.

A Sephadex (G-200, bead form) column (3 cm X 55 cm) was prepared according
to manufacturer's (Pharmacia AB, Uppsala, Sweden) instructions and equilibrated
with 0.1 M sodium acetate buffer, pH 5.1. The void volume (Vo), inner volume (Vi)
and distribution coefficients (Ed) were determined according to FLODIN2•

The mixture of DNA and t-RNA in 3 M sodium acetate solution was desalted
by ethanol precipitation (final concentration 70 "la, v/v), dissolved into 0.1 M sodium
acetate buffer, pH 5.1, and allowed to drain into the column, which was eluted with
the same buffer. The U.V.-absorption in the eluate was followed with Uvicord ultra
violet absorptiometer (LKB Produkter Aktiebolag, Stockholm, Sweden) connected
to a recorder. The flow rate was 30 ml/h and 5-ml fractions were collected.

A typical chromatogram is seen in Fig. I. The first fraction has Ed-value 0, the
second 0.57. Sometimes a third fraction is observed with Ed-value 0.9-1.1.

o

~
'OO"==~--r---==r---,--==""..""'-.....J

50 100 150 200 250
Effluent volume (ml)

Fig,!. Separation of DNA (fraction I) and t-RNA (fraction II) on Sephadex G-200 column. The
details and the identification of the peaks are described in the text.

Nucleic acid fractions were precipitated with ethanol, washed and dried. The
occasional third fraction was not precipitable with ethanol but it was soluble in
ether. The base compositions of the fractions were determined after alkaline3 and
acid hydrolysis4 , the sedimentation coefficients with an analytical ultracentrifuge
(Spinco Model E, schlieren optics) and the amino acid acceptor' capacity was deter
mined according to ZACHAU5 using amino acid-activating enzymes from rat liver
and 3H-lysine (The Radiochel,l1ical Centre, Amersham, England).

* Abbreviations: BMW-RNA = high-molecular-weight ribonucleic acid; t-RNA = transfer
ribonucleic acid,
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Decrease of tailing of chromatographic peaks
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It is often found that whereas excellent chromatographic separations can be
achieved with small quantities of substances, separation deteriorates badly if the
load is increased. The usual reason for this phenomenon of overloading is that the
partition coefficient of the substance between the mobile and stationary phases
changes with its concentration. This is because the presence of other molecules of the
same substance affects the partition of any given molecule between the two phases.

An unusually clear-cut case is the partition chromatography of substances
with charged molecules on ion exchange resins, because here the partition coefficients
depend largely on two factors. The first is the charge on the solute molecule, itself
often determined by the pH of the medium. The second is the competition for the
sites of the resin that the molecules of solute suffer. Hence the commonest cause of
tailing of a peak on a resin is that the competition suffered by each molecule of the
substance being chromatographed is appreciably higher in the peak, because of the
presence of other charged molecules of the same substances, than at the edges where
only the ions of the eluent solution are present. The peak therefore catches up its
leading edge, and leaves a tail behind. This is particularly likely when a multivalent
substance is being chromatographed with univalent ions in the eluent, because the
effective competition may be appreciably raised in the peak, even though the total
concentration of ions is not. The use of an eluent strong in both buffering power and
concentration of competing ions usually minimizes such effects.

An exception to this was found on attempting to chromatograph 2-hydroxy
methyl-3-hydroxypyridine on a sulphonated polystyrene resin. Very bad tailing of
the peaks was observed when the crude product of hydroxymethylating 3-hydroxy
pyridine by the method of URBANSKIl was chromatographed in sodium acetate
buffer. The pH of the effluent fractions was measured and found to be constant within
0.02 unit. The load was quite low and the concentration of competing sodium ion
0.5 N, so the usual explanations were inapplicable. It was therefore argued that
other molecules of the solute might be more effective competitors than sodium ions.
They might possess a greater affinity for the resin phase than that due to ionic at
traction, because their aromatic rings could also interact with those of the resin.
Chromatography was therefore tried in a buffer of pyridine acetate, in the hope that
pyridinium ions would compete more equally with the solute ions. This greatly dimin
ished the tailing as shown in Fig. 1.

Experimental and results
Chromatography. Fig. Ia shows the chromatography of the mixture of products

in the buffer of 0.1 M acetic acid and 0.5 M sodium acetate. The skew shape of the
peaks is clear. Fig. I b shows chromatography in a buffer of 0.6 M acetic acid and
0.6 M pyridine. The peaks are much sharper. Since this solution had a pH of 5.0, and
the pK's of acetic acid and pyridine are 4.7 and 5.3, this solution is expected to have
concentration of 0.2 M of the neutral molecules of pyridine and acetic acid, and
concentrations of 0-4 M of pyridinium and acetate ions. Even though the pH was
lower than in Fig. I a (5.0 as opposed to 5-4), which should give the solutes a greater
positive charge and so retard them further, and the concentration of competing
cations is lower (0.4 M as opposed to 0.5 M) also favouring retardation, the peak is
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cence that samples of over 50 fLg showed on the dried paper. On the basis of the
electrophoretic results the fractions were pooled, acidified with hydrochloric acid,
taken to dryness on a rotary evaporator and the hydrochlorides recrystallized by the
method of URBANSKI1 by adding acetone to an aqueous solution. The first material
displaced corresponded to the second peak in Fig. 1. On titration of 100 mg of the
hydrochloride with 0.1 N NaOH it showed pJ('s of 4.8 and 9.0 and an equivalent
weight of 164 (CsHsCINO z 161.5). This is consistent with its being 2-hydroxymethyl
3-hydroxypyri.dine, as is the fact that it was the major product in the preparation
whose chromatography is shown in Fig. I, and this was URBANSKI'sl product. This is
supported by the fact that crystallization by his method of the fractions that showed
both compounds yielded this same product. The last fractions, containing the sub
stance corresponding with the first peak in Fig. I, gave a hydrochloride which on
titration exhibited pJ('s of 4.5 and 8.5 and an equivalent weight of 196, and on anal
ysis showed C 44.6 % H 5.0 % (C7H lOCIN03 191.5, C 43.8 %, H 5.2 %). This is
therefore consistent with its being a di-(hydroxymcthyl)-3-hydroxypyridine. WIL
LlAMS5 identifies it by n.m.r. as 2,6-di-(hydroxymethyl)-3-hydroxypyridine, and
confirms that the main compound is 2-hydroxymethyl-3-hydroxypyridine. STEMPEL
AND BUZZIs and HEINERT AND MARTELL7 also noted the production of 2,6-di-(hydroxy
methyl)-3-hydroxypyridine in UImANsKI'sl method.

Disc'ussion
Ionic forms of the solu.tes. The pJ{'s found suggest that these compounds have

similar acid-base properties to the 3-hydroxypyridines studies by METZLER AND
SNELL8• The pJ('s of 4-5 are therefore probably due to ionization of both the phenolic
hydroxyl and the nitrogen-bound proton, with the former predominating. The com
pounds therefore possessed significant fractions of their molecules in each of the three
forms of cation, zwitterion and uncharged molecule under the chromatographic
conditions used.

Non-ionic interactions. Although it is clearly unnecessary to call attention to
the possibility of specificity in competition for adsorbing sites in fields like enzymology,
this possibility may be overlooked with ion exchange resins. Many factors, other
than purely ionic ones, will determine the partition of solutes between resin gel and
aqueous phases. Unfortunately a custom has grown up of classifying ion-exchange
chromatography as a different technique from partition chromatography rather
than an example 'of it. This classification underemphasizes the role of non-ionic inter
actions in separations on ion-exchange resins. Many of these are important. Thus
MOORE AND STEIN9 pointed out that their separation of amino acids on a sulphonic
resin depended on non-ionic as well as ionic interactions. The elution order of glycine,
alanine, valine and leucine suggests hydrophobic bonding with the resin. phase.
They noted that addition of propanol to the eluent selectively accelerated the less
polar amino acids. KRESSMAN AND KLTCHENER10 had already pointed out the increased
affinity alkyl groups gave ammonium ions for suIphonic resins. SAMSONOV and co
workers (e.g. references II-I2) have studied the auxiliary bonds in detail, especially
from proton-solute exchange and have measured entropy and enthalpy contributions.
DMLTRYENKO AKD HALEl3 have shown co-operative effects in proton-chlorotetra
cycline exchange, another departure from ideal behaviour which might be eliminated
by using exchange with a more similar substance.
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Structure elucidation of mono-(hydroxymethyl)- and di-(hydroxymethyl)
3-hydroxypyridines*

In the previous article, the isolation of mono-(hydroxymethyl)- and di-(hydro
xymethyl)-3-hydroxypyridines is described. The plausible structures I and II,
respectively, indicated by analysis, equivalent weight and pK values, are established
in detail by the n.m.I. spectra of the products as outlined in this accompanying note.

(I)

5#~/OH
;1 + II~ Cl-

HOCH AN ..........CH OH2 2
H

(II)

The structure of the monosubstituted product is available from its n.m.I.
spectra in trifluoroacetic acid and deuterium oxide solutions. In the latter solvent all
active hydrogens (OH, NH) are replaced by deuterium; three resonances due to
aromatic protons appear in the spectrum, centred at 8 = 8.31 p.p.m. (quartet, with
splittings of 5 cis and 2 cis), 8 = 8.00 p.p.m. (perturbed quartet with splittings of
2 cis and 9 cis) and 8 = 7.83 p.p.m. (perturbed quartet with splittings of ~ 5 cis and
~ 9 cis). These resonances are assigned to H-6, H-4 and H-5 respectively. In partic

ular, a large splitting of each of these resonances established that all three protons
undergo an ortho-interaction. Therefore the hydroxymethyl group is located at C-2
(see I). The methylene protons of the hydroxymethyl group resonate as a sharp
singlet at 8 = 5-40 p.p.m. in trifluoroacetic acid solution.

The structure of the disubstituted product follows from its n.m.I. spectrum in
trifluoroacetic· acid solution. Two 2-proton resonances occur as singlets at 8 = 5.32
p.p.m. and 8 = 5.38 p.p.m. and indicate the presence of two hydroxymethyl substi
tuents. In confirmation, only two proton resonances occur (as an AB system withJ =

9 cis) in the aromatic region at 8 = 7.89 p.p.m. and 8 = 8.25 p.p.m. ** The magnitude
of the coupling constant (9 cis) establishes that the second hydroxymethyl substi
tuent is at C-6 and not at C-4 (see II), sinceJ2'3 (or J5,6) values are smaller (~5-6

cis) in pyridines than the corresponding J3,4 (or J4,5) values (~8-9 c/s); the charac
teristic difference in the J values is probably caused by the electronegativity of the
nitrogen atom!.

University Chemical Laboratory,
Cambridge (Great Britain)

I H. S. GUTOWSKY AND A. L. PORTE, J. Chem. Phys., 35 (1961) 839.
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* Addendum to the previous article (this volume, p. 199).
** The pair of lines centered at 8 = 7.89 p.p.m. is broadened slightly, presumably due to

allylic coupling between H-5 and the methylene protons of the C-6 hydroxymethyl group (see II).
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Destaining apparatus for disc electrophoresis gels by current at right angles
to gel axis*

In the original apparatus supplied by Cana1co** for destaining of disc electro
phoretic gel preparations, according to the method of ORNSTEIN l and DAVIS2, the gels
are arranged with their long axes vertical, in a glass tube through which current is
passed lengthwise. This has been criticized on several grounds: destaining takes hours;
it requires that very low current and refrigeration be used to avoid loss of enzyme
activity due to heating; diffusion and bowing of the bands occur, however, slightly.
To overcome these objections MATSON 3 and SCHRAUWEN4 have described apparatus
whereby the current passes at right angles to the long axis through the column. Their
techniques do present very sharply defined bands, even the finest; the current density
is not critical and permits a combination of low amperage and short destaining time.
The present communication concerns a simple and inexpensive device which may be
obtained commercially* **, whereby as many as 12 columns of any length up to 4 in.
may be accommodated, but which may be used, if desired, for single runs.

This device is made of a plexiglas cylinder, 5 in. high, 4 in. internal diameter,
with walls 0.5 in. thick. Twelve holes are boredin this cylinder from top to bottom, their
centers being 30° apart and 0.25 in. diameter. The top of this hole is smoothly widened
to 7/16 in. to permit easy sliding of the column into place. Opposite each hole, slits
0.25 in. wide and 4.5 in. long are cut through into the plexiglas, from the internal to the
external surface of the cylinder. Rims of tygon tubing are made of 0.25 in. external
diameter tubing around the cylinder, one just below and the other just above the row
of slits, and fixed in place by fitting the ends over a short glass rod. Strips of stainless
steel, 0.25 in. wide and 6 in. long, are bent over the tygon rims. These are held firmly
by a strip of stainless steel at the upper end and another rim of tygon tubing at the
lower end. To the upper fixation strip a lead wire is attached and covered with GE
Clearseal plastic. A cover of plexiglas is cut from a plate of convenient thickness and a
hole 0.5 in. in diameter is cut in the center. This accommodates a carbon electrode
removed from a dry cell battery. This electrode is soldered to a lead wire and the con
nection covered with GE Clearseal plastic.

To use this device a glass rod of 0.25 in. diameter and 0.5 in. long is placed in the
lower end of each hole which is to accommodate a gel column; into all other holes a
glass rod of 0.25 in. diameter and 5 in. long is inserted. The gel columns are then slid
into the prepared holes, and a length of 0.25 in. glass rod of length suitable to complete
the closure of the slit opening is inserted above the gel. In this way all current must
pass through the gels. The cylinder may have previously been permanently attached
at the bottom to a circular plate of plexiglas by GE Clearseal plastic, or may now
merely be set on a solid rubber pad, and the whole placed in a suitable beaker,
evaporating dish or the like, and the container and central well of the cylinder filled to
within 0.25 in. of the top with 7 % acetic acid. The cover is placed over the cylinder,
wires connected to power, and the current, of some 20 mA, allowed to run 20-30 min.
If the destaining fluid is continuously run through charcoal the process of destaining
may be readily observed and stopped when complete.

* Supported in part by NIMH grant MH °5°96-°4.
** Canalco, 4935 Cordell Ave., Bethesda, Md. 20014.

*** Plastronic Industries, 35 Alexander Ave., Freeport, N.Y.
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Separation of protected peptides on methylated Sephadex

KOTES

In a previous paper we have described the preparation and use of methylated
Sephadex in the separation of some lipidsl . Because of the difficulties sometimes
encountered in the purification of reaction products in peptide synthesis it appeared
of interest to study the behaviour of protected peptides on columns of methylated
Sephadex. Some results of this study have been reported2•

Experimental
Columns of methylated Sephadex G-25 or G-50 were prepared as described

previouslyl. Usually 25 g of methylated Sephadex G-25 or 12.5 g of methylated
Sephadex G-50 were used for each column. The column diameter was usually kept at
2 cm whereas the column height varied with the solvent usedl.

Protected peptides were generously supplied by Dr. W. RITTEL, Ciba A.G.,
Basel, Switzerland. The compounds (usually 0.2-0.8 mg) were applied to the top of
the column in 0.5-1.0 ml of the same solvent as that used for the preparation and
elution of the column. When the sample had entered the gel, solvent was added and
the elution performed with a flow rate of 0.5-1.0 mljmin. Fractions of 2-3 ml were
collected. The solvents were evaporated and the protected peptide located by a
ninhydrin reaction3 after hydrolysis4 or by thin-layer chromatography using the
chlorinejo-tolidine reaction5. In all analyses about 0.01 jLC of cholesterol-4-l4C was
added as an internal standard to the sample. Radioactivity was determined by
counting an aliquot of each fraction in a gas-flow counter, and the elution volumes of
the protected peptides were calculated relative to that of the labeled cholesterol.

Results and discussion
As discussed in a previous paperl, separations of lipid soluble compounds on

methylated Sephadex are determined by several factors. Most important of these
appear to be: (a) partition between a stationary gel-solvent phase and the mobile
phase; and (b) gel filtration (molecular sieving). Furthermore, the methylated Sepha
dex contains negatively charged, fixed ions (about 10 jLequiv.jg in methylated
Sephadex G-25, as determined by titration), which may influence the elution rate of
compounds with basic and acidic groups (this effect is also seen with regular Sephadex
in water6). Table I shows the relative elution volumes of some of the protected pep
tides on methylated Sephadex G-25 and G-50 using chloroform-methanol, 1: 1 (vjv),
and ethanol-water, 96.5 :3.5 (vjv), as the solvents. The results indicate that the effects
mentioned may all be of importance in determining the elution volumes of the protected
peptides. With the solvents tested gel filtration seems to be most pronounced in
chloroform-methanol, 1: 1. A plot of relative elution volume in this solvent versus
log molecular weight is shown in Fig. 1. Two peptides with a free carboxyl group are
eluted earlier than peptides of similar molecular weight with protected carboxyl
groups. Peptides containing histidine or histidine and nitroarginine are eluted later
than peptides of similar molecular weight not having these residues. Occasionally
difficulties with tailing of these compounds have been encountered which might indi
cate adsorption.

With ethanol-water, 96.5: 3.5, gel filtration seems to be of minor importance in
determining the elution volume. Thus the small peptides a-c (Table I) have elution
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purple containing a little alkali, when the acids appeared immediately as yellow
spots on a purple background. The exact position of the spots was outlined quickly
before the colour contrast lessened by fading.

Results
Table I shows the results. The dicarboxylic acids separate well with the solvent

system mentioned (Table I), the RF X 100 values increasing from the lower to the
higher homologues in a regular manner with a difference of about 6 units between
adjacent members. For specific separation of dicarboxylic acids of C8-C13 chainlength,
which are the most commonly encountered, a better spread of RF values was sought
by alterations in the proportions of the solvent components. The proportions of formic
acid and water in the combined solvent system were kept constant, and the effect of

TABLE II

TLC OF HIGHER DICARBOXYLIC ACIDS WITH VARYING SOLVENT PROPORTIONS

Solvent system, vjv

I 2 3 4 5 6

Xylene 7° 7° 7° 90 65 65
Phenol 3° 30 7° 20 5° 50
Butanol 10 20 5° 10 15 15
Formic acid 8 8 8 8 8 8
Water 2 2 2 2 2 2
Ether 7

Acid RF X IOO values

I 2 3 4 5 6

Suberic Cs 38 56 57 42 48 48
Azelaic Cg 44 62 64 45 56 56
Sebacic CIO 49 67 7° 5° 62 63
Brassylic CI3 75 76

alterations in the proportions of the remaining solvents examined (Table II). In
crease in the proportion of either butanol or phenol, especially the former, caused a
strong forward movement. Increase of phenol and butanol together rather surpris
ingly had only a small effect. Increase of xylene and addition of ether as an extra
component had little effect on movement. Solvent systems 5 or 6 yielded the best
spread in the spots.

Regional Research Laboratory,
Hyderabad (India)

N. S. RAJAGOPAL

P. K. SARASWATHY

M. R. SUBBARAM

K. T. ACHAYA

I S. S. PHATAK, A. P. MAHADEVAN AND V. N. PATWARDHAN, Current Sci. (India), 21 (1952) 162.
2 M. R. SUBBARAM, Investigations on the Composition and Nutritive Value ofVanaspati, Vol. 2,
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Quantitative Bestimmung von Harnsaure in Harn und Serum

NOTES

Spektralphotometrische Bestimmung nach diinnschichtchromatographischer
Abtrennung

Die in der Literatur zur Bestimmung des Hamsauregehalts von Ham und Serum
angegebenen Methoden beruhen z.T. auf der reduzierenden Wirkung der Substanz. Da
aber auch andere Stoffe die verwendeten Reagenzien reduzieren kannen, sind die
Bestimmungen mit Fehlermaglichkeiten behaftet.

Urn sie auszuschalten, versuchten wir, die Hamsaure zunachst aus Ham und
Serum dunnschichtchromatographisch abzutrennen. Das gelang uns durch Ver
wendung von Cellulose-Schichten (mit Fluoreszenzzusatz) und Isopropanol-Io %ige
wassrige Piperazinlasung (I: 2, VIV) als Fliessmittel.

Nach Extraktion und Umsetzung mit Arsenphosphorwolframsaurereagenz
wurde der Gehalt spektralphotometrisch bestimmt.

Material
Sorptionsschicht. Zur Herstellung der Sorptionsschicht wurden IS g Cellulose

pulver F 254 (Macherey, Nagel 8: Co.) mit go ml Wasser 2 Min. lang in einem elektri
schen Mixgerat homogenisiert und mit Hilfe eines Streichgerats auf die Platten ge
bracht (ausreichend fUr 5 Platten 200 X 200 mm, Schichtdicke 0.25 mm). Die be
schichteten Platten wurden an der Luft getrocknet.

Fliessmittel. Als Fliessmittel diente Isopropanol-10 %ige wassrige Piperazinla
sung (I: 2, VIV) .

Es wurde bei Raumtemperatur und Kammersattigung chromatographiert. Die
Laufzeit betrug 4 Stunden bei einer Trennstrecke von ISO mm. Nach dem Entwickeln
wurden die Platten an der Luft getrocknet. Der Nachweis der Hamsaure erfolgte im
kurzwelligen U.V.-Licht. Sie war als dunkler Fleck (Fluoreszenzlaschung) auf ftuores
zierendem Untergrund zu erkennen.

Die Reagenzien zur quantitativen Bestimmung wurden folgendermassen her
gestellt :

Glyzerin-Silikat-Reagenz. 6 Vol. Teile 10 %ige wassrige Natriumsilikatlasung
wurden mit I Vol. Teil Glyzerin gemischt.

Arsenphosphorwolframsaurereagenz. 100 g Natriumwolframat wurden in 600 ml
Wasser ge16st und mit 50 g Arsenpentoxid, 25 ml 85 %iger Phosphorsaure und 20 ml
konzentrierter Salzsaure versetzt. Die Mischung wurde 20 Min. lang unter Ruckftuss
gekocht. Nach dem Erkalten wurde mit Wasser auf I I aufgefullt.

H arnsaure-Standardlosungen. Fur die Bestimmung des Hamsauregehalts im
Ham wurde eine Lasung von 0.0200 g Hamsaure/Ioo.oO ml in 10 %iger wassriger
Piperazinlasung als Standard16sung verwendet.

Als Standard16sung fur die Bestimmung des Gehalts im Serum diente eine
Lasung von 0.0150 g Hamsaure/IOO.oO ml in 10 %iger wassriger Piperazinlasung.

Bestimmung des H arnsauregehalts im H arn
0.05 ml Ham wurden mit einer Agla-Mikrometerspritze bandfarmig auf die

Platten aufgetragen, ebenso 0.05 ml Standardlasung. Nach dem Entwickeln wurden
die Platten an der Luft getrocknet. Die Flecke wurden im kurzwelligen U.V.-Licht
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markiert und ausgeschabt. Als Blindwert diente ein gl~ich grosser Fleck Cellulose.
Nun wurde jeweils mit 4 ml Wasser extrahiert und unter Druck durch eine Mikro
glasfilternutsche GI in ein 5 ml-Messkalbchen filtriert. Nach Zugabe von 5 Tropfen
einer kalt gesattigten wassrigen Piperazin16sung wurde mit Wasser genau bis zur
Marke aufgeflillt.

2.00 ml dieser Lasungen wurden mit 2.60 ml Glyzerin-Silikat-Reagenz und
0040 ml Arsenphosphorwolframsaure-Reagenz versetzt. Nach IS Min. war die maxi
male Farbintensitat der Lasungen erreicht, die 10 Min lang bestehen blieb. Die
Messung erfolgte bei 700 mfk (Zeiss Spektralphotometer PMQ II; I cm-Ktivetten).

Der Gehalt wurde an Hand der in gleicher Weise behandelten Standardlasung
bestimmt. Er konnte aber auch einer Eichkurve entnommen werden, zu deren Auf
steHung jeweils 0.05 ml verschiedener Verdtinnungen einer Lasung von 0.2400 g
HarnsaurejIoo.oO ml in 10 %iger wassriger Piperazinlasung aUfgetragen und weiter
behandelt wurden wie oben beschrieben.

Der mittlere Fehler der Bestimmungen betrug ± 0.90 % (mittlerer Fehler des
Mittelwerts aus 10 Bestimmungen).

Bestimnnmg des Harnsiiuregehalts im Serum
In einem Zentrifugenglas wurden 3.00 ml Serum mit 6 ml 96 %igem A.thanol

gemischt und zentrifugiert. Die uberstehende Fltissigkeit wurde in ein Glasscha1chen
abgegossen und das Zentrifugenglas mit etwas A.thanol nachgespult. Die vereinigten
Fltissigkeiten wurden vorsichtig abgedampft. Der Ruckstand wurde in 0.2 ml 10 %iger
wassriger Piperazinlasung (genau abgemessen mit einer Agla-Mikrometerspritze)
aufgenommen.

0.05 ml dieser Lasung wurden mit einer Agla-Mikrometerspritze bandfarmig
auf die Platten aufgetragen, ebenso 0.05 ml Standardlasung. Die weitere Bestimmung
erfolgte in der gleichen Weise, wie sie oben fur Ham beschrieben wurde.

Den Gehalt berechneten wir mit Hilfe der Standardlasung oder entnahmen ihn
einer Eichkurve. Zu ihrer AufsteHung trugen wir jeweils 0.05 ml verschiedener
Verdtinnungen einer Lasung von 0.1800 g HarnsaurejIoo.oO ml in 10 %iger wassriger
Piperazinlasung aufund arbeiteten nach den bei der Bestimmung im Ham gemachten
Angaben weiter.

Die wiedergefundene Menge betrug 80.3 % (± 1.8 %).

Pharmazeutisches I nstitut der
Universitiit Bonn (Deutschland)

Eingegangen den 27· Januar 1966

* Frau Prof. 1\1. RINK, verstorben am 24. Juli 1965.

MELANIE RINK*
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Separation of the methyl esters of benzenecarboxylic acids by thin-layer
chromatography

Benzenecarboxylic acids, resulting from vigorous oxidation of alkylated ben
zenes and polynuclear compounds have frequently been utilized to provide structural
evidence regarding the parent substance.

These acids were formerly isolated by conversion to methyl esters, followed by
separation via fractional crystallization or distillation. This method is not well
suited to a qualitative and quantitative analysis of mixtures of 14C-Iabelled benzene
carboxylic acids.

The methyl esters of benzene mono-, di-, tri-, tetra-, penta- and hexacarboxylic
acids have been well resolved by gas chromatography, but the separation of the me
thyl esters of isomeric di-, tri- and tetracarboxylic acids has been incomplete l .

This communication describes the application of thin-layer techniques to the
separation of the methyl esters of benzenecarboxylic acids.

Experimental
The acids were obtained commercially with the exception of the 1,2,3,4

benzenetetracarboxylic acid, which was prepared as described by READ AND PURVES2.

The acids were converted to the corresponding methyl esters by treatment with
diazomethane generated from "Diazald". The resulting liquid esters were purified by
distillation while the solid esters were recrystallized to constant melting point from
methanol.

Preparation ofplates. A slurry of "Camag" (30 g) in water (65 ml) was applied to
5 X 20 and 20 X 20 cm glass plates using a Brinkmann spreader. The plates were
dried at IIOO for 45 min.

Chromatography. Several systems were examined and the following proved to be
most satisfactory for the separation of the mixture.

TABLE I

R T VALUES OF METHYL ESTERS OF BENZENECARBOXYLIC ACIDS

Solvent: roo % chloroform.
migration distance of methyl ester

R T = migration distance of the trimethyl ester of 1,3,s-benzenetricarboxylic acid

No. Methyl ester of

I Benzoic acid
Z Phthalic acid
3 Isophthalic acid
4 Terephthalic acid
S l,z,3-Benzenetricarboxylic acid
6 l,z,4-Benzenetricarboxylic acid
7 1,3,s-Benzenetricarboxylic acid
8 l,z,3,{-Benzenetetracarboxylic acid
9 1,2,3,s-Benzenetetracarboxylic acid

10 l,z,{,s-Benzenetetracarboxylic acid
II Benzenepentacarboxylic acid
1Z Benzenehexacarboxylic acid
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R T value

1.78
1.13
1.41

1.39
0·S9
0.87
1.00

0·47
0.63
0.69
0·S3
o·so
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A solution (I 'Yo) of each isomer in methanol-chloroform (20: 80) was prepared.
The resulting solutions were spotted (10 fLl; 100 fLg) on a thin layer of silica gel con
taining a fluorescent indicator as prepared by STAHL. The chromatoplate was devel
oped with chloroform (100 'Yo) and observed under a 254 mfL u.v. light in the dark.
Blue spots of varying intensity appeared against a greenish background.

Discussion
Chromatographic data for various methyl esters of benzenecarboxylic acids are

summarized in Table 1. Migration rates are given as RT values (where R2' is the mi
gration distance of the ester divided by the migration distance of the trimethyl ester
of I,3,5-benzenetricarboxylic acid) rather than as R p values.

While gas chromatography has provided an effective method for the qualita
tive analysis of these esters, it has been of limited value in effecting a quantita
tive separation. The TLC technique described has provided a means of overcoming
this limitation.
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Thin-layer chromatography of imino-acids

NOTES

Imino-acids in plants are of three main types, based on the 4-, S-, and 6-membered
ring systems of azetidine, pyrrolidine and piperidine, respectively. Azetidine-2
carboxylic acid is widely distributed in the Liliaceae and occurs in a few species of
Agavaceae, but is otherwise a rare plant component!. Of the pyrrolidine compounds,
4-hydroxyproline is a constituent of a few plant proteins, and proline is of widespread
occurrence. Several piperidine compounds have been isolated from plants, including
piperidine-2-carboxylic acid2 ,3, S-hydroxypiperidine-2-carboxylic acid4 , 4-hydroxy
piperidine-2-carboxylic acid' and I,2,3,6-tetrahydropyridine3. In several of the papers
describing the characterisation of these piperidine compounds, evidence has been
obtained by comparing the chromatographic characteristics of the unknown com
pound with synthesised reference compounds2- 6• The chromatographic methods
described have been with paper, but the solvent systems used have given only small
differences in Rp values between the compounds, and hence the time of development
required for effective separation of the compounds was lengthy. In recent work on
Salix fragilis L. leaf galls, a new imino-acid was encountered, probably based on
piperidine. For the study of this compound, thin-layer chromatographic methods were
developed which gave discrete and rapid separations of the different imino-acids.

Experimental and results
Air dried silica gel G (Merck) layers, 2S0 fl. thick, on glass plates 20 X 20 cm

were used. The test compounds, in aqueous solution, were applied near one corner of
the plate, the spot was dried with a hot air blower and developed using the super
saturated method of STAHL7• Two-way chromatograms were prepared using solvent
systems that have been used successfully for the separation of amino-acids8. For the
first direction, development was with chloroform-methanol-I? % ammonia (2: 2: I,
v(v), and for the second direction the solvent used was either (a) propanol-water
(64:36, w(w) , (b) n-butanol-acetic acid-water (60:20:20, w(w), or (c) phenol-water
(4: I, w(w). Development in each direction was for IS cm from the point of application
of the spot. The spots were detected with an 0.1 % w(v solution of ninhydrin in acetone
and with an 0.2 % w(v solution of isatin in n-butanol containing 4 % acetic acid. The
colours were developed by heating the plates at 1000 for 10 min (Table I). The com
pounds examined were piperidine-2-, piperidine-3-, and piperidine-4-carboxylic acids;

TABLE I

IMINO-ACID COLOURS PRODUCED WITH ISATIN AND NINHYDRIN

Compound

Piperidine-2-carboxylic acid
Piperidine-3-carboxylic acid
Piperidine-4-carboxylic acid
4-Hydroxypiperidine-2-carboxylic acid
5-Hydroxypiperidine-2-carboxylic acid
Compound from Salix fragilis galls
4-Hydroxyproline
Proline
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Isalin

blue-green
blue-green
blue-green
weak green
blue-green
blue-green
blue-green
green-blue

Ninhydrin

mauve to blue
mauve to blue
mauve to blue
yellow changing to blue
mauve to blue
mauve to blue
yellow changing to pink
yellow
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Fig. I. Neutral lipids (1 and 2) and phospholipids (3 and 4) from chicken liver. Slides 1 and 3 were
sprayed with concentrated sulphuric acid. Slides 2 and 4 were exposed to sulphuryl chloride va
pour. Identity of lipids - Slides 1 and 2: A = cholesterol esters; B = triglycerides; C = choleste
rol; 0 = origin (containing phospholipids). Slides 3 and 4: D = neutral lipids; E = phosphatidic
acid (?); F = phosphatidyl ethanolamine; G = phosphatidyl choline; H =- sphingomyelin:
o = origin.

thermostatically controlled at 200°. Lipids were charred in a few seconds (Fig. I).
This method therefore overcomes the disadvantage of uneven spraying and

poor surface.

One of us (D.].) acknowledges a personal grant from the British Egg Marketing
Board. The technical assistance of R. KHOSLA is gratefully acknowledged. The photo-
graph was taken by Mr. S. W. PATMAN. .
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Biochemistry of sphingolipids

VII. Separation of isomeric sphingosine bases as their dinitrophenyl
derivatives

NOTES

At present a great variety of conditions has been used for the cleavage of
sphingolipids. The most commonly employed reagent, acidic methanol, generally
gives good yields of total long-chain base but also leads to the formation of undesirable
by-products of sphingosine. During our comparative study on the formation of some
degradation products in various hydrolytic procedures of sphingolipids special interest
was taken in the erythro- and threo-sphingosines1.

It seems likely that some threo-isomer is fOl'med by inversion during acid
hydrolysis. However, this does not rule out the possibility that some of this isomer
occurs naturally.

Several authors 2-4 have reported the separation of the free bases of erythro
and threo-sphingosine. In earlier papers5- 7 we have described the use of thin-layer
chromatography for the characterization of DNP (dinitrophenyl)-derivatives of
sphingosines and phytosphingosines on aluminium oxide. Although this technique is

Fig. 1. Two-dimensional thin-layer chromatography of DNP-derivatives of erythro- and threo
sphingosines. Adsorbent: silica gel G impregnated with sodium tetraborate: 1st dimension:
chloroform-methanol (90: 10); 2nd dimension: methanol-tetralin-water (90: 10: (0) (upper phase)
after impregnation of the layer with 5 % tetralin. Detection: U.V. light (254 nm). DKP-derivatives:
I = C2o'dihydrosphingosine ; 2 = Cis-dihydrosphingosine ; 3 = erythro-CIS-sphingosine; 4 =
threo-Cls,sphingosine; 5 = C2o-phytosphingosine; 6 = Cis-phytosphingosine; S = start.

Fig. 2. Sphingosine bases of human blood serum sphingomyelins after aqueous methanolic HCl
hydrolysis according to GAVER AND SWEELEYS. Experimental conditions are the same as in Fig. I·

I = Cls,dihydrosphingosine; 2 = erythro-Cls-sphingosine; 3 = threo-Cls-sphingosine; 4 = C17 '

sphingosine; 5 = CIs,sphingosine; S = start.

J. Chromatog., 24 (1966) 228-229



NOTES 229

very useful for the identification of these substances no resolution of isomeric sphin
gosines was obtained.

A two-dimensional thin-layer chromatographic method is reported here for the
qualitative separation of isomers on silica gel impregnated with sodium tetraborate.

The borate-impregnated plates (I8 X I8 em) were prepared from a slurry of
silica gel G (E. Merck) and a half-saturated solution of sodium tetraborate in water.
The plates were dried at room temperature overnight. The solvent systems used for
developing the chromatograms were chloroform-methanol (90: IO) in the first dimen
sion and methanol-tetralin-water (90: IO: IO) after impregnation with tetralin in the
second dimension as described earlier5- 7• The spots were visualized under ultra-violet
light (Fig. I).

The two-dimensional system here described was superior to the system on Alz0 3

layers in which no separation of the isomers was obtained. Separations on non-borate
silica gel were also unsuccessful. The excellent resolving power, rapidity and simplicity
makes this modification very useful for the analysis of mixtures of isomeric sphingo
sines with other long-chain bases.

Laboratory of Protein Metabolism and Protein Synthesis,
Faculty of General Medicine, Charles University,
Prague (Czechoslovakia)
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Compounds
2-Nitrohydroquinone-4-benzoate (m.p. 96°) was prepared from hydroquinone

monobenzoate according to the method of KEHRMANN, SANDOZ AND MONNIER23.
2,6-Dinitrohydroquinone-4-acetate (m.p. 98°) was prepared from hydroquinone
diacetate by following the procedure of NIETZKr24 . 2,6-Dinitrohydroquinone (m.p.
136°) was prepared by the hydrolysis of 2,6-dinitrohydroquinone-4-acetate by the
procedure of PRIDEAUX AND NUNN2S. Nitranilic acid (86-87°, decomposition) was
prepared by TOWN'S method26. 2,3,6-Trinitrothymol (m.p. IIOO) was prepared by
nitration of thymo127, and nitrosothymol (m.p. 163-164°) by following the method of
KREMERS, WAKEMAN AND HrxoN28. Other phenols were crystallised twice from
ethanol. p-Toluenesulphonates of 2,6-dinitrohydroquinone, nitrosothymol, and
ortho-, meta-, and paJ'a-nitrophenols were prepared by heating together nitrohydro
quinone or the respective phenol (I mole), p-toluenesulphonyl chloride (1.25 mole)
and pyridine (3 mole) in a boiling tube on a water bath for 1.5 h. The mixture was
poured into iced water and the resultant crystalline mass was filtered, washed with
5% sodium hydroxide followed by water and repeatedly crystallised from ethyl alcohol.

In this way the following compounds were obtained: 2,6-dinitrohydroquinone
4-p-toluenesulphonate (m.p. 194-195 0; C13H W0 7N2S; S = 9·32 %found, 9-46 % calcu
lated), nitrosothymol-p-toluenesulphonate (m.p. 87-88°; C17H1904NS; S = 9.53 %
found, 9.60 % calculated), o-nitrophenol-p-toluenesulphonate (m.p. 83 0; C13H llOsNS;
S = 10.81 %found, 10.92 %calculated), m-nitrophenol-p-toluenesulphonate (m.p. II3 0;
C13HllOSNS; S = 10.75 % found, 10.92 % calculated), and p-nitrophenol-p-toluene
sulphonate (m.p. 97°; C13H llOsNS; S = 10.88 % found, 10.92 % calculated).

Preparation o.fthin layer plates, application of the compounds and irrigation of the plates
A slurry of the adsorbent in a suitable solvent was prepared and poured on to

the glass plates. By tilting the plates from side to side a uniformly thin coating was
obtained. The plates were left at room temperature (25 ± 2°) overnight and activated
or dried at the appropriate temperature in an oven. The plates were weighed before

TABLE 1
DETAILS OF TLC COATINGS AND THEIR ACTIVATION

Coating Wt. of Solvent
adsorbent
(g)

A ctivation Average
temperature (0C) coating at adsorbent
and time (h) (mg/cm2 )

Neutral silica gel G 30 Chloroform-methanol 11O, 0·5 7·7
(2: I), 100 c.c.

Buffered silica gel G 30 0.5 N Oxalic acid, 110, 2 7.0

20 c.c., and me-
thanol, 70 c.c.

Cellulose-CaS04 26.25 \/ITater, 100 c.c. IIO, I 7. 6
Cellulose acetate-

CaS04 26.25 \'Vater, 100 c.c. 105, I 7-4
Neutral/acid alumina-

CaS04 3° \Vater, 60 c.c. 180, 0·5 10·7
Amberlite AIU/400/ 25 Ethyl acetate, 60, I 4. 8

Cl/AR 100 c.c.
Amberlite IR/45/ 25 Ethyl acetate, 60, I 4. 8

OR/AR 100 c.c.
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pounds. The coatings of Amberlite resins were found to crack if dried for periods lon
ger than I h at 60°.

Buffering of silica gel G with 0.5 N oxalic acid had a marked effect on the RF

values of some of the polynitrophenols, viz. 2,4,6-trinitroresorcinol, 2,4-dinitrophenol,
trinitrothymol, and 2,4,6-trinitrophenol.

On cellulose and cellulose acetate plates the use of 2 % starch instead of cal
cium sulphate as binder resulted in major tailing of the compounds.

A reversed phase system using cellulose acetate-calcium sulphate produced
better resolutions compared to cellulose-calcium sulphate in the case of nitrohydro
quinone and its esters, 2,4,6-trinitroresorcinol, 2,4-dinitrophenol, picramic acid and
p-toluenesulphonates.

Neutral alumina-calcium SUlphate coatings in general gave low RF values com
pared to silica gel G. However, alumina was found to be the best adsorbent for the
resolution of p-toluene sulphonates. In general, the RF values of phenols on acid
alumina (Woelm) were higher than on neutral alumina (Woelm). On the other hand,
acid alumina (Woelm) lowered the RF values of p-toluene sulphonates compared to
neutral alumina (Woelm).

Basic ion exchange resins had a powerful binding effect on polynitrophenols.
In view of their slow vaporisation from chromatoplates the spotting, irrigation

and elution of nitrosothymol and trinitrothymol had to be carried out at low tempera
ture (0 ± 2°).

In the estimation of phenols with sulphanilic acid reagent, a time of 3 min gave
maximum colour development and was rigidly adhered to; longer periods produced
erroneous results. All the compounds were found to observe linearity in their colours
developed with the chromogenic reagent with respect to their weights. The lower limits
of detection are given in Table III.

A clmowledgements
Thanks are due to Dr. KARTAR SINGH, Director, Defence Science Laboratory,

Delhi and Dr. V. RANGANATHAN, Deputy Chief Scientist, Research and Development
Organisation, Ministry of Defence, New Delhi, for their encouragement.

Defence Science Laboratory, Metcalfe House,
Delhi (India)

D. B. PARIHAR
S. P. SHARMA
K. C. TEWARI

I H. SEEBOTH, Chem. Tech. (Berlin), 15 (1963) 34.
2 H. SEEBOTH, Monatsber. Deut. Akad. Wiss. Berlin, 5 (1963) 693.
3 M. SCHULZ, H. SEEBOTH AND W. WIEKER, Z. Chem., 22 (1962) 79.
4 E. STAHL, Arch. Pharm., 292 (1959) 4II.
5 E. STAHL, Angew. Chem., 73 (1961) 646.
6 J. DAVIDEK AND U. Z. PROCHAZKA, Collection Czech. Chem. Commun., 26 (1961) 2947.
7 J. DAVIDEK, j. Chromatog., 9 (1962) 363.
8 J. SHERMA AND L. V. S. HOOD, j. Chromatog., 17 (1965) 307.
9 G. PASTUSKA AND H. J. PETROWITZ, Chemiher Ztg., 86 (1962) 311.

IO G. PASTUSKA, Z. Anal. Chem., 179 (1961 ) 355·
II J. H. DHONT AND C. DE Rooy, Analyst, 86 (1961) 527.
12 G. A. L. SMITH AND P. J. SULLIVAN, Analyst, 89 (1964) 312.
13 K. T. WANG, j. Chinese Chem. Soc. (Taiwan), 8 (1961) 241.
14 K KNAPPE AND 1. ROHDEWALD, Z. Anal. Chem. 200, (1964) 9.
15 \\T. A. SKINNER AND 1'(. M. PARKHURST, j. Ch1'omatog., 13 (1964) 69.

j. Ch,'omatog., 24 (1966) 23°-236





NOTES 237

platinum boat is inserted into the preparation chamber of the combustion tube, the
atmosphere is replaced with helium gas containing 2 % oxygen by turning the cock.
The atmosphere is purged completely, followed by insertion of the platinum boat
into the furnace, then the sample is burned instantly. The resulting combustion
products are swept through cupric oxide, reduced copper, anhydrone and manganese
dioxide, and led into an activated carbon column at rooo. Gas-chromatographic
separation of nitrogen and carbon dioxide is recorded and simultaneously the peak
area of the nitrogen is determined by an electronic integrator.
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Fig. 2. Relationship between peak area and quantity of nitrogen.

Based on a calibration curve of the amount of nitrogen vs. its peak area, the
amount of nitrogen due to the sample substance is found, and the content of the
substance in an original sample may be determined.

Fig. 2 shows the relationship between the amount of nitrogen and its peak area.

TABLE I

DETERMINATION OF P-NITROANILINE *

Sample
(pI)

2·5
5. 0

10.0

20.0

12·5
25.0

5°. 0

100.0

N obS . (ftg) **

12.7, 13.1, 12·3
25.3, 25.1, 24. 8
49.8, 50.6, 50 .6
99.0, I01.O, 99·9

Average

12·7
25. 1

50 .3
100.0

Error
(%)

+ 1.6

+°·4
+0.6

0.0

* Methanol solution of p-nitroaniline (5.00 ftg N Iftl solution) was spotted on thin layers (300
mft aluminum oxide on 5 X 20 cm glass plate), and developed with benzene-ethanol (9: I). R F 0.74'

* * Blank value of 0.5-2.0 ftg depending on each spot area was used as correction.
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Reagents for the detection of antioxidants on thin layers of silica

239

Antioxidants are used in foodstuffs and plastic materials to prevent autoxida
tion. Because only a few antioxidants are permitted in foodstuffs and food packaging
materials, methods for their detection became necessary. Usually the antioxidants are
extracted from the food or plastic with suitable solvents, followed by separation on
thin layers of silica geI1- 5. The detection and identification may be hindered by the
fact that the reagents used are not specific for antioxidants: they may also produce
coloured spots with other extracted substances or they may not react with all anti
oxidants. Most investigators therefore use a range of reagents.

In this paper some reagents are suggested and in Table I the colours ob
tained with reagents that produce different colours with different antioxidants are
listed for a number of antioxidants. In these cases 20 fLg of antioxidant were spotted
and the silica-covered chromatoplate was sprayed after elution. (For solvents see refs.
3 and 5·) The colours may be different when other quantities of antioxidant are used.

Detection reagents
Reagents which can be used for the detection of antioxidants can be divided

into groups as follows:
(A) Chemicals which produce colours when reduced; since antioxidants are used

to prevent oxidation they are reducing substances.
(B) Substances which can be coupled to phenols (many antioxidants are sub

stituted phenols): (r) diazo-compounds; (2) aromatic aldehydes; (3) Gibbs reagent,
which forms indophenols that form coloured salts with alkali.

(C) Stable free radicals, which accept a hydrogen radical from the antioxidant.
(D) Substances that form coloured addition compounds.

Gro·up A
(I) Potassium permanganate. Potassium permanganate produces yellow spots on

a pink background with all oxidisable substances. It is therefore not specific for anti
oxidants.

It is prepared by dissolving a few grains of potassium permanganate in ro ml
acetone.

(2) Ferric-ferricyanide. A mixture of ferric sulphate and ferricyanide is turned
into Prussian blue by reducing agents. It is specific for antioxidants but gives the
same blue colour with nearly all of them. A disadvantage is that some time after
spraying the whole chromatoplate turns blue.

It is prepared by mixing one volume of an 0.5 % ferric sulphate (anhydrous)
solution in r N H 2S04 with one volume of an 0.2 % aqueous solution of potassium
ferricyanide.

(3) Dipyridyl. BURTON6 suggested a modification of type of reaction with the
ferric-ferricyanide reagent by using dipyridyl, which gives a permanent white back
ground. The spots with all antioxidants are red-brown.

One volume of an 0.5 % ferric sulphate (anhydrous) solution is mixed with one
volume of an 0.5 % solution of <X,<X-dipyridyl in methanol.

(4) Phosphomolybdic acid. This reagent develops blue spots with reducing agents;
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Preparation of a firm polyamide adsorbent for thin-layer chromatography

A thin-layer chromatographic procedure which accomplishes the separation of
isomeric flavanones has been reportedl . The adsorbent employed is Polyamide Woelm*
applied to glass plates as a slurry of I part polyamide in 7.5 parts benzene-methanol
(2: 3, vjv). However, due to the fragility of this adsorbent layer, the handling of the
plate, removal of areas by scraping, marking and application of sample must be
performed with extreme care. Furthermore, the flakiness of this adsorbent layer
seriously reduces its use in autoradiography. This flakiness also increases the prob
ability of instrument contamination when using a radiochromatogram scanner for
locating radioactive areas.

The purpose of this investigation was to find a method which would give a firm
polyamide layer and retain the polyamide's resolving power. Such a procedure has
been found and studied with various flavonoids and under conditions necessary for the
detection of radioactive areas.

* Use of a company and/or product name by the department does not imply approval or
recommendation of the product to the exclusion of others which may also be suitable.
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be used to assist identification being so markedly associated with the structure of the
drug.

It should be noted that the strong test given by other members of the series
permits reduction (to 20 fLg) in the amount used.

Department ofApplied Organic Chemistry, University ofNew South Wales,
Kensington, N.S.W. (Australia)
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Thin-layer chromatography of some phenothiazine derivatives

Thin-layer chromatography (TLC) is increasingly being used to identify pharma~

ceutical mixtures1 and also to determine quantitatively their composition. This
technique has been used successfully in the separation of many phenothiazine deriv
atives. The separation of hydroxy derivatives, chlorophenothiazine and bromo
promazine has, nevertheless, remained a problem. Their separation with the aid of
TLC is reported below.

---,---

0 2-CP

6-HCP· 0

8-HCP. 0
3-HP. C) 0 2-MP

2-CP· 0
2-BP· 0

MIXTURE· C=>Oo 0 0

Fig. 1. Separation of 6-hydroxychloropromazine (6-HCP), 8-hydroxychloropromazine (8-HCP).
3-hydroxypromazine (3-HP), 2-chlorophenothiazine (2-CP) and 2-bromopromazine (2-BP).

Fig. 2. Separation of 2-chlorophenothiazine (2-CP) and 2-methoxyphenothiazine (2-MP).
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Separation of hydroxocobalamin and cyanocobalamin by thin-layer chroma
tography

Recently hydroxocobalamin has been used extensively for therapeutic pur
poses. It has haematopoietic activity approximately equivalent to that of cyanoco
balamin, but is a more desirable form of vitamin Bl2 for human use than cyanoco
balamin because of its more effective retention by the body, its greater reactivity
and high ability to form stronger bonds with proteinsl, 2. Hydroxocobalamin, iso
lated from microbial fermentations3,4, or obtained from cyanocobalamin (by irra
diation5 or by catalytic hydrogenation6,7) is accompanied by other cobalamins,
very often by cyanocobalamin.

There have been reports8 ,9 on the separation of hydroxocobalamin from cyano
cobalamin on silica thin layers, but the suggested methods are complicated and time
consuming.

A new, very rapid and simple method for the separation of hydroxocobalamin
and cyanocobalamin on thin layers of dry alumina is reported here. Advantage was
taken of the property of hydroxocobalamin to form a compound of the cobalichrome
group with NH 40HlO. Under these conditions cyanocobalamin does not change, so
that both compounds can be easily separated, and the individual cobalamins can then
be determined quantitatively by known techniquesll .

Experimental and results
The experiments were performed with aqueous solutions of cyanocobalamin,

hydroxocobalamin and mixtures thereof whose pH had been adjusted to 8.5 with
dilute NH 40H.

Different mixtures of isobutanol, n-butanol, isopropanol and water with the
addition of NaOH, NH40H and CH3COOH were examined as solvent systems.
The best separation, with good compact spots, was obtained with the mixture iso
butanol-isopropanol-water, 1.5: I: 1.Z5 (with addition of NH40H until the pH was
8.5). This is due probably to the fact that only under these conditions will hydroxo
cobalamin form a cobalichrome with NH 40H, since with the same solvent system,
but with the pH adjusted to 8.5 with dilute NaOH, the spots were elongated and not
clearly separated.

Neutral alumina (second degree of acitivity according to Brockmann) was the
most suitable as the adsorption medium. The RF values in this case are: hydroxo
cobalamin, 0.30 and cyanocobalamin, 0-46.

\i\Then basic alumina was used, the spots were not well defined, and acid alu
mina did not give any separation.

Thin layers of dry alumina (about I mm thick) were prepared according to the
usual methodl2 on frosted glass plates, 30 X 8 cm.

The solutions of the cobalamins were applied z-3 cm from the edge of the plate.
After the spots had been dried, the plate was placed in an inclined position (ZOO)
in an airtight chromatographic chamber, saturated previously with solvent system,
1-Z cm of the lower edge of the plate dipping into the solvent. The development of the
chromatogram was effected for 4 h (temperature, zo ± 0.5°) until the solvent had run
about z4-z6 cm.

The minimum amount of each compound detectable was 0.5 p,g.
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is only present in trace amounts, if at all. Amino acids such as phenylalanine, tyrosine,
glutamic acid, aspartic acid and cysteic acid were quantitatively recovered, while the
recovery of phosphothreonine, phosphoserine, tryptophan and isovalthine was 75.5,
86.0, 78.5 and 57.0 per cent respectively. The reproducibility of the position of
each peak was within ± 1.0 per cent and the reproducibility of the area::; of the peaks
± 4.0 per cent. No decrease in the exchange capacity of the resin was noted after
use for two months.

Discussion
Although KENNEDY et al. 2 used a Dowex I acetate column to isolate phospho

serine from a partial protein hydrolysate by employing a gradient of acetate buffer,
the time required for the elution of phosphoserine was 26 h, as compared to 4 h
in the method described. If a finer spherical resin were to become available, the flow
rate could then be increased to permit a still faster and better separation.

The decomposition of dicarboxylic amino acids on the Dowex I acetate column
which was described by HIRS et al.3 was not observed. The loss of significant quantities
of phosphoserine, phosphothreonine, tryptophan, and, especially, isovalthine would
seem to be related to the high temperature used as well as to some characteristi<;
of the resin. Isovalthine was completely resolved into its components, L-isovalthine
and L- alloisovalthine4 by the present method. The first peak was presumed to be
L-isovalthine and the second L-isoallovalthine from chromatography on a strongly
acidic cation exchanger4 .

Center for Bl'ain Research, University of Rochester,
Rochester, N.Y. (U.S.A.)

KENGO KURAHASI
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The detection of amino compounds on paper chromatograms with diazo
tized p-nitroaniline

Diazotized aromatic amines have long been used to detect phenols on paper
chromatograms l . However, they are not specific for phenols since sulphanilic acid
and p-nitroaniline give colours with indolesl , and p-nitroaniline with the ammonium
ion2• These observations together with others arising in the course of studies on cocoa
bean phenols prompted this investigation into the specificity of diazotized p-nitro
aniline, sulphanilic acid and o-dianisidine, all of which are used for the detection of
phenols3. The first was prepared by WHITEFIELD'S method2 and the remaining two
by LINDSTEDT'S method4.

The compounds to be tested were made up in aqueous or aqueous alcoholic
solution, spotted on filter paper and silica gel thin layers, and sprayed first with the
diazotised amine and then with 20 % aqueous sodium carbonate solution. Sulphanilic
acid and o-dianisidine gave brown colours only with aromatic amines and histidine.
p-Nitroaniline, on the other hand, gave colours with a wide range of amino compounds.
On paper, thirteen common amino acids, putrescine and methylammonium chloride
gave mauve or purple spots, histidine a purple-brown spot, tyrosine a grey spot,
hydroxyproline and pyrrolidine yellow spots, creatinine and o-phenylenediamine
brown spots, and p-aminobenzoic acid a deep red spot. There was no colour with
urea, hydrazine hydrochloride, betaine hydrochloride, hydroxylamine hydrochloride
and nicotinamide, and only a faint yellow colour with creatine. All the compounds
giving mauve or purple colours gave yellow spots on silica gel and yellow spots on
paper (sometimes very faint) when the carbonate spray was omitted. The purple
colours with amino acids are more stable than those of ninhydrin but fade on pro
longed exposure to light. The sensitivity of the reagent for amino acids is similar to
that of ninhydrin.

It is clear that diazotised p-nitroaniline reacts readily with many amino com
pounds, both aliphatic and aromatic, and it has now been shown by the usual chro
matographic techniques that a number of spots appearing on chromatograms of
cacao extracts (spots 17-26, Fig. 4, ref. 5) are not due to phenols but to amino acids.

Cocoa Research Department, University of the West Indies,
St. A $tgustine (Trinidad)

V. C. QUESNEL
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14C-Labeled pyrrolidonecarboxylic acid as a contaminant in chromato
graphy*

Chromatographic techniques are employed frequently to separate amino acids,
keto acids and related compounds.

In recent separations of 14C-labeled amino acids from brain tissue extracts,
we used both chromatographic and ionophoretic techniques. After two-dimensional
paper chromatography with water-saturated phenol and water-saturated lutidine1

as the first and second solvent systems, respectively, we found that the "alanine
spot" on the chromatogram was quite highly labeled. Ionophoretic separation 2, on
the other hand, yielded an "alanine spot" with no appreciable radioactivity.

VlThen the spot of "radioactive alanine" on the paper chromatogram was cut
out, eluted with water, concentrated and rerun ionophoretically (pH 1.9), a radio
active, ninhydrin negative spot remained close to the origin whereas the ninhydrin
positive unlabeled alanine migrated a long distance.

The radioactive spot was again eluted, hydrolyzed3 and rechromatographed.
It yielded a ninhydrin-positive radioactive compound which migrated like glutamic
acid. The ninhydrin-negative radioactive component had the same Rp as authentic
pyrrolidonecarboxylic acid in four different chromatographic solvent systems4

and in electrophoretic separations under two different pH conditions. It appears
probable, therefore, that the contaminant is pyrrolidonecarboxylic acid.

We have detected this cyclized ninhydrin-negative derivative of glutamic acid
and glutamine in many brain tissue extracts, particularly when ethyl alcohol was
used as a deproteinizing agent and extracts were concentrated by evaporation.
Pyrrolidonecarboxylic acid may have been formed as an artifact during sample
preparation or represents a normal constituent of the tissues5.

Investigators working with tissue extracts containing radioactive glutamate-l4C,
glutamine-l4C, glutathione-14C or other y-glutamyl amino acids would be well ad
vised to check separately the migration of pyrrolidonecarboxylic acid-14C in their
chromatographic, electrophoretic or column systems so as to avoid erroneous results
due to the unknown coincidence of pyrrolidonecarboxylic acid-l4C with other com
pounds.

Neurochemistry Laboratories, Veterans Administration Hospital, CLAUDE F. BAXTER

Sepulveda, Calif. (U.S.A.)
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papers into the reagents rather than spraying. Following adequate revelation of the
carbohydrate zone, further darkening is prevented by briefly treating with photo
graphic fixer (Kodak F-24) and water washing.

Example I. Action of beta amylase on partial acid hydrolysis products of epsilon
dextrin. Crystalline e-dextrin5 (1.35 mg) was partly hydrolyzed by heating in a
sealed tube at 100° with 0.15 ml of 0.1 N HCI for 60 min. It was neutralized with
pyridine and applied near one corner of a paper. After four ascents with n-BuOH-

1

2
3

.~ 1;·r 6

.- 7
1;; 8
l...

u: 9
10

(a)

Areci sprayed
with beta amylase

Point of application
of partial acid
hydrolysate

0-------------0
0-----------0
0-----------0
cr-------o G
o-------~ oa
o------~ 0 0
cr----{,) 0 e®
o---~ 0 e (;)
o--~ 0 G OG
cr....-o 0 a 0 0

Point of· application
®/ of control

o cxxxxxxx:x:YJ
~

Second irrigation

Fig. I. Action of p-amylase on products of partial acid hydrolysis of e-dextrin. Fig. I a is the schema
tic representation, and Fig. I b is the actual experimental result. The original sample was applied at
@. Overspraying with p-amylase solution in the lower left-hand part of Fig. I b has resulted in some
distortion of the chromatogram in the GS-G10 region. A control was applied at 0 just prior to
ririgation in the second dimension. The numbers 1-10 indicate G1-G10'
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Detection of tert.-butyloxycarbonyl derivatives on paper and thin-layer
chromatograms

Since the tert.-butyloxycarbonyl (t-Boc) group was first introduced as an amino
nitrogen protecting group in peptide synthesis it has gained very wide usage and has
become second only to the benzyloxycarbonyl grouP!. Recently it has been shown
that tert.-alkyloxycarbonyl derivatives of amino acids and peptides, besides being
very sensitive towards acid, are also heat sensitive. The tert.-alkyloxycarbonyl group
can be removed thermally either in the fused state or in aqueous solution to give the
corresponding free amino acid or peptide in over go % yield2•

Under the usual conditions, both paper and thin-layer chromatograms of
tert.-butyloxycarbonyl derivatives of amino acid and peptides give a negative nin
hydrin tests. We have found that a positive ninhydrin test is obtained if the paper
or the thin-layer plate was heated at 125-130° for some time, before or after spraying
with the ninhydrin reagent.

TABLE I

R p VALUES OF tert.-BUTYLOXYCARBONYL DERIVATIVES ON PAPER CHROMATOGRAMS

Derivative Solvent A Solvent B
(butanol- (sec.-butanol-
acetic acid- ammonia5 )

water)4

t-Boc·Gly·OR 0.90 0·53

t-Boc' Leu· OR 0·95 0·74

t-Boc·Try·OR 0·93 0.66

t-Boc·Tyr·OR

OBz 0.85 0·95
t-Boc

Lys·Ala- 0.82 0.78C J

z Z

t-Boc' Lys· Lys' Ala· OMe 0.89 0·91

Z Z

t-Boc' Leu' Lys· Lys· Ala' OMe 0.92 0.92

In the case of paper chromatograms the best results were obtained by first
spraying the dry paper with the ninhydrin solution and then heating it in an oven
at 125-130° for 25 min. Rp's of several tert.-butyloxycarbonyl derivatives, which have
been obtained using Whatman No. I filter paper, are given in Table 1.

After heating thin-layer chromatograms of tert.-butyloxycarbonyl derivatives
at 125-130° for 25 min, positive ninhydrin spots are obtained upon spraying the
hot plates with an 0.25 % solution of ninhydrin in butanol. Some of the Rp's which
have been obtained using 20 X 20 em glass plates coated with an 0.25 mm layer of
silica gel G (E. Merck and Co., Darmstadt, Germany) are given in Table II.
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Double spot formation in chromatography of imidazolepropionic acid

285

Recently more attention has been given in biology and medicine to imidazole
propionic acid. BALDRIDGE AND TOURTELLOTTE1 found the substance in rat urine after
a histidine load was given. AUERBACH et at. 2 identified irnidazolepropionic acid in the
urine ofan infant withhistidinemia. SEN et at.3 showed that irnidazolepropionic acid is a
normal constituent of human urine, and in the rat is derived from urocanic acid. Its
role in bacterial metabolism has been investigated4,5.

In our laboratory one of the solvents previously used for this compound1• 3 has
consistently produced double zones on paper chromatograms. Since it is usually as
sumed that pure organic compounds give single spots on paper chromatograms, we
first questioned the purity of the compound and then explored the possibility of
of multiple spot formation. This report will describe evidence that imidazole propio
nate forms a double spot in the solvent tert.-butanol-acetone-formic acid-water
(160: 160: 1:39), using Whatman No.1 filter paper. The double spot is avoided by the
use of acid-washed paper. Investigators may waste time and e:(fort if they are not
aware of the distinctive double spot formed by this imidazole. The phenomenon of
multiple zone formation has been reviewed and a theoretical treatment has been
presented by KELLER AND GIDDlNGS6•

Methods
Ascending chromatography was carried out on Whatman No.1 filter paper.

Solvents were commercial analytical reagent grade. Chromatograms were formed into
cylinders and developed 23-26 cm from origin at 25-30°. Imidazole propionate was
obtained from Calbiochem (m.p. 207-208°), Koch-Light Laboratories (m.p. 208-209°)
and by hydrogenation of urocanic acid with palladium catalyst (m.p. 21o-2IIO) as
described by KRAML AND BOUTHILLIER? It was recrystallized from water---ethanol
acetone (1: 1: 1). The compound was dissolved in deionized water for chromatography
unless additions are stated. After drying, the paper was sprayed with diazotized sulfa
nilic acid. Imidazolepropionic acid was determined as described by TABORs.

Results ani discussion
The double spot produced by imidazolepropionic acid is shown in Fig. 1. The two

spots are identical in color. The double spot occurred when either of the two commercial
products were used. When the compound was synthesized in our laboratory, both
spots appeared and increased together as the synthesis proceeded. The spots are clearly
and significantly separated, and are joined by a diffuse area of color as described by
KELLER AND GIDDlNGS6• The faster spot contains 10 % of the total as determined after
elution. The Rp values for the two spots are 0.35 and 0.23. The faster and smaller spot
corresponds to the value of 0.36 given in the literature1 ,3. The double spot was also
found when imidazole propionate was added to urine and the mixture chromato
graphed and when descending chromatography was employed.

The RF values of several irnidazoles were found to be histidine, 0.00; urocanic
acid, 0.58; imidazolelactic acid, 0.05; imidazoleacetic acid, 0.05; and histamine, 0.03.
Imidazolepropionic acid is the only imidazole tested which gave a double spot in this
solvent. Other imidazoles which might be contaminants do not correspond to either of
the RF values for the double spot.
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The pH of the imidazolepropionic acid placed at the origin has a marked effect
on the occurrence of multiple spots. The pH of the solution was altered by addition of
NaOH and Hei. At pH 12 a bottom spot (RF 0.04) predominates with a middle spot
leading and touching the intense bottom spot. As pH is gradually lowered the middle
spot predominates (RF 0.16 to 0.24) and becomes compact and the bottom spot fades
out. At the same time a trace of the upper spot begins to appear (RF 0.3 to 0.35), until
at pH I a single spot is observed (RF 0.30 to 0.35).

Fig. 1. Double spot formation by imidazolepropionic acid; 0-4 pmole applied to Whatman No.1
paper; solvent: tert.-butanol-acetone-formic acid-water (160: 160: I: 39); spray: diazotized
sulfanilic acid.

Evidence that the formic acid content of the solvent system affected the multiple
spot formation was obtained. As the formic acid is increased from 0 to 20 ml (water
content adjusted accordingly) the apparent quantity of imidazolepropionic acid in the
slow spot changes from 100 % to 0 % as more and more of the compound appears in
the fast spot.

In a bidimensional chromatogram using the same solvent in both dimensions
one expects four spots if there are two forms of the compound in equilibrium, and two
spots if two separate compounds are present. However, three spots were found. On the
first pass the imidazole propionate produces two spots. On the second pass, the slower
spot (A) splits again into two spots (A and B), but the faster spot (B) remained as one
discrete spot, and none of the slower spot could be detected. The slower substance (A)
is converted by a slow reaction to the faster substance (B), but after the conversion B
did not revert to A on the second pass. To examine this further, two bands (A and B)
from a chromatogram were eluted by descending chromatography with water, con
centrated under reduced pressure and each rechromatographed. The lower band (A)
broke up into two spots when rerun. However, the upper band gave only one discrete
fast spot. It appears that imidazolepropionic acid (A) is converted to a new compound
(B) by development of the chromatgram. This type of result is discussed by KELLER
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Variation of RF of vitamin 8 6 group with pH*

NOTES

The Rp values of some members of the vitamin B6 complex have been reported
to vary from run to run l . A reinvestigation of the,se variable results in our laboratory
revealed that the Rp values of this group are a function of pH of the developing
solvent at constant temperature. All six members were tested: pyridoxol, pyridox
amine, pyridoxal, and their corresponding S-phosphates. All data were subjected to
statistical analysis.

Methods and materials
The solvent used was pyridine-butanol-water (I: 2: saturated). The pH of the

solvent was adjusted with either Hel or NH40H and verified with the aid of pHydrion
paper (low range buffer). Twenty-five double strips of Whatman No. I chromato
graphic paper were used for each member of the group; this paper had the most uni
form structure of several, thus giving the least variability in the background ab
sorption2 . Single compounds, dissolved in water, were applied three times, and the
successive spots were dried completely; each composite spot contained 10 !kg of B6.

Origins were visualized by fluorescence under U.V. light at 3660A and outlined.
The pH was checked and adjusted when necessary before each run, and the

solvent inside each hydrometer jar was changed to avoid contamination with previous
compounds. In a darkened laboratory, the strips were saturated for fifteen minutes,
then dipped and kept in contact with the solvent for one hour, removed, and dried
with a heat gun. The pH range tested was from S.o to 9.0.

The spot was located with the aid of the U.V. light. For pyridoxal, fluorescence
was greatly enhanced by exposure of the strip to NH40H (conc.) vapor, not so for
pyridoxol and pyridoxamine; fluorescence in these two compounds was, in fact,
slightly inhibited. This method was followed with both individual components and
mixtures of components of B6 .

Results and discussion
Rp values were computed for each pH. Table I gives the mean Rp ± one stand

ard deviation. Analysis of the data was carried out with the aid of the V-tests. These
results are charted on Figs. I, 2, 3 and 4.

Four of the six components of the B6 group can be separated by paper chroma
tography at anyone pH. The separation of pyridoxol from its S-phosphate can be
accomplished only at pH 9; this may be due to hydrolysis of the phosphate at other
acidities.

It is difficult to distinguish the phosphate of pyridoxal from that of pyridox
amine. When a mixture of the B6 group was chromatographed at any pH, the minimum
Rp found was 0.12, which is a value in between the Rp values of the S-phosphates of
pyridoxamine and pyridoxal. In spite of this difficulty, it is always possible to sepa
rate pyridoxol, pyridoxal hydrochloride, pyridoxamine hydrochloride, and either the
phosphate of pyridoxal or pyridoxamine.

Our experimental observations confirm the report that the area of the chroma
tographed spot decreases with increase of pH of the solvent system4 . Thus, starting

* Supported by Contract No. AF 33(615)-2332. Further reproduction is authorized to satis
fy the needs of the United States Government.
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NOTES

Ober organische Rhodanverbindungen*

16. Mitteilung. Papierchromatographische Verteilung und Nachweis von

Rhodanphenolen, Rhodanphenolathern und Rhodanphenolketonen

29 1

In einer frtiheren Mitteilung berichteten wir tiber die Moglichkeiten der Identi
fizierung von organischen Rhodanverbindungen nach papierchromatographischer
Verteilung mit Hilfe von Quecksilber-Fluorescein-Reagens oder von Natriumsulfid
und Eisen(III)-chlorid-Losung1.

Ausgehend von diesen Erfahrungen, versuchten wir in Zusammenhang mit
praparativen Arbeiten das papierchromatographische Verteilungsverhalten einer
Reihe von Rhodanphenolen, Rhodanphenolathern und Rhodanphenolketonen und
ihren entsprechenden rhodanfreien Ausgangsstoffen naher zu untersuchen.

Als stationare Phase bewahrte sich auch in diesen Fallen ein mit Dimethyl
formamid impragniertes Papier (25 %ige Lasung in Methanol). Auf Grund der
sehr unterschiedlichen Loslichkeit der untersuchten Verbindungen war es allerdings
unvermeidbar, als mobile Phase 9 verschiedene Losungsmittelsysteme (System a bis i)
heranzuziehen. Die Laufzeiten liegen bei 2-5 Std.; sie betragen nur bei System f 9 Std.
Die ermittelten Rp-Werte (Tabellen I, II und III) stellen Richtwerte fUr die einzelnen
Substanzen dar und sind als Mittel aus je 10 Chromatogrammen berechnet worden.
Es ist daraus deutlich zu erkennen, dass sich die synthetisierten organischen Rhodan
verbindungen unter Einsatz eines bestimmten Lasungsmittelsystems von ihren
Ausgangsstoffen trennen lassen. Urn reproduzierbare Rp-vVerte zu erhalten, ist es vor
allem wichtig, als polares fmpragnierungsmittel ein Dimethylformamid gleicher
Dichte zu verwenden.

Eine Ausnahme machen allerdings die Salicylsauren, die auf dimethylform
amidimpragniertem Papier bei Verwendung der Losungsmittelsysteme a bis i als
mobile Phasen hinsichtlich des chromatographischen Verhaltens keine befriedigenden
Ergebnisse zeigen. Teils waren kaum Unterschiede in den Rp-Werten von rhodanierter
und rhodanfreier Substanz festzustellen und zum anderen neigen die Salicylsauren
zur Streifenbildung, wahrscheinlich bedingt durch unterschiedliches Dissoziations
vermagen in den einzelnen Zonen des dimethylformamidimpragnierten Papiers.

Ftir die Trennung von Salicylsaurederivaten eignen sich dafUr sehr gut phos
phatgepufferte Papiere lind das Gemisch von n-Butanol-Vlasser (I: I, vjv) als mobile
Phase (System k). Die Laufzeit betragt 7 Std. (Tabelle f).

Interessanterweise konnten wir auch einige Fltissigkeiten wie Phenetol (nicht
Anisol i), n-Propoxybenzol, Aminophenolather, Rhodanphenolather, 3-Rhodan
acetophenon u.a. (nicht Acetophenon und Propiophenon 1) chromatographieren,
ohne sie vorher in feste Derivate zu tiberfUhren; es mtissen lediglich etwas grossere
Mengen an Substanz aufgetragen werden.

Der Nachweis der Verbindungen auf dem Papier richtet sich nach ihrem che
mischen Reaktionsverm6gen. Die rhodanhaltigen Verbindungen sowie die Benzthia
zole, ferner Phenol, 2-Aminophenol, 2-Kresol, PAS, a-Vanillin und alle Isothiocya
nate lassen sich durch Besprtihen mit Fluorescein-Quecksilber-Reagens1 sichtbar
machen. Man erhalt rote Flecke auf gelblichrotem Untergrund, unter U.V.-Licht
schwarze Flecke auf gelbfluoreszierendem Grund.

* 15. Mitt., siehe Zit. 1.
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TABELLEI

Rp-WERTE VON PHENOLEN

Substanz

System f (Laujzeit 9 Std.)
Hydroxy-benzol (Phenol) *

I-HydroxY-4-rhodan-benzol (4-Rhodan-phenol)
I-Hydroxy-2-methyl-benzol (2-Kreson *

I-HydroxY-4-rhodan-2-methyl-benzol

System c (Laufzeit 4 Std.)

I-Hydroxy-2-amino-benzol (2-Amino-phenol) *
I-Hydroxy-s-rhodan-2-amino-benzol

System e (Laufzeit 2.5 Std.)
I-Hydroxy-2-methoxy-benzol (Guajakol) *

I-Hydroxy-2-methoxY-4-rhodan-benzol

System a (Laujzeit 3 Std.)
I-Hydroxy-2-methoxy-6-formyl-benzol (o-Vanillin) *

I-Hydroxy-2-methoxY-4-rhodan-6-formyl-benzol

System k (Laujzeit 7 Std.)
I-Hydroxy-2-carboxy-benzol (Salicylsaure) *

I-HydroxY-4-rhodan-2-carboxy-benzol (s-Rhodan-salicylsaure)
I-Hydroxy-s-amino-2-carboxy-benzol (PAS) *

I-Hydroxy-s-rhodan-2-carboxy-benzol (4-Rhodan-salicylsaure)

System d (Laujzeit 2 Std.)
I,3-Dihydroxy-benzol (Resorcin) *

2,6-Dioxo-benzo [I,2-d: S,4-d'Jbis[I,3Joxathiol

* Ausgangssubstanz.

TABELLE II

Rp-WERTE VON PHENOLATHERN

Substanz

System a (Laufzeit 3 Std.)
I-Methoxy-2-amino-benzol (2-Anisidin) *

I-Methoxy-2-rhodan-benzol (2-Rhodan-anisol)
I-Methoxy-s-rhodan-2-amino-benzol
I-MethoxY-3,s-dirhodan-2-amino-benzol
4-Methoxy-6-rhodan-2-amino-benzthiazol
I-Methoxy-2,s-dirhodan-benzol
I-Methoxy-2,3,s-trirhodan-benzol
4-Methoxy-2, 6-dirhodan-benzthiazol

I-MethoxY-3-amino-benzol (3-Anisidin) *
I-MethoxY-3-rhodan-benzol (3-Rhodan-anisol)

I-MethoxY-4-amino-benzol (4-Anisidin) *
I-MethoxY-4-rhodan-benzol (4-Rhodan-anisol)
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Rp-Wert

0.29
0.19
0·49
0.3 2

0.18
0·33

0.3 2

0.18

0.30
0.06

0·S2
0.76
0.16
0·73

0.04
0.96

Rp-Wert

0.4 1

0.8S
0.12
0.06
o
0.60
O.IS
0.26
O.II

0.8S
O.II

0·79

(Fortsetzung S. 293)



NOTES

TABELLE II (Fortsetzung)

Substanz

1-Athoxy-2-amino-benzol (2-Phenetidin) *
1-AthoxY-2-rhodan-benzol (2-Rhodan-phenetol)
1-AthoxY-5-rhodan-2-amino-benzol
1-AthoxY-2,5-dirhodan-benzol
I-AthOXY-2-isothiocyanato-benzol

1-AthoxY-3-amino-benzol (3-Phenetidin) *
1-AthoxY-3-rhodan-benzol (3cRhodan-phenetol)
1-AthoxY-4,6-dirhodan-3-amino-benzol
1-AthoxY-3,4,6-trirhodan-benzol
I -AthoxY-3-isothiocyanato-benzol

Athoxy-benzol (Phenetol) *
1-AthoxY-4-amino-benzol (4-Phenetidin) *

1-AthoxY-4-rhodan-benzol (4-Rhodan-phenetol)
n-Propoxy-benzol *
I -n-Propoxy-4-amino-benzol *

1-n-PropoxY-4-rhodan-benzol
x-Bram-n-prapoxy-benzol

System e (Laufzeit 2.5 Std.)
1-Methoxy-2-amino-benzol (2-Anisidin) *

1-Methoxy-5-rhodan-2-amino-benzol
1-MethoxY-3,5-dirhodan-2-amino-benzol
4-Methoxy-6-rhodan-2-amino-benzthiazol
1-Methoxy-2,3,5-trirhodan-benzol
4-Methoxy-2,6-dirhodan-benzthiazol

I -MethoxY-4,6-dirhodan-3-amino-benzol *
1-MethoxY-3,4,6-trirhodan-benzol

1-Athoxy-2-amino-benzol (2-Phenetidin) *
1-AthoxY-5-rhodan-2-amino-benzol
1-AthoxY-3,5-dirhodan-2-amino-benzol
4-Athoxy-6-rhodan-2-amino-benzthiazol
1-AthoxY-2,5-dirhodan-benzol

1-AthoxY-3-amino-benzol (3-Phenetidin) *
I-AthoxY-4,6-dirhodan-3-amino-benzol
1-AthoxY-3,4,6-trirhodan-benzol

I -n-PrapoxY-4-amino-benzol *
6-n-Prapoxy-2-amino-benzthiazol

I -n-ButoxY-4-amino-benzol *
6-n-ButoxY-2-amino-benzthiazol

System h (Laujzeit 5 Std.)
1-MethoxY-3-amino-benzol (3-Anisidin) *

1-Methoxy-6-rhodan-3-amino-benzol
1-MethoxY-4,6-dirhodan-3-amino-benzol
5-Methoxy-6-rhodan-2-amino-benzthiazol

System g (Laujzeit 2 Std.)
1-MethoxY-4-amino-benzol (4-Anisidin) *

6-MethoxY-2-amino-benzthiazol
6-MethoxY-4-rhodan-2-amino-benzthiazol
6-MethoxY-2-rhodan-benzthiazol

1-AthoxY-4-amino-benzol (4-Phenetidin) *
6-Athoxy-2-amino-benzthiazol
6-Athoxy-4-rhodan-2-amino-benzthiazol
6-AthoxY-2-rhodan-benzthiazol

* Ausgangssubstanz.
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RF-Wert

0·44
0.83
0.27
0.84
0·97
0.20
0.84
0.04
0·53
0·97
0.14
0.23
0.92

0.14
0.22
0.96
0·99
(Front)

0·55
0.3 2

0.21
0.03
0·49
0·55
0.10
0·57
0·75
0-48
0.4 1

0.04
0·95
0-45
0.24
0.88
0·54
0.09
0.72

0.17

0-43
0·33
0-47
0.20

0.70
0-45
0.82
0.9 2

0.80
0.64
0.86
0·95
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TABELLE III r

Rp-WERTE VON PHENOLKETONEN

Substanz

NOTES

Rp-Wert

System e (Laujzeit 2.5 Std.)
2-Amino-I-acetyl-benzol (2-Amino-acetophenon) * 0.06

5-I,"hodan-2-amino-I-acetyl-benzol (5-Rhodan-2-amino-acetophenon) 0.25
2-Rhodan-I-acetyl-benzol (2-Rhodan-acetophenon) 0.65
2-lsothiocyanato- I -acetyl-benzol (2-Isothiocyanato-acetophenon) 0.99

3-Amino-I-acetyl-benzol (3-Amino-acetophenon) * 0.06
6-Rhodan-3-amino- I -acetyl-benzol (6-Rhodan-3-amino-acetophenon) 0.02
3-Rhodan-I-acetyl-benzol (3-Rhodan-acetophenon) 0.56
3-lsothiocyanato- I -acetyl-benzol (3-Isothiocyanato-acetophenon) 0.96

4-Amino-I-acetyl-benzol (4-Amino-acetophenon) * 0.02
4-Rhodan-I -acetyl-benzol (4-Rhodan-acetophenon) 0.67
w-Rhodan-acety1-benzol (w- Rhodan-acetophenon) 0043
3-Rhodan-4-amino- I -acety1-benzol (3-Rhodan-4-amino-acetophenon) 0.04
3>4-Dirhodan- I-acetyl-benzol (3)4-Dirhodan-acetophenon) 0047
2-Rhodan-6-acetyl-benzthiazol 0.62

2-Amino-6-propionyl-ben zthiazol * 0.02
2-Rhodan-6-propionyl-benzthiazol 0.86

3-Amino-I-propionyl-benzol (3-Amino-propiophenon) * 0.14
6-Rhodan-3-amino- I -propionyl-benzol (6-Rhodan-3-amino-propiophenon) 0.04
3-Rhodan-I-propionyl-benzol (3-Rhodan-propiophenon) 0.78
3-Isothiocyanato- I -propionyI-benzol (3-Isothiocyanato-propiophenon) 0·97

4-Amino-I-propionyl-benzol (4-Amino-propiophenon) * 0.06
4-Rhodan- 1-propiony1-benzol (4-Rhodan-propiophenon) 0.89
3-Rhodan-4-amino- I -propionyl-benzol (3-Rhodan-4-amino-propiophenon) 0.10
3>4-Dirhodan-1-propionyl-benzol (3)4-Dirhodan-propiophenon) 0·75

System b (Laujzeit 2 Std.)
4-Amino-I-acetyl-benzol (4-Amino-acetophenon) * 0.66

3-Rhodan-4-amino-I-acetyl-benzol (3-Rhodan-4-amino-acetophenon) 0.91
2-Amino-6-acetyl-benzthiazol 0·55

System i (Laujzeit 3.5 Std.)
4-Amino-I-propionyl-benzol (4-Amino-propiophenon) * 0.62

3-Rhodan-4-amino- I -propionyI-benzol (3-Rhodan-4-amino-propiophenon) 0.85
2-Amino-6-propionyl-benzthiazol 0.38

System d (Laujzeit 2 Std.)
3-Rhodan-4-amino-I-acetyl-benzol (3-Rhodan-4-amino-acetophenon) * 0042

3>4-Dirhodan-I-acetyl-benzol (3,4-Dirhodan-acetophenon) 0·95
3-Rhodan-4-amino-I-propionyl-benzol (3-Rhodan-4-amino-propiophenon) * 0.72

3,4-Dirhodan-I-propionyl-benzol (3,4-Dirhodan-propiophenon) 0.98

System a (Laujzeit 3 Std.)
3-Rhodan-4-amino-I-propionyl-benzol (3-Rhodan-4-amino-propiophenon) * 0.02

3,4-Dirhodan-I-propionyl-benzol (3,4-Dirhodan-propiophenon) 0.39
z-Rhodan-6-propionyl-benzthiazol 0.64

w-Brom-acetyl-benzol (w-Brom-acetophenon) * 0.73
w-Rhodan-acetyl-benzol (w-Rhodan-acetophenon) 0.19

* Ausgangssubstanz.
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Die Aminophenylalkylather, Bromphenylalkylather, Phenylalkylather und
Guajakol konnen mit Millons Reagens 2 als braune (Phenolather), rote (Ralogen
phenolather) bis violette (Aminophenolather) Fleeke bzw. die Aminophenylalkyl
ketone und das w-Bromaeetophenon mit z,{-Dinitrophenylhydrazin-Reagens2 als
gelbe Fleeke naehgewiesen werden. Zur Unterseheidung auf Isothioeyanate wird mit
Jodazid-Reagens2 bespruht. Isothioeyanate geben innerhalb kurzer Zeit weisse
Fleeke. Salieylsaure ist besonders gut unter U.v.-Lieht dureh die blaue Fluoreszenz
zu erkennen. Diese papierehromatographisehen Arbeitsweisen waren uns ubrigens
bei der Synthese der in den Tabellen I-TIl wiedergegebenen organisehen Rhodan
verbindungen in versehiedener Riehtung von nutzen. Dureh die Verteilung fast aller
Roh- und mehrmals umkristallisierten Reinprodukte war es auf diese bequeme
Weise moglieh, praktiseh jede Substanz zusatzlieh zur Elementaranalyse auf Identitat
und Reinheit zu prUfen.

Bei der direkten Rhodanierung von einfaehen Phenolathern (Anisol, Phenetol
usw.) entstehen neben den Rhodanderivaten (4-Rhodan-anisol, 4-Rhodan-phenetol,
usw.) als Nebenprodukte immer x-Bromalkoxybenzole*. Diese lassen sieh mit dem
Losungsmittelsystem e verteilen und mit Millons Reagens identifizieren. Am besten
gelingt der Nachweis der x-Bromalkoxybenzole bei einer Laufstrecke von nur IS cm
(Laufzeit nicht uber I Std. 1) in kleinen Glaszylindern, da diese Verbindungen bei
langerer Laufstrecke und -zeit sehr stark ausgewaschen werden. Bei der EinfUhrung
der Rhodangruppe uber die Diazoniumsalze gelang es, in allen Rohprodukten eben
falls auf dem Wege der Papierchromatographie neben den entsprechenden Rhod<in
verbindungen die Bildung von Isothiocyanaten nachzuweisen.

Versuchsteil
Papierchromatographische Verteilung. Die Impragnierung der Papierbogen z9 X

30 em (Schleicher & Schull 2043 bMgl) erfolgt, wie bereits an anderer Stelle beschrie
ben1 . Danaeh werden Losungen entsprechend 20 flg Substanz (Ausnahmen: 80 flg
bei z-Anisidin, Z-, 3- und 4-Phenetidin, 4-Methoxy-6-rhodan-z-amino-benzthiazol,
4-Rhodan-phenol, 1-HydroxY-4-rhodan-z-methyl-benzol und w-Rhodan-acetophenon
sowie ZOO flg bei Phenol, z-Kresol, Guajakol und n-Propoxy-benzol. Phenetol und die
x-Bromalkoxybenzole wurden zu je O.ooz ml rein aufgetragen) in Methanol (Aus
nahmen: 4-Methoxy-6-rhodan-z-amino-benzthiazol und z-Amino-6-aeetyl-benzthia
zol werden in Eisessig gelost) punktformig aufgetragen. Insgesamt 10 Min. nach der
Impragnierung wird ohne vorherige Sattigung in den ubliehen zylinderformigen
Glasgefassen (Rohe 34 cm, Durchmesser 19 cm), auf deren Boden sich eine Petrischale
(Durchmesser 14 cm) zur Aufnahme von So ml mobiler Phase befindet, aufsteigend
bei zoo (± z 0) und bei einer Laufstreeke von 20 cm chromatographiert.

Als mobile Phase werden wahlweise folgende Systeme angewandt:
System: a Cyclohexan

b Benzol
c Tetrachlorkohlenstoff
d Cyclohexan-Benzol (I: I)
e Cyclohexan-Benzol (S: I)
f Cyclohexan-Pyridin (10:1)

* Die Ergebnisse dieser und auch der iibrigen synthetischen Arbeiten werden an anderer
Stelle ver(iffentlicht.
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Ober die Papierchromatographie einiger Styrolderivate

1m Rahmen unserer Untersuchungen zur Analytik des dehydrierten Diathyl
benzols1,2 testeten wir auch die von HUBER3 1960 veroffentlichte papierchromatogra
phische Methode zur Trennung, Identifizierung und quantitativen Bestimmung von
Olefinen. Dieser Autor iiberftihrte dabei verschiedene Vinylverbindungen durch Um
setzen mit Quecksilberacetat in Methanol in Quecksilberadditionsverbindungen, die
sich wegen ihrer spezifischen Eigenschaften fiir derartige Untersuchungen vorziiglich
eignen.

R-CH=CH-R + (CH3·COO)2·Hg + CH30H----+

R-CH-CH-R
I I + CH3·COOH

CH3-CO-Hg O-CH3

II
°

HUBER bestimmte auf diese Art eine Reihe von Rp-Werten von Olefinen und
Diolefinen, wobei auch der Wert fiirStyrol in einer der Tabellen angegeben3 wird.

Dies gab Veranlassung zu untersuchen, wie sich nach dieser Methode die Alkyl
derivative des Styrols, p-Methylstyrols und p-Athylstyrols sowie des p-Divinylbenzols
verhalten. Diese Verbindungen sind u. a. Inhaltsstoffe des dehydrierten Diathyl
benzols.

Die Vinylverbindungen wurden nach der von MARTIN4 angegebenen Weise in
ihre Quecksilberaddukte iiberfiihrt. Die Entwicklung* erfolgte absteigend und auf
steigend zweiphasig mit einer Kombination von n-Butanol einerseits und 1.5 N NH3
und 1.5 N (NH4)2C03-Losung andererseits. Zum Kennzeichnen der Flecken wurden
die Papierstreifen zuerst an der Luft getrocknet; anschliessend folgte die Zersetzung
der Quecksilberaddukte durch Einwirken von HCl-Dampfen. Das freigesetzte Queck
silber lasst sich durch Bespriihen mit Dithizon nachweisen.

TABELLE I

Rp-WERTE FUR STYROLDERIVATE

Styrol
p-Methylstyrol
p-Athylstyrol
p-Divinylbenzol

A bsteigende
Methode

0.56 ± o.or
0.62 ± 0.02
0.65 ± 0.02
0.07 ± o.or

A ufsteigende
Methode

0.56 ± o.or
0.63 ± o.or
0.66 ± 0.02
0.06 ± o.or

Styrol-Wert nach HUBER3 0.56 ± 0.03

In der Tabelle sind die fiir Styrol, p-Methylstyrol, p-Athylstyrol und p-Divinyl
benzol ermittelten Rp-Werte nach der absteigenden und aufsteigenden Methode an
gefiihrt. Die Werte stellen den Durchschnitt von 9 Messungen dar.

* Papier ';VF r, VEB Feinpapierwerk Niederschlag.
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Fig. L Detection of inorganic phosphate (from left to right; 0.5, 0.15 and 0.05 J.lg of P) on chroma
togram. System: formic acid 85 %-water--dimetl)yl ketone (15: 25; 60), ascending development
45 min, paper Ederol 208.

About 0.1 J.lg of PO}- ions can be detected on the chromatograms (Fig. I).

The method is suitable for testing the purity of enzymatic substrates containing
phosphate as well as in qualitative analysis, where low quantities of phosphate must
be detected.
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(= Cl) of each phosphate. To determine V/ in eqn. (2) Kurrol's salt was used as a
standard material of Ka = o.

As shown in Fig. 2 there is no marked difference between Ka values of each phos
phate obtained by the column and batch methods. This fact supports that the sep
aration mechanism of phosphates in the column of Sephadex may be ascribed to
the molecular sieving effect.

1.0

0.8

0.6
..c
u....
o
.0

:..,0.4

0.2

o nP

3M

4M 3P
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Fig. 2. Comparison between f{d values of phosphates obtained by the column and batch methods.
3M ="trimetaphosphate; 4M = tetrametaphosphate. For other abbreviations, see legend Fig. 1.

Details concerning the behavior of various polyphosphates and the correlation
between Ka values and molecular weights of phosphates will be discussed later.
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A STUDY OF THE QUANTITATIVE MEASUREMENT OF CERTAIN META

BOLIC ACIDS BY GAS-LI QUID CHROMATOGRAPHY*, **

T. S. RUMSEY*** AND C. H. NOLLER

Animal Sciences Department, Purdue University, Lafayette, Ind. (U.S.A.)

(Received March 1St, 1966)

INTRODUCTTON

In recent years, gas-liquid chromatography (GLC) has been utilized for the
separation and identification of organic acids involved in the tricarboxylic acid
(TCA) cycle and certain other organic acids which perform vital functions in carbo
hydrate, fat, and protein metabolism1 ,6,12,14. The acids have been readily chromato
graphed as their methyl or ethyl ester derivatives. The GLC technique appears to
be more applicable than previous methods which are time consuming, require metic
ulous attention to details, and are limited by compounds which interfere with the
analytical measurement of these acids in biological material. Unfortunately, there is
a paucity of reports4, 5,8,13 in the literature pertaining to the measurement of these
metabolic intermediates by GLC, possibly because of the considerable amount of
time required to study the quantitative aspects of the technique. If a useful and
efficient GLC method was developed for quantitatively measuring these acids in
biological material, it would be a useful tool with which to ascertain the complexities
of intermediary metabolism in both plants and animals.

The objective of this research was to develop a quantitative GLC method for
measuring certain metabolic acids, which could be readily applied to biological
samples on a routine basis. Because the authors have previously reported on the
separation and identification of the acid esters involved in this study12, the qualitative
aspects of the GLC technique will not be discussed in this paper except to outline
the GLC instrumentation and columns used. None of the operating conditions for
chromatographing the acid esters were changed from those specified in the previous
report; however, it was necessary to change the esterification procedure to increase
analytical precision.

EXPERIMENTAL

Chromatography
The instrumentation for chromatographing the organic acids consisted of a

model 600 Aerograph Hy-Fi § gas chromatograph equipped with a gold-plated

* Published with the approval of the Director of Indiana Agricultural Experiment Station
as Joumal Series Paper, No. 2743.

** This research was financed in part from a trust agreement between Purdue University and
Normandy Farm, New Augusta, Ind.; Mr. & Mrs. Herman C. Krannert, owners.

*** Present address: USDA, ARS, Animal Husbandry Research Division, Agricultural Research
Center, Beltsville, Md.

§ Wilkens Instrument and Research, Inc., P.O. Box 313, Walnut Creek, Calif.
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hydrogen flame ionization detector and a Speedomax H* Leeds and Northrup
recorder. Hydrogen gas for the detector was supplied by a model A-650 hydrogen
generator** and a commercial source of high purity nitrogen was used as the carrier
gas. The hydrogen gas line was kept dry by periodically regenerating the molecular
sieve filter at 100° and an ultrasonic water bath was used to clean the flame detector.
A loosely packed I.5-in. long glass wool plug was placed inside the glass liner of the
injection block next to the chromatographic column. A clean liner and plug were
inserted periodically to minimize contamination of the system.

Methyl lactate, methyl oxalate, dimethyl malonate, dimethyl fumarate, and
dimethyl succinate were separated with a 9-ft., 1/8-in. O.D. stainless steel column
containing 15 % diethylene glycol succinate (DEGS) on 60-80 mesh, acid-washed
Chromosorb W. These esters were separated isothermally at 140°. The same column
at 200° resolved dimethyl malate and dimethyl IX-ketoglutarate. Trimethyl citrate
was most conveniently separated with a 5-ft. column containing the same packing
material operated isothermally at 200°. The detector response for each ester appeared
on the recorder chart as an individual, symmetrical peak.

Complete details of the GLC resolution and identification of these organic acid
esters have been reported12, including retention times and examples of representative
chromatograms.

Methylation
The organic acids were converted to the corresponding methyl esters using

concentrated hydrochloric acid (HCl) as the esterifying catalyst. Solutions of individ
ual organic acids and of organic acid mixtures were prepared by dissolving the un
dissociated acids in absolute methanol (Fisher Scientific, 99.9 %, ACS). Ten-milliliter
aliquots of the acid solutions were placed in dry reaction tubes (20 X 125 mm culture
tubes with screw caps), 0.5 ml concentrated HCI was added to each tube, and the
tubes were sealed and shaken in a shaker water bath at 55 ° for 4 h. At the end of the
reaction period, the samples were stored in a refrigerator in the tightly capped
reaction tubes until chromatographed.

A 3-,u1 aliquot of a sample was injected at each isothermal setting using a lo-,ul
Hamilton No. 701 N syringe. Prior to each injection the attenuator of the electrometer
was set at 250 and was kept at this position until approximately 0.75 min after the
solvent (methanol) peak. The attenuator was then adjusted to settings of 2, 4, 8, or
16, depending on the amount of acid esters. Attenuation changes were made only be
tween peaks and the recorder pen was adjusted to the baseline before the next peak ap
peared, thus minimizing the error in peak area as determined with a Disc integrator* **.

Titration
The undissociated acids used as standards were of the highest purity available

commercially, but absolute purity values did not accompany the acids. Rather than
assuming the acids to be 100 % pure, their purities were estimated by titrating
them with a standardized sodium hydroxide (NaOH) solution. Titration was also
used to determine the per cent methylation of each organic acid by comparing the

* Leeds and Northrup, Inc., 4901 Stenton Ave., Philadelphia, Pa.
•• Wilkens Instr. and Research, Inc., P.O. Box 313,. \Valnut Creek, Calif.

*** Disc Instruments, Inc., 3014-B South Halladay St., Santa Ana, Calif.
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chromatographed in duplicate. The results were compared to similar samples from
the alcohol solution which had not been lyophilized.

RESULTS AND DISCUSSION

M ethytation
The first requirement for quantitatively measuring these organic acids was to

establish a reliable method for converting the acids to their esters. Methanol and HCl
were tried as a possible methylating agent because it has received wide application
for methylating low molecular weight carboxylic acids with no apparent difficulties. 3

This method was used by earlier workers9 for separating acids involved in the TCA
cycle by fractional distillation and it was found equally applicable in the present
study. Although the qualitative phase of this procedure used concentrated sulfuric
acid as the methylating catalyst, changing to concentrated HCl did not pose any
chromatographic problems. On the basis of comparisons with standard acids, the
chromatographic results of samples methylated with these two catalysts were identical
except that analytical variation was less when HCl was used.

The conditions for methylation as outlined in the experimental section were
optimal for the organic acids studied. They were determined by varying the amount
of concentrated HCl added and the length of time in the water bath at 55 0

• Maximal
methylation of the organic acids occurred when sufficient HCl was added to lower
sample pH below the pK's of each acid. Also, maximal methylation was not affected
by adding HCl in an amount which lowered the pH to 1.0. The lowest pK was for
oxalic acid (pK = L1g). Thus, methylation of all acids at pH 1.0 permitted carrying
out the procedure under the same conditions. At pH 1.0, maximal methylation of
the organic acids occurred within 4 h at 55 0 in a shaker water bath.

Under the conditions in our laboratory, this method was superior to the
sodium-methylate method2 and the boron-trifluoride method.7 Also, when 2,2

dimethoxypropane was used as a water scavenger, as reported by RADIN et at. ll and
PRICE10, no measurable benefit was obtained. This suggested that under the conditions
of the present study, the water endogenous to the reagents, and that produced during
methylation, had an. insignificant effect on the efficiency of esterification.

Titration
Once the optimal conditions for methylation were established, acid titration

was used to quantitate the amount of each acid which was converted to its ester. The
percentage of esterification of each acid is presented in Table 1. The range values
represent the lowest and highest of three determinations. Table I also contains
estimates of acid purity as determined by titration. The standard errors of titration
were 0.36 and o.go for per cent methylation and per cent purity, respectively. Although
these percentage estimates may be subject to error, most of them were within a
realistic range and, because of their constancy, they were used to develop the quanti
tative aspects of measuring these organic acids by GLC. Different lots of acids were
not used in the study.

Quantification
Investigations of the quantitative aspects of measuring the organic acids

consisted of stUdying each acid individually and as part of a mixture of acids. Thus,
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Linear equations which represent the standard curves for the acid esters are
shown in Table III. For the esters which gave a linear response with concentration
by showing no significant (at P = 0.05 level) departure from linearity, an equation is
presented which covers the entire range. For the esters giving a non-linear response
the concentrations were divided into linear segments and linear equations are pre
sented for each segment. In all cases, an equation representing each concentration
range is presented for each of two days. Thus, these equations can be used to plot the
standard curves obtained for the mixture of esters in this study to give an idea of
the variation obtained due to analyzing the same set of standard solutions on different
days. There were some differences due to days which is shown in Table II by the
significant concentration-day interactions. This day effect was due primarily to
changes in the operating conditions of the chromatograph or changes within the
chromatographic columns.

Commercially prepared esters for all the acids except lactic were obtained and
standard curves prepared with these esters compared favorably with the esters
prepared in the laboratory. This indicated that any curvilinear response was due to
the chromatographic instrumentation and not the esterification of the acids.

The coefficients of variation for lactic, oxalic, malonic, fumaric, succinic,
malic, IX-ketoglutaric, and citric acids when analyzed in a mixture were 8.1, 2.7, 3.1,
2.8, 1.7, 1.8, 2.0, and 3.6, respectively. These coefficients were determined using the
average peak area of the concentration range of each acid studied. Above the mid
point of each concentration range, the coefficient of variation was constant; but as the
concentrations were decreased below the mid-points, the proportional amount of
random variation increased. The coefficients of variation range from 5 to 10 % at the
lower contration levels.

Lyophilization
Before applying this method to biological tissues and fluids which contain large

amounts of water, a method had to be developed for removing the water prior to the
esterification step. The use of lyophilization was suggested byTHIMANN AND BONNER15

TABLE IV

EFFECT OF pH ON LOSSES DURING LYOPHILIZATION

Loss in mM/l Recovery

Non-lyophilized Lyophilized Sx
(%)

pH ro.o pH 4.5 pH ro.o pH 4.5

Lactic ro.o 10·5 rO.2 9·9 0·7 r 98.3
Oxalic ro.o 9·7 rLO 9·7 0.32 r05·2b
Malonic ro.o 9. 6 6·7 6·3 0.29 66·3c
Fumaric ro.o 9·4 rO.r 9·9 0.28 r03·0
Succinic ro.O 9·3 9·7 9·5 0.23 99-4
Malica ro.o rO.2 0·49 rOL5
a-Ketoglutaric ro.o 9. 6 0.64 95·7
Citric ro.o 9.8 rO.r 9·5 0.38 98-4

a The effect of pH on malic acid was studied later with a-ketoglutaric acid.
b p < 0.05.
c P < 0.01.
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Samples were injected with help of Hamilton I f-LI syringes. As discussed in
our previous paper2, support-coated columns could permit direct sample injection
into the column. However, for convenience, we generally split the injected sample
with a low split ratio (1/10-1/20). The sample volumes listed in the figures and in the
text always refer to the actual sample entering the column.

SAMPLE SIZE VS. PEAK RESOLUTION

The best way to illustrate the influence of increased sample amounts on peak
resolution is to select certain peak pairs representing a difficult separation and to
investigate how the actual separation will change with increased sample size. For
this study, we have selected two test mixtures.

Our first test mixture consisted of hexene-I and n-hexane, in about I: I ratio
and it also contained an impurity which emerged-under the conditions used
between the two major peaks. The calculated composition of the sample was:

Hexene-I:
Impurity:
n-Hexane:

50.2 vol. %
0.8 vol. %

49.0 vol. %.

This sample was analyzed on a ISO ft long support-coated column prepared
with squalane liquid phase, at 100°C, with a carrier gas flow of 2.76 ml/min (u =

20 em/sec). The respective partition ratio values were measured as 1.52, 1.67 and
1.73. The relative retention (a) of the two major peaks is 1.138 while the relative
retention calculated for the second major peak and the impurity peak is 1.036.

Fig. I shows the chromatograms obtained with various sample sizes. The
volume of the total sample entering the column arid the recorder attenuation are

0.3381"1 0.2901"1 0.2411"1 0.1931"1 0.1451"1 0.0967Jil 0.04371"
X10.000 X5.000 X5.000 X5.000 X5.000 X5.000 X2.000

1

2

2

2

2
2

L
Fig. 1. Chromatograms of a sample containing (I) hexene-I and (2) n-hexane and an impurity, ob
tained with various sample sizes. Column: 150 ft. X 0.020 in. LD. support-coated open, tubular,
prepared with squalane liquid phase. Column temperature: 100°. Carrier gas (He) flow rate at
column outlet: 2.76 ml/min. The numbers above the peaks refer to the total sample volume
entering the column and the recorder attenuation used.
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SUPPORT-COATED OPEN TUBULAR COLUMNS. IV. 339

0.441.'
XIO.OOO

O.322~1

XIO.OOO
0.256.1
X5.000

0.208.1
X5.000

O.192 1l1
X5.000

0.128",1
X5.000

0.0768.'
X2.000

0.0450.1 0.0334.1
X2.000 XI.OOO

2 1

2 ,

0.0238.1
XI.OOQ

2 1

2

t J
Fig. 3. Chromatograms of a sample containing (I) 3-methylhexane and (2) cyclohexane, obtained
with various sample sizes. Column: ISO ft. X 0.020 in. l.D. support-coated, tubular, prepared
with DC-550 phenylsilicone oil liquid phase. Column temperature: 75°. Carrier gas (He) flow rate
at column outlet: 2.7 mljmin. The numbers above the peaks refer to the total sample volume
entering the column and the recorder attenuation used.

Fig. 4. Plot of the values of peak heights, peak area and resolution against the volume of each.
component, for the chromatograms shown in Fig. 3.
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Thus, the number of theoretical plates on this column corresponding to 29,490 effec
tive plates will be 41,490. Assuming an HETP of 0.6 mm for this column, its length
can be calculated as 24.89 m.

Let us assume an outlet flow rate of 40 ml/min for the packed column with
1/8 in. O.D. and 2.2 mm LD. Using a value of 0.40 for the interparticle porosity (c)
this corresponds to an outlet velocity (uo) of 43.85 cm/sec. According to DAL NOGARE
AND ]UVET8, the specific permeability of a packed column with 80-100 mesh Chromo
sorb support is 1.96.10-7 cm2 . If the column is operated at 85 0 with helium carrier
gas (viscosity at 85 0

: 2.2.10-4 poise), the carrier gas inlet pressure (Pi) can be calcu
lated from the KOZENy-CARMAN9 equation:

(5)

where'rJ is the carrier gas viscosity, L the column length and Po is the column outlet
pressure (in this calculation, it is assumed as atmospheric pressure). Knowing the
inlet pressure and the compressibility correction factor, the average linear gas ve
locity can be calculated. On the other hand, from the column length (L), the average
gas velocity (it), and the partition ratio (k), the retention time of a certain peak (tR)
can be obtained:

L
tR = -:: (I + k)

u
(6)

In a similar way, we also calculated the retention time of peak No. II which is
the last peak on the chromatogram.

A packed column with an HETP of 0.6 mm represents very high efficiency,
and columns used in practice usually have a higher HETP value. Therefore, we also
carried out the same calculation but now for a column with an HETP value of I mm.
Table II summarizes the values obtained for the support-coated open tubular column
and the two packed columns.

As listed in Table II, the retention time of the last peak was only 28.7 min on
the support-coated open tubulal column while it would be 64.5 and 137.9 min on
the packed columns, with respective HETP values of 0.6 and 1.0 mm. The (absolute)
carrier gas inlet pressure with the support-coated column was only 1.41 atm; its
respective values would be 9.95 and 12.82 atm on the two packed columns.

Finally, we would also like to compare true column performance. As discussed
in detail by DESTY et at.6 , the true column performance should be expressed as
the number of effective plates produced in unit time:

N it k2

t; = h (I +k)3

where h is the HETP of the respective peak.
As listed in Table II, for the cyclohexane peak, this value was found as 1630 with

the support-coated open tubular column while only 730 and 340 respectively with
the two packed columns (expressed as effective plates/min).
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detection of small amounts of material and additionally aids in the identification of
general classes of materials separated by virtue of their relative absorption at selected
wave lengths. As the salts originally contained in the sample are released from the
column, associated changes in the pH and conductivity of the eluate are shown on
the chart.

AG-nA8 (Fig. Sd)
The material is a polymer with weak exchange properties and is commonly

used for desalting protein solutions (ion retardation). In this separation, 2 ml of
human plasma, diluted to 10 ml with saline, were applied to a 1.5 X 50 cm column
and elution performed with distilled water (flow rate, 32 ml/h, 10 ml aliquots col
lected). The column eluate was monitored at 260, 280 and 405 mf-l. As noted from the
pattern, an increase in conductivity appears after the major protein peak has passed
through the column and would correspond to the release of retarded salts from
the column.

DEAE-cellulose (Fig. se)
All the separations previously discussed represented single buffer elution and

did not fully utilize the proportioning pump. In this study, 480 mg of urinary protein
(identical to that applied to the G-200 column of Fig. sa) were dissolved in 30 ml of
a 0.04 M TRIS-o.o05 M P04 , pH 8.6 buffer, and then applied to a 1.5 X 50 cm
DEAE-cellulose column3 . The initial buffer was maintained until fraction 21 (210 ml),
then the program device was set in operation and a limit buffer consisting of 0.5 M
TRIS-P04 , pH 4.0, was added in a gradual and predetermined fashion. The gradient
{Special No. I) used is shown in Fig. 4. To reinforce the absorbance recording all
wave length calibrations were set at 280 mf-l. Since cellulose columns permit high
flow rates, elution was done at 120 ml/h. The change in pH as well as variation in
·conductivity are clearly shown on the chart. Although the pH changes, as shown, are
accurate and in accord with the programmed gradient, the conductivity determinations
are at variance from true values. This departure will be discussed in a later section.

Figs. 6a and 6b are illustrative of non-satisfactory records which result from
:some malfunction in the system.

Chromatographic "failures"
Fig. 6. illustrates faulty records obtained with protein mixtures separated on

columns of Sephadex G-200 and DEAE-cellulose, respectively. The upper recording
is a separation identical to that shown in Fig. sa. In this case, the completely erratic
pattern resulted from air bubbles trapped within the flow-through cuvette. This has
occurred more often with Sephadex columns and may, in part, be related to slow
flow rates and non-refrigeration of the lines leading from the chilled column to the
fraction collector. Bubbles formed in the eluate upon rewarming can exceed the
bubble trap capacity, lodge in the cuvette, and produce an illegible record. Fig. 6b
shows a urinary protein mixture separated on DEAE-cellulose in a manner identical
to that previously described (Fig. 5e). In this case, the change in absorbance was not
due to eluted protein, but faulty operation of the recording spectrophotometer
occasioned by misalignment of the optical system as well as changes in the automatic
slit control. In many of our early separations, a number of poor records were obtained
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hydes, their DMAs and DNPHs according to chain length and degree of unsaturation
is described also.

EXPERIMENTAL

Materials
The various aldehydes, DMAs and DNPHs were prepared as described pre

viouslyll,12. Solvents were reagent grade and redistilled.

Preparation of plates
Using a thin-layer applicator (Desaga, Heidelberg), glass plates (zo X zo em)

were coated as usual with a well stirred suspension of silica Gel G or Kieselguhr G
(E. Merck, Darmstadt; 30 g in 60 ml water) to give a layer approximately z50 11- in
thickness. The plates were air-dried at room temperature for 15-30 min and acti
vated at lIO o for I h.

Siliconized plates for reversed-phase chromatography were made by dipping
the activated Kieselguhr G plates in a 10 % (v(v) solution of silicone (Dow Corning
zoo fluid) in petroleum ether (30-60°). The solvent was removed by exposing the
plates to the atmosphere for about 5 min.

Silver nitrate impregnated plates were made by dipping activated Silica Gel G
plates in a saturated solution of silver nitrate in 95 % aqueous methanol. After removal
of the solvent by evaporation at room temperature, the plates were activated at lIO o

for 30 min and allowed to cool (10 min) before applying the solutions.

Development of chromatograms
The compounds were dissolved in petroleum ether, except the DNPHs, which

were dissolved in ethyl ether. One pJ of 0.1 % solution of each of the several com
pounds were spotted on the plates z em from the base. Each spot, therefore, con
tained I 11-g of the individual compound. The spotted plates were dried in a stream of
nitrogen and developed by the ascending technique in a tank lined with filter paper
soaked with the solvent. Spots of aldehydes and their DMAs were made visible on
siliconized plates by spraying the plates with a saturated solution of K 2Cr207 in 70 %
(by volume) sulfuric acid13 and charring at 160°. The spots on AgN0 3 impregnated
plates were made visible by spraying with 50 % aqueous H 2S04 and charring. The
DNPH spots were clearly visible as yellow spots against the white background.

RESULTS

Separation into classes
Fig. I shows a representative two-dimensional chromatogram demonstrating

the separation of a mixture containing methyl esters of fatty acids, DMAs and
aldehydes into classes using Silica Gel G plates. A solution of the mixture was spotted
on the lower left hand corner of a plate z em away from each of the nearest edges.
The plate was first developed in toluene until the solvent was IZ em above the spot
(zo min). This resulted in the separation of the DMAs from the methyl esters and the
aldehydes. In order to separate the methyl esters and the aldehydes, the plate was
dried in a stream of nitrogen for 5 min and developed in the second dimension (90
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Fig. 2. (A) Photograph of a reversed-phase thin-layer chromatogram of fatty aldehydes. Support:
Kieselguhr G. Impregnation: 10 % silicone in petroleum ether. Solvent: 85 % aqueous acetone
saturated to 90 % with silicone. Conditions: the mobile solvent was allowed to ascend 16 cm from
the starting line two times (2 h). I = Myristaldehyde; 2 = palrnitaldehyde; 3 = mixture of I, 2,

and 4; 4 = stearaldehyde; 5 = oleyl aldehyde; 6 = linoleyl aldehyde; 7 = mixture of 5, 6 and 8;
8 = linolenyl aldehyde. (B) Separation of fatty aldehydes according to degree of unsaturation by
AgNOa-Silica Gel G TLC. Solvent: petroleum ether-ethyl ether (76:24, v/v). Conditions: The
solvent was allowed to ascend once for 16 cm from the starting line (30 min). I = Mixture of
saturated aldehydes; 2 = oleyl aldehyde; 3 = linoleyl aldehyde; 4 = linolenyl aldehyd~.

Fig. 3. (A) Photograph of a reversed-phase thin-layer chromatogram of dimethyl acetals. Support
and solvent used were the same as in Fig. 2 A. Conditions: The solvent was allowed to a.scend 16 cm
from the starting line three times (3 h). I = Lauraldehyde dimethyl acetal; 2 = myristaldehyde
dimethyl acetal; 3 = mixture of I, 2, 4 and 5; 4 = palrnitaldehyde dimethyl acetal; 5 = stearalde
hyde dimethyl acetal; 6 = oleyl aldehyde dimethyl acetal; 7 = linoleyl aldehyde dimethyl acetal;
8 = mixture of 6,7 and 9; 9 = linolenyl aldehyde dimethyl acetal. (B) Separation of the dimethyl
acetals according to degree of unsaturation by AgNOa-Silica Gel G TLC. Solvent: petroleum
ether-ethyl ether (88: 12, v/v). Conditions were the same as those in Fig. 2 B. I = Saturated fatty
aldehyde dimethyl acetals; 2 = oleyl aldehyde dimethyl acetal; 3 = linoleyl aldehyde dimethyl
acetal; 4 = linolenyl aldehyde dimethyl acetal.
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EARTHS USING METHYLENEBIS [DI(z-ETHYLHEXYL)-PHOSPHINE

OXIDE] AS THE STATIONARY PHASE*

JEROME W. O'LAUGHLIN, JERRY W. FERGUSON, JOHN J. InCHARD AND CHAELES
V. BANKS

Institute for Atomic Reseanh and Department of Chemistry, Iowa State University, Ames, Iowa
(U.S.A.)

(Received March 3rd, 1966)

INTRODUCTION

The separation of the rare-earth elements by reversed-phase partition chromato
graphy using the neutral, bifunctional compound, methylenebis(di-n-hexylphosphine
oxide) (MHDPO), was recently reportedl . In view of the rather large effects which
variations in the organic groups of monoacidic esters of phosphoric and phosphonic
acids have on the partition coefficients and separation factors in the extraction of
several trivalent lanthanide and actinide cations2, it seemed of interest to investigate
the use of bifunctional phosphine oxides analogous to MDHPO, but with branched
alkyl side chains; as stationary phases for the partition chromatography of the rare
earth cations. The extraction of samarium, thorium and uranium(VI) by methylene
bis[di(z-ethylhexyl)phosphine oxide], (z-ethylhexyl)2P(O)CH2P(O) (z-ethylhexylh
(MEHDPO), and methylenebis[di(z-ethylbutyl)phosphine oxide] (MEBDPO) had
been previously studied by PARKER AND BANKS3 and it was concluded that: (a)
methylenebis(dialkylphosphine oxide) extractants with straight chain alkyl groups
were better extractants than compounds with branched side chains; (b) the compounds
with branched alkyl side chains were relatively better extractants for uranium(VI)
than for thorium, and the converse was true for compounds with unbranched alkyl
groups; (c) the partition coefficient of samarium nitrate was much smaller than for
thorium or uranium(VI) nitrate.

The possibility that the partition coefficients of the rare earths into MEHDPO
might vary more rapidly with ionic radius than they would with less sterically hin
dered extractants, such as MHDPO, seemed likely; and the movement of the rare
earth nitrates, chlorides and perchlorates on paper treated with MEHDPO was
studied. The partition behavior of the rare earth salts into MEHDPO is considerably
different from that reported for MHDPO and significantly larger separation factors
are obtained in some cases.

* Work was performed in the Ames Laboratory of the U.S. Atomic Energy Commission.
Contribution No. 1864.
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of their relatively good extraction. Both MHDPO and MEHDPO form r: r adducts
with the rare earths in nitric acid media (Fig. 2 and ref. r) and apparently act as
bidentate donors. The latter assumption is based on the much better extraction of
rare-earth nitrates into MHDPO and MEHDPO than into TOPO, and the fact that
MHDPO acts as a bidentate donor with the uranyl ions,n. The relatively poor ex
traction of the perchlorates into MEHDPO can then hardly be attributed to the
inability of MEHDPO to act as a bidentate donor. The more likely alternative is that
there is a steric problem in fitting more than one molecule of MEHDPO around the
rare-earth cation so that the phosphoryl oxygens can effectively fill the coordination
positions.

The extraction of the rare-earth nitrates appears to follow the same mechanism
with both MHDPO and MEHDPO. It is believed the relatively good extraction of the
r: r adduct of the rare-earth nitrates with both MHDPO and MEHDPO occurs
because nitrate ions are capable of filling the remaining coordination positions of
the cation in the organic phase. The inverted order for the extraction of the rare
earth nitrates previously reported for extraction from very dilute nitric acid into
MHDPOl,6 could well reflect a tendency in this case toward a higher solvation
number. This inversion at low acid concentrations was not observed in the case of
MEHDPO.

The sharper rate of decrease in rjRF - r with decreasing atomic number with
MEHDPO as compared with MHDPO at the same acid concentration (9 M nitric)
is likely to be caused by steric factors. The lighte.r rare earths with larger ionic radii
presumably form less stable adducts with the bulky MEHDPO than with MHDPO.

The increase in rjRF - r for the heavier rare earths at nitric acid concentrations
greater than 9 M and the smaller separation factors were not expected on the basis
of the MHDPO datal. With the latter extractant, the rjRF - r values continued to
decrease and the separation factors to increase up to r6 M nitric. Some recent workl2

on the solubilities of these extractants in nitric acid indicates that there is consider
able chemical attack on MEHDPO at acid concentrations higher than 9 M. The
possible formation of acidic degradation products could explain the higher rjRF - r
values and lower separation factors observed with MEHDPO at high acid concen
trations of the mobile phase. Although the solubility of MHDPO increased at high
acid concentrations, there was no evidence of chemical attack.

The poor extraction of the rare-earth chlorides from dilute hydrochloric acid
would be expected on the basis of the unfavorable electrostatic term for the extraction
of three chloride ions into theorganic phase. This would also be true for the extraction
of the rare-earth nitrates from dilute nitric acid, but the nitrate ion, which could
act as a bidentate donor, might be more effective in solvating the rare-earth cation
in the organic phase than the chloride ion.

The small individual variations in partition behavior with atomic number,
such as the generally sharp increase with partition coefficients from lanthanum to
cerium and from gadolinium to terbium, might reflect splitting of the 4 f energy
levels. YATSIMIRSKII AND KOSTROMINAl3 discuss the "extrastabilization energy"
caused by the ligand field effect for rare earths with different symmetries. The gross
deviations from linearity in the plots shown in Fig. 3, such as the similarity in the
partition coefficients of europium and gadolinium and the rather large difference
between gadolinium and terbium, seem consistent with this type of reasoning. The
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by a reaction similar to reaction (2) in which the element Mb+ and the coefficient bare
substituted by MCln(b-n)+ and by (b - n), respectively. The slopes of the plots of log
(rjRF - r) vs. log aH+ will then give (b - n) values. Furthermore, the combination
of the two equilibria gives a value of b lying between the value of the charge of the
cation and the same value minus n.

The same effect is obtained if partial hydrolysis of the cation occurs: the cationic
species to be considered will then be M(OH)n(b-nH , and reaction (2) will be modified
in the same way as in the case of the MCln(b-n)+ species.

In addition to the above, another reason for b coefficients differing from the
stoichiometric values may be ascribed to a dehydration effect which takes place at
high hydrochloric acid concentrations. This effect may be responsible for the decrease
of the RF values shown to different extent by almost all the elements. A general
discussion on this effect which deserves further consideration will be given in a future
paper9•

Except for Y(III) and U0 2(II) and those cations already considered in pre
vious papers on reversed-phase paper chromatography with HDEHP there are not
many data on liquid-liquid extraction with HDEHP available in the literature for
those cations listed in Table III, though, as already mentioned, a good survey on the
behaviour of almost all cations was carried out by KIMURA7• However, if the general
trend of the different cations, as shown in the previous section, agrees with KIMURA'S

results, the same cannot be said about the values of coefficients band c in eqn. (4).
The reason for this disagreement may be due to two important factors, which are
now considered.

Firstly, in KIMURA'S work the determination of the dependence of the extrac
tion coefficients on the concentration of hydrochloric acid was carried out with a
50 % HDEHP solution in toluene, this condition being appreciably different from
ours. Secondly, consideration also has to be given to the fact that the reversed
phase chromatography gives RF values differing from zero in a range of conditions in
which liquid-liquid extraction gives extraction coefficients which are very low with
respect to the ones usually considered: thus, the mechanism of extraction may be
appreciably different in the two cases.

Both reasons reported above are quite obvious: nevertheless the discussion on
the extraction of uranium(VI) with HDEHP from various acidic media, reported
below in the paragraph dealing with uranium, may be a good illustration of them.
A feature which further confirms this point is the fact that the disagreement is
particularly found with ions which do not follow reaction (2), i.e. they are involved
in the extraction mechanism as complexes with Cl- or as partially hydrolyzed ions.
It is obvious that ions which undergo these phenomena will behave in quite a different
way at two different HCl concentrations.

Alkali and alkaline earth metals
Alkali metals run generally with the front of the eluent; when eluted with very

dilute HCl, they show a slight retention by the paper (RF values about 0.7), which
probably has to be ascribed to a partition phenomenon in which little role is played
byHDEHP.

A discussion on the behaviour of alkaline earths has been already reported
in previous work4 •
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centrations does it show a slight retention due to the already mentioned dehydration
phenomena.

It was not possible to find a detection reagent capable of revealing the spots
of chromate at such low amounts as those dealt with. Therefore its behaviour was
not recorded.

Molybdenum(VI) and tungsten (VI) behave similarly: only highly concen
trated HCI solutions were capable of displacing them a little, in accordance with
the results reported by LASKORIN and coworkers23 for molybdenum, in liquid-liquid
extraction systems. An attempt was made to obtain the values of the coefficients
band c in eqn. (4) from the Rp values, which never exceed 0.40. The results showed
that the same mechanism is responsible for the extraction of both ions, but it is
not, however, represented by reaction (z).

Manganese and rhenium
The values of 1.5 and 4 for coefficients band c are found for manganese(II).

Partial hydrolysis may be responsible for this behaviour.
Rhenium(VII) shows high Rp values. Its slight retention could be ascribed

to the partition mechanism on paper mentioned for alkali ions.

Iron, cobalt and nickel
A discussion on the behaviour of the transition metals of the iron group has

been already published2 . Worth mentioning here is a peculiarity of nickel and cobalt
ions, which sometimes showed a double spot in the HCl concentration range from
I'ro-4 to 3' 10-2 M, when paper had been treated with 0.1 M HDEHP. One spot,
as expected, ran with the front of the eluent, while the second, which appeared in
some cases, had a lower Rp value, which decreased the lower the HCI concentration.
This spot was only detected in some of the chromatograms out of a series of several
similar ones simultaneously eluted under the same conditions. No explanation
was found for this behaviour. When using paper treated with more dilute HDEHP
solutions (from 0.075 M down), only the spot at the front of the eluent was detected.

A value of 1.5 for the coefficient b was obtained from the retained spots.
The behaviour of cobalt and nickel in liquid-liquid systems has been studied

in a sulphate medium by MADIGAN24 , who reported the coefficient b to be lower than
z, in accordance with our results. Only nickel(II) has a value for coefficient blower
than z in KIMURA'S data.

The strong dehydration effect on iron(III) is noticeable; another peculiarity of
the iron(III) ion is the already reported2 dependence of its Rp values on the elution time,
due to the slow rate to equilibrium of the exchange reaction responsible for its retention.

Ruthenium, rhodium and palladium
Rnthenium(III) , rhodium(III) and palladium(II) always run with the front

of the eluent: they are partially retained in the high HCl concentration range be
cause of dehydration effects.

Osmium, iridium and platinum
Osmium is not reported since no suitable developing reagent was found to

detect it on the paper.
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Germanium, tin and lead
Germanium(IV) was always found near the front of the eluent.
Tin(II) gave tailed spots in the whole range in which Rp values different from

zero were obtained. Nevertheless both tin (II) and lead(II) show values for the coeffi
cient bin eqn. (3) in accordance with the reaction (2).

Arsenic, antimony and bismuth
Both arsenic(III) and arsenic(V) ions run with the front of the eluent, arse

nic(III) being slightly retained by a partition phenomenon in which little role is
played by the extractant present on the paper.

The behaviour of antimony(V) does not follow reaction (2); furthermore, at
the high HCl concentration values, coefficient c becomes zero, i.e. it is independent
of the HDEHP concentration on the paper. A mechanism differing from ion exchange
has to be postulated.

The value of the coefficient b for bismuth(III) is in accordance with the above
mentioned reaction. In conclusion, the only ions which can be considered to exhibit
such behaviour are zinc(II), cadmium(II) , tin (II) , lead(II), and bismuth(III), to
gether with the already reported strontium(II) and barium(II).

Selenium and tellurium
Both selenium(IV) and tellurium(IV) run with the front of the eluent. They

show, however, a different behaviour in the high Hel concentration range, when tel
lurium is retained more than selenium. Also a slight retention (Rp ~ 0.8) is shown
by tellurium over the whole range considered, probably due to the partition effect
already mentioned in the case of alkali metals.

CONCLUSIONS

The Rp data reported in Figs. I, 2 and 7 are sufficient to suggest many interest
ing separations of ions by elution with hydrochloric acid of a suitable concentration
on paper treated with HDEHP. Many examples of such separations have already
been reported2, 4,6, 26.

The data are also useful to predict separations of mixtures of ions by eluting
them on columns prepared with inert supports treated with HDEHP: the higher
capacity of the columns allows the separation of relatively large amounts of sub
stances.

Sometimes, however, especially when very concentrated eluting solutions are
used, the results obtained with paper and with these columns do not coincide, since
the supports used for the column do not always behave as really inert ones: columns
of treated cellulose powder are naturally the ones whose behaviour is closest to that
of the paper sheets.

The reversed-phase paper chromatographic technique may also give useful
information which will help to elucidate both the mechanism of retention on paper
or columns and the mechanism of extraction in the liquid-liquid systems.
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reproducibility with a standard deviation of 1.7 or, as a percentage of the mean, 2.0 %.
The value obtained is well within the accuracy limits gained with the peak height
measurement technique6, 7.

The high reproducibility obtained is the result of the operating conditions,
such as temperature control, the rate of heating, the method of sample insertion and
the maintenance of a thoroughly clean system as described, and thus meets the
principal requirements for the determination of polymer microstructure. The results
of polymer microstructure investigation will be described in another paper.

Additional advantages of this device, viz., the feasibility of pyrolysis at a desired
temperature, accurate measurement of the decomposition temperature, quick trans
port of pyrolyzate and the possibility of quantitative analysis, fulfil the requirements
for the study of a thermal decomposition mechanism.

The continuous flow of carrier gas is ensured in a new, suitable way. The
carrier gas passes continuously through the pyrolyzer without any changes in flow
rate while the new sample is being inserted. Constant temperature can be maintained
over a long period of time without any changes. The four-way valve system which is
generally used and is a source of contamination with heavier fractions of the pyroly
sate is avoided.

The simple and cheap performance of device, as well as adaptability to practi
cally any chromatograph are additional advantages of the improved pyrolyzer.
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Capillary teflon columns for adsorption and partition chromatography

We have previouslyl described U-shaped standard sized and capillary columns
made of glass. In extension of work started with the U-shaped capillary columns we
became interested in the possibility of constructing very long capillary columns.

Glass could not be used for these columns because of leakage through the
junction of the swagelok connector and the glass tubing at very high pressures. There
was also the danger of breakage of the glass at the high pressures necessary to force
the fluid through very long capillary columns.

We turned in our search for a suitable material to teflon tubing because of its
chemical inertness, semi-transparency and relatively high mechanical strength.

Construction of the capillary teflon columns
Teflon tubing. Unless special connectors are custom made in the machine shop

for use in the column construction the commercial availability of the necessary
connectors in increments of r/r6 in. only starting with a connector for r/r6 in. tubing
limits the selection of tUbing available for the construction of columns to sizes that
are within the tolerances specified for the outside diameter of tUbing to be used with
the connectors.

We have in our work used two types of teflon tubing both with an outside dia
meter of between 0.r2r and 0.r26 in. to fit the tolerances of the r/8 Gyrolok connector.
One type has been the standard size flexible teflon tubing with an r/r6 in. (approxima
tely r.5 mm I.D.). The other is the thinner walled AWG size ro with an outside diameter
of 0.r2r-o.r26 in. and an inside diameter of 0.r03-0.r07 in. (2.5 mm; both types of
tubing available from Pennsylvania Fluorocarbon Company, Inc., Clifton Heights, Pa.).

Gyrolok connectors. We used in our work with the U-shaped glass columns
swagelok (Crawford Fitting Company, Solon, Ohio) connectors. We found, however,
that these connectors constricted the inside diameter of the capillary teflon columns
somewhat and that this slowed the filling of the column. We changed therefore to a
similar fitting the Gyrolok (Hoke, Inc., Cresskill, N. ].) tube fitting that does not
constrict the inside of the tubing to a degree that slows the filling of the column.

Column construction. The columns were made simply by attaching gyrolok
fittings to both ends of a piece of capillary teflon tubing of appropriate length. This
is done by inserting the tubing through the fitting and turning the nut of the fitting
r Yt turn thereby swaging the fitting to the tubing. The tubing coming from the feed
pump and going to the fraction collector is similarly equipped with gyrolok fittings.

Filling the capillary columns
Filling by gravity. It is possible with some column materials (alumina, silica gel)

to fill the columns with the larger inside diameter by gravity alone. The technique for
this is illustrated in Fig. r that shows to the left in the foreground a column ready
to be filled to which a glass funnel has been attached at the top through a reducing
union and a piece of thin walled teflon tubing. The columns are plugged at one end
with glasswool or cotton. The columns are completely filled up, the funnels partially
filled up with mobile phase. The column material is added in a slurry to the funnel
and left to settle by gravity in the columns. The column to the right in the foreground
of Fig. r is an almost filled column filled by this technique.
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teflon tubing is now connected through a reducing union to the chromatographic
pump and the column material is then pumped into the capillary section when the
pump is started up.

The pump feed technique can also be used to fill the previously describedl

U-shaped glass capillary tubing with material that could not without this technique
be packed into that type of columns.

We have with the pump feed technique filled columns with a variety of hard to
pack partition column materials including cellulose powder and celite.

Application of sample to columns
We have in our work transferred the sample in mobile phase to the columns

using a tuberculine syringe equipped with a 4 in. long 22 gauge needle or with a
needle to which very thin teflon tubing has been attached. The sample solutions have
after introduction into the top part of the column been pushed into the column with
compressed air or nitrogen applied through a reducing valve so that the pressure can
be regulated at will. Syringe and sample container has been washed through with
mobile phase a few times and the rinses washed down into the column with com
pressed air. The columns are now filled up with mobile phase and connected to the
pump to start the chromatographic run.

Emptying the columns
The columns are very easy to empty. The glass wool or cotton plug at one end

of the column is removed. The tubing leading to the pump is attached to the other end.
The column material empties out of the column when the pump is started up.

Performance
The great savings in time obtainable through the use of the capillary teflon

columns are demonstrated in Fig. 2. This figure compares a 36-h chromatogram of a
steroid mixture performed on a conventional alumina column with the technique
described previously2, 3, 4 with 5- and 2.5-h capillary chromatograms of the same
mixture on the same column material. All chromatograms were recorded with the
automatic read-out system described earlier4 •

It can be seen that the 5-h capillary chromatogram is if anything slightly better
in resolution than a 36-h chromatogram on a conventional column and that a 2.5-h
capillary chromatogram although somewhat poorer in resolution than both a 5-h
capillary chromatogram and a 36-h conventional chromatogram still would be accep
table for example for a clinical analysis for these steroids in biological fluids since the
maximal overlap between individual steroids is of the order of 3%of the total amounts
applied to the column.

The resolution of a complex steroid mixture of this nature in such a short time
period makes column chromatography for such a mixture slower only than gas
chromatography of the major chromatographic systems in analytical use. Separation
of this steroid mixture by thin layer chromatography has in our hands been possible
only by horizontal chromatography or special overrun techniques. Both these proce
dures take 4-6 h to perform. Fast paper chromatographic systems take 4-5 h for a
steroid mixture of this nature.

Further development of the capillary technique might conceivably make capil-
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are very convenient to thermostat. We have for our 12 column multi-column runs
arranged twelve such 8 ft. long columns in coils in a small waterbath. The columns
are easy to fill and empty. They are easy to store and can as the U-shaped glass
columns l be stored for later use once made up. They must, however, be kept in closed
containers over mobile phase when stored since teflon is slightly porous to many
organic solvents.

Advantages of the filling technique using pump feeding of column material
This technique is necessary for the filling of capillary columns, since it would

be close to impossible to develop mechanical devices that could pack columns with
such small inside diameters. The technique can however be used to advantage also
for filling conventional sized chromatographic columns including the U-shaped glass
columns described earlierl . The pump feeding technique is in our experience much
faster than techniques using packing rods or other mechanical devices. A semi-auto
matic technique of this nature makes rapid batch filling of partition columns with
material that is hard to pack with other methods possible.

Further developments of the capillary column technique
The 24 ft. long capillary columns we have used for the chromatograms in

Fig. 1 has presented the limits of the technique for the capillary teflon columns in
our experiments. The pressure obtained was 900 lb. per sq. in. The chromatographic
minipumps used (Milton Roy Company, Philadelphia, Pa.) are rated for work to
1000 lb./sq. in. The bursting pressure of the narrow diameter teflon capillary tubing
was found to be 1200 lb./sq. in. To get further with the development of the capillary
column technique, it will therefore be necessary to turn to other pump types with
higher pressure ratings and to metal tubing that can resist the high pressures involved.
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behaviour of a number of unsaturated aldehyde-DNPH's, special attention being
paid to the effect of number and location of double bonds and to cis-trans isomerism.

Method and results
The chromatoplates (20 X 20 em), consisting of Kieselguhr G (layer thickness

0.35 mm) impregnated with Carbowax 400 were prepared along the lines indicated by
BADINGS AND WASSINK6, except that 33.3 instead of 25 % Carbowax was used for
impregnation. With this modification improved separation according to chain length

Fig. 2. Separation of aldehyde-DNPHs by thin-layer partition chromatography; 331/s% Carbo
wax 400 on Kieselguhr G; solvent: 100 % light petroleum b. p. roo-120°. I, 4, 7, 10, 13 = CC C12
alkanals; 2 = IranS-2-, cis-S-, cis-8-tetradecatrienal and Irans-2-, cis-6-, cis-9-pentadecatrienal;
3 = trans-2-, cis-4-heptadienal, trans-2-, cis-s-octadienal, Irans-2-, cis-6-nonadienal and trans-2-,
cis-7-decadienal; S = trans-2-, cis-4-heptadienal and C9-C12 trans-2-, cis-4-alkadienals: 6 = CS-Cg

~-alkanones and 2-undecanone; 8 = cis-3-hexenal, cis-4-heptenal, cis-s-octenal, cis-6-nonenal
and cis-7-decenal; 9 = cis-4-, cis-7-decadienal, cis-6-, cis-9-dodecadienal, cis-4-, cis-7-tridecadienal
and cis-S-, cis-8-tetradecadienal; II = trans-2-, cis-7-decadienal, trans-2-, cis-6-dodecadienal and
Irans-2-, cis-s-undecadienal; 12 = tl'anS-2-, trans-7-decadienal, tl'anS-2-, tl'ans-6-dodecadienal and
cis-6-, cis-9-dodecadienal.
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Einsatz des N-Bromsuccinimids zur Fleckenfarbung bei der Dunnschicht
chromatographie von Lipiden

Bei der Diinnschichtchromatographie auf Silicagel verschwinden die Flecken
nach deren AnHi.rbung mit Joddanipfen zu schnell. Auch wird das Bespriihen mit
Schwefelsaure bzw. einem Bichromatgemisch oft als lastig empfunden. Unsere Unter
suchungen ergaben, dass diese Nachteile zu beheben sind, wenn N-Bromsuccinimid
als Reagens eingesetzt wird. Es wurde bereits im Verein mit Fluorescein (als Fluores
zenzindikator) zur Fleckenanfarbung bei der papierchromatographischen Trennung
von Vulkanisations-Beschleunigern mit gutem Erfolg eingesetzF.

Das Reagens wurde auf Diinnschicht-Chromatogrammen von Olsaure, Methyl
oleat, Stearinsaure, Monostearat, Methylricinoleat, Triglyceriden des Oliven- und des
Baumwollsamenols, Cholesterol, Lecithin, Oleylalkohol, Nonylaldehyd, Tokopherol
und Tokopherolacetat gepriift. Chromatographiert wurde in der iiblichen VFeise2 ,3 auf
Chromatographie-Platten aus Silicagel. Das entwickelte und getrocknete Chromato
gramm wurde mit 5 %iger N-Bromsuccinimidlosung in Essigsaure (andere Losungs
mittel wie Methanol, Chloroform und Tetrachlorkohlenstoff erwiesen sich als weniger
geeignet) und gleich darauf mit 0.01 %iger alkohol. FluoresceinlOsung bespriiht: es
erschienen weisse Flecken auf blass-rosenrotem Grund. 1m U.V.-Licht schimmern
alle Flecken gelblich-griin mit Ausnahme der Methyloleat-, Tokopherol- und Toko
pherolacetatflecken, die dunkel bleiben. Es erwies sich, dass die iiblichen zum Chro
matographieren von Lipiden verwendeten beweglichen Phasen (Chloroform-Metha
nol-Wasser; Hexan-Benzol u.a.) Intensitat und Art der Anfarbung nicht beeinflussen:
sie bilden keinen die Fleckenentwicklung storenden Untergrund. Es erscheinen stets
scharfumrissene Flecken, die selbst nach langerem Aufbewahren der Chromatogramme
nicht verschwinden. Das Reagens ist sehr empfindlich : es farbt noch Substanzmengen
von etwa 5y an. Doch ist es fiir Lipide nicht spezifisch und kann daher zur Anfarbung
auch anderer Verbindungen wie Vulkanisationsbeschleuniger1, Alkaloide u.a. Ver
wendung finden.
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Separation by thin-layer chromatography of the mercaptoacetic acid addition
products of long-chain monounsaturated compounds

Mercaptoacetic acid reacts with monounsaturated fatty acids and esters to
form the corresponding carboxymethylthio derivatives l - 3 . Not much information
is available regarding their preparation and structural identification. The addition
product of oleic acid with mercaptoacetic acid was postulated, without experimental
proof, to be a mixture of the g- and Io-(carboxymethylthio)-stearic acids1 . In this
note, evidence is adduced through TLC separation of isomeric carboxymethylthio
derivatives of a number of monounsaturated fatty acids, esters and alcohols. In
an earlier publication from this laboratory4 a similar separation by TLC of isomeric
g(Io)-hydroxy-Io(g)-mercaptooctadecanoic acids was reported.

Materials and methods
Compounds used for the TLC separation were prepared by reacting the appro

priate unsaturated compound with mercaptoacetic acid following the directions of
KOENIG AND SWERN1 . The crude reaction product was purified by urea adduction
and repeated low-temperature crystallisation. Desulphurisation studies of these
compounds will be reported separately.

The direct TLC procedure in use in this laboratory5, using Silica Gel G, develop
ment with appropriate solvent systems and charring with sulphuric acid, was em
ployed to separate the compounds. For reversed-phase TLC, the Silica Gel G-coated
glass plates were first impregnated by ascending development with 5 % silicone oil
in ether as described earlier6 .

Results and discussion
TLC separation of mercaptoacetic acid addition products of monounsaturated

fatty acids, esters and alcohols by direct (DTLC) and reversed-phase (RPTLC)
systems are shown in Table 1. Separation was achieved according to chain length by
DTLC. Addition products from C22 unsaturated acids moved ahead and were resolved
from those of the C18 and Cn acids. Esters have relatively higher Rp values than the
corresponding acids, which in turn move faster than the alcohols.

The presence of two components in the addition product, revealed by TLC,
lends experimental support to the earlier postulation of KOENIG AND SWERN1 that
both isomers are formed from methyl oleate and mercaptoacetic acid. The 6- and 7
(carboxylmethylthio)-octadecanoic acids are also separable, and had lower Rp values
than the respective g- and Io-isomers. The addition product of erucic acid with
mercaptoacetic acid also gave two spots by DTLC. Carboxymethylthioundecanoic
acid, apart from having the lowest mobility, gave only a single spot, showing the
absence of isomeric forms. This is most probably an anti-Markownikoff addition,
whereby rr-carboxymethylthioundecanoic acid is obtained, as observed earlier for
terminally-unsaturated short-chain fatty acids1 •

RPTLC gave similar separation patterns except that the polarity was reversed.
Separation of 6- and 7- from g- and Io-isomers was, however, less satisfactory than by
DTLC.

Both in DTLC and RPTLC, the respective monounsaturated fatty acids used
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as starting material generally moved to the solvent front, while the unsaturated al
cohols, being more polar, had lower Rp values.

Apart from providing useful TLC separation procedures, these results also
demonstrate that addition of mercaptoacetic acid to monoene fatty acids, esters and
alcohols yields both isomers, with the exception of undecenoic acid which gives rise to
a single product probably the II-carboxymethylthioundecanoic acid.
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Separation and quantitative determination of 32P-labelled lipids from brain
particulates by thin-layer chromatography

The separation and isolation of phospholipids by thin-layer chromatography
(TLC) on silica gel has been reported by several investigators1 - s. Although a distinct
separation of some phospholipids was achieved by these techniques, they yield
separations with overlap among such phospholipids as phosphatidic acid and neutral
lipids or phosphatidyl inositol and phosphatidyl serine. During our work on the effect
of neurohormones and metabolic inhibitors of phosphate metabolism in nerve-ending
particulates of rat brain, it was found that phospholipids were highly labelled when
incubated in an oxidative phosphorylation medium containing 32P-orthophosphate6 .

By incorporating certain features of previously described techniques1 ,4, nerve
endings or mitochondrial 32P-labelled phospholipids, including the highly labelled
phosphatidic acid and phosphatidyl inositol, were effectively separated on Silica
Gel G by means of two-dimensional TLC, and the radioactive specific activities of
the individual phospholipids were determined.

Experimental
Lipid extracts. Total lipids were extracted from rat brain nerve-ending particles

or purified mitochondria with chloroform-methanol (2: I) after incubation in an
oxidative phosphorylation medium containing 100-150 ftc of 32P-orthophosphate
for I h at 37° as described previously7. The extract was filtered, concentrated in vacuo
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Fig. 1. Chromatogram of DNS-derivatives in system (I) using IGeselgel G with borate. DANSYL
ated samples: I = GLA; 2 = GAA; 3 = GL; a = DNS-NH2 and artifacts; b = DNS-GLA; c =
DNS-GAA; d = DNS-OH.

Fig. 2. Chromatogram of DNS-derivatives in system (III) using Kieselgel G with borate. A =
sample DANSYLated by the standard procedure; B = samples incubated in the DANSYLation
mixture at 1050 for I h. Other symbols as in Fig. 1.

and DNS-GL within 40-50 min, the front travelling about 14-16 cm (Fig. 1). The
sensitivity of the method is 3-5' 10-3 ,umole hexosamines. DNS-hexosamines show
some properties whereby they differ from the DNS-derivatives of amino acids and
these can be made use of for their differentiation.

Thus, e.g. DNS-GLA and DNS-GAA in aqueous solution are highly temperature
sensitive. After incubation in the basic medium of the DANSYLation mixture at 37 0

for I h the spot intensity diminishes markedly. After 1 hat 105 0 the spots disappear
completely (Fig. 2). Similarly, after hydrolysis in 6 N HCl at 105 0 the hexosamine

TABLE I

Rp VALUES OF DNS-DERIVATIVES OF GLA, GAA AND SOME AMINO ACIDS DURING THIN-LAYER
CHROMATOGRAPHY USING KIESELGEL G WITH SODIUM BORATE

DNS-derivative Solvent system *

I II

-GLA 0.65 0.00

-GAA 0.50 0.00

-Val

}
-Lys
-Tyr

0-45-0 .6 5 0.15-0 .60
-Phe
-Leu
-Ile
-Cys,-Pro,-Ser,

} 0-40 } 0.10-Thr,-Glu,-Gln,
-Asp,-Asn,-Gly
-OH 0.40 0.00

-NH2 0.9 2 - 0 .96 0.09

-GL 1.00 0.90

* Composition given in the text.
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Thin-layer chromatography of 2,4-dinitrophenylhydrazones of iX~alkyl

substituted carbonyl compounds

45 1

The carbonyls isolated from edible products are generally of a very complicated
mixture. On converting them into their 2,4-dinitrophenylhydrazones (DNPHs) al
most complete separation of such mixtures is possible by a combination of partition
and adsorption thin-layer chromatography:

(i) according to chain length, e.g. with Kieselguhr G plates impregnated with
Carbowax1 ,

(ii) according to number and position of double bonds, e.g. with silica gel or
alumina plates impregnated with silver nitrate2- 4 .

On using TLC plates impregnated with silver nitrate we have now found that
DNPHs of some branched, saturated carbonyls can be separated from other DNPHs
having the same chain length.

The plates (20 X 20 em) were impregnated with 44 wt. % AgN0 3 (layer thick
ness: 0.25 mm), as described earlier2,5,6.

An amount of 2-4 pg of the DNPHs, dissolved in a minimum quantity of chloro
form, was spotted on to the plates, which were then developed in a mixture of light
petroleum (b.p. 40-60°) and diethyl ether (85 :15, v/v) , until the liquid front had
travelled 13 em.

The separation of a number of DNPHs of straight-chain; as well as branched,
saturated aldehydes and ketones on an alumina plate impregnated with silver nitrate
is shown in Fig. I.

On both silica gel and alumina plates, impregnated with silver nitrate, the

FRONT

•• ••
0 0 0000

00 0 •
00°

1 2 3 4 567 8 9 10 11 12 13 14 15 16 17 18

Fig. 1. Separation of carbonyl-DNPHs by TLC on alumina impregnated with silver nitrate.
Mobile phase: light petroleum (b.p. 40-600)-ether (85: 15, vjv). Plate: 20 x 20 crtl. The DNPHs of
a-alkyl substituted carbonyls are shown as black spots. The R p values of the compounds are given
in brackets. I = pentanal (O.ZZ); 2 = 3-methyl butanal (0.23); 3 = z-methyl butanal (0.32);
4 = heptanal (0.24); 5 = 3-ethyl pentanal (0.26); 6 = 2-ethyl butanal (0.37); 7 = z-ethyl hexanal
(0045); 8 = dodecanal (0.z9); 9 = 10-methyl dodecanal (0.30); 10 = tetradecanal (0.29); II =
lz-methyl tridecanal (0.30); lZ = 2-methyl undecanal (OAz); 13 = methyl butyl ketone (0.23);
14 = 3,3-dimethyl-2-butanone (0.61); 15 = cyclopentanone (0.08); 16 = cyclohexanone (0.06);
17 = 3-methyl cyclopentanone (0.09); 18 = z-methyl cyclopentanone (0.23).
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Fig.!. Thin-layer chromatogram of B n vitamers and coenzymes. Length of run was about 10 em.
I = CN-Bn; 2 = ACC; 3 = BCe; 4 = DBCC; 5 = Ol:I-B12•

Fig. 2. Thin-layer chromatogram of DBCC with and without exposure to visible light. Aliquots of
a DBCC solution were exposed for 30 min to a 500-watt tungsten lilament lamp at a distance of
30 em. The exposure was made in a nonnal and an amber glass tube kept at 0°. Length of run was
about 10 em. I = OH-B12 ; 2 = DBCC; 3 = DBCC exposed to light in a normal tube; 4 = DBCC
exposed to light in an amber tube.

It should be added that in this chromatographic method it is essential that the
inorganic ions are removed from the samples in order to obtain a good resolution,
since CM~cellulose is a cation-exchanger. The removal can be easily accomplished by
washing the phenol phase with water.
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brown after about 15 min, thus enhancing the identification of this drug. Phenformin
hydrochloride cannot be detected by the nitroprusside-ferricyanide spray when sol
vent system S4 is used. This may be attributed to the interference of residual form
amide on the plate.

A mixture of all four compounds can be separated by solvent system Sr'
Systems S2 to S4 will separate tolbutamide from phenformin hydrochloride and either
acetohexamide or chlorpropamide and are intended as alternatives to system SI'
A mixture of acetohexamide and chlorpropamide will not separate in systems S2 to S4
and should a spot be detected which may correspond to either of these compounds
alone or in combination, system 55 will separate a mixture of the two efficiently and
in conjunction with the differing colour reactions will confirm which substance is
present.

This chromatographic method presents a rapid and convenient method of
differentiating between the four hypoglycaemic agents and may find application in
pharmaceutical or forensic work.

Research Laboratories, Food and Drug Directorate,
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Preparative polyamide layer chromatography

The rapidity of analysis, only slight broadening of the spots and easy handling
in diagnostic polyamide layer chromatographyl-6 encouraged us to use preparative
polyamide layer chromatography in the purification of dinitrophenyl amino acids
from dinitrophenylation products. Satisfactory results were obtained and various
advantages over the recrystallization method were observed in our laboratory7. In
order to test the characteristics of the polyamide layer for preparative scale work, we
selected isomeric nitroanilines for this evaluation because these compounds were
brightly coloured, quite stable on handling, easily available in pure form and had
large differences in RF value.

As in previous experiments6, we prepared the polyamide layer by spreading
15 ml of polyamide solution (20 g polycaprolactam in 100 ml of 75 % formic acid) on
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Polyamide layer chromatography
Further studies on dinitrophenyl amino acids

In the previous paperl, we have described an excellent separation of seventeen
dinitrophenyl (DNP) amino acids together with 2,4-dinitrophenol and 2,4-dinitro
aniline by polyamide layer chromatography. Here we want to report on the separation
of fourteen additional DNP amino acids* by the same method. Two-dimensional
chromatograms of all 31 amino acids are also shown.

Experimental
Preparation ofpolyamide layer and chromatographic techniques. Details are to be

found in the previous paper1 . The polyamide resin was Amilan CM 1007 s (poly-e
caprolactam) of Toyo Rayon Co., Tokyo, Japan. Ascending methods were used in all
developments as before. All solvents were purified to meet chromatographic require
ments. V.V. contact photography was used to record the results (light source: a
germicide lamp).

Results and discussion
Table I shows the Rp values for one-dimensional developments of the 31 DNP

amino acids. The DNP amino acids are numbered according to their Rp values in
solvent system II. Figs. 1-5 show the two-dimensional developments of all 31 DNP
amino acids on 15 X 15 em polyamide layers. The solvent systems are the same as
those used in the previous paper1 except solvent I and II. We changed solvent I
and II to continuous development in order to separate slower moving spots. 2,{
Dinitrophenol was used as standard and the development was stopped after the 2,{
dinitrophenol had run 10.0 em from the origin. Overall times required (from the
application of sample to recording the chromatograms by V.V. contact photography)
are as shown in Table II.

•3;

==1,
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I (!) Solvent 1 «0"-1:)

Fig.!. Two-dimensional chromatogram. Solvent: 1st dimension: I (cont.), 2 h, 10.5 cm; 2nd
dimension: VII, I h, 10 cm. Layer: e-polycaprolactam resin eM 1oo7s. Loading: ca. 0.2 /j,g of
each DNP derivative. Numbers: cf. Table 1.

* We wish to thank Dr. A. TSUGITA, Osaka University, Osaka, Japan, for the gift of these
samples.
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Bei der Gas-chromatographie lagert sich das Norcaradienderivat 18 teilweise
in g-Methylphenanthren (17) urn, da jedoch sowohl 17 als auch 18 grossere gas
chromatographische Retentionsvolumina als 16 haben, kann der analytische Nach
weis fur ein Zweistoffgemisch auf diese Weise indirekt erbracht werden2b . Es gibt

Beispiel Nr. Laufh6he

2 3
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Fig. I. Diinnschichtchromatographie auf einer mit Pikrinsaure halb belegten Platte. Drei Bei
spiele (siehe Text) bei zweimaligem Lauf.

jedoch auch Beispiele, bei denen selbst dieser nicht moglich ist. Das folgende Sub
stanzpaar 3 unterscheidet sich nur durch zwei Wasserstoffatome, die gas-chromato
graphische Retention beider Verbindungen ist gleich. Infolge ihrer thermischen
Instabilitat ware diese Art der Trennung sowieso hier nicht empfehlenswert. Auch
durch Dunnschichtchromatographie konnen beide Substanzen nicht getrennt werden
(vgl. Tabelle I).

(3) Naphthonorcaradien/Naphthonorcaren. Beide Substanzen werden auf der zur
Halfte mit Pikrinsaure belegten Platte gut getrennt. Die Dunnschichtchromato
graphie mit Komplexbildnern ist daher die einzige Trennmethode.
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2C E. MULLER UND H. KESSLER, Tetrahedron Letters, (1965) 2673.
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NOTES

A spot test for ketosteroids on thin-layer chromatograms

It is well known that the Zimmermann reaction lacks sensitivity, when used
as a spot test for 17-ketosteroids on thin-layer chromatograms1 . A method whereby
the Zimmermann reagent is used in combination with Tetrazolium Blue (BT) reagent
has been developed and provides a more general and sensitive color reaction for
ketosteroids.

After spraying the dry chromatogram with freshly prepared reagent (2 vol.
of 0.01 % BT and 0.1 % m-dinitrobenzene in methanol and I vol. of 3.0 N aqueous
potassium hydroxide) and heating to approx. 60° in a stream of air (using a fan
heater) blue formazane spots appear. While Zimmermann-positive 17-ketosteroids
react quite readily, just like reducing steroids, 3- and 20-ketosteroids often require a
second spraying and heating. The sensitivity of the spot test approximates that of
the BT reaction for reducing steroids, allowing the detection of 0.5 f-lg steroid/cm2• It
is assumed, that the condensation product between m-dinitrobenzene and ketosteroid
as the first stage of the Zimmermann reaction 2 serves as reducing agent for the BT.

Abteilung fur Experimentelle Endokrinologie,
Universitiit des Saarlandes,
Institutfur Hygiene und Mikrobiologie,
665 Homburg/Saar (Germany)

L. TREIBER

W. RINDT

G. W. OERTEL

1 R. NEHER, Steroid Chromatography, Elsevier, Amsterdam, London, New York, 1964.
2 O. NEUNHOEFFER, K. THEWALT UND W. ZIMMERMANN, Z. Physiol. Chem., 323 (1961) u6.
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Detection of sulphur, organic disulphides and some other compounds on
paper chromatograms by means of hydrogen selenide

Ithas been recently shown! that the disulphide bond in proteins can be readily
reduced by hydrogen selenide, according to the reaction,

RSSR + H 2Se --+ 2 RSH + Se

The reduction process is indicated by separation of selenium. That hydrogen selenidc
is a rather strong reducing agent may be concluded from the free energy change
accompanying the reaction,

which may be successfully used for the detection of various reducible compounds on
paper chromatograms. According to the amount of selenium that separates, brown,
red, orange, or yellow spots are produced, in decreasing order of concentration; the

J. Chromatog., 24 (1966) 480-481















NOTES

Identification of glucose and 2-deoxyglucose with glucose oxidase on

chromatograms

\iVhen carbohydrate spots are to be detected on chromatograms, an oven is
required, as high temperatures, IOO-IIOo, are often necessary. Sometimes, for in
stance when ammonical silver nitrate is used, it is also advisable to inspect the chro
matogram continuously during the colour development. In order to eliminate the
heating procedure, the use of glucose oxidase for the detection of glucose and 2
deoxyglucose was investigated in the present study.

MULLER! showed that glucose was converted into gluconic acid and hydrogen
peroxide by means of glucose oxidase. HARTREE AND KEILIN 2 investigated the speci
ficity of glucose oxidase and found that other carbohydrates reacted with the enzyme.
The highest reaction rate, however, was obtained with glucose. SOLS AND DE LA
FUENTE3 showed that glucose oxidase reacted with different derivatives of carbo
hydrates. It can thus be concluded that the glucose oxidase reaction with glucose is
not specific.

TELLER4 developed a quantitative colorimetric method of determining glucose
by introducing a reduced aromatic amine into the reaction system. Further, WHITE
AND SECOR5 showed that glucose could be identified on paper chromatograms by first
spraying the chromatogram with glucose oxidase preparation followed by developing
either the gluconic acid formed by means of an acid iodate--':iodine-starch solution or
by spraying the chromatogram with a solution of o-toluidine in ethanol.

Among the carbohydrates rapidly oxidised by glucose oxidase is 2-deoxy
glucose3 . This substance has very often been used in experimental studies on the
permeability of cell membranes because it behaves like glucose. It would thus be of
value to be able to separate these two carbohydrates in a simple manner. Paper chro
matography and thin-layer chromatography were used in the present study.

A commercial freeze-dried glucose oxidase reagent, suitable for quantitative
glucose determination, was used to detect glucose and 2-deoxyglucose on the chro
matograms.

~pray reagents
A glucose oxidase reagent (KABI) containing reduced o-dianisidine was used

according to the directions for glucose determination. The solution can be stored in a
refrigator for four weeks.

Paper chromatography
Glucose and 2-deoxyglucose were applied to Whatman No. I paper in quantities

of 1-10 pg. The chromatogram was run for 6 h in a solvent system of n-butanol
pyridine-water (45: 25: 40, v/v) in a descending direction. The chromatogram wa~

dried at room temperature and then sprayed with the glucose oxidase reagent.
Within a minute a green spot, changing to reddish brown appeared in the position to
which the glucose had moved. The colour changes are the same for 2-deoxyglucose
but occur more slowly. The spots of 2-deoxyglucose are visible within 5 min.

The spots are more clearly demarcated and the colour is more easily discernible
if the chromatograms are placed in a moistened chamber after the spraying. The
colour is not stable when the chromatograms are stored in air.



NOTES

Thin-layer chromatography
Spots containing I-IO p,g of glucose and 2-deoxyglucose were applied to thin

layer chromatoplates made of Kieselgel G (Merck) dried at 50°. The chromatogram
was run for 30 min in n-butanol-acetone-water (40: 50: IO, vjv), dried at room tem
perature, and then sprayed with the oxidase reagent. The colour development was
somewhat slower than for the paper chromatograms, but both substances were
identified within 5 min.

Some other carbohydrates giving colours with glucose oxidase reagent were
also run on paper chromatograms and treated as described above. A very faint colour
was obtained with the following substances applied at the amounts mentioned:
mannose 20 p,g, maltose 20 p,g, and galactose 5 p,g. Glucosamine hydrochloride, lac
tose, arabinose, and sucrose gave no colours.

Results
The Rp values obtained for glucose and 2-deoxyglucose are given in Table 1.

TABLE I

Chromatography system

Whatman No. I paper: n-butanol-pyridine-water
(45: 25: 40, v/v)

Rp values

Glucose 2-Deoxy-
glucose

Kieselgel G; n-butanol-acetone-water
(40:50:IO, v/v) 0·59 0·71

Conclusions
This method of detecting glucose and 2-deoxyglucose on chromatograms

is very simple and rapid. The chromatograms can be sprayed and developed in an
open. room, thus excluding the use of an oven. The oxidase reagent is stable for a
long time when kept in a refrigerator. Furthermore, quantities as small as I p,g can
be detected.

Department of Clinical Chemistry, University of Goteborg,
Goteborg (Sweden)

I D. MULLER, Biochem. Z., 199 (I928) 136.
2 D. KElLIN AND E. F. HARTREE, Biochem. j., 50 (I952) 331.
3 A. SOLS AND G. DE LA FUENTE, Biachim. Biophys. Acta, 24 (I957) 206.
4 J. D. TELLER, Am. Chem. Soc., I30th Meeting, I9S6, Abstr., p. 29C.
5 L. M. WHITE AND G. E. SECOR, Science, 125 (I957) 495·
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NOTES

Thin-layer chromatography on supports impregnated with neutral organo
phosphorus compounds

Recently, in this laboratory considerable attention has been paid to the thin
layer chromatography of inorganic ions on silica gel impregnated with high-molecular
weight amines and substituted ammonium salts. In the course of this work, compar
isons have been made with literature datal - 3 concerning chromatography on paper
impregnated with neutral organophosphorus compounds such as tri-n-butylphosphate
(TBP), tri-n-octylphosphine oxide (TOPO) and bis(di-n-hexylphosphynyl)methane.
Here, in a limited number of cases-e.g., with Sc and Th (see below)-discrepancies
were noted4 in the HCl system between the behaviour of ions on supports treated
with liquid anion-exchangers and with neutral organophosphorus compounds. '~Te

are therefore now reporting briefly on thin-layer chromatography using TBP and
TOPO.

In preliminary experiments, it was ascertained that with TBP (Fluka) a 0.2 M
solution sufficed for impregnation of the silica gel (Type DO, Fluka), which contrasts
favourably with the 0.8 M solution used by O'LAUGHLIN AND BANKS1,2. With TOPO
(Eastman), a 0.1 M solution was generally used, as against 0.2 and 0.025 M cited in th~

literaturel - 3. For all details concerning the preparation of the thin layers, elution and
detection, one is referred to refs. 4 and 5; TBP and TOPO were dissolved in chloro
form and equilibrated with 3 vol. of 2 N HCl before use.

The results of our experiments are summarized in Fig. I. They show a good
over-all correspondence with the literature data, both for TOPO and TBP. However,
some relatively large deviations may be noted. This is the case for Ti(IV), where thin
layer chromatography yields lower RF values in the whole HCl range investigated,
both with TOPO and TBP. With Zr(IV) and Hf(IV), the same phenomenon is en
countered, though only with TBP and at low HCl strengths. With all three ions,
hydrolysis may well be (partly) responsible for the differences found, as is suggested
by the good correspondence between the curves found here and those obtained in the
presence of liquid anion-exchangers4. Lastly, attention is called to Cr(III), the only
ion over which the TOPO data of O'LAUGHLIN AND BANKS and CERRAI AND TESTA
disagree; our results here confirm the RF vs. N HCl plots recorded by the former
authors.

Our data on TOPO most resemble those using a 0.2 M equilibration solution in
work with paper. However, distinctly higher RF values, showing good agreement with
the data of CERRAI AND TESTA3, are obtained when the TOPO molarity in our experi
ments is reduced to 0.04 M. In this context, it may be remarked that overloading
was repeatedly observed in the 0.04 M experiments; however, after 3-fold dilution
of the cation solutions normally used, this phenomenon disappeared. Concerning the
results presented for TBP, these include data on 6 ions not chromatographed by the
earlier authors. Here, viz. with Sn(IV), Sb(III), Ag(I), Re(VII)04-, Pb(II) and Bi(III),
good agreement is found with our results on weakly adsorbing liquid anion-ex
changers.

As might be expected from our previous results and discussions4,5, for most
ions a good agreement exists between the thin-layer data concerning TBP and TOPO,
and liquid anion-exchangers, respectively. As was outlined above, in some cases
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Fig. 1. Behaviour of 25 ions in the Hel system in thin-layer chromatography using silica gel im
pregnated with neutral organophosphorus compounds. (---), 0.1 M TOPO; (... ), 0.04 M
TOPO; (- - -), 0.2 M TBP. Tailing of the spots incidentally occurs at steep parts of the curves;
with TBP, elongated and/or tailing spots are repeatedly observed, especially with Ti.

however, viz. with Zr and Hf in the case of TOPO and with Sc and Th for both organo
phosphorus compounds, significant discrepancies occur between the paper data on
TOPO and TBP, and the thin-layer results on liquid anion-exchangers4 . It is interest
ing to note now that in all these cases, very good agreement exists between the paper
and thin-layer data of the organophosphorus compounds. This implies that the dis
crepancies noted before are not due to the influence of the support.

As regards the usefulness of TBP and TOPO in chromatography, we would
like to point out that the former compound shows weak adsorption strength only and
the elution times increase to over 40 min when using 7 (or higher) N HCI as eluant.
TBP will thus be of limited importance only, the more so because many ions gave
tailing spots in our experiments. On the other hand, TOPO belongs to the strongly ad
sorbing class and the elution times at high HCI strengths are far less prolonged;
further, the quality of the thin layers is satisfactory. TOPO may be valuable, there
fore, but when considering all relevant practical aspects together, it still does not sur
pass the liquid anion-exchangers, even apart from the price difference. In isolated cases,
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nation that can be used to improve the results obtained under certain conditions. The
use of HF or HBr usually gives higher RF values to the ions that do move away from
the starting line. That this is due to complex formation is borne out by the fact that
complexing agents such as EDTA (ethylenediaminetetraacetic acid), anti-pyrine,
TOPO (tri-n-octylphosphine oxide), etc. also improve the separations in many cases.

Conclusions
The use of microcrystaline cellulose (Avicel) as an adsorbent in TLC is useful

in the separation of inorganic ions, and has all the advantages of paper chromato
graphy without many of its disadvantages. Paper chromatographic methods are
directly applicable to these layers without modification, and will produce almost
identical results in all the systems investigated thus far.

Analtech, Inc.,
Wilmington, Del. (U.S.A.)
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VARIAN AEROGRAPH BASIC GAS CHROMATOGRAPHY COURSES

499

Three-day training courses in gas chromatography are being held every month
at the European headquarters in Basel, Switzerland. They offer basic theory and
pradicallaboratory sessions.

Please write for your registration to the course secretary, Varian Aerograph
AG., Pelikanweg 2, Basel, Switzerland.

Recent Event

15IST AMERICAN CHEMICAL SOCIETY MEETING, PHOENIX, ARIZ.

The 15Ist ACS meeting was held in Phoenix, Ariz., and included the following
symposia:

I. Symposium honouring Lyman C. Craig (January ISth, I966)

The lectures given below were delivered:
P. B. HAMILTON: Introductory remarks.
L. KESNER AND E. MUNTWYLER: An automatic organic acid analyzer.
VV. KONIGSBERG: The development of peptide separation methods for amino acid sequence deter

minations.
E. H. AHRENS, Jr.: Isolation, quantification, and identification of neutral and acidic steroids in

biologic mixtures.
P. B. HAMILTON: Introduction of LYMAN C. CRAIG.
L. C. CRAIG: (Award address-Fisher award in analytical chemistry). The use of membrane

diffusion as an analytical tool.
VV. E. COHN AND M. UZIEL: A one-hour quantitation of nucleic acid components at nanomole

levels by elution ion-exchange chromatography.
R. TERANISHI: Gas-liquid partition chromatography separations.

2. General Symposium

The General Symposium included the following lectures delivered on January 20th, 1966:
H. C. SHEPARD: A simple, sensitive ionization detector for hydrogen.
H. 'VIDMER: Gas chromatographic identification of hydrocarbons using retention indices.
W. G. SCRIBNER AND W. J. TREAT:.Solvent extraction of metal ions with butanol-trifluoroacetyl

acetone.
R. 'V. MOSHIER AND D. R. GERE: Gas chromatography of amine adducts of ti-ketoenolate divalent

metal chelates.
VV. G. GULDNER: The determination of residual gases in thin metal films by means of a flash dis

charge lamp.
I<:. SHIMOMURA, L. DICKSON AND H. F. 'VALTON: Ligand exchange with chelating resins and cel

lulosic exchangers.
]. L. SIDES AND C. T. KENNER: Effect of pH and ionic strength on the distribution coef-ficients of

the alkaline earth metals and nickel with a chelating resin.
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3. Symposium on Gas Chromatography o/Carbohydrates (january I8th, I966)

J. N. BEMILLER: Introductory remarks.
C. R. PERISHO AND J. A. THOMA: The selection of chromatographic conditions.
C. C. SWEELEY, N. C. SAHA AND R. BENTLEY: Recent developments in gas chromatography of

carbohydrates.
H. G. JONES, J. K. N. JONES AND M. B. PERRY: Applications of gas-liquid chromatography to the

structural analysis of glycans.
K. N. BROBST AND C. E. LOTT, Jr.: Gas chromatographic investigation of (hydroxyethyl) starch

hydrolyzates.
M. B. PERRY AND R. K. HULYALKAR: The analysis of neutral, basic, and acidic glycoses by gas

liquid chromatography.
P. D. BERGER AND S. E. BORODKIN: The application of thin-layer chromatography to the separa

tion of carbohydrates in sugar refining.
J. W. BERRY, J. T. MARVEL, S. K. SEN AND A. J. DEUTSCHMAN, Jr.: Methyl O-ethyl-a-D-glucopyra

nosides: their separation and identification utilizing gas chromatography.
S. P. ROWLAND, V. O. CIRINO AND A. L. BULLOCK: Structural components in methyl vinyl sulfone

modified cotton cellulose.
H. H. SEPHTON: Gas chromatographic examination of the hydrolyzate from a methylated xylan

after trimethylsilylation.
J. H. SLONEKER AND J. S. SAWARDEKER: Quantitative analysis of complex mixtures of carbohy

drates by gas chromatography.
G. G. S. DUTTON AND A. M. UNRAU: Separation by gas-liquid chromatography of Smith degrada

tion products from complex synthetic polysaccharides.
D. W. CLAYTON AND M. E. J. MACMILLAN: Analysis of wood and pulp components. Part 1. Deter

mination of monosaccharides in pulp hydrolyzates by gas-liquid chromatography of their
trimethylsilyl derivatives.

K. BRENDEL, N. O. ROSZEL, R. W. WHEAT AND E. A. DAVIDSON: Separation of amino sugars and
amino acids on the Technicon amino acid analyzer.

H. H. SEPHTON AND N. K. RICHTMYER: Identification of the second nonulose from the Avocado
with synthetic D-erythro-L-galacto-nonulose.

4. Symposium on Application 0/ Chromatography to Cellulose, Wood, and Fiber Chemistry (january
I8th, I966)

M. A. MILLETT: Introductory remarks.
D. FRENCH, J. F. ROBYT, M. ABDULLAH AND P. KNOCK: Separation of maltodextrins by charcoal

chromatography.
R. B. KESLER AND E. E. DICKEY: Anion-exchange chromatography of sugar-borate complex

ions.
I. A. PEARL AND C. R. POTTENGER: Studies on the barks of the family Salicaceae. XI. Studies on

the hot water extractives of the green bark of Populus tacamahaca.
G. S. FISHER: Variations in composition of turpentines from slash pines.
E. ZAVARIN: Gas-liquid chromatography of terpenes in service of conifer taxonomy.
M. A. MILLETT: Introductory remarks.
H. L. FRUSH: The use of paper chromatography in the separation, purification, and analysis of

labeled carbohydrates.
T. A. BHASKARAN AND A. VON KOEPPEN: Determination of carbohydrate material in kraft black

liquor by paper chromatography.
E. E. FISHER, H. TAl AND C. N. HUBER: Thin-layer chromatography of mono- and oligosaccha

rides.
M. L. WOLFROM: Chromatography of water-soluble substances with microcrystalline cellulose.
M. J. EFFLAND AND W. E. MOORE: Spreader for the preparation of uniform plates for thin-layer

chromatography.
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Apparatus

5°1

Victoreen Instrument Company, IOIOI Woodland Avenue, Cleveland, Ohio,
U.S.A., experienced in electronics and nuclear instrumentation have introduced a
new Series 4000 modular gas chromatographs. The unique features that are claimed
for this system are: (a) 4 injection ports, (b) 4-column system (all glass or all metal),
(c) 4 individually controlled detector ovens, and (d) a vibrating reed electrometer
which is standard in all instruments incorporating ionization detectors. Victoreen
believe they are the only gas chromatograph manufacturers offering a vibrating
reed electrometer as a standard component. Increased sensitivity, stability and
response speed are claimed, naturally Victoreen use solid-state electronics and
printed circuit techniques.

Other 'features available are:
(i) A digital log electrometer, basically an analogue-to-digital converter. The

log electrometer covers a wide dynamic range, 10-11 to 10-7 A; range switching or
attenuation of peaks is eliminated. A complete chromatographic profile of wide-range
mixtures is provided on a single trace. A broad region of application should be in trace
analysis for improved identification of small peaks and shoulders. Logarithmic and
digital outputs permit the use of log chart paper on standard recorders, or low cost
electronic counters for digital peak area readout.

(ii) Automatic cryogenic programming, allowing highly selective stationary
phases to be used. The linear programmer uses liquid N 2 or CO 2, is calibrated in
increments of 2°, and controls from -195 ° to 500°.

F. & M. Scientific Division of Hewlett-Packard have announced a new Model
5750 research gas chromatograph, which we gather is intended as a successor to the
Series 810 instruments.

Chief features claimed are:
(i) Improved T.C. and E.C. detectors. A new spiral flow through design has

significantly improved the high temperature base-line stability of the T.C. detector.
The 5750 offers a choice of 2 E.C. detectors, standard H3 cell to 220°, and a nickel
cell for up to 400°.

(ii) The linear dynamic range of the dual flame detector is a tenfold improve
ment on that previously reported for the 810. The detector gi~es better qualitative
and quantitative precision, especially with larger sample sizes.

(iii) The redesigned column oven allows faster response and more even temper
ature uniformity.

(iv) The 5750 permits simultaneous installation of three detectors.
(v) Further improvements in injection port design are claimed.

Varian Aerograph (formerly Wilkens Instrument and Research) have announced
two new gas chromatographs, the Models 1200 and 2000. Although available in the
U.S.A., the former is expected to be released in Europe in June, and the latter in
November. The Model 1200 is a low cost solid-state electronics modular design, and
incorporates temperature programmer and a low-drift, low-noise level electrometer.
The Model 2000 is designed specifically for pesticide and bio-medical analyses, in
cluding steroid, carbohydrate and fatty acid work. The features claimed include U-
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shaped columns, tall column oven for 4 columns and 4 detectors, a completely all
glass system and on-column injection. Again the electronics are all solid-state.
Dohrmann coulometers can be connected to the apparatus.

Barber-Colman Company have automated their modular Series 5000 Selecta
system gas chromatographs. This first automated gas chromatograph for laboratory
use was announced recently. The instrument is capable of analyzing as many as
72 successive samples before reloading. Operating conditions are selected for isother
mal or programmed temperature separations. Then after starting the apparatus, it
will operate until all loaded samples have been run. Successive isothermal analyses
are performed on the basis of selected and precisely reproducible times between in
jections. Control of programmed separations is more sophisticated, but a gearless
electronic programmer provides excellent reproducibility of column temperature
programming. Provision is made for re-equilibration of column before the next
sample is injected. The automated system is available in a variety of options, and can
be added to existing Series 5000 units.

Finally, the same company have announced a Model 5077 column bath. This
permits rapid interchange between glass, metal, capillary and preparative columns.
It is hoped that with a large detector capacity, a wide choice of detectors can be
accommodated without sacrifice in detector stability.

Microtek Instruments Inc., Baton Rouge announced the availability of the
MF-50 gas chromatographs which are tailored to suit the customers' requirements.

An essential feature of this chromatograph is the MT-U/60 ultra-sonic detector.
The time required for a sound wave to travel from one end of a detection cell to the
other passing through a gas mixture is compared directly with the time required
for a sound wave to travel the same distance through a pure carrier gas. Time com
parison is accomplished by using a continuous sound wave and measuring phase
difference between reference and a sample signal. The phase difference, read out as
DC signal, is linear with change in gas composition. The simplest to use of all gas
chromatographic detectors has high sensitivity, linear and predictable response,
wide dynamic range, fast response and is insensitive to flow. Other MicroTek devel
opments include a stacked flame detector for improved phosphorus and sulphur
detection, a cryothermal system for column temperature, and a high temperature
electron capture detector using Ni63 •

Dohrmann Instruments announce that by use of a specially designed cell
their microcoulometric titrating system can be used for the determination of nitrogen'

Because of the re-interest being shown in liquid column chromatography, both
Packard Instruments and Barber-Colman's announce the availability of suitable
detecting systems. More details will be given when they are available.
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