
















































ADSORPTION PHENOMENA ON SEPHADEX IS

doctoral dissertation Fig. 2 originates. The diagrams show the elution profiles ob
tained when intact tyrocidine and tyrocidine hydrolysate are run on the same column
in three different concentrations of acetic acid; I %, IO % and 50 %. In the hydroly
sate run, in I % acetic acid, the aromatic amino acids are well separated from each
other and from the neutral amino acids which are eluted together. Intact tyrosidine
is strongly retarded. Tyrocidine A lacks tryptophan, tyrocidine B contains one and
tyrocidine C contains two tryptophan residues. In IO % acetic acid they are nicely
separated according to their tryptophan content, but in 50 % acetic acid they are all
eluted in one peak. In IO % acetic acid phenylalanine and tyrosine in the tyrocidine
hydrolysate are pushed into the neutral group of amino acids and in 50 % they are
all eluted! together.
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Fig. 1. Fractionation of tryptic digest of 22.6 mg of oxidized ribonuclease A on Sephadex G-25
ino.2]\1[aceticacid.Columnsize:o.9 X 15ocm; flow rate: 6.3 ml/h; fraction size: 1.0 m!. (-0-0-0)
Absorption at 275 m,u; (0-0-0-0-) ninhydrin analysis. (After EAKER8 ; reproduced by per
mission of the author and Academic Press Inc., New York).

Many; other applications of aromatic adsorption can be found'in the literature.
It has, for eiXample, been used to examine the polyphenolic content of turf, soil, water,
wine and beer, and for separation of the flavouring matter from the colour in coffee
extracts.

It is often preferable to carry out the gel filtration in strongly alkaline solution
when fractionation of aromatic substances is desired. For example the estrogenic
isoflavones in red clover are effectively separated on Sephadex G-z5 in O.I M am
monium hycil.roxide (Fig. 3)15.

Very interesting results can be obtained when advantage is taken of the differ
ence in adsorption strength, hence the difference in migration rate of certain compounds
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ADSORPTION PHENOMENA ON SEPHADEX I7

depending on whether they are in salt solution or in water. When a sample containing
such a compound and sodium chloride is eluted with distilled water, the compound is
concentrated during its passage through the column and eluted in a smaller volume
than that of the original sample. This effect is only obtained if the actual compound
is eluted faster than the salt in water, and is explained thus: When the compound is
in the salt zone it is adsorbed and thus retarded. The salt zone moves downwards
and is followed by water which accelerates the migration of the compound owing to
the conditions mentioned. The final result is a concentrationof the solute in the bound
ary between the salt and the water.

The mechanism described is probably responsible for the beautiful method for
isolation of conjugated estrogens from urine described by BELING". He used a column
I em by 50 em with Sephadex G-z5. Up to zo ml of urine were added to the column
and eluted with distilled water. The estrogens appeared in the eflluent in only 3 ml
and were recovered quantitatively. All the conjugated estrogens assayed for were
present and most of the other materials in urine removed.

In a recent investigation, EAKER AND PORATH" analyzed very precisely and
critically the behaviour of some low molecular weight solutes, mainly amino acids,
on the very tightly cross-linked gel Sephadex G-IO, under the influence of different
solvent media. Their results have been presented in a large table containing more
than IZO elution data tabulated in the form of K 4 values.

With a higher matrix density, the low molecular weight solutes are influenced
more by the gel chains both as far as steric hindrance and adsorption are concerned.
Thus for charged solutes the ionic double layer, and for aromatic substances a stronger
adsorption, plays a greater role in G-IO than in G-z5.

Some of these effects, and some of those mentioned in the introduction. are
illustrated by Fig. 4 (from EAKER AND PORATH), which shows the behaviour of some
amino acids on a I em X I42 em column of Sephadex G-IO eqnilibrated with I %
acetic acid, with I % acetic acid plus 0.5 M sodium chloride and with I % acetic acid
plus 2 M sodium chloride.

Attention is drawn to three different types of compounds, vi•. the basic amino
acids, the aromatic amino acids and urea. The basic amino acids are highly charged
in the acetic acid, their ionic double layer will be very large and they are therefore
almost excluded. On the addition of salt, the hydration layer will decrease and the
amino acids are eluted later. Arginine is most affected by the increase in salt concen
tration, which may be explained by the removal of part of the water of hydration
which makes it possible for then-electrons in the guanidino group to interact with the
gel matrix. This last effect may also account for the stronger retardation of the aro
matic amino acids at higher ionic strengths. Urea, whose n-electrons cover its
planar structure and cause it to be retarded on almost everything, is neutral and thus
not very sensitive to sodium chloride.

Fig. 5 shows the behaviour of some amino acids on the same column as in the
preceding series of experiments. but now the effect of pH and the addition of pyridine
will be discussed. In pattern A the eluent is I % acetic acid. pH z.7, in B the eluent
is I M pyridine-{J.03 M acetic acid, pH 6.7 and in C it is om M NaOH, pH ca. IZ.
The ordinate (as in the preceding figure) is ninhydrin colour as recorded continuously
with a standard Spinco Model IZO amino acid analyzer. The flow rate through the
column was IO.O mlfh in all cases.
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The effects one can observe can be summarized as follows: Highly charged
substances tend to be excluded (for the reason just mentioned). Examples: The basic
amino acids are excluded at acid pH (in the absence of salt) and the acidic amino
acids are excluded at alkaline pH. Apparently this is quite a powerful effect, since ty
rosine is eluted well in advance of phenylalanine at alkaline pH where the phenolic
group is ionized.

On additi,)n of I 1"1 pyridine the retardation of the aromatic amino acids (\\·hich
here at pH 6.7 >te neutral) is markedly decreased. The explanation may be that the
pyridine competes for the interaction sites in the gel.

These experiments show very well the potentialities of the new, very tightly
cross-linked gel Sephadex G-IO in the luw molecular weight fractionation field.
EAKER18 stresses that it is possible to separate any pair of amino acids (excepting
leucine-isoleucine) and almost any pair of smaller peptiJes on G-IO, just by mani
pulating with the acetic acid concentration and the salt concentration, which are
still rather mild conditions,
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SUMMARY

It is a well known fact that the more tightly cross· linked dextran gels of the
Sephadex series interact ,\lith certain solutes, causing anomalously high elution
volumes. In this paper the molecular basis for some of these interactions under the
influence of different solvent media is discussed. A fe\"" examples (rolll the literature
are given, where advantage has been taken of these effects in certain separatiun
problems.
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available under the name Sephadex LH-20. It is produced by the hydroxypropylation
of Sephadex G-25 and has a solvent regain value of approximately 2 ml/g in many
solvents. The swelling properties and other technical data for Sephadex LH-20 are
presented in Table 1. The fractionation range is slightly different in different solvents.
In most solvents the exclusion limit falls somewhere between 2,000 and 10,000.

TABLE I

SOLVENT REGAIN FOR SEPHADEX LH-20 IN DIFFERENT SOLVENTS

Solvent Approximate
solvent regain
(ml solvent/g
dry gel)

Approximate
bed volume
(ml/g
dry gel)

Dimethylformamide
Water
Methanol
Ethanol
Chloroform, stabilized by I % ethanol
Chloroform
n-Butanol
Dioxane
Tetrahydrofuran
Acetone
Ethyl acetate
Toluene

2.2
2.1
1.9
1.8
1.8
1.6
1.6
1.4
1.4
0.8
0-4
0.2

4. 0-4.5
4. 0-4.5
4. 0-4.5
3·5-4·5
3·5-4·5
3.0-3.5
3.0-3.5
3.0-3.5
3.0-3.5

It is well-known that in aqueous solutions aromatic substances are retarded
on Sephadex of the G-seriesI2 . This effect is particularly noticed in the highly cross
linked gels G-IO, G-15 and G-25. This retardation of aromatic compounds is found
for Sephadex LH-20 with alcoholic solutions, although the effect is far less pronounced
than with aqueous solutions. In chloroform solutions the effect is not noticeable8.
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SEPARATION OF DNA AND RNA BY GEL FILTRATION

TABLE I

SEPARATION OF DNA AND RNA BY GEL FILTRATION

31

Sample:
Column:
Packing:
Eluent:
Pressure:
Flow:
Measurement:

Desalt~ng

Sample:
Column:
Packing:
Eluent:
Pressure:
Flow:
Measurement:

nucleic acids from liver, about I mg in 5 ml
diameter = 25 mm, height = 350 mm
Sephadex G-200 in 0.1 M Tris-HCl, pH 7.2; 1M NaCl
the same buffer as for the packing
700 mm of solution column
30 mljh
continuous recording of optical transmission at 254 m{1

fractions I and II evaporated to 5 ml
diameter = 25 mm, height = 350 mm
Sephadex G-50 in water
water
500 mm of water column
500 mljh
optical transmission as above and electrical conductivity

RNA of low molecular weight and oligo- and mono-ribonucleotides which were present
in the extract, as shown also by chromatography on methylated albumin.

In the lower part of Table I the experimental conditions for desalting fractions I
and II on Sephadex G-50 are reported, as a great quantity of salts present in the
eluate must be eliminated.

In Table II the analytical results for the separation given in Fig. I are reported.
The DNA has been determined by the diphenylamine method according to BURTON2•

TABLE II

RESULTS OF THE CHEMICAL ANALYSIS OF A SAMPLE OF DNA AND RNA BEFORE AND AFTER SEPA

RATION AND DESALTING

Volume (ml) DNA ({1g) RNA l{1g)

Sample
Peak I
Peak II
Peak I after desalting
Peak II after desalting

5
29
39

270

264
< 0·5
261

850
< 0·5
32 5

Sm.all amounts of RNA in the DNA fraction were not determined by the orcinol
method because the great quantity of DNA present interferes and gives elevated
values for RNA. Therefore the following method was adopted: The samples (2 ml)
are digested at 37° for one hour with an equal volume of 2 N NaOH. One millilitre of
cooled 4 N HCl04 is then added to the cooled solution, which is centrifuged at 4000
r.p.m. for 10 min (according to DEFRANCE et al. 4). The RNA in the supernatant is
determined as P according to BEREMBLUM AND CHAIN3 •

As shown in Table II the traces of RNA and DNA in fractions I and II, respec
tively, are near the sensitivity limits of the methods.

When the nucleic acid solution contains a DNA of low molecular weight, the
RNA fraction is treated with DNAase before desalting on Sephadex G-50.

]. Chromatog., 28 (1967) 30-32
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time. The column was eluted with 0.02 N NaOH. The elution profile, followed by
measuring the optical density at 325 mf-l and the 125I-radioaetivity of each fraction, is
shown in Fig. 1. Three peaks are clearly visible. These peaks, analyzed by paper

2.000

_ 325 mjJ

>- 1.50Q...
iii
z
w
o
-J 1.000

'"ui=
lL
o

0.500

50

ELUTION VOLUME (ml)
Fig. 1. Fractionation on Sephadex G-2S of a mixture of 125I-diiodotyrosine and DIHPPA incubated
in the conditions for the synthesis of thyrosine. Elution medium: 0.02 N NaOH.

chromatography in n-butanol-ethanol-o.5 N ammonia (5: I: 2) and by V.V. spectro
photometry, have been identified as diiodotyrosine (first peak), thyroxine (third peak)
and diiodobenzaldehyde (DIBA) (middle peak); this aldehyde derivative of DIHPPA
is quantitatively produced from DIHPPA5,6 under our elution conditions. Table I
shows the values of the partition coefficients (Kd ) for the pure compounds diiodo
tyrosine, DIBA and thyroxine.

This method has the advantage that purified thyroxine can be obtained very
easily in a single step. It can be used for both micro- and macro-scale preparation of
pure thyroxine. Furthermore, kinetic studies, which so far could not be easily per-

TABLE I

PARTITION COEFFICIENTS OF TYROSINE AND THYRONINE DERIVATIVES

Compound* K d

Tyrosine 0.32
3-lodotyrosine (MIT) 0.36
3,S-Diiodotyrosine (DIT) 0.S2
3,S-Diiodobenzaldehyde (DIBA) 3.10

Thyronine (To) 0·S2
3-Iodothyronine 0.93
3,S-Diiodothyronine 1.13
3,S,3'-Triiodothyronine (Ta) 2·3S
3,S,3',s'-Tetraiodothyronine (thyroxine) S.20
3',S'-Diiodothyronill'e 1.9S
3,3',s'-Triiodothyronine (reverse T a) 4-40

3,S-Diodothyroacetic acid 1.S4
3,S,3'-Triiodothyroacetic acid 2.60

* 1.S mg in o.S ml 0.02 N NaOH.
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SuMMARY

Iodinated derivatives of tyrosine and thyronine have been eluted through a
Sephadex G-z5 column with o.ozN NaOH as eluent. Under these conditions these
compounds become reversibly adsorbed to the dextran matrix, and this, in most cases,
allows their separation.

A list of the partition coefficients (Ka) of the substances tested is presented.
Furthermore, a tentative relationship between the structure of the compound and its
elution volume on Sephadex has shown that the presence of iodine on the hydroxyl
carrying phenol of the thyronine derivatives strongly influences the degree of ad
sorption, more than the presence of iodine on the alanine-carrying phenol. Side-chain
effects have been studied by means of the acetic acid analogues of diiodo- and triiodo
thyronine; the amino group slightly decreases the degree of adsorption of these
substances.
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G. PORCELLI

composed of an enzyme and a substrate forming a higher-molecular-weight complex.
In order to confirm this result, 400 mg of F-I and F-2 were fractionated on

Sephadex G-IOO, the elution fractions were kept at 37° for 5 h, combined, dialysed,
lyophilized, dissolved in tris-phosphate, and separated on Sephadex G-roo. The
protein determination was carried out by the Lowry-Folin method, the results being
shown in Fig. 4. These peaks, the first two of which are very large, are probably
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Fig. 2. Enzymatic activity without incubation of the fractions (0-0-0) and after incubation for 2 h
at 37° (~~.).The protein concentration is shown by the broken curve.
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ascribable to enzymatically active ficin and two inactive peptides. The protein fractions
F-r and F-2 are thus relatively stable, and cleavage leads to the same components as
those found in nature. The curve for the enzymatic activity determined with casein
and shown in Fig. 4 gives an even clearer representation of the process: a large activity
maximum is found in the eluent volume corresponding to ficin, and since the enzyme
is known to have been absent from the starting material used in this experiment, it
must have been formed by the action of heat on the complex.
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Fig. 4. Concentration of the two proteins F-I and F-2 determined by the LoWry-Folin method
(broken curve), and their enzymatic activity (full curve) determined with casein after autolysis.
The thermal treatment gives rise to protein fragments, one of which coincides with the elution
volume of enzymatically active ficin.

DISCUSSION

S'ephadex G-IOO is particularly useful for the separation of Ficus proteins
extracted with ammonium sulphate, and represents considerable labour saving with
respect to earlier techniques!.

1'he presence of an inflexion in the ficin peak (Fig. r) and the asymmetrical
disposition of the enzymatic activity curve about the protein concentration curve
suggest the existence of two enzyme forms-probably isoenzymes-differing in activity
and also somewhat in molecular weight.
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GEL FILTRATION OF MODIFIED AND DENATURED SERUM PROTEINS
ON SEPHADEX G-200 AND ON PEARL CONDENSED AGAR

T. I. pjUSTOUPIL AND S. liLRYCH

Institute 0/ Hematology (Hid BJrwd TM1lS/lIsioll", Praglll' (C::n:llOslovuk-ill)

An experimental blood volume expander has been prepared in our Institute by
beat denaturation and formolation of bovine serum in the presence of partially
degraded gelatin and by the oxidation of this mixture with hydrogen peroxide. This
preparation was investigated from various points of view and was found to consist of
a very complex mixture of modified protein molecules and their aggregates. Attempts
made to characterize this heterogeneous system by different methods of fractionation
(salting Qut, electrophoresis (Fig. 1), chromatography, sedimentation analysis) were
not successfuL

Relatively good fractionation, however, was achieved by gel filtration on
Sephadex G-200 and on pearl condensed agar (see Fig. 2). Some of the experimental
results wiH be referred to in the present conununication,

Fig. I. A typkal cl~ctrophoTeticpattern of MES. Buffer, pH 8.6 (vcrona.l--dtralc-oxalate buffer),
native bovine s~'rum on th~' left, MBS on the right.

- DiH'dor: Prof. J. HoflF.J~f, M.D., n.Se.

j. Chromolog., 28 (1967) 49-54
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The columns used for gel filtration were usually 80 cm high and r.6 cm in diame
ter. Two millilitre portious of 1--5 % protein solutions were applied on the top of the
column and were eluted by Tris-HCl buffers. pH 7 and 8, at different salt concen
trations from 0.01 M up to 1 M NaCI. The rate of flow was 2-5 mJjcm'fh at laboratory
temperature. The concentrations of the eluted protein fractions were determined

A

E

Q5 c

/'" \
~\

Q05

50 100 150 ml

Fig. 2. Gel filtration of MBS on Sephadcx G-200. Column: 76 x 1.4 em, buffer: (I'll NaCl + 0.1 M
Tris. pH 8.0. E '= Absorbance at 280 om; Ez = absorbance from the turbidimetric estimation
of oxygelatin.
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Fig. 3- Calibration curve of molecular weights of proteins on Scpha<..lcx G·200. RN-ase = Ribo·
nudeasc: HG = hemoglobin; OA = ovalbumin; HSA = human serum albumin: GG ~ human
gamma globulin: U = urease; TG = th}TeogJobulin. For A. B, and C. see Fig. 2.

Fig. 4. Calibration cur\"C of molecular weights of proteins in 8 !1'1 urea. For nomenclature sec Fig. 3.
Sephadex G-:2:00; column: 41 x 1.6 cm, Tns buffer, pH 8.0 (ef. Fig. 2).
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ferent from that on Sephadex G-200 (cj. Fig. 2), showing four peaks, the first being
relatively small. The average molecular weight of this smallest fraction was of the
order of r06• At lower salt concentrations (in buffers diluted 50 and roo times by water)
the content of the high molecular weight fraction rose substantially (Fig. 6). This was
probably due to the formation of aggregates stabilized mostly by electrostatic inter
actions since the aggregation was reversible after the addition of salt. This seemed to
be confirmed also by viscosity measurements (see Fig. 7).

For a quantitative evaluation of the curves, with special attention to the high
molecular weight fraction, the area under the first peak was expressed as a percentage
of the total area limited by the elution curve and the ordinate. The following results
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Fig. 6. Gel filtration of MBS on agar pearls at different salt concentrations. (I) Buffer I M NaCI +
0.1 M Tris, pH 8.0; (2) the standard buffer (I) diluted r :50; (3) the standard buffer (r) diluted
I: roo.
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Fig. 7. The dependence of viscosity of MBS on salt concentration. Dots indicated by the arrows
correspond to curves I, 2 and 3 in Fig. 6.
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present in all the fingerprints from three different samples of hemoglobin N. One of
the peptides normally present in Hb A, the position of which is indicated by a dashed
line and the second arrow in Fig. 1, was found to be missing in Hb N; on the basis
of its position this peptide has been identified as cx.ATpIII according to the sys
tem of nomenclature recommended by GERALD AND INGRAy!6. It was therefore pos
sible to deduce that the abnormal spot present in the Hb N fingerprint is due to a
modified peptide aATpIII and can be designated as aNTpIII. This identification
is also supported by the fact that this peptide, as well as aATpIII, shows a positive
tryptophan reaction7•

Peptide aATpIII actually contains five amino acid residues of the alpha chain,
namely alanyl-alanyl-tryptophanyl-glycyl-lysyl, which occupy the position 12 to
16 among the 141 residues composing this chain.

A further step in the characterization of the abnormal hemoglobin was the
purification on a preparative scale of the modified peptide aNTpIII with a. view to
analysing its amino acid content and indentifying the substituent amino acids by
comparison with the known amino acid composition of the corresponding peptide,
aATpIII, contained in Hb A.

The purification of the peptides is generally obtained by a combination of
paper electrophoresis and paper and column chromatography; however, in this par
ticular case, it could be expected that the purification of the abnormal peptide would
be troublesome since the peptide aNTpIII, is positioned in a region of the fingerprint
particularly rich in peptides, as already shown in Fig. 1.

Fortunately, the peptide aNTpIII studied contains tryptophan as had already
been stated. It is well known that the amino acids containing an aromatic ring
interact with dextran gel; it would therefore be expected that gel filtration on
Sephadex would give better results, since the retardation due to the relative smallness
of the peptide, composed of only five residues, would be enhanced by the retardation
due to the interaction of tryptophan with the dextran gel; in other words a real
chromatographic process could, in this instance, augment the gel filtration.

On the basis of the foregoing considerations we developed the following
procedure: 50 mg of the tryptic digest of Hb N were chromatographed on a o.g X

"181716151413'2T1'0

0.100 !\,
20 21 22

Time-, hours

Fig. 3. Elution pattern of Hb N tryptic peptides from a Sephadex G-25 0.9 X 120 cm column
(0.2 N acetic acid; flow rate 60 ml/h). Arrow No. I = pATpIV; arrow NO.2 = pATpII; arrow
NO.3 = (l/NTpIII.
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120 cm column of Sephadex G-25 equilibrated with 0.2 N acetic acid. The separation
obtained with a flow rate of 60 mllh is shown in Fig. 3. The peptide content has
been determined on an aliquot of each fraction of the effluent by reading, at 570 mp"

the color developed by YEMM AND COCKING8. The normal Hb A contained in the
blood of the same subject was also submitted to tryptic digestion and to gel filtration
on Sephadex G-25 under the sa.me experimental conditions. The elution curve of
Hb A tryptic peptides is identical with that of Hb N.

Human hemoglobin contains three tryptophanyl residues, one of them pre
sent in the alpha chain, the others in the beta chain. In the elution curve the trypto
phan-containing peptides are indicated by the arrows Nos. I, 2 and 3 and appear
among the last peaks as was to be expected owing to the interaction between trypto
phan and dextran gel. The tryptophan-containing peptides have been identified by
submitting aliquots of the effluent to the same chromatographic and electrophoretic
procedure followed in the development of the fingerprint of the whole tryptic digest,
and, of course, to the specific staining for tryptophan. The peak marked with arrow
No. I contains ,8ATpIV peptide constituting ten amino acid residues. In the next
peak, J;l1arked with arrow No.2, peptide ,8ATpU, containing nine residues, is eluted;
the dashed peak, marked with arrow NO.3, contains the abnormal cx;NTpUI peptide, or
alternatively the normal peptide cx;ATprrI when the tryptic digest of Hb A is sub
mitted to gel filtration. This was again to be expected since both peptides contain
five residues including the tryptophanyl one and therefore should emerge from the
column with the same K a.

As it is evident, the tryptophan-containing peptides emerge from the Sephadex
column with a K a which increases according to the decrease in their molecular size.
This affords further evidence that in this experiment the molecular sieving and a real
chromatographic process augment each other.

In this instance the technique of gel filtration has thus proved to be extremely
useful in simplifying the preparation and purification of the peptide studied. This
concludes our report on the work directly concerning gel filtration, however it could
be of some interest to mention the results of the experiments we spoke of.

Both the abnormal peptide cx;NTpUI and the normal one, cx;ATpIU, were
subjected to acid hydrolysis with 6 N hydrochloric acid at 1I0o for 24 h. The quanti
tative amino acid analysis9 of the acid hydrolysate gave the results reported in
Table 1.

As is well known, tryptophan undergoes almost complete destruction in the
course of acid hydrolysis.

TABLE I

AMINO ACID ANALYSIS OF cx;ATpIII AND cx;NTpIII PEPTIDES (flMOLES/flMOLE PEPTIDE)

cx;ATpIII ctNTpIII

Ala 1.9 flmoles 1.8 p, moles
Gly 1.1 flmoles 0.1 flmoles
Asp 0.1 flmoles 1.0 !tmoles
Lys 1.1 flmoles 1.0 flmoles
Try + +
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These results prove that in the abnormal peptide an aspartyl residue is present
instead of the glycyl residue normally occurring in aATpIII peptide. It is most likely
that the aspartyl residue occupies position IS in the amino acid sequence of the Hb N
alpha chain, which is normally occupied by a glycyl residue in the corresponding
chain of Hb A.

As it is well known that asparagine is quantitatively converted into aspartic
acid at the beginning of acid hydrolysis, it was necessary to establish whether the
substituent amino acid in the abnormal peptide was originally an aspartyl or an
asparagyl residue. The peptide was therefore digested first with carboxypeptidase B
and then with carboxypeptidase A.

Carboxypeptidase B liberated one residue of lysine per mole of the peptide,
but carboxypeptidase A did not act any further. It is knownlO that carboxypeptidase
A does not liberate acidic amino acids under the experimental conditions which have
been used in the present work. An aspartyl residue should therefore occupy position
IS immediately preceding that of the carboxyl-terminallysyl re~jdue of the abnormal
peptide. Had it, on the other hand, been an asparagyl residue, which is not an acidic
amino acid, it should have been liberated by the action of carboxypeptidase A.

The abnormality present in the Hb N studied can therefore be identified as
the substitution of aspartic acid for glycine IS which normally occurs in the amino
acid sequence of the Hb A alpha chain. An identical structural abnormality has
been already reportedll under the name of hemoglobin JOxford. in the hemoglobin
present in the blood of some subjects in an English family.

SUMMARY

Gel filtration has proved most useful in the separation on a preparative scale of
the abnormal peptide (XNTpIII present in the: human hemoglobin variant IXl5ASPP2'

The abnormal peptide contains a tryptophanyl residue whose aromatic ring
interacts with dextran gel; in this instance, therefore, a real chromatographic process
augments the separation due to gel filtration.
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a flat chamber. Before pouring the agarose-antibody mixture into this, the plates
were warmed to 50° in an incubator.

0.25,0.50 or 0.75 g agarose (Industrie Biologique Fran<;aise) were dissolved in
20 ml Michaelis buffer (sodium diethylbarbituric acid 0.1 M, pH 8.6) in a water bath
at goO to lOOo. The solution was cooled to about 48°, antiserum added in the desired
concentration, and the volume of the mixture brought to 25 ml with buffer (final
agarose concentration: 1%,2 %, or 3 %). Antiserum and agarose solution were mixed
with a glass rod, avoiding the formation of air bubbles. The mixture was then poured
immediately between the pre-warmed glass plates. Once the agarose has gelled the
plates are ready for use. They can be kept at 4° for weeks.

Plasma protein antisera from the rabbit (Behringwerke, Marburg) were used
in the following concentrations: anti-ocl-lipoprotein serum, 2 %; anti-,B-lipoprotein
serum, 1%; anti-oc2-macroglobulin serum, 0.2 % and 0.5 %; anti-antitrypsin serum,
2 %; anti-acid-ocl-glycoprotein serum, 2 %; anti-yG-globulin serum, 4 0

/ 0 ' The con
centrations had to be adjusted to the size of the original serum sample, and to the
potency of the antiserum.

Radial immunodiffusion
The adhesive tape was removed from the plates, and one glass plate detached

from the agarose layer. (It is possible to siliconize one glass plate prior to use to
facilitate this.) Sample wells (1.6 mm diameter) were punched out with a. suction
needle (as used for immunoelectrophoresis, Beckmann Inst.ruments). Usually a dis
tance of 12 to IS mm from well to well was chosen. 2 fLl of antigen-cont.aining sample
solution were placed in each well wit.h a Hamilton pipette. For immunodiffusion
the plates were kept in a high humidit.y chamber at room temperature (usually 24 h).
The non-precipit.ated proteins were then eluted with saline for 24 h, the precipit.ates
fixed, and st.ained with saturated amidoblack solution (amidoblack 10 B 25 g, me
thanol 1250 ml, distilled water lOOO ml, acetic acid 250 ml), and the plates deco
lorized with methanol-glacial acetic acid (g: I; v/v). The diameters of the precipitates
were measured in two directions at right angles with a lens fitted with a scale reading
to 1/10 mm, the square of the radius being used as a measure of the precipitation
area. For documentation the agarose layer can be dried under a moist filter paper,
and removed from the glass plate as a film.

Calibration curves were made from dilutions of a standard serunI for each
individual plate. The results were expressed in per cent concentration of this standard.

Other analytical methods
Optical density measurements at 280 mfL and 700 mfL were made spectrophoto

metrically on a Zeiss PMQ spectrophotometer. Lipids were extracted according to
the method of FaLeR et al. 3, and total lipids determined by the dichromate method4 , 0.

Alternatively the lipids were estimated directly in the eluates with the sulfophospho
vanillin method6 ,7 after lyophilization (100 fLI samples). This method, while avoiding
tedious extraction of lipids, gave the same results as the dichromate method. Choleste
rol was estimated directly in the eluates by the method of SEARCY, BERGQUIST AKD

JUNG8, with slight modifications. For thin-layer chromatography of the lipid extracts
mixtures of petroleum ether-ethyl ether (go: 10, v/v) were used. Spots were rendered
visible by charring with 50 % H 2S04 and heating at 200° for I h.
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attained a maximum between the fJ- and ",-peaks. Some lipid was present in the
early fractions where the large chylomicrons appeared; these did not react with either
the ",- or fJ-antibody. Antitrypsin eluted in a symmetrical peak at K. 0.81 to K. 0.85.
tXt-Macroglobulin eluted earlier with a maximum between Kr/, 0.62 and Kcl 0.65 in a
skewed peak, due to molecular size variations.
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Fig. '2. Chromatography of 10 rol normal human blood serum, withdrawn 3 b alter peroral lipid
load (total lipids 705 mg %). on a column of 'Z % agarose beads. Optical densities at 280 m,u
(eluates diluted I: 10). and 700 rn",.. Total lipid content of eluates. a)-Lipoprotein. /l-lipoprotcin.
eXt-macroglobulin and antitrypsin concentrations of eluates, expressed in per cent of a standard
serum.

The major lipoprotein classes and their estimated molecular weights9 are
listed in Table I, at the left. On the right are the K. values expected flom the cali
bration of 2 % granulated agarose beds', and the K. values found by immunodiffu
sion. Except for a slight retardation of the ",-lipoproteins the values agree well.
No appreciable interaction occurs between the bed material and the lipopIOteins,
which are known to be easily adsorbed on charged surfaces.
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ESTIMATION OF BLOOD LIPOPROTEINS AFTER GEL FILTRATION

TABLE I

MOLECULAR WEIGHTS OF DIFFERENT LlPOPROTEtN CLASSES (OATA TAKES FROM FREEMAN et a/.')
EXPECTBD K.VALUES ON A COLUMN OF 2 % AGAROSE GEL BBADS (DATA TAKEN FROM V.'ERNER1) AND

K. VALUES POUND BY RADIAL IMMUNODIFFUSION

Lipoprotein class Molecular weight Kit va/ue

Expected Found

Alpha 15°,000 - 400,000 0.80 -0·74 0.85 - 0.77
Sf 0- 20 I X 10· - 3 X 10' 0.65 - 0.5 2 0.62 - 0.50
Sf 20 - 400 5 x to· - 12 X 10' 0.4 2 -0.16
Sf 400- .0' 12 X 10'- 3 X IOU Front - 0.16

A summary of K. values of various proteins on 2 % and 4 % granulated agarose
as detennined by radial immunodiffusion is given in Table II. 2 % agarose is more
suitable for the separation of chylomicrons (K. 0 to K. 0.42) from lipoproteins, but
practically no resolution is obtained among proteins smaller than yG-globulin.
On 4 % agarose, the II-lipoproteins shift towards the front and are better separated
from the «,-Iipoproteins, but most chylomicrons will elute in bulk with the front.
On the other hand separation is effective down to molecular weights of 45,000.

The diagrams in Fig. 3 were obtained with two blood samples from the same
patient with hyperlipemia due to alcoholism and liver cirrhosis (total lipids iI40 mg
%). The sample on the left was taken 3 h after a load of 300 ml heavy cream. Chylo
microns in large quantity eluted in a sharp peak at the front (optical density 700 ml')'
Measurement at 280 ml' showed two well separated peaks. The total lipid curve also
showed two peaks: The smaller, first one, eluted at the front;.the larger, second one,
preceded its nonnal K. value slightly. K. values for 11- and «,-lipoproteins coincided
with those in nonnals. The sample on the right was taken 8 II, after the same meal.
Chylomicrons were only partially cleared, turbid liquid still eluted at the front.
Although the total lipid content of the serum remained unchanged, there was less
lipid at the front and comparatively more in a shoulder between K. 0.2 and K. 0.4;
the main peak retained its position. Simultaneously the II-lipoprotein concentration
increased, while that of «,-lipoprotein remained unchanged.

Serum obtained in the fasting state from a woman with essential hyperlipemia
(total lipids 3700 mg %) gave a different pattern (Fig. 4). The turbid liquid (optical
density 700 ml') eluted in a strongly skewed peak at the front. Measurement of optical

TABLE II

Kit VALUES OF VARIOUS PROTEINS DETERMINED BY RADIAL IMMUNODIFFUSION AFTER FRACTIONA

TION ON COLUMNS OF 2 % ANO 4 % AGAROSB GEL BEADS

Protein Molecular weight Kit 0'1 ~ % agarose K. on 4 %agQrou

p-Lipoproteins
(II-Macroglobulin
«t-Lipoproteins
yG-Globulin
Antitrypsin
Acid lXI-glycoprotein

1 X 10· - 3 x 10'
820,000 - 95°,000
15°,000 - 400,000
150,000
45,000
44,000

0.62 -0.50
0.65 -0.62
0.85 - 0·77
0.85 - 0.81
0.85 - 0.81
0.88 - 0.81

0.35 - 0.26
0.40 - 0,35
0.65 - 0.61
0.65 - 0.57
0.70 - 0.65
0.70- 0.65
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density at 280 ml' showed a shoulder in the ascending limb, starting at the front and
continuing uninterruptedly to the main peak. Total lipid eluted in a single peak,
starting at the front. Its maximum at K. 0-4 appeared earlier than in normals and
in the previous case. In spite of the large quantity of chylomicrons the proteins
reacting with fJ- and IXl-antigen retained their peak positions. p-Lipoproteins \I,,·ere
present in larger amounts than normal. Some «clipoprotein reaction was found at
early K. values, almost up to the front. Thin-layer chromatography showed slightly
differing maxima for the individual lipid c1as."ies; cholesterol esters were maximal at
'40 mI, triglycerides and free cholesterol at 160 mi.
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Fig. 3- Chromatography of to m.l human blood serum of a man with hyperlipemia due to alcoholism
and liver ci...-rhosis (total lipids t qo mg %) on a column of 2 % agarose beads. Lc(t: Serum with
drawn 3 h after peroral lipid load. Right: Serum withdrawn 8 h after the ~"\rnc meal. Optical
densities at 280 ml' (eluates diluted 1: 10), and 700 mIl. Total lipid content of eluates. :l1-Lipo.
protein and {I-lipoprotein concentrations arc expressed in per cent of a stanrlard serum.

A different pattern (Fig. 5) again was obtained from serum drawn in the fasting
state frol11 a patient with carbohydrate induced hyperlipemia and xanthomatosis
(total serwn lipids 3900 mg %). The marked tUIbidity of the serum eluted mostly
at the front. Measurement of optical density at 280 mfL shm..·ed two distinct peaks.
The maximum of total lipid content was shifted close to the front as lipid analysis and
thin-layer chromatography showed. All major lipid classes eJuted with a maximum
around IIO ml (K. 0.2).
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sion after gel filtration, is described. Gels of 2 and 4 % granulated agarose were used.
On 2 % granulated agarose, large chylomicrons elute with the front, very low den
sity lipoproteins (51 20-400) at K a values up to 0-45, low density lipoproteins (f3
lipoproteins; 51 0-20) at K a 0.50 to 0.62, and high density lipoproteins (aclipopro
teins) at K a 0.77 to 0.85. The latter values confirm those predicted from calibration,
proving that lipoproteins are not appreciably adsorbed to the bed material. Different
forms of hyperlipemia can be distinguished by this method.
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was provided with a cooling jacket and an applicator cup. Before packing, the volume
of the column was calibrated over its entire length using water. The bed height could
then be read from a mm-scale fitted on the mantle. On the basis of our experience from
the fractionation of dextrans7 a mixture of two Sephadex types, G-200 (Wr = 20.1

gig) and G-IOO (Wr = g.8 gig) was used. A dry weight ratio of I to 2 between G-200

and G-IOO was chosen, so that both occupied approximately equal volumes in the
swollen state. The mixture was allowed to swell in excess water several days before
packing. This was carried out by pouring the homogeneous suspension through an
extension tube into the water filled column. The water circulating in the jacket wa.s
thermostated at 20° ± 0.1°. To ensure complete equilibration, eluant was percolated
through the bed some days before determining the void volume (T10). The absence of
any carbohydrate material in the eluate was checked before the column was considered
ready for use.

It soon became evident that distilled water was not a satisfactory eluant.
Occasionally the bed height changed suddenly even after a long period of operation.
0.3 % NaCl solution, with chlorobutanol as preservative, was therefore used through
out this work. The flow rate was kept at 6-7 mllh (3.8-4.5 mljcm2/h) by means of a
constant hydrostatic pressure.

VOID VOLUME (V 0) AND PARTITION COEFFICIENT (Kav)

Blue dextran of high molecular weight was used for the void volume determi
nation. 0.5 ml of 0.5 % solution was transferred using a syringe provided with a
Millipore filter adaptor, into the applicator cup just as the eluant soaked into the bed.
The eluate was collected from the moment the last of the coloured solution vanished
into the bed. For determination of Yo, the coloured eluate was collected in fractions of
0.3 ± 0.01 g. The extinction of the fractions was read at 650 rllfl. The elution volume
at the inflection point of the leading edge of the elution pattern was taken to represent
the void volume V o.The determination of V 0 was carried out once a week. The accuracy
of the determination of Vo was ± 0.1 ml (± 0-4 %).

In order to make the calibration independent of the individual experimental
conditions and thus more generally applicable, the concept of the volume fraction
available for a solute in the gel phase was introduced according to LAUREl"T AND

KILLANDER18 :

V e - Vo
K av =--

Vt-Vo

where Ve is the elution volume of the species in question, VI is the total volUllle and Vo
the void volume of the gel bed used. All these parameters can be determined accurately
and the resulting K av expresses the penetrability of a certain molecular size into a gel
of defined porosity.

CORRELATION OF M w AND K av FOR DEXTRAN ON SEPHADEX

Several authors5,18,19 have found that the elution behaviour of macromolecules
primarily depends on the Stokes radius (or diffusion coefficient) of the species. From
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The measured M w value of each fraction was then noted on the differential plot
of the corresponding Lansing-Kraemer distribution and the two fractional areas under
the curve were measured planimetrically (Fig. r). (Alternatively, the Lansing
Kraemer distribution may be presented as an integral curve and the position of the
experimental M w value read off on the Y-axis.)

The procedure adopted for these fractions and for all subsequent samples was as
follows. Two milligrams of dextran dissolved in 2 ml water were applied as described
for the void volume determination and eluted with 0.3 % NaCl solution. After a
certain volume (;$ V 0)' fractions of about 1.5 ml were taken and weighed to ± o.or g
each. The dextran concentrations were determined with anthrone24 . (Later these
analyses were automated using the Technicon Auto Analyzer. The above conditions
were so chosen that the dextran in the fractions could be determined without further
dilution.)

Finally the elution curve, i.e. the dextran concentrations ('y/ml) vs. K av, was
drawn as well as the corresponding cumulative diagram (Fig. r). The Y-axis position
of the experimental Mw value according to the determination above was inserted in
the cumulative elution diagram and serves as one point on the calibration curve for
M w vs. K av for dextran on the gel in question.

The cumulative elution profiles of the dextran fractions used in calibration are

.l!.£.
dM

~l %

200 100

~ u ~ ~

Fig. 1. Lansing-Kraemer distribution and elution diagram of dextran fraction NO.4 (Table I).
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DETERMINATION OF MOLECULAR WEIGHT DISTRIBUTIONS

K. A. GRANATH, B. E. KVIST

Having calibrated the gel for a specific polymer, the determination of molecular
weight distributions of unknown samples of the same polymer is simple and rapid. The
experimental conditions are the same as described for the calibration runs. The
elutions are usually carried out during the night and the fractions analyzed the follow
ing day. The calibration curve is then used to convert the K av values of the cumulativE:
elution curve into molecular weights. Although this can readily be performed manually,
a computer program has been worked out, affording both a tabulated and graphical
presentation of the cumulative and differential molecular weight distributions and
also the molecular weight averages of interest*.

RESOLUTION

Several authors have studied the gel chromatographic process by applying the
general plate height equation. The contribution of longitudinal diffusion to the
broadening of the zone was found to be negligible even in rather long columns and
with slow flow rates28 ,29. The fact that monomolecular species and very narrow
fractions of polymers are eluted as Gaussian curves is primarily due to the non-perfect
resolution power of the chromatographic system30. In order to check the influence of
the broadening phenomenon in our system when dealing with evaluation of poly
disperse distributions the following experiments were carried out.

A series of six fractions obtained by preparative gel filtration of a dextran on
Sephadex G-20010 were run separately, charging 2 mg of each fraction, on calibrated
columns. The computed M w values were within the range of 63,000 to 15,000. The
elution diagrams, with the areas scaled in proportion to the size of each fraction, are
presented in Fig. 4a. The distribution of the parent sample was then reconstructed by
summing the individual distributions in Fig. 4a. In another experiment, appropriate
amounts of each constituent fraction were dissolved to give a total sample of 2 mg/2 ml
which was subsequently charged on the gel. Both the calculated and the experimental
elution curve are drawn in Fig. 4b. The agreement is good indicating that the
broadening in the elution profiles of the subfractions is compensated in the elution of
the heterogeneous sample.

The resolving power of the chromatographic system used here was further tested
by rechromatography of one of the eluted fractions from a sample of considerable
heterogeneity. The experimentally determined values for the parent polymer were
Mw = 35,000 and M n = 22,000 (Mw/Mn = 1.6). The sample applied on the column
contained 20 mg/2 ml and it emerged within an eluant volume of 65 ml. A fraction near
the peak was selected for rechromatography (1.25 mg/2.04 ml) representing a cut-out
between 33,000 and 37,000 on the calculated distribution. The rechromatographed
distribution had a nearly symmetrical shape (Fig. 5) and gave M w = 36,500, jifn =

34,500 (Mw/Mn = 1.057).
The overlap of the adjacent molecular sizes, shown in this experiment, ap

parently is due to the limited resolution of the column. For a general analysis of the
elution diagrams the calibration should be based on both the molecular sizes and the
resolution31 •

* The program for dextran was coded by Dr. K. VOGEL in Fortran IV for CD 3600 Computer.
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During the preparation of this manuscript, a study of the gel permeation
chromatographic (GPC) process, partly by experiments similar to those described
above, was published by ADAMS, FARHAT AND ]OHNSON14• Their comparison between
calculated molecular weights derived from various fractionation methods and the
experimentally determined values showed that fractional precipitation analysis
resulted in too narrow molecular weight distributions and consequently in too low
MwiMn ratios for the sample, no matter whether the original distributions were
narrow or broad. GPC analysis again had a tendency to result in broader distributions
than was expected from the experimental molecular weights. An improved resolution
was obtained by decreasing the flow rate, however.

Of the very large number of runs in which the molecular weights calculated from
the gel filtration analysis above have been compared with measured values, the
heterogeneity of the GF distributions is regularly somewhat less than indicated by the
experimental values of molecular weights. The difference is due primarily to the higher
number average molecular weights (see Table II). This discrepancy, illustrated also by
a slight shift of the calibration curve when M n values are correlated with the corre
sponding K av values, very likely depends on a non-perfect presentation of the true
distributions by the Lansing-Kraemer equation.

TABLE II

MOLECULAR WEIGHTS OF DEXTRANS MEASURED AND CALCULATED FROM GF ANALYSIS RESPECTIVELY

Measured values Calculated values *

Mw M n Mw/M n Mw Mn J}fw/11in

IIO,OOO 80,000 1.38 108,000 82,000 1.32
72,000 4°,5°0 1.78 7°,4°° 44,9°0 1.57
38>400 25,900 1.48 37,700 27,800 1.36
20,800 14,500 1.43 19,800 15,600 1. 27
II,200 6,7°0 1.67 I I, 100 7>4°° 1.5°

* Calculated from the GF distribution diagrams according to the equations

_ _ I

M w = 2:wiMi and M n = --
2: Wi

Mi

APPLICATIONS

The molecular weight distribution analysis described above has been for the
past two years in regular use in our laboratories. It has been used in a great number of
investigations pertaining to clinical dextran. Most 01 this work will be reported in the
medicalliterature32• A short review of a few experiments will be given below, however,
to illustrate the applicability of this new method.

Fig. 6 shows the shift in the molecular weight distribution of dextran in urine,
collected at specified time intervals after the intravenous infusion of 500 ml dextran
(Rheomacrodex®, 10 %), in a normovolemic healthy person. The dextrans isolated
from the urine samples were subjected to molecular weight determination by light
scattering and end group analysis. Separately 2 mg of each dextran were applied on a
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TABLE III

K. A. GRAl\ATH, B. E. KVIST

MOLECULAR WEIGHT DATA ON EXCRETED DEXTRAN IN URINE COLLECTED AT INTERVALS AFTER

INFUSION

GF analysis

Hours after infusion Calculated values Measured values

M w M n Mw/M n M w M n lVlw/Mn

0-1 19,3°0 16,300 1.18 20,000 16.4°0 1.22

1-4 26,7°0 23.300 1.15 27,000 20.500 1.32
4-8 35. 100 31.300 1.12 26,200
8-12 39.000 33.400 1.17 42,000 3 1,300 1.34

12-24 49.000 31,800 1.54
24-28 55.900 45.600 1.22 56•000
Rheomacrodex®

infused 37.200 27,000 1.38 38.000 24,000 1.58

such as rabbits and mice, cause difficulties and isolation of dextran prior to gel
chromatography is recommended. A detailed study of the treatment of biological
fluids for GF analysis is proceeding in our laboratories and will be published elsewhere.

An interesting application of the GF analysis was checking the permeability of a
Visking membrane used in a dialysis study of different plasma volume expanders. The
molecular weight distribution of the dextran in the dialysate is shown in Fig. 7.
According to this, only 7.5 % of the permeating material had a molecular weight over
20,000.

Molecular weight distribution of inulin. Preparative fractionations of inulin
have been performed previously on Sephadex7• These fractions were used for the
calibration of the gel filtration method for the distribution analysis of inulin. Average
molecular weights for the fractions were determined by light scattering and vapor
pressure osmometry. Fig. 8a shows the elution diagram for the inulin preparation
studied (Gurr Ltd., London). Two of the fractions are included for comparison. Fig. 8b
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Fig. 7. Molecular weight distribution of dextran dialyzed through the Visking tube 28/32.
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Fig. 9. Elution diagram and corresponding molecular weight distribution of pullulan.

DISCUSSION

The gel chromatography technique described above provides a new tool for the
routine analysis of molecular weight distributions of water-soluble polymers within a
fairly broad molecular weight range. The method is essentially equivalent to the gel
permeation chromatographic procedure recently developed for polymers in organic
solvents.

For routine analyses of a given polymer an initial calibration of the elution
properties of a series of fractions from the same polymer is required. Once the polymer/
gel system in question has been calibrated, only the void volume of the bed has sub
sequently to be determined, preferably however, at frequent intervals. An improved
check of the total volume by adding KCl into the samples has recently proved feasible.
The determination of Ve (= Vt) for KCl is carried out by flame photometry. A con
tinuous method, for example precision refractometry or recording spectrophotometry.
is recommended for the determination of concentration in the fractions, whereby the
collecting of individual fractions is eliminated. The carbohydrates may be assayed
by an Auto Analyzer which operates perfectly with the anthrone method and handles
about forty samples per hour. The use of a peristaltic pump for attaining a constant
flow rate reduces the need of weighing each fraction apart from a few sample tests. The
necessary input data, i.e. the gel bed parameters, the polymer concentrations and
amounts per fraction volume are then recorded together with the corresponding
elution volumes and the derived K av values respectively. A computer program using
the equation for the calibration curve converts the input information to integral and
differential distributions. Molecular weight averages and the printing of the diagrams
are easily included in the program.

With polymers for which the calibration M w vs. K av is not available a distri
bution in terms of molecular dimensions may be derived from the gel chromatography
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ESTIMATION OF MOLECULAR WEIGHTS OF PROTEINS BY BIO-GEL P GEL

FILTRATION

ALCIRA M. DEL C. BATLLE*

Catedra de Quimica Biol6gica, Facultad de Ciencias Exactas y Naturale"
Universidad de Buenos Aires (Argentina)

(Received August 26th, 1966)

Molecular sieve chromatography, or gel filtration, is a very well known technique
for fractionation, isolation, analysis and purification of proteins, enzymes, hormones.
nucleic acids, etc. It was suggested by LATHE AND RUTHVEN l that the dimensions
of proteins and polysaccharide molecules might be estimated by this technique;
although restricted to certain homologous series of macromolecules, correlation be
tween molecular weight and size in gel filtration has been demonstrated by GRANATH
AND FLODIN2 . ANDREWS3 showed by experiments with agar gel columns that this tech
nique can be used as a comparative method to estimate molecular weights of proteins.
This has been suggested by further reports about correlation between molecular
weights of globular proteins and their behaviour on Sephadex or agar gel columns4 - 11

or polyacrylamide columnsl2 .

Bio-Gel P is a copolymer of acrylamide and methylenebisacrylamide; the
present report is concerned with finding a relationship between the molecular weights
and the gel filtration behaviour of some globular proteins. Experiments are described
in connection with three of the Bio-Gel P gel filtration materials (P-roo, P-200 and
P-300).

MATERIAL AND METHODS

Proteins
The proteins used in this study are listed in Table 1. Coproporphyrinogenase

was purified as described by BATLLE, BENSON AND RIll1INGTON 25 and purified
b-aminolaevulinic acid dehydrase was prepared in this laboratory from cow liver
(unpublished work).

Preparation and use of gel columns
Columns were packed in vertical glass tubes (30 cm long and either 1.6 or 1.8

cm 1.D.), equipped with capillary outlets. A small glass wool plug and glass beads
were added to fill the bottom of the tube to obtain a small mixing chamber. It is
advisable to coat the column before use to avoid distortion of the bands which is due
to the tendency of the buffer to flow at a faster rate near the glass wall. Desicote
(Beckman) used diluted, or a solution of r % dichlorodimethylsilane in benzene can be

* Research Scientist under the National Council for Scientific and Technical Research,
Buenos Aires, Argentina.
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The elution volume of many of the proteins listed in Table I was observed for
at least two concentrations, which usually differed by three or four fold; except with
haemoglobin, no significant effect on the elution volumes was shown over the range
of concentrations studied. The smallest quantity that can be used is 0.2 to 0.3 mg,
or less with purified enzymes which are generally used in microgram amounts and can
be estimated by specific and sensitive assay methods.

Elution volumes for haemoglobin at pH 6.8 and 7-4, showed variation with
protein concentration, being lower than expected from their molecular weight when
small amounts of protein were used and suggesting some degree of dissociation of the
molecules into subunits under these conditions. ANDREWS9,11 has already found the
same behaviour for haemoglobin, ~-lactoglobin and glutamate dehydrogenase with
his Sephadex columns, which makes proteins such as haemoglobin, unsuitable as
reference substances in gel filtration.

Most experiments were carried out with columns equilibrated with potassium
phosphate buffer pH 6.8 or Tris-potassium chloride buffer pH 7.4, but for some
experiments with urease, columns equilibrated with 0.15 M potassium chloride were
used; urease examined under both conditions showed similar behaviour.

Relationsl:tip between elution volume and molecular weight
Figs. I and 2 show plots of elution volumes (Ve) from Bio-Gel P-IOO, P-200 and

P-300 columns against log molecular weight, for proteins listed in Table 1.
The results plotted in Fig. I, were obtained with small columns and except for

Bio-Gel P-IOO, the relationship between Ve and log (mol.wt.) is not completely linear;
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Fig. 1. Plots of elution volume (Ve) against log(mol.wt.), for proteins on Bio-Gel P-IoO (e--e),
P-200 (O-~.0) and P-300 (6--6). Columns (1.6 em X 30 em), equilibrated with 0.067 M
potassium phosphate buffer, pH 6.8, containing 0.1 M potassium chloride.
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Fig. 2. Plots of elution volume (Ve) against log (mol.wt.), for proteins on Bio-Gel P-IOO (e--eJ,
P-200 (0--0) and P-300 (£:;--£:;). Columns (1.8 cm x 30 cm) equilibrated with 0.067 lI-1
potassium phosphate buffer, pH 6.8, containing 0.1 M potassium chloride.

however, data are reproducible. The relationship between V e and log (mol.wt.) for
bigger columns is shown in Fig. 2. For Bio-Gel P-IOO the experimental points lie
close to a straight line in the molecular weight range 4,000-80,000, for Bio-Gel P-200
the range is 4,000-150,000, and for Bio-Gel P-300 the range is 5,000-400,000. However,
the useful working range of P-IOO and P-200 extends above these values; but it must
be noted here that the upper limit for these gels depends upon the extent to which
the gel has swollen. As with Sephadex ge1s9, II the exclusion limit, in terms of mole
cular weight, is greater than that specified by the manufacturer.

Experiments with insulin, cytochrome c, ovalbumin, serum albumin and pepsin,
using Bio-Gel P-IOO and P-300 columns (1.8 X 30 em), were carrieduut at pH 4.0,5.0,
6.0, 6.8,7-4 and 8.0. Plots of Ve against log (mol.wt.) at each pH were similar to those
at pH 7-4 (Fig. 2), plots at pH 6.8 and 7.4 fitted identical curves; but at lower pH's,
the slope of the linear parts of the graphs slightly increased as the pH decrea.sed.

Experiments with several proteins indicate that quantitative recovery is ob
tained (in all cases greater than go %) when using these Bio"Gel columns.

Molecular weight estimations
Elution volumes of coproporphyrinogenase and b·aminolaevulinic acid de

hydrase were determined on calibrated Bio-Gel P-200 columns, and their molecular
weights were estimated from calibration curves. Each enzyme was put through
the columns alone, and they were also run in admixture with cytochrome c. For
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coproporphyrinogenase a value of 85,000 was found, while 80,000 was obtained using
Sephadex columns25 . The molecular weight of b-aminolaevulinic acid dehydrase was
estimated to be 140,000.

DISCUSSION

The relationship between the molecular weight of proteins used in these experi
ments and their elution volumes from Bio-Gel columns (Fig. 2) is similar to that
obtained for Sephadex columns9,ll.

The linear parts of the curves shown in Fig. 2, indicate the molecular weights
between which each gel gives optimum separation of proteins, but the useful parts of
the curves extend beyond the linear stretches. However, the 30 cm columns used in
this study did not give the best resolution obtainable with these gels; better results
can be attained by using longer columns.

The amount of any protein necessary for a molecular weight estimation depends
on the method used to measure its concentration in the column effluents; but
generalizing, '0.2 mg of material is sufficient for such an estimation.

As has already been found by ANDREWS9, dissociation of haemoglobin occurs
while it passes through the column, therefore haemoglobin is not convenient as a
protein standard.

B'ecause of the anomalous behaviour of glycoproteins in gel filtrationll only
globular proteins were used for calibration of Bio-Gel columns, as most of the enzymes
belong to this group of proteins the method seems to be useful.

Estimates of the molecular weights of simple proteins with Bio-Gel P-100,
P-200 and P-300 (Fig. 2) are accurate to within 12 %, though estimates for other
types of protein may be less accurate. On the whole, molecular weight estimations
by Bio-Gel are, however, fairly reliable and the absence of ionic groups on the inert
matrix of polyacrylamide diminishes the undesirable adsorption effects to a minimum.

The use of Bio-Gel offers advantages over other gel filtration materials. It
swells more rapidly in various solvents; as stated above, it has an inert matrix which
minimises adsorption; the Bio-Gel P series covers a wide range of molecular weights
from 200-> 400,000 and its cost is less than similar materials.

In spite of the possible causes of error, also found with other gel filtration media,
the method proves to be very useful and practical.
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SUMMARY

Correlation between elution volumes, V e, and molecular weight was investigated
by Bio-Gel filtration of proteins of known molecular weight on Bio-Gel P-100, P-200.
and P-300 columns at pH 6.8 and 7-4. The relationship between Ve and molecular
weight was similar over the pH range 4.0 to 8.0.

The molecular weights of two enzymes, coproporphyrinogenase and b-amino-
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laevulinic acid dehydrase, were estimated on calibrated Bio-Gel P-200 columns; their
respective values were in agreement with those obtained by using calibrated Sephadex
columns.

The uncertainty in values estimated by this procedure was put at 12 %.
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main peaks9, A (mol. wt. of the order r06) and B (mol. wt. of the order r05), which were
very suitable for further chromatographic experiments.

It was assumedl that in the course of chromatographing macromolecules on
wedge-compressed membranes from the larger pores towards the smaller ones the
larger particles would be intercepted at a certain distance d from the line of maximum
compression h2 • Fig. 2 shows that this phenomenon actually takes place. In one
experiment, the samples were applied onto starting points at different distances
from h2 • After 7-8 h when the indicator dye had passed to the other end of the strip
the protein spots gathered at a line (I) or showed a tendency to approach a line (see
also II, III) perpendicular to the direction of pore size gradient, regardless of the
position of the starting points. Beyond this line the pores were evidently too small and
therefore unpenetrable to the macromolecules under study. Tillis can be seen very well
with the sample nearest to h2 which could not even diffuse from the start. The degree of
penetration towards h 2 depended on the pressure and the angle of compression (cf.
Fig. 2, II, III) as has already been shown beforel , and on the molecular size (cf. Fig. 2,

I, II) as was expected. A sufficient "overflowing" of the buffer, as indicated by the
indicator dye, is assumed here. Otherwise, in shorter chromatographic runs (about·
4 h), where the larger particles were only retarded but not fully immobilized, t.he time
factor also played an important role. To get comparable results in those shorter runs, it
was necessary to stop the chromatography at the moment when the indicator dye
reached the same distance behind the line h 2 on all chromatograms. Experiments were
made under such conditions to obtain information on the role of the pressures used to
deform the membranes. The results led to the following conclusions (Fig. 3) :

Pressures higher than 25 atm led to constant results as far as the dist.ances d
from h 2 are concerned. However, the running time (over 8 h) was too long to be
practical when higher pressures up to roo atm, had been used, so that 25 atm was
found to be most convenient in our experiments when the parameter c = 0.08 mm.
For c = 0.r6 mm, P = 20 atm was sufficient. When lower pressures were applied (the

0.1

A

0.05

A

50 100 ml

Fig. 1. Gel filtration of the plasma expander Resorba5 on pearl condensed agar. Buffer: 0.1 M
TRIS-HCI + 1M NaC!, pH 7.9; 4% agar pearls; column: 84 >< 1.4 em. Estimation of proteins
was made turbidimetrically. Fractions A and B were used for further experiments.
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were interc-ept~d at different distances in the compressed area. A mixture or O\'alhumin
and fraction "Btl was resolved effectively into hoth original components.

in a parallel run the same protein samples were chromatographed on an
uncomprcsseci membrane, where aU had the same mobility (Fig. 4. TI). These n:sults
seem to give a positive answer as to whether this method is effective or not.

o 9 0+9 G

Fig. 'I. Chr'Jmatography of \"arious protein samplt:~on ,'1.' FS IIlCll1hran("s impregnated with Tween
60. s = Start; Ph = position of the phl'nolsulphophthalt:in (centre of the spot). Strip': 0 =
u\"aILumin; U = rraction B of Hesorba; 0 + 13 = mixture of bllth :,:unples; G = y-globulin. The
:,trip was compre:sst..'d at P = 25 atm. a = 8 mill, b = 15 mm, {" = O.I(,llllll. Chromatograph}' lasted
4.S h. Strip 11: () = ovalbumin; G = i'·glolmlin; R = fl'actillll H or Hcsorba; :\ = fraction A of
Rt,·sorba. The ,'L' FS memLrane W<l~ lIoL compre!'ised. Chromatugraph y lasted 1 h.

In other experiments, more complex mixtures of macromolecules were chroma
tographed to investigate the po~:;ibiliticsof the microchromatographic technique on
wedge-compressed membranes. As is shown in Fig. 5, certain characteristic separations
were achieved, suitable (ur sonw special although rather informative qualitative
microestimations. Thus a characteristic difference can be seen between the chromatu
gram of native serum \...·ith a weU separated albumin fraction and the chromatogram
of the modified serum of a plasma expander MBS (Fig. 5l. This change is some\''''hat
similar to the changes of the electrophoretic patterns10 but here some information is

1 2

Fig. 5. Chromatography of nati ....e and modified ser... T = Dog serum; 2 = bo....ine serum; .\ =
MHS. :'Ilcmhrane VUFS. impregnated with Tween 60, compressed at P = 25 atm, a =t8 nl111, b =
15 min, C = 0.08 mOl. BufferTRIS-HCI. pH 7.9. Chromatography for 6 b.
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also given indicating the increase of particle size. However, no significant fractionation
of Resorba or MBS was achieved comparable to gel filtration (el Fig. I and ref. 4)
although separate fractions A and B had different mobilities (el Fig. 2). It is possible
that a partial "stopping" of the pores by particles having very similar particle sizes
causes interference here.

It can be concluded that the technique in its present form has some limitations
which still have to be studied and eventually overcome, in order to achieve more
accurate small scale separations of complex systems. For this purpose other types of
membranes with a narrower distribution of pore sizes, as well as membranes of an
other chemical nature, are under investigation now. The results will be published
later.

ACKNOWLEDGEMENT

The author is grateful to Mrs. ZD. NOVOTNA for technical assistance.

SUMMARY

Small scale chromatography of various protein samples was done on wedge
compressed' nitrocellulose membrane filters impregnated with Tween 60. Evidence is
presented that particles of different sizes can be separated according to the principle
of filtration chromatography during migration along the continuous pore size gradient
from the greater pores towards the smaller ones. Some important factors influencing
the separation were examined.
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operation have been described in detail by FLODIN14 and these-techniques have been
generally followed. Columns were 35 cm long and 2.5 cm in diameter with a total bed
volume of 120 m!. Each phenol sample was dissolved in the eluting medium to give a
concentration of 200 fJ-g/ml and I ml of this was loaded onto the column. Even the
least soluble flavonoids dissolved sufficiently to be detected. The flow rate of 25 ml/h
was governed by a peristaltic pump and was constant throughout the series of experi
ments. The eluate from the column was either pumped to a fraction collector or to
an AutoAnalyser assembly previously described15• In the former case the presence of
the phenols in the eluate was detected by the absorption at 280 mfJ- whilst in the latter
the phenols Were coupled with diazotized p-aminobenzoic acid and the resultant
yellow colour monitored at 420 mfJ-. Continuous monitoring had the advantages of
convenience and accuracy in determining peak elution volumes. In addition reference
to a calibration curve permitted peak area to be related to amount of the phenol
present in the sample. Io-4M concentrations of phenols could be determined in this
way with a coefficient of variation of 2.7 %.

Characteristics of the column were determined in the usual manner (FLODIN14)

and K D values calculated from the equation V e = V o + KDVi. Under the conditions
used V o and Vi were found to be 40 and 55, respectively. Under standardised condi
tions the peak elution volume was characteristic of a particular phenol and quite
reproducible whether the phenol was alone or in a mixture. Peaks were symmetrical
and sharp if eluted early but very strong adsorption and consequently long elution
times resulted in the spreading of the bands to some extent. This was not in fact a
problem, since the strongly adsorbed compounds were usually very well separated.

Separation offlavonoids as molybdate complexes
In the case of flavonoids containing several hydroxyl functions it was necessary

to weaken the adsorptive forces between them and the column material so as to achieve
elution under mild aqueous conditions in a reasonable time. The formation of com
plexes between molybdate ions and phenols containing ortho-hydroxyl groups is well
known. These complexes form readily in mixing aqueous solutions and are yellow in
colour. They were usually formed in situ on the column by first loading the phenol and
then adding I ml of 10 % sodium molybdate solution before commencing elution with
water. Different groups of flavonoids show characteristic differential spectra some of
which are shown in Fig. I, which, combined with elution volume, serves to identify
unknowns.

Molybdate complexes of flavonoids were adequately separated on smaller
columns (0.9 em X 30 cm, bed volume 40 ml) with a saving in time.

RESULTS AND DISCUSSION

Simple phenols
Table] shows K D values calculated for a range of simple phenols using water,

0.05 M sodium chloride, 0.1 M ammonium hydroxide, 0.1 M acetic acid and, in some
cases, 0.01 M sodium molybdate, as eluting media.

With water, elution occurred according to the number of hydroxyl groups the
phenol contai.ned. Adsorption occurred in all cases, hence fractionation was achieved
not on the basis of molecular size and shape but as a result of differing degrees of
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cally with the AutoAnalyser. The upper one (Fig. zA) was obtained with water as
eluant, the middle one (Fig. zB) with dilute acetic acid. Fig. zC shows the separation
of various phenol derivatives using acetic acid as eluant. In this case acid was used
because of the anomalous behaviour of hydroxy acids in water.

The behaviour of even simple phenols on Sephadex columns is complex and it is
difficult to predict K D from the structure. The factors determining elution volume
include both number and position of hydroxyl groups, substituent groups which effect
strength of bonding and medium. In addition steric factors may govern penetration of
gel grains. Neither KD or change in K D on passing from neutral to alkaline medium
seemed to be related directly to the pKs of the phenol. Only nitro and carboxylic acid
groups decreased bonding. However, it will be seen from Table III that the groups
shown causing increased bonding do so in the order expected from their electron
donating properties.

TABLE III

EFFECTS OF NUCLEAR SUBSTITUTION IN THE STRENGTH OF HYDROGEN BONDING AND HENCE ON THE

ELUTION VOLUME FROM SEPHADEX COLUMNS

Water is used as eluant.

Increased bonding LlKD Parent phenol Decreased bonding LlKD

a-Cresol (z.6) + 0.8 Salicylic acid (1.0) -0.8
Guaiacol (z.z) + 0·4 Phenol (1.8)
Catechol (Z.05) + 0.z5 0-Nitrophenol -0·35

Orcinol + 0·9 3.S-Dihydroxybenzoic acid (r.5)
Phloroglucinol (Z.3) + o.z Resorcinol (Z.I) -0.6

Phenolic acids
Monocarboxylic acids were not separated on Sephadex when eluted with water.

As reported by GELOTTE9, the carboxylic acid group has a "negative sorption effect"
and in most cases elution occurred much earlier than would be imagined from the
parent phenol. Intra-molecular hydrogen bonding is not always responsible since there
is no difference between 0- and P-hydroxybenzoic acid in water and the 2A-dihydroxy
acid was eluted early while the Z,3-substituted one was not. In electrolyte solution this
"negative sorption" effect disappeared in all the acids and there were stronger ab
sorptive forces. The rate of elution seemed to depend on the number, and orientation
of free hydroxyl groups, (i.e. those not involved in internal hydrogen bonding) and the
extent to which these groups are accessible to the carboxyl group of the gel. Most of
the acids were eluted very early with ammonia since they also carry a negative charge
and will only be repelled by similar acid groups in the gel. Formation of a complex
with molybdate resulted in earlier elution as would be expected except in the case of
the z,6-dihydroxy acid which, although both groups can complex, was very strongly
adsorbed. Methylation, as in vanillic and syringic acid, resulted in behaviour very
much like a monohydroxy acid. They were not differentiated on Sephadex columns.

From Table IV it is thus apparent that electrolyte is required if separation of
mixtures of phenolic acids is to be achieved. Fig. 3 shows the separation of a mixture
of acids already reported in barley. Resolution in the first stage is not complete but
fractions can be collected as shown and completely resolved by re-running the samples
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studied~ Flavone glycosides and catechin were relatively loosely bound to the gel
matrix but aglycones were strongly adsorbed.

Inspection of the values of VIV0 again indicates that separation of flavonoids in
a mixture could be achieved. Whilst quercetin, rutin, catechin and 3-hydroxyflavone
have similar elution volumes as molybdate complexes, in water the K D values are well
separated. A complete elution scheme is shown in Fig. 6 in which preliminary elution
is carried out with water and the remaining flavonoids are eluted as their molybdate
complexes. Quercetin differs from the others in that it requires alkaline conditions for
desorption.
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SUMMARY

It has been demonstrated that mixtures of a wide range of phenols and flavo
noids can be fractionated on Sephadex columns by making use of the adsorptive
properties. K D values for a number of phenols and derivatives have been determined,
using several aqueous elution solvents which have permitted the selection of the opti
mum conditions for any particular separation. Flavonoids are generally more
strongly adsorbed but quite complex mixtures may be fractionated by first eluting
with water, then converting the remaining flavonoids to molybdate complexes. This
decreases the strength of binding to the column but allows fractionation.
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PURIFICATION OF HUMAN CHORIONIC GONADOTROPIN
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Fig. 6. Standard curve.

DISCUSSION

109

Although homogeneous samples of RCG have been isolated6 , 7, repeated attempts
have been made12 to develop more convenient and less time consuming methods for
the purification of RCG on a preparative scale. Crude RCG in gram quantities can
easily be purified by the method here described. The simplicity of the method and
economy in time and labor present further advantages. The purified material obtained
by this method was shown to be immunoelectrophoretically homogeneous. The
specificity of the RCG thus' obtained was further demonstrated by the production of
specifIc antiserum to RCG by rabbits immunized with this material.

Until recently only biological tests were used for the assessment of RCG in body
fluids. These bioassay techniques for gonadotropin activity were developed on the
basis of acceleration of gonadal growth and development. As such, the tests lack
specificity, and they are inadequate to test the efficacy of separation procedures for
isolating different gonadotropic hormones, or to assess the RCG activity in a sample
contatining other gonadotropic hormones. Furthermore, existing bioassays yielding
quantitative information are laborious and time-consuming. Recently serological
methods for the determination of RCG were introduced by BRODY AND CARLSTROM1 ,2

and LUNENFELD et al. lO . These methods were based on the finding that RCG is able
to elicit antibody production in rabbits1 ,15, and that the hormone can be detec
ted and assayed by the technique of complement fixation l - 3 or by the inhibition
of the agglutination reaction of RCG-coated blood cells19 or RCG-coated latex
particles8. Precision and specificity can be achieved with these methods, but each
has its limitations. Raemagglutination, for example, could not be performed directly
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on untreated serum or amniotic fluids13,18, and the endpoint was often hard to read.
To measure a particular antigen in a mixture of antigens by any serologic

technique, it is necessary to employ a specific antiserum. The antigen employed in our
work to produce antiserum to HCG was serologically homogeneous. The specificity of
the antiserum obtained was established by immunoelectrophoresis and double
diffusion (Fig. 4a and 4b).

The immunodiffusion method reported here is a modification of Hyland's
immunodiffusion plates. It is highly specific, quantitative, sensitive, and extremely
simple in operation. An evaluation of this assay (N = 84) showed that the concen
tration of a test solution (lOo8 LV.jml) calculated from the data provided by this
assay was 1001 LV.jml (95 % confidence limits 857.8-II84-4). The calculated slope, b,
was 89.8. The value for A, the index of precision, was 0.1308. The sensitivity of the
method depends upon the titer of the antiserum employed. With an antiserum having
a titer of Ij600, I 1.V. of HCG can be measured. Greater sensitivity can be achieved by
employing antiserum of higher titer. For routine estimation, a standard curve may be
set up and the concentrations of an unknown HCG solution may be read off directly
from the standard curve. The method can be applied to the determination of RCG in
urine and serum without any prior treatment of the sample.

ACKNOWLEDGEMENTS

The authors wish to acknowledge the capable technical assistance given by Miss
JOSEPHINE CHIAINI, Miss PATRICIA BRENNAN and Messrs. CHARLES L. McNEILL and
HOWARD E. BROWN.

SUMMARY

A simple procedure for the purification of commercial human chorionic gonado··
tropin (HCG) by chromatography on DEAE-Sephadex is described. The method is
reproducible and suitable for application on a preparative scale. The HCG thus
purified had a specific immunological activity of II,OOO 1.V.jmg and was homogeneous
by immunoelectrophoresis. The overall recovery of immunological activity was 19 %.
A simple, specific quantitative assay for HCG employing the technique of immuno
diffusion is described. The precision, accuracy, and advantages of the method are
discussed.
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Separation and characterization of the porphyrins by paper chromatography
was first introduced by NICHOLAS AND RIMINGTON1 and was followed by a systematic
study of the behaviour of their methyl esters upon solid adsorption columns2 . Several
modifications of both techniques have since been described; see FALK3,4. A disadvan
tage of both methods is that they are applicable to only relatively small quantities and
are thus not well suited for preparative purposes; for the column separation of un
esterified porphyrins the only practicable method is that employing cellulose powder
and the lutidine~watersystem as described by ERIKSEN5 .

During the course of a study, shortly to be published, of naturally occurring
porphyrin-peptide complexes, the need arose for a method of separating and purifying
them without esterification. Ion exchange columns had only limited applicability and
we have therefore studied the behaviour of porphyrins upon Sephadex dextran gels.
With many materials these gels function as molecular sieves, separation taking place
according to molecular size, but in the case of aromatic and highly conjugated planar
molecules adsorption phenomena playa prominent roleG• This proved to be true of the
porphyrins but by suitable choice of gel, buffer and particularly of buffer concentra
tion, useful separation techniques have been evolved. With the aid of an automatic
fraction collector, mixtures may. be' resolved·on a preparative scale with the minimum
of attention, once the sample has been placed on the column.

MATERIALS AND METHODS

Sephadex dextran gels were obtained from Pharmacia Ltd., London, V,T.I3.
Chromatographic columns were constructed from 8 mm internal diameter glass tubing.
A plug of glass wool surmounted by some glass beads (height 2 cm) was introduced to
support the gel which when packed formed a column 60 cm high. The void volumes of
such columns, measured with Sephadex blue, were about 18 ml. Buffer was fed into
the top of the tube from a reservoir placed on a shelf above it and through a hypoder
mic needle piercing a rubber stopper. Outflow from the bottom of the tube was
controlled by a screw clip placed on polythene tubing of narrow bore. Operation was
at room temperature. The fraction collector was a Shandon model CA-IOO holding zoo
tubes. In most experiments it was set to collect z ml samples gravimetrically. The
receivers were 10 cm X I cm test tubes. Uroporphyrin I, coproporphyrin III, proto
porphyrin IX, deuteroporphyrin IX and haematoporphyrin IX dihydrochloride were
carefully purified materials from the laboratory stock; porphyrin c was a gift from
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Dr. S. SANO, Kyoto. For application to the column porphyrins were dissolved in a
minimal quantity (0.5-1 ml) of 0.2 M sodium borate buffer pH 8.6. To each 2 ml
fraction was added 2 ml of 3 N HCI and the mixture further diluted, if necessary, by
1.5 N HCI and optical absorption at the Soret peak was measured on a Unicam SP 500

spectrophotometer using cells of I cm light path.

ExpERIMENTAL AND RESULTS

Since the molecular weights of the porphyrins range from about 500 to 800, it
seemed possible that they might be separable on a Sephadex G-IO column. It was
immediately evident, however, that factors other than molecular size played a
dominant role. Even G-25 and G-IOO gels adsorbed the porhyrins strongly in dilute
acid or alkaline media or in barbital and phosphate buffers. On the assumption that
there might be hydrogen bonding between the porphyrin carboxyl groups and the
hydroxyls of the dextran, a change was made to borate buffers. Marked improvement
followed and after some experimentation a sodium borate buffer of pH 8.6 containing
0.5 mM EDTA and 2-3 drops/l of phenol was selected as most suitable and a column
of Sephadex G-25.

Effect of buffer strength
Initially, a buffer strength of 0.2 M was used but although uroporphyrin was

rapidly eluted from the column, porphyrins with fewer carboxyl groups were more
firmly retained and tended to spread; deuteroporphyrin was only eluted very slowly
and occupied 100 tubes or more (Fig. I). Porphyrin c (4-COOH groups) could be
separated from coproporphyrin on this system but its rate of elution was also very
slow. Decreasing the concentration of borate to 0.001 M accelerated elution to such an
extent that coproporphyrin and deuteroporphyrin came off together in a single peak
closely following uroporphyrin. The problem was therefore to find a satisfactory inter
mediate concentration. With 0.002 M buffer, coproporphyrin and deuteroporphyrin
were separable with a slight overlap (Fig. 2) and separation was still better when using
0.005 M but the optimal concentration proved to be 0.01 M. This separated uro
porphyrin, coproporphyrin and deuteroporphyrin very satisfactorily although the
deuteroporphyrin band was sometimes slightly irregular (Fig. 3). The identity of the
fractions was proved by measurement of the Soret maxima and by lutidine paper
chromatography7. Recoveries were complete.

a.2M Borate huffer pH8:6

0.0.

Uro
0.8
0.6
0.4

0.2

Copro Deutero

40 120 160 440 480 520 560 600 640 680 720
Elution volume (ml)

Fig. 1. Elution of uroporphyrin, coproporphyrin and deuteroporphyrin from Sephadex G-25 by
o.Z M borate buffer, pH 8.6.
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Co ro O.05M Borate Duffer pHB.S 625 0.05M Borate Duffer pHB.S

Fig. 4. Separation of coproporphyrin and porphy
rin c by elution from Sephadex G-z5 with 0.05 M
borate buffer, pH 8.6.

40 80 120 160 200
Elution volume (ml)

Fig. 5. Separation of porphyrin c and haemato
porphyrin by elution from Sephadex G-z5 with
0.05 M borate buffer pH 8.6. A and B are impu
rities in the materials.
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being obtained. As expected, porphyrin c with its 4 COOH groups preceded the
dicarboxylic porphyrin (Fig. 5) ; minor impurities (A and B) were once more detect
able.

Separation ofdicarboxylic porphyrins
Although a sharp separation of the dicarboxylic porphyrins, deuteroporphyrin

and haematoporphyrin, seemed unlikely in view of their closely related chemical
structure and their behaviour in lutidine paper chromatography7, the hydroxylic
functions of haematoporphyrin should nevertheless influence to some extent its
behaviour on dextran gels. Protoporphyrin which possesses two vinyl side chains
should be considerably more firmly retained than the other two porphyrins. These
expectations were realized in practice.

A mixture of deuteroporphyrin, haematoporphyrin and freshly prepared proto
porphyrin wem placed on a G-z5 column in 0.05 M sodium borate buffer pH 8.6 and
developed with the latter. A small red fluorescent impurity left the column rapidly
(this is usually seen with protoporphyrin preparations) and was followed by a large
unsymmetrical band appearing between lI6 ml and 360 ml of eluate. After 400 rnl of
eluate had passed, the fraction collector was stopped and all porphyrin remaining on
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the column allowed to collect in a single overnight fraction. Spectrophotometric analy
sis and paper chromatography of the esterified porphyrins by the method of CHU,
GREEN AND CHU8 showed that haematoporphyrin was eluted first but that there was
some overlapping with deuteroporphyrin. The large band from n6-360 ml did, in fact,
exhibit two peaks with different Soret band absorption. The final overnight fraction
consisted of dicarboxylic porphyrin with Soret maximum in 5 % HCI of 407-8 mfl and
was therefore protoporphyrin. There is no doubt that repeated filtration on Sephadex of
the first, composite band, would effectively separate the haematoporphyrin and
deuteroporphyrin which it contained.

DISCUSSION

Separation techniques employing Sephadex dextran gels and an automatic
fraction collecting device have the advantages of requiring minimum attention, having
high flow rates, and of being easily reproducible. They may be used on a preparative
scale, the quantity of material handled being virtually limited only by the size of the
column and the volume of solvent necessary to dissolve the applied mixture. Recove
ries of material, moreover, are complete or very nearly so. In the case of proteins,
separation generally occurs according to molecule size, the process being one of
molecular sieving, but with aromatic substances and highly conjugated planar mole
cules, adsorption effects become increasingly evident and may predominate. The effects
of pH and of buffer concentration then become important9•

In the present study, physical interaction between porphyrins and the dextran
gel were found to be very marked. Only by the use of a borate buffer, pH 8.6, con
taining some EDTA to remove traces of metals, and careful selection of the appropriate
buff~r strength could good resolution be achieved without serious tailing. ]~ecoveries

were then quantitative. Sephadex G-25 proved to be the most satisfactory gel and, in
general, rate of elution increased with increasing number of carboxyl groups in the
molecule. Thus uroporphyrin suffers little or no retention whether the buHer concen
tration be 0.2 M or o.oor M. In the weaker buffer, coproporphyrin and deutero
porphyrin also move fairly rapidly and are eluted together but as the buffer concentra
tion is increased their retention on the column is also increased and their bands are
broadened. The interval between them becomes greater. For general purposes a
O.or M borate buffer was found optimal in that it gave clear separation in well defined
bands.

The behaviour of porphyrin c is particularly interesting. ·It has 4 carboxyl
groups, 2 being present in the cysteinyl groups and 2 in the propionic acid side chains
at positions 6 and 7 of the porphyrin ring. On lutidine paper chromatography, por
phyrin c runs level with the tetracarboxylic coproporphyrin. On Sephadex G-25,
however, it is somewhat more firmly retained than coproporphyrin but less firmly than
dicarboxylic porphyrins. It would appear, therefore, that the carboxylic functions of
the cysteinyl groups exert a weakened de-adsorptive effect due, no doubt, to the
adjacent ex-amino groups. For good separation from coproporphyrin, a 0.05 M was
found preferable to a o.or M buffer. The fact that haematoporphyrin and porphyrin c
may be readily separated under these same conditions is exceedingly important since
the thioether linkage of this latter porphyrin easily suffers fission during chemical
manipulations with resulting formation of some haematoporphyrin.
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The methods described in this paper have already been applied successfully to
the separation of complex mixtures of porphyrins derived from natural sources.
Obviously, however, different problems may demand differing treatment and it is one
of the virtues of the Sephadex gel system, as revealed by this study, that one can
vary the behaviour of porphyrins in it in a predictable manner. It may be useful, at
times, to carry out a preliminary separation at one buffer concentration and then to
re-run some fractions in a weaker or stronger buffer.

The use of Sephadex LH 20 for the separation of porphyrin esters or of the free
porphyrins was examined with various solvent systems but it was found to be
distindly inferior to the G-25 gel.
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SUMMARY

Porphyrins can be separated on columns of Sephadex G-25 gel by sodium borate
buffer, pH 8.6. Alteration in buffer molarity influences separation in a predictable
manner; for general purposes 0.01 M is optimal but for special separations appropriate
concentrations should be used. Recovery is quantitative and the technique is suitable
for preparative purposes.
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INTRODUCTION

Insoluble salts of polybasic acids with tetravalent metals such as phosphates or
arsenates of zirconium, titanium and cerium are generally obtained as amorphous or
semicrystalline materials which are well known inorganic ion exchangersI . Recently
a crystalline form of zirconium phosphate2 (ZP) and a crystalline form of titanium
phosphate3 (TP) have been obtained whose ion exchange properties are very different
from those of the corresponding amorphous materials. While all alkali metal ions are
easily exchanged on amorphous ZP and TP (the selectivity increasing from Li+ to
Cs+) the uptake of Rb+ and Cs+ by crystalline ZP and the uptake of K +, Rb+ and
Cs+ on crystalline TP is negligible in acid media2,3. On the other hand Li+, Na+ and K +
on crystalline ZP and Li+ and Na+ on crystalline TP are easily exchanged with very
high ion exchange capacity (about 7 mequiv.jg). The large difference in the ion
exchange capacity suggested that the crystalline form of ZP and TP could be employed
in the separation of alkali metal ions. For this reason the chromatographic behavior
of alkali metal ions on crystalline titanium or zirconium phosphate thin layers has
been examined. Owing to the lack of information on the exchange properties of these
crystalline ion exchangers towards inorganic ions other than alkali metal ions, the
chromatographic behavior of alkaline earths and thallium(I) has also been examined
and the chromatographic results obtained with crystalline ancl amorphous materials
are compared.

EXPERIMENTAL

Materials and eluents
The amorphous ZP was ZP-I of Bio-Rad Laboratories. Crystalline ZP was

prepared from ZP-I Bio-Rad according to the procedure of CLEARFIELD AND STYNES2
•

Amorphous TP was prepared according to GAL AND GAL4 . Crystalline TP was prepared
by refluxing amorphous TP with 10 M H 3P04 for 50 h3 . Cellex N-I cellulose (Bio-Rad)
was employed for thin-layer preparations.

Tetramethylammonium acetate or ammonium acetate buffers were prepared
by adding conc. acetic acid to 1.1 M tetramethylammonium hydroxide or to 1.1 M
ammonium hydroxide respectively, until pH 5 was reached.
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Eluent solutions at pH > 3 were found necessary to exchange the hydrogen
ion with other inorganic ions. When such eluents are used the exchanged hydrogen
ions may give rise to the formation of an acid zone around the point of application.
TIiis.acid zone will move with the front of the eluent, not being neutralized during the
chromatographic development, even though buffered eluents are used. As a result,
a fraction of the ions spotted at the application point migrate with the acid zone.

Cs+ Cs+
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Fig. 1. Chromatographic behavior of Na+ (a), Cs+ (b) and Na+-Cs+ mixture (c) on crystalline ZP
thin layers (4.2 mg ZPfcm2). Amount spotted of each ion: 7.5' 10-3 meqlliv. Eluent: tetramethyl
ammonium acetate-acetic acid buffer at pH 5. Ordinates: activity in c.p.m.; abscissae: length of
the chromatogram in cm; L.F. = liquid front.

In such a case the acid front can be completely neutralized by using a thin layer
previously moistened with the eluent and air dried. The chromatographic behavior of
the alkali metal ions on crystalline ZP has been examined, using this technique with
the tetramethylammonium acetate-acetic acid buffer at pH 5. The tetramethyl
ammonium ion was employed since its large ionic size avoids ion exchange by crystal
line ZP in H + form at this pH value. When eluted with tetramethylammonium
acetate-acetic acid buffer at pH 5, Li+ and Na+ ions are strongly retained at the point
of application while Cs+ ion, in good agreement with CLEARFIELD'S data2 are not
retained. The chromatographic behavior on crystalline ZP of Na+ (Fig. ra) and Cs+
(Fig. rb) would suggest a good separation of these ions. However, when Na+ and Cs+
ions are both present in a mixture, a large fraction of Cs+ is retained together with
Na+ at the application point (Fig. rc). This result suggests that while Cs+ ion is
negligibly retained by crystalline ZP in H + form, it can be retained by the Na+ form
of the exchanger, probably owing to the characteristic layer-structure of crystalline
ZP5. Batch experiments carried out in this laboratory3 showed that it is possible to
convert even the crystalline ZP into the Cs+ form by percolating 0.1 M CsCl over the
Na+ form of the exchanger. Thus, crystalline ZP seems to be of little use in the
separation of alkali metal ions or other inorganic ions.

Attention was then mainly devoted to crystalline TP, since preliminary ex-
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NOTES

Gel permeation properties of decrystallized cotton cellulose

139

Cotton cellulose, decrystallized by ball milling!, has been found to have gel
permeation properties comparable to those of the most highly crosslinked dextran
and polyacrylamide gels2 . It is permeable to compounds of molecular weights below
approximately 1500, and measurements of the retention of known compounds in
this range are being used to obtain information regarding the structure of the amor
phous polymer gel. The lower part of the range, below circa 700 molecular weight,
has been explored with sugars that can be determined quantitatively from polariza
tions of fractions of the column eluate measured by the sensitive ETL-NPL auto
matic polarimeter*. Partial separation of two sugars may be detected readily by
pairing a dextrorotatory sugar of high molecular weight, such as raffinose or stachyose,
with either fructose or erythrose, which are levorotatory. Elution in the order of
decreasing molecular weights is evident from the dextrorotations of the initial
fractions collected, followed by levorotatory fractions containing a preponderance
of the lower molecular weight sugar. Dependence of retention by the cellulose upon
molecular weight was determined by experiments with individual sugars, for which
the peak elution volumes were found to be inversely proportional to their molecular
weights.

Relative elution volumes have been determined individually for the following
sugars: erythrose (mol. wt. 120), fructose (mol. wt. 180), maltose monohydrate (mol.
wt. 360), raffinose pentahydrate (mol. wt. 594), and stachyose tetrahydrate (mol. wt.
738). Measurements for each of the five sugars were made on comparable columns
containing unmodified, decrystallized cellulose, and a sample of the same material
that had been crosslinked to 5.2 % CH 20 content, by treatment with formaldehyde3•

The effect of crosslinking was similar to that produced in other gels, the limit of
permeability being reduced. Relative retentions do not differ sufficiently to make
these materials efficient for separating sugars, but the results obtained with these
columns, eluted at very slow rates of flow permitting local equilibrium to be appro
ached closely, are of general interest in regard to the mechanism of separations
effected by other gels having similar properties.

Experimental details will be described elsewhere4 and only those results
pertinent generally to techniques of gel permeation chromatography are reported
here. The volumes characterizing each column, and the elution volumes of each
of the five sugars on the unmodified cellulose and on the crosslinked cellulose column
are assembled in Table 1. These characteristic column volumes are defined as: V t ,

total v<t>lume of column; Vo, void volume measured by the peak elution volume of
blue de~tran, mol. wt. ell. 2' 106 ; Vs, volume occupied by dry solid, estimated from
its weight and density; Vr, total internal volume, or regain, obtained by difference
V t - (VO + V s); and Vi, effective internal solvent volume determined by extrapo
lation of the curves of Fig. 1. The density of the solid was assumed to be 1.59, the
theoretical value calculated from the unit-cell dimensions of crystalline cellulose5•

Densities of the amorphous materials probably are slightly lower, and that of cross-

* ETL-NPL Automatic Polarimeter, Type 143A, manufactured by Bendix-Ericcson, U.K.,
Ltd., distributed in U.S. by Bendix Corp., Cincinnati Div., Cincinnati, Ohio. Mention of a com
pany and/or product 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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linear relationship to molecular weight is approximated closely, if molecular weights
are taken to be those of the characteristic stable crystalline hydrates of the dextrorota
tory sugars, maltose' I H 20, raffinose· 5 H 20, and stachyose' 4 H 20. Experiments with
compounds of higher molecular weight will be necessary to determine whether linearity
holds up to the limit of permeability; if extrapolation is justified, this limit is indicated
to be 'approximately molecular weight I750 for the unmodified cellulose, and approxi
mately 1400 for the crosslinked sample. Extrapolation of these lines to their intercepts
with the ordinate appears to provide the soundest basis for estimating the correct
effective internal volumes of the columns. The total internal volumes, Vr, given in
Table, I are seen to be considerably larger than those obtained from Fig. I byextra
polation of curves I and 2. Binding of part of the total internal water by hydrophilic
gel materials, which reduces the effective internal solvent volume, is known to occur6.

Bound and free water have been distinguished in completely swollen amorphous
regions of cotton fiber7 • In the unmodified cellulose sample, approximately 53 % of
the internal water appears to be bound. Substitution of hydroxyl groups by reaction
with formaldehyde in the treated sample makes this material less hydrophilic, and
only 38 % of the total water is bound, resulting in a larger effective internal solvent
volume, Vi, for this column.

Solvent flow rates of only LO-L5 mljh/cm2 were used in developing these
columns. Rates above 4 ml/h/cm2 were not possible because of the high resistance to
flow df the finely divided cellulose. Chromatography of macromolecules on gel
columms that can be eluted at relatively high flow rates has given excellent correl
ationsof elution volumes with the logarithm of molecular weight in many cases8.

Conditions are such that local equilibrium is never attained, and probably is not
appro3Jched closely; the extent of permeation of the internal solvent volume depends
largely upon the relative rates of diffusion of the solutes. Deviations from the logarith
mic relationship have been reported, and may be accounted for by intermediate
rate conditions under which permeation is controlled by partial equilibration as well
as diffusion. MORRIS9 found the logarithmic relationship to hold for a number of
proteins on a column of Sephadex G-200, but results for the same proteins showed a
deviation therefrom on a column of G-IOO gel operated at the same flow rate, evi
dently because equilibrium could be approached more closely in the G-IOO gel which
is less permeable to molecules of a given size.

ACKERS10 determined the distribution coefficients for a number of proteins,
both in columns eluted by the usual procedures, and by equilibration of their solu
tions with the gels Sephadex G-75, G-IOO and G-200. The coefficients, kd, were
calculated as (Ve - Vol/Vi, in which the internal volume, Vi, was taken to be the
elution volume of tritrium water (THO). Tritium is known to exchange readily
with bound water and with hydrogens of the hydroxyl groups in cellulose, and un
doubted1y exchanges with that in dextran also, resulting in a value at least equal to
that of the total internal water'rather than the effective internal solvent volume.
Results of ACKERS' equilibrium measurements for four proteins with Sephadex G-75

are plotted as curve 3 of Fig. I, showing a linear dependence of distribution coeffi
cient on molecular weight which, by extrapolation, yields a value for the effective in
ternal volume much smaller than that which he obtained with THO. Equilibrium
measurements of distribution coefficients of a group of proteins with Sephadex
G-200 deviated widely from those obtained by elution of the proteins from a column of
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Fig. 1. Schaltschema. Ais Vorratsgefasse wurden normale Infusionsflaschen verwendet, die mit
handelsiiblichen Infusionsbestecken an das Sammelrohr angeschlossen wurden.
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rer Vorratsgefasse.
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Laboratory Handbook of Chromatographic Methods, by O. MIKES, Van Nostrand,
London, 1966,434 pp., price 75s.

The book is a rewritten edition of the original Czech which first appeared in
1961. It is perhaps the best attempt in recent years to write a text dealing with all
chromClJtographic methods without specialising in biochemistry or another field. The
chaptens are written by experts and deal with the following: (I) Fundamental types
of chromatography; (2) partition chromatography; (3) adsorption chromatography;
(4) thin-layer chromatography; (5) ion exchange chromatography; (6) gel filtration;
(7) mechanisation and automation of column chromatography; (8) electrophoretic
methods of separation; (9) gas chromatography.

It may strike the reader that some chapters deal with a mechanism and others
with a technique, however the reviewer agrees that these are the best divisions in
which all aspects of chromatography can be treated correctly. Naturally there is much
emphasis on some and little on other methods (e.g. ion exchange papers). The sections
dealing with applications are almost always sketchy, citing only typical examples, and
in some cases (for example immunoelectrophoresis) only an obscure Czech paper is cited
when reference to the standard texts would be indicated. On the whole, however, all
separation methods receive a mention. The reviewer would recommend it rather as a
textbook than as a handbook, and rather to the general analyst or the student than to
the chromatographer.

MICHAEL LEDERER (Rome)

Thin-Layer Chromatography, par K. RANDERATH, 2eme edition, Academic Press, New
York et Londres, 1966, xiv + 285 pp., prix U.S. $ 9.50.

La premiere edition du livre de RANDERATH, parue en 1963, a connu en France
un SUGces certain, dfr en grande partie a l'existence de la traduction en langue anglaise.

La seconde edition (1966) represente une augmentation de volume de 14 % par
rapport a l'edition originale. Ce nouvel rapport n'est qu'un reflet de l'accumulation
considerable des publications en ce domaine entre 1963 et 1966. L'auteur a su con
serveI' a l'ouvrage son abOI'd facile, et ses aspects pratiques. Ce livre est a la fois une
source reelle de renseignements, et un instrument de travail.

Apres une introduction technique qui utilise environ Ie tiers de l'ouvrage,
l'auteur decrit l'application de la chromatographie sur couche mince aux principales
familles de substances naturelles, ainsi qu'a quelques composes non naturels: a1ca
loides, acides amines, sucres, steroides, lipides, pigments, vitamines, produits me
dicaux, insecticides, colorants, etc. La derniere partie, consacree a la separation des
ions mineraux, parait considerablement abregee (4 pages).

M. BARBIER (Paris)
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Gas Cromatografia, by MARCO TARAMASSO, Franco Angeli Editore, Milan, 1966, 187
pp., price Lit 4000.

This is the first Italian book covering this interesting subject. The author is well
known for his research work on gas chromatography, especially on preparative tech
niques.

This book deals with all the more important aspects of gas chromatography. The
theory is developed in a very simple way, yet includes all fundamentals and definitions.
Preparation of both packed and capillary columns is described in detail, and the more
common types of detectors are described, with various illustrations.

All the qualitative and quantitative techniques of analysis are discussed with
many selected examples and applications. Many useful suggestions are given for the
appropriate choice of the columns and the different working conditions.

The book will be a practical guide for everybody using gas chromatography as
an analytical tool or for research. Many references and useful tables complete this
valuable text.

G. P. CARTONI (Rome)

Gas Chromatographic Retention Data, by W. O. McREYNOLDS, Preston Technical
Abstracts Co., Evanston, Ill., 1966,335 pp., price $ 25.00.

Zu den Hauptkriterien fUr die Identifikation von Substanzen gehort die Messung
der Retentionsgrossen in einem chromatographischen System. Das bedeutet aber
keinesfalls, dass das Problem der Retentionsdaten schon vollig gel6st ist, besonders in
Bezug auf die Reproduzierbarkeit. Bisher konnten die veroffentlichten Daten nur als
ein annaherndes Mass der Beweglichkeit einer Substanz in dem chromatographischen
System venvendet werden, eventuell als Leitfaden fur die Auswahl der experimentellen
Bedingungen. Ausser den in der Literatur veroffentlichten Daten existiert eine Publi
kation von J. S. LEWIS, der aus der Literatur die Retentionsdaten fUr etwa 2,000
Substanzen ausgesucht hat. Fur ihre Zusammenstellung hat er ein System benutzt,
das vom Gas Chromatography Subcommittee of the Tennessee Eastman Company
Analytical Committee entwickelt wurde, und zwar unter Verwendung von Lochkarten
des IBM-Systems zur Aufbewahrung der Daten. Fur die Beweglichkeit der Substanzen
benutzte er die relative Retention. Da es sich aber urn Daten ha.ndelte, die von ver
schiedenen Laboratorien veroffentlicht wurden, waren die Ergebnisse nicht genau
vergleichbar.

Die besten Resultate in Bezug auf die Ausnutzung fUr die Identifikation wurden
bisher dann erzielt, wenn die veroffentlichten Daten auf einer Arbeitsstelle gewonnen
wurden. Eine diesbezugliche Arbeit wurde von McREYNOLDS durchgefuhrt, der fUr
etwa 350 ausgesuchte Stoffe die Retentionsdaten auf 77 stationa.ren Phasen festge
stellt hat. Fur die Messung der Daten konstruierte der Author ein spezielles Gerat, das
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eine simultane Chromatographie der Probe auf 12 Kolonnen mit verschiedenen
stat.ionaren Phasen ermoglicht; das Gerat wurde mit einem Detektor-block mit. 12
Detektoren versehen unter Anwendung von einem 12-Kanal-Registrierungsgerat.
McREYNOLDS arbeitete an jeder stationaren Phase bei zwei Temperaturen (meistens
20° oder 40° voneinander entfernt) in einer Temperaturspanne von 80-160°. Die
Daten wurden als spezifische Retentionsvolumina Vg und weiter in der Form von
KovATS Retentionsindices I ausgedrlickt, die aber indirekt aus Retentionsvolumina
errechnet wurden. Die Angaben sind in dem vorliegenden Buch je nach der sta
tionaren Phase flir die meisten Substanzen eingeordnet, und zwar in solcher Weise,
dass in der ersten Halfte bei den einzelnen stationaren Phasen die Substanzen nach
den Funktionsgruppen und nach steigernden Molekulargewicht eingereiht sind, wobei
in der zweiten Halfte die Einreihung nach steigernden Retentionsvolumina folgt.
Dieses System ermoglicht relativ schnelle Identifikation einer unbekannten Bande
(unter Votaussetzung, dass es sich urn eine Substanz handelt, flir welche die Reten
tionsdaten vorhanden sind), und weiterhin eine schnelle Auffindung der optimalen
experimentellen Bedingungen flir die bekannte zu analysierende Substanzen.

Man konnte gewiss mit dem Author liber aIle gewahlten experimentellen Be
dingungen diskutieren, liber die Auswahl des Tragermaterials (es wurde Celite 545
gewahlt, bei den meisten stationaren Phasen mit Zugabe von Polytergent J-300),
iiber die Auswahl der stationaren Phasen usw. Meiner Ansicht nach dient jedoch die
Auswahl von womoglich einfachen Bedingungen mit einer geringen Anzahl von
Varianten dem ganzen Problem der chromatographischen Daten nur zum Nutzen. Ich
wiirde sogar fUr geeigneter halten die Anzahl von stationaren Phasen zu reduzieren
und lieber die Anzahl der Stoffe zu erhohen, fiir welche die chromatographischen
Daten veroffentlicht wurden. Es bliebe zu wiinschen iibrig, dass der Author diese
Arbeit mit einer weiteren Gruppe von Substanzen fortsetzen wiirde.

K. MACEK (Prag)

Liquid Chromatography Handbook, Phoenix Precision Instrument Company, Phila
delphia, Pa., 1966, price $ 10.

This is not a handbook nor does it deal with liquid chromatography, but the
instructions for operating the Phoenix automatic amino acid analyser. As such it is
well-prepared with all technical details and numerous clinical examples. For the
price of $ 10 one expects, though, a book and not 60 odd pages in a loose leaf holder
dealing with only one apparatus.

MICHAEL LEDERER (Rome)
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Guide to the Analysis of Pesticide Residues, by H. P. BURCHFIELD AND DONALD E.
JOHNSON, with the assistance of ELEANOR E. STORRS, Superintendant of Docu
ments, U.S. Government Printing Office, Washington, D.C., 1966, price $12.75
in set of 2 vols. only.

The two manuals were compiled to provide standardized methods for the U.S.
Public Health Service. The authors have been quite successful in accomplishing this
objective.

Multidetection and specific methods capable of ana.lyzing a large number of
diverse biological extracts such as those of soil, water, plant and animal tissues are
presented in detail for many pesticide residues. This guide, assembled in sections,
outlines and discusses the intricacies of sample preparation, extraction and clean-up
techniques, determinative procedures, status of the method, quantitative measure
ment, and identification of residues. Laboratory equipment, organization and protocol
are discussed also.

In addition, a list of pesticides and their properties, the composition. of a typical
diet and the fat and water content of several foods is included.

The organization of material has been given considerable attention by the
authors. Each section is divided into sub-sections and within each sub-section there is a
further division according to the subject matter. Comprehensive index and subject
coding provide ready access to the desired material. An additional feature makes it
possible to extract and assemble loose leaf pages on a particular subj ect into a separate,
working notebook.

Information is meagre or non-existent in certain areas, such as air analysis,
bioassay techniques and the sources, handling, storage conditions, stability, etc. of
pesticide reference standards. The omissions are not the fault of the authors but are
due to the lack of research and published information.

These manuals co-ordinate information on selected methods, and focus atten
tion on their adequacy and limitations. Many of the methods have not been fully
evaluated for the types of samples specified, nor can they be considered applicable
to other similar types of samples. The analyst is cautioned to satisfy himself, by critical
evaluation of the methods in his laboratory, that reliable analytical data will be
obtained. In general, the compilation of information is such that those areas which
require intensive research effort on method development are easily recognized.

H. McLEOD (Ottawa)

Research on Steroids, Transactions of the Second Meeting of the International Study
Group for Steroid Hormones, edited by C. CASSANO, published by 11 Pensiero
Scientifico, Rome, 1966, 553 pp.

The Proceedings of the meeting, including a verbatim report of all discussions,
cover 534 pages. Obviously only a fraction of all the reported materia.l can be men-
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tioned by the reviewer. There were three main topics on the agenda: Estrogens in
Pregnancy (120 pages), Methodology in Steroid Estimation (210 pages) and Steroidal
Antifertility Agents (Round-Table Conference) (202 pages). For topics I and 2 four
main lecturers had been appointed, communications related to the subject followed
each main lecture. BAULIEU lectured on the mechanism of action of estradiol,
FRANDSEN on the site of production of oestrogenic hormones in pregnancy, DIcz
FALUSY AND BENAGAINO on oestriol metabolism in midpregnancy and KLOPPER on
the assay of urinary oestriol as a measure of placental function. Rapid methods for
oestriol determinations in urine or plasma really seem to represent a fundamental
contribution in the assessment of the functional state of the foeto-placental unit,
and therefore are a big advancement in the otherwise scanty laboratory means for
diagnosis in obstetrics.

In the course of the day dedicated to methodology, HORNING AND GARDINER
lectured on the estimation of human steroids by gas-liquid chromatographic methods,
GALLETTI on the identification and estimation of urinary metabolites of gonadal
steroids by thin-layer chromatography, DE HERTOGH on isotopic methods in the
study of steroid hormone metabolism in vivo, and DUVIVIER on the methodology of
corticosteroid biosynthesis (a review). Quite a number of communications dealt
with the assay of testosterone in urine or blood plasma, which only shows how much
interest and work is dedicated at present to the solution of the problems concerning
the role of testosterone in the physiology and pathology of the human female.

Apart from the foreword and opening and closing remarks, 30 speakers con
tributed to the topic "Steroidal antifertility agents". Rather than a Round-Table
the meeting had the character of a symposium. Only 7 papers were concerned with
the mechanism of action of compounds used as oral contraceptives. The rest dis
cussed the effect of these compounds on the ovary, on the adrenal cortex function,
on the menstrual cycle, on the urinary levels of testosterone, on vaginal cytology,
on the endometrium, on the liver function, on the thyroid, and on blood coagulation,
etc. One communication dealt with fertility after stopping oral medication and with
the health of children born to these mothers. The last IS pages of the book contain
an appendix, prepared by A. ERCOLI, which is a very complete and useful "List of
Antifertility Steroids and their Combinations", and of great value for reference
purposes.

The editor is to be complimented for having brought out these Proceedings
just a few months after the meeting. The field of endocrinology moves so fast that
what is said today is very often old tomorrow. In this case what was said at the Rome
Meeting reaches the reader in record time. Some of the reports bring new data, some
summarize or review not too well-known subjects, some just critically analyze
known facts as happens at every other meeting of this kind. The reader will pick and
choose the details or the information he is interested in, and will be pleased to find
most information up to date to the end of 1965.

G. HECHT-LuCARI (Darmstadt)
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Handbook of Physical Constants, revised edition, edited by SYDNEY P. CLARK, Jr.,
Memoir 97, Geological Society of America, New York, 1966, pp. 587, price
U.S. $ 8.75.

The appearance of the revised edition after almost a quarter-century must be
very welcome to many "earth" scientists. The twenty-seven sections bring together an
extremely valuable body of up-to-date data on the physical constants of "earth"
materials. The contribution of the editor in this achievement is noteworthy. The
preponderance of North American data in some sections is understandable but will be
regretted by scientists of other continents. Pseudoviscous flow and secondary flow
(p. 227) are not synonymous. More data on igneous and sedimentary rocks are needed
before the first sentence on p. 235 becomes convincing. The glide plane 0112 for calcite
is omitted (p. 241). Data on rock mechanics without reference to B. SANDER and on
magnetic properties without reference to E. IRVING seem to lack some authority.
Properties such as reflectivity, micro-hardness and some "engineering properties" are
omissions worth mentioning for consideration in the next edition. The binding, paper
and print are well up to the usual high standards of American publishing. The Society,
the contributors to its Memoir Fund, the editor and his contributors have rendered a
great service to "earth" scientists.

ARTHUR S. RITCHIE (Newcastle, Australia)

Whatman Technical Bulletin C4, "Paper Chromedia", H. Reeve Angel & Co. Ltd.,
London, 1965, 51 pp.

Simultaneously with the phenomenal expansion of thin-layer chromatography,
paper chromatography has developed in various directions, and some new techniques
have perhaps not received the attention due to them (for example see the possibilities
of silica gel impregnated paper, G. V. MARINETTI, in A. T. JAMES AND L. J. MORRIS
(Editors), New Biochemical Separations, Van Nostrand, London, 1964, pp. 339--377).

The Whatman Technical Bulletin C4, which gives a good discussion of the
modified papers produced by Whatman, will thus prove interesting reading for chem
ists who have to work out new separations.

The following papers are discussed: Silicone treated papers (14 references);
adsorbent loaded papers, silica gel and aluminium hydroxide (18 references); glass
fibre papers, there are now three qualities (23 references); ion exchange celluloses (68
references). These are not complete bibliographies, but the scope of each of the pro
ducts is clearly illustrated.

M. LEDERER (Rome)
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A Course of Lectures on Chromatography (Ciclo di Seminari sulla Cromatografia) ,
organised at the Istituto Superiore di SanitiL, Rome, April 5th to June 3rd,
1965.

This course of eight postgraduate lectures has now appeared as a special issue of
the "Annali dell' Istituto Superiore di Sanitit, Vol. II, fascicolo speziale I, 1966".

It contains summaries only of the lectures by A. LIBERTI and J. JANAK and the
complete texts of the following lectures:

K. SAKODINSKY-Gas cromatografia preparativa (in Italian)
K.MAcEK-Identifizierung von Substanzen mittels Papier- und Diinnschicht

chromatographie (in German)
M. LEDERER-Ion exchange paper chromatography of inorganic ions (in

English)
G. VlvALDI-Separazione cromatografica su colonna di proteine eterogenee (in

Italian)
L. TENToRI-La determinazione quantitativa dei dinitrofenil-derivati degli

amminoacidi mediante cromatografia automatica su colonna di gel di silice (in Italian)
G. B. MARINI-BETTOLO-Applicazioni biochimiche della cromatografia su gel di

destrano
Although only a limited number of topics is treated in these lectures it is the

first attempt to review the progress in chromatography for Italian readers. All
lectures are well documented and illustrated and will interest both analysts and
biochemists.

Vortrage des V. Symposiums uber Gas Chromatographie in Berlin, Mai I96S, heraus
gegeben von H. G. STRUPPE AND D. OBST, Akademie Verlag G.m.b.H., Berlin,
1965,606 pp., Nachtrag 141 pp.

The main volume of the symposium contains 43 papers and the "Nachtrag"
another 10. There is a preponderance of contributions from Eastern countries but
most authors' names usually figure also on the lists of symposia held in Western
countries. Giving the titles of the papers here would only be duplication of the biblio
graphy section of this journal.

The book is an offset print of type-written manuscripts and bound in soft covers.
However the print is readily legible and the figures well reproduced. The reviewer asks
himself how well the many symposium volumes, such as the present one or those of the
Gas Chromatography Discussion Group, are really available in libraries, say five years
after their appearance, and how much is lost to many readers by not using scientific
journals for the publication of original work.
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ENRICHISSEMENT DES ISOTOPES D:U C E1' DU Ne. I.

vibration et de rotation de lamolecule qui sont sensiblement egales a l'etat gazeux et
a l'etat adsorbe dans Ie domaine de temperature,que l'on considere.

FOWLER a egalement propose des equations des isothermes d'adsorption d'un
melange de deux corps. Dans ce cas, si ces corps sont notes I et 2, les relations de
viennent:

Pl' F l
N PSI = N . ---------

1 + PI . Fl + P2 . F2

(12)

ou encore:

avec! = kTF.
Dans les equations ci-dessus, la courbure des isothermes resulte de la presence

des termes N pc-j au denominateur, presence qui traduit Ie fait que les sites deja
occupes n'interviennent pas dans la probabilite de capture d'une molecule gazeuse.
Dans Ie cas de deux molecules, on a ainsi Ie meme facteur au denominateur, soit:
1+ N PCI'!f +N PC2-j2' Ie nombre de sites occupes intervenant seul et non Ie type de
moleCUles Ie;; occupant.

On cOl'lsidere maintenant Ie cas de deux isotopes dont les isothermes ne sont pas
confondues, c'est-a-dire pour lesquelles!2 est different defl et on cherche a etablir une
relation simple liant les fonctionf it l'ecart relatif des constantes iJCjC.

Si on pose:

on deduit la relation suivante:

LlC C,2 - Cl h - fr M2 - M l 1
-- = ---- = --- = - 3/2 .--- - - (E2 - E l )
C C l fr M l kT

(14)

Ainsi la courbure des isothermes entralne une variation de la constante d'adsorption
avec la pression d'equilibre. La formule (10) montre en effet que la constante d'ad
sorption diminue quand la pression d'equilibre augmente. Mais pour un melange de
deux corps voisins, des isotopes par exemple, l'ecart relatif iJCjC reste constant
quelle que soit'la pression etegal al'ecart que l'on obtiendrait si les deux isothermes
etaient lineaires.

La formule (14) fait apparaftre deux termes dont Ie premier est negatif et Ie
second certainement positif. En effet. les energies d'adsorption E sont negatives, et
generalement les particules lourdes sont plus liees que les particules legeres.
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l'on veut etudier. Ainsi, tout se passe comme si deux dHecteurs etaient branches en
parallele a la sortie de la colonne chromatographique. On peut alors deceler des en
richissernents isotopiques qui echappent aux autres moyens de detection.

Chromatographe
Les chromatographes utilises ont He construits aux laboratoires de Chimie

Physique de la SNPA. L'introduction des echantillons dans la colonne se fait par une
vanne pneumatique adisque de distribution. La colonne est placee dans une enceinte
thermostatee et sa temperature est reglee entre - 80°C et 250°C. Enfin, un catharo
metre est branche ala sortie de la colonne en parallele avec Ie spectrometre de masse.
Le Mbit moyen de gaz vecteur est de l'ordre de I cm3/sec. On Ie mesure avec un
debitmette a film de savon.
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Fig. 4. Representation schematique des pics chromatographiques donnes par Ie spectrometre de
masse it co)ilecteur unique equipe d'un balayage cyclique magnetique.

Spectrometre de masse
On utilise deux spectrometres de masse commerciaux ATLAS CH 4 et C.S.F

SM 100. Tous les deux sont equipes de source d'ions dassique (type NIER).
L'ATLAS CH 4 travaille en double collection; Ie champ magnetique analyseur

est fixe de telle maniere que les faisceaux d'ions correspondants aux deux isotopes
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realise est reproduit sur la Fig. 5. Un commutateur de sensibilites permet de normaliser
les integrales des signaux A et B. Un convertisseur analogique-digital convertit a
chaque instant les signaux en nombre d'impulsions proportionnelaleurhauteur. Deux
tota]isateurs numeriques comptent les nombres totaux des impulsions qui represen
tent les integrales des pies chromatographiques. Chaque totalisateur est suivi d'un
convertisseur digital analogique. L'ensemble du dispositif est commande par une
logique dont les variables sont engendrees soit par les pies eux-memes, soit par un
signal de synchronisation a partir du courant magnetisant de balayage cyclique51 .

On trouve dans la litterature recente47 la description d'un montage voisin de
notre dispositif qui permet d'enregistrer Ie maximum de chaque pic isotopique. Toute
fois notre montage semble presenter l'avantage de la digitalisation des mesures qui
permet de resoudre facilement l'integration des pies et d'autre part celui d'un balayage
continu des masses etudiees qui evite Ie reglage delicat du spectrometre de masse au
maximum de chaque pic isotopique.

Dans la suite de cet expose, on appellera "montage differentiel" Ie dispositif
utilisant les deux collecteurs d'ions, et "montage integral" celui qui n'en utilise qu'un
seul.

Liaison entre Ie chromatographe et Ie spectrometre de masse
La sortie de la colonne chromatographique est au voisinage de la pression at

mospherique; Ie debit gazeux a cet endroit est de l'ordre du centimetre cube par
secoIilde. La source du spectrometre de masse fonctionne a une pression inferieure a
10-4 torr et Ie debit du gaz acette pression est de l'ordre de 103 cmJ/sec, c'est adire
10-4 cm3/sec a la pression atmospherique. Le dispositif qui relie Ie chromatographeau
spectrometre de masse doit proceder aune detente dans Ie rapport 107 et ne prelever,
en faJit qu'une fraction de l'ordre de 10-4 de flux gazeux de la colonne chromatographi
que. ,En dernier lieu, dans Ie type d'experience qu'on s'est propose de faire, il convient
que Ie systeme d'introduction n'apporte pas de perturbations dans les rapports
isotopiques.

Differents systemes ont ete proposes par des auteurs63- 67 • Le systeme original
que DOUS avons construit est represente schematiquement sur la Fig. 3. II comporte
essentiellement deux etages. Un premier capillaire metallique (L = I m, 0 = 0.2 mm)
est branche sur Ie chromatographe en amont du detecteur afils chauds. Il conduit une
fraction des effluents aune chambre de detente intermediaire ou debouche un capillaire
en verre (L = 30 mm, 0 = 0.01 mm) directement raccorde ala source. Un systeme de
pompage relie par nne fuite reglable a la chambre de detente intermediaire permet de
modifier la pression dans cette chambre et par suite de regler Ie debit des gaz qui
s'ecoulent dans Ie spectrometre de masse. La Fig. 6 donne Ie schema detaille de la
realisation de ce systeme d'introduction.

On a verifie que ce systeme d'introduction ne modifie pas la forme des pies, dont
la surface est une fonction lineaire du volume d'echantillon introduit dans la colonne
chromatographique50 • Enfin, Ie systeme n'introduit pas d'erreur dans la mesure des
ecartis des rapports isotopiques.

M esure du facteur d'enrichissement
La relation (4) exprimant Ie facteur d'enrichissement p peut se mettre sous les

deux; formes suivantes:
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Montage difJerentiel. Dans ce montage, represente sur la Fig. 7 les deux amplifi
cateurs associes aux collecteurs sont couples par l'intermediaire du potentiometre P et
de la resistance r'(M + r). A l'entree de l'arnplificateur Aon retranche au courant
I(M + I), la fraction:

r(M)

pr'(M+~

du couratlt I(M), d'on Ie signal de sortie LlV;

[
r(M) ]

LlV = r(M + r) P I(M) -I(M + r)
r'(M + r)

M M+I

M+I)lf~) r(M) r'CM+I) I'(M~(M+I) r<- -
B A

V(M) LlV

'"P ~

V(M) LlV

~ ~

If \
Fig. 7. Montage electronique differentiel.

On regIe P sur l'echantillon non enrichi de rapport isotopique Ro de rnaniere que LlV
soit nul. Dans 'ces conditions on a avec les notations precedernrnent definies;

I(M + r) r(M)
Ro = --;---- = p ----

I(M) r'(M + r)

On enregistre alors pour un echantillon enrichi;

LlV = r(M + r) [Ro ' I(M) - I(M + r)J
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Son principe est voisin de celui d'autres appareils mis au point par differents auteurs44 •

Au moyen d'une double vanne de recyclage pouvant prendre deux positions, on recycle
autant de fois qu'on Ie veut, un meme echantillon sur deux colonnes Cr et Cz (Fig. 8).
Selon, la position I, montree sur cette figure, l'echantillon gazeux va penetrer dans la
colonne Cz quand il sortira de la colonne Cr' Selon la position 2 de la vanne de re
cyclage, a la sortie de la colonne Cz, l'echantillon penetrera dans la colonne Cr'
L'originalite de l'appareil reside dans Ie fait que la double vanne de recyclage est
construite dans Ie meme bloc d'acier qui contient de plus Ie detecteur a fils chauds
intermediaires. Les deux vannes sont donc commutees ensemble. De plUS, les deux
detecteurs possedent des reglages de zero independants.

CONCL,USION

L'utilisation d'un spectrometre de masse comme detecteur d'une colonne de
chromatographie permet de suivre en continu Ie rapport isotopique Ie long d'un pic
chromatographique. On a utilise cette technique pour etudier l'enrichissement des
isotopes du carbone et du neon par chromatographie en phase gazeuse. Les resultats et
leur c<i>mparaison avec Ie modele propose sont decrits dans la Heme partie de ce
travaiL

L.a chromatographie de l'oxyde de carbone et du neon nous a permis d'obtenir
un enrichissement important des isotopes 12 et 13 du carbone et 20 et 22 du neon,
sans atteindre toutefois la separation complete, en une seule Hape.

Bour suivre la repartition des isotopes dans Ie pic chromatographique, on a
associe un spectrometre de masse aun chromatographe agaz. Le spectrometre fournit
en continudeux informations correspondant aux concentrations des deux isotopes
choisis.

A partir de ces informations, on definit une nouvelle grandeur qui caracterise
une experience de chromatographie isotopique. On montre que cette grandeur est Ie
produit du pouvoirde resolution qui caracterise l'efficacite analytique de la colonne et
de l'ecart relatif des constantes d'adsorption des deux isotopes.

SUMMARY

The chromatography of carbon monoxide and neon has enabled us to obtain a
considerable enrichment of the isotopes carbon-12 and 13 and neon-20 and 22 without
attaining a complete separation in one single stage.

In order to determine the distribution of the isotopes in the chromatographic
peak, a mass spectrometer is used in conjunction with the gas chromatograph. The
spectrometer gives continuous information concerning the concentrations of the two
isotopes.

As ,a result of this information, a new magnitude, p, the factor of enrichment, is
defined. This factor p is the product of the resolving power which characterises the
analytica~efficacy of the column and the relative difference of adsorption constants of
the two isotopes.
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ENRICHISSEMENT DES ISOTOPES DU CARBONE ET DU NEON PAR

CHROMATOGRAPHIE EN PHASE GAZEUSE. IIe PARTIE

CLAUDE BLANC, CHANH-TRUNG HUYNH ET LUCIEN ESPAGNO

Labora/oires de Chimie-Physique, Centre de Recherches SNPA, B.P. I27, 64-Pau (France)

(Reyu Ie 30 novembre 1966)

ENRICHISSEMENT DES ISOTOPES 12 ET 13 DU CARBONE

L'enrichissement des isotopes du carbone a ete obtenu par chromatographie de
l'oxyde de carbone sur tamis moleculaire SA. Celui-ci, fabrique par Union Carbide, est
reduit en poudre de granulometrie homogene, puis deshydrate a 200 0 sous courant
d'helium pendant IS h.

Mise en evidence de l'enrichissement isotopique
Les conditions chromatographiques sont les suivantes: colonne de longueur

3 metres, de diametre interieur 4 mm et remplie de tamis moIeculaire dont Ie:; grains
ont entre 0.35 mm et 0-42 mm; temperature 0°; volume d'echantillon 2 cm3 TPN,
debit de gaz vecteur (helium) I cm3/sec.

La Fig. I est la reproduction photographique de l'enregistrement simultane du
signal V(28) correspondant a la molecule 12(160 et de la quantite LlV = r(M + r)
[Ro[(28) - [(29)J ou [(28) et [(29) sont les courants d'ions correspondant aux masses

130mv

Fig. 1. Reproduction photographique d'un enregistrement simultane de V(28) et LlV.
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220

COMPUTER PROGRAM

T. H. GOUW, R. L. HINKINS, R. E. JENTOFT

The program is written in FORTRAN. It consists of a main program, a calibra
tion subprogram, a plotter subprogram, each having approximately 120 FORTRA~

statements, and several smaller function subprograms. The plotter subprogram uses
existing subroutines to make the Calcomp tape, and the calibra.tion subprogram uses
several curve-fitting routines, as different correlations between print number and
boiling point are tested. The separate subroutines will be discussed under the ap
propriate headings.

Fig. I shows the simplified flow diagram of the program. From the data
furnished, the IBM 7094 prepares a magnetic tape which monitors the output of the
plotter. This magnetic tape contains all the necessary instructions on how to plot the

No

Yes
No

Fig. I. Simulated distillation computer flow diagram.
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TABLE III

R. G. ACKMA~

APPLICATION OF FCL VALUES (TABLE II) TO THE CALCULATION OF ECL VALUES FOR MULTIPLE

BRANCHED FATTY ACIDS OBSERVED IN MARINE LIPIDS

Experimental data given at 1500 in Table 1.

3,7 ,II ,I5-Tetramethylhexadecanoate

Basic chain 16.00
FCL contribution C3 0.05
FCL contribution rn 7 0.23

FCL contribution w5 0.27

FCL contribution WI 0.51

Calculated ECL 17.06
Experimental ECL 17.02

2,6, Ia,I4- Tetramethylpcntadecanaate

Basic chain 15.00
FCL contribution C2 (-)0.19
FCL contribution m 6 0.22

FCL contribution ((,15 0.27
FCL contribution WI 0.51

Calculated EeL 15.81
Experimental EeL 1.').82

4,8, I 2-Trimethyltridecanoate

Basic chain
FCL contribution C4
FCL contribution w5
FCL contribution WI

Calculated ECL
Experimental ECL

13.00
0.36
0.27
0.5 1

14. 1 4
14. 1 4

3,7, I I -Trimethyldodecanoate

Basic chain
FCL contribution C 3
FCL contribution 015
FCL contribution WI

Calculated ECL
Experimental ECL

12.00
0.05
0.27
0 . .')1

12.83
12.87

since three multiple-branched acids were included28 . From the FCL values in Table II
the ECL values calculated for the multiple-branched fatty acids were found to be in
good agreement (Table IV) with the experimental ECL values obtained with f3-cyclo
dextrin acetate at 220°. This material is, however, of somewhat greater polarity with
respect to unsaturated materials. Another experimental log plot line drawn by trial
and error (with r I9 : 0 of 0.354 for methyl hexadecanoate) generated respective FCL
values of 0.04, 0.23, 0.38 and 0.61 for methyl 2-, 3-, 6- and 15-hexadecanoates. As
shown in Table IV this set of FCL values gave good agreement with experimental
ECL values determined on f3-CDX butyrate.

As a rough guide to the choice of log plot lines for generating FCL values from
the literature data (Table II) for use in a particular analysis, the reasonably accessible
WI (iso acid) FCL values may be used to establish a preliminary line. Thus, the typical
FCL value of 0.53 found for WI acids at 150° in marine oils (Table I) is very close to
that (0.51) inadvertently generated for Table II. The experimental f3-CDX acetate
FCL value of 0.55 is also fairly close to this value but the experimental f3-CDX
butyrate value of 0.65 differs considerably from these figures. The trial and error line
used to generate the FCL values for f3-CDX butyrate (Table IV) was in fact based on
the observation that the difference in the WI FCL values for the acetate FCL values
was 0.04.

The validity or accuracy of the FCL values given in Table II is not guaranteed
beyond the original data. As previously pointed out the 15-methyloctadecanoate
figure is an interpolation. Some reservations must also be held regarding the 16
methyloctadecanoate (w 2) FCL value of 0.62. As shown in Table I the WI and W 2 FCL
values obtained with authentic esters on the open-tubular BDS column at 150 0 were
consistent at respectively about 0.53 and 0.71. These figures are in good agreement with
typical values obtained from literature data25 of about 0.52 for WI and about 0.72
for W 2 on EGA at 197°. A survey of all available literature data gave respective

J. Chromatag., 28 (1967) 225-231





230 R. G. ACKMAN

makes retention times for small components unreliable. It is not known if this is true
of the widely used Apiezon substrates.

EXPERIMENTAL

The data inTableI were obtained withBDS columns (ISO ft. in length X 0.01 in.
LD.) in a Perkin-Elmer 226 gas chromatograph. Injection port temperature was 260°,
carrier gas helium at 40 p.s.i.g. A No.2 inlet splitter was employed. The marine oil
sample was obtained by hydrogenating the methyl esters of cod liver oil triglycericles.
Methyl esters of several authentic iso and anteiso fatty acids were found to coincide
with appropriate peaks, and homologues were identified by plotting procedures.
Authentic multiple-branched fatty acids were also co-chromatographed with pure
linear fatty acids. Column No. I was new, column No.2 had lost considerable efficiency
with prolonged usel8.

SUMMARY

The generation from literature data of fractional chain length (FCLl values for
single methyl substituents in esters of isomeric monomethyl-branched fatty acids is
described. The addition of FCL values to the basic chain length gives good agreement
between calculated and experimental equivalent chain length (ECL) values for esters
of several multiple-branched fatty acids of known structure and is used to verify the
structure tentatively assigned to another multiple-branched fatty acid ester.

NOTE ADDED IN PROOF

The tabulated retention data24 for Is-methyloctadecanoate are in error, but the
associated figure is correct33. The FCL value for an W 3 acid cm1 therefore be taken as
marginally greater than that for the W4 acid.
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M.D. G. OATES AND J. SCHRAGER
The Royal Albert Edward Infirmary, Wigan, Lanes. (Great Britain)

(Received October 3rd, 1966)

INTRODUCTION

Recent progress has been made in the application of gas-liquid chromatography
to the separation of carbohydrates and related polyhydroxy compounds. As these
materials, themselves, are not amenable to gas-liquid chromatography, efforts have
been made to convert them to sufficiently volatile derivatives which can be con
veniently prepared on a micro scale. At the present time there would seem to be little
doubt that the most satisfactory derivatives both from the point of view of per
formance and ease of preparation are the O-trimethylsilyl ethers of the carbohydrates.
A number of papers have appeared describing separations using these derivativesl - 4

and in the latter three cases quantitative results are cited for both neutral and amino
sugars. In our previous communication5 we described the separation and estimation of
the neutral monosaccharides found in hydrolysates of human gastric mucopoly
saccharides and saliva, and in this work the technique has been extended to include
quantitative data on the two amino sugars D-galactosamine and D-glucosamine
normally found in the above biological materials.

Materials
Pyridine (AnalaR grade; British Drug Houses Ltd., Poole, Dorset) was dried

overnight with BaO and distilled. The distillate was kept over CaH2 in an amber
coloured bottle.

Trimethylchlorosilane (reagent grade; Hopkin & Williams Ltd., Chadwell
Heath, Essex), hexamethyldisilazane (Koch-Light Laboratories Ltd., Colnbrook,
Bucks.), and ethyl chloroformate (reagent grade; British Drug Houses Ltd.) were
used directly. D-Galactitol, O(-D-glucose, O(-D-galactose, p-D-mannose, O(-L-fucose,
D-glucosamine and D-galactosamine (AnalaR or reagent grade; British Drug Houses
Ltd.) were chromatographically pure and used as supplied.

"De-Acidite" G (7-9 % crosslinking) 52-100 mesh or 100---200 mesh was treated
as follows. The resin was suspended in water, poured into a column and washed with
several column volumes of 2 M Na2CO a until chloride-free. Washing was continued
with water until carbonate-free. Dowex 50 W (X 12,200-400 mesh) was regenerated
with NaOH followed by HCI and water.

Pyeparation of N-carboethoxy D-glucosamine and N-carboethoxy D-galactosamine
D-Glucosamine hydrochloride or D-galactosamine hydrochloride (2 g) was
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dissolved in water (20 ml) and to the resulting solution was added ethyl chloroformate
(1 ml) and sodium bicarbonate (1.7 g). The reaction mixture was allowed to stand at
room temperature overnight. The product was deionized firstly by means of-an'
electrolytic desalter and then by columns of "De-acidite" G (7-9 % crosslinking,
52-100 mesh) and Dowex 50W (X 12, 200-400 mesh). The effluent from the columns
was finally freeze-dried to afford the N-carboethoxy amino sugars. Purification was
carried out by repeated recrystallisations from propan-l-ol for the D-glucosamine
derivative (m.p. 175°) and acetone for the D-galactosamine derivative (m.p. goO).

METHODS

Gas-liquid chromatography
The separations were obtained on a Pye Series 104 Chromatograph equipped

with a hydrogen flame detector, temperature programming unit and a Honeywell
Brown recorder. Column packings were prepared by coating Chromosorb G (AWDMCS,
80-100 mesh) (Johns-Manville Corp., New York), with a solution of Apiezon Land
neopentyl glycol adipate (Applied Science Laboratory Inc., State College, Conn.,
U.S.A.) in benzene to give a final concentration of 2 % (w/w) and 4 % (w/w) respec
tively, in the final dried packing.

The usual Pye (5 ft. X 3/32 in. LD.) coiled glass columns were packed with the
above material by means of a vacuum applied to the end of the columns, while adding
the packing at the other end with simultaneous vibration. Columns were finally
conditioned by heating to 245 ° for 48 h with a nitrogen flow of 100 ml/min and then
for a further 24 h at 210° with the same flow rate.

The separations obtained in this report were generally achieved under the
following conditions:

Nitrogen carrier gas flow rate 40-45 ml/min; linear temperature programming
at 1.5°/min from an initial temperature of 130° to a final temperature of 210°.

Detector conditions: hydrogen flow rate 40-45 ml/min, air flow rate 500 ml/min
approx., detector voltage, 45 V.

The amplifier was generally set to an attenuation of 1 X 103 and the chart
speed at 10 in/h.

The stainless steel injection port supplied with the Pye 104 series Chromatograph
can only be used to inject liquid samples on to the column. However, widening out the
narrow hole in the port to one 5/32 in. diameter rendered it very suitable for the solid
injection of small glass tubes (1 cm X 0-4 cm) containing plugs of glass wool. The
products of the silylation reaction were injected directly on to these glass wool plugs
and the volatile solvents rapidly removed by means of a stream of nitrogen. A few
minutes later the glass tube was dropped into the top of the column after shutting off
the carrier gas and removing the screw cap and septum from the injection port.
Immediately following addition, the septum and cap were replaced and the carrier gas
supply turned on. At the end of each run the glass tube was removed from the column
by means of a piece of thin wire inserted into the glass wool plug. Peak areas were
measured by multiplying the peak height by the width of the peak at half its height.

Hydrolysis of the mucopolysaccharides and preparation of the trimethylsilyl derivatives
The mucopolysaccharide solutions or suspensions were hydrolysed by rendering

them 0.3 N, 0.5 Nand 2 N with appropriate amounts of conc. HCl. Usually 5-10 ml
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of the material was taken for analysis and the acidified product hydrolysed in a
Z5 ml screw~capped bottle at 100° for 16 h (overnight). After cooling, a suitable
amount of the internal standard (D-galactitol) .based on the original volume of
mucopolysaccharide solution was added to the material in the screw-capped bottle
and the bottle washed out with an equal volume of water in the case of the 0.3 N
and 0.5 N hydrolysates, but with five times its volume of water for the z N hydroly
sates. These solutions were now deacidified by passing down small columns (1 em X

8 cm) of "De-acidite" G (7-9 % crosslinking 5z-100 mesh), the first 4 ml of eluent
being rejected and the next 5 ml being collected in a test tube. Occasionally as con
siderable quantities of CO 2 were liberated during the passage of the hydrolysate down
the columns it was sometimes found advantageous to disturb the resin from time to
time with a piece of wire to dislodge gas locks. A column of the above size could cater
for about IS ml of 0.3 N HCl hydrolysate, and the pH of the eluent was normally
between 6.0 and 7.0. Five millilitres of the eluent from the "De-addite" G column
were now treated with 0.3 ml of a freshly prepared saturated solution of NaHC03

followed by 0.OZ5 ml (z drops) of ethyl chloroformate; the tube was immediately
corked, shaken vigorously and allowed to stand at room temperature for about I h.
The product was deionized by passing down a small column (r cm diam.) conta.ining a
layer of "De-acidite" G (7-9 % crosslinking, 100-ZOO mesh) (z cm height), over which
was carefully laid a layer of Dowex SoW (X IZ, zo0-400 mesh) H+ form (z cm height).
The first z.5 ml of eluate was rejected and the next Z ml collected and pipetted into a
flat bottomed phial (zo ml) equipped with a well-fitting polythene stopper. The
aqueous solution of sugars and N-carboethoxylated amino sugars so obtained was
evaporated to dryness in a vacuum desiccator over NaOH pellets, and finally silylated
with the pyridine-silanes reagent (0-4 ml). This amount of reagent was found to give a
maximum yield for up to at least 8 mg of carbohydrate material. The reaction mixture
so obtained was allowed to stand at room temperature for about 30 min, this being
ample time for complete reaction, although samples could be left much longer without
any appreciable diminution of peak areas. A 10 fJol Hamilton syringe was used to
inject a suitable amount (usually 5-Z0 fJol) on to the glass plug for chromatography.

The pyridine-silanes reagent was prepared by taking the dried pyridine (ro ml)
and adding to it hexamethyldisilazane (3 ml) and trimethylchlorosilane (z ml). The
container was stoppered immediately and the liquid swirled gently. This reagent gave
satisfactory results for up to at least 3 days, standing at room temperature.

The assay for fucose by the thioglycollic acid technique6 was carried out on
samples of eluates from the "De-acidite" G columns. The determination of total
hexosamine by the Elson-Morgan technique modified by BOAS7 was also carried out on
these eluates. These samples were also used for the determination of D-glucosamine and
D-galactosamine carried out on the Technicon automatic a.mino acid analyser (Tech
nicon Instrument Co. Ltd., Chertsey, Surrey), with the usual buffer conditions fora
zo-hour chromatogram.

RESULTS

Preparation of N-carboethoxy D-glucosamine, N-carboethoxy D-galactosamine and their
respective trimethylsilyl ethers for chromatography

In this series of experiments, D-galac1:itol was used to follow the N-carbo-
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ethoxylation of the two amino sugars in order to determine the optimum reaction
conditions for quantitative yields. Standard solutions of the two amino sugars and
D-galactitol were prepared by dissolving suitable weighed amounts in water. Aliquots
(5ml)of these standards were taken and reacted with quantities of saturated sodium
bicarbonate solution, varying between 0 and 0-4 ml, while the ethyl chloroformate was
varied between 0.oImL....o.04 ml. It was found that except.where sodium bicarbonate
was absent, the peak areas obtained on subsequent gas-liquid chromatography were
not affected within the above limits of the reagents. The reaction time in all cases was
one hour at room temperature. In view of the above results, it was decided to use the
middle of the range for further experiments, i.e. 0.3 ml sodium bicarbonate solution
and 0.Gl25 ml ethyl chloroformate. Investigations into the reaction time were now
carried'out using the above quantities of reagents, and 5 ml of the standard solution.
These results are shown in Table 1. It will be seen that the N-carboethoxylation was
complete for both amino sugars within IS min, and that the reaction conditions had
no deleterious effect on the glucose present, even in the final experiment, which was
heated to 80°. In view of these results, one hour at room temperature was generally
employed for the reaction.

TABLE L

THE REACTION OF D-GLUCOSAMINE AND D-GALACTOSAMINE WITH ETHYL CHLOROFORMATE IN THE

PRESENCE, OF SODIUM BICARBONATE

A solution (5 ml) containing D-glucose, D-galactitol, D-glucosamine (I mM/I) and D-galactosamine
(0.5 mM/i) was treated with saturated NaHCOa (0.3 ml) and CI·COOEt (0,025 ml). After the
appropriate reaction time, the mixture was treated with ion exchange resin as described in the
text, and (finally silylated (5 f.ll taken for analysis). Amount recovered in respect to D-galactitol.

Reaction time D-Glucose D-Glucosamine D-Galactosamine
(min) (mM/I) (mM/I) (mM/I)

15 0·95 1.01 0.5 1
30 0·95 0.98 0.50
60 0·99 0·95 0.48
90 0.98 1.0 3 0.52
90 + 15 at 80° 0.96 0·99 0.50

Mean values 0·97 0·99 0.50

The reactivity of the N-carboethoxy amino sugars with the pyridine-silanes
reagent was compared to a typical hexose D"glucose and also with the internal
standard D~galactitol.Known weights of the above compounds were dissolved in water
and evaporated in the usual manner in a vacuum desiccator. The product was
silylated as usual with 0.4 ml reagent, and 5 ,..,,1 analysed by gas-liquid chromato
graphy at "arying time intervals. The areas of the various peaks for the anomers of
each sugar Were added together, and plotted against the silylation times as shown in
Fig.!. It wm be seen that all the components react at approximately the same rate
and that the reaction is complete within 10 min.

Anomerisation of N-carboethoxy D-glucosamine and N-carboethoxy D-galactosamine
When samples of the recrystallised N-carboethoxy amino sugars were reacted

with the pyFidine-silanes reagent, only one major peak was obtained for each sugar.
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However, when these derivatives were prepared in the usual manner from the amino
sugars, evaporated and the residue treated with the pyridine-silanes reagent, a
second peak with a longer retention time appeared in addition to the original peak,
for both sugars. This was considered to be derived from the other anomer of each
respective N-carboethoxy amino sugar. For quantitation the area.<; of both peaks were
added together. No attempt was made to correlate each peak to its respective anome-ric
form (<x or (3).
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Fig. 1. The reactivity of the N-carboethoxy derivatives of D-glucosamine and D-galactosamine with
the pyridine-silanes reagent. A solution (2 ml) containing D-glucose, D-galactitol, N-carboethoxy
D-glucosamine (I mM/I) and N-carboethoxy D-galactosamine (0.5 mM/I) was evaporated and the
residue silylated in the usual manner with reagent (0.4 ml). 5 pI was taken for analysis. (.... ) D
galactitol; (_) D-glucose; (e) N-carboethoxy D-glucosamine; (0) N-carboethoxy D-galactosa
mine.

Quantitation of the pure monosaccharides
Due to the anomerisation of the various sugars in water, subsequent chromato

graphy gave two or more peaks from each monosaccharide5. The retention times for a
mixture of L-fucose, D-galactose, D-mannose, D-glucose, N-carboethoxy D-glucosamine,
"N-carboethoxy D-galactosamine and the internal standard D-galactitol obtained by
evaporating an aqueous equilibrium solution are shown in Fig. 2. The elution order
was as follows: y-fucose, <x-fucose, f3-fucose, <X-mannose, y-galactose, <X-galactose,
D-galactitol, <x-glucose, f3-mannose and f3-galactose together, f3-glucose, N-carboethoxy
galactosamine (rst peak), N-carboethoxy glucosamine (1st peak), N-carboethoxy
galactosamine (2nd peak), and finally N-carboethoxy glucosamine (2nd peak}. It will
be seen that under these conditions the f3-mannose and I~-galactose peaks failed to
separate, so that it became necessary to find the relationship of the f3-anomer of
D-mannose to its <X-anomer. This was determined by preparing a solution of all the
sugars with the exception of D-galactose and carrying out the analytical technique
including rendering the mixture 0.3 Nand 0.5 N with respect to hydrochloric acid.
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Fig. 2. Gas-liquid chromatography of an aqueous equilibrium mixture of the trimethylsilyl
derivatives of D-galactose, D-glucose, D-mannose, L-fucose, N-carboethoxy D-glucosamine and
N-carboethoxy D-galactosamine on Apiezon L + neopentyl glycol adipate polyester, with 40 ml
N 2jmin and linear temperature programming at I.5°jmin. The following are the assignments given
to the various peaks in order of increasing retention times: I = y-fucose; 2 = a-fucose; 3 = fJ
fucose; 4 = a-mannose; 5 = y-galactose; 6 = a-galactose; 7 = galactitol (std.); 8 = a-glucose;
9 and 10 = fJ-mannose and fJ-galactose; II = fJ-glucose; 12 and 14 = N-carboethoxy galactosa
mine; 13 and 15 = N-carboethoxy glucosamine.
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Fig. 3. Proportionality of the gas chromatographic response in terms of peak area to the quantity
<>f N-carboethoxy D-glucosamine silylated for analysis.
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Under these conditions it was found that the a-anorner varied between 68-70 % and
the fi-anomer between 32-30 %. This high level of reproducibility made it possible to
calculate the total mannose content merely by measuring the a-mannose peak. The
value of the fi-mannose peak so calculated was subtracted from the measured f3
galactose peak to give the true ,B-galactose value. The peak areas produced by the
trimethylsilyl derivatives of the four sugars, two N-carboethoxy amino sugars and
D-galactitol were plotted against the amount chromatographed (0.4·-4 fLg). In all
cases, a linear plot passing through the origin was obtained when the va.nous peaks for
each sugar were added together. The plot for N-carboethoxy D-glucosamine is shown
in Fig. 3.

By measurement of the slope of the plots obtained, it was possible to calculate
the response of the hydrogen flame detector to each sugar derivative and also for the
D-galactitol derivative. It was found that the detector response to the three hexose,
L-fucose and D-galactitol derivatives was identical for the same weight of each deriva
tive chromatographed. However, although the trimethylsilyl derivatives of the two
N-carboethoxy amino sugars each gave an identical response, this response was
somewhat less (20 % approx.) than for the other sugars. In this way, factors were
determined to correct the observed peak areas for each sugar per mole to that area
obtained per mole of D-glucose. These were as follows: D-glucose, D-galactose, D
mannose, 1.00; L-fucose, 1.20; D-galactitol, 0.88; D-glucosamine and D-galactosamine,
1.24-

Quantitative analysis of pure monosaccharides by the gas chromatographic technique
A mixture of the four sugars and two amino sugars was prepared in the following

concentrations: L-fucose, D-galactose and D-glucosamine, I mM11; D-galactosamine,
0.5 mM/l; and D-mannose and D-glucose, 0.25 mM/1. This solution (5 ml aliquots)
was now treated with the required amount of cone. hydrochloric acid and internal
standard (0.2 ml of a 10 mM/I solution) and subjected to the full analytical technique
except that the overnight hydrolysis at lOOo was omitted. The results obtained are
reproduced in Table II. It will be seen that excellent agreement was obtained :for
every sugar. The above series of experiments was repeated except that the hydrolysis
step at lOOo overnight was now included (Table III). It will be seen that the neutral
monosaccharides were recovered completely at 0.3 N but at 0.5 N slight destruction
occurs, leading to somewhat low recoveries of L-fucose and D-galactose. For the zN
conditions, this loss was considerable. The amino sugars were recovered unchanged
under all these conditions.

Comparison ofthe gas-liquid chromatography technique w#h the Technicon Auto-Analyser
and the manual Elson-Morgan method

A series of standard solutions of D-glucosamine and D-galaetosamine were made
up and their concentration determined by each of the above methods. In the auto
analyser technique, the buffer conditions were those normally employed for the
determination of amino acids and nor-leucine was used as an internal standard. The
Elson-Morgan technique measured total hexosamine6. The gas-liquid chromatography
was carried out as previously described with D-galactitol as the internal standard.The
results are shown in Table IV. It will be seen that good agreement was obtained be
tween the three techniques.
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TABLE II

239

QUANTITATIVE ANALYSIS OF A MIXTURE OF PURE MONOSACCHARIDES BY THE GAS CHROMATOGRAPHIC

TECHNIQUE

A standard solution of the six sugars was prepared, acidified with the appropriate quantity of HCl
and subjected to the usual analytical procedure as described in the text. All values are expressed
in mMjl.

Hydrolysis D-Galactose L-Fucose D-Mannose D-Glucose D-Glucos- D-Galactos-
normality amine amine

(I.OO mMjl) (I.OO mMjl) (0.250 mMjl) (0.250 mMjl) (I.OO mMjl) (0.500 mMjl)

0·3 0·97 1.02 0.240 0.240 1.01 0.500

0·3 1.01 0·99 0.240 0.234 1.00 0.500

0·3 0·99 1.04 0.247 0.255 1.01 0·514
0·3 0·95 1.01 0.245 0.239 1.02 0·494
0·5 0·98 1.02 0.25 2 0.240 1.0 3 0.530

0·5 1.06 1.00 0.250 0.248 1.02 0-495
0·5 0·97 1.00 0.255 0.243 0·99 0.49 1

Mean values 0·99 1.01 0.247 0.245 1.01 0.50 4

2 1.02 1.0 4 0.240 0.253 1.00 0.500
2 1.01 1.0 4 0.242 0.236 1.0 4 0.500
2 0.98 1.00 0.245 0.248 1.00 0.491

Mean values 1.00 1.0 3 0.243 0.246 1.01 0·494

TABLE III

THE EFFECT OF INCREASING ACID STRENGTH ON THE RECOVERIES OF PURE MONOSACCHARIDES

A standard solution of the six sugars was prepared, hydrolysed at 100 0 overnight with the appro
priate quantity of HCl and subjected to the usual analytical procedure as described in the text. All
values are expressed in mMjl.

Hydrolysis D-Galactose L-Fucose D-Mannose D-Glucose D-Glucos- D-Galactos-
normality amine amine

(I.OO mMjl) (I.OO mMjl) (0.250 mMjl) (0.250 mMjl) (I.OO mMjl) (0.500 mMjl)

0·3 1.01 1.00 0.236 0.240 1.00 0.482
0,3 0·98 1.00 0.240 0.260 0·98 0-471

0·3 0·98 0.97 0.253 0.255 1.01 0-48 3
0·3 0·97 0·99 0.244 0.260 1.02 0.496

Mean values 0·98 0·99 0.244 0.254 1.00 0-48 3

0·5 0.89 0·96 0.243 0.245 1.00 0-493
0·5 0.96 0·95 0.236 0.258 0·98 0.480

0·5 0·94 0·97 0.244 0.250 1.00 0·495
0·5 0·94 0·98 0.249 0.253 1.02 0.500

Mean values 0·93 0.96 0.243 0.25 1 1.00 0-492

2 0.72 0.66 0.122 0.180 1.0 4 0·495
2 0.62 0.60 0·144 0.166 1.0 3 0.5 12
2 0.69 0·43 0.102 0.178 1.0 3 0.472
2 0.72 0·73 0. 183 0. 167 1.01 0-492

Mean values 0.64 0.63 0.138 0.173 1.03 0·493
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TABLE IV
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A COMPARISON OF THE GAS-LIQUID CHROMATOGRAPHIC, TECHNICON AUTO ANALYSER AND ELSON

MORGAN TECHNIQUES FOR THE DETERMINATION OF HEXOSAMINES

GNH 2 = D-glucosamine; Gal NH 2 = D-galactosamine. The analytical procedures are described in
the text.

Amount taken (mMjl) Amount recovered (mMjl)

GNH 2 Gal NH 2 Technicon Auto Analyser Gas-liquid ch,·omatograf.'hy J;:lson-M'organ

GNH2 Gal NH2 GNH2 Gal NH 2 Total
hexosamine

0'.20 0.10 0.198 0.091 0.201 0.090 0.29
0.30 0.15 0.281 0.146 0.320 0.158 0.50
0.36 0.18 0.336 0.178 0.340 0.175 0·57
0.40 0.20 0.391 0.179 0.440 0.207 0.61
0.60 0.30 0.567 0.290 0.620 0.316 0·93

The release of monosaccharides from gastric secretion during aC1;dic hydrolysis
In this series of experiments, gastric secretion obtained from patients under

fasting conditions was subjected to hydrolysis under varying normalities of Hel at
100° overnight. These results are shown in Table V. It will be seen that the sugars are
generally released in the following order: L-fucose first, then the three hexoses at

TABLE V

THE RELEASE OF MONOSACCHARIDES FROM GASTRIC SECRETIONS DURIKG ACIDIC HYDROLYSIS

All gastric secretions were hydrolysed overnight at 100° with the appropriate quantity of Hel.
The analytical procedure was as described in the text. All -"alues are expressed as m}',,!jl.

Hydrolysis D-Gal- L-Fucose D-Man- D-Glucose D-Galac- D-Glucos- Total
normality actose nose tosamine amine hexos-

Gas Thio- amine
chromato- glycollic Elson-
graphy acid Morgan

Gastric secretion (I)
0.1 0.3 10 0.21 7 0.23 0.074 0.077 0.120 0.253 0.48
0·3 0.3 15 0.230 0.22 0.074 0·°74 0.150 0.30 3 0-47
0·5 0.300 0. 21 7 0.22 0.074 0.090 0.133 0.288 0-47
1.0 0.220 0.110 0.13 0.060 0.070 0.130 0.27° 0-47
2.0 0. 123 0.070 0.10 0.030 0·°43 0.135 0.280 0.42
3.0 0·145 0.270 0.42

Gastric secretion (2)
0.05 0.64 0.274 0·34 0.II4 0.230 0.099 0.420 0.82:
0.1 0.78 0.371 0·33 0.17 1 0.291 0.14:2 0.560 0.86
0·3 0·75 0·355 0·35 0.150 0.290 0.15.5 0.63 1 0.8S
0·5 0·74 0·355 0·35 0.150 0.293 0. 165 0.64 1 0.85
I 0.67 0.33 0 0·34 0.130 0.243 0. 16 7 0.625 0.8+
2 0.24 0.074 0.09 0.15 1 0. r03 0.170 0.62 4 0.82
3 0.180 0.647 0.80

Gastric secretion (3)
0·3 0.923 0,403 0·39 0.135 0.150 0.253 0.9 16 1.26
0·5 1.10 0-421 0·39 0.160 0.253 0.276 1.03 1.48
2 0·353 1.05 1-48
3 0.360 1.00 1.48
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approximately the same rate and finally D-glucosamine and D-galactosamine. These
and other experiments not shown in Table V, led to the conclusion that in general
L-fucose was released completely at 0.3 N HCI, and very often the three hexoses were
also released. At 0.5 N HCI, L-fucose was showing a certain amount of destruction as
also were the hexoses in some cases, although in general only slightly. D-glucosamine
usually reached a maximum value at this normality of acid, and in certain cases,
D-galactosamine also. In many instances, however, it was found necessary to resort to
2 N HCI for complete release of D-galactosamine. Under these conditions all the neutral
sugars suffered destruction, making their analytical values useless. In view of these
results, it was decided to standardise 0.3 N, 0.5 Nand 2 N HCI hydrolysis conditions
for all material under investigation, to obtain a complete record for every sugar.
Where only amino sugars were being investigated, however, it was necessary to carry
out the 2 N HCI hydrolysis only. The reproducibility of a series of hydrolyses on the
gastric secretion obtained from one individual is shown in Table VI. The agreement
obtained under, anyone set of conditions was excellent, although the values of the
various sugars vary under different hydrolytic conditions, due to destruction on the
one hand and further sugar release on the other.

It should be noted that in several of the tables, values for L-fucose as determined
by the thioglycollic acid method, and total hexosamine by the Elson-Morgan technique
have been included for comparison with the gas-liquid chromatography figures.

TABLE VI

QUANTITATIVE ANALYSIS OF MONOSACCHARIDES OBTAINED BY THE HYDROLYSIS OF A POOLED GASTRIC

SECRETION

The gastric secretion was hydrolysed overnight at 100 0 with the appropriate quantity of Hel.
Aliquots were taken for analysis by the procedures described in the text. All values are expressed
inmM{l.

Hydrolysis D-Galactose L-Fucose D-Mannose D-Glucose D-Glucos- D-Galactos-
normality amine amin.e

0·3 0.,664 0.562 0,137 0,121 0·594 0.1°7
0,3 0,645 0·553 0.134 0,121 0.564 0.II7
0·3 0.621 0.560 0.135 0.II7 0,560 0.II2
0·3 0.660 0,570 0.135 0,122 0.560 O.III

Mean values 0.650 0.562 0,135 0,120 0.570 0.II2

0,5 0.5 85 0,492 0.136 O,IIO 0.643 0,154
0,5 0, 61 5 °-455 0.130 0. 103 0,664 0.160
0·5 0.600 0.500 0,13 1 0. 105 0,680 0,162
0·5 0.630 °,5°2 0.133 O.III 0,674 0.160

Mean values 0,6°7 °-488 0.132 0,108 0.665 0,159

2 0.630 0.162
2 0,69° 0. 167
2 0.655 0.155
2 0.660 0.162
2 0.640 0. 165
2 0.630 0.15 8

Mean values 0.65 1 0.162
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Generally good agreement was obtained. A typical chromatogram for a gastric
secretion hydrolysed with 0.5 N RCl is reproduced in Fig. 4.

Investigations undertaken with saliva showed that its component sugars were
released under very similar conditions to the gastric mucopolysaccharides and the
same hydrolysis conditions were therefore standardised for experiments on this
material.
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Fig. 4. A typical gas-liquid chromatogram of a gastric secretion hydrolysed with 0.5 N Hel and
analysed as described in the text. The chromatogram was obtained under the same conditions as
given in the legend of Fig. 2, and similar assignments have been given to the peaks.

DISCUSSION

Previous investigators2 ,4 working on the estimation of amino sugars by gas
liquid chromatography, have commonly used the trimethylsilyl ethers of the N-acetyl
amino sugars. During preliminary work, the trimethylsilyl derivatives of both the free
and N-acetylated amino sugars were examined. It was found that the derivatives of
the free amino sugars gave much smaller peaks than would have been expected, and
that these peaks had a similar retention time to a-galactose. It was therefore considered
that these derivatives did not merit further investigation. The trimethylsilyl ethers of
the N-acetyl amino sugars gave only one peak when prepared from each respective
crystalline solid N-acetyl amino sugar, but when prepared by acetylation of the amino
sugars directly, two major peaks appeared and also sometimes a third minor peak in
both cases. Attempts to quantitate the derivatives of the two N-acetyl amino sugars
were only partially successful as the reproducibility from sample to sample was poor.
This appeared to be due to decomposition or absorption on the column, with con
sequent reduction in the expected peak areas. BISHOP, COOPER AND MURRAy8 mention
the decomposition of fully acetylated amino sugars on gas chromatography columns,
and it may well be that similar reactions occur with these N-acetyl-O-trimethylsilyl
derivatives. RICHEY, RICHEY JR. AND SCHRAER3 carried out quantitative experiments
on both N-acetyl glucosamine and N-acetyl galactosamine and also apparently
suffered from column absorption effects, necessitating rigorously controlled conditions
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for successful quantitative analysis. In view of these preliminary experiments with
N-acetylated amino sugars, it was decided to investigate the possibility of using other
derivatives for gas-liquid chromatography, namely the trimethylsilyl ethers of the
N-carboethoxy amino sugars. The experiments carried out with these derivatives
showed that they did not suffer any absorption or apparent decomposition on the
columns used, and as expected, only two peaks were obtained from each of the two
amino sugars. The detector response for the two derivatives was also identical. These
findings indicate the superiority of these derivatives over the N-acetyl-O-trimethyl
silyl compounds; in addition, their preparation is easier and does not require the use
of an internal standard to follow the N-carboethoxylation step in the procedure. Solid
injection was again adopted5,9 in order to allow the use of large volumes of sample
(10 iLl or more). This technique had the further advantage of eliminating column
contamination, it only being necessary to replace the glass wool plugs occasionally
when they became very dirty. In our previous communication5 it was noted that con
tamination of the sample with water vapour resulted in a highly objectionable rising
base line which often stretched as far as ,B-glucose;it has been found, however, that
the hydrogen flame detector does not show this effect, so that complete exclusion of
water from the sample and pyridine-silanes reagent is not now of paramount im
portance. Furthermore, the flame detector has been found preferable as it does not
suffer from contamination and response variations to the same extent as the argon
detector when used with these silicon-containing derivatives. The flame detector has
now been in daily use for over six months and has given no trouble apart from requiring
occasional jet cleaning, indicating its suitability for the analysis of derivatives of the
type under investigation.

It was found that the separation of the various sugar anomers could be con
trolled by slight variations in the ratio of the Apiezon L to the neopentyl glycol
adipate. It was felt that this was a more convenient technique than searching for one
stationary phase of a suitable polarity to bring about the required separations. It
might be considered that the estimation of D-mannose using only the a;-mannose
peak is not completely satisfactory and indeed this would probably be the case where
the ratio of D-mannose to D-galactose is high; in the case of gastric secretion and
saliva, however, where the D-mannose content is generally comparatively low, the
estimation of the a-mannose peak only gives highly reproducible results' for both
D-galactose and D-mannose.

It was found that the response per unit mass of the hydrogen flame detector to
the various trimethylsilyl derivatives of the four neutral sugars and for D-galactitol
was identical, thereby indicating that the trimethylsilylation reaction was quanti
tative. In the case of the two N-carboethoxy amino sugars, however, the response per
unit mass was about 20 % less than might have been expected, presumably due to the
different structural group present in these compounds10, as no evidence for column
absorption tendencies was noted.

The results show that for the pure amino sugars, excellent agreement was
obtained between the Elson-Morgan technique and that involving the Technicon
Auto-Analyser, but obviously that the gas chromatographic technique is much
quicker than the Auto-Analyser and superior to the Elson-Morgan technique, which
only gives the total hexosamine value. It should be noted that the total hexosamine
values for gastric secretion determined by the Elson-Morgan method do not always
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agree with the gas chromatography method and, in general, are often significantly
higher, particularly where complete acidic hydrolysis has not been achieved. This is
considered to be due to two factors, firstly that the colour reaction is still complete
even though the amino sugars are not completely released and secondly that the
neutral sugars and amino acids present in the hydrolysates have combined to form a
chromogen which contributes to the Elson-Morgan readingll , 12.

It is apparent, therefore, that gas chromatography marks a notable advance
over the above technique in that it can be conveniently used to follow the release of
each amino sugar in the hydrolysates of mucopolysaccharides, and also, of course, for
the concomitant release of any neutral sugars present as well, thereby affording
information on structural positions of monosaccharides present in the mucopoly
saccharides. The experiments carried out with gastric secretions to determine the
optimum hydrolytic conditions for the various sugars show the importance of these
conditions to obtain complete hydrolysis without significant loss of the more labile
neutral sugars. It was found impossible to arrive at one particular acid strength to
release all the sugars without some destruction of the more labile ones and furthermore,
gastric secretions tended to vary in their resistance to hydmlysis; for this reason, it
was necessary to standardise three different hydrolytic conditions to obtain full
analytical data for the four neutral and two amino sugars normally present in gastric
secretions. It should be mentioned that the gas chromatographic technique for ana
lysing gastric secretions has now been in daily use for some six months and have given
virtually no trouble during this time, thereby indicating its suitability for the analysis
of these materials on a routine basis.
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SUMMARY

Conditions are described for the simultaneous gas chromatographic determi
nations of L-fucose, D-mannose, D-galactose, D-glucose, D-glucosamine and D-galacto
samine.

The technique involves the carboethoxylation of the amino group present in the
amino sugars followed by trimethylsilylation of the hydroxyl groups. The neutral
monosaccharides are trimethylsilylated directly in the usual manner and the final
reaction mixture analysed by gas-liquid chromatography on a single column with
temperature programming.

The release of the component monosaccharides from human gastric mucopoly
saccharides and saliva with increasing acidity was followed by gas-liquid chromato
graphic determinations on the hydrolysates.

Quantitative data on standard mixtures of amino sugars showed good agreement
between this technique and others, involving either the Technicon Auto-Analyser, or
the manual Elson-Morgan method.

The gas chromatographic technique is considered to be superior to either of the
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above methods of analysis, particularly with regard to sensitivity, speed and con
vemence.
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CHROMATOGRAPHIC IDENTIFICATION OF CARBONYL COMPOUNDS. IX. 275

aldehydes in a crude grain spirit, the areas of the peaks in the chromatograms were
determined by multiplying the peak heights by the peak half width12• To increase the
areas of the peaks and the accuracy of their measurement, the chart speed of the
recorder was increased to 2 in. per min from the usual 1/3 in. per min, and for the same
reason the column temperature was lowered when the acetic acid produced from
acetaldehyde hydrazone was analysed. The data for the standard solutions are
plotted and joined by straight lines in Fig. 4. The abscissa gives the aldehyde concen
tration in millimoles in 400 ml of the 95 wt. % ethanol and the ordinate the area of the
peak of the carboxylic acid derived from the aldehyde in square centimetres.

The points marked by symbols x, 0 and f':, in Fig. 4 represent the amounts of
the components in the crude grain spirit deduced from the peak areas. Each symbol
refers to one of three spirit samples. Because all the samples were taken from the same
container, the distances between the symbols on each line are due to differences in the
adsorption and elution. To eliminate the differences in peak areas due to differences in
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Fig. 4. Calibration lines plotting peak areas of carboxylic acids in gas chromatograms against the
numbers of millimoles of aldehydes dissolved in 400-ml volumes of 94 wt. % ethanol. The lines were
drawn through observed values marked by points. The aldehydes were isolated as 2,4-dinitro
phenylhydrazones by adsorption on carbon from the ethanol, after its dilution with water, and
eluted from the carbon and the hydrazones were then converted for gas chromatography into the
corresponding carboxylic acids by treatment with ozone. Line A refers to acetic acid derived from
acetaldehyde; the gas chromatograms were run using a column temperature of 1I00 and detector
sensitivity of 688. The lines B, C andJ:> refer to propionic acid, isobutyric acid and isovaleric acid,
respectively, derived from the corresponding aldehydes; the gas chromatograms were run using a
column temperature of 1400 and a detector sensitivity of 8. The other conditions in the gas chroma
tographic runs "(ere: column length, 4 m; internal diameter, 3 mm; liquid phase, NEGS containing
phosphoric acid;. solid support, acid-washed Chromosorb W; carrier gas, helium; flow rate, 74 mlJ
min; inlet pressure, 2.5 kpJcm 2 ; detection by flame ionisation; recorder range from 0 to 5 mY;
paper speed, 2 in.Jmin; injected volume, 5 pJ. Peak areas for carboxylic acids derived similarly
from the aldehydes present in three samples of a cruqe grain spirit are marked by the symbols X,
o and f':,.
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GAS CHROMATOGRAPHY IN QUALITATIVE ANALYSIS. IV.

to the overall retention due to the adsorption of solute molecules at the liquid-solid
interface. Adsorption at the gas-solid interface may be discarded, in this context,
since two 10 % squalane-Celite columns, one prepared by the normal slurry method
and the other by mixing appropriate quantities of Celite and a 20 % squalane-Celite
mixture, gave identical retention and peak symmetry characteristics for a wide range
of solutes, thereby revealing squalane to be sufficiently mobile to completely cover the
support surface.

TABLE IV

CO;\IPARISON OF THE RETENTION CHARACTERISTICS OF A NORMAL SgUALANE-CELITE COLUMN WITH

ONE CONTAMINATED WITH SILICA GEL

Column A: 20 % wjw squalane-Celite at rooo.
Column B; 20 % wjw squalane-o.I % wjw silica gel-Celite at rooo.

Values tor retention index

Column A

Initial

Column B

Minimum Initial Minimum

Toluene
1,2-Dibroni.oethane
Benzonitrile
Phenetole
Nitrobenzene

756
783
936
953

101 7

891
949

1002

758
786
956
960

1028

756
784
894
950

1004

* No minimum detected.

If the above arguments were correct, contamination of Celite with a highly
adsorptive material, such as silica gel, would be expected to give rise to increased
initial values for retention index for polar solutes, but not weakly polar solutes, but
with the same minimum values on the plots of retention index versus oxygen flow, as a
normal sqlualane-Celite column. Oxidation of a squalane column prepared using Celite
deliberately contaminated with silica gel gave rise to this predicted behaviour, as illus
trated by the data inTable IV, thus confirming our hypothesis. Accordingly there appears
to be little doubt that in the case of apolar liquid phases adsorption of solute molecules
at the liquid-solid interface can contribute significantly to the overall values for reten
tion. This phenomenon will be explored further in a future paper in the present series.

SUMMARY

Oxidation of an apolar stationary phase has been shown to lead to large changes
of values for retention index, which can be either negative or positive depending upon
the extent of oxidation, the chemical nature of the solutes, and the adsorptivity of the
support. Therefore it would seem necessary to deoxygenate apolar phases, by con
ventional column chromatography, prior to preparing liquid phase-support mixtures
and ensure the exclusion of oxygen during the use of the column, in order to obtain
reproducible retention data. Furthermore, it would seem necessary to use supports of
low adsorptivity, which as far as possible are batch invariant.

Theresults of this work also reveal that adsorption of solutes at the liquid-solid
interface can lead to increased values for retention index with concomitant peak
asymmetry.
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THE USE OF THE CHROMATOGRAPHIC EQUILIBRATION PROCEDURE
FO;R AIR POLLUTION STUDIES

DETERMINATION OF MINUTE AMOUNTS OF BENZENE,
CHLOROBENZENE, AND NITROBENZENE IN AIR

M. SELUCKY*, J. NovAK AND J. JANAK

Regional Hygiene and Epidemiologic Station, Pardubice and the Institute of Instrumental Analytical
Chemistry of the Czechoslovak Academy of Sciences, Brno (Czechoslovakia)

(H.eceived November 5th, 1966)

INTRODUCTION

Standard procedures for the determination of benzene in the presence of nitro
benzene in air pollution control are based on polarography, while chlorobenzene is
usually determined by photometry. In pyridine, acidified with acetic acid, nitro
benzene gives a well-developed reduction wave whose height is proportional to the
concentration of nitrobenzenel - 3 , whereas chlorobenzene is determined by photo
metry of the violet complex of I-chloro-2,4-dinitrobenzene formed in an alkaline
solution of the latter in pyridine4 • The application of gas chromatography for the
analysis of air pollutants has been tackled by several authors5- 7 and seems to be one
of the most promising techniques. However, the detection limits, particularly for
nitrobenzene, are not satisfactory when using gas chromatography directly, due to
the very low vapour pressure of this compound.

Concentration of air pollutants prior to their determination by gas chromato
graphy is, therefore, very often unavoidable**. The most frequent concentration tech
niques are: condensationS, chromatographic sorption9 , or chromatographic equilibra
tion10 • The purpose of the present paper is to show the advantages of chromatographic
equilibration, as described by NOVAK, VASAK AND ]ANAK10, for the determination of
minute concentrations of benzene, chlorobenzene and nitrobenzene in chlorobenzene
and nitrobenzene producing plants.

EXPERIMENTAL

Artificial mixtures of the above air pollutants with air were obtained by using
a conventional assembly with vaporizers for obtaining saturated vapour of the
individual components and mixing, in a mixing chamber, the appropriate volumes of
the saturated vapours so obtained with air. The various mixtures are obtained by

* Present address: Institute of Instrumental Analytical Chemistry of the Czechoslovak
Academy of Sciences, Brno.

** U.S. TLV's (Threshold Limit Values) for benzene, chlorobenzene, and nitrobenzene are,
r~spectively, 80, 350, and 5 mgJm3 (see ref. II).
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RESULTS AND DISCUSSION

The main prerequisite of the method used10 is to achieve equilibrium conditions
in the concentration tube. At equilibrium, the concentration of a given component in
the gaseous phase, CG, is equal to the concentration ofthe same in the sample analysed;
this concentration, therefore, can be calculated from CG = 273 m/Vg(T)GT, where m
is the mass of the component trapped in the tube (m can be determined by using a
conventional GC procedure), V g(T) is the specific retention volume of the component
as measured on the tube packing at the temperature of sampling, T, and G is the
weight of the sorbent liquid. The above relation can be used to calculate the concen
tration efficiency, as compared with direct injection of sample. The height of the peak
of a component, h, can be expressed as

(1)

where n is the number of theoretical plates of the chromatographic column, VR is the
retention volume of the component as measured on this column, A is a propor
tionality constant involving specific features of the instrument and of the substance
under analysis, and v is the volume injected.

When using a concentration tube, the amount of substance sorbed in the
sorbent liquid is equivalent to its amount contained in its retention volume, and
depends upon the tube packing and on the conditions of the determination,

(2)

As there is an upper limit, Vmax, to the volume v directly injected, the ratio

Vmax 2 73fVg(T)GT

determines the extent to which the actual concentration range amenable to measure
rnents can be decreased when using the equilibration technique as compared with
direct injection.

Let us suppose that the maximum injected volume, vmax , of the gaseous sample
is 10 ml and the weight of sorbent in the concentration tube is about 10-1 g. If the
specific volume of the component under analysis is about 103 mljg, then the minimum
detectable amount of this compound becomes 101 times less than on direct injection of
the sample. At room temperature and in E 301, the specific retention volume of
nitrobenzene is of the order of 104 mljg. Thus, we can increase the sensitivity of
determination for nitrobenzene by two orders of magnitude while using an un
sophisticated sampling device, and considerably shortening the time necessary for
carrying out the actual sampling, because a relatively quick withdrawal of the sample
has been proved to be of considerable importance. The volume of nitrobenzene which
has to be drawn through the concentration tube is less than about 5 1 (with a very fair
safety margin for attainment of equilibrium in the tube), which at a flow rate of
5 ml/min represents approximately 17 min or rather less.

The specific retention volumes of benzene, chlorobenzene, and nitrobenzene were
.measured at several temperatures ranging from 30° to 83°C in order to determine their
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temperature dependence. The respective plots were linear, thus making feasible extra
polation to lower temperatures by using equations of the type: log V I1(T) = AjT ~ B
The data are summarized in Table 1.

TABLE I

SPECIFIC RETENTION VOLUMES OF BENZENE. CHLOROBENZENE AND NITROBENZENE AT TEMPERATURES

FROM 15°-83°C

E 301 (30 % by weight) on Celite 545 (30/60 mesh).
a = Extrapolated values; b = measured values.
Equations for log V g : benzene, log V g = 1.867.4IT - 3.746; chlorobenzene.log V g = 2,29I.5IT -
4-434; nitrobenzene, log V g = 2,858·5IT - 5.415.

t T liT X I03 V g (mllg)
(0C) (OK)

C6H 6 PhCl PhN0 2

15 288 3.472 547. 1& 3,332& 32,360&

3-466 533. 2 3.228 31•1OC
16 289 3.460 5 19.6 3, 127 29,990

3-454 506-4 3.030 28.750
17 290 3.448 493.6 2,936 27,640

3.442 481 .2 2.846 26.580
18 291 3-436 469. 1 2.768 25.570

3.43 1 457·3 2,674 24.600
19 292 3-425 446 .0 2.592 23,660

3-4 19 434·9 2.5 13 22,77°
20 293 3-413 424. 1 2.437 21,910

3·4°7 413.6 2.364 21.09°
21 294 3-4°1 4°3-4 2,292 20,3°0

3.396 393·5 2,224 19.54°
22 295 3.390 383.9 2,157 18.810

3.384 374.6 2.093 18.120
23 296 3.378 365.5 2,°3 1 17,45°

3·373 356.6 1.971 16.810
24 297 3.367 348.0 1.912 16.190

3.361 339·7 1,856 15.600
25 298 3.356 331·5 1,802 15.030

3° 3°3 3·3°0 259·3 b 1.370b _b

39 3 12 3. 200 175·5 847
4° 3 13 3. 195 5. 140

50.5 323.5 3.09 1 2.596
51 324 3.086 99.6 423
60·5 333·5 2·999 1.481
63 336 2.976 64·7 237
69 342 2.924 852

77 35° 2.857 38·3 132
83 356 2. 809 415

These V g values were used for the calculation of the concentration, CG. of the
respective pollutants. The mass of the individual compounds was calculated from
chromatographic measurements. As the relative molar response of the FID to chloro
benzene and nitrobenzene was not known, it had to be determined. Careful measure
ments have shown that the relative molar responses for chlorobenzene and nitro
benzene were, respectively, 0.6}'8 and 0.524, when using mesitylene as the reference
compound. In other words, the contribution of chlorine and nitro substituents to the
total effective carbon number was, respectively, + 0.1 Cerr and - 1.3 Cerro
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are given in Table V. Regression weights (coded moieties and interactions) were
calculated which minimized the difference between the observed and predicted
relative sensitivities (as in the earlier study21) by means of a multiple linear regression
program using a Control Data Corporation Model 3600 computer. It should be pointed
out that the use of such a program as a model for interpretative purposes involves the
degree of validity in the assumptions that (r) the overall electron capturing capacity
of the molecule is a linear function of electron capturing groups in the molecule; and
(2) that the contribution of a given type of moiety is roughly the same in one corn
pound as it is in other compounds containing it. The computed regression weights may
be inspected in Table VI. The implications are inconsistent with those obtained in the
earlier study in which it was found that the para substitution site for an aryl chloro
substituent afforded the greatest sensitivity. In addition, in the light of the acknow
ledged potential of aryl chlorine atoms for electron capture analysis, it was surprising
to obtain less sensitivity for several chlorophenyl derivatives than for the phenyl
derivative itself (Table 1). It might be suggested that the presence of an electron
withdrawing group such as the fluorosulfonyl substituent, meta to a carbonyl grouping,
could result in sufficient electronic inductive distortion away from the phenyl ring,
thereby enhancing the electron capturing ability of that portion of the benzoate
molecule to a degree which is not overcome by the addition of one chloro substituent.

TABLE V

LINEAR EQUATIONS OF MOIETY AND INTERACTION CONTRIBUTIONS TO MOLECULAR SENSITIVITY ON

ELECTRON CAPTURE

Compou1'ld Equation
No.

I 2A + D + E + H = 1.60
2 A + B + D + E = 1.39
3 2B + D + E + F = 1.36
4 2A + C + D + E + 2F + H = 1.33
5 A + B + D + E + G = 1.22
6 D + E = 1.00
7 B + D + E = 0.964
8 B + C + D + E = 0.927
9 C + D + E = 0.809

10 A + D + E = 0.751
II A + B + C + D + E + F + G = 0.505

TABLE VI

MOLECULAR VALUES

Code

A
B
C
D
E
F
G
H

Moiety /interaction

ortko aryl Cl
meta aryl Cl
para aryl Cl
phenyl ring
m-FS02-benzoxylate radical
I interstitial ring C atom
2 interstitial ring C atoms
3 interstitial ring C atoms

Value

+ 0.024 1
+ 0.263
- 0.23 1

0.000
0.000

- 0. 103
- 0.172
+ 0.720

Standard error

0.21 9
0.156
0.195
0.000
0.000
0. 167
0.266
0·434
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The relative sensitivity values for the ortho, meta and para monochloro derivatives
conceivably then indicate a slight decline in molecular sensitivity by counteracting to
some degree the electronic distortion of the phenyl ring, rendering it less positive (and
less electron capturing) than the unsubstituted phenyl derivative. This counteraction
is least for the meta chloro derivative, as might be explained by the hybrid unsub
stituted phenyl structures;

A
U

Ell

Further interpretation of the data becomes increasingly difficult and necessarily
cautious in view of the limited data on hand, excepting the expected trend of general
enhancement of molecular sensitivity for the dichloro derivatives. Substitution of the
values given in Table VI back into the equations (Table V) afforded a check on the
validity of the procedure adopted for delineation of molecular sensitivity. The results
are given in Table VII.

TABLE VII

RELATIVE SENSITIVITY DATA: PREDICTED vs. EXPERIMENTAL

Compound No. Predicted Experimental

I 1.68 1.60
2 1.20 1.39
3 1.34 1.36
4 1.25 1.33
5 1.03 1.22
6 0.92 1.00
7 1.18 0·96
8 0·95 0·93
9 0.68 0.81

10 0·94 0·75
II 0.70 0.51

Several qualifying remarks should be mentioned. The relative sensitivities of the
moieties depend upon the frequency with which they appear in the compounds
employed in their computation. The relative sensitivity for a moiety appearing in
every compound in the calculations would be zero (as may be seen for two moieties in
Table VI).

Caution should be exercised in excessive interpretation of the data because of
the small number of compounds employed. Further experiments are presently in
progress which will involve a large number of diverse compound classes to more fully
evaluate the efficacy of ,this analytical approach towards a quantitative delineation of
molecular sensitivity values. Fortified with properly qualified moiety values, it might
be then possible to estimate the sensitivity of compounds possessing electron capturing
ability a priori from structural considerations alone.
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WATER DEACTIVATED MAGNESIA AS A CHROMATOGRAPHIC
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INTRODUCTION

Magnesia (magnesium oxide or hydroxide) has been used as a chromatographic
adsorbent principally in the separation of the carotenoids (see review of RAGAZZI et at.1),

with only occasional application to other sample types (e.g. alkaloids1, porphyrins-).
By comparison with such adsorbents as silica, alumina or charcoal, magnesia is
scarcely used at all today in adsorption chromatography. The lack of interest in
magnesia as adsorbent can be traced to several factors: no obvious advantages over
the more common adsorbents; reports by different workers that different batches
of magnesia are highly variable; the availability of most commercial chromatogra
phic magnesias as fine powders rather than in larger particle sizes which are more
popular for column chromatography; the early failure3 of magnesia in thin-layer
chromatography (TLC) applications (but note later success with magnesia in TLU).
Despite these apparent shortcomings of magnesia, a number of isolated observations
in the literature emphasize its uniqueness with respect to other polar adsorbents.
Most polar adsorbents strongly adsorb compounds containing polar substituents
such as hydroxyl or keto, and it is possible to separate different compound groups
according to the type and number of polar substituents. The presence of one or two
vinyl groups in such compounds frequently has only a slight effect on their relative
adsorption. STRAIN4 has noted, however, that the relative adsorption of the carotenes
on magnesia is determined largely by the number of olefinic double bonds, with
polar groups playing a less important role. Similarly NrcHoLAs2 has shown that
the relative adsorption of the porphyrins on most polar adsorbents increases with
increasing number of ester substituents on the porphyrin molecule, while for ad
sorption on magnesia a reverse separation sequence is observed. SCHWARTZ AND
PARKS5 were able to separate homologous carbonyl compounds as a class from corre
sponding monounsaturated compounds on magnesia, a separation which does not
appear possible on other polar adsorbents and which again demonstrates the preferen
tial adsorption of unsaturated compounds on magnesia. Finally SABACKY et al. 6 have
reported that ethyl ether and acetone are weaker solvents (i.e. give larger sample
adsorption) for adsorption on magnesia than is benzene, while on other polar ad
sorbents ether and acetone are always stronger solvents than is benzene. Again this
can be interpreted as preferential adsorption of an unsaturated compound (i.e.
benzene) on magnesia since solvent strength has been related to solvent adsorption
energy7.

The purpose of the present study was to evaluate the chromatographic proper-

J. Chromatog., 28 (1967) 300-316





302

TABLE I

L. R. SNYDER

SAMPLE RECOVERY IN THE ELUTION OF ANTHRACENE FROM 3 % H 20-MgO BY PENTANE CONTAINING

VARYING AMOUNTS OF WATER"

Pentane Sample recovery (%)
water contentb

(% saturation)

First Second
elution elution C

o
30

60

100

100

100

100

100

4
II

35
100

" Sample size 8· 10-7 gig.
b Solvent prepared by mixing indicated proportion of water saturated pentane with dry

pentane.
C Repeated separation after initial elution, fresh sample charged.

results in a gradual dehydration of the adsorbenFo. Possibly this reflects a lower
affinity of the magnesia surface for water and a higher affinity for aromatic molecules,
relative to other polar adsorbents. Such an explanation agrees with the various
observations cited in the Introduction.

Samples with large retention volumes C!i.° > 20) gave incomplete sample re
coveries even for initial elution from a fresh column. For example, the pentane elution
from 3 % H 20-MgO of anthracene (!i.0 = 6.7), pyrene (!i.0 = 29.6) and chrysene (!i.0 =
174) gave recoveries, respectively, of 100, 80, and 3 %. Further elution of the column
to which chrysene was charged, using benzene solvent, gave only 35 % additional
sample recovery, despite the fact that benzene is a much stronger solvent. This
behavior makes it impractical to use dry solvents in the study or practical application
of magnesia in adsorption chromatography. However, use of water wet solvents
eliminated this problem. Consequently all of the following studies were carried out
using 100 % water saturated solvents unless otherwise stated. Where !i. 0 values were
determined using both dry and water wet solvents, it was found that BO values for a
given compound and solvent did not vary by more than 10-15 % (i.e. elution by dry
and wet solvents from fresh columns is quite similar). Whereas water wet solvents on
other adsorbents7,9 generally give lower !i. 0 values than do dry solvents, both higher
and lower !i.0 values were observed on magnesia with wet solvents. All of the present
studies were carried out with water immiscible solvents. It is not known how much
(if any) water would have to be added to such solvents as acetone or the lower alcohols
to avoid the problem of irreversible sample adsorption on magnesia. The West Vaco
magnesia appeared to give less of a problem with irreversible sample asorption than
did the Sea Sorb magnesia.

At first glance it appears odd that the problem of irreversible adsorption on
magnesia has escaped previous notice in the literature. However most previous
separations on magnesia have involved either column or plate development, where
extensive washing of the adsorbent in front of the sample does not occur. In unre
ported studies LIJINSKyI5 has noted that the pentacyclic aromatic hydrocarbons are
held on magnesia so tightly, following normal elution of the lower aromatics, that
they can be recovered only by chemical destruction of the adsorbent. In conclusion
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it seems apparent that in elution from columns of magnesia it is generally wise to use
water saturated solvents.

SAMPLE RETENTION VOLUME AS A FUNCTION OF SEPARATION CONDITIONS

Adsorben~activation temperature
AU polar adsorbents undergo similar surface changes upon being heated (i.e.

activated) at moderate temperatures. Activation at temperatures below 150° re
moves varying amounts of physically adsorbed water from the adsorbent surface,
and adsorbent activity increases with increasing activation temperature. At tempera
tures above 150° more drastic changes in adsorbent surface structure begin to occur:
surface hydroxyls react to form oxide groups and liberate water, and other forms of
chemically bound water are similarly lost. This process can lead either to an increase
or decrease in adsorbent activity, depending upon the importance of surface hydroxyls
as adsorption sites. In the case of silica, surface hydroxyls are strong adsorption sites,
and above 150° adsorbent activity decreases with higher activation temperaturel6 .

Alumina, on the other hand, shows a continuing increase in adsorbent activity as
activation temperature is increased from room temperature to 1000°17. The effect of
activation temperature on the activity of magnesia was briefly studied, using the
pentane elution of styrene from samples of activated adsorbent. Under these con
ditions the adsorption isotherm was markedly nonlinear for at least some of the ad
sorbent samples, and the experimental results are only qualitatively significant.
Adsorbent activity was observed to decrease continuously with higher activation
temperature over the interval 130-500°. Equivalent retention volumes (ml/g) for
styrene (8' 10-6 gig) eluted from adsorbent activated at the following temperatures
were: 1300 (12.5),200° (lOA), 300° (804) and 500° (6.6). KISELEV et al.1S have noted
a similar decline in the activity of magnesia with higher temperature of activation.
Interestingly the elution band obtained with the 500° band was quite symmetrical
and sharp while the corresponding bands for the lower temperature adsorbents were
quite broad and tailing (compare Fig. I). Quite limited data suggest that 500° water
deactivated magnesias preserve these differences to some degree and are less subject to
irreversible sample adsorption. Activation of magnesia at 500° may therefore give a
chromatographic adsorbent of generally better performance than is the case for acti-

z
o
;::
<l
IX:
I
Z
W
U
Z
o
u
W
-l
a.
~
<l
C/l

o
Fig. 1. Effect of magnesia activation temperature
on band shape; elution of styrene (8'10-6 gig) by
pentane.
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vation at lower temperatures. The decrease in activity of magnesia with increasing
activation temperature suggests (but does not prove) that surface hydroxy-is are
important adsorption sites.

Adsorbent activity versus water deactivation
Addition of water to an activated adsorbent generally results in adsorption onto

the strongest surface sites, resulting in a loss in the surface available for adsorption
of sample molecules and a decrease in average surface activity. The results of water
deactivation may be interpreted in terms of changes in two adsorbent parameters:
the adsorbent surface volume Va and the surface activity function (J... A previous
relationship (e.g. refs. 7, 8) gives sample EO values as a function of these two adsorbent
parameters:

log BO = log Va + ex f (5 ,E) (I)

For a particular adsorbent type (e.g. silica, magnesia, etc.), the function f(5,E)
depends only upon the sample and eluent corresponding to 8°. Eqn. I therefore des
cribes the variation of !i. 0 with adsorbent activity. Eqn. I has been corroborated for
previous adsorbents, and the parameters Va and (J.. have been determined as a function
of adsorbent water content, by determining EO values for various sample-eluent
combinations on several adsorbent samples of differing water content (e.g. ref. 10).
This procedure is impractical in the case of magnesia, primarily because of the pro
blem of irreversible sample adsorption on adsorbents of reduced water content. A
further complication is a quite rapid increase in EO values with decreasing mag
nesia water content. This precludes the possibility of comparing !i. 0 values for the
same sample and solvent over the full range of adsorbent activity. These problems
were circumvented to some extent by noting that f(5,E) is a linear function of carbon
number for the unsubstituted aromatic hydrocarbons, as discussed in a later section.
Assuming that the adsorbent parameters Va and (J.. are smooth functions of adsorbent
activity, the data of Table II could then be used to derive Va and (J.. versus adsorbent
water content in a straightforward manner. The resulting adsorbent parameters
are tabulated in Table III and plotted versus % H 20-MgO in Fig. 2. The parameter

TABLE II

VARIATION OF RETENTION VOLUME WITH MAGNESIA WATER CONTENT"

-------------------------------------
Sample

Styrene
Naphthalene
Acenaphthylene
Phenanthrene
Fluoranthene
Chrysene

Log BOb

1.°3 0.24

1.02

" Adsorbent activated at 300° before addition of water.
b Pentane elution.
c Dry pentane used.

]. Chromatog., 28 (1967) 300-316



WATER DEACTIVATED MAGNESIA AS CHROMATOGRAPHIC ADSORBENT 305

TABLE III

ADSORBENT PROPERTIES OF WATER DEACTIVATED MAGNES1A&

% H 2O-MgO Log Va ex: Rsb

Styrene Ace- Fluor-
naphthylene anthene

0.0 -2.2 1.00 1.0 3

0·5 -2·97 1.00 0.24
1.0 ~3·44 1.00 1.33
1.5 -3.76 0·99 1.0 4
2.0 -3·95 0.98 0·73
3.0 -4.18 0·95 0.4 1 1.91

4. 0 ~4·32 0·93 0.14 1.6 3
5.0 -4·39 0.9 1 1.41
6.0 -4·44 0.88 1.19

7. 0 ~4·49 0.86 1.00

& 2: I MgO-Celite activated at 300°.
b RO value for indicated sample; pentane elution.

__ CALC. - eqn. 10

- ............. /
-2 1"0,

"\
\

-4

EXPT.

./

1.0r--__

0.9

Fig. 2. Adsorbent parameters for water deacti
vated magnesia.

o

6

0.1

o

0.3 0.4
eo Aiz 03

Fig'. 3. Eluent strengths of various solvents on magnesia versus alumina.

0.3
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MgO
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f.-Chromatog., 28 (1967) 300'-316



L. R. SNYDER

Va can also be calculated from the BET surface area of the activated adsorbent
(90 m 2jg) and the added water (% H 20) in terms of a previous relationship19:

Va (mljg) = 0.00035 surface area - (% H20). (Ia)

Comparison of calculated values of Va from eqn. I a (dashed curve of Fig. :2)
with experimental values (solid curve of Fig. 2) shows a large discrepancy between
these two plots. The experimental Va values are considerably smaller, and this may
be the result of restricted access to part of the adsorbent surface; i.e. nitrogen mole
cules may be able to adsorb in small pores which cannot accommodate the larger
sample molecules of Table II. A microporous adsorbant structure might also account
for the chemisorption of aromatics on magnesia. Alterna.tively the linear relationship
between sample molecule carbon number and log rio may break down for smaller
sample molecules (compare adsorption energy of aromatic hydrocarbons on silica
versus alumina19). Whatever the reason for this anomaly involving Va values for
magnesia, the practical consequences are unimportant and the adsorbent parameters
of Table III can be used with eqn. I to predict the effect of adsorbent activity on
liD values. Because of the problem of irreversible sample adsorption, 3-7 % H 20-MgO
appears to represent an optimum adsorbent activity range. Adsorbent linear capacity
is also expected to be greater in this range, relative to more active adsorbent samplesll .

Table III presents liD values for standard sample-solvent systems (R s values) which
can be used to measure the chromatographic activity (as % H 20-MgO) of a magnesia
sample19•

Role of the solvent
For elution from other polar adsorbents (e.g. ref. 19) the effect of the solvent

on sample retention volumes can be expressed in terms of eqn. 2, which is derivable
from eqn. I:

log liD = log Va + ac (SO - eOA.). (2)

Here So is the adsorption energy of the sample in a. standard chromatographic
system (activated adsorbent, pentane solvent), eO is the eluent strength of the
solvent, and A s is the adsorbed volume of the sample molecule (proportional to the
area a sample molecule requires upon the adsorbent surface). In most cases values
of A s can be calculated19 for a given sample molecule. Eqn. 2 can be simplified for
-purposes of examining the solvent effect per se, by defining the retention volume R p

of a sample molecule eluted by pentane:

log liD = log R p - aceo As. (2a)

For elution from 6.3 % H 20-MgO, values of rxe D for several solvents and solvent
binaries were obtained from[iDvalues of the samples shown inTable IV (using eqn. 2a).
These rxe o values are also shown in Table IV, along with values of A s and R z> for each
sample. Rp values were either measured directly (pentane solvent) or else calculated
from an rio value for another solvent using eqn. 2 a. The resulting rxeovalues for the
various solvent binaries could also be calculated from a previous relationship19 between
the rxe o values of a solvent mixture (rxe o

AB) and the corresponding values for the
pure solvents composing that mixture (rxe o

A and rxeOB) :

log X B 10 acnb (eOB - eOA) + 1- X EI
aceDAB = aceDA + (3)

nb·
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TABLE IV

ELUTION STRENGTH OF VARIOUS SOLVENTS AND SOLVENT BINARIES : ELUTION FROM 6.3 % H 20-MgOa

Solvent

CCl4
Ethyl eth.er
Benzene
Chloroform
Cyclopentane
10 % V Ether-pentane
25 % V Eth.er-pentane

5 % V Benzene-pentane
20 % v Benzene-pentane
50 % v Benzene-pentane

5 % v CH2Cl2-pentane
IS % v CH'2Cl2-pentane
35 % v CH2Cl2-pentane
70 % v CH~CI2-pentane

10 % v Methyl acetate-pentane
25 % v Methyl acetate-pentane
40 % v Methyl acetate-pentane

Sample

ChryseneC
1,2,3.4-Dibenzanthracened
1,2,3,4-Dibenzanthracened
2-Aminochrysenee
Fluoranthenef
Anthraceneg

Pyreneh

Pyreneh

Benzanthracene l

Benzanthracene l

ChryseneC
ChryseneC
I,2-Benzpyrenel
2-Aminochrysenee
ChryseneC
1,2-Benzpyrenel
1,2,3,4-Dibenzanthracened

01. eO

Exptl. Calc. b

0.091
0. 184
0.189
0.224
0.026
0.052 0.047
0.092 0.091
0.037 0.041
0.089 0.100
0.156 0·149
0.043 0.049k

0.098 0.106k

0. 163 0. 163k
0.220 0.209k

0.093 0.0971

0.153 0.1541

0. 187 0. 1831

a Water saturated solvents.
b Eqn.. 3.
CLog R p 1,80, As 12

dLogRp 3· 12, A s 14
eLogRp4·1, A s 1 3·5
fLog Ep 1.13, A s II
g Log R p 0.39, As 10
h Log Ep 1.05, A s II
I Log E p 1.77, A 8 12
l Log Ep 2.50, As 13
k Assumes (Xeo for CH2Cl2 equals 0.230.
1 Assumes OI.e

o for methyl acetate equals 0.244.

TABLE V

THE ELUENT STRENGTH OF VARIOUS SOLVENTS ON MAGNESIA: COMPARISONS WITH VALUES FOR
ALUMINA

Solvent eO

MgO
(exptl)

MgO
(calc.)b

Pentane 0.00 0.00 0.00
Cyclopentane 0.03 0.05 0.03
CC14 0.10 0.18 0.10
Ethyl ether 0.21 0.3 8 0.22
Benzene 0.22 0.3 2 0.19
CHCIs 0.26 0.40 0.23
CH2Cl2 0.26 0.42 0.24
Methyl acetate 0.28 0.60 0·35

a Values otTable II, ref. 7.
b Calculated for elution from MgO. as 0.58 times value for AI20 s'
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Here X;B refers to the mole fraction of the stronger solvent component B in the
binary solvent, and nb refers to the area or A s value of component B. The agreement
between experimental lXe

o values for the binary solvents of Table IV and values
calculated from eqn. 3 is quite satisfactory: ±0.007 units standard deviation.
Values of lXe

o for the solvents CH2Cl2 and methyl acetate were calculated from the
best fit of the corresponding binary data to eqn. 3.

In Table V the derived eO values for the pure solvents of Table IV are sum
marized, along with values of eO for elution from alumina. As seen in Fig. 3 the alumina
and magnesia eO values are approximately proportional. (Magnesia eO values equal
0.58 times alumina values). This permits the estimation of other magnesia eO values
from corresponding values for alumina7• Table V compares eO values for magnesia with
values calculated in this fashion from the alumina eO values. The standard deviation
of the calculated and experimental eO values is ± 0.03 units.

The data of Table V and Fig. 3 do not suggest that benzene is an anomalously
strong solvent on magnesia, relative to other adsorbents, as suggested by the data
of SABACKY et al.6• It instead appears that ethyl ether and acetone may have appeared
as weak solvents in the latter study because of adsorbent drying by solvent during
separation. The resulting increase in adsorbent activity would of course reduce
sampleE.° values, which is equivalent to the solvent appearing weaker than it actually
is. SABACKY et al. and other workers have questioned the general value of eluotropic
series or relative solvent strength values as in Table V. In general it is claimed that
such series or relative values are inapplicable to different adsorbents and/or different
sample types. It has now been established that essentially the same series of relative eO

values and the same €Iuotropic series exists for alumina7 , Florisil12 , silica9 and magne
sia (Table V). While some variations in apparent eluent st.rength with sample type
have been noted (e.g. refs. 7, 8), these have been related to specific interactions
between sample, adsorbent and/or solvent which can be predicted in advance.
Hence the concept of a single eluotropic series which is valid for all polar adsorbents
and most sample types seems quite acceptable as a first approximation and should
continue to find use by practical chromatographers.

The application of eqns. 2 and 2 a to adsorption on silica (and Florisil to a
lesser extent) is complicated by the fact that sample A s values in some case do not
correspond to simple molecular size19. Strongly adsorbing substituents appear to
contribute much more to A s than their actual size would suggest. This effect was
briefly examined for adsorption onto magnesia. Table VI presents !i.0 values for a
few samples which give anomalous As values on silica, and apparent As values (on
magnesia) are derived. Comparison of these magnesia A s values in Table VI with the
normal values for alumina and the anomalous values for silica shows that the mag
nesia A s values agree much more closely with the alumina values than with the
silica values. We tentatively conclude that the anomalous. A s effect does not apply to
adsorption on magnesia, and that A s values for different: sample molecules can be
calculated in the same way as for alumina19 •

RETENTION VOLUME AS A FUNCTION OF SAMPLE STRUCTURE

Previous papers (e.g. refs. 8, 19) have developed a general theory for the de
pendence of sample retention volume on sample structure in adsorption chromato-
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TABLE VI

APPARENT SAMPLE A s VALUES FOR ADSORPTION ON MAGNESIA; 6.3 % H 20-MgO

309

Sa.mple

m-Nitroacetophenone
I,4-Dinitronaphthalene
2-Aminonaphthalene
eO

LogB O As

Pentane 5% v I5% v Mgoa Al
2
0 ab Si02

b

CH2CI2- CH2CI2-

pentane pentane

1.82 1.17 0·53 13.2 10·5 22·4
0.83 0041 9. 8 13.0 22·4
1.74 0·74 10.2 9·5 16.0
0.000 0.043 0.098

a Calculated from above BO values and Eqn. 2 a.
b Calc~lated as in ref. 19.

graphy. The standard adsorption energy So of a sample molecule expresses the major
contribution of sample structure to lio. So is related to the adsorption energies Qat of
the diffeyent groups i which constitute the sample molecule:

so _ i QO f(Qo ) i=FkQo
-~ i- /r; ~ i

Here So is given as the sum of group adsorption energies for every group i
in the sample molecule, minus an adsorption energy loss due to localization of
certain sample types on strong adsorbent sites. The localization function f(Qok) in
eqn. 4 depends upon the adsorption energy QOk of the strongest adsorbing group k
in the sample molecule. Relative separation order on different adsorbents is largely
determined by the values of Qat for different sample groups i and by the relative
extent of sample localization.

Retention volume data for it variety of sample types were collected and reduced
to values of S° by means of eqn. 2. These data are summarized in Table VII. Table VII
permits a fairly detailed examination of the role of sample structure in determining RO
values on magnesia.

Arom'(ltic hydrocarbons
The So values for the aromatic hydrocarbons of Table VII are plotted versus

the number of aromatic carbon atoms in each molecule in Fig. 4. The various points
fall on top of a straight line through the origin. This correlation is predicted by
eqn. 4 when no sample localization occurs (i.e. f[Qok] equal zero). A value of Qat for
an aromatic carbon atom (-C=) adsorbed on magnesia can be derived, equal 0.40:
The adsorption of the aromatic hydrocarbons onto alumina, Florisil and "X" sieve is
similar in this respect20 . The aromatic hydrocarbons adsorb on silica with localiza
tion, and as a result the So value for a nonfused aromatic such as dibenzyl is much
larger than is S° for fused aromatics of similar aromatic carbon number (e.g. ace
naphthylene). As seen in Table VII and Fig. 4, this is not the case for the adsorption
of hydrocarbons onto magnesia. We therefore conclude that localization of hydro
carbons on magnesia does not occur.
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TABLE VII

L. H. SNYDER

RELATIVE SAMPLE ADSORP'j'ION AS A FUNCTION OF SAMPLE STRUCTURE: SO VALUES FOR DIFFERENT
SAMPLES (6.3 % HP-MgO)

Sample Solvenla Log !J.0 So

Exptl. b Calc."

Acenaphthylene P -0.32 4.8 4. 8
Dibenzyl P 0·34 d 4. 1 4. 8
Anthracene P 0·39 5.6 5.6
Phenanthrene P 0·47 5·7 5.6
Fluoranthene P 1.13 6·4 6-4
Pyrene P 1.05 6·3 6,4
Chrysene P 1.80 7. 2 7. 2

Triphenylene P 1.76 7. 1 7. 2

Benzanthracene P 1.77 7. 2 7,2
I,2-Benzpyrene 15% M-P 1. 23 8,0 8.0
I,2,3.4-Dibenzanthracene 35% M-P 0.84 8·7 8.8

Methyl benzoate P -0·5 4·5 5.0

Acetophenone P 0·37 5·5 5·3
Aniline P 0.68 5·9 5. 8
Phenol 35% M-P 1.31 7·9 7·4
Phenylacetone P 0·74 6.0 5·7
I-(J-Thiapropyl)-naphthalene P 0.12 5,3 5,0
2-Methoxynaphthalene P 0.08 5,2 5,2
I-Nitronaphthalene P 0·47 5·7 5. 8
Methyl-2-naphthoate P 0·73 6.0 6.1
2-A::etonaphthone P 1.18 6·5 6·4
I-Naphthaldehyde P 0.70 5·9 6.2
2-Aminonaphthalene see Table VI 7. 1 6·9
2-Aminoanthracene 35% M-P 0·97 8·4 8.0
Pyridine P 0.63 5.8 5·7
Isoquinoline P 1.10 6·4 6·7
Quinoline P 1.00 6·3 6.2
Phenanthridine P 1.85 7·3 7·3
I-Azapyrene 35% M-P 0·49 7·7 7·9
7,8-Benzoquinoline 5% M-P 0.71 6·4 6·5
Acridine 15% M-P 0.60 6·9 7.2

m-Nitroacetophenone see Table VI 7.0 6.8
p-Nitroaniline 35% M-P 1.05 8.2 7·3
m-Nitromethylbenzoate 5% M-P 0.85 6·7 6·5
m-Nitroanisole P 0.5 2 5·7 5.6
2,5-Dimethoxyacetophenone 15% M-P 0·35 6·7 7. 2
Dimethylisophthalate 15% M-P 0·34 6.9 6·9
p-Dinitrobenzene 5% M-P 0.63 6,4 6.2
2.4-Dinitroanisole 15% M-P 0·98 7.6 7·3
m-Nitrobenzaldehyde 5% M-P 0·96 6·7 6.6
p-Methoxyacetophenone 5% M-P 0.84 6·5 6·3
1.4-Dinitronaphthalene see Table I 6.1 7.2

a P = pentane; 5 % M-P = 5 % V methylene chloride-pentane; 15 % M-·P = 15 % V methyl-
ene chloride-pentane; 35 % M-P = 35 % v methylene chloride-pentane.

b From !J.0 values and eqn. 4.
" From eqn. 4 and alumina data, as described in the text.
d Value for 1.5 % H 20-MgO.
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Fig. 4. Dependence of hydrocarbon S° values on
aromatic carbon number; data of Table VII.

TABLE VIII

Fig. 5. Group adsorption energies on mag
nesia versus alumina; data of Table VIII.

SAMPLE, GROUP ADSORPTION ENERGIES QOt ON MAGNESIA versus ALUMINA

Group QOt !(Qok)

MgO Al
2
0 3 b MgO Al20 3 d Mgoe

(exptl.)8 (calc.)O

-C= 0.40 0.3 1 0.24 0.00 0.00
Ar)-SR 1.26 1.32 1.02 0.00 0.00
Ar)-OR 1.34 1.77 1.36 0.10 0.08
Ar)-N02 2.00 2·75 2.12 0.31 0.21
AR)-C02R 2.26 3.3 2 2.56 0·39 0.26
Ar)-CHO 2.29 3·35 2.58 0·35 0.23
Ar)-GOR 3.03 3·74 2.88 0·44 0.29
Ar)-NH 2 3.50 4.41 3.40 0·45 0.30
Ar)-OH 5·54 6,5 5. 01 0·45 0.30
-N=f 3.50 4. 8 3.70 0·45 0.30
-N=g 2·99 4.0 3.08 0·45 0.30
-N=h 2.68 3.8 2·93 0·35 0.30
-N=1 1.71 2·3 1.77 0.22 0.15
Ar)-aH2COR 3·57 4. 28 3.30

8 Derived from RO values of Table VII for monosubstituted aromatics.
b Ref. 8 -
00.77 times value for alumina.
d. Ref. 21.
e. 0.67 times alumina value.
r: As in pyridine.
g As in quinoline.
h As in acridine.
I As in 7.8-benzoquinoline.
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Substituted aromatics
QOt values for different groups i can be derived most readily from!i° data for the

monosubstituted benzenes (C6H s-i) or paraffins (R-i). Extensive data for compounds
of this type could not be obtained in the present study because of experimental
limitations. Alternatively group QOt values can be derived from compounds such as
the monosubstituted naphthalenes or other more complex sample molecules if we
know the value of the localization function f(Q°ic). Examination of the data of Table
VII suggests that the localization function for adsorption on magnesia is given ap
proximately as 0.67 times the corresponding value for adsorption on alumina. This
fits the same pattern already noted for adsorption on silica and Florisi119 , where the
respective localization functions are 0.4 and 0.65 times the alumina values. Using
this approximation to f(Qok) on magnesia, the QOt values of Table VIII were derived
from the S° values of Table VII for the monosubstituted aromatics (e.g. acetophenone,
1-nitronaphthalene, acridine). The previous convention19 with respect to not counting
the delocalization of the benzene ring attached to the localizing group was followed
in this procedure. Comparison of these magnesia QOt values with corresponding values
for alumina (Table VIII and circles in Fig. 5) shows a close correspondence. The mag
nesia values can in fact be calculated from values for alumina within a standard
deviation of ±0.25 units, using the relationship: QOt (MgO) equals 0.77 QOt (A120 3).

With the exception of acidic and basic sample molecules, this similarity of group
adsorption energies on different polar adsorbents now appears to be quite typical.
Similar quantitative correlations between QOt values on different adsorbents have
already been noted for alumina, silica and Florisi122 and BROCKMANN23 has reported
the same qualitative sequence of group adsorption energies on alumina, silica,
magnesia, calcium sulfate and copper sulfate. The QOt value for the one acidic group
of Table VIII, aromatic hydroxyl, is relatively larger on magnesia than on alumina,
compared to neutral sample groups. This confirms that magnesia, like alumina22, is a
basic adsorbent which preferentially adsorbs acidic samples.

The correlation of Fig. 5 does not suggest a large preference for the adsorption
of a single aromatic carbon on magnesia relative to alumina. However the dashed
curve in Fig. 5 for aromatic nucleic of varying size emphasizes the preferential ad
sorption of aromatic rings on magnesia relative to alumina (and other adsorbents),
confirming the observations collected in the Introduction.

The overall applicability of eqn. 4 for adsorption on magnesia, and the simi
larity of QOt values on magnesia versus alumina, was further checked as follows. All
QOt values were assumed equal to 0.'77 times the alumina values, except for aromatic
carbon (QOt equal 0.40); f(Qok) was assumed equal to 0.67 times the value for the
same substituent on alumina (Table VIII); S° values for the compounds of Table VII
were calculated using eqn. 4. The resulting 42 calculated S° values are shown in
Table VII. The standard deviation of calculated from experimental values was found
to be ± 0.3 units. This agreement is not significantly worse than in similar calculations
of S° for other adsorbents, and confirms our ability to calculate 5" values on magnesia
by means of eqn. 4.

The variability of different magnesia samples was briefly studied with respect
to changes in sample separation order (i.e. relative !i0 values). !S" values for several
of the compounds of Table VII (Sea Sorb MgO) were redetermined on a sample of the
West Vaco magnesia under approximately the same separation conditions (same
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TABLE IX

SAMPLE RETENTION VOLUMES ON 3 % H 20-MgO (WEST VACO)a; PENTANE ELUENT

313

Sample

Acenaphthylene
Phenanthrene
Fluoranthene
Acetophenone
Aniline
1-Nitronaphthalene
2-Acetonaphthone
l\1ethyl-2-naphthoate
Quinoline
Isoquinoline
m-Nitroanisole

-0·35
0·34
1.°7

-0.06
0·47
0.23
0.86
0.40
0·54
0·55
0.09

a Adsprbent heated to 300° and 3 % water added.
b Corrected to 67 % w MgO basis (2: I MgO-Celite) by subtraction of 0;18.

eluent, similar adsorbent activity). These values are reported in Table IX. A linear
relationship between the latter log lio values and corresponding values fromTableVII
is predicted by eqn. 1. As seen in Fig. 6 the anticipated relationship between log RO

- 0.4 0 0.4 0.8 12
LOGlt(Sea Sorb)

Fig. 6. Log llQ data of Table IX versus corresponding values from Table VII. (0) Hydrocarbons;
( .) substituted aromatics.

values on the two adsorbents is observed approximately. The dashed curve of Fig. 6
is that predicted for a sample of 8 % H 20-MgO (Table III). The standard deviation
of the points of Fig. 6 from the dashed curve is ±o.18 log units. Considering the
different sources of these two magnesia samples, (and corresponding differences in
their processing) the scatter of points in Fig. 6 does not indicate any marked varia
tion in the adsorptive properties of the two adsorbents. The data of Fig. 6 for the
aromatic hydrocarbons (open circles) tend to lie significantly higher than corre
sponding data for the substituted aromatics (closed circles). This suggests that the
preferential adsorption of aromatic rings on magnesia (relative to other sample
groups) is somewhat intensified on the West Vaco magnesia relative to Sea Sorb
magnesia.
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PRACTICAL APPLICATIONS OF SEPARATION ON MAGNESIA

L. R. SNYDER

The correlational model developed in this and preceding papers does not have
as its primary aim the precise calculation of EO values in chromatographic systems
of possible interest. In fact the experimental data collected and correlated to date
suggest that such a goal is in general beyond the capability of any relatively simple
theory of adsorption chromatography. A more reasonable, and in fact more useful goal
of a general theory of adsorption chromatography is the classification of different
separation systems with regard to general differences in sample EO values. In this way
we can tell how an unsatisfactory separation can be improved by systematic changes
in separation conditions. Our initial guess of separation conditions for a particular
sample can also be made more intelligent. The primary role of adsorbent type, in this
connection, is in the selective adsorption of certain sample types by various a.dsor
bents. Thus basic adsorbents such as alumina and magnesia selectively retain acidic
samples22, and for some separation problems this factor might be decisive in the
selection of adsorbent type. A previous paper12 has examined certain other general
differences in separation on alumina, silica and Florisil. In the present paper we have
seen that separation on magnesia is for the most part quite similar to separation on
alumina, with the one exception that olefinic and aromatic groups are preferentially
held on magnesia, relative to other sample groups. Because magnesia is less conve
nient to work with than is alumina, separations on magnesia should be restricted
to·those cases where it is advantageous to have selective adsorption of unsaturated
molecules. Certainly the separation of compounds differing only in the total number
of carbon-carbon double bonds can be better carried out on magnesia than on such
adsorbents as alumina, silica or Florisil. Silver impregnated adsorbents are of course
competitive with magnesia for selective retention of unconjugated olefins.

For quite complex samples which are composed of many compounds of differing
type, it is frequently found that no single adsorbent can provide adequate separation
of all compounds or compound types. It is then advantageous to make use of a two
dimensional chromatographic system, where initial separation on one adsorbent
yields fractions which are each further separated on a second adsorbent (or by another
chromatographic method, e.g. partition). In using this technique it is important
that the selectivity of each adsorbent type chosen be complementary with respect
to the chosen sample. One example is provided by certain compound type separations
of petroleum. On alumina the alkyl substituted naphthalenes, benzothiophenes,
sulfides, and diphenyl alkanes separate together as a single fraction. On silica as ad
sorbent aromatic types are localized, with the result that polycyclic aromatics are
less strongly adsorbed relative to other compound types. Consequently it is possible
to further separate the above group of compounds from an alumina separation by
reseparation on silica: the naphthalenes and benzothiophenes will be separated as an
initial fraction from the diphenyl alkanes plus sulfides. Or the same alumina. fraction
might be reseparated on magnesia, which selectively retains all aromatic types: an
initial sulfide fraction and a final naphthalene-benzothiophenes-diphenyl alkane
fraction would result in this case. These various possibilities are illustrated in Fig. 7
for an actual petroleum sample. A typical gas oil (200-350° boiling range) was first
separated on alumina (Fig. 7a) to give a concentrate "A" (cross hatched) of naphtha
lenes, diphenyl alkanes, benzothiophenes and sulfides. Ultraviolet (V.V.) absorbance
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(d) Fig. 7. Successive separation of a petroleum gas
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reseparation of fraction" A"from (a) on siliCa;
(d) = reseparation of fraction" A" from (a) on
magnesia.

of the eluate is plotted in Fig. 7a, in order to distinguish the latter group of com
pounds from the initially eluting benzene derivatives. Reseparation of fraction "A"
on alumina was followed by U.V. and iodine; complex absorbance to distinguish
sulfides from naphthalenes plus benzothiophenes (Fig. 7b). No further separation of
these two compound groups resulted, as expected. In Fig. 7 c reseparation of the initial
alumina fract:ionon silica is shown,- and as predicted the sulfides (plus undetected
diphenyl alkanes) are cleanly separated from the naphthalenes plus benzothiophenes,
which elute first. Using the cutpoint indicated by the arroW in Fig. 7c, 99 % of each
compound type was recovered in its respective fraction. Finally in Fig. 7 d the corre
sponding reseparation on magnesia is shown. Again the sulfides are cleanly separated
(94 % in each fraction) from the aromatic types, but the elution order is now re
versed relative to separation on silica (as predicted). Progressive separation on alumina,
silica and magnesia could give almost complete breakdown into sample types, with
only the naphthalenes and benzothiophenes remaining unresolved. Use of a fourth,
sulfur selective adsorbent (e.g. ref. 24) might then provide complete compound
type separation.

SUMMARY

Linear elution adsorption chromatography on water deactivated magnesia
has been used to evaluate the unique characteristics of this adsorbent. Water is
washed from the magnesia surface by all solvents quite readily, and the resulting
dry surface irreversibly adsorbs aromatic compounds. Complete sample recovery is
possible, however. using water wet solvents. With respect to the effect of the solvent
on sample separation order (retention volume values) and the relationship of sample
adsorption to sample structure, magnesia resembles alumina rather closely. The
major difference between these two adsorbents is a stronger relative adsorption of
the carbon-carbon double bond on magnesia. Magnesia has a general tendency to
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adsorb olefins and aromatics more strongly than other adsorbents, leading to some
useful separation possibilities with magnesia alone or in combination with other
adsorbents.
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INTRODUCTION

The measurement of polycyclic hydrocarbons in air samples, for some fifteen
years, has 'been based mainly on ultraviolet absorption measurements made after
chromatographic separations of air sample extracts on alumina (or silica gel) columns.
The work of WEDGWOOD AND COOPERl , COOPER2 and COMMINS3 may be cited as
representative. The heights of characteristic ultraviolet peaks have been measured
above a somewhat arbitrary base line2 , 3 and the peak heights found have been inter
preted as proportional to the concentration of a particular hydrocarbon. Measure
ments may be made on individual chromatographic fractions and the individual
values combined to give the total for a particular hydrocarbon. For sensitivity
reasons, it may be necessary to combine fractions and reduce the volume of the
composite fraction so that the concentration will be high enough to be analysable
by ultraviolet absorption. Originally, ultraviolet measurements were made by
manual spectrophotometers. A great deal of the tedium associated with manual
measurement has been eliminated by the now widespread use of ultraviolet recording
spectrophotometers. These instruments are, in fact, commonly used as both the moni
toring and measuring instruments. Similarly, recording fluorimeters are now coming
into use, and with their sensitivity so much greater than that obtainable from ultra
violet instruments, eluate fractions, "empty" to ultraviolet, prove to contain mea
surable amounts of polycyclics by fluorescence. It is worthy of note that as early as
1943, WEIL-MALHERBE4 worked out the chromatography of benzo[a]pyrene (BaP)
on alumina and silica gel, using a home-made fluorescence instrument. Fourteen
years later in 1957, CAHNMANN 5 using a recording ultraviolet spectrophotometer,
established the behaviour of benzo[a]pyrene on deactivated silica gel. It would be
almost unthinkable now, to do column chromatography without the aid of some kind
of automatic recording spectroscopy.

An integrated approach is illustrated by gas chromatography where, under
ideal conditions, the air sample extract may be separated into a series of individual
peaks which can be measured on the recorder chart chromatogram. DUPlRE6 se
parated and measured tar oil fractions by gas chromatography. LIBERTI et aU
measured polycyclic hydrocarbons in three samples of dust by gas chromatography.
Their method involves concentration of 100 ml of cyclohexane extract to 5 ml,
partition of the polycyclics between solvents and final concentration of sample,
under reduced pressUre, to about 10 p,l. They obtain beautiful chromatograms, but
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from our experience, we would expect almost total loss of anthracene and phenan
threne, and loss of a great deal of both pyrene and fluoranthene during the concen
tration process. This concentration step is presumably necessary on sensitivity
grounds. Similar high evaporative losses of anthracene,phenanthrene, pyrene
and fluoranthene are cited by GRIMMER AND HILDEBRAND-rS. Vl!ILMSHURST9 analysed
polynuclear arenes by gas chromatography after going through a conventional
chromatographic step "to concentrate the polynuclear arenes", and also perhaps
to clean up, or lower the background of the sample before gas chromatographic analy
sis.

WILMSHURST admits there may be some ambiguity connected with some
of the peaks found. As he says "chrysene and benz[a]anthra.cene ... were detectable
subsequent to the peak". DE MAIO AND CORNlO measured polyr:.yclics in ten com
posite samples of Pittsburgh air, but again found it necessary to concentrate the
benzene extract to attain a concentration which was usable with the gas chromato
graph.

It must be pointed out here that it is quite feasible to analyse polycyclics in
prepared extracts by fluorescence, without concentration. In fact, it is usually
desirable to dilute and re-analyse at lower concentrations to check that concentration
quenching is not at work. The sensitivity of ultraviolet is certainly less than fluor
escence and it is sometimes necessary to concentrate to get a usable response. An
illustration of this is the measurement of perylene in air samples where perylene
structure may not appear in the spectrum until the extract has been concentratedll.

In the gas chromatographic work cited, concentration was used by all workers.
A rough comparison of the monitoring sensitivities would be fluorescence, ultraviolet
and gas chromatography, in that order.

The best analytical approach would be to combine gas and liquid column
chromatography with fluorescence and ultraviolet im.trumentation. For example,
unlike liquid chromatography, gas chromatography separates benzo[k]fluoranthene
(BkF) cleanly from benzo[a]pyrene, but it does not separate BaP from benzo[eJ-·
pyrene (BeP). Provided BkF is absent, it is possible, however, to measure BaP by
fluorescence and BeP by ultraviolet in an eluate containing bothll . Ba:P and BkF
can both be measured by fluorescence in an extract or eluate containing a mixture
of these two12. Efforts are being made to combine the best features of all, but for
the present, gas chromatography will not be further discussed, and the emphasis
will be on the older liquid column chromatography with spectroscopic identification
and measurement of compounds.

The sampling and preparation history of an air sample has perhaps as much
to do with the final total accuracy of the values obtained as the actual analytical
method. For example, the solvent used to extract the air sample is not a matter of
indifference. Extraction should be rapid and complete and substances interfering with
the subsequent analysis should not be extracted, ideally. This optimum situation has
not yet been achieved, and in the following actual sampling errors and losses will
not be discussed.

Several practical analytical difficulties which are encountered are lack of
sufficient instrumental sensitivity, apparent losses of hydrocarbon during chromato
graphy and the background. These problems will now be considered.

J. Chromatog., 28 (1967) 317-]25



COLUMN CHROMATOGRAPHY AND SPECTROSCOPY OF POLYCYCLICS

REAGENTS AND APPARATUS

Alumina adsorbent
Type H lOa-ZOO mesh of Peter Spence is used without any washing treatment.

It is heated ovepnight at 145 0 and deactivated by the addition of 1.8 % water.

Cyclohexane
Technical grade cyclohexane of British Drug Houses is percolated through a

bed of active carbon, Pittsburgh Chemical BPL lZ X 30. The product obtained should
show less than 0.5 p.p.h.b. fluorescence calculated as quinine base.

Ether
Ethyl ether, fluorimetric grade from Hartmann-Leddon, Philadelphia, Pa.,

is used without further treatment.

Chromatographic columns
A glass tub,e 1.0 em I.D. and 40.0 em long is fitted with a teflon plug stopcock.

The column is filled to a depth of lZ em with a slurry of the deactivated alumina in
cyclohexane.

Instrumentation
For ultraviolet absorption a Bausch & Lomb spectrophotometer No. 50Z

with fixed slits was used, as well as a Cary 14 recording spectrophotometer. For
fluorimetric measurements a modified Aminco-Bowman spectrophotometer was
used with a 1 Pz8 photomultiplier tube and slit arrangement No. z.

EXPERIMENTAL

Before doing any experiments we can theorise, knowing the systems we are
dealing with, that apparent low recovery of polycyclics may be caused by one or a
combination of the following:

(1) Lack of sensitivity of the measuring technique,
(z) Irreversible adsorption on the column,
(3) Tailing on the column,
(4) Incomplete column separations,
(5) Decomposition on the column.
Each of these possibilities was investigated separately and appropriate experi

ments were performed to see which of these premises might be true.
With any instrumental technique used to measure consecutive eluates, a

certain minimum concentration is necessary to get a measurable response. For
concentrations below this limit a zero value is obtained. With a detection limit of
0.010 absorbance units we see from Table I that to detect BaP by ultraviolet ab
sorption we require a concentration of 0.7 /log per 1 ml, or in a cuvette of 3 ml volume,
a total amount of Z.l /log. This is based on measurement at the characteristic BaP
peak at 401-403 nm. It is interesting to note that precisely the most important
hydrocarbon in the group, BaP, has the least favourable detection limit. On the other
hand, BaP is a strong fluorescence emitter and is therefore well suited for measure-

]. Chroma/og., 28 (1967) 317-325



320 A. ZDROJEWSKI, L. DUBOIS, G. E. MOORE, R. S. THOMAS, J. L. MONKMAN

TABLE I

CONCENTRATIONS DETECTABLE BY ULTRAVIOLET MEASUREMENT

For detection limit of 0.010 absorbance units.

Hydrocarbon Concentration Wavelength

!-'g/ml !-,g/3 ml
(nm)

Pyrene 0.04 0.12 325-340
Coronene 0.06 0.18 335-342
Fluoranthene 0.05 0.15 284-290
Benzo[e]pyrene 0.075 0.22 323-337
Anthanthrene 0.04 0.12 422-430
Benzo[g,h,i]perylene 0.01 0.03 376-393
Benzo[k]fluoranthene 0.10 0.30 395-405
Benzo [a]pyrene 0.70 2.1 397-406

ment by fluorescence12. Comparing sensitivities available from ultraviolet and fluor
escence for BkF ultraviolet measurements may be made over a range of I) to 10 p.g/ml
and fluorescence measurements over a range of 0-0. I p.g/ml. Rated conservatively,
there is a sensitivity differential of more than 100 times in favour of fluorescence
measurements. A practical illustration of the difference in usable sensitivity is shown
by Fig. I, in which BaP was measured in the same eluate fraction of an air sample
by both techniques. An easily measured response is given by fluorescence but ultra
violet absorption shows nothing measurable. It is easy to see that the use of the
wrong measuring technique might give the false impression that BaP was absent.
Apparent low analytical recoveries may also be explained as due to the remaining
four factors. Since these factors are all column-dependent, they were investigated to
gether.

Fifty micrograms of ten different polycyclics were chromatographed separately
on the alumina column previously described, using cyclohexane as eluting agent.
Quantitative measurements were made on the eluates by ultraviolet or fluorescence,
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N. SEILER, M. WIECHMANN

geringe Arbeitsaufwand gerechtfertigt, insbesondere, wenn man auf eine quantitative
Bestimmung dieser Amine hinzielt.

Eine fUr qualitative Zwecke ausreichende Trennung der Diamine ·(auch in
Gegenwart der beiden Tryptamine anwendbar) erzielt man durch jeweils einmalige
Chromatographie mit den Trenngemischen XXIII und XXIV in der ersten und mit
Gemisch XXII in der zweiten Laufrichtung. Die Giite der Trennung von Athylendia.
min, Trimethylendiamin und Tetramethylendiamin, und insbesondere die Abtrennung
von Tryptamin und 5-Methoxy-tryptamin von den Diaminen, hangt in hohem Masse
von den chromatographischen Bedingungen, vorallem von der Kammersattigung abo
Chromatographiert man z.B. nur eine Platte in einem Chromatographietankublicher
Grosse, so wird der Fleck mit den beiden Tryptaminen in unmittelbare Nahe des
Athylendiaminflecks versetzt. Es ist daher empfehlenswert in diesem Falle immer zwei
Platten gleichzeitig zu entwickeln. Wenig beeinflusst ist die Trennung von Tetra-,
Penta- und Hexamethylendiamin. Sie entspricht etwa der in der Fig. 10 dargestellten
Fleckenverteilung.

ALLGEMEINE BEMERKUNGEN ZUR CHROMATOGRAPHIE DER DANS-DERIVATE

GeringfUgige Verunreinigungen bestimmter Art in den hir die Umsetzung der
Amine mit DANS-Cl benutzten Losungsmitteln und Chemikalien konnen die Chro
matographie u.U. erheblich storen. So reagieren z.E. Methanol, Athanol und weniger
leicht auch hohere Alkohole in Gegenwart von Soda mit DANS-Cl. Der DANS
Methylester lauft in System VI/VIII ahnlich wie DANS-Piperidid. Sollen aus grosseren
Gewebemengen Amine durch Extraktion angereichert werden, so muss auf grosse
Reinheit der Losungsmittel geachtet werden. Aus dem Reaktionsansatz verschleppte
Alkalispuren konnen das Ergebnis der Trennung, je nach Trenngemisch, u.U. erheb
lich beeinflussen. Sie konnen auch zu Zersetzungsreaktionen der DANS-Derivate
Anlass geben. Peroxide (im Ather) sind ebenfalls eine mogliche Ursache fUr Zerset
zungen. Die Trenngemische sollten daher, wie in der Dunnschichtchromatographie
meist ublich, im allgemeinen unmittelbar vor dem Gebrauch hergestellt werden. Die
in der vorliegenden Arbeit aufgefiihrten Chromatogramme erhielten wir ausschliesslich
durch Chromatographie auf selbstbeschichteten Platten (Kieselgel G der Firma
Merck A.G., Darmstadt), wobei auf sorgfaltige Beschichtung grosser Wert gelegt
wurde, um eine gute Reproduzierbarkeit der Fleckenmuster zn gewahrleisten. Diese
ist bei genauer Einhaltung der beschriebenen chromatogra.phischen Bedingungen
auch ohne weiteres gegeben. Wichtig ist, dass die Platten vor der Chromatographie
durch 2 Stdn. langes Erhitzen auf 100 0 aktiviert werden. Sie sind nach dem Abkuhlen
auf Raumtemperatur sofort verwendbar. Die Trocknungszeiten von 3-4 Min (bei
Ranmtemperatur) zwischen den einzelnen Laufen sind moglichst einzuhalten.

Von den von uns bisher gepruften handelsublichen, fertig beschichteten Dunn
schichtplatten, ermoglichte lediglich die Selekta-Platte NT. 1500 (Kieselgel mit
Starkebinder) der Firma C. Schleicher & Schull, Dassel, sowie die DC-Fertigplatte
"Merck", Kieselgel F 254 Trennungen mit den beschriebenen Laufmittelgemischen, die
mit den Trennungen auf selbstbeschichteten Platten vergleichbar sind. Die leicht
erhOhte Laufzeit dieser Platten i. Vgl. zu den selbstbeschichteten Dunnschichtplatten
fallt nicht sehr ins Gewicht. Die Fertigplatte der Firma Merck A.G., Darmstadt enthalt
jedoch den fUr die Chromatographie der DANS-Derivate entbehrlichen Fluores-
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NOTES

Gas chromatographic analysis of some isomeric phenyl-substituted perfluoro
olefins

In the course of an investigation1 involving the :fluoride ion catalyzed isomeri
zation of terminal polyfluorinated olefins to mixtures of cis and trans internally
substituted olefins (eqn. I), it became necessary to separate and analyze isomeric

CF2=C-CF2CFa + Fe ---+ CFaC=CFCFa + Fe
I I

C6 Hs C6 Hs
cis-trans

(I)

mixtures of the terminal, cis- and trans-perfluoro-olefins by gas-liquid chromato
graphy (cj. Table I for physical properties of these olefins). The problem consisted
primarily in the separation of the cis and trans isomers of z-phenylheptafluoro-z
butene (compounds I and 3) and z-phenylnonafluoro-z-pentene (compounds 4 and 5)
respectively; and separation of a mixture consisting of the terminal :z.-phenylhepta
fluoro-I-butene (compound z) and the cis and trans isomers of z-phenylheptafluoro
z-butene (I and 3).

Although several columns gave some partial separation, silicone gum rubber,
fluorosilicone rubber, Carbowax zo M, and ,8,,8'-oxydipropionitrile gave moderate to
good separation of the cis- and trans-z-phenylheptafluoro-z-butene and z-phenyl
nonafluoro-z-pentene isomers. However, only the use of ,8,,8'-oxydipropionitrile
(Fig. I) and fluorosilicone rubber (Fig. z) as liquid phases gave satisfactory separa.tion
of the three isomers of z-phenylheptafluorobutenes (compounds I, Z and 3).

TABLE I

PHENYL SUBSTITUTED PERFLUORO-OLEFINS

H sC6'-C=c/B
A/ 'C

Compound A B C B.p. °C (mm) n20
D

No.

I CFa F CFa 14°-141 (74°) 1.4°49
2 C2F s F F 138- 139 (737) 1-4°32
3 CFa CFa F 133-134 (74°) 1-4°°4
4 CFa C2F s F 145-146 (73°) 1.3872

5 CFa F C2F s 150 - 15 1 (739) 1·39[8

Experimental and results
Carbowax zo M (F & M Scientific) and ftuorosilicone rubber (Dow Corning)

were used to prepare 10 % w[w packings on IOO-IZO mesh Gas Chrom P (Applied
Science Lab.) and packed into a 10 ft. length of %in. a.D. copper tube and coiled.
~,~'-axydipropionitrile (F & M Scientific) was used to prepare a 10 % wjw packing on
80-100 mesh Chromosorb P (Applied Science Lab.) and packed into a 10 ft. length of
1[4 in. a.D. copper tube and coiled. Silicone gum rubber (F & M Scientific) was used.
to prepare a 10 % w[w packing on IOO-IZO mesh Gas Chrom P and packed into a

J. Chromatog., 28 (1967) 396-398
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Fig. 3. Chromatogram of fluoro-olefins on Carbowax 20 M. The numbers refer to those given
in Table 1.

Fig. 4. Chromatogram of fluoro-olefins on silicone gum rubber. The numbers reier to those given
in Table 1.

fluoro-z-butene isomers on these columns, respectively, in the absence of the terminal
olefin, z-phenylheptafluoro-1-butene.
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NOTES

Gas chromatography of fluorinated fatty acids

399

II. Separation and identification of the methyl esters of 2-f1uorofatty acids
to 18 carbons

A rationale for our interest in the 2-fluorofatty acids has previously been
reported1 . In that paper, a gas chromatographic method was presented for the
separation and identification of those free acids to 6 carbons and in combination with
a similar series of unfluorinated aliphatic fatty acids. Since that time, GERSHON AND
PARMEGIANI2 have reported on the preparation and antifungal properties of additional
members of the 2-fluorofatty acid series to 20 carbon atoms. Of further interest are
the results of PATTISON, BUCHANAN AND DEAN3, who reported the comparatively low
mammalian toxicity of 2-fluorofatty acids, and that this was due to their inability to
undergo fi-oxidation.

The present report is concerned with a gas chromatographic study of the methyl
esters of these acids alone and together with a similar series of methyl esters of un
fluorinated fatty acids.

Experimental
Apparatus. All separations were carried out in an Aerograph Model 204 gas

chromatograJ1>h, fitted with a flame ionization detector. The column employed was
5 ft. X i· in. O.D. stainless steel tube packed with 5 % diethyleneglycol succinate
(DEGS) on a<tid washed Chromosorb W (80/roo mesh) with a flow rate of nitrogen of
25 ml/min. Retention data were obtained under isothermal conditions at two different
temperatures. For the lower fatty acid esters, the column temperature was maintained
at 85°, and tlite detector and injector temperatures were rooo and r400, respectively.
The higher fatty acid esters were chromatographed at a column temperature of r800
with the detector temperature at 205° and the injector temperature at 250°.

The mixture of the methyl esters of the 2-fluorofatty acids was separated using
linear temperature programming at 5°/min from roo ° to 200°, after which, isothermal
conditions were maintained. The complete mixture of the methyl esters of the fluori
nated and unfluorinated fatty acids was separated as above, except that the initial
temperature was 75°. The detector temperature was kept at 2roo, and the injector
temperature was 220° in both cases.

Compounds. The methyl esters of the unfluorinated fatty acids were commercial
ly available and the preparation of the 2-fluorofatty acids was according to the
method of GERSHON AND PARMEGIANI2. Esterification of the 2-fluorofatty acids was
performed by means of methanolic boron trifluoride4 . All of the fluorinated fatty acid
esters were purified by preparative gas chromatography in an Aerograph Autoprep
Model A-700, and acetone solutions of the compounds were employed for injection
into the chromatographs.

Results and discussion
Table I contains the analytical data characterizing the methyl esters of the 2

fluorofatty acids. A chromatogram of the separation of the methyl esters of the
2-fluorofatty acids can be seen in Fig. r, and the gas chromatographic separation of
the combined mixture of methyl esters of fatty acids and 2-fluorofatty acids is shown

]. Chroma/og., 28 (1967) 399-403
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NOTES

positions for the next fraction. This operation continues until the upper turntable
control microswitch is thrown by a knob extending above the turntable and attached
at a point where a wide band of pure solvent occurs. The next signal from the syphon
now activates counter (2) via the circuit: relay (3), counter (2) microswitch, upper
turntable control microswitch, counter (r) microswitch, thermal delay relay (4) and
turntable microswitch (dotted rest position). The tube at this stop of the turntable
is omitted so that the number of fractions set on counter (2) will be emptied into the
same waste container which collected the forerun fractions. This solvent can be re
used in another run without redistillation. When counter (2) counts to zero it trips
its microswitch (immediately below it in the diagram) and the turntable again starts
turning via the circuit: relay (3), counter (2) microswitch, upper turntable micro
switch, counter (r) microswitch, thermal delay relay (4) and turntable microswitch
(in dotted position). With the turntable in motion the turntable switch again by
passes the delay relay and the upper turntable control switch returns to its normal
position powering the turntable motor directly through counter (r) microswitch,
by-passing counter (2) microswitch. Fractions are then collected until the lower
turntable control microswitch is tripped by a knob attached to the edge of the turn
table at the end of the set of tubes and extending down from the table. This shuts off
all power to the system thus stopping the pump and clock and at the same time ac
tivates the electrocock which stops flow of liquid from the column.

The various components of the circuit can be conveniently housed in a sloping
front cabinet 7 in. square and 6.5 in. high. The outlets in the cabinet are essentially
in the same order as in the wiring diagram with the excepton of the upper and lower

lower
turntable >=:=-+-+ --,
control

syphon
contacts

115 V
a.c. switch

-burntab,e=R1Ft==±--tmotor
upper turntable

control

(0)

el ectrocock

pump

clock

o 0 0

@@@

(b)

(c)

Fig. 1. (a) Wiring diagram for fraction collector control. (b) Physical layout of control. (c) Upper
and lower turntable control microswitches.

]. Chroma/og., 28 (1967) 415-418





















KOTES

temperature limitations of the Pye argon chromatograph oven, but there appears
to be no reason why this method should not be applicable to the higher molecular
weight alcohols.

Conclusion
Reaction of neutral, alcohol-containing mixtures with chloroacetyl chloride,

and analysis of the products by a gas-liquid chromatograph incorporating a halogen
sensitive detector, has been shown to offer a useful method for the identification of
alcohols in such mixtures. The method is quick, and very sensitive. Satisfactory
results were obtained with most of the alcohols studied, and interference from non
alcoholic compounds is negligible.

This method should also be applicable to the analysis of phenols, and the use of
GLC with a halogen-sensitive detector may well have great potential value in the
examination of other types of compound in complex mixtures if suitable halogenated
derivatives can be prepared.
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NOTES

A chromatography-densitometry method foU" quantitative analysis of
sugars of flavonoid glycosides

427

Quantitative analysis of the sugars of naturally occurring flavonoid glycosides is
often needed in elucidation of the structures of these compounds. An improved
method for quantitative detennination of the microgram quantities of sugars obtained
by hydrolysis of one milligram or less of pure flavonoid glycoside has recently been
developed in our laboratory. In this method the sugars are separated by thin-layer
chromatography on silica gel and individually quantitated directly on the chromato
gram by detennination of the density of the spots produced when the plate is sprayed
with aniline-oxalic acid reagent!. This procedure is both less tedious and more reliable
than methods which we have previously employed2,3. It appears generally applicable
for determination of hexoses; we have employed it mainly for determination of
rhamnose and glucose, the sugars occurring most commonly in flavonoid glycosides.

In a typical analysis, 0.25-1.0 mg of flavonoid glycoside is hydrolyzed by re
fluxing with 5 ml 3 % hydrochloric acid solution for 1-2 h. The liberated sugars are
then separated quantitatively from the aglycone by passing the cooled hydrolysate
through a 1.2 cm diameter column packed to a depth of 1.5 cm with an aqueous
slurry of Polyclar AT polyvinylpyrrolidone (General Aniline and Film Corp., Grasselli,
N.J.). The reaction vessel is rinsed 3 times with 5 ml portions of water which are added
to the column, and the column is then washed with 30 ml additional water to elute
the sugars. The aglycone, which remains on the column during water elution, is then
eluted with 75 ml methanol and its quantity determined spectrophotometrically
or by fluorescence.

The aqueous eluate containing the sugars from the Polyclar column is fed
directly onto a 1.2 X 5 cm column of Amberlite IR-45 anion exchange resin (OR
form), which is then washed with 25 ml additional water to insure complete elution
of sugars. The resulting 75 ml of deionized sugar solution are evaporated to dryness
in a round bottom flask on a rotary evaporator. The residue is transferred, in a total
volume of about 15 ml of water, to a 25 ml conical flask; the solvent is again removed
by evaporation; and the residue is dissolved in 500 fLl of water. A sufficient quantity
of this sugar solution to contain 1-10 fLg of each individual sugar (usually 10 fLl) is
spotted in triplicate on a 200 X 200 mm thin-layer plate coated with a 250 fL layer
of Adsorbosil I silica gel (Applied Sciences Laboratories, Inc., State College, Pa.).
A 5 fLg standa.rd each of rhamnose and glucose is spotted in triplicate on the same
thin-layer plate. The chromatogram is developed to a distance of 10 cm beyond the
origin in n-propyl alcohol-ethyl acetate-water (7: I: 2, v/v) solvent system and dried
for 3 h in an air current. It is then sprayed with 10 ml of aniline-oxalic acid reagent,
air dried 10 man, and heated at 1050 for 20 min to develop the color.

The densities of the brown-yellow spots produced by reaction of the hexoses
with the aniline-oxalic acid reagent are determined by scanning the thin-layer
chromatogram with a Photovolt densitometer, Model 530, equipped with an Inte
graph integrator, Model 49 (Photovolt Corp., New York, N.Y.). A Wratten 47B
filter is employed for the phototube to enhance sensitivity to the sugar-reagent spots,
and the response selector switch of the recorder is set at position 6. Under these con
ditions, the density of the sugar-reagent spots on the chromatogram is a linear func
tion of sugar €oncentration in the range I-10 fLg of rhamnose or glucose. The quan-
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NOTES

tities of these sugars in the sample are thus determined by comparing densities of
standard and sample spots. Duplicate thin-layer chromatograms are usually run for
each sample to minimize errors due to individual plate variation.

TABLE I

DETERMINATION OF SUGARS IN NARINGIN SAMPLES BY THE CHROMATOGRAPHY-DENSITO~lETRY

METHOD

Sample Quantities (fig) deter- Quantities (fig) calcu- Ratio of determined
mined by chromato- lated from sample to calculated
graphy-densitomet1'y weight values
method

Glucose Rhamnose Glucose Rhamnose Glucose Rhamnose

I 263 267 292 269 0.90 0·99
2 296 288 3°0 273 0·99 L°S
3 288 245 299 272 0.96 0·90

Table I shows results obtained when this method was employed for deter
mination of rhamnose and glucose in three samples consisting of approximately
I mg each of authentic naringin. The method has been successfully applied in our
laboratory for quantitative determination of sugars in previously unidentified
flavanone triglycosides which were available only in very small quantities. The
thin-layer chromatography-densitometry procedure employed in this method should
be applicable for quantitative determination of microgram quantities of free hexoses
occurring in small samples of biological materials as well as for quantitative deter
mination of hexoses constituting the sugar moieties of other compounds in addition
to the flavonoid glycosides.
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NOTES

A modified elution schedule for accelerated amino acid analysis

The resolution obtained with spherical resins when using the factory-recommend
ed accelerated amino acid analysis elution schedules is inadequate for many plant
samples. This difficulty is caused, in part, by the relatively large content of aspartic
acid, amides, and ammonia. Moreover, in short column basic amino acid analyses,
tyrosine, 3,4-dihydroxyphenylalanine and phenylalanine appear as a single peak,
and tryptophan is resolved only as a broadly spreading peak. This paper describes
changes in buffer pH and water jacket temperatures, as well as alterations in buffer
and temperature change times which have eliminated these problems.

Experimental*
Apparatus. A Beckman lzoB amino acid analyzer was used at buffer flow

rates of 50 mljh and a ninhydrin reagent flow rate of z5 mljh. Back pressures were
345 p.s.i. at 30° and lZO p.s.i. at 60° for the long and short columns, respectively.
High pressure lines between the pumps and columns were 0.06z in. LD. X 0.030 in.
wall Teflon TFE (Penn. Fluorocarbon Co., Clifton Heights, Pa.). Adjustment of pH
was done using a Beckman Expandomatic pH meter.

Reagents. Sodium citrate buffers were prepared according to the recommended
procedures!. Modified pH's were obtained by adding either 50 % NaOH or conc.
HCI to the appropriate buffer. Caprylic acid, rather than pentachlorophenol, was
used as a preservative. All other reagents were prepared according to Beckman speci
fications.

Procedure. Basic amino acids were separated on a zo X o.g cm PA-35 resin
column. Elution was started with a pH 4-6z (0.38 N) buffer which was changed to a
pH 5.z8 (0.35 N) buffer after 30 min. The water jacket temperature during the entire
analysis was 60°. In this procedure, if the ninhydrin pump was started at the same
time as column elution there was not sufficient time to set the recorder baseline
before the appearance, of the first peak. Therefore, this adjustment was made just
prior to the short column analysis while pumping buffer through the long column.

A 57 X o.g em PA-z8 resin column was used for analysis of the acidic and neutral
amino acids. After regeneration at 60°, the column was equilibrated with pH 3.47
(o.zo N) buffer; a reproducible amount of this same buffer was used to wash and
fill the column after the sample had been driven into the resin column. Elution
was started with a pH 3.1Z (o.zo N) buffer at 30°. A temperature change to 55° was
started after 105 min and a buffer change to pH 4.z5 (o.zo N) after z15 min.

Results and discussion
Figs. 1 and z illustrate the resolution obtained with a synthetic mixture of

amino acids and amides. Peak elution times for compounds not shown in the figures
are: (57 cm column) taurine 44 min; urea 49 min; 3,4-dihydroxyphenylalanine
306 min; (zo cm column) anthranilic acid 50 min; kynurenine 55 min; 5-hydroxy
tryptophan 58 min; hydroxylysine 7z -min; 5-hydroxytryptamine gl min; carnosine
and creatinine 109 min; 1-methylhistidine II5 min; L-3-methylhistidine IIg min;
tryptamine lZZ min.

* Reference to a company or product name does not imply approval or recommendation of
the products by the U.S. Department of Agriculture to the exclusion of others that may be suitable.
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NOTES 431

The use of the pH 3.47 buffer for equilibration, as well as for filling, gives better
reproducibility than if a buffer with pH higher than 3.28 is used for filling only.
Automation for the addition of this buffer can be done by using a system similar
to that described by HUBBARD2 for accelerated regeneration and equilibrium.
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Fig. 2. Chromatogram of a synthetic mixture of basic amino acids. 0.125 .umo1e of each compound
was used except for tryptophan (0.50 .umo1e) and ornithine (0.30 .umo1e).

In the analysis of basic amino acids, 3A-dihydroxyphenylalanine, tyrosine and
phenylalanine were separated with the pH 4.62 first buffer. Ethanolamine, ornithine
and hydroxylysine can interfere with ammonia, lysine and tryptophan, respectively.
However, the concentrations of the former group in most plant samples are such that
they are unlikely to Cause serious problems. This schedule is particularly useful for
studies on aromatic amino acid metabolism.

Pioneering Research Laboratory, C.R., A.R.S., U.5.D.A.,
Department of Plant Pathology, University of Wisconsin,
Madison, Wise. (U.S.A.)

I]. V. BENSON, Jr. AND]. A. PATTERSON, Anal. Biochem., 13 (1965) 265.
2 R. W. HUBBARD, Biochem. Biophys. Res. Commun., 19 (1965) 679.
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432 NOTES

The adsorption of azaaromatics on alumina: a comment on the paper of
Klemm, Kloppenstein and Kelley

KLEMM, KLOPPENSTEIN AND KELLEY in a recent paperl have reported an ex
tensive tabulation of Rp values for the TLC separation on alumina of various aza
aromatics related to pyridine. On the basis of these data these authors conclude that
" ... we continue to favor the concept of preferential edgewise adsorption of many
azarenes ...", a proposal first put forward by KLEMM et al. in 19612. The hypothesis of
edgewise adsorption in this chromatographic system has been challenged by the
present author3-5, on the basis of a theoretical analysis of a large body of linear iso
therm retention volume values from column chromatography studies. If (and only if)
planar adsorption is assumed, it is possible to quantitatively predict retention volumes
for numerous pyridine derivatives by means of a previously developed theoretical
equation. KLEMM et al.l question the validity of the latter equation in the adsorption
of the azaaromatics, however: "This equation has been rigorously tested for aromatic
hydrocarbons ... (but) the applicability of this equation to the clarilication of the
geometry of adsorption of relatively non-hindered azarenes is more equivocal and
seems not to have been rigorously tested".

The final test of any theory or correlational equation is in its ability to quanti
tatively account for a particular set of relevant experimental data. Since the com
parisons offered by KLEMM et al. I ,2 are essentially of a qualitative nature, while the
preceding analysis of the author3- 5 is quantitative, and since the quantitative data
reported by the author are totally incompatible with nonplanar adsorption of the
azaaromatics, the concept of nonplanar adsorption would seem to be clearly reiuted.
In the present communication we propose to show that our previous theoretical
treatment (based on planar adsorption) is capable of quantitatively predicting the Rp

values recently reported by KLEMM et al.l for the azaaromatics. This further verifies
the validity of our treatment in the case of the azaaromatic adsorbates and supports
the underlying premise that these compounds adsorb in the plane of the alumina
surface. We also hope to clarify some of the misunderstanding that has arisen con
cerning the configuration of the adsorbed azaaromatics.

For linear isotherm retention volumes !i.e (mljg) in column chromatography it
has been shown (ref. 6 and prior references) that

(I)

Here Va and (J. are adsorbent parameters determined by the alumina activity,
So is the adsorption energy of the solute (adsorbate) in a standard system, A~; is the
cross-sectional area of the solute, 8° is the adsorption energy of the eluent per unit area
of surface (eluent strength), and the term 2L1 eas arises from certain "anomalous"
adsorption effects which can be ignored here (i.e., L'Ll eas equal zero). So can in tum be
expressed as a function of solute structure:

(2)

QOi refers to the adsorption energy.of each solute group i, qOj refers to a con
tribution to solute adsorption energy by interaction of two solute groups in a particular
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444 NOTES

Experimental
The fermentation was effected by the addition of 20 g of commercialbaker's yeast

(Rajamaki Factories of the Finnish State Alcohol Monopoly) to z 1 of 12 % glucose
solution. In about 12 h at 30°, the glucose had been fermented to approximately
0.1 %, and the fermentation was interrupted by cooling. The yeast was separated on a
Buchner funnel and washed. A 60-ml volume of 2,4-dinitrophenylhydrazine solution
(2.5 g of the reagent in I 1 of 2 N hydrochloric acid) was added to the filtra.te. No

7
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TEMPERATUR E 100
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Fig. 2. Gas chromatogram of keto acid methyl esters liberated by ozone oxidation from a mixture
of 2,4-dinitrophenylhydrazones of keto acid methyl esters produced by esterification with di
azomethane of the keto acid hydrazones isolated by adsorption on carbon from a fermented glucose
solution and elution from the carbon. Conditions: column length, +m; internal diameter, 3 mm;
liquid phase, DEGA containing phosphoric acid; solid support, acid-washed Chromosorb \'V;
carrier gas, helium; flow rate, 63 ml/min; inlet pressure, 1.8 kp/cm2 ; temperature programme,
IOO-I70o/2.5°/min; detection by flame ionisation; sensitivity 8; injected volume, 5 ,u.l. I =
Solvent; 2 = methyl pyruvate; 3 = methyl 2-oxoisovalerate; 4 = methyl 2-oxobutyrate; 5 =
methyl 2-oxo-3-methyl valerate; 6 = methyl 2-oxoisocaproate; 7 = unknown derivati\"e of
pyruvic acid.

precipitate was formed after standing overnight at room temperature. The hydrazones
were isolated from the solution after its neutralisation with dilute ammonia by
adsorption on activated carbon (cf. Part I). Aldehyde hydrazones were eluted from the
carbon with methyl formate and dichloromethane, successively. The extract, dissolved
in 0.5 ml of formic acid, was ozonizated and analysed by isothermal gas chromato
graphy on a NEGS column. The keto acid hydrazones were then eluted from the
carbon with an azeotropic pyridine-water mixture at reduced pressure. Th.e keto acid
hydrazones extracted were first liberated from their pyridinium salts by treatment
with methanol containing hydrogen choride and then esterified with diazomethane in
ether at 0°. The mixture of the methyl ester hydrazones was dissolved for ozonation
and subsequent gas chromatography in 0.5 ml of a dichloromethane-meth.anol (r :4,

]. Chromatog., 28 (1967) 443-445







































NOTES

Disc~tssion

It is a recorded fact5 that amines tend to tail badly during vapor phase chro
matography on solid supports containing polar sites, presumably due to hydrogen
bonding. Unless the Chromosorb P used as the support in some of these experiments
was pretreated in a manner similar to that reported by other workers6,7 it was im
possible to elute the amines listed in Table 1. Consideration has been given to both
the solid support and the stationary phase as the cause of amine tailingS. However,
it was found that if a common stationary phase (polyethylene glycol zo,ooo) was
used on two different supports, Chromosorb P and Fluoropak 80, complete retention
occurred with the former, while elution occurred with the latter. This result indicates
that the solid support and not the stationary phase is responsible for the tailing of
the amines in the experiments described herein. Column No. Z was used chiefly for
the acetyl derivatives of the amines since even after pretreatment of the solid
support Column No. I retained virtually all the acetyl compounds.

To determine the relative merits of the three chromatographic methods from
the data i;n Table I, the compounds are considered in groups which consist of stereo
isomers and/or position isomers. Paper chromatography with the solvent system
used was very effective for the separation of the methoxyaminocyclohexanols (com
pounds I, Z and 3), the ethoxyaminocyclohexanols (II and 1Z), the aminocyclo
hexanediols (19, ZO, ZI) and somewhat less effective for the aminocyclohexanols
(z5, z6). However, the acetyl derivatives of all of these compounds moved too rapidly
and produced diffuse spots. The latter circumstance made it impossible to distinguish
between mixtures of mono- and di-N-acetylamino derivatives (e.g. 6 and 9) with this
solvent system, but did provide an excellent means of detecting the presence of
unreacted amines in their acetylated derivatives.

Thin"layer chromatography was extremely successful for the separation of the
acetylated compounds and was especially useful for revealing the contamination of
the di-N-acetyl derivatives with their mono-N-acetyl analogues (e.g. 6 and 9). By
this means it was established that the mono-N-acetyl compounds were present in
large amounts in all of the di-N-acetyl derivatives which had been prepared three
years previously3 and which were judged at that time to be free of their mono-N
acetyl analogues on the basis of elemental and acetyl group analysis, and the infrared
and n.m.r. spectra of the compounds. It was thus clearly demonstrated that the di-N
acetylamines undergo a slow and spontaneous degradation to their less highly acetyl
ated analogues. The fact that di-N-acetylisopropylamine had undergone complete
degradation to mono-N-acetylisopropylamine during this period of storage suggests
that some of the lower molecular weight di-N-acetylamines may prove useful as
mild reagents for transacetylation. The chromatographic procedures reported herein
provide simple analytical methods for studying the kinetics of the decomposition
of di-N-acetylamines. Thin-layer chromatography was more effective than either of
the other methods examined for the separation of mixtures containing acetylamino
cyclohexanols and the corresponding O-acetyl derivatives (e.g. 4 and 6). This proce
dure also provided a better separation for the 1-methoxy-z(3)-acetoxY-3(z)-bromo
cyclohexanes than the method reported earlier4 . Although some of the Rp values
quoted for the thin layer chromatographic experiments are close, satisfactory sepa
rations of the compounds were obtained because of the very compact nature of the
spots. It was found that the Gelman support for thin-layer chromatography is very







































"OTES

A solvent equilibrator inside the descending chromatography tank

Automatic application of mobile phase

For paper chromatography in volatile systems composed of two solvent phases
such as are used for the separation of steroids l , the prepared paper sheets generally
require some hours' equilibration in the tank. To start the run, a volume of upper
phase solvent pre-equilibrated with the lower phase is drawn from a nearb.y separator
and introdu·::ed into the trough from which the paper hangs inside the tank. During
the transfer the solvent frequently turns cloudy, indicating a disturbance of equili
brium. Furthermore, automatic starting becomes desirable when it is necessary to
introduce the solvent at inconvenient times during the night so as to finish the run
within the :ollowing day.

Few of the automatic starting systems described in the literature are adaptable
for two-phase solvent chromatography. To ensure a completely closed system for
such volaUe solvents, ABELSOJl; A:-iD Fox2 linked the solvent reservoir directly
with the tank through a tap, which was automatically operated by means of a batter~!

powered electrical circuit comprising a solenoid and anti-flash unit triggered hy' a
timer. It would be more desirable to equilibrate the running solvent actually in~ide

the tank c.nd \\;thout the complication of an electrical system. For this purpose,
the apparatus shown in Fig. I was devised in tins laboratory. It consists of a siphon
inside a re~;ervoir tube shaped to fit into the solvent trough of a chromatography tank,
the measurements given being appropriate to a tuhe for the IZ-inch Shandon model.
Charging the equilibrator tube with solvent through the side-arm is greatly facilitated
by inclining the tube at about 45° to the vertical. The volumes of the two phases
are so chcsen that only the upper (mobile) phase feeds thl" intemal siphon wlwn the
tube is placed in the dry trough to clamp the paper in position. The tank is scaled
by a glas~ lid \vith a centre hole to accommodate the side-arm which carries a sleeve
to make the tank sufficiently air-tight. During equilibration the side-am1 is kept
closed; but momentary application of pressure to it, such as by a rubber bulb, starts
the run by causing upper phase solvent to siphon into the trough. At the end of the run,
suction is applied at the side-am1 to drain the solvent in the trough back through the
siphon. The tube is then removed and the paper lifted out.

_8mm ext.diam.
6mm int.diam.

151mm

33mm e<t diam.

---------240mm--------
J7ig. I. Soh'cnt equilibrator.









NOTES

white spots appeared and the surrounding paper became transparent. For quantitative
determinations it is of great importance to maintain the prescribed temperature of the
bath and the immersion time from 45 to 60 sec. These conditions vary according to the
type of chromatographic paper used, for example, with Whatman No. I it is necessary
either to increase the amount of the bound nonpolar phase by changing the concentra
tion of the paraffin solution from 5 gil to 10 gil or to decrease the detection time to
20-30 sec.

The developed paper was dried between two filter papers and the spots were
outlined (see Fig. I). The spacings between the spots increased regularly with in
creasing amounts of acyl groups in the molecules, as shown by the corresponding RF

values, which for the triester, tetraester, pentaester and hexaester were found to be
0.04, 0.19, 0.37 and 0.54, respectively. On the basis of these regular spacings it was
possible to classify the other spots with the RF values 0.71 and 0.87 as the heptaester
3..tld octaester, respectively. The mean difference of RF values of the spots was 0.17.

The RF values found with the 20 F I paper were practically the same as those with
Whatman No. 1.

In contrast to the system used for the analyses of mono- and diesters where the
RF values were independent of the type of the fatty acid, the RF values of the higher
fatty acid esters of saccharose differed slightly according to the type of the fatty acid.
The RF values of all esters slightly increased from stearic acid to lauric acid. E.g. the
RF values of the saccharose tristearate and trimyristate were 0.02 and 0.08, respective
ly (Fig. 2). A similar relationship was found also for other esters, the values ranging
from 0.02 to 0.04.

The detection of the spots may be repeated on drying.
Quantitative determination. The area of the spots was shown to be influenced by

~
Q

Sucrose hexapalmitate

D 0
Sucrose pentap(jitate(j

Front t-

(j
Sucrose tetrapalmitate

[J

Q
Sucrose tripalmitate

[J
I I I I
5 4 3 2 1

Fig. 1. Paper chromatogram of simple and mixed samples of sucrose esters.





NOTES

the tri-, tetra- and pentaesters are shown in Fig. 3. The values in the figure are arith
metic means of the measurements made, the encircled points showing the values of
the regression line. The corresponding equations were: A =O.:rI5·c + 2.25 for the
triester; A = 0.307·c + 2.79 for the tetraester; and A = 0.305·c + 3.01 for the
pentaester.

The sensitivity of the method is fairly high, as we can see from Fig. I, ranging
from I to 3 pg. Thus it is possible to detect with certainty 1-3 % of the substance in
the mixture.

The accuracy of the method, assuming the conditions mentioned were strictly
observed, is adequate. The error of the determination did not exceed ± 10 % of the
results with concentrations up to 20 pg, and ± 5 % with higher concentrations.

I nstitute of Chemical Technology, Faculty
of Food Technology, Prague (Czechoslovakia)
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Variations du RF avec Ie pH dans la chromatographie sur papier des
pterines

YOTES

Les solvants employes jusqu'ici pour la chromatographie des ptE~rines sont
tres nombreux mais ont ete mis au point assez empiriquement. Vne categorie fort
utilisee est representee par des solutions aqueuses de sels divers. Nous avons constate,
au cours d'experiences ayant pour but Ie choix d'un solvant de ce type, que, pour
certaines valeurs de pH, nous obtenions de meilleurs resultats. Cette observation
nous a amene afaire varier systematiquement ce facteur, toutes autres choses egales
par ailleurs, comme cela a ete fait pour les purines et les acides amines1,2.

Les composes soumis a la.chromatographie possedent taus Ie noyau "pterine"
(2-amino-4-oxy-pteridine); ce sont: ce compose lui-meme, l'acide pterine-6-carboxy
lique, la leucopterine, la xanthopterine, l'isoxanthopterine, l'erythropterine et la se
piapterine. Les cinq premieres pterines sont des produits de synthese aimablement
foumis par Mr Ie professeur VISCONTINI, les deux dernieres proviennent des ailes du pa
pillon Colias croceus ou elles ont ete identifiees precedemmenP.4. La quantite de sub
stance mise en oeuvre est de l'ordre du flg. La dissolution des substances est effectuee
dans Ie methanol-pyridine-eau (4:1:5). Le systeme tampon employe est obtenu par
melange d'acide acetique et d'ammoniaque 0.1 N en proportions variables ajustees
pour obtenir des pH variant de 3 aII toutes les demi-unites; il est controle anouveau
apres chromatographie. II n'est pas effectue d'equilibrage du papier mais Ie solvant
est verse plusieurs heures a l'avance dans les cuves afin de saturer l'atmosphere;
les chromatographies sont effectuees simultanement a une temperature de 22-23°.
Le parcours du front est de ISO mm. L'experience est repetee cinq fois successives
et l'etude porte sur la moyenne des resultats obtenus. Les courbes representant les
variations du Rp en fonction du pH sont donnees sur Fig. 1.

Toutes les courbes presentent au moins un minimum et varient tres l~\gere

ment auxfaibles pH, alors qu'aux pH alcalins nous observons une brusque montee
des valeurs de Rp . Ceux-ci tendent finalement a ne plus etre differencies suivant les
pterines. L'acide pterine-6-caboxylique se comporte differemment: de pH 3 a pH 4.5
Ie Rp augmente rapidement pour tendre a se stabiliser aux pH moyens puis, comme
chez les autres substances, augmente de nouveau tres vite a pH eleve.

Les variations mineures relevees dans les courbes et qui semblent ne pas
provenir d'un phenomene aleatoire sont d'une interpretation difficile. Les inflexions
nettes pour l'isoxanthopterine, la xanthopterine, la 2-amino-4-oxy-pteridine parais
sent coincider avec l'emplacement des pK5 quand ceux-ci sont situes dans les do
maines moyens du pH.

A chaque pterine est associee une courbe bien definie; en consequence l'etude
conjointe des courbes d'une pterine de reference et d'une pterine connue qui lui
est supposee identique fournit un element d'identification de cette substance, a
condition toutefois que la chromatographie de ces deux composes soit effectw\e sur
Ie meme papier avec au moins deux spots de chacune et un spot du melange. Nous
avons en effet observe de legeres variations de Rp d'une fellille de papier a l'autre.
Ce critere est nettement superieur a la simple mesure du Rp dans un solvant donne
ou meme dans une serie limitee de solvants. Ce test peut etre associe aux donnees
spectrophotometriques et a l'electrophorese a pH variables.

D'autre part acertains pH les courbes sont plus ou moins rapprochees les unes

J. Chromatog., 28 (1967) 492-493





494

Preservation of flat acrylamide electrophoresis gels

NOTES

Workers in the field of starch gel electrophoresis have frequently wished to
preserve their original gels even though it is possible to take good photographs of the
results. In 1963 DANGERFIELD AND FAULKNER! and BAUR2 independently described
techniques for preservation and these were subsequently modified by them3 ,4. 'Ve
have found that the procedure so described has worked well and has been useful
in the classroom as well as in the research laboratory. Nevertheless the procedure
appears not to have come into general use. With the advent of acrylamide electropho
resis where flat layers of this material have been used to replace the starch, often
in the same equipment, the problem has again arisen and we have found that the
DANGERFIELD-BAUR technique is equally valuable. However, as some minor modi
fications are required to ensure success we are describing the new procedure.

The stained and washed gel is submerged in an aqueous solution containing
10-15 % glycerol and about 5% acetic acid; the glycerol was originally added to
render the starch transparent but we find a better result is obtained even though the
acrylamide is initially clear probably due to the nature of the dialysis membrane
used in the procedure. Two sheets of Visking dialysis membrane, about 4 cm longer a.nd
wider than the gel, are also submerged in this solution and the whole left for 1-2 h.
Five sheets of filter paper, similar in dimensions to the Visking membrane, are laid
flat, one membrane sheet is removed, blotted and placed on the paper sheets. The
gel is then placed centrally on the membrane leaving about 2 cm of membrane
exposed all round the gel. The second membrane sheet is placed on top of the gel, all
air hubbles are gently brushed out and a further five sheets of paper placed on top.
The whole is clamped along the edges with long-jawed spring or bulldog clips ensuring
that the longer dimension is held firm. Diffusion occurs rapiclly through the mem
brane to the surface of the paper and evaporation then takes place; this can be
hastened by blowing air from a cold fan over the horizontal sandwich and, by turning
it over from time to time, completely even drying results in about 24-48 h. The mem
brane appears to be available in different thicknesses in different countries and the
thinner membrane works more efficiently and rapidly. The dried gel, still held within
the membrane sheets, remains as a thin rigid sheet which can be stored indefinitely
although it tends to curl when left out in an atmosphere of changing humidity.

University Texas Dental Branch, P.O. Box 20068,
Houston, Texas 77025 (U.S.A.)
Rheumatism Research Centre, The University,
Manchester I3 (Great Britain)

1 W. G. DANGERFIELD AND G. FAULKNER, Nature, 200 (1963) 388.
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New Chemicals

NEWS

Phase Separations Ltd., 406 New Chester Road, Rock Ferry, Cheshire, Great
Britain, have now available a comprehensive selection of high-purity reference and
calibration standards suitable for gas and thin-layer chromatography_ The lists
include hydrocarbons, lipids, mono-, di- and triglycerides, phenols, mercaptans,
steroids, etc., and many rare compounds.

A new reagent Bis-Dimethylsilylacetamide (BDSA) has just: been made available
by Supelco, Inc. of Bellefonte, Pa. BDSA is useful for the preparation of dimethyl
silyl ether derivatives of carbohydrates, phenols, sterols, fatty acids, alcohols and
other hydroxy compounds. The dimethylsilyl derivatives are more volatile than the
corresponding trimethylsilyl derivative and consequently can be analyzed more
rapidly by gas chromatography. The use of more volatile derivatives should. also
permit analysis of compounds which could not be analyzed previously either because
of thermal instability or chromatographic limitations. Literature is available.

A series of quantitative mixtures of fatty acids has just been made available by
Supelco, Inc., P.O. Box 58r, r45 S. Water Street, Bellefonte, Pa. r6823, U.S.A. The
mixtures have been prepared so that the composition resembles the natural distri
bution of fatty acid esters in various natural oils as specified by the AOCS tentative
method Ce-r-62. Standards are available for a wide variety of oils including linseed,
cottonseed, olive, neatsfoot, palm kernel, safflower, lard, and others.
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