100 JOURNAL OF CHEROMATOGRAPHY

IDENTIFICATION OF AROMATIC SUBSTANCES BY “ELECTROPHORETIC
SPECTRA" USING PAPER ELECTROPHORESIS
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(Received July 15th, 1964)

The majority of papers dealing with electrophoresis in papers are concerned
with the behaviour of different higher-molecular-weight organic substances, predom-
inantly of animal or vegetable origin. On the other hand, the number of papers on
the separation of low-molecular-weight substances is comparatively small, and,
further, a considerable number of them deal with organic acids.

The number of publications on electrophoresis of simpler aromaticsubstances!-1!
is still smaller, although, as already previously pointed out!?, this method is very
suitable as a supplement to chromatographic procedures, since it was found that some
factors which play an important role in chromatography on paper exert no influence
upon: the mobility in the electric field. This mainly relates to some functional groups
and to the mobility of isomeric compounds (however, in as far no interaction in
the form of hydrogen bridges takes place). On the other hand, clectrophei2sis on
paper permits the estimation of the number and type of functional groups, whose
contribution to the total mobility is roughly additivel2,

In the present work we attempted to use paper electrophoresis for identification
purposes, but from another viewpoint. Determination of the mobilities for pH values
of 1-10 for one and the same compound enables the construction of a graph (elec-
trophoretic spectrum), from whose curve certain conclusions can be drawn as to the
arrangement of the molecule. This result is analogous to that obtained in earlier
papers where either paper or gas chromatography!8:14 is used for a similar purpose.
In paper chromatography, the Ry values are determined for twenty different solvent
systems, and in gas chromatography on four columns with various stationary phases.
The chromatographic behaviour and the structure of the substances subjected to
chromatography are closely interconnected, and this manifests itself in the course of
establishing the curves (chromatograpnic spectra).

In order to attain easy reproducibility of the mobilities measured at various
PH values, buffers of a certain pH value and a certain ionic strength were selected as
conductive media. In addition to this, a special piece of simple equipment was de-
signed which permits sirnultaneous electrophoretic separation at various pH values
in a single experiment. For control of the function of the instrument and, if necessary,
correction of mobilities, a standard substance was added to each compound subjected
to elecirophoresis.

For determination of the electrophoretic spectra, a number of compounds of the
benzene, naphthalene and diphenyl series were selected.
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PAPER ELECTROPHORESIS OF AROMATIC SUBSTANCES I0I
EXPERIMENTAL

Apparatus

The apparatus for the determination of the electrophoretic spectra is illustrated
in Fig. 1. The essential part of the equipment is the arrangement of the cathode (A )
and the anode (A,) section, which consists of ten chambers, each of which is filled
with an electrolyte (100 ml) of different pH value. All ten chambers have a platinum
electrode in common. The entire apparatus is made of Plexiglas. In principle it is an
instrument for electrophoresis of current type with a so-called humid chamber.
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Fig. 1. Schematic representation of equipment for determination of electrophoretic spectra.

Each of the ten anodic chambers is connected with the corresponding cathodic
chamber by a strip of Whatman No. 1 paper (size 2.5 X 53 cm), onto which, at the
starting place in the middle, the substance under investigation is applied together
with the standard (3-nitrophthalic acid), which makes it possible to apply corrections
to the mobilities and, thus also, to compare individual experiments.

The voltage used is 250 V, the duration of electrophoresis is 3 h, the current
intensity amounts to about 6 mA.

Electrolytes .

A number of electrolytes of different pH values were prepared in sufficient
amounts; the pH value of the solutions thus obtained was measured by a hydrogen
electrode at 18°.

Composition and measured pH values of the electrolytes are given in Table I.

Evaluation
Detection of unknown constituents is first undertaken by a number of detection
procedures such as were described in the paper dealing with chromatographic spectra
obtained by paper chromatography?3. This detection is also a part of the identification.
This is followed by a check of the mobility of the standard (3-nitrophthalic acid)
to make sure that all ten chambres are intact and that no exchange of buffers has
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TABLE 1

COMPOSITION AND MEASURED pH VALUES OF THE ELECTROLYTE
Electrolytes Nos. 2-10 were further diluted with distilled water in the ratio 1:1,

No,  Electvolyte composition pH
‘1 - 100 ml 0.t N HCI ' 1.75
2 o.40 mlo.2 M K,HPO, + 19.60 mlo.t M citric ac;d 2.35
3 4.11 mlo.2 M K;HPO, + 15.99 mlo.1 M c'itr}c acgd 3.1
4 7.71 ml 0.2 M K,HPO, + 12,29 ml o.1 M citric ac§cl 4.2
3 10.30 ml 0.2 M K,HPO, 4 9.70 ml o.1 W citric acid - 5.2
O 12.63 ml 0.2 M KyHPO, + 7.37 ml o.1 M citric acid 5.8
7 16.47 ml 0.2 M K,HPO, + 3.53 mlo.r M citric acid 7.2
8 19.45 ml 0.2 M K;HPOy + o0.55 ml o.1 M citric acid 8.7
Q 0.05 M borax ‘ 8.9
1o 6.0 mlo.t N borax.4+ 4.0 mlo.1 N NaOH 9.7

occurred. 2-Nitrophthalic acid was chosen as standard because it is very easy to
detect in U.V. light as a dark spot, and also because it has favourable mobility values
in nearly all the buffers employed. Then the mobilities of the identified substance are
calculated on the basis of the mobility of the standard, most advantageously in
buffer No. 4 (1 = 11.4°-107% cm?2:V-1.5-1), The electrophoretic spectra are established
at least twice. The mobilities of various aromatic compounds in the individual
buffers are presented in Table II. '

Aromatic subsiaices with zevo mobility

Since in paper electrophoresis only those substances that are capable of carrying
a positive or a negative charge migrate, there is a long list of compounds containing
miscellaneous functional groups which exhibit zero mobility in all the buffers em-
ployved.

Among the measured substances are the following aromatic compounds:
1-amino-2,3-dichlorobenzene, 4-chlorobenzaldehyde, 4-nitrotoluene, 1,4-dinitroben-
zene, 3-nitrophenol, z2-nitrophenol, 1-nitronaphthalene, 1,5-nitrochloronaphthalene,
4,4'-N-tetramethyl-2,2’-dinitrobenzidine, g4-nitrodiphenyl, 2,2’-dinitrobenzidine, 4-
hydroxydiphenyl, 2-hydroxydiphenyl, 4,4’-dichloro-z-nitrodiphenyl, 4,4 -dinitro-
diphenyl, 2-nitrodiphenyl, 3-nitrodiphenyl, 4,2’-dinitrodiphenyl, 3,3'-dinitrophenyl,
2-nitrophenanthrene, g-nitrophenanthrene, 2-nitro-4,4'-dichlorodiphenyl, 3,3’-dime-
thoxy-4.4'-dichlorodiphenyl, 3,3'-dimethyldiphenyl, and 3,3’-dimethoxydiphenyl.

DISCU SSION

From Table II it is obvious that the electrophoretic spectra (Fig. 2) of com-
pounds of the diphenyl series were those predominarftly determined. Our attention
was devoted to these substances, since they are for the greater part strongly carcino-
genic and their determination in biological material is of great importance. For this
reason, anyv identification method is desirable.

_ If a refcrence standard is available, identification of an unknown substance is
relatively easy, and comparison of the Ry values by paper chromatography and of
the curves of electrophoretic spectra permits correlation of the data obtained. The
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20

O]

Fig. 2. Electrophorctic spectra of various aromatic compounds; on NX-axis: pH values of buffers
employed; on Y-axis: mobility - 10°.

identity can be confirmed in this case also by means of various detection reagents!3,

Use of the mobility values # (Table II), either for comparison with the standard
or for {urther treatment in cases where no reference standard is available, necessi-
tated the establishment of the experimental error for the individual buffers.

Although simultaneous electrophoresis in various buffers leads to considerable
reproducibility, a certain scattering of the values of # is encountered, mainly caused
by personal errors (in particular in determination of the centres of diffuse spots etc.).
For this reason, statistical evaluation of errors was carried out, and it was found that
the variation coefficient for all buffers amounts to 8.4%. Consequently, comparison
of results necessitates taking into account a scatter corresponding to. this error.

Some compounds form diffuse spots in certain buffers. Although this fact leads
to less accurate mobility data, it is, on the other hand, a reproducible and thus a
characteristic property of these substances. In some cases, the spots are even diffusely
distributed on both sides of the start. These substances are not given in Table II
(aniline, N-dimethylaniline, 2-methyl-6-chloroaniline, 2,5-dimethylaniline, 4-chloro-
aniline, 3-chloroaniline, 4-methylaniline).

Comparison of the curves of the electrophoretic spectra of compounds with
various functional groups, and also with different numbers of them, requires the
mobilities obtained to be related on a uniform basis. If all mobilities are divided by
one of them, the curve of the electrophoretic spectrum is simplified to such an extent
that the influenice of the number of functional groups in the molecule disappears and
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].'xg 3. Gra.phmallv repreqented mob:hty ratio u,,/u.,. for functional groups: —NH,, —NH,;
migration region: ——

Fig. 4. Graphically represented mobility ratio w#x/u,; for functional groups: -—NH,, —SO,H
-—0'6()3]—-1 m:gra.tlon region: — -,
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Fig. 5 Gra.phn.ally represented mobxhty ratio u,/u,, for fuhctiohal'groups: —NH,, —NI—ICHS.
~—~CH3, -—-OCI-!,,. mlgta.tton Tegion: —

Fig. 6. (,ra.phlcally represented mobthty ra.txo u,[u,, for iunctmnal groups: —NH,, —NO,;
~m1gra,txon reglon' —_— ,
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Fig. 7. Graphically represented mobility ratio uy/#,; for functional groups: —NH,, -—OH;
migration region: — . Dashed line: benzene series, two curves with the lowest values belong to
compounds having a, hydrogen bridge.

Fig. 8. Summarized exprosslon of the graphs from Figs. 3-7 for individual functlonal groups
(mobility ratio ux/fu,).

only their character becomes manifest. In our case we selected as a base the mobility
at pH 7.2 (u,), which we divided into the other mobility values (#x/%,). In this way
we obtained values whose connecting lines are illustrated in Figs. 3-7. The curves
in each of these figures belong to substances with the same type of functional groups.
At the first glance we see that the course of this curve is characteristic for different
functional groups, and thus it was possible to construct a graph (Fig. 8) in which the
regions of the values of ux/%#; are delimited for various functional groups for which
sufficient experimental material was available. By means of this graph it is thus
possible to determine to a certain degree the type of the functional group on the
aromatic nucleus (benzene, naphthalene, diphenyl). It is obvious that various positio-
nal interactions (such as internal hydrogen bridges etc.) may cause deviation from
the given data. For example, a valuable finding is that, in this way, it is possible to
ascertain the presence of CH,~ and -NHCH_ groups. Even the position of such a
group can be determined in many cases (14x/u, is higher for substitution in the p-posi-
tion). Other mobility ratios may, of course, also be utilized ; however, this only leads, in
some cases, to a clearer conception, and not to any new conclusions (Fig. g).
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" Another characteristic feature of each compound is the direction of its migra-
tion in all the buffers employed, whether it proceeds to the anode or to the catode, or,
in the case of ampholytes, to both. For the last type of substance, mentioned, the

“shape of the electrophoretlc spectra allows the very easy determination of the po-
sition of the isoelectric point, which is likewise characteristic for each compound.

Dol s
Qe

‘|/.
| Lol i <
of 1234586 7891

F:g Expressxon of mobility ratio um/ul for the functlonal groups (I) —NHQ, —NI—IS. (2)
——I\H —CH,, —OCH,, —NHCH,; (3) —NH,, —SO4H, —OSO4H; (4) —NH,, —NO,: (5)
——NH,,———O'—I (6) -—COOH —-COOH (7) —COOH, ———NHz, f-OH (8) —NOS, ——-COOH
() —-\‘02. 2« COOI—I (t0) —NH,;, —Cl. ‘ , N

The method described can also serve as an aid for determlnmg in which buffer
given compounds may be separated in the best way”‘
- . In.general it may be stated that this method is a sultable supplement to other
‘1dentlf1catlon procedures : : : :
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investigated. The compounds were mainly diphenyl derivatives, which for the greater
part are strongly carcinogenic substances and whose identification in biological
raaterial causes certain difficulties.

Application of the so-called “electrophoretic spectra’ offers the possibility of
more detailed identification of these substances.
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