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Thin-layer chromatography of basic dyes

A. M. ARSOV, B. K. MESROB and A. B. GATEVA
Institute of Chemical Technology, Sofia 56 ( Bulgaria)
(First received December 12th, 1972; revised manuscript received March 21st, 1973)

The importance of basic dyes is increasing rapidly with the development of
the production of polyacrylonitrile fibres. The control of the synthesis and commercial
production of these dyes requires more rapid and effective analytical methods to be
used, such as thin-layer chromatography (TLC) on different carriers. A particular
advantage of this method is its simple application on a preparative scale, so that
different dyes can be purified if determination of their structure is required. In this
way, the side-reactions that occur in the industrial synthesis of dyes can also be followed.
There has been little mention of the use of TLC for the separation of basic dyes!~§,
Different solvent systems have been used on silica gel?~8, aluminium oxide23# and
polyamide powder! as carriers. However, the methods usually applied were tested
on particular groups of dye and were not so effective with other dyes. The purpose
of the present work was to study the behaviour of different new basic dyes on silica
gel in order to find more suitable solvent systems for their TLC separation.

EXPERIMENTAL

Materials

We studied 23 basic dyes (Table 1) obtained from Bayer AG, G.F.R. (Astra-
zons), Geigy, Switzerland (Maxilons), Sandoz, Switzerland (Sandocryls), BASF,
G.F.R. (Basacryls) and the U.S.S.R. (cation dyes). Data on the chemical structures
were found only for the Astrazons. Thus, the yellow Astrazons are of the methine
type, the blue BG and B of the triphenylmecthane type, the red dyes of the monoazo
type and the blue 3RL of the anthraquinone type.

The solvents were treated as follows, Chloroform (puriss) was washed with
a 109 solution of NaHCO,, dried over CaCl; and distilled through a column (the
" fraction boiling in the range 57-58° was used), pyridine (puriss) was boiled for 24 h
with CaO and distilled through a short column (the fraction boiling in the range
113.5-114.5° was used). The other solvents were purified by distillation of the com-
mercial p.a. products.

Chromaitography
Thin-layer chromatography was performed according to the method of Stahl®
on 10 X 14 cm plates coated with Kieselgel G fiir DC (Merck). The dyes were applied



182 NOTES

on the start as 2-3 ul volumes of 0.1 %4 aqueous solutions. The front line was run to
a distance of 11 cm from the start and photographs were taken of the chromatograms
obtained. Here we give the results for the solvent systems which produced the best
separations and which proved to be better than the systems described in the literature.
Some of the well separating systems were tested in two-dimensional chromatography
on 10 x 10 cm plates.

RESULTS AND DISCUSSION

The results of the chromatographic separations in different systems are shown
in Table 1.

TABLE |
Rr VALUES OF DYES IN DIFFERENT SOLVENT SYSTEMS ON KIESELGEL G

Solvent systems: S1 = Chloroform-ethyl methyl ketone-glacial acetic acid—formic acid (8:6:1:1)
S2 = Chloroform-n-propanol-pyridine—glacial acetic acid-water (8:6:1:1:2)
§3 = Chloroform-cthyl methyl ketone—formic acid (6:8:1)
S4 = Chloroform-isopropanol-pyridinc—-glacial acetic acid-water (6:12:3:1:1)
S5 = Chloroform—isopropanol-pyridinc~glacial acetic acid-water (6:8:3:1:2),

No. Dye Type, Colour Colour of Solvent system”
Index (C.1.) spots
No., and structure S1 s2 S3 S4 S5

1 Astrazon gelb 7GLL Basicyellow 21; Lemonycllow 0.64 0.63 076 045 0.50
polymethine

2 Cation-yellow 4G Lemonyecllow 062 0.76 069 0.72 0.67
Pink 069 0.68 077 096 0.56
3 Maxilon gelb4GL Basicyellow 17  Yellow g 0.35dt 0.18 0.23dt 0.05 0.29
Yellow - - 088 085 085
4 Astrazon gelb GRL Basic yellow 29; Yellow 053 030 053 017 037
methine Orange 064 080 077 069 062
5 Maxilon gelb2RL Basicyellow 19  Yellow 0.36t 0.18t 029t 0.05 0.31
Yellow - - - - 0.95
6 Astrazon goldgelb GL Methine Goldyellow 050 0.27 049 0.15 035
7 Sandocryl orange BIRLE Orange 025 0.13 o0.18 005 033
Orange - 0.39 -~ 0.15 043
Orange - - - - 0.95
8 Sandocry! brill. rot Pink 0.56t 0.39¢ 0.53t 0.18t 043
BF200%;

9 Cation-pink 2B Pink 046t 042t 047t 041t 046
Pink - 0.59 0.68 0.55t 0.55

Pink 0.65d -~ 0.74 - -
10 Sandocryl rubin BRLE Ruby 020 0.12 0.15 004 029
Ruby - 0.35 - 0.15 0.38
Ruby - - - - 0.95
11 Astrazon blau BG Basic blue 3; Turkish 059 056 064 037 045
C.1 51005 Blue 055 045 058 047 049

triphenylmethane Dark bluc 049 043 053 - -
Dark blue 046 - 0.45
Violet 040 032 -
Pink 028 0.84 -
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TABLE 1 (continued)
No. Dye Type, Colour Colour of Solvent system
, Index (C.1.) spots -
No. and structure Ss1 s2 S3 S4 S5
12 Cation-blue G Blue 0.70t 0.87t 077t 0.68 0.70
Blue - - - 0.78¢t 0.87
13 AstrazonblauB Basic blue 5; Pink 0.81 099 085 092 0.95
: C.I1.42140; Blue 0.68 061 077 036 0.46
triphenylmethane Blue 0.65 079 070 0.77 0.55
Blue - 0.86 - 095 0.76
Violet - - 076 - 0.69
14 Sandocryl blau BFE Violet 0,03 003 003 00! o0.12
Violet - - - 0.12 0.15
Dark blue - - - - 0.37
Pink 0.84 098 079 0.84 0.91
{5 Maxilonblau RL Basic bluc 40 Blue-violct 0.49t 0.25t 0.17t 0.06 0.30t
Violet - 049t 036t 026 0.46
Pink 0.66 0.56 058 045 0.57
Pink 0.84 098 082 0.89 0.96
16 Cation-blucR Blue 0.68t 0.83t 0.68dt 042 0.49
Bluc - - - 0.73 0.70
Pink 0.76 099 076 090 0.95
17 Cation-blue 2R Dark blue 0.27t 0.14t 0.28dt 0.07 0.19¢t
Violet 0.48t 0.49t 0.38dt 0.38t 0.47
Violet - 0.56t 0.56dt - -
Pink 0.76t 098t 0.73dt 090 0.95
18 Basacryl blau 3R1, Blue 0.69 070t 0.64t 043t 0.61
Blue - 082 - 074 -
Pink - - - 089 -
19 Astrazon blau3RL Basic blue 47; Bluc-grey 005 015 005 015 -
anthraquinone  Violet 0.16 022 0.4 - 0.32
Violet 0.88 029 0489 - 0.39
Bluc-violet - 098 - - -
20 Sandocrylschwarz BBL Orange 0.25 0.13 0.18 005 0.34
Blue 070 074 065 0.35 0.58t
21 Astrazonrot GTL Basicred 18; Orange-red 0.12 0.1 008 004 0.24
monoazo Orange 094 - - 09 -
22 Astrazonrot BBL Basicred 23; Red 0.09 008 006 004 0.23
monoazo Pink 094 - - 090 -
23 Astrazonrot SBL Basic red 24; Red 0.10 004 006 004 0.24
monoazo Pink 094 008 012 090 0.97
Time for 11 ¢cm run (min) 35 65 35 70 70

* t = tailing; d = diffuse spot.

Beside the solvents shown in Table I, for the optimum separation of the 23
dyes studied we also used methanol, ethanol, n-butanol, isoamyl alcohol, rert.-
butanol, ethyl acetate, methyl acetate, benzene, light petroleum and 25% ammonia
solution. The best results with respect to separation and reproducibility were ob-
tained with eight of the combinations tested and the Ry values of the coloured spots
obtained with five of them are given in Table I. The three remaining systems have the
same constituents as S5 (chloroform-isopropanol-pyridine-glacial acetic acid-water)
but with the following slightly different ratios: S6, 6:8:4:1:2; S7, 6:12:3:1:2; and
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S8, 6:12:4:1:2, The separation in these systems is similar to that in S5, S6 and S7
separate the dyes Nos. 11, 19 and 20 into three constituents, while from Nos. 21 and
22 a very fast pink spot with R = 0.95 was obtained. S8 gives the same results
as S5, S6 and S7. As can be seen from Table I, only three of the dyes showed homo-
geneity in all of the chromatographic systems tested, while the others can be separated
in different compounds, some of them being present only as negligible impurities.
An unsatisfactory result was obtained in the experiments with the three red dyes (not
shown on the figures), Astrazon rot GTL, Astrazon rot BBL and Astrazon rot 5BL,
which could not be separated from one another, while in all the recommended systems
they can be separated from the remaining dyes. The instances in which some of the
dyes demonstrated bad chromatographic behaviour are given in Table 1. The sepa-
ration of the tested dyes in solvent systems S1 and S2 is shown in Figs. 1 and 2.
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Fig. 1. Thin-layer chromatograms on Kiesclgel G in solvent system S1 of the dyes mentioned in Table
I.

It can be seen that in S1 the run of the dyes is longer, while in S2 they are
distributed along the whole distance of the chromatogram. It can also be seen that
the insoluble and strongly adsorbed dye material is present in very small amounts
and is characteristic of only some of the dyes.

The different systems were tested in three combinations of two-dimensional
chromatography:

(a) first run in S8 and second run in S1;

(b) first run in S6 and second run in §2;

(c) first run in S8 and second run in S2.

The map of the spots for (b) is shown in Fig. 3, which demonstrates that the mixture
of 11 dyes is clearly separated.into 14 coloured components. In this instance, the
lesser components in the main mixture of dyes present in the composition are lost
owing to the stronger diffusion. It can be seen that on the starting line for the second
run there is a red component, which is a typical result for this dye adsorption on dried
silica gel.
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Fig. 2. Thin-layer chromatograms in Kieselgel G in solvent system S2 of the dyes mentioned in Table I,
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Fig. 3. Two-dimensional TLC on Kieselgel G of mixture of 11 basic dyes (Nos. 1, 2,4, 6,9, 11, 12,
13, 16, 17 and 18 according to Table I). Solvent systems: S6 for the first run and S2 for the second run.
After the first run, the plate was activated at 110° for 15 min and after reaching room temperature was
run in the second direction.

The results in Table I and Figs. 1-3 show the possibilities of the proposed
chromatographic systems for determining the purity of commercial dyestuffs and for
comparing the constituents present in the different products. It was proved, for
example, that the orange component of Sandocryl schwarz BBL with R = 0.25 in
system S1 (or R = 0.33 in S6) behaves in an identical manner to the main orange
component in Sandocryl orange B3RLE, because their Ry values were the same in the
corresponding solvent systems. A final conclusion, however, can be drawn only if
these dyes are isolated by preparative TLC and their spectra are shown to be identical
in the visible region. As only commercial products and not raw, unstandard dyes have
been studied, an example of the difference in the chromatograms of the two batches
of synthetic dyes cannot be given. Nevertheless, some dyes, such as Sandocryl blau
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BFE, Cation-blue R and Cation-blue 2R, give very fast and pale-coloured spots,
which could represent some intermediate stage of transformation of the reaction
products which have not been well purified.

The systems described can also be used for the preparative isolation of dye
components in order to study their chemical structures.
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