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CHROMATOGRAPHIC ANALYSIS OF PHOTOSENSITIZING DYES
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The studies reported here were undertaken with the initial objective of estab-
lishing the purity of several dyes which had been used in our investigations con-
cerning their photochemical properties. Questions as to the purity of several dyes
arose because in several instances our inability to demonstrate the photosensﬂ:rzmg
properties of a dye was thought to be due to the presence of sensitizing impurities in
dye samples used by other workers. In addition the determination of the spectroscopic
properties of dyes, a field of investigation greatly stimulated by the development of
laser systems, necessitates the use of pure dyestuffs.

There are several reviews!—3 dealing with methods of dye purification 1n general,
and with the chromatographlc assay of dye purity in particular. For paper cflromato-
graphy of thiazine dyes an excellent system was developed by TavLoRr% 5, It quickly
became apparent, however, that the solvent systems generally used are extremely
slow, and did not always give good resolution. In developing the solvent system re-
ported here, our aim was to achieve a system which would give good separation of
constituents in relatively short time periods, and one which could be applied to a
wide variety of dye systems.

EXPERIMENTAL

The dyes used in this investigation are listed in Table I. Thionolin was prepared
and purified by a method in the literature® and further puriﬁed by extraction of an
acid solution with chloroform. Formamide (grade: ‘/for vitamin assay'’), #-and fer?.-
butanol, and acetone were purchased from Fischer as certified reagent grades. Most
of the dyes were dissolved in 10 % of the final volume absolute ethyl alcohol, and
diluted to final volume with water; the final concentrations of the dyes were 1—4 mg
per ml solution ; 0.01-0.20 mg of dye (0.0x~0.10 ml of solutlon) were applied to paper
using a hypodermic syringe under a stream of air to minimize spreadmg of .the spot
Thionolin and methylene violet were dissolved in methanol.

Solvents Jor. development

Three solvent systems were used as described below:

A. tert.-Butanol-acetone-o.2 M HCl (aq.) (35:35:30; parts by volume). The
apparent pH of thls mixture as measured with a glass electrode is I. 9 _
__;'—T_h;s mvest:ga,tmn was supported in part by Pubhc Health Servxce Research grant No.

CA-08358-02 and by a Research Career Program Award (No. 5-K3CA-8861) from the National
Cancer Institute. ,
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CHROMATOGRAPHIC ANALYSIS OF PHOTOSENSITIZING DYES I35

B. tert.-Butanol-acetone-0.2 M NH,; (aq.)-0.2 M HCl (aq.) (35:35:2I1:9).
The apparent pH of this mixture is pH 9.0. This pH was chosen because it was found
to prevent ‘‘ghosting’’ of components in the case of the alkaline thiazine dyes.

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

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

In order to keep conditions constant, a standard developing time of eighteen
hours was adopted for solvents A and B. With solvent C forty hours were necessary.

At the end of these tlme periods the solvent front had reached to within two cm of the
end of the paper.

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

Table II. The:value « is the absorbance at the absorption maximum in ml per mg
of dye. If the different fractions in a dye sample do not differ greatly in molar ex-
tinction coefficient, the values of « can be taken as the relative molar proportions
of the components of the mixture. Thus one can calculate that the methylene blue
sample analyzed is contaminated with 2.3 % Azure A and 8.x % Azure B. The repro-
ducibility of the Rp values and of « are illustrated for the analysis obtained in the
case of methylene blue, where the standard deviation of ten determinations is listed.
For those fractions whose spectra showed a definite shoulder in the absorption
maximum this wavelength is listed, together with the relative absorbance at this
wavelength compared to that at the absorption maximum, These values frequently
aid in the identification of the various fractions. It should be noted that the spectral
data given were obtained by eluting the fractions into 30 % (v/v) aqueous formamide
(in order to get quantitative elution) and that these spectra therefore differ from those
obtained in acetate or in methanol: the shoulders in the absorption spectra are less
pronounced. In the eighth column of the table are listed what we believe to be the
identity of the various fractions obtained. These are based on absorption maxima,
Rp values and the comparison of tr. spectra in acetate buffer or methanol with
spectra reported in the literature.

' Excellent separation of components was achieved both at alkaline and acid pH.
None of the samples tested was pure, some containing-as much as sixty per cent of
contaminant. Our results are in overall agreement with those reported for thiazine
dyes by TAvLOR%3 who used circular chromatography, and developed chromato-
grams using solvents based on cyclohexanone: Using this author’s solvents in a
closed system such as ours produced poor results: his: method depends on the con-
tinued evaporation of the volatile solvent from the edge of the strip. It is therefore
unsuited to the identification of dye components by their Ry values,; since the values
so obtained are all relative to the fa.stest-movmg component

Our identification' of the various fractions occurring in those commercial
samples of thiazine dyes which we analyzed, in general coincide with those assigned
by TAYLOR%5, Several other authors®®-10 obtain shghtly different proportions of
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CHROMATOGRAPHIC ANALYSIS OF PHOTOSENSITIZING DYES 1390

contaminant, and, in. some cases ‘incorrectly designate the fast (pink):component in
thionine as thionolin8. This unknown :component is a weak base which can readily
be :extracted: into chloroform from .an aqueous solution-at pH' 9. The ‘absorption
spectra. of the major component in the sample labelled “Azure A’ in formamide;.
or - in: pH 5 acetate buffer do. not resemble those of Azure A (absorptlon max. 1n;'
formamide at 629-629 myu). v

By the use of the alkalme solvent (“solvent B”) one obtams lower values for,
total absorbance («) than in the acid system A. This is probably due to decomposfaon
of several of the thiazine components at this pH. The more acid solvent is therefore
to be preferred for the chromatographic separation of thiazines. Thionol, the fastest-
moving component in methylene violet. (solvent A) is resolved better in solvent
system B.

The necessity for using pure samples in evaluatmg the photochemlcal react1v1ty
of a dye is well illustrated by our observations on methylene green. On'chromato-
graphy this dye sa,mple was shown to contain at least forty per cent of contaminants,
of which methylene blue is by far the major constituent. The ability of these fractions
to sensitize the photopolymerization of calcium acrylate!! is vastly different: ‘when
the components were used at equal absorpt1v1ty, whereas the methylene blue fraction
caused polymer formation within seconds; the methylene green fraction caused only
slight polymerization after six minutes. The decreased reactivity of the ‘methylene
green as compared with methylene blue can be ascribed to the presence of a nitro
group!?. Methylene green has been reported to be a, good sensitizer for the: photo-
dynamic inactivation of viruses!3. On the basis of our findings we would suspect that
the dye sample used by this author was heavily contaminated with methylene blue,
which was probably responsible for the photodynamic effect. ‘

Table III gives results obtained for the chromatographic analysis of various
photosensitizing dyes other than thiazines. Good separation was achieved with
neutral red at acid pH, and for the acridine dye, acriflavine, at both acid and alkaline
pH. Safranine O gave very poor separation in solvent system A. Increasing the po-
larity and the acidity of the resolving solvent may somewhat improve the resolution
obtained. In the case of xanthene dyes, the alkaline butanol-acetone solvent (solvent
B) gave poor resolution of the secondary bands, which were quite broad, although
these were well-differentiated from the main component. Replacement of acetone with
n-butanol and increasing the apparent pH of the mixture resulted in better separation
of the contaminants, but the time needed to achieve resolution is twice as long. Our
results agree with those obtained by others!¢-1¢ using different solvent systems,
in that eosin Y, for instance, produced two zones; the minor component is probably
2,4,5-tribromofiuorescinis. Since the authors cited do not quote Rp values, it is
difficult to decide whether the separations achieved are comparable.

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

SUMMARY

: Slmple one-phase solvent systems were developed which are useful for the

J: Chvomalog., 24 (1966) 131-140
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chromatography of a variety of water-soluble acid and alkaline dyes. Using these
solvents the purity of several commercial preparations of thiazine, azine, acridine,
and xanthene dyes was assayed, and it was shown that such preparations can contain
up to sixty percent of isomeric contaminants. These findings point to the need for
purifying dye samples before their use in determining absolute quantum yields of
photoreduction or photoxidation; spectral changes in absorption due to dye-binding,

and spectroscopic properties.
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