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The main feature of the binding of cationic dyes
to biopolymers or to synthetic polyanions is the
metachromasy, which is a change of the ab-
sorption spectrum.‘ This effect has been suggested
as due to different binding modes of the dye
molecules on the substrate, and owing to its ability
in evidencing particular structures, it has proved
helpful in the technique of biological tissue stain-
ing.2 In addition, some of these dyes bear sim-
ilarities with some antibiotic molecules. These
facts are valuable reasons to address research to
the study of the interaction mechanism between
dyes and pelyanionic substrates.”™"”

The interactions of dyes with many biopo-
lyanions or synthetic polyanions have been studied
in view of stacking model.'>*"
of stacking has been interpreted as follows; dye
molecules bound to the polyanions may be suf-

This phenomenon

ficiently closely located on the polyanion to in-
teract with one another to form aggregates analo-
gous to those found in free dye solution.”'® Many
static studies of stacking have been carried out to
establish a plausible stacking model. ™" However,
effects of dialkyl chain length of dye on the stack-
ing have not been studied. Therefore, we studied
the effect of dialkyl chain length of oxacar-

bocyanine on the interaction between 3 3'-dialkyl
oxacarbocyanine and poly(styrenesulfonate). The
following dialkyl groups of oxacarbocyanines, ie.,
3,3-dimethyl, 3,3'-diethyl, 3.3-dipropyl. and 3,3-dih-
exyl, were used.

EXPERIMENTAL

Materials. All dyes were purchased from Al-
drich Co. and poly(styrenesnlfonate) sodium salt
(PSS) was obtained from Polyscience Co.. All ma-
terials were used without further purification.

Measurements. PSS and dyes were separately
dissolved in distilled water to prepare their stock
solutions. Just prior to measurements of ab-
sorption spectra, one part of the dye stock solu-
tion was added to one part of the PSS solution
and the mixture was maintained at a given tem-
perature for 15 min. The concentration ratio
between polyanion and dye solutions {P/D) was
varied by adjusting the polyanion concentration at
a fixed dye concentration (1.4X1G™°M). Ab-
sorption spectra were measured in a l-cm quartz
cell which was placed in a water jacket main-
tained at a working temperature. A Pye-Unicam
SP-800 spectrophotometer was used.
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RESULTS AND DISCUSSION

The absorption spectra of 3,3'-dialkyl oxacar-
bocyanine in the presence of PSS were measured
at different P/D values {P/D values were varied by
adjusting the polyanion concentration at a fixed
dye concentration (1.4 % 1077 M), Fig. 1(a) shows
typical spectral changes of 3.3-dimethyl ox-
acarbocyanine in the absence and presence of PSS.
The intensity at 480 nm (o-band) decreases with
an increase in P/D values up to about 1, while an
intensity at 430 nm comes to a distinct band, a
metachromatic band. Further increase in P/D value
results in an inversion in the spectral changes; o-
band increases with a decrease in a metachromatic
band (Fig. 1(b)). Similar spectral changes were ob-
served when 3,3'-diethyl, 3.3-dipropyl, and 3,3
dihexyl oxacarbocyanine were used as dye molec-
ules. However, the wavelength of the meta-
chromatic band is the charactenistic of each dye.

It has been proposed that by adding polyanions
to a dilute aqueous solution of cationic dyes, such
as acridine orange. the dye molecules were held
sufficiently close together on the surface of the po-
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Fig. 1. (A) and (B), Typical absorption spectra of 3,3"-dimethy] oxacarbocyanine in the presence of PSS at various P/D
values. [3,3'-Dimethyl oxacarbocyanine]=1.4x 107" M. P/D=1) 0.0, 2} 0.2, 3) 0.4, 4) 0.6, 5) 0.8, 6) 1.0, 7) 2.0, 8} 5.0,
9) 10.0, 10) 20.0, 11) 30.0, 12) 40.0, 13) 50.0.
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lyanion to allow them to interact to form ag-

LA~10

gregates. Furthermore, the sracking theory

_predicts  that the disappearance of the meta-

chromatic band at large P/D value can be ascribed
to the redistribution of the aggregated dyes over
the excessive binding sites.' Thus, the appearance
of metachromatic band at 430 nm can be ascribed
to the stacking of bound dyes on the surface of
PSS and the disappearance of that at high P/D
values is thought to arise mainly from the redis-
tribution of aggregated dye molecules over the an-
ionic sites of the freshly added PSS.

The wavelength of metachromatic band (g}
for 3,3-dimethyl, 3,3"-diethyl. 3,3"-dipropyt, and 3,3
dihexyl oxacarbocyanine was 430, 440. 442, and
460 nm, respectively, at P/D value of unit (Fig. 2).
Thus, it can be seen that the dye which has a short-
er dialkyl group gives a shorter Amea. The
wavelength of the metachromatic band reflects the
magnitude of the stacking of bound dyes;ﬁ“"J the
shorter the wavelength of the metachromatic band,
the stronger the stacking of the bound dyes. Thus,
it is quite likely that the dye which has a longer di-
alky]l group can not be in more compact stacking
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Fig. 2. Effect of dialkyl chain length on the meta-
chromatic band induced by PSS at P/D=1. 1) 3,3'-Di-
methyl, 2} 3,3-diethyl, 3) 3.3-dipropyl, 4) 3.3'-dihexyl
oxacarbocyanine.
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state due to the steric hindrance between bound
dyes on the surface of PSS.

CONCLUSION

By utilizing the absorption spectra that the meta-
chromatic band of 3,3-dialkyl oxacarbocyanine is
characteristic of its stacking state depending on the

BHE

dialkyl chain length, we have shown that the steric
hindrance induced by dialkyl chain of dye plays
an important role in the stacking of bound dyes
onto the surface of polyanion: the shorter the di-
alkyl chain, the stronger the stacking of the bound
dyes.
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