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Abstract : The spectral behaviors of cationic dyes of thionine (Th) with varying concentration of
polyvinylsulfate (PVS) and sodium dodecylsulfate (SDS) had been studied by absorption spectroscapy.
Aggregation characteristics of Th-PVS-chitosan and Th-SDS-chitosan systems were investigated by
degree of deacetylation of chitosan. Chitosan A, B, and C with degree of deacethylation (0.87. 0.79,
and 0.66) used were prepared by using NaOH 30. 40, and 50%. respectively. When chitosan A, B,
and C were added to Th-SDS systems for $/D<80 system, the absorbance of Th-SDS-chitosan A, B,
and C systems compared with that of Th-SDS systems showed the decreasing tendency. On the other
hand, when chitosan A, B, and C were added to Th-PVS systems for P/D=0~3000, the absorbance of
Th-PVS-chitosan A, B, and C systems relative to Th-PVS systems showed the highly increasing

tendency.

Introduction

Beer's law with the appearance of blue-shifted
or red-shifted bands deviates in ierms of dye
aggregation i.e., the formations of dimers, trimers,
and polymers.! The appearance of blue-shifted
transitions has been rationalized in terms of the
formation of H aggregates, including some red-
shifted transitions as J-band of thionine (Th). Dyes
in the presence of polyelectrolyte, inorganic salt,
and surfactant have resulted in color exchanges.**
This phenomenon is well known as metachromasy.
A methylene blue (MB) whose structure is similar
to that of thiazine was bound to polyvinylsulfate
(PVS) in a highly aggregated polymeric form.”
With increasing concentration of chitosan in MB-
chitosan system, the deaggregation has occurred
by means of absorbance of monomer.® Metachro-
matic interaction between cationic chitosan and
divalent anionic dye C. [ Acid Yellow 42, and
anionic dye containing two sulfonic acid group,
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shows a 1:1 stoichiometry between charged sites
on the polyelectrolyte and charged groups in the
dye ions at the metachromatic equivalence point.”
However, while the interaction between cationic
dye and chitosan does not occur, It occurs
between cationic dye and anionic polyelectrolyte.
Chitosan, which is a cellulose-like natural, non-
toxic, and biodegradable polymer, has a structure
{1—4}-2-amino-2-dexoxy-f-D-glucosamine.
Chitosan is widely used by the treatments of
wastewater of dye, metallic ions, medicine, food,
agriculture, and cosmetic ranges.”" Metachromatic
phenomena of dyes in the presence of surfactant
have formed dye-surfactant aggregate or mixed
micelles depending on the surfactant below the
critical micelle concentration {CMC)."™*® We have
studied the interaction between cationic dye and
anionic surfactant as a function of the con-
centration of SDS above and below the CMC.*

In this study, investigated the
aggregation characteristics of Th-PVS and Th-
SDS systems. According to three different degrees
of deacetylation of chitosan, we have studied the

of
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aggregation of Th-PVS-chitosan and Th-SDS-
chitosan systems.

Experimental

Materials and Instrumentation. Thionine,
potassium polyvinylsulfate, and sodium dodecyl-
sulfate from Sigma Co. were used without further
purification. NaCl and urea were purchased from
Sigma Co. NaOH and CH,COOH were purchased
from Junsei Chemicals Co.

The absorption specira were obtained using a
Beckmann UV/VIS DU-68 spectrophotometer.
All measurements of solution were carried out at
25°C. The standard quartz cell with 10 mm path
length was used. The viscosity was measured by
using Cannon-Fenske Kinox No. 100.

Preparation of Chitosan. Chitosan, de-
acetylated from 1.0 g chitin obtained from crab
shell, was prepared at 100°C for 2 hrs according
to the degree of deacetylation. After filtering off
the precipitate it was washed off ethanol when
the filtrate was neutral, washed with ethyl ether
and dried on a vacuum oven at 60°C for 4 hrs.”
Chitosan A, B, and C with degree of deacethyl-
ation used were prepared by using various NaOH
conditions (Table I). The average molecular
weights of chitosan A, B, and C were 4.0X10%
2.0x10% and 16X 10 respectively.

Average Molecular Weight of Chitosan, 1.0
mg chitosan powder was prepared by dissolving
0.05, 0.10, 0.15, and 0.20% in the mixtures of 0.2
M CH.COOH, 4 M urea, and 0.1 M NaCl (1:1:1,
v/v), respectively. The instrinic viscosities, [7] of
chitosan A, B, and C solution were measured and
the average molecular weights, M., were calcu-
lated from the equation (1)."

[n]=893x 104 M, (dL%) {1)

Deacetylated Degree of Chitosan. 1.0 mg
chitosan A, B, and C were prepared by dissolving
0.1 v/v% acetic acid, respectively. A mixture
containing 30 mL of distillated water, 0.2 mL of
toluidine blue, and 1.0 mL of chitosan was
titrated with 2.5 mL of polyvinylsulfate. The end
point of the mixture was changed from blue to
purple color. The degree of deacetylation, DA. of
chitosan A, B, and C was calculated from the
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equation (2).*

100 (2)

DAc =
¢ T (50/430V —1)0.793 +1

where, V is the volume of titration.

Preparation of Solution. The stock solu-
tions of Th, SDS, and PVS were prepared at con-
centrations of 1.0x10° M, 1.0x10° M, and 2.5X
10° M, respectively. With the degree of de-
acetylation of chitosan, the stock solutions of
chitosan A, B, and C were prepared by dissolving
0.7 viv% acetic acid, respectively. Solutions of
Th-PVS and Th-SDS systems were prepared by
P/D {the concentration of PVS to Th ratio) and S/
D (the concentration of SDS to Th ratio) values,
respectively. All preparations of solution were
carried out at room temperature. Solution of Th-
PVS-chitosan A, B, and C systems was prepatred
according to P/D value of added chitosan. And
solution of Th-SDS-chitosan A, B, and C systems
was prepared according to S/D values of added
chitosan A, B, and C.

Results and Discussion

Aggregation of Th-PVS and Th-SDS Systems.
The absorption spectra of Th-PVS system in
the presence of PVS is shown in Figure 1. For
P/D<10, the absorption spectra of Th-PVS
system at 598 nm decreases. For P/D=10, a new
absorption band at 482 nm appears. The absorp-
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Figure 1. Absorption spectra of Th-PVS system with vari-

ous P/D values. P/D is the concentration of PVS to Th ratio.
[Th1=2.0%10° M.
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tion band of arband at 598 nm is characterized
with the monomer band of Th. A new absorption
band, ¥band is characterized with metachromatic
band. Minute precipitate for formation of
polymeric aggregate of Th-PVS system has made
in color exchange. For P/D>100, the absorption
bands of pband are gradually decreasing and o~
band are again increasing.

In Figure 2, the absorbance of Th-PVS system
is plotted against P/D ratios on a logarithmic
scale. The absorbance of Th-PVS system for P/D
<10 decreases and is constant in the range of P/
D=10~100. And it increases again with
increasing P/D>100. The minimal absorbance of &
-band appears at maximal absorbance of yband.
The appearance of ¥band for P/D<10 occurs
with increasing concentration of Th-PVS aggregate.
But the disappearance of yband for P/D>100
mighi be due to the redistribution of Th-PVS
agaregate. Such disappearing phenomena of ¥
band with increasing P/D ratio can be shown as
reversal of metachromasy. Michaelis e of®
explained that this was due to dye ions binding
to adjacent sites on the polyelectrolyte. Bradley
et al” introduced the concept of stacking of
aggregated dye ions along the polymer chains.
The absorption spectra of Th-PVS system are
quite similar to those of two sulfate groups on
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Figure 2. Plot of absorbance of Th-PVS system with varous
P/D values.
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the polymer chain with Th (Figure 3).

In Figure 3, the absorption band of orband for
S/D<4 decreases and ¥band appears at shorter
wavelength than 560 nm of B-band. The broad
absorption bands of ¥band at 465 nm and 525
nm show the presence of some aggregated state
of Th molecules. H- and J-aggregates are known
by the higher aggregate of cyanine dyes.” In this
study, J-band to the longer wavelength of o
band appears to be far more intense than that of
Th-PVS system. ¥ and J-bands of pure Th itself
for §/D=0 not appear. This becomes evident
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Figure 3. Absorption spectra of Th-SDS system with vari-
ous S/D values. 5/D is the concentration of SDS to Th ratio.
[Thl=2.0x10° M.

0.8

08

0.4

Absorbance

0.2

1 ]
400 600 800 1000

5/D

Figure 4, Plot of absorbance of Th-SDS system with varous
5/D values.

0.0

1
9 200

Korea Polym. J., Vol. 7, No. 1, 1999



Aggregation Characteristics of Thionine-PVS and -SDS Systems in the Presence of Chitosan

with the addition of SDS. Figure 4 shows plot of
the absorbance of Th-SDS system with various
S/D values. With increasing in $/D value, the
absorbance of ¥band at S/D<4 increases and it
decreases again when S/D>4. The decreasing
tendency of o-band and the increasing tendency
of yband are found with the occurrence of
aggregation for metachromasy of Th-SDS ag-
gregate. But the increasing tendency of absorb-
ance of orband reveals the deaggregation of
dye by adding excess SDS. For some dye-sur-
factant system with the opposite charge, acridine
orange(AQ)-SDS system forms precipitate.” This
is because of 1:1 complex of cationic dye, Th
and anionic surfactant, SDS. Th-SDS aggregate
can be characterized with yYand J-bands.

Aggregation of Th-PVS-Chitosan and Th-
SDS-Chitosan Systems. The physical proper-
ties of chitosan A, B, and C are shown in Table I.
With increasing concentration of NaOH from
30 to 50 wt%, average molecular weights of
chitosan A, B, and C decreased while the degrees
of deacetylation increased.

Metachromatic behavior induced in C. [. Acid
orange 7 by the presence of chitosan is more
readily reversed by excess chitosan the greater
the relative molecular weight of chitosan.”” In this
study, according to increasing the degree of
deacetylation of chitosan A, B, and C. the
absorbance of Th-chitosan A, B, and C systems
increases more slightly than that of Th itself
{Figure b).

This is due to electrostatic repulsion between
cation of Th and amine group of chitosan. Thus,
the increasing tendency of absorbance is explained
as reversal of metachromasy in the presence of
monomeric state of Th molecules. Figure 6 shows
the absorbance changes of Th-PVS-chitosan A, B,

Table 1. Physical Properties of Chitosan

’ [n)° —, NaOH
Sampl M ¢
AWM (dL/g) v L
Chitosan A 1.653 4.0x10° 087 30
Chitosan B 2704  80x10* 079 40
Chitosan C 4424 16.0x10* 066 50

“Intrinsic viscosity. ”Average molecular weight. °Degree of
deacetylation. “Concentration {(weight/weight, w/w%) of
NaCH.
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Figure 5. Absorbance of a-band of Th-chitosan A, B, and
C systems with the concentrations of chitosan A, B, and C.
[Th]=2.0x10° M.
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Figure 6. Absorbance of arband of Th-PVS-chitosan A, B,
and C systems with various P/D values. (Th]=2.0x10° M,
[Chitosan]=4.0x 107 M.

and C systems with various P/D values. By
adding chitosan A, B, and C to Th-PVS system,
the absorbance of Th-PVS-chitosan A, B, and C
systems shows the increasing or constant tendency.
The absorbance of Th-PVS-chitosan A, B, and C
systems reveals the opposite result of these of Th-
PVS systens. This is because cations of Th
bound to PVS by exchanging cation of chitosan
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are present in completely free dyes. By adding
excess chitosan, the reversal of metachromasy
oceurs with increasing the molecular weights or
decreasing the degree of deacetylation of
chitosan. :

Fiqure 7 shows the absorbance changes of Th-
SDS-chitosan A, B, and C systerns with various 5/
D values. By adding chitosan A, B, and C to Th-
SDS system, the absorbance of Th-SDS-chitosan
system decreases remarkably and it increases
again. According to decreasing the degree of
deacetylation of chitosan, the absorbance of Th-
SDS-chitosan A, B, and C systems is by far lower
than that of Th-SDS systems. Minute precipitate
of Th-SDS-chitosan A, B, and C systems is
formed. This is ascribed as because of not enly
the electrostatic interaction between cationic Th
and anionic SDS, bui also the hydrophobic
interaction between chain of chitosan and hydro-
phobic group of SDS. With increasing the con-
centration of chitosan A, B, and C the flocculation
effect at pH 9 and removal rate of suspended
solid {SS) for the treatment of dyestuffs waste-
water are excellent.”® In this study, minute
precipitate of Th-PVS-chitosan A, B, and C
systems is not formed. But it is expected that the
flocculation effects of Th-SDS-chitosan A, B,
and C aggregate will be increasing because of
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Figure 7. Absorbance of aband of Th-SDS-chitosan A, B,
and C systems with various S/D values. [Thl=2.0x10"° M,
[Chitosan]=4.0x 107 M.
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formation of minute precipitate with decreasing
degree of deacetylation of chitosan.

Conclusions

The absorbance of @-band and ¥band of Th-
PVS systern for P/D<10 decreased and increased.
respectively. That for P/D>100 was the opposite
result. The absorbance of Th-PVS-chitosan and
Th-chitosan systems showed slightly increasing
or constant tendency. The absorbance of eband
of Th-SDS system for $/D<4 decreased, but that
of yband increased. That for S/D>4 was the
opposite result. The absorbance of Th-SDS-chito-
san A, B, and C systems showed much higher
decreasing tendency than these of Th-SDS systems.
In spite of decreasing degree of deacetylation of
chitosan, minute precipitate of Th-PVS-chitosan A,
B, and C systems was not formed, but that of Th-
SDS-chitosan A, B, and C systems was formed.
Metachromatic behaviors of Th-SDS system for P/
D<10 and Th-PVS system for S/D<4 occurred.
The reversal of metachromatic behaviors of Th-
PVS-chitosan A, B, and C systems occurred.
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