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Abstract — In this work, poly(diallyldimethylammoniumchloride) (PDDAC) and meso-tetrakis(4-carboxyphenyl)porphyrin
were considered to produce the self-assembly fabrication films. This method is based on the layer-by-layer (LbL) deposition
produced by the electrostatic attraction between positively charged PDDAC and negatively charged porphyrin ions. The result
of multilayer fabrication was discussed with the level of color strength (K/S). K/S spectra of the fabricated multilayer films
showed gradual increase behaviors. In addition, the color photo images of the fabricated multilayer films showed that
PDDAC and porphyrin were successfully attracted by electrostatic self-assembly forces.
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1. Introduction

Since the first reported by Decher, many efforts have
been focused on the preparation of polyelectrolyte
multilayer films based on electrostatic self-assembly
layer-by-layer (LbL) technique'”. This LbL technique
has been widely considered in many scientific and
industrial areas due to their applicable potentials. The
LbL technique presents easy and convenient way to
control the construction of thin film layers*”. The LbL
technique is designed on alternating electrostatic bindings
of the +/- charged polyions. There is many academic
research reports to explain the theory and principle of
this experimental attempt.

Porphyrinsg'lo)
aggregates caused by non-covalent bonding effects. The

are well announced to form useful

optical absorptional and photochemical properties are
being regarded as an interesting factors of this material.
In this context, porphyrin is one of the most widely
used molecules in medicine, electronic, optical devices

and sensors due to its excellent stabilities and unique

optical and electronic properties'”.

Herein, the direct coloration approach using LbL
application between meso-tetrakis(4-carboxyphenyl)
porphyrin and cellulosic substrate was considered. This
attempt may be a useful technique to produce coloration
effects, in which the number of layers and corresponding
color strength could be easily controlled and monitored.

To make a shape of the cationic surface layer, poly
(diallyldimethylammonium chloride) (PDDAC) was firstly
deposited on the cellulosic substrates. And porphyrin
having negative charge was successively layered and
fabricated. This application skill has been studied and
presented in recent days from Tani and Nakamura ‘.
However, there are few paper publishment on LbL
coloration approach to polymeric substrates.

Thus, the growth of fabrication layers on cotton fibers
produced by LbL attraction was studied.

The level of porphyrin attraction was discussed with the
color strength (K/S) values in detail.

Reflectance measurements on the substrate were carried

out.
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2. Experimental

2.1 Material

Poly(diallyldimethylammonium chloride) (PDDAC)
and meso-tetrakis(4-carboxyphenyl)porphyrin'® were
purchased from Aldrich. The doublely distilled water
was used for preparing self-assembly fabrication layers.
This water soluble porphyrin was chosen to meet the
application purpose for self-assembly electrostatic layer-
by-layer technique in aqueous medium. Structures of
PDDAC and porphyrin are shown in Fig. 1 (a) and (b),
respectively. UV-Vis absorption spectra of PDDAC and
porphyrin in water are also shown in Fig. 2.

2.2 Fabrication of self-assembly multilayer

The self-assembly multilayer fabrication process between
PDDAC and porphyrin was prepared by alternatively
immersing the cotton fibers into PDDAC and porphyrin
aqueous solution with intermediate washing using
Milli-Q-water. In the negatively charged porphyrin
aqueous solution, 0.1g of NaOH was added to assist the
solubility in distilled water.
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Fig. 1. Structures of poly(diallyldmethylammonium chloride)
(@) and porphyrin (b).

Fig. 2. UV-Vis absorption spectra of PDDAC and
meso-tetrakis(4-carboxyphenyl)porphyrin solution.
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The structures of PDDAC and porphyrin were shown
in Fig. 1. In the first step, a negatively charged cotton
fibers was then immersed into PDDAC aqueous solution
(0.2g/200ml) for 20min. After 20min, PDDAC layer on
cotton fibers was dried with nitrogen gas. In this
process, PDDAC layer having positive charge was
attracted on the negatively charged cotton fibers, which
occurred by ionic attraction forces. In the second step,
the deposited PDDAC layer was then transferred into
porphyrin aqueous solution (0.03g/ 200ml) for 20min.
After rinsing in distilled water, porphyrin layer on the
cotton fibers was dried with nitrogen gas.

2.3 Measurements

Reflectance measurements on the dyed fibers were
carried out using a Datacolor SF 600 plus spectro-
photometer interfaced to a PC. Measurements were
taken with the specula component of the light excluded
and the UV component included, using illuminant D65
and 10°standard observer.

The average of three reflectance measurements, taken
at different positions on the dyed fiber substrates, was
carried out. Color strength (K/S) was calculated by the
Kubelka-Munk formula.

ks=RS
2R

Where, K, S and R are the coefficient of absorption,
scattering of the dye and the reflected light at
wavelength respectively at Apay.

3. Results and discussion

Fabrication for self-assembly coloration approach using
PDDAC and meso-tetrakis(4-carboxyphenyl)porphyrin
are shown in Fig. 3. These self-assembly multi-layers
were deposited sequentially until the desired numbers of
multi-layers were achieved.

Fig. 3 shows a schematic illustration of self-assembly
fabrication for coloration approach between PDDAC and
porphyrin dye. In step A, a negatively charged cotton
fiber surface was immersed in the solution of the
positively charged PDDAC. Self-assembly attraction of

the first polyelectrolyte monolayer occurred at this step.
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Fig. 3. Scheme of the self-assembly coloring fabrication using PDDAC/meso-tetrakis(4-carboxyphenyl)

porphyrin.

Fig. 4. K/S spectra of the PDDAC and porphyrin
bilayers.

(@) (b) ©

In step B, the polyelectrolyte monolayer was immersed
into the negatively charged porphyrin dye aqueous
solution. The self-assembly attraction and corresponding
coloration between PDDAC and porphyrin caused by
electrostatic forces were formed on the cotton fiber
surface. This self-assembly fabrication on the cellulosic
substrate was sequentially deposited until the desired
number of multilayers were achieved.

In this study, the growth of porphyrin dye layers on
cotton fibers formed by self-assembly LbL method was
determined with the K/S spectra. In Fig. 4, the K/S
spectra of the PDDAC and porphyrin dye multilayers on
cotton fibers showed that the color strength of porphyrin

Fig. 5. The coloration images of the PDDAC and porphyrin dye layers: (a) 1 layer, (b) 3 layers, (c) 5 layers.

J. of the Korean Soc. of Dyers and Finishers, Vol. 20, No. 51 25 |



Byung—Soon Kim - Xiaochuan Li - Sung—Hoon Kim - Jin—Seok Bae - Young—A Son

increased with increasing the bilayer numbers. The inset
shows that the linear increase in K/S values at 420nm
with increasing the bilayer numbers indicates an
appropriate deposition accomplishment with almost
equal amount of PDDAC and porphyrin dye in the each
cycle.

In Fig. 5, the coloration images of the fabricated
layers show that the deeper coloration was obtained with
increasing the bilayer numbers. From the results, it can
be proposed that the fabricated multilayer coloring
deposition with positively charged PDDAC and negatively
charged porphyrin dye was successfully achieved. In this
context, the purpose of this preliminary work is to
attempt and study the direct coloring deposition on
cotton fibers using positively and negatively charged
molecules. It can be assumed that this is very interesting
coloration approach using electrostatic self- assembly
attraction. In addition, for the practical view point, the
fastness properties should be tested and compared to
conventional batch dyeing methods. This further
experiment will be determined.

4. Conclusion

The self-assembly multilayer films using positive
charged PDDAC and negative charged porphyrin dye
were prepared on the cotton fibers. Multi-layer thin dye
films have been
electrostatic self-assembly method. Coloration point of

successfully prepared by this

the fabricated multilayers have been measured the level
of color strength (K/S). The K/S spectra of the
fabricated layers showed gradual increase behaviors.
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