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Abstract

Nowadays organic dye monomer and co-polymer materials have been receiving more interested in many applications due to

improved solution process ability, scalable synthesis, tunable chemical and physical properties via molecular design and low cost.

However, the compatibility and aggregation of organic Squaraine dye and co-poly acrylamide limited broad application. In this study,

we designed two systems enhanced by octavinyl-polyhedral oligomeric silsesquioxane (OV-POSS) which solved the compatibility and

aggregation. These is the first time designed a novel two systems OV-POSS-Squaraine and OV-POSS-co-poly acryl amide with wide

band absorption
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Introduction

Among all the organic dyes fixed, on squaraine (SQ,) dyes
are particularly promising class of dyes widely applied in solar
cells, photovoltaic devices, and bio-imaging because possess
many particular advantages such as easy molecular design,
strong absorption coefficient, properties (¢ 2 105L-mol-1-cm-1)
from red to near-IR regions [1-4]. Generally, SQ dye absorbing
the near infrared (NIR) region 550 nm to 900 nm and known
as donor acceptor (D-A) [5]. However, these types of materials
suffering from poor compatibility and aggregation, therefore,
how to design well compatibility dye-molecular structure [6].
However also, there were many water-soluble monomers are
used for synthesizing water-soluble fluorescent polymers, which
[7]

and polyacrylamide derivatives [8]. However, most of them suffer

includes N-Nisopropylacrylamide, N-dimethyl acrylamide

from the same problems of the dye. TheOV- POSS have been used

to enhance the poor compatibility, aggregation and dielectric

properties of organic dyes and co-polymer [9-15]. So in this
study, to make full use of the design it is needful to use materials
with broad band absorption, in one material it is rarely reported
(Scheme.1- OV-POSS-SQ) and (Scheme. 2- OV-POSS-OV-POSS-co-
poly acryl amide).
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Experimental

Synthesis of OV-POSS-Squaraine

OV-POSS-Squaraine was prepared in 50mL sealed three necked
bottle the reactions were carried out under a nitrogen atmosphere,
using a vacuum line system. Added a mixture of Squaraine 121mg
[16], followed by addition OVPOSS 127 mg and palladium acetate
16 mg and K,CO, 83 mg the bottle was evacuated under vacuum
and then flushed with dry nitrogen three times. Then N-methyl
pyrrolidone was added, the reaction mixture was refluxed at 120°C
under nitrogen for 12 h and then cooled to room temperature.
The mixture was diluted with 50 mL of water and faltered. The
precipitate was washed with toluene first, and then dissolved in
DMSO. The DMSO solution was added drop wise into 100 mL H,0

the purification procedure was repeated three times [16].

Preparation of hybrid OV-POSS co-poly acryl amide

It was prepared by free-radical polymerization. In a 50 mL
round bottom flask, OV-POSS amine acryl amide (0.223 g), acryl
amide and AIBN (0.029 g, 0.15 mmol) were dissolved in DMF (16
mL) under a nitrogen atmosphere and stirred at 70°C.Finally,
the solution was dropped into excess toluene to precipitate the
copolymer and dissolved in ethyl acetate/petroleum ether (v/
v=1:1) [17].

Results and Discussion

Aggregation effect characterization of Squaraine

The aggregation mechanism is classified as either J-type or
H-type. In this regard, the absorption spectra of SQ without OV-
POSS were shown in Figure 1(a) and SQ with OV-POSS is shown
in Figure 1(b). DMSO and DMSO-water solvents with a volume
ratio at 1:1 and 1:9 are recorded. The SQ without OV-POSS shows
a big aggregation in the mixed solvent. This result means that the
optical properties of SQ without OV-POSS are not stable in a poor
solvent, even in a mixed solution containing a small fraction of
poor solution. But the SQ with OV-POSS there was no more change
in the absorbance which indicates that there is no aggregation and

stable in a poor solvent.
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Figure 1: (a) the absorption spectra in DMSO and DMSO-water of
SQ without OV-POSS and (b) SQ with OV-POSS.

Aggregation effect characterization of co-poly acryl amide

Similarly, the fluorescence was inclined to decrease significantly
for the pristine co-poly acryl amide without OV-POSS. This
quenching is due to the interaction between the organic
luminophore and THF molecules which THF is a poor solvent and
water is a good solvent Figure 2 (a). When it was incorporated
with OV-POSS Figure 2 (b), the aggregation effect was weakened
to a great extent due to the steric hindrance functional group of
OV-POSS. As shown in the inset images, the film surfaces of co-poly
acryl amide containing OV-POSS was quite smooth. However, the
surface of pristine co-polyacrylamide was exhibited observable
cracks and molecule aggregation indicating that the OV-POSS cage
can effectively improve the ability of film formation and prevent

aggregation.

Figure 2: (a) co-poly acrylamide without OV-POSS (b) co-poly
(acrylamide) with OV-POSS in THF-water solvent with different
THF content.
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Morphology of OV-POSS-SQ and OV-POSS-co-poly acryl amide

Field emission scanning electron microscope FE-SEM images
show in Figure 3 image of OV-POSS it looks like cubic shape,
Figure 3 (a) the morphology of OV-POSS-Squaraine was formed
homogenous, the resultant was obtained; in Figure 3 (b) OV-
POSS co-poly acryl amide shows a smooth surface and better
compatibility. It demonstrates that OV-POSS plays an important
role in the interfacial strength and interfacial compatibility, which
might be referred to the lubricating effects of OV-POSS particles
and making the molecular movement easily, detect that the
dispersed phase was reduced in the presence of OV-POSS. As a
result, a good compatibility and miscibility were obtained in the
OV-POSS-Squaraine and OV-POSS co-poly acrylamide.

Figure 3: (a) FE-SEM images of (a) POSS-SQ(b) OV-POSS
co-poly acrylamide.

Conclusion

The traditional systems containing Squaraine and poly acryl
amide were suffering of aggregation effect and compatibility
which traditional materials are suffering from it when applied in
many fields so we have highlighted recent progress towards the
development of these two important systems OV-POSS-Squaraine
and OV-POSS-co-poly acryl amide designed and prepared
successfully. Our work has opened new road for the novelty of new

synthesis
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