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ABSTRACT

Azo dyes are essential to our lives and are synthesized by coupling reactions. In this research, we carried out
dyeing of helical vessels with an azo polymer. The polymer thus synthesized in this study was characterized
with infrared absorption and UV-vis absorption spectroscopy measurement. We observed the surface structure
of the helical vessels coated with the azo polymer with optical microscopy and scanning electron microscopy

(SEM).
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Introduction

The first chemical coloring material found in
the world is mauve or aniline-purple. It was
discovered in the process of synthesis of quinine, an
antimalarial drug by Perkin in 1856'. The first azo
dye was synthesized by Griess after two years of the
synthesis of the aniline-purple?®. Many chemically
synthetic dyes have been produced since
development of the artificial dyes®. Further, various
types of pigments have been developed until now.
For instance, pigments for textiles, papers, food and
soon*”.

Azo compounds are one of the most
representative chemically synthetic dyes, and many
kinds of them are used for textiles industry ®°, such
as naphthol dye™*? orange (11)*****, methyl red and
so on™*. They are essential to our daily lives in
modern textile industry. Generally azo dyes are
synthesized by coupling reactions with amino
groups™”**.

Oxidative coupling polymerization was
carried out by Bach et al. in 1960s as one of the
methods for synthesis of azo dyes. Oxygen was used
as an oxidizer in the polymerization reaction. The
report showed that many types of azo dye polymers
including polyazobenzene, polymer with peptide
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bonds were synthesized. Color of azo polymers in
the report were black, brown and red-brown?.

In this research, we aimed to synthesize azo
polymer with oxidative coupling reaction previously
carried out by H. C. Bach et al. ca. 50 years ago
(Bach reaction). We carried out the oxidative
coupling azo-polymerization in the presence of
helical wvessels of plants. This process allows
performing simultaneous polymerization-dyeing for
the natural cellulose forming helical structure.

Experimental

Cul, pyridine, O2
Microwave, 30 s
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Scheme 1. Synthesis of polyl.

Into a flask were added cupper iodine (547 mg,
2.87 mmol), 1,4-diaminoanthraquinone (2.507 g,
10.5 mmol) and pyridine (30 mL). After stirring and
bubbling with oxygen for 1 h at room temperature,
helical vessels were added to the solution and the
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mixture was heated by microwave for ca. 30 s. The
helical vessels we employed in this study were
collected from leaves of cabbage. Then, helical
vessels were separated from the mixture and added
to excess amount of methanol. The helical vessels
thus obtained were well dyed by the polymer.

Results and discussion
Infrared spectra
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Figure 1. Infrared absorption spectra for monol and

polyl.

Infrared absorption spectra for monol and
polyl are shown in Figure 1. The N-H stretching
vibration is observable at 3267 cm™ for monol.
Polyl shows no signal at 3267 cm™. On the other
hand, weak N=N stretching vibration is observable
at 1467 cm™. The C=0 stretch vibration is observed
at 1548 cm™. The Ar-H stretching vibration appears
at 1402 cm™. The absorption at 1271 cm™ is due to
Ar stretching vibration This result indicates that the
oxidative polymerization was successfully achieved.
Optical microscopy and electron
microscopy (SEM)

scanning

Figure 2. Optical microscopy image of helical
vessels after dyed.
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An optical microscopy image of the helical
vessels coated by polyl is displayed in Figure 2.
Coloration of the helical vessels by polyl is visually
observed.

The scaning electron microscopy (SEM)
images are shown in Figure 3, comfirming
maintanence of original structure after polymer
dyeing.

Figure 3. SEM images of helical vessels dyed by
polyl. a) Entire image of the polymerization-dyeing
helical vessels. Magnification image of the helical
vessel coated by the azo-polymer (polyl).
Maintaining after polymerization-dyeing can be
confirmed.

UV-vis absorption spectrum
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Figure 4. UV-vis absorption spectrum of polyl in
tetrahydrofuran (THF) solution.
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UV-vis absorption spectrum of the polymer was
obtained in dilute solution of tetrahydrofuran (THF).
The UV-vis absorption shows that polyl shows
absorption bands at 550 nm and 590 nm. The
absorptions are due tom-m* transition of
dibenzoquinone and n-rt* transition of azo group in
the main chain.

Conclusions

Synthesis of azo polymer with oxidative
coupling was succeeded. Helical vessels were dyed
in the process of polymerization for synthesis of the
azo polymer with adsorption. The helical form of the
micro-vessels is maintained after "the simultaneous
polymerization dyeing".

Acknowledgment
Special thanks to Naoto Eguchi for suggesting
the topic treated in this paper.

References

1. Perkin William Henry; Stenhouse John. On
Mauve or Aniline-Purple. Proc. R. Soc. Lond.
1864, 13, 170-176.

2. Griefs, P. \orlaufige Notiz Uber Die
Einwirkung von Salpetriger Séure Auf
Amidinitro- Und Aminitrophenylséure. Justus
Liebigs Ann. Chem. 1858, 106 (1), 123-125.

3. lvanov, V. M. The 125th Anniversary of the
Griess Reagent. J. Anal. Chem. 2004, 59 (10),
1002-1005.

4. Xie, Y.; Chen, T.; Guo, Y.; Cheng, Y.; Qian, H.;
Yao, W. Rapid SERS Detection of Acid Orange
Il and Brilliant Blue in Food by Using
Fe;0,@Au Core-Shell Substrate. Food Chem.
2019, 270, 173-180.

5. Shindy, H. A. Basics in Colors, Dyes and
Pigments Chemistry: A Review. Chem. Int.
2016, 8.

6. Bassegoda, A.; Ferreres, G.; Pérez-Rafael, S.;
Hinojosa-Caballero, D.; Torrent-Burgués, J.;
Tzanov, T. New Myeloperoxidase Detection
System Based on Enzyme-Catalysed Oxidative
Synthesis of a Dye for Paper-Based Diagnostic
Devices. Talanta 2019, 194, 469-474.

7. Xu,Y.;Wu, M.; Yu, S.; Zhao, Y.; Gao, C.; Shen,
J. Ultrathin and Stable Graphene Oxide Film
via Intercalation Polymerization of
Polydopamine for Preparation of Digital Inkjet
Printing Dye. J. Membr. Sci. 2019, 586, 15-22.

8. Bruschweiler, B. J.; Merlot, C. Azo Dyes in
Clothing Textiles Can Be Cleaved into a Series
of Mutagenic Aromatic Amines Which Are Not
Regulated Yet. Regul. Toxicol. Pharmacol.

Azo polymer dyeing

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

2017, 88, 214-226.

Espinoza, C.; Romero, J.; Villegas, L.;
Cornejo-Ponce, L.; Salazar, R. Mineralization
of the Textile Dye Acid Yellow 42 by Solar
Photoelectro-Fenton in a Lab-Pilot Plant. J.
Hazard. Mater. 2016, 319, 24-33.

Dalhatou, S.; Laminsi, S.; Pétrier, C.; Baup, S.
Competition in Sonochemical Degradation of
Naphthol Blue Black: Presence of an Organic
(Nonylphenol) and a Mineral (Bicarbonate
lons) Matrix. J. Environ. Chem. Eng. 2019, 7
(1), 1028109.

Mamba, G.; Mbianda, X. Y.; Mishra, A. K.
Photocatalytic Degradation of the Diazo Dye
Naphthol Blue Black in Water Using
MWCNT/Gd, N, S-TiO, Nanocomposites under
Simulated Solar Light. J. Environ. Sci. 2015, 33,
219-228.

Baghel, R.; Upadhyaya, S.; Chaurasia, S. P,
Singh, K.; Kalla, S. Optimization of Process
Variables by the Application of Response
Surface Methodology for Naphthol Blue Black
Dye Removal in Vacuum Membrane
Distillation. J. Clean. Prod. 2018, 199, 900-
915.

Li, H.; Li, Y.; Xiang, L.; Huang, Q.; Qiu, J;
Zhang, H.; Sivaiah, M. V.; Baron, F.; Barrault,
J.; Petit, S.; et al. Heterogeneous Photo-Fenton
Decolorization of Orange Il over Al-Pillared
Fe-Smectite: Response Surface Approach,
Degradation Pathway, and Toxicity Evaluation.
J. Hazard. Mater. 2015, 287, 32-41.

Domingo, E.; Beltran, A.; Sanchis, R.; Garcia,
T.; Solsona, B.; Galindo, F. Photocatalytic
Activity of Mesoporous a-Fe,O; Synthesized
via Soft Chemistry and Hard Template Methods
for Degradation of Azo Dye Orange Il. Catal.
Lett. 2018, 148 (5), 1289-1295.

Ahmad, M. A.; Ahmad, N.; Bello, O. S.
Modified Durian Seed as Adsorbent for the
Removal of Methyl Red Dye from Agqueous
Solutions. Appl. Water Sci. 2015, 5 (4),
407-423.

Saleh, T. A.; Al-Absi, A. A. Kinetics, Isotherms
and Thermodynamic Evaluation of Amine
Functionalized Magnetic Carbon for Methyl
Red Removal from Agqueous Solutions. J. Mol.
Lig. 2017, 248, 577-585.

Addy, P. S.; Erickson, S. B.; ltalia, J. S,;
Chatterjee, A. A Chemoselective Rapid
Azo-Coupling  Reaction (CRACR) for
Unclickable Bioconjugation. J. Am. Chem. Soc.
2017, 139 (34), 11670-11673.

Wei, R.; Wang, X.; He, Y. Synthesis of Side-on
Liquid Crystalline Diblock Copolymers through

55



Komaba and Goto

Macromolecular Azo Coupling Reaction. Eur.
Polym. J. 2015, 69, 584-591.

19. Li, S.; Wang, J.; Shen, J.; Wu, B.; He, Y. Azo
Coupling Reaction Induced Macromolecular
Self-Assembly in Aqueous Solution. ACS
Macro Lett. 2018, 7 (4), 437-441.

20. Bach, H. C.; Black, W. B. Aromatic
Azopolymers Produced by Oxidative Coupling
of Primary Aromatic Diamines. J. Polym. Sci.
Part C Polym. Symp. 1969, 22 (2), 799-811.

Received: 18 July, 2019.
Accepted. 23 July, 2019.

&%&

© University of Tsukuba Library @

Azo polymer dyeing



