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Abstract: Microwave irradiation method indicated points of interest for the produced polymer that contrasted with that prepared by a routine strategy, where it
can offer a polymer in brief time, high yield, higher molecular weight because of the
prevention action of the chain exchange, more pure compounds, and all the more
thermally stable polymers, instead of the conventional technique. Benzil and pphenylenediamine were built into the main chain to prepare a new polymer named
polyimine, utilizing microwave route as a part of 95% yield, and characterized it
by Fourier transform infrared (FT-IR), UV–visible, and nuclear magnetic resonance
(NMR) techniques. The thermal properties of the new polymer were evaluated by
thermal gravity analysis (TGA).
Subjects: Applied & Industrial Chemistry; Chemical Spectroscopy; Materials Chemistry;
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1. Introduction
Microwave-assisted organic synthesis has been recognized as one of the most interesting areas of
current chemical research (Caddick, 1995; Lidström, Tierney, Wathey, & Westman, 2001; Mallakpour
& Rafiee, 2008; Matloobi & Kappe, 2007; Perreux & Loupy, 2001). Microwave heating has developed
as a capable method to promote a variety of chemical reactions, offering reduced contamination,
minimal effort, and high yields together with effortlessness in processing and handling (Adam,
2003; Karah, 2002; Lerestif et al., 1997; Loupy, 2004; Varma, 2002; Varma, Dahiya, & Kumar, 1997).
The utilization of microwave irradiation to organic synthesis has been the focus of extensive consideration lately and is turning into an undeniably well-known innovation (Al-Hazimi, El-Faham,
Ghazzali, & Al-Farhan, 2012; Ghazzali, El-Faham, Abdel-Megeed, & Al-Farhan, 2012; Kidwai, 2001;
Raval & Desai, 2005, 2009; Raval, Desai, & Desai, 2006; Raval, Desai, Desai, & Desai, 2008; Raval,
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Patel, Patel, Patel, & Desai, 2009). As of late, there has been developing interest for applying microwave irradiation to polymer synthesis (Imai, Nemoto, Watanabe, & Kakimoto, 1996; Jullien & Valot,
1985; Liu, Sun, Xie, & Scola, 1998; Silinski, Kuzmycz, & Gourdenne, 1987) as it can quicken numerous
syntheses, providing selective activation with short start-up stage, and can permit quick optimization of reactions. In light of these discoveries, we attempt to depict a straightforward strategy for
the synthesis of polyimine polymer utilizing a microwave technique with the point of acquiring a
more steady polymer with exceptional properties. The chemical structure of the newly synthesized
polymer was confirmed by spectroscopic techniques (FT-IR, NMR, and UV–vis). The thermal stability
of all synthesized polymer was also investigated.

2. Experimental
2.1. Chemicals
All chemicals utilized as a part of this study were of reagent grade. Analytical reagents (AR) were
supplied by either Sigma–Aldrich or Fluka, and utilized without purification.

2.2. Instrumentation
The FT-IR spectra were recorded in the (4,000–400 cm−1) range on potassium bromide discs utilizing
a Shimadzu FT-IR 8400S spectrophotometer. Proton NMR spectra were recorded on Burker DMX- 500
NMR spectrophotometer on 300 MHz, with TMS as the internal standard and DMSO as the solvent.
The UV–visible spectra were measured using a Shimadzu UV–vis. 1650 spectrophotometer in the
range (200–1,000 nm). The reactions were made using Microwave Oven Russell Hobbs 800 Watt.

2.3. Synthesis of the polymer
The synthesis of polyimine was achieved by microwave irradiation technique. Benzil (0.01 mol, 2.1 g)
was thoroughly grounded with appropriate solid p-phenylene diamine (0.01 mol, 1.08 g) in a dry
mortar with the help of a pestle to make an easy flowing powder. This material was subsequently
taken in a dry conical flask. The mixture was irradiated under microwave for 15 min at 800 W,
2,450 MHz with constant shaking. After the completion of the reaction, the contents of the flask were
cooled down until the liquid solidified. It was then inverted and the walls were scraped out to give
the polymer.

3. Result and discussion
The condensation of benzil with p-phenylenediamine in a solvent-free reaction was carried out in a
domestic microwave oven. The reaction sequence for the synthesis of the new polyimine polymer
derived from benzile and p-phenylenediamine is outlined in Scheme 1.

3.1. Spectra characterization of the new polymer
The FT-IR spectrum (Figure 1) of the new polymer showed in general disappearing (N–H) and (C=O)
bands (for the monomers), and a new appearing band for (C=N) stretching at (1,672 cm−1). The 1H-NMR
spectrum in DMSO exhibited multiple bands at δ 6.85–7.83 (m, 1H, aromatic ring) (Figure 2). The ultraviolet spectrum (Figure 3) of the synthesized polymer showed two absorption bands, the position of

Scheme 1. Synthesis of
polyimine.
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Figure 1. The FT-IR spectrum of
the newly synthesized polymer.

Figure 2. The NMR spectrum of
the newly synthesized polymer.

the first band at 266 nm (37,593.98 cm−1), which represents the (π→π*) transition, while the second
band (which has higher intensity than the first band due to conjugated system) appeared at 331 nm
(30,211.48 cm−1) and represents the (n→π*) transition.
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Figure 3. The UV–vis spectrum
of the newly synthesized
polymer.

Figure 4. The thermogravimetric
analysis (TGA) of the newly
synthesized polymer.

3.2. Thermogravimetric analysis (TGA) of polyimine
Thermogravimetric analysis or thermal gravimetric analysis (TGA) is a method of thermal analysis in
which changes in physical and chemical properties of materials are measured as a function of increasing temperature (with constant heating rate) or as a function of time (with constant temperature and/or constant mass loss) (Coats & Redfern, 1963). TGA can provide information about physical
phenomena, such as second-order phase transitions, including vaporization, sublimation, absorption, adsorption, and desorption. Likewise, TGA can provide information about chemical phenomena,
including chemisorptions, desolvation (especially dehydration), decomposition, and solid–gas reactions (e.g. oxidation or reduction) (Coats & Redfern, 1963). TGA is commonly used to determine selected characteristics of materials that exhibit either mass loss or gain due to decomposition,
oxidation, or loss of volatiles (such as moisture). Common applications of TGA are characterization
of materials by analyzing characteristic decomposition patterns, studies of degradation mechanisms and reaction kinetics, determination of organic content in a sample, and determination of
inorganic content in a sample, which may be useful for corroborating predicted material structures
or simply used as a chemical analysis. The thermal stability of the prepared polyimine can be evaluated by TGA. The TG curves of polyimine at heating rate of 5°C min−1 are shown in Figure 4 (a–d). The
TG curves indicate that the solvent has been successfully eliminated from polyimine because there
is no weight loss below 100°C. It can be clearly seen in Figure 4 that the residual weight of polyimine
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Figure 5. The XRD spectrum of
the newly synthesized polymer.

thermal decomposition is higher than polyimine above 450°C. The increase in the weight residues
above 450°C illustrates increases in thermal stability. The improvement of the thermal stability of
the prepared polyimine can be based on the fact that this polymer has inherently good thermal
stability and also due to the strong chemical bonding that exists between the monomers of polyimine. Figure 4 (a–d) shows the TGA results generated for polyimine. The plot shows the percent
mass as a function of sample temperature for polyimine. The TGA results show that polyimine polymer undergoes thermal degradation beginning at 450°C and with a total mass loss of 50.0%. There
is a small amount of inert residue remaining (50.0%).

3.3. X-ray characterization of the newly synthesized polymer
The prepared polymer was characterized by XRD. Figure 5 shows the XRD patterns of polyimine. As is
clearly seen in Figure 5, there is a peak in the diffractogram of polyimine as the non-Gaussian distribution pattern that reveals a semi-crystalline structure polymer. This peak was also depicted in all of
the diffractograms of polyimine polymer.

4. Conclusions
Synthesis of a new polymer namely polyimine was done in this paper. The thermal properties of the
new type of polyimines based on Benzil and p-phenylene diamine were evaluated by the thermogravimetric analysis (TGA). The characterization of the polymer was done based on FT-IR, NMR, UV–
vis, and XRD techniques.
Funding
This work was supported by University of Technology’s
Master Project 2014.

synthesis of new polyimine, Furkan Kamil, Kadhim Abid
Hubeatir, Mohammed Shamel & Ahmed A. Al-Amiery,
Cogent Chemistry (2015), 1: 1075853.

Author details
Furkan Kamil1
E-mail: furkan.kamil.1990@gmail.com
Kadhim Abid Hubeatir1
E-mail: dr.kadhim58@gmail.com
Mohammed Shamel2
E-mail: msa_chemistry@yahoo.com
Ahmed A. Al-Amiery3
E-mail: dr.ahmed1975@gmail.com
ORCID ID: http://orcid.org/0000-0003-1033-4904
1
Laser and Optoelectronics Engineering Department,
University of Technology (UOT), Baghdad 10001, Iraq.
2
Applied Science Department, University of Technology (UOT),
Baghdad 10001, Iraq.
3
Environmental Research Center, University of Technology
(UOT), Baghdad 10001, Iraq.

Cover image
Source: Author.

Citation information
Cite this article as: Microwave-assisted solvent-free

References
Adam, D. (2003). Microwave chemistry: Out of the kitchen.
Nature, 421, 571–572.
http://dx.doi.org/10.1038/421571a
Al-Hazimi, H. M., El-Faham, A., Ghazzali, M., & Al-Farhan, K.
(2012). Microwave irradiation: A facile, scalable and
convenient method for synthesis of N-phthaloylamino
acids. Arabian Journal of Chemistry, 5, 285–289.
http://dx.doi.org/10.1016/j.arabjc.2010.06.020
Caddick, S. (1995). Microwave-assisted organic-reactions.
Tetrahedron, 51, 10403–10432.
http://dx.doi.org/10.1016/0040-4020(95)00662-R
Coats, A. W., & Redfern, J. P. (1963). Thermogravimetric
analysis. A review. The Analyst, 88, 906–924.
http://dx.doi.org/10.1039/an9638800906
Ghazzali, M., El-Faham, A., Abdel-Megeed, A., & AlFarhan, K. (2012). Microwave-assisted synthesis,
Page 6 of 7

Kamil et al., Cogent Chemistry (2015), 1: 1075853
http://dx.doi.org/10.1080/23312009.2015.1075853

structural elucidation and biological assessment of
2-(2-acetamidophenyl)-2-oxo-N phenyl acetamide and
N-(2-(2-oxo-2(phenylamino)acetyl)phenyl)propionamide
derivatives. Journal of Molecular Structure, 1013, 163–167.
http://dx.doi.org/10.1016/j.molstruc.2012.01.028
Imai, Y., Nemoto, H., Watanabe, S., & Kakimoto, M. A. (1996). A
new facile and rapid synthesis of aliphatic polyamides by
microwave assisted polycondensation of ω-amino acids
and nylon salts. Polymer Journal, 28, 256–260.
http://dx.doi.org/10.1295/polymj.28.256
Jullien, H., & Valot, H. (1985). Polyurethane curing by a pulsed
microwave field. Polymer, 26, 506–510.
http://dx.doi.org/10.1016/0032-3861(85)90149-1
Karah, N. (2002). Synthesis and primary cytotoxicity evaluation
of new 5- nitroindole-2,3-dione derivatives. European
Journal of Medicinal Chemistry, 37, 909–918.
Kidwai, M. (2001). Dry media reactions. Pure and Applied
Chemistry, 73, 147–151.
Lerestif, J. M., Toupet, L., Sinbandhit, S., Tonnard, F., Bazureau,
J. P., & Hamelin, J. (1997). A new route to 2-oxazolines,
bis-oxazolines, and 2-imidazoline-5- ones from imidates
using solvent-free cycloadditions: Synthesis, chemical
properties, and PM3 MO calculations. Tetrahedron, 53,
6351–6364.
http://dx.doi.org/10.1016/S0040-4020(97)00295-0
Lidström, P., Tierney, J., Wathey, B., & Westman, J. (2001).
Microwave-assisted organic synthesis a review.
Tetrahedron, 57, 9225–9283.
http://dx.doi.org/10.1016/S0040-4020(01)00906-1
Liu, Y., Sun, X. D., Xie, X. Q., & Scola, D. A. (1998). Kinetics of the
crosslinking reaction of a bisnadimide model compound
in thermal and microwave cure processes. Journal of
Polymer Science Part A: Polymer Chemistry, 36, 2653–
2665. http://dx.doi.org/10.1002/(ISSN)1099-0518
Loupy, A. (2004). Solvent-free microwave organic synthesis
as an efficient procedure for green chemistry. Comptes
Rendus Chimie, 7, 103–112.
http://dx.doi.org/10.1016/j.crci.2003.10.015
Mallakpour, S., & Rafiee, Z. (2008). Application of microwaveassisted reactions in step-growth polymerization: A
review. Iranian Polymer Journal, 17, 907–935.
Matloobi, M., & Kappe, C. O. (2007). Microwave synthesis in highthroughput environments: Moving from automated sequential
to microtiter plate formats. Chimica Oggi, 25, 26–31.

Perreux, L., & Loupy, A. A. (2001). A tentative rationalization
of microwave effects in organic synthesis according to
the reaction medium, and mechanistic considerations.
Tetrahedron, 57, 9199–9223.
http://dx.doi.org/10.1016/S0040-4020(01)00905-X
Raval, J. P., & Desai K. R. (2005). Synthesis and antimicrobial
activity of new triazolopyridinyl phenothiazines. Arkivoc,
2005, 21–28.
http://dx.doi.org/10.3998/ark.5550190.0006.d03
Raval, J. P., & Desai, K. R. (2009). A comparative study of
microwave assisted and conventional Synthesis of novel
2-(4-diethylamino-2-hydroxyphenyl)-3- substitutedthiazolidin-4-one derivatives. Chemija, 20, 101–108.
Raval, J. P., Desai, K. G., & Desai, K. R. (2006). Neat reaction
technology for the synthesis of 4-oxothiazolidines derived
from 2-SHBenzothiazole and antimicrobial screening
of some synthesized 4-thiazolidinones. Journal of the
Iranian Chemical Society, 3, 233–241.
Raval, J. P., Desai, J. T., Desai, C. K., & Desai, K. R. (2008).
A comparative study of microwave assisted and
conventional synthesis of 2,3-dihydro-2- aryl-4-[4-(2–
oxo–2H–chromen–3–yl)–1,3-thiazol–2–ylamino]-1,5–
benzothiazepines and its antimicrobial activity. Arkivoc,
2008, 233–244.
http://dx.doi.org/10.3998/ark.5550190.0009.c25
Raval, J. P., Patel, H. V., Patel, P. S., Patel, N. H., & Desai, K. R.
(2009). A rapid, convenient microwave assisted and
conventional synthesis of novel azetidin-2-one derivatives
as potent antimicrobial agents. Asian Journal of Research
in Chemistry, 2, 171–177.
Silinski, B., Kuzmycz, C., & Gourdenne, A. (1987). Synthesis
under microwaves (2.45 GHz) of polyurethane polymers-I.
Model study from diisocyanate and polyethertriol
prepolymers. European Polymer Journal, 23, 273–277.
http://dx.doi.org/10.1016/0014-3057(87)90147-9
Varma, R. S. (2002). Clay and clay-supported reagents in
organic synthesis. Tetrahedron, 58, 1235–1255.
http://dx.doi.org/10.1016/S0040-4020(01)01216-9
Varma, R. S., Dahiya, R., & Kumar, S. (1997). Clay catalyzed
synthesis of imines and enamines under solvent-free
conditions using microwave irradiation. Tetrahedron
Letters, 38, 2039–2042.
http://dx.doi.org/10.1016/S0040-4039(97)00261-X

© 2015 The Author(s). This open access article is distributed under a Creative Commons Attribution (CC-BY) 4.0 license.
You are free to:
Share — copy and redistribute the material in any medium or format
Adapt — remix, transform, and build upon the material for any purpose, even commercially.
The licensor cannot revoke these freedoms as long as you follow the license terms.
Under the following terms:
Attribution — You must give appropriate credit, provide a link to the license, and indicate if changes were made.
You may do so in any reasonable manner, but not in any way that suggests the licensor endorses you or your use.
No additional restrictions
You may not apply legal terms or technological measures that legally restrict others from doing anything the license permits.

Page 7 of 7

