Molecular Modeling of Polymethylmethacrylate-Polyaniline Composites and Study of its Properties
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Abstract – Polymer-polymer composites based on polyaniline and polymethylmethacrylate were obtained. It was shown that intermolecular hydrogen bonds are formed between the composite components. The energy of hydrogen bonds is determined.  The intermolecular interaction between the components of the polymer-polymer composite affects it on the physic-chemical parameters.
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Composites based on polyaniline and water-soluble polymers are promising for the production of bio- and chemosensors [1 - 3]. Composites based on polymethylmethacrylate and polyaniline have not been studied sufficiently. Due to the electrically conductive component and good film former, such composites can be used as anti-corrosion agents [4]. Composites based on polyaniline (PANI) and polymethylmethacrylate (PMMA) have a number of interesting properties that allow them to be used in practice. PMMA has good film-forming properties and PANI has electrical conductivity, which makes such composites promising materials for corrosion protection.
Quantum-chemical calculations were carried out for the starting polymers and polymer-polymer composites (PPC). Quantum-chemical calculations were carried out for PMMA (8 units) and PANI (6 protonated units), their compositions were carried out using the MOPAC2016 program and the WINMOSTAR graphical interface, using the semi-empirical method PM7.
Thermodynamic calculations of the models were performed using the key parameter THERMO(290.330.10). Quantum chemical studies of PANI have shown that the molecule is strongly polarized and can form many conformations.  A fragment of the PANI macromolecule, which contains 6 units for one of the conformations, is shown in Fig. 1.
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Fig.1. Fragment of the PANI macromolecule
 Figure 2 shows a fragment of an 8-membered PMMA macromolecule.
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Fig. 2. Fragment of the macromolecule РMMA
 It should be noted that the macromolecules that make up the composite can have many conformations. During the formation of the composite, the conformations of the initial components will change. A Fragment of the model of the PANI-PMMA composite is shown in Fig. 3.
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Fig. 3. Fragment of the model of the PANI-PMMA composite (lines - hydrogen bond).
The calculated values ​​of the heat of formation for the composite are lower than for the sum of the corresponding values ​​of the investigated polymers. The decrease in the heat of formation is associated with the formation of hydrogen bonds between PMMA and PANI fragment.
The hydrogen bonds formed in PPC affect physic-chemical parameters. The information about the formation of hydrogen bonds for a fragment containing 8 PMMA macromolecule fragments and 6 PANI fragments can be extended to larger macromolecules. It should be noted that due to the change in the conformation of both macromolecules, some of the hydrogen bonds are broken, while there is a possibility of hydrogen bonds forming in other places.
The study of thermo-mechanical curves indicates that connections are formed between the components, and the shape of the initial curves of PANI, PMMA and PPC is different (Fig. 4)
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Fig. 4. Thermo-mechanical curves of PANI (1), PMMA (2) and composite (3).
The different shape of the curves indicates the interaction between the components of the PPC. Studying the electrical conductivity of PPC as a function of the content of the conductive PANI-PMMA and the temperature made it possible to calculate the activation energy of charge transfer Ea (Table).
Table
The dependence of the specific resistance and electrical conductivity of polymer-polymer composites on the PANI-PMMA ratio
	PANI-PMMA, %
	l, mm
	ρ, Ω.m
	σ, Sm.m
	Ea, eV

	100 – 0
	4
	48.24933
	0.020726
	1.773

	90 – 10
	3
	22.28724
	0.044869
	1.713

	80 – 20
	3.5
	9.923357
	0.100772
	1.503

	70 – 30
	4
	8.720248
	0.114676
	1.495

	60 – 40
	3
	8.316174
	0.120248
	0.991

	50 – 50
	2
	8.26822
	0.120945
	0.988

	40 – 60
	3
	6.654378
	0.150277
	0.623

	30 – 70
	2.5
	5.565292
	0.179685
	0.42

	20 – 80
	3.5
	16.43044
	0.060863
	1.682


The numerical values ​​of the charge transfer activation energy are in the range of 0.42 – 1.773 eV. Such values ​​of Ea indicate a semiconductor mechanism of electrical conductivity in composites. The composite containing 90% PMMA and !0% PANI is practically not electrically conductive. The dependence of the specific electrical conductivity on the composition of the composite is shown in Fig. 5.
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Fig. 5. Dependence of the logarithm of the specific electrical conductivity on the mass concentration of PANI
The obtained results of measurements of electrical conductivity of composites with different contents of PANI and PMMA showed that the dependence of specific electrical conductivity on the composition of the composite is complex. (Fig. 5).
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Fig. 6. The curve of loss of polymers during heat treatment.
The study of the thermal stability of composites shows that there is a relationship between the components, and the composition of the composite affects the shape of the curves (Fig. 6). The process of thermal decomposition of composites is complex and occurs in several stages.
The study of X-ray and FTIR-spectra confirms the conclusion about the interaction between macromolecules of polyaniline and polymethylmethacrylate in the composite.
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