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Abstract 
Polyimides with molecular imprints are sorbents of new generation and are highly resistant to chemical 

and physical influences. In this work, a method for the preparation of molecularly imprinted polymers based 
on polyimide Kapton is proposed. The starting material in the synthesis of polyimide is polyamic acid in N,N’-
dimethylformamide. The polyamic acid is synthesized from 1,2,4,5-benzenetetra-carboxylic acid and 4,4'-
diaminodiphenyl oxide. The imidization of  polyamic acid leads to the formation of polyimide Kapton. There 
are two carboxyl groups and two amide groups in the structure of the constitutional repeating unit of the 
polyamic acid, which make it possible to obtain molecularly imprinted polymers for different templates 
(amino acids, fatty acids, caffeine, ...). 

Using the density functional method (DFT-B3LYP) in the 6-31G(d,p) basis, computer calculations of 
the structures of the constitutional repeating unit of the polyamic acid, palmitic and oleic acids, complexes of 
fatty acid with two units of the polyamic acid and polyimide chains were carried out in the Gaussian 09 
program. It is shown that the template molecule forms the hydrogen bonds with the constitutional repeating 
unit of the polyamic acid through the carboxyl group. During the imidization, the hydrogen bonds between the 
template and the constitutional repeating unit of the polyamic acid are broken. After imidization, template 
achieves a new condition, in which it interacts directly with polyimide chains. The template can be located 
between two chains and can increase the distance between them. 

The obtained polymer sorbent is often subjected to a series of tests aimed at the characterization of its 
morphological and physicochemical properties. In the work by the method of scanning force microscopy 
changes of surface morphology of molecularly imprinted polymers and non-imprinted control polymer were 
studied. It is shown that the non-imprinted polymer film without the addition of template has a more uniform 
surface with a height difference of 2-3 nm and contains 73.7% of pores with the radius of up to 25 nm, and the 
introduction of molecules of the template increases the degree of heterogeneity of the surface. It is established 
that the extraction of molecules-templates of the obtained molecularly imprinted polymers is no deformation 
of the surface of the films. The height difference on the surface relief of the resulting molecularly imprinted 
polymer for palmitic acid is 6.18 nm. 

 
 

References 
[1] G.V. Lisichkin, Yu.A. Krutyakov. Molecularly imprinted materials: Synthesis, properties, applications. 

Successes of chemistry. 2006. Vol.75. No.10. P.998-1016. (russian) 
[2] O.D. Gendrikson, A.V. Zherdev, B.B. Dzantiev. Molecularly imprinted polymers and their applications in 

biochemical analysis. Advances in Biochemistry. 2006. Vol.46. P.149-192. (russian) 
[3] O.V. Duvanova, A.I. Dashina, A.N. Zyablov, S.A. Sokolova, O.V. Dyakonova, V.F. Selemenev, A.V. 

Falaleev. Evaluation of the properties of molecularly-imprinted polymers for the determination of fatty 
acids in the fluids of the piezoelectric sensors. Herald of the Voronezh state agrarian University. 2014. 
Vol.3(42). P.147-157. (russian) 



Full Paper ______________ Cao Nhat Linh, A.N. Zyablov, O.V. Duvanova, M.V. Grechkina, and V.F. Selemenev 

 128 _____________ http://butlerov.com/ _____________ ©Butlerov Communications. 2018. Vol.53. No.2. P.127-133.  

[4] I.A. Krivonosova, O.V. Duvanova, A.N. Zyablov, S.A. Sokolova, O.V. Dyakonova. The determination of 
fatty acids in liquids using piezoelectric sensors based on molecular imprinting polymers. Butlerov 
communications. 2015. Vol.42. No.6. P.152-157. ROI: jbc-02/15-42-6-152 

[5] A.N. Zyablov, O.V. Duvanova, L.V. Volodina, V.F. Selemenev, O.V. Dyakonova. RF Patent No.137946. 
2014. (russian) 

[6] A.N. Zyablov, O.V. Duvanova, L.V. Volodina, V.F. Selemenev, O.V. Dyakonova. RF Patent No.138636. 
2014. (russian) 

[7] Scanning Probe Microscopy Image Processing Software "FemtoScan Online" Moscow: Advanced 
Technologies Center, spm@nanoscopy.org 

[8] N.A. Adrova. Polyimides – a new class of heat-resistant polymers. Leningrad: Science. 1968. 211p. 
(russian) 

[9] O.V. Dyakonova, A.N. Zyablov, V.V. Kotov, T.V. Eliseeva, V.F. Selemenev, V.V. Frolova. The study of 
the surface state of membranes on the basis of polyamidation. Sorption and chromatographic processes. 
2005. Vol.5. No.4. P.501-506. (russian) 

[10] O.V. Duvanova, S.A. Sokolova, O.V. Dyakonova, A.N. Zyablov, V.F. Selemenev, О.А. Kozaderov. 
Physical and chemical properties and surface morphology of polyimides with palmitic acid molecular 
imprints. Sorption and chromatographic processes. 2016. Vol.16. No.5. P.610-615. (russian) 

[11] O.V. Duvanova, L.V. Volodina, A.N. Zyablov, M.V. Grechkina, E.S. Semiletov, A.L. Sinyaeva, A.T. 
Kozlov. Analysis of surface morphology of polymers with molecular imprints of oleic and palmitic 
acids. Sorption and chromatographic processes. 2013. Vol.13. No.6. P.884-890. (russian) 

[12]  A.N. Zyablov. Analysis of surface morphology of molecularly-imprinted polymers. Sorption and 
chromatographic processes. 2008. Vol.8. No.1. P.172-175. (russian) 

 


