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Abstract: The relevance of creating coatings based on polymer blends is 

driven by the challenges of modern materials science, which include 

obtaining materials with specified performance characteristics by 

changing the composition of chemical systems and studying their 

properties. This paper presents the results of a study of the structural, 

mechanical characteristics and surface wettability of nanostructured films 

based on polymer blends of polyvinylcarbazole (PVK) and poly(methyl 

methacrylate) (PMMA). PVK, PMMA and PVK-PMMA films were 

formed using the Langmuir – Blodgett (LB) method via horizontal 

deposition onto the pre-hydrophilized silicon substrates. A correlation has 

been established between atomic force microscopy (AFM) data of the 

structural, mechanical properties and the wettability of the polymeric 

coatings. It was shown that at PVK mass content of up to 45 % in the 

polymer blend solution, the formed LB films are characterized by a 

disruption of a structural integrity and the formation of spherical and 

elongated conglomerates. According to static force spectroscopy data, the 

local values of the elastic modulus and adhesion force of LB films based 

on PVK-PMMA blends aren’t depend on the quantitative ratio of 

components. The water contacts angle (CA) values for the polymer blends 

ranged from 74.31° ± 1.21° to 80.11° ± 1.55° and are determined by the 

properties of the component whose mass content is predominant. The 

formation of a dense LB film based on a polymer blend with significantly 

different molecular weights is possible when the low molecular weight 

component content in the blend is up to 15 wt. %, which is confirmed by 

AFM data for the PVK-PMMA sample with a component mass ratio is of 

87.1 % – 12.9 %. The wettability of this film differs from that one of the 

homopolymer samples, which expands the application prospects of these 

polymers. 
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1. Introduction 

Polymer films are promising material which is currently used as 

sensitive elements in gas (Youssef et al., 2016) and electrochemical (Li et 
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al., 2024) sensors, components of drug delivery systems (Albarahmieh et al., 2018), and 

optoelectronic devices (Bilger et al., 2019). However, there remains a need to enhance still problems 

of challenges remain in expanding the functional characteristics and physicochemical properties of 

known materials. One approach to solving this problem is the fabrication of film materials based on 

multicomponent systems: polymer composite materials (Mo et al., 2019; Prakash et al., 2013), 

polymer blends (Goettler & Scobbo, 2019) and their combinations (Brulé & Flat, 2006). 

Researchers are focusing on the development of new materials with the required range of 

properties based on polymers, because of their wide variety and easy susceptibility to physical and 

chemical modifications. In (Shahbazi et al., 2016), the changes of the initial material properties were 

demonstrated by the introduction of various biopolymers into a polyvinyl alcohol (PVA) matrix. It 

was established that the introduction of k-carrageenan, alginate or chitosan was accompanied by the 

compaction a denser of the PVA film structure and an increase in its tensile strength values. An 

increase in the k-carrageenan content in the polymer blend led to a decrease in the wettability of the 

films. According to Patil et al. (2021), the introduction of PVA into a starch matrix was accompanied 

by an improvement in the complex mechanical properties of the films compared to the matrix 

component. The study by Oh et al. (2026) demonstrated that the synergy of properties of the 

synthesized copolymer poly (glycidyl methacrylate-g-polypropylene glycol)-co-poly(oxyethylene 

methacrylate) and small amounts of polyactin (25 wt.%) allows for obtaining thin film composite 

membranes with a semi-interpenetrating network structure with high CO2/N2 separation selectivity 

and minimal adhesion.  

A number of studies (Ding et al. 2023; Qin et al., 2026; Li et al.2024) have focused on 

optimization of the polymer blends composition. It was shown that blending polymers leads to an 

improvement in the complex of mechanical, optical, and dielectric properties of films. 

A wide range of studies have been dedicated to investigating the fundamental aspects of 

changes in the rheological properties of solutions, as well as the formation of coatings based on 

polymer blends. Thus, the paper (Xue et al., 2012) showed that the formation of coatings based on 

polymer blends is generally accompanied by a process of component phase separation as a 

consequence of their low mutual solubility. Phase separation underlies the structural diversity of 

multicomponent polymer coatings. It is noted (Kamanyi et al., 2008; Rodríguez-Hernández, 2016) 

that the film fabrication methods, the conditions of their implementation, the nature and the 

quantitative ratio of the components of polymer blends influence the phase separation process. Thus, 

phase separation is a key factor in the structure formation of polymer films, which also determines 

the material properties. 

To form polymer coatings, drop-casting, spin-coating, and Langmuir – Blodgett methods are 

generally used (Da Rocha Rodrigues et al., 2020). It is known that the LB and spin-coating methods 

provide a high degree of control over the structure and molecular organization of coatings (Da Rocha 

Rodrigues et al., 2020; Agarwal et al., 2023). Papers (Mitsui et al., 2012; Kawaguchi, 2017; Torrisi 

et al., 2010) indicate that the formation of polymer blend films at the air-water interface leads to the 

“extrusion” of one of the components onto the surface of the monolayer. 

The localization of components on the subphase is determined by a combination of their 

physicochemical properties and their compatibility, including hydrophilic-hydrophobic properties, 

branching of component molecules, intermolecular interactions, the possibility of forming associates 

and aggregates, etc. As a result, the structure formation process of films under the LB method 

conditions is a multi-stage process. Application of the solution to the subphase is accompanied by 

component restriction and the formation of the thermodynamically equilibrium dense monolayer, 

which is reflected in the monolayer compression isotherms. The structure of the monolayer is 

determined by the conditions of the subphase level lowering and the interaction of the monolayer 

with the substrate surface (Arslanov, 1994). 

AFM allows for a comprehensive analysis of the structural and mechanical properties of the 

resulting monolayer LB films at the nanoscale and reveals the features of their formation at different 

component contents. 
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The aim of this work is to form LB films based on PVK-PMMA polymer blends with various 

quantitative ratios of components and to research their structural, mechanical and hydrophilic 

properties.  

 

2. Materials and methods 

Monolayer polymer coatings were prepared from blends of PVK (Sigma Aldrich, M = 1 

100 000) and PMMA (Sigma Aldrich, M = 15 000). PVK-PMMA solutions with various quantitative 

ratios of components were used, obtained by mixing PVK solutions (с = 0.75 mgml-1) and PMMA 

(с = 1 mgml-1) in chloroform. To achieve uniform component distribution, the PVK-PMMA 

solutions were subjected to ultrasonic treatment for 10 min. As a result, samples of the following 

compositions (Table 1) were obtained.  

 

Table 1. Qualitative and quantitative composition of samples 

 

Abbreviation Sample (mass content (%) of corresponding component) 

S1 PMMA 

S2 PVK-PMMA (7.7-92.3) 

S3 PVK-PMMA (24.3-75.7) 

S4  PVK-PMMA (42.9-57.1) 

S5  PVK-PMMA (63.6-36.4) 

S6  PVK-PMMA (87.1-12.9) 

S7 PVK 

 

Monolayer polymer films were formed using the LB-method on the surface of silicon substrates 

(111 orientation) by horizontal deposition using the “Automated complex for modifying membrane 

surfaces with molecular and ultrathin layers” (A. V. Luikov Heat and Mass Transfer Institute of the 

National Academy of Sciences of Belarus) (Mel'nikova et al., 2025). PVK-PMMA films were 

deposited at a surface pressure (π) 15 mN×m-1 (determined on the basis of an analysis of 

experimentally obtained monolayer compression isotherms in the «π – А» coordinates, monolayer 

compression rate – 0,3 mm×s-1, aqueos subphase temperature – 20℃). Preliminary hydrophilization 

of silicon substrates was carried out according to the method described in (Sapsalyov et al., 2021). 

The monolayer compression modulus (k) was calculated from the linear regions of the polymer 

blend monolayer compression isotherms corresponding to the “liquid-crystalline film” phase state 

according to the methodology described in (Sapsalyov et al., 2025). 

The structural and mechanical properties of PVK-PMMA films were investigated by AFM 

using an NT-206 AFM microscope (ALC «Microtestmachines», Belarus) with NSC 11A silicon 

cantilevers (average stiffness – 3 Nm-1) (Micromash, Estonia) with radius of curvature of no more 

than 10 nm. The elastic modulus (E) and adhesion force (F) values were calculated based on 

nanoidentation data (from the “approach-retraction” curves) using Johnson-Kendall-Roberts model 

(Mel'nikova et al., 2025). 

The hydrophilic properties of PVK-PMMA coatings (WCA, specific surface energy) were 

evaluated on the DSA 100E (Krüss, Germany); working liquids – distilled water, diiodemethane, 

drop volume – 2 μL. The CA was determined by the “lying” drop method (by plotting a tangent curve 

at the three-phase point: liquid – sybstrate – air). The specific surface energy was calculated using 

the Owens – Wendt – Rebel – Kaelbe model (Kaelble, 1970). 
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3. Results 

According to the compression isotherms (Figure 1) obtained for solutions with various ratios 

of polymer components (Table 1) at π = 15 mNm-1, the PVK, PMMA and their blend films are in 

“liquid-crystalline” phase state. The significant increase in surface pressure on the PVK compression 

isotherm compared to PMMA is caused to the high molecular weight values and the stiffness of the 

PVK chains. 

It should be noted that in the present study, compared to the results presented in (Sapsalyov et 

al., 2025), the rate of subphase level decrease during LB monolayer deposition onto the silicon 

substrate was reduced. This extended the time for molecular relaxation and resulted in obtaining the 

film in a thermodynamically stable phase state. 

 

  

S1 S2 

  

Compression isotherms S1–S4 S3 S4 

(а) 

 

  

S5 S6 

 

Compression isotherms S5–S7 S7 

(b) 

Figure 1. Compression isotherms and AFM structure of LB films: a) samples S1–S4,  

b) samples S5–S7 
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Based on the compression isotherms, the compression modulus values of the monolayers made 

from polymer blends were calculated (Table 2).  

 

Table 2.  Compression modulus values of monolayers at different PVK contents 

 

Sample PVK content, % Compression modulus (k), mN×m-1 

S1 0 65.7 

S2 7.7 49.6 

S3 24.3 69.0 

S4  42.9 68.7 

S5  63.6 72.8 

S6  87.1 114.1 

S7 100 93.5 (Sapsalyov et al, 2025) 

 

The formation of films from the solutions with low PVK content (S2) leads to a decrease in k 

from 65.7 mNm-1 to 49.6 mNm-1. This pattern of the compression modulus change is explained by 

the destructuring of the film, which results in the formation of numerous spherical conglomerates, 

the presence of which is confirmed by AFM data (Figure 1a). The analysis of the shape of the 

compression isotherms for monolayers based on PVK-PMMA blends (S2–S6) indicates that an 

increase in PVK content leads to a non-monotonic increase in the tangent of the slope angle of the 

linear range (an increase in the compression modulus from 49.6 mN×m-1 to 114.1 mN×m-1) in the 

corresponding phase region of the «π – А» isotherms. The k values for films S3 and S4 are comparable 

to S1 (65.7 mN×m-1), since PVK conglomerates are localized in the structure and on the surface of 

the films, while the monolayer is formed by PMMA. The structure of samples S4 and S5 is similar 

to PVK, which is confirmed by the increase in k from 72.8 mN×m-1 to 114.1 mN×m-1. It should be 

noted that k for the sample S6 is higher compared to PVK (Table 2). This fact indicates the formation 

of a denser structure in the sample S6 through the introduction of PMMA into the intermolecular 

space of PVK. 

Comparison of AFM data showed that the structure of PMMA films is homogeneous and 

contains a minimal number of defects (Figure 1a). This is caused by the higher segmental mobility 

of PMMA molecules, which contributes to the formation of dense packing. The PVK structure is 

characterized by the presence of both large spherical and thread-like elements (Figure 1b), formed 

because of the lower mobility of polymer segments. 

For the S2 film, the introduction of small amounts of PVK into PMMA leads to a disruption of 

the structural integrity of the films, which is confirmed by a decrease in the compression modulus 

values of the monolayer (from 65.7 mN×m-1 to 49.6 mN×m-1). S2 and S3 films are characterized by 

the presence of numerous spherical conglomerates (Figure 1a), while an increase in the amount of 

PVK (S4) is accompanied by their growth and the prevalence of irregular spherical shapes. 

Presumably, the spherical and elongated formations are represented by PVK. The reason for their 

formation is the low compatibility of the components, accompanied by phase separation. 

The surface of film S6 is characterized by a homogeneous filamentous structure. Data on the 

surface morphology of PVK and S6 show that the introduction of small amounts of PMMA into the 

PVK solution allows for the formation of uniform films with a structure similar to PVK. PMMA fills 

the intermolecular space of PVK chains. The increase in the compression modulus of S6 compared 
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to S7 is attributed to the introduction of PMMA into the intermolecular space of PVK, which leads 

to an increase in the packing density of the matrix component macromolecules. 

Thus, based on the data of the structure and compression modulus values of the studied films, 

it is shown that the matrix of the monomolecular polymer monolayer is determined by the 

predominant component in the blend: for samples S2–S4 – PMMA, S6 – PVK. The structure of 

sample S5 is intermediate compared to S2–S4 and S6. The film of S5 acquires the structure of PVK 

but its properties are determined by PMMA in terms of the delocalization of PVK conglomerates on 

the film surface. 

According to the results of static force microscopy data (Figure 2), the local elastic modulus 

values of PVK and PMMA films (S1 and S7) were 412.2 MPa ± 10 % and 507 MPa ± 10 % 

respectively.  

The E and adhesion force values for S2–S6 lie in the range between S1 and S7 and do not 

change within the confidence interval, which indicates that there is no dependency between the data 

of mechanical properties of the polymer blend films and the quantitative ratio of the components. 

 

 

Figure 2. Elastic modulus and adhesion force of PVK-PMMA LB coatings  

The CA values of PVK and PMMA films were 74.31° ± 1.21° and 53.97° ± 1.33°, which is 

explained by the difference in the structure of their macromolecules. The macromolecules of PVK 

and PMMA are composed of polyvinyl chains with carbazole and acetate site groups, respectively. 

The presence of bulk carbazole groups provides the hydrophobicity of PVK. The acetate groups of 

PMMA contribute to better wettability of the film surface. The polar component of the specific 

surface energy for PMMA (21.03 mJ×m-2) is higher than that of PVK (6.81 mJ×m-2). Similar to the 

changes in the monolayer compression modulus of the films, the specific surface energy values are 

independent of PVK and PMMA content in the polymer blends (samples S2–S5). The CA and polar 

component values for films S2–S5 are similar to the S1 sample. In S2–S5 samples PVK is represented 

by spherical and elongated conglomerates. As a result, the wettability of S2–S5 films is determined 

by PMMA. 

For sample S6, the decrease in the specific surface energy values was established as a 

consequence of an increase in the dispersion component, and CA values were approximately like 

PVK (Figure 3). The increase in the CA (from 74.31° ± 1.21° to 80.11° ± 1.55°) upon the introduction 

of small amounts of PMMA into PVK (S6) is attributed to the formation of a denser and more 

homogeneous filamentous structure. 
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(а) 

 

(b) 

Figure 3. Changes in the CA and specific surface energy (a); changes in the polar and dispersion 

components of the specific surface energy of LB films based on PVK-PMMA 

 

4. Discussion 

Based on research, it was shown that the morphological features of polymer blend films are 

determined by the structure of the predominant component. The formation of a dense, homogeneous 

film for PVK-PMMA blends is possible when the matrix is represented by a component with a 

molecular weight (PVK) significantly higher than the second component (PMMA). The low 

compatibility of the components leads to the phase separation of the monolayer and the formation of 

numerous spherical conglomerates and filamentous structures. It is demonstrated that blending PVK 

and PMMA does not lead to a change in the mechanical properties of the coatings. The elastic 

modulus and adhesion force of S2–S6 are independent of the quantitative ratio of components. The 

wettability of PVK-PMMA films is determined by the predominant component. 

The obtained results indicate the potential for using PVK-PMMA films as a sensitive layer of 

electrochemical sensors for analyzing the content of organic impurities and metal ions in aqueous 

media. In future work, it is planned to develop and investigate the analytical characteristics of 

capacitive sensors, the sensitive layer of which will be presented by PVK-PMMA films with an 

optimal component ratio (S6). 

 

5. Conclusion 

Thus, for the formation of dense LB films based on polymer blends, the optimal component 

ratio is PVK-PMMA 87.1 % – 12.9 %, which is confirmed by a complex of AFM data on the 

structural and morphological features of the film surface, as well as data on surface wettability. 



Л.Н. Гумилев атындағы Еуразия ұлттық университетінің хабаршысы. Химия. География сериясы, 2026, 156(3) 

________________________________________________________________________________________________________________________ 

121 

 

 

6. Supplementary materials: No supplementary material. 

 

7. Author Contributions 

Conceptualization - M.Sh., G.M.; methodology - G.M., S.Ch.; software - S.Ch.; validation - 

M.Sh., D.S., T.T.; formal analysis - M.Sh.; investigation - M.Sh., G.M., D.Sh.; resources - S.Ch.; 

data curation - M.Sh.; writing - original draft preparation - M.Sh.; writing - review and editing - 

M.Sh., G.M., D.S.; visualization - M.Sh.; supervision - G.M.; project administration - G.M., S.Ch. 

All authors have read and agreed to the published version of the manuscript. 

 

8. Author Information  

Shrubok, Mikhail – Junior Research Assistant, A. V. Luikov Heat and Mass Transfer Institute 

of the National Academy of Sciences of Belarus, P. Brovka Str. 15, Minsk, Republic of Belarus, 

220072; mihashrubok@gmail.com, https://orcid.org/0009-0007-4779-7415 

Melnikova, Galina – Senior Researcher, A. V. Luikov Heat and Mass Transfer Institute of the 

National Academy of Sciences of Belarus, Minsk, Republic of Belarus, 220072; 

galachkax@gmail.com, https://orcid.org/0000-0003-4891-7523 

Sapsaliou, Dmitry – Researcher, A. V. Luikov Heat and Mass Transfer Institute of the National 

Academy of Sciences of Belarus, P. Brovka Str. 15, Minsk, Republic of Belarus, 220072; 

dsapsalev@list.ru, https://orcid.org/0000-0002-0375-6482 

Tolstaya, Tatyana – Researcher, A. V. Luikov Heat and Mass Transfer Institute of the National 

Academy of Sciences of Belarus, P. Brovka Str. 15, Minsk, Republic of Belarus, 220072; 

tolstaya.tn@yandex.ru 

Chizhik, Sergei – Chief Researcher, A. V. Luikov Heat and Mass Transfer Institute of the 

National Academy of Sciences of Belarus, P. Brovka Str. 15, Minsk, Republic of Belarus, 220072; 

chizhik_sa@tut.by, https://orcid.org/0000-0002-5301-0195 

 

9. Funding: This scientific research was funded by the research project 1 of Task 7.2.2, "Surface 

Nanoengineering for Precision Mechanics, Microelectronics, and Sensor Technology," under Sub-

program 7.2, "Nanomaterials, Nanostructures, and Technologies," of State Scientific Research 

Program 7, "Modern Materials Science, Advanced Materials, and New Technologies",  

2026–2030 yrs. 

 

10. Conflicts of Interest: The authors declare no conflicts of interest. 

 

11. References 

1. Agarwal, S., Lu, M., & Sarkar, J. (2023). Fabrication of micropatterned thin films through 

controlled phase separation of polystyrene/polydimethylsiloxane blends by spin coating. 

Frontiers in Soft Matter, 3, 1306346. https://doi.org/10.3389/frsfm.2023.1306346 

2. Albarahmieh, E., Albarahmieh, M., & Alkhalidi, B. A. (2018). Fabrication of hierarchical 

polymeric thin films by spin coating toward production of amorphous solid dispersion for 

buccal drug delivery system: preparation, characterization, and in vitro release investigations. 

Journal of Pharmaceutical Sciences, 107(12), 3112–3122. 

https://doi.org/10.1016/j.xphs.2018.08.019 

3. Arslanov V. V. (1994). Polymer monolayers and Langmuir-Blodgett films. The influence of the 

chemical structure of the polymer and of external conditions on the formation and properties of 

organised planar assemblies (Polimernye monosloi i plenki Lengmyura - Blodzhett. Vliyanie 

himicheskoj struktury polimera i vneshnih uslovij na formirovanie i svojstva organizovannyh 

planarnyh ansamblej in Russian). Russian Chemical Reviews, 63(1), 3–42. 

https://doi.org/10.1070/RC1994v063n01ABEH000069  

mailto:mihashrubok@gmail.com
https://orcid.org/0009-0007-4779-7415
mailto:galachkax@gmail.com
https://orcid.org/0000-0003-4891-7523
mailto:dsapsalev@list.ru
https://orcid.org/0000-0002-0375-6482
mailto:tolstaya.tn@yandex.ru
mailto:chizhik_sa@tut.by
https://orcid.org/0000-0002-5301-0195
https://doi.org/10.3389/frsfm.2023.1306346
https://doi.org/10.1016/j.xphs.2018.08.019
https://doi.org/10.1070/RC1994v063n01ABEH000069


Л.Н. Гумилев атындағы Еуразия ұлттық университетінің хабаршысы. Химия. География сериясы, 2026, 156(3) 

________________________________________________________________________________________________________________________ 

122 

 

4. Bilger, D., Park, K.-W., & Andrew, T. L. (2019). A vapor printed electron-accepting conjugated 

polymer for textile optoelectronics. Synthetic Metals, 250, 1–6. 

https://doi.org/10.1016/j.synthmet.2019.02.005  

5. Brulé, B., & Flat, J. (2006). High barrier polyamide/polyolefin/organoclay nanocomposites. 

Macromolecular Symposia, 233(1), 210–216. https://doi.org/10.1002/masy.200690020  

6. Da Rocha Rodrigues, R., Da Silva, R. L. C. G., Caseli, L., & Péres, L. O. (2020). Conjugated 

polymers as Langmuir and Langmuir-Blodgett films: challenges and applications in 

nanostructured devices. Advances in Colloid and Interface Science, 285, 102277. 

https://doi.org/10.1016/j.cis.2020.102277  

7. Ding, S., Bao, Z., Wang, Y., Dai, Z., Jia, J., Shen, S., Yin, Y., & Li, X. (2023). Excellent high-

temperature dielectric energy storage of flexible all-organic polyetherimide/poly(arylene ether 

urea) polymer blend films. Journal of Power Sources, 570, 233053. 

https://doi.org/10.1016/j.jpowsour.2023.233053  

8. Goettler, L. A., & Scobbo, J. J. (2014). Applications of polymer blends. In L. A. Utracki & C. A. 

Wilkie (Eds), Polymer Blends Handbook (pp. 1433–1458). Springer Netherlands. 

https://doi.org/10.1007/978-94-007-6064-6_17  

9. Kaelble, D. H. (1970). Dispersion-polar surface tension properties of organic solids. The Journal 

of Adhesion, 2(2), 66–81. https://doi.org/10.1080/0021846708544582  

10. Kamanyi, Jr., A. E., Ngwa, W., Luo, W., & Grill, W. (2008). Effects of solvent vapor pressure 

and spin-coating speed on morphology of thin polymer blend films (T. Kundu, Ed.; p. 69351X). 

https://doi.org/10.1117/12.776274  

11. Kawaguchi, M. (2017). Interfacial characteristics of binary polymer blend films spread at the air-

water interface. Advances in Colloid and Interface Science, 247, 163–171. 

https://doi.org/10.1016/j.cis.2017.05.004  

12. Li, M., Jiang, R., Sun, Y., & Song, Y. (2024). An ultrasensitive electrochemical sensor based on 

nanoporous molecularly imprinted polymer film for triphenyl phosphate detection. SSRN. 

https://doi.org/10.2139/ssrn.5038622  

13. Li, Z., Zhou, J., Xu, Y., Chen, C., Ran, T., & Wang, S. (2024). Preparation of PVDF/PVP blend 

polymer nanofiber films and application on screen-printed flexible electrodes. European 

Polymer Journal, 206, 112740. https://doi.org/10.1016/j.eurpolymj.2024.112740  

14. Mel'nikova, G. B., Mahanyok, A. A., & Chizhik, S. A. (2025). Non-destructive testing of 

mechanical properties and thickness of Langmuir–Blodgett films by static force spectroscopy 

(Nerazrushayushchij kontrol' mekhanicheskih svojstv i tolshchiny plenok Lengmyura – 

Blodzhett metodom staticheskoj atomno-silovoj spektroskopii in Russian). Proceedings of the 

National Academy of Sciences of Belarus. Physical-technical series, 70(3), 252–263. 

https://doi.org/10.29235/1561-8358-2025-70-3-252-263  

15. Mitsui, N., Morioka, T., & Kawaguchi, M. (2012). Surface dilational moduli of poly(vinyl 

acetate), poly(methyl methacrylate), and their blend films spread at the air–water interface. 

Colloids and Surfaces A: Physicochemical and Engineering Aspects, 395, 248–254. 

https://doi.org/10.1016/j.colsurfa.2011.12.042  

16. Mo, J.-H., Kim, K. C., & Jang, K.-S. (2019). Well-dispersed carbon nanotube/polymer composite 

films and application to electromagnetic interference shielding. Journal of Industrial and 

Engineering Chemistry, 80, 190–196. https://doi.org/10.1016/j.jiec.2019.07.048  

17. Oh, N. Y., Kim, J. H., Kwak, H., Min, B., & Kim, J. H. (2026). Polymer-blend thin-film composite 

membranes with semi-IPN architecture for enhanced CO2 separation and mechanical 

robustness. Journal of Membrane Science, 738, 124752. 

https://doi.org/10.1016/j.memsci.2025.124752  

18. Patil, S., Bharimalla, A. K., Mahapatra, A., Dhakane-Lad, J., Arputharaj, A., Kumar, M., Raja, 

A. S. M., & Kambli, N. (2021). Effect of polymer blending on mechanical and barrier properties 

of starch-polyvinyl alcohol based biodegradable composite films. Food Bioscience, 44, 101352. 

https://doi.org/10.1016/j.fbio.2021.101352  

https://doi.org/10.1016/j.synthmet.2019.02.005
https://doi.org/10.1002/masy.200690020
https://doi.org/10.1016/j.cis.2020.102277
https://doi.org/10.1016/j.jpowsour.2023.233053
https://doi.org/10.1007/978-94-007-6064-6_17
https://doi.org/10.1080/0021846708544582
https://doi.org/10.1117/12.776274
https://doi.org/10.1016/j.cis.2017.05.004
https://doi.org/10.2139/ssrn.5038622
https://doi.org/10.1016/j.eurpolymj.2024.112740
https://doi.org/10.29235/1561-8358-2025-70-3-252-263
https://doi.org/10.1016/j.colsurfa.2011.12.042
https://doi.org/10.1016/j.jiec.2019.07.048
https://doi.org/10.1016/j.memsci.2025.124752
https://doi.org/10.1016/j.fbio.2021.101352


Л.Н. Гумилев атындағы Еуразия ұлттық университетінің хабаршысы. Химия. География сериясы, 2026, 156(3) 

________________________________________________________________________________________________________________________ 

123 

 

19. Prakash, S., Chakrabarty, T., Singh, A. K., & Shahi, V. K. (2013). Polymer thin films embedded 

with metal nanoparticles for electrochemical biosensors applications. Biosensors and 

Bioelectronics, 41, 43–53. https://doi.org/10.1016/j.bios.2012.09.031  

20. Qin, X., Zhang, T., Yan, F., Chen, J., Dai, H., Yang, Y., Song, G., Xue, R., & Li, T. (2026). 

Optimizing and characterizing the dielectric and energy storage performance of PVDF/PMMA 

blend films via free volume regulation. Materials Science and Engineering: B, 330, 119516. 

https://doi.org/10.1016/j.mseb.2026.119516  

21. Rodríguez-Hernández, J. (2016). Phase structures in thin films of nanostructured polymer blends. 

In Design and applications of nanostructured polymer blends and nanocomposite systems (pp. 

313–364). Elsevier. https://doi.org/10.1016/B978-0-323-39408-6.00014-5  

22. Sapsalyov, D. V., Mel'nikova, G. B., Lapickaya, V. A., Tolstaya, T. N., Kuznecova, T. A., Kotov, 

D. A., & Chizhik, S. A. (2021) Thin composite polymethyl methacrylate films with silicon 

dioxide nanoparticles (Tonkie kompozicionnye plenki polimetilmetakrilata s nanochasticami 

dioksida kremniya in Russian). Journal of the Belarusian State University. Chemistry, 2, 36–

49. https://doi.org/10.33581/2520-257X-2021-2-36-49  

23. Sapsalyov, D. V., Mel'nikova, G. B., Tolstaya, T. N., & Chizhik, S. A. (2025). Features of 

formation, structure and properties of Langmuir–Blodgett films of polyvinylcarbаzole with 

inorganic nanoparticles (Osobennosti formirovaniya, struktura i svojstva Lengmyura – 

Blodzhett plenok polivinilkarbazola s neorganicheskimi nanochasticami in Russian). Doklady 

of the National Academy of Sciences of Belarus, 69(2), 150–158. 

https://doi.org/10.29235/1561-8323-2025-69-2-150-158  

24. Shahbazi, M., Rajabzadeh, G., Rafe, A., Ettelaie, R., & Ahmadi, S. J. (2016). The physico-

mechanical and structural characteristics of blend film of poly (vinyl alcohol) with 

biodegradable polymers as affected by disorder-to-order conformational transition. Food 

Hydrocolloids, 60, 393–404. https://doi.org/10.1016/j.foodhyd.2016.03.038  

25. Torrisi, V., Licciardello, A., & Marletta, G. (2010). Chemical imaging of self-assembling 

structures in Langmuir–Blodgett films of polymer blends. Materials Science and Engineering: 

B, 169(1–3), 49–54. https://doi.org/10.1016/j.mseb.2009.12.004  

26. Xue, L., Zhang, J., & Han, Y. (2012). Phase separation induced ordered patterns in thin polymer 

blend films. Progress in Polymer Science, 37(4), 564–594. 

https://doi.org/10.1016/j.progpolymsci.2011.09.001  

27. Youssef, I. B., Sarry, F., Nysten, B., Alexieva, G., Strashilov, V., Kolev, I., & Alem, H. (2016). 

Growth and toxic gas sensing properties of poly(urethaneimide) thin films. Talanta, 153, 145–

151. https://doi.org/10.1016/j.talanta.2016.03.021  

 
 

Поли(9-винилкарбазол) және полиметилметакрилат қоспалары негізіндегі 

Ленгмюр – Блоджетт пленкаларының құрылымы мен қасиеттері 
 

Михаил Шрубок, Галина Мельникова, Дмитрий Сапсалёв, Татьяна Толстая, Сергей 

Чижик 

 

Аңдатпа. Полимер қоспасынан жасалған жабындарды әзірлеу қазіргі заманғы материалтану 

саласындағы міндеттерге, соның ішінде химиялық жүйелердің құрамын өзгерту және олардың 

қасиеттерін сипаттау арқылы көрсетілген өнімділік сипаттамалары бар материалдарды 

өндіруге қатысты. Бұл мақалада поливинилкарбазол (ПВК) және полиметилметакрилат 

(ПММА) қоспаларына негізделген наноқұрылымды пленкалардың құрылымдық-механикалық 

қасиеттері мен бетінің ылғалдануын зерттеу нәтижелері ұсынылған. ПВК, ПММА және ПВК-

ПММА қоспасынан жасалған пленкалар гидрофилденген кремний пластиналарының бетіне 

көлденең тұндыру арқылы Ленгмюр – Блоджетт (ЛБ) әдісімен қалыптастырылды. 

Жабындардың құрылымдық-механикалық қасиеттері мен ылғалдануы туралы атомдық күш 
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микроскопиясы (АКМ) деректері арасында корреляция анықталды. Полимер қоспасынан 

жасалған ерітіндіде ПВК мөлшері 45 пайызға дейін болғанда, пайда болған ЛБ пленкалары 

құрылымдық тұтастықтың бұзылуымен және сфералық және созылған конгломераттардың 

пайда болуымен сипатталатыны көрсетілген. Статикалық күш спектроскопиясының 

деректеріне сәйкес, ПВК-ПММА қоспаларына негізделген ЛБ-қабықшаларының серпімділік 

модулі мен адгезия күшінің жергілікті мәндері компоненттердің сандық қатынасына тәуелді 

емес. Полимер қоспалары үшін (КУС) мәндері 74,31⁰ ± 1,21⁰-ден 80,11⁰ ± 1,55⁰-ке дейін болды 

және массалық құрамы басым компоненттің қасиеттерімен анықталады. Молекулярлық 

салмағы айтарлықтай әртүрлі полимер қоспасына негізделген тығыз ЛБ қабықшасының 

түзілуі қоспадағы төмен молекулалық компонент мөлшері 15 салмақтық %-ға дейін болғанда 

мүмкін, бұл компоненттік массалық құрамы 87,1 % – 12,9 % болатын ПВК-ПММА үлгісі үшін 

АКМ деректерімен расталады. Бұл қабықшаның ылғалдануы гомополимер үлгілерінің 

ылғалдануынан ерекшеленеді, бұл осы полимерлердің қолдану әлеуетін кеңейтеді. 

 

Түйін сөздер: Ленгмюр–Блоджетт әдісі; наноқұрылымды қабықшалар; полимер қоспалары; 

поли(9-винилкарбазол); поли(метилметакрилат); атомдық-күштік микроскопия; серпімділік 

модулі; суланғыштық. 

 

 

Структура и свойства пленок Ленгмюра–Блоджетт на основе смесей 

поливинилкарбазола и полиметилметакрилата 
 

Михаил Шрубок, Галина Мельникова, Дмитрий Сапсалёв, Татьяна Толстая, Сергей 

Чижик 

 

Аннотация. Актуальность создания покрытий на основе смесей полимеров обусловлена 

задачами современного материаловедения, в число которых входит получение материалов с 

заданными эксплуатационными характеристиками за счет изменения состава химических 

систем и изучение их свойств. В данной работе представлены результаты исследования 

структурно-механических характеристик и смачиваемости поверхности 

наноструктурированных пленок на основе смесей поливинилкарбазола (ПВК) и 

полиметилметакрилата (ПММА). Пленки ПВК, ПММА и смесей ПВК-ПММА сформированы 

методом Ленгмюра – Блоджетт (ЛБ) с использованием горизонтального способа осаждения на 

поверхности гидрофилизированных кремниевых пластин. Установлена корреляция данных 

атомно-силовой микроскопии (АСМ) о структурно-механических свойствах и смачиваемости 

покрытий. Показано, что при массовом содержании ПВК до 45 процентов в растворе смеси 

полимеров для сформированных ЛБ-пленок характерно нарушение структурной целостности 

и формирование сферических и вытянутых конгломератов. Согласно данным статической 

силовой спектроскопии, локальные значения модуля упругости и силы адгезии ЛБ-пленок на 

основе смесей ПВК-ПММА не зависят от количественного соотношения компонентов. 

Значения КУС для смесей полимеров составили от 74,31° ± 1,21° до 80,11° ± 1,55° и 

определяются свойствами компонента, массовое содержание которого преобладает. 

Формирование плотной ЛБ-пленки на основе смеси полимеров, значительно различающимися 

молекулярными массами, возможно при содержании низкомолекулярного компонента в смеси 

до 15 масс. %, что подтверждено АСМ-данными для образца ПВК-ПММА с массовым 

содержанием компонентов 87,1 % – 12,9 %. Смачиваемость данной пленки отличается от 

образцов гомополимеров, что расширяет перспективы применения данных полимеров.  
 

Ключевые слова: метод Ленгмюра–Блоджетт; наноструктурированные пленки; смеси 

полимеров; полиметилметакрилат; поливинилкарбазол; атомно-силовая микроскопия; модуль 

упругости; смачиваемость. 


