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Abstract: This study examines the surface-dependent formation of interpolymer complexes
(IPCs) by the layer-by-layer (LBL) deposition method. The materials used in this analy-
sis are poly(acrylic acid) (PAA) combined with cellulose ethers, namely methyl cellulose
(MC), hydroxypropyl cellulose (HPC), and hydroxyethyl cellulose (HEC), and poloxamers
PX188 and PX407. PMMA, PS, and glass surfaces have been used to study the influence
of hydrophobicity and hydrophilicity on IPC growth and its properties. Through contact
angle measurements, PMMA and PS were found to be hydrophobic and glass hydrophilic.
It was revealed by gravimetric analysis that IPC films reveal the highest growth on PMMA
substrates, followed by PS and glass. Both the molecular weight of HEC and the hydropho-
bicity of the surface considerably affected the growth. Hydrogen-bonded complexation
was evident by means of FTIR spectroscopy, while changes in some characteristic absorp-
tion bands demonstrated the extent of interactions between polymers. Scanning electron
microscopy showed that variations in the microstructure of surfaces occur; PAA-MC and
poloxamer complex layers were well organized on hydrophobic substrates. Thus, the exper-
imental results showed surface properties, especially hydrophobicity, to be important for
IPC growth and structure. These findings contribute to the understanding of IPC behavior
on different substrates, thus giving insights into applications in drug delivery, coatings,
and functional films.

Keywords: interpolymer complexes; poly(acrylic acid); drug delivery; cellulose ether;
layer-by-layer deposition

1. Introduction
Interpolymer complexes (IPCs) represent a significant area of research [1–4] in polymer

science due to their ability to form stable, functional materials through non-covalent
interactions. These complexes, especially those based on cellulose ethers, have shown great
promise in a variety of industries, such as food packaging, adhesives [5–7], coatings [8,9],
and pharmaceuticals [10–13].

Interpolymer complexes arise from the interaction of macromolecules of different
polymers with complementary chemical structures. Depending on the chemical makeup of
the interacting polymers, these interactions, which are primarily non-covalent, include hy-
drophobic forces, electrostatic interactions, and hydrogen bonds. Both the chemical makeup
of polymer chains and the aggregation of macromolecules, which results in higher-order
structural topologies, influence the structural complexity of IPCs. Several physicochemical
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parameters, including temperature, polymer concentration, and solution pH, affect the
formation of these complexes and regulate the type and strength of the interactions.

IPCs can be classified into four primary categories based on the nature of intermolecu-
lar interactions: Polyelectrolyte Complexes [14,15], Hydrogen-Bonded Complexes [16,17],
Stereocomplexes [17,18], and Charge-Transfer Complexes [19,20].

The formation of IPCs can be achieved through several synthesis methods, each
tailored to the specific properties required for the application: Solution Mixing [21,22],
Matrix Polymerization [23,24], Interfacial Complexation [25,26], and Layer-by-Layer Depo-
sition [27,28].

A comprehensive understanding of IPCs requires the use of several characterization
techniques to analyze their structure, thermal properties, and functional behavior. The
following methods are commonly employed: Titration [29,30], Viscometry and Turbidime-
try [31,32], Potentiometry [33], Infrared (IR) Spectroscopy [34,35], Differential Scanning
Calorimetry (DSC) [36–38], and Scanning Electron Microscopy (SEM) [39,40].

Interpolymer complexes can exhibit many positive properties in various areas of
consumption, which explains their wide range of applications, such as in drug delivery
systems [2,10,12], in coatings [8,9], as adhesives [5–7], and in food packaging.

Methylcellulose, propyl cellulose and hydroxyethyl cellulose, as well as poloxamers
can form interpolymer complexes with polyacrylic acid based on hydrogen bonding.

Cellulose ethers (Figure 1) are derivatives of cellulose with the general chemical
formula [C6H7O2(OH)3−x(OR)x]n, where X shows the number of hydroxyl groups that
have been substituted in the cellulose macromolecule, while R represents an alkyl, acyl, or
mineral acid residue. Methylcellulose, hydroxypropyl cellulose, and hydroxyethyl cellulose
belong to cellulose ethers.

 
Figure 1. Chemical structure of cellulose esters.

This article will examine the LBL deposition of interpolymer complexes of poly(acrylic
acid) and cellulose ethers, as well as poloxamers on different surfaces, to study the intensity
of their growth depending on surface properties.

Poloxamers (Figure 2), also known by their trade name Pluronics, are a class of
synthetic block copolymers that consist of a central hydrophobic block of poly(propylene
oxide) (PPO) flanked by two hydrophilic blocks of poly(ethylene oxide) (PEO). Poloxamers
are triblock copolymers with the general formula (PEO)x-(PPO)y-(PEO)x, where x and y
represent the length of the ethylene oxide and propylene oxide chains (Figure 2).

 

Figure 2. General chemical structure of poloxamer.

The surface properties of different surfaces (microscope glass, polymethyl methacry-
late, and polystyrene) significantly influence the formation and growth of interpolymer
complexes (IPCs) between cellulose derivatives (methylcellulose, hydroxypropyl cellu-
lose, and hydroxyethyl cellulose), poloxamers, and polyacrylic acid. Variations in surface
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properties such as hydrophilicity or roughness are expected to affect the molecular interac-
tions and morphology of IPCs, leading to distinct structural characteristics based on the
specific surface utilized for complexation, which can be quantitatively analysed through
gravimetric methods, FTIR spectroscopy, and microphotography.

2. Materials and Methods
Poly(methyl methacrylate) (PMMA) slides and Polystyrene Microscope Slides (PSs)

were purchased from Signimpress (Astana, Kazakhstan) and Super Premium Microscope
Slides (76 mm × 26 mm) were purchased from VWR™ (West Chester, PA, USA).

Poly(acrylic acid) with Mv 450 kDa (PAA) and CAS Registry Number 9003-01-4;
Methylcellulose (Methocel 60 HG, Mv 93 kDa, degree of substation 1.6, and molar substi-
tution 2.0 mol per mol cellulose) (MC) with 28–30% methoxyl content and CAS Registry
Number 9004-67-5; Hydroxypropyl cellulose with Mv 80 kDa (HPC) and CAS Registry
Number 9004-64-2; 2-Hydroxyethyl cellulose with Mv 90 kDa, degree of substation 1.0,
molar substitution 2.5 mol per mol cellulose (HEC90), and CAS Registry Number 9004-62-0;
2-Hydroxyethyl cellulose with Mv 250 kDa, degree of substitution 1.0, molar substitution 2.5
mol per mol cellulose (HEC250), and CAS Registry Number 9004-62-0; and 2-Hydroxyethyl
cellulose Mv 720 kDa, with degree of substation 1.0, molar substitution 2.5 mol per mol cel-
lulose (HEC720), and CAS Registry Number 9004-62-0 were purchased from Sigma-Aldrich
(Burlington, MA, USA).

Lutrol F68 (PX188) and Kolliphor P407 (PX407) were purchased from BASF SE
(Ludwigshafen, Germany).

All other chemicals, including methanol, 1 M hydrochloric acid (HCl), and concen-
trated sulfuric acid (H2SO4) were purchased from Sigma-Aldrich (West Chester, PA, USA).

Equipment used during the experiment:
AY220 Analytical Scales and an IRTracer-100 FTIR Spectrophotometer were purchased

from SHIMADZU (Kyoto, Japan).
A Lab Disc White Magnetic Stirrer IKA C-MAG HS7 was purchased from IKA™

(Darmstadt, Germany).
A Seven Easy S20 pH Meter was purchased from Mettler Toledo (Greifensee,

Switzerland).
During the experiment, prepared poly(methyl methacrylate), polystyrene, and micro-

scope glass slides were used.
Impurity-free surfaces are necessary for effective and dependable polymer deposition

on a solid planar glass surface. Free hydroxyl groups on the surface can also be released to
enhance the deposition process. The method developed by Cras et al. [41–43] was used for
surface preparation.

In total, 30 samples of each surface were immersed for 30 min in a 1:1 mixture of
methanol/HCl (1 M), then rinsed in ultrapure H2O and dried at room temperature. Slides
were then placed in concentrated H2SO4 for 30 min, then rinsed in ultrapure H2O and dried
at room temperature. Following a 5 min immersion in a 1:5 HCl (1 M)/H2O combination at
80 ◦C, the slides were rinsed with water and allowed to dry. A desiccator was used to store
the prepared slides for a maximum of 48 h before use.

The influence of the surface functional groups can be explained by measuring and
calculating the contact angle of a sessile drop. For this purpose, water contact angle
measurements of pure samples of PMMA, PS, and glass were carried out on Contact Angle
Testing Equipment HD-U805 (Guangdong Haida Equipment Co., Ltd, Dongguan, China).
Contact angle was measured at five different sample positions using a digital microscope
with 1000× magnification by the static drop method at room temperature. The drop volume
was 15 microliters.
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A drop of water with a surface forms a contact angle, which depends on the roughness
of the surface. Complete wettability is achieved when the contact angle tends to 0◦ and
the liquid spreads over the surface. Weak wettability, on the contrary, is achieved when
the contact angle tends to 180◦ and the liquid forms drops. It is generally accepted that a
surface is hydrophilic if the contact angle is less than 90◦, and if the contact angle is greater
than 90◦ then it is hydrophobic.

As shown in Figure 3, the contact angle of the liquid on polymethyl methacrylate is
on average 69◦, and on polystyrene 81◦. The figure shows that the drop of liquid on the
glass has spread comparatively over the surface, forming a contact angle of 30◦. We can
conclude that the surfaces of poly (methyl methacrylate) and polystyrene are hydrophobic,
while the surface of glass is hydrophilic.

   
(a) (b) (c) 

Figure 3. Representative contact angle measurements of water droplets on polymer and glass
surfaces: (a) polymethyl methacrylate (PMMA), (b) polystyrene (PS), and (c) glass microscope slide.
The contact angle (θ) indicates the hydrophobicity or hydrophilicity of each surface, with PMMA
and PS exhibiting higher contact angles (θ = 69◦ and 81◦, respectively), characteristic of hydrophobic
behavior, while glass shows a significantly lower contact angle (θ = 30◦), reflecting its hydrophilic
nature. These measurements inform surface wettability and potential IPC film formation efficiency.

During preparation of polymer solutions for layer-by-layer deposition 2 g of Poly
(acrylic acid) were dissolved in 1 L water; methylcellulose, hydroxypropyl cellulose, hy-
droxyethyl cellulose (Mv 90 kDa, 250 kDa, 720 kDa), and PX188 and PX407 weighing
1g each were separately dissolved in 0.5 L of deionized water and stirred on a magnetic
stirrer for at least 8 h at room temperature until completely dissolved, obtaining 0.2%
w/v solutions.

All polymer solutions were adjusted to pH 2.0 by adding small amounts of 1 M HCl
and pH was monitored using a digital pH meter. An acidic water wash solution (pH 2) was
also prepared by adding 1 M HCl (10 mL) to 1 L of deionized water.

All solutions, if not used immediately, were stored in the refrigerator until needed (for
up to 3 days).

As is already known, two polymer solutions can be dissolved in distilled water and
interpolymer films can be obtained by growing them on a flat surface using the layer-by-
layer deposition method. This method grows very thin films (from 1 to 100 microns).

Pre-cleaned glass slides of each surface were chosen and weighed to create the multi-
layered coating. It is assumed that the germination of the first polymer layer on the surface
occurs due to hydrogen bonds of the carboxyl groups of polyacrylic acid with the surfaces.

250 mL 0.2% w/v poly(acrylic acid) solution, 250 mL 0.2% w/v methylcellulose, hy-
droxypropyl cellulose, hydroxyethyl cellulose (90, 250, and 720), PX (188 and 407) solutions
and 500 mL of acidified water were poured into appropriate containers allowing slides to
be submerged. There should be a 1 cm gap at the top to allow the slides to be handled.

To adhere the polymer coating to the surface, slides went through a dipping cycle. At
first, the slides were placed in a polyacrylic acid solution for 15 min, then washed with
acidified water for 30 s to get rid of unbound polymers. After this, the slides were immersed
in polymer solutions for 15 min, followed by another 30 s washing in the acidified water.
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This cycle was repeated 10 times, resulting in 20 individual layers of polyacrylic acid and
polymers, i.e., 10 layers of interpolymer complexes linked by hydrogen bonds.

Before analysis, multilayer coatings were air-dried at room temperature.

3. Results
3.1. Gravimetric Analysis

In this experiment, the surface densities of polymer layers on different surfaces were
determined using gravimetric analysis. Analysis was conducted using a Shimadzu AY220
analytical balance with a readability of 0.1 mg.

Mass measurements were carried out before and after deposition of the interpolymer
complexes on each surface. The obtained surfaces with IPC films were weighed on an
analytical balance. The film area was measured in accordance with the immersion area. To
avoid systematic and random errors, depending on the surface and the initial polymers,
the same IPC films were obtained several times. The masses of the films were calculated
by subtracting the initial surface mass from the final mass. The average mass of formed
films was subsequently calculated. To calculate the specific weight of the formed films, the
average mass of the formed films was divided by the surface area on which the film was
formed. By calculating the specific weight of the samples, it is possible to determine the
difference in the growth of films on surfaces, which will allow us to identify the optimal
surface for further IPC growth, as well as draw conclusions depending on the nature of
the surfaces. To identify accurate results, standard deviation and root mean square were
also calculated.

The following diagram (Figure 4) shows the growth of IPC films based on the obtained
mass results.

 
Figure 4. Surface density of interpolymer complex (IPC) films (mg/cm2) formed on various substrates
(PS, PMMA, and glass microscope slides) using different polymer pairings. The bars represent the
mean values of surface density for each IPC composition (e.g., PAA–MC, PAA–HPC, PAA–HEC
variants, PAA–PX188, and PAA–PX407), with error bars indicating standard deviation. Statistical
significance is indicated relative to a designated control (IPC film formed on glass), with p-values as
follows: *** p < 0.001, ** p = 0.001–0.01, * p = 0.01–0.05, and none = not significant (p ≥ 0.05). These
results highlight substrate-dependent differences in film formation efficiency, with PAA–MC and
PAA–HEC250 exhibiting the highest deposition on PMMA.
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To further investigate whether there were statistically significant differences in the
surface densities of interpolymer complexes on different surfaces, unpaired two-tailed
Student’s t-tests [44] comparing each IPC–substrate pair to the designated control was
used. Each data point represents the mean of three independent replicates (n = 3), with
error bars indicating the standard deviation. Significance levels were assigned as follows:
*** p < 0.001, ** p = 0.001–0.01, * p = 0.01–0.05, and none = not significant (p ≥ 0.05).

The null hypothesis (H0) is accepted if there are no significant differences between the
surface densities of different IPCs on one surface.

During the t-tests, the surface densities of each interpolymer complex on various
surfaces were evaluated. The findings indicated that for PAA-MC and PAA-HPC, significant
differences in growth intensity were observed across all three surfaces. However, for PAA-
HEC250 IPC, the growth differences across surfaces were insignificant. PAA-HEC90 and
PAA-HEC720 exhibited significant differences in growth when comparing glass to PMMA,
as well as glass to PS. Additionally, for PAA-PX407 differences in growth intensity were
noted when comparing glass to PMMA and PMMA to PS.

3.2. Micrographs

To obtain a general picture of the microstructure of the obtained films, the samples
were examined under a Hitachi TM3030 Tabletop Scanning Electron Microscope. Slides
were examined before and after the application of the interpolymer complexes. These
microscopy results allowed us to examine the microstructure of the IPC films with a
magnification of 500 times. The results of the microstructure observation are shown in
Figures 5–7.

 
Figure 5. Scanning electron microscopy (SEM) image showing the surface morphology of the
PAA–MC interpolymer complex formed on the PMMA substrate at 500× magnification. The image
reveals a homogenous distribution of the IPC layer with granular microstructural features, indicating
uniform deposition. Surface features suggest potential hydrogen bonding interactions between
the polymers.

 

Figure 6. Scanning electron microscopy (SEM) image of the PAA–MC interpolymer complex formed
on the surface of polystyrene (PS) at 500× magnification. The surface exhibits a densely packed
microstructure with aggregated domains, suggesting partial phase separation or non-uniform inter-
action between the polymer components on the hydrophobic PS substrate.



Polymers 2025, 17, 1414 7 of 13

 

Figure 7. Scanning electron microscopy (SEM) image of the PAA–MC interpolymer complex de-
posited on glass at 500× magnification. Compared to polymer substrates, the surface shows a more
heterogeneous and dispersed distribution of the IPC, with visible voids and irregular domains, likely
due to weak polymer–substrate interactions on the highly hydrophilic glass surface.

3.3. FTIR Spectroscopy

FTIR spectroscopy used an IRTracer-100 FTIR Spectrophotometer. This analysis was
carried out to identify differences in peak intensity depending on the surfaces on which the
polymer layers were applied.

Spectra were obtained within the wavenumber range of 4000–500 cm−1 at a resolution
of 4 cm−1 for each sample. Each of the raw polymer samples were run as controls. The
results of the IR spectra of the three graphs show a certain systematicity, which is quite
understandable since the samples differ only in their surfaces.

4. Discussion
The study examined the surface densities of interpolymer complexes based on cellulose

esters and poloxamers on different surfaces. For the experiment, prepared PMMA, PS,
and microscope glass slides provided surfaces free of contaminants suitable for deposition.
During the experiment, interpolymer complexes of PAA-MC, PAA-HPC, PAA-HEC90,
PAA-HEC250, PAA-HEC720, PAA-PX188, and PAA-PX407 were obtained and studied.

As can be seen from the graph (Figure 4), the greatest film growth occurred on the
surface of poly(methyl methacrylate), followed by polystyrene, and glass turned out to be
the least suitable surface.

It is assumed that the high growth of the mass of IPC films on the PMMA surface is
because the adhesion of polymers on the hydrophobic surface is the highest. Accordingly,
the weak growth of films on the glass surface is due to its high wettability, due to which
the deposited polymer layer was washed off during immersion in acidified distilled water.

In addition, on average, the growth of films based on MC and Poloxamers was higher
than that of films based on HEC or HPC. The growth of IPC films based on PAA-HEC (720)
is greater than that of PAA-HEC films with low molecular weight. This shows that it is
easier to grow IPC films with the HEC (720) polymer solution than with the HEC (250) and
HEC (90) polymer solutions.

The higher growth of IPC films using HEC (720) may be attributed to increased molec-
ular weight, which likely enhances polymer chain entanglement and solution viscosity.
These factors facilitate more stable and cohesive interpolymer interactions during layer-
by-layer deposition. Previous studies suggest that higher molecular weights contribute to
improved film integrity and adhesion, especially on hydrophobic surfaces.

This study does not include a systematic investigation into the kinetics of IPC forma-
tion, such as film thickness as a function of immersion time. This limitation restricts insight
into the dynamic behavior of layer growth and bonding efficiency. We acknowledge this
as a limitation of the current work and propose it as an important focus for future studies
aiming to model deposition behavior quantitatively.
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FT-IR spectroscopy (Figure 8) can be used to analyze hydrogen-bonded complexation
between PAA and cellulose esters, as well as poloxamers by tracking the shift of the
characteristic absorbance band. Strong IR signals belonging to PAA, cellulose polymers,
and poloxamers can be clearly observed in the IR spectra of PAA-HEC, PAA-MC, and
PAA-PX films.

Figure 8. FT-IR spectrum of the deposited polymer film on a glass substrate. The key peaks correspond
to the formation of hydrogen bonds according to the peaks in the region of 1700~1800 cm−1. This
confirms the presence of polymer on the surface. FT-IR spectra of other films can be found in the
Supplementary Materials.

The FT-IR spectra revealed characteristic absorption bands at 3280 cm−1 (O–H stretch-
ing), 1640 cm−1 (C=O stretching), and 1050 cm−1 (C–O–C stretching). Upon IPC formation,
the O–H stretching band shifted from 3280 cm−1 to 3255 cm−1, suggesting the forma-
tion of hydrogen bonds between the carboxylic groups of PAA and the hydroxyl groups
of HEC. The shift in the C=O stretching band from 1640 to 1628 cm−1 further supports
intermolecular interactions.

To quantitatively support the interpretation of hydrogen bonding, the characteris-
tic wavenumber shifts for each IPC pair were measured and are summarized in Table 1.
The O–H stretching band shifted from 3280 cm−1 to values ranging between 3255 and
3265 cm−1 depending on the polymer pair, while the C=O stretching band shifted from
1640 cm−1 to values between 1625 and 1632 cm−1. These shifts confirm the formation
and strength of hydrogen bonding between PAA and the respective cellulose ethers
or poloxamers.

Table 1. Wavenumber shifts observed in FTIR spectra of interpolymer complexes.

IPC Pair O–H Stretch (cm−1) C=O Stretch (cm−1)

PAA–MC 3260 1632
PAA–HPC 3258 1629

PAA–HEC90 3257 1628
PAA–HEC250 3256 1626
PAA–HEC720 3255 1625
PAA–PX188 3265 1630
PAA–PX407 3263 1631
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The hydrogen bonding between CEs and PAA mainly happens between ether oxygen
(or hydroxyl oxygen) of cellulose or poloxamer and COOH groups of PAA.

The results of the conducted IR spectroscopic studies show that the IR spectra of the
obtained interpolymer complexes show prominent, broad, and well-defined peaks in the
region of 1700~1800 cm−1, which can be attributed to the formation of hydrogen bonds in
the initial polymers in the IPC films.

The hydrogen bond between the ether oxygen and COOH interrupts the hydrogen
bond between the COOH groups. The shift in the spectrum can be used to describe the
formation of hydrogen bonding between CEs or poloxamers and PAA. The more hydrogen
bonds formed between PAA and initial polymers, the greater the shift in the C=O band
compared to pure PAA in the IR spectra.

The micrographs (Figures 5–7) show that on the surfaces of the slides where the films
have grown there is clouding indicating successful deposition of the IPCs.

As can be seen in Figure 5, the film based on PAA-MC, PAA-PX188, and PAA-PX407
shows good layering on PMMA. Its structural organization consists of many individual
sections that are linked together. The PAA-HEC films of different molecular weights form
continuous, but loosely packed, macromolecular layers on the surface rather than sharply
defined multilayers. It is assumed that these are macromolecules of the original polymers.

In Figure 6, the IPC films formed on the polystyrene surface showed similar growth
patterns; however, the boundaries between phases were less defined. This difference may
mean that on polystyrene, PAA-MC forms a semi-complex, but with low intensity, due
to which clear boundaries of the formed PAA-MC are visible. In addition, PAA-PX188
layers are almost not visible on polystyrene. It can also be noticed individual sections of
PAA-HEC (720) on the polystyrene surface, which differ from the microstructure of these
polymers on the PMMA surface.

In Figure 7, the obtained microstructures of the IPC films on the glass surface cor-
respond to the obtained data on mass growth intensity. Films based on PAA-MC and
PAA-PX188 showed layering in the form of many clear circles. Films based on PAA-HEC
with different molecular weights formed rare and small circles.

Based on the calculations of the contact angle, it can be assumed that the high growth
of the mass of IPC films on the PMMA surface is because the adhesion of polymers on the
hydrophobic surface is the highest. Accordingly, the weak growth of films on the glass
surface may be due to its high wettability, due to which the deposited polymer layer was
washed off during immersion in acidified distilled water.

The results show that the growth of poloxamers remained significant on each of the
three surfaces, while cellulose ethers showed significant growth on the PMMA surface
and growth on the glass surface was slow. Based on this, we can assume that such surface
properties as its hydrophobicity and hydrophilicity have little effect on the formation of
IPCs based on poloxamers, while they have a significant effect on the growth of IPCs based
on glucose esters.

The difference in film growth behavior between poloxamer- and cellulose ether-based
IPCs can be attributed to their molecular structures and interaction mechanisms. Cellulose
ethers possess multiple hydroxyl groups, enabling extensive hydrogen bonding with PAA
and resulting in more stable and cohesive IPC networks. In contrast, poloxamers, due to
their amphiphilic block copolymer structure with hydrophilic PEO and hydrophobic PPO
segments, engage in weaker, less directional hydrogen bonding. This molecular behavior
accounts for the lower surface affinity and slower IPC film accumulation observed for
poloxamer-based complexes, particularly on hydrophilic surfaces.

The observed differences between poloxamer- and cellulose ether-based IPCs are
primarily due to their structural and interactive characteristics. Cellulose ethers possess
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multiple hydroxyl groups conducive to directional hydrogen bonding, leading to robust IPC
film formation. Poloxamers, being amphiphilic triblock copolymers, engage more weakly
due to their flexible, less polar PEO/PPO segments. This difference results in varied adhe-
sion behavior and film morphology, depending on the substrate. Similar interpretations
have been supported in the literature for amphiphilic polymer–surface interactions.

All the obtained results can be considered dependent on the number and strength of
hydrogen bonds in the polymers. Methylcellulose (MC), hydroxypropyl cellulose (HPC),
and hydroxyethyl cellulose (HEC), which are non-ionic cellulose ethers, are known to form
interpolymer complexes via hydrogen bonding with polyacrylic acid (PAA). The formation
of hydrogen bonds significantly influences not only the stability and association behavior
of IPCs but also impacts their particle size, mass distribution, and surface morphology.
Moreover, hydrogen bonding can modulate the electron density around functional groups,
thereby affecting the electronic structure and potentially the interaction energy of the
complexes. These molecular-level changes are reflected in the differences observed in IPC
growth rates across different surfaces in our experiments.

This study showed the dependence of the formation of interpolymer complexes on
the type and properties of the surface. The results obtained provide prospects for further
research in this area. In the future, the influence of surface functionalization on its properties
and, consequently, on the growth of IPC, as well as how functional groups on the surface
affect the physicochemical properties of IPC can be investigated.

5. Conclusions
In has been shown that the chemical makeup of a surface is crucial for the efficiency of

the deposition of interpolymer complexes using the layer-by-layer deposition technique
because hydrogen-bonded polymer complexes are more readily deposited on surfaces that
are inclined to hydrogen bonding. Depending on the initial polymers, the adhesion between
a liquid and a surface has a positive effect on the growth of IPC films. A hydrophilic surface
with high wettability leads to washing away polymers, which is why layering proceeds
weakly. It is worth noting that surface properties affect not only the initial layer of polymer
deposition but can also spread and affect the properties of the resulting multilayer film on
the surface.

It was shown that interpolymer complexes based on PAA-MC, PAA-HEC (250), PAA-
PX188, and PAA-PX407 are more prone to complex formation compared to interpolymer
complexes based on PAA-HEC (90) and PAA-HEC (720).

The results show that the growth of poloxamers remained significant on each of the
three surfaces, while cellulose ethers showed significant growth on the PMMA surface
and growth on the glass surface was slow. Based on this, we can assume that such surface
properties as its hydrophobicity and hydrophilicity have little effect on the formation of
IPCs based on poloxamers, while they have a significant effect on the growth of IPCs based
on glucose esters.

Of the three surfaces selected, poly(methyl methacrylate) turned out to be most optimal
for layering polymer films.

Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390/polym17101414/s1, FT-IR spectra of other films can be found in
the Supplementary Materials.
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