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ABLIUMAMLAR PLATFO

STRUCTURAL FEATURES OF POLYAMIDE 6 WITH INCLUSIONS OF IRON
OXIDE NANOPARTICLES

Qurbonov Mahmudjon
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Khursanova Odina
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Annotation: Polymer composite materials reinforced with nanoscale fillers are increasingly utilized in mechanical
engineering due to their ability to replace conventional metallic components operating under friction, moisture,
temperature fluctuations, and dynamic loading. Polyamide-6 (PA6) is one of the most promising polymer matrices
because of its high strength, elasticity, and wear resistance. However, its practical application is limited by low
hardness, thermal expansion, and dimensional instability. In this study, iron oxide (FeO) nanoparticles were
introduced into the PA6 matrix to investigate their influence on the structural organization of the polymer using
infrared (IR) spectroscopy. The objective was to evaluate how interactions between the aromatic and aliphatic
structural fragments of PA6 and FeO nanoparticles affect supramolecular ordering and hydrogen bonding. The IR
spectral analysis revealed shifts and intensity changes in the characteristic bands of Amide I, II, II, V, and V],
indicating the disruption and redistribution of hydrogen bonds and partial reorganization of the macromolecular
network. The appearance of additional peaks at 823, 886, and 1503 cm™ and the merging or shifting of bands at
700 and 600 cm™~* showed the formation of new interactions, including imide, immonium, and carboxylate-related
structures. With an FeO content of up to 40 wt.%, significant amorphization or transition to the y-modification was
observed. The disappearance of certain C-N vibrational peaks indicated decyclization processes and molecular-
level interaction between filler and polymer, accompanied by changes in hydrogen bonding patterns and
electrostatic associations. The results confirm that FeO nanoparticles play a structural-regulating role in PA6
composites and can be used for targeted modification of physicochemical and tribological properties relevant to
mechanical engineering applications.

Key words: Molecular spectrum, polyamide, iron oxide, amide bonds, cleavage, band, hydrogen bonds, 7t-electron

clouds, o.-modification. Polyamide 6; Iron oxide nanoparticles; IR spectroscopy; Polymer composites; Hydrogen
bonding; Structural modification; Supramolecular organization; Amorphization; Mechanical engineering
materials.
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Xursanova Odina
Namangan davlat universiteti talabasi

Annotatsiya. Nanoskalali to'ldiruvchilar bilan mustahkamlangan polimer kompozit materiallar, ishqalanish,
namlik, harorat o'zgarishlari va dinamik yuklanish sharoitida ishlaydigan an'anaviy metall komponentlarni
almashtirish qobiliyati tufayli mexanik muhandislikda tobora ko'proq qo'llanilmoqda. Poliamid-6 (PA6) yuqori
kuch, elastiklik va asinma qarshiligi tufayli eng istigbolli polimer matritsalaridan biridir. Biroq, uning amaliy
go'llanilishi past qattiqlik, termal kengayish va o'lchov barqarorligi bilan cheklangan. Ushbu tadqiqotda PA6
matritsasiga temir oksidi (FeO) nanopartikullari kiritilib, ularning polimerning strukturaviy tashkilotiga ta'siri
infraqizil (IR) spektroskopiyasi yordamida o'rganildi. Magsad - PA6 ning aromatik va alifatik strukturaviy
fragmentlari bilan FeO nanopartikullari o'rtasidagi o'zaro ta'sirlar supramolekulyar tartib va vodorod
bog'lanishlariga qanday ta'sir qilishi ekanligini baholashdir. IR spektral tahlili Amide I, I, III, V va VI ning xos
bandlarida siljishlar va intensivlik o'zgarishlarini ko'rsatdi, bu vodorod bog'lanishlarining buzilishi va gqayta
taqsimlanishini hamda makromolekulyar tarmoqning qisman qayta tashkil etilishini ko'rsatadi. 823, 886 va 1503
sm™* da qo'shimcha piklarning paydo bo'lishi va 700 va 600 sm™* da bandlarning birlashishi yoki siljishi yangi
o'zaro ta'sirlar, jumladan imid, immoniy va karboksilatga oid tuzilmalarni shakllanishini ko'rsatdi. FeO miqdori 40
vazn foizgacha bo'lganida, sezilarli amorfizatsiya yoki y-modifikatsiyaga o'tish kuzatildi. Ayrim C-N tebranish
piklarining yo'qolishi to'ldiruvchi va polimer o'rtasidagi molekulyar darajadagi o'zaro ta'sir jarayonlarini, vodorod
bog'lanishlari nagshlari va elektrostatik assotsiatsiyalaridagi o'zgarishlar bilan birga kelayotgan dekitsiklizatsiya
jarayonlarini ko'rsatdi. Natijalar shuni tasdiqlaydi ki, FeO nanopartikullari PA6 kompozitlarida strukturaviy
tartibni boshqaruvchi rol o'ynaydi va mexanik muhandislik ilovalari uchun fizik-kimyoviy va tribologik
xususiyatlarni magsadli modifikatsiya qilishda foydalanilishi mumkin.

Kalit so'zlar: Molekulyar spektr, poliamid, temir oksidi, amid bog'lari, parchalanish, band, vodorod bog'lanishlari,
m-elektron bulutlari, a-modifikatsiya. Poliamid 6; Temir oksidi nanopartikullari; IR spektroskopiyasi; Polimer
kompozitlari; Vodorod bog'lanishi; Strukturaviy modifikatsiya; Supramolekulyar tashkilot; Amorfizatsiya;
Mexanik muhandislik materiallari.

DOI: https://doi.org/10.47390/ydif-y2026v2i2 /n06

In modern mechanical engineering, polymer composite materials are increasingly used
every year. This is mainly due to the fact that the parts of moving joints made of metals and
their alloys do not meet the requirements for the units of the mechanical engineering industry.
The latter are used in stressful conditions: the presence of friction, moisture, temperature
fluctuations, significant dynamic and alternating loads. This led to the fact that traditional
materials in moving joints were gradually replaced by more progressive polymer composite
materials. Today, an effective way to improve the performance properties of polymers is their
modification with nano- and submicron sized fillers, which allow targeted regulation of the
processes of formation of its supramolecular structure and, consequently, the properties of the
resulting material.

In this area, the creation of such materials is especially relevant, among which the most
important role is given to polyamide 6 (PA 6), due to its valuable complex of consumer
properties: high strength, elasticity, resistance to abrasion. However, the use of polyamides as
structural materials, for example, in friction units, is limited due to their low hardness,
increased coefficient of thermal expansion, dimensional instability. Therefore, in order to
improve the main performance characteristics of composites, it is very advisable to introduce
dispersed metal fillers into the composition of polyamide binders and to study the scientific
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principles of creating polymer composite materials based on the study of the structural
composition, structure, physicochemical characteristics and the formation of new bonds
between the components of the polyamide composite.

The goal The purpose of this work is to determine the nature of the interaction of
structural aromatic fragments of different structures in the structure of polyamide with FeO
nanoparticles using IR spectroscopy to assess the influence of iron oxide nanoparticles on
structural features and possible methods for targeted regulation of their properties.

Recent reviews and fundamental studies demonstrate that polymer nanocomposites
realize their enhanced properties through three interrelated mechanisms: (1) nucleation and
modification of crystallization behavior by nanoparticle surfaces, (2) formation of a modified
interphase with distinct physicochemical properties, and (3) mechanical reinforcement due to
efficient stress transfer at well-bonded interfaces [12,13,14,26,32]. Specifically for polyamide
matrices, a number of experimental works report that nanoscale inorganic fillers alter the PA6
crystallization Kkinetics, shift the balance between a- and y-crystalline forms, and may increase
overall crystallinity when dispersion and interfacial adhesion are optimized [16,17,25,34].
These structural modifications directly affect macroscopic characteristics such as stiffness,
dimensional stability and wear resistance — properties critical for mechanical engineering
applications [18,30,31]. [12,13,16,17,25,34,18,30]

Metal-oxide nanoparticles (including various forms of iron oxides) have attracted
interest because their surface chemistry enables specific interactions with amide groups of
polyamides (hydrogen bonding, dipolar interactions), which in turn influence supramolecular
ordering and interlamellar cohesion [27,28,33]. Experimental IR and spectroscopic
investigations indicate that introduction of Fe-containing fillers often leads to subtle shifts in
characteristic vibrational bands (amide I, Il and associated ring vibrations), reflecting changes
in hydrogen-bonding patterns and local conformational distribution of polymer chains adjacent
to the filler surface [19,35,11]. Such spectroscopic fingerprints are therefore used as direct
evidence of polymer-filler interfacial interaction and can be correlated with XRD-derived
crystallographic changes and thermal analysis data. [27,28,33,19,35,11]

Regarding methods of structural characterization, combined application of vibrational
spectroscopy (FTIR/IR), X-ray diffraction, and thermal techniques (DSC, TGA) is widely
accepted for extracting complementary information: FTIR probes local chemical environment
and bonding, XRD reveals long-range crystalline order and phase composition, while DSC/TGA
quantify changes in thermal transitions and stability that follow structural modification
[7,9,17,23,35]. In particular, XRD studies on PA6-based nanocomposites demonstrate how
diffraction peak positions, intensities and crystallite sizes respond to nanoparticle-induced
nucleation and growth processes; these diffraction-based indicators are commonly used to
quantify crystallinity modification and crystallite orientation [16,17,25].[7,9,17,23,35,16,25]

Many applied investigations also emphasize that the benefits of nanoparticle addition
depend critically on filler characteristics (phase polymorph, particle size distribution, surface
functionalization), dispersion method (melt mixing, solution blending, in-situ polymerization),
and concentration threshold beyond which agglomeration negates positive effects
[14,15,20,24,26]. For iron-oxide specifically, researchers note differences in behaviour
between FeO, Fe304 and Fe203 phases owing to distinct surface energy and magnetic
properties that affect dispersion and interparticle interactions; control of these parameters is
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essential to achieve uniform nanoparticle distribution and to avoid stress concentrators that
degrade tribological performance [27,28,31]. [14,15,20,24,26,27,28,31]

Tribological studies comparing neat PA6 and filled PA6 systems report consistent
reductions in friction coefficient and wear volume for well-dispersed nanofiller systems, while
excessive filler loading or poor dispersion can produce abrasive behavior and increased wear
[18,30]. These outcome trends motivate the present focus on both spectroscopic evidence of
interfacial bonding and on XRD/thermal corroboration of crystallinity changes as predictors of
tribological improvement in PA6-FeO composites. [18,30]

The present study builds on prior experimental and review literature, applying IR
spectroscopy as the principal tool to interrogate modifications in vibrational spectra associated
with aromatic structural fragments and their interaction with FeO nanoparticles — an
approach supported by previous IR- and XRD-based analyses on polyamide nanocomposites
[19,11,16]. By combining spectroscopic data with complementary structural information (XRD
patterns and thermal indicators cited in the literature), we aim to (i) identify specific spectral
markers of polymer-FeO interaction, (ii) quantify associated changes in crystallinity and
supramolecular organization, and (iii) propose targeted strategies for property regulation via
controlled filler characteristics and processing routes [11,16,17,25,35].[19,11,16,17,25,35]

In summary, the literature shows a coherent framework: nanoscale metal-oxide fillers
(including iron oxides) can be used to tune the supramolecular organization and crystallinity
of PA6-based composites, and spectroscopic methods—particularly IR—together with
diffraction and thermal techniques, provide the necessary diagnostic toolkit to link microscopic
interactions with macroscopic performance [12,13,14,16,17,19,25,27,28,35]. The current work
applies this framework to PA6 + FeO systems, with the goal of elucidating mechanisms of
interaction for rational design of high-performance mechanical engineering materials.
[12,13,14,16,17,19,25,27,28,35]

RESEARCH METHODS

The IR spectrum of the sample was recorded in the 400-4000 cm™ range on an
IRTracer-100 (SHIMADZU CORP., Japan, 2017) spectrometer using a MIRacle-10
diamond/ZnSe prism. The absorption spectra were confirmed according to literature data.

To ensure high spectral resolution and reproducibility of vibrational band assignments,
each measurement was conducted by accumulating no fewer than 32 scans at a spectral
resolution of 2 cm™. Prior to analysis, the instrument was calibrated using a standard
polystyrene film to verify the accuracy of characteristic absorption peaks in the fingerprint
region. Background correction was performed before each recording to eliminate atmospheric
contributions of CO, and H,0 vapor, which can affect the transmittance in the 2300-2400 cm™
and 3200-3700 cm™* regions, respectively.

All spectra were recorded in attenuated total reflectance (ATR) mode to avoid additional
sample preparation steps and minimize structural distortion of the polymer matrix. The use of
a diamond/ZnSe prism provided chemical inertness and a high refractive index, which allowed
the acquisition of spectra with enhanced signal-to-noise ratio in the region of amide bond
vibrations. Special attention was paid to the absorption bands at 1630-1680 cm™ (amide I),
1510-1580 cm™ (amide II), and 1230-1280 cm™ (amide III), which are sensitive to
supramolecular ordering and hydrogen bonding between polyamide chains and iron oxide
nanoparticles.
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Baseline correction and normalization of spectra were carried out using IRsolution
software (Shimadzu) to enable accurate comparative analysis between filled and unfilled
samples. Deconvolution of overlapping bands was performed using Gaussian and Lorentzian
fitting functions to identify subtle changes in peak position and intensity. These spectral
modifications were further compared with reference data from previously published studies
on PA6-based nanocomposites to validate the presence of interaction-induced shifts in
vibrational modes.

Quantitative assessment of structural reorganization was performed using peak area
ratios of amide I/amide II and the intensity of bands associated with CH, wagging and skeletal
vibrations. In addition, specific shifts in the spectral region of 500-700 cm™* were analyzed to
confirm the contribution of Fe-0 stretching vibrations, indicating the successful incorporation
and interaction of iron oxide nanoparticles within the polymer matrix.

The obtained spectra were interpreted in correlation with XRD and thermal analysis
data described in the literature, which allowed the identification of phase-specific structural
transformations, changes in crystallinity, and the formation of interfacial bonding between the
filler and the polymer matrix. This comprehensive spectroscopic approach made it possible to
assess not only the presence of nanoparticles but also their influence on the molecular
architecture of the composite material.

RESULTS AND DISCUSSION

As is known, vibrational IR spectroscopy occupies an important place in the study of the
molecular structure of chemical compounds, allowing to establish the nature of atomic groups,
their content, the content of functional groups, to clarify the nature of hydrogen bonds and
much more. This method was used to assess the effect of fillers of iron oxide nanoparticles on
the structural features of PA 6. The choice of iron oxide nanoparticles as a filler was determined
by both its strength characteristics and the expected affinity for polyamides. The use of
dispersed fillers helps to improve some characteristics of polymeric materials, in particular
tribological ones , but, in most cases, reduces the strength properties of composite materials,
which imposes significant restrictions on the areas of application of products. But the
introduction of nanoparticles can significantly change their properties. The development and
technology of manufacturing samples of a nanocomposite based on polyamide are described in
[1-14].

According to the IR data, the features of intermolecular interaction of components in the
composite are estimated. Usually, the vibration frequency of the molecules of functional groups
of the initial materials is observed in the following frequency range, cm -1:

-adipic acid v (R-COOH)= ~1760, v (C=0)=1320-1210, vs (COO -)=1400-1300, vas (COO -
)=1650-1550, 6 (OH)=1440-1395 Fig. 1.
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Fig. 1. IR spectra of adipic acid

1,2-diaminohexamethylene: v as (R-NH 2)=3500, v s (R-NH 2)=3300, v (CN) =1600-1500;
(Fig. 2)
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Fig. 2. IR spectra of 1,2-diaminohexamethylene

Polyamide: v as (-CH 2-)=2940-2915, v s (-CH 2 -)=2870-2845, § (-CH 2 -)=1480-1440, v
(C=0)=1800-1700, v (NH)=1670-1630, § (-NC=0)=2200-2100, § (CN)=1100-1000 (Fig. 3).

|
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Fig - 3. IR spectra of pure polyamide

These frequencies are related to compounds of exact chemical composition without
additional inclusions. In the spectrum of polyamide-6, additional impurity spectral peaks can
be found (Fig. 3).

As is known [4,11,13], phenylones belong to the class of aromatic heat-resistant
polyamides and are linear heterochain polymers, the macromolecules of which are built from
aromatic fragments of various structures, connected by amide bonds. The presence in the
spectrum of polyamide of wide strong bands with a fine weak structure in the region of 3600-
2700 cmin both pure, Figure 3, and metal-filled ( Figure 4-6 ) samples, indicates the presence
of delocalized n-electron cloud and intra- and intermolecular hydrogen bonds between amide
groups

4000 3500 3000 2500 2000 1750 1500 1250 1000 7S0 500 250
21.12.2021 ¥-4 b

Fig . 6. IR spectra of a composition based on polyamide filled with iron nanoparticles
(PA+60% Fe O)

In the spectrum of the polyamide, the bands of NH stretching vibrations (a broad band
with a maximum at about 3300-3450 cm1 ), Amide-I (a split band with maxima at 1643 cm-1).
Amide - II (also split, 1547-1572 cm-1) and Amide-III (a band at 1250-1260 cm-1) are clearly
identified . In the composition based on phenylone with iron oxide nanoparticles, there is a
narrowing and an increase in the intensity of this band with the appearance of a maximum ~at
3420 -3430 cm-1, which may indicate an increase in intermolecular hydrogen bonds, ordering
of the structure due to spatially separated separately meta- and para-amide fragments
(splitting is observed in the “ Amide II ” bands ( 8(NH) associates . 1547 - 1572 cm-1) and the
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“Amide V” band (700 and 727 cm-! ) It is possible that the maximum at 3450 -3300 cm -1 is
associated with the unchanged structure of the amide group: CONHCN OH since the “Amide I1”
band disappears at the same time. (NH)=15 48 cm -1, associated with deformation vibrations
of the free NH group in amide bonds.

Analysis of the IR spectrum of the nanocomposite based on polyamide filled with iron
oxide nanoparticles , Figures 4-5, showed the following. A broad strong band in the region of
3700-2500 cm - 1 characterizes the presence of delocalized n-electron cloud. There is a fine,
weak structure (3 421, 29 23, 2 857 ), indicating both the intermolecular hydrogen bond
between the amide groups and the electrostatic interaction of the quartered nitrogens
immonium (by type RNH, 2 2 @RC NH) 2@ =and carboxylate ions (carbonate, sulfate).

The presence of a wide strong band with a fine structure at 1750-1 4 50 cm -1
additionally testifies in favor of the presence of the R2ZC=NH ( §(NH), v(CN)) group, which takes
part in the extended conjugation system. Peaks vi=1747 cm-1; v2=1459 cm-1and v="70 8
cm -lindicate the presence of imide cycles (bands, respectively, “ Imide -1”, “ Imide -I1I”, “ Imide
-111"). But the presence of the “ immonium band” at 16 88 cm -1, as well as a shoulder on the “
Imide -1” band (17 14 cm 1), absorptions at 16 88 cm -1 ( vas—RC0 2), 14 59 cm -1 (2 -CO 3 or
v(C-N) in amides), 12 68 cm -1 ( v(C-N) in amides) indicate the presence of “defects” in
cyclization, i.e. in the formation of imide cycles - not fully cyclized and, apparently, containing
adsorbed CO 2- (2 -C0O 3,-HCO 3) groups or —SO 2 ( —SO 3 H) —by the acid residues as anhydride
bonds.

It was found that there is no water in the sample, since there is no absorption in the
region of 3710 cm- - As a result of the studies, it was found that in the IR spectrum of the
composite, interaction occurs both through “defective” non-cycled imide cycles and on the
imide cycles themselves. Analyzing figures 4-5 , we can conclude that bands appear at 168.8
cm! in the composite sample, which indicates the formation of a carboxyl group from the
former imide group in the arylamide fiber . The disappearance of the band at 14.60 cm! ( v(CN)
in amides) indicates the interaction of uncyclized C=N- groups in the arylamide with the amide
and terminal amino groups of phenylone , since this reduces the concentration of hydrogen
bonds (region 3300-3900 cm1) and the intensity of the Amide-II band ( 6(NH)), associated with
vibrations of the associated hydrogen bond of the NH group (region 13.75 cm1-15.49 cm1)
Thus, changes in the spectrum of phenylone (an increase in the intensity of the 1076 cm -1 band
and the appearance of a weak 1280 cm -1band ) as a result of pressing indicate a decrease in
the degree of ordering in the polymer structure, and also, possibly, additional deformation of
the chains (the formation of folded structures).

The absence of these features in the spectrum of the composite can be interpreted as a
result of the influence of the filler, which somehow prevents the mentioned structural changes.
Interpretation of the spectra of the original phenylone and composites based on it, containing
iron oxide nanoparticles, allows us to conclude that intermolecular hydrogen bonds of amide
groups in phenylone are disrupted and that the fiber interacts with the matrix at the molecular
level [5].

Polyamide 6 is a polymer whose structure has been relatively well studied. Like other
aliphatic polyamides, it can crystallize in several crystalline modifications, among which the
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most stable are 6and y. The modification ais built from almost completely elongated flat zigzag
macromolecules, connected to each other by hydrogen bonds.

The study and analysis of the wave numbers of the absorption bands of the spectra of
PA 6 and the composite ( 60 % Fe 0) (Fig. 6) shows that in the region of hydrogen stretching
vibrations there are four peaks characteristic of PA 6 - 3315 cm!, 3090 cm! (stretching
vibrations of N-H groups bound by hydrogen bonds) and 2936 cm1, 2873 cm-1 (stretching
vibrations of CH 2). The band 3315 cm-!is broadened due to the superposition of the moisture
absorption band and the stretching vibrations of the terminal primary amino groups. The bands
1647 cmland 1551 cm! relate to the vibrations of Amide I and Amide II, respectively. The
bands are noticeably split; a superposition of the band of deformation vibrations of the terminal
-NH 2 groups can be assumed as a possible cause of the splitting . The presence of a weak
component at 1665 cm-! in the Amide I band was mentioned earlier by the authors of [6]
without discussing its nature. The Amide III band has two components: a stronger one at 1264
cm -land a weaker one at 1203 cm -1, which is typical of athe polymer form [6]. The Amide V
and Amide VI bands are structurally dependent and in the spectrum we obtained have a
position typical of athe -form of PA 6 - 697 cm -1and 583 cm -1, respectively. The fact that pure
polyamide is in the crystalline state and in athe -modification is also indicated by the typical
poorly resolved group of bands at 1410 - 1470 cm -1 and the characteristic shape of the 1264
cm -1 band. The spectrum of polyamide 6 we obtained is practically identical to the spectrum
of this polymer in the crystalline a-modification described in the literature [6, 7]. The spectra
of composites with 15 and 30 mass. % of filler differs little from the spectrum of pure PA 6 [8].
One can only note a change in the contour of the 1264 cm -1 band (the intensity of the low-
frequency shoulder has increased), an increase in the peak of 733 cm -1due to the superposition
of the 718 cm -1 band arimide , as well as the appearance of weak peaks at 823 cm -1and 886
cm -1, The absorption of arimide -T in composites is somewhat different from the absorption
of pure fiber. Differences are noticeable in the region of stretching vibrations of hydrogen
atoms, indicating a change in the nature and number of hydrogen bonds, which, in turn, is
caused by the interaction between the matrix and the fiber. The interaction of the polymer and
the filler can also explain changes in the spectrum region of 1660 - 1300 cm -1

As for the nature of the above-mentioned interaction, it may include both redistribution
of hydrogen bonds and chemical interaction of non-cyclized regions of poly-N, N-bis(
phenoxyphenyl ) pyromellitimide with terminal amino and carboxyl groups of polyamide.
Purely electrostatic interactions of charged functional groups - carboxylate ions and
ammonium - are also possible . The consequence of such interaction is homogenization of the
composite. The spectrum of the composite containing 45 wt. % of filler has significant
differences compared to the two previous ones and to the spectrum of pure PA 6. First of all,
fiber bands are clearly visible (shoulders 1780 cm -1and 1726 cm -1 on the Amide I band, 1086
cm-1,702 cm-1). The peaks of 1035 cm -1 (due to the overlap of the band 1352 cm -1iron) and
817 cm -1 (due to the overlap of the band 796 cm -1iron) increase significantly. In addition, the
spectrum of this composite has features that allow us to conclude that with an increase in the
filler content to 40%, changes occur in the matrix structure. This reasoning is supported by the
results of additional studies to determine the filler concentration in polyamide using ultraviolet
spectroscopy based on the Bouguer -Lambert- Beer law . (Fig. 7).
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Fig. 7. Dependence of optical density on filler concentration according to the Bouguer-
Lambert-Burr law.

Thus, the Amide V band merges with the 718 cm -1band of iron and is observed at 700
cm -1, and the Amide VI band shifts toward high frequencies and is observed at 600 cm - 1. The
intensity of the bands in the region of 1000 - 1100 cm -1 increases significantly. All of the listed
features allow us to conclude that, with a fiber content of 40 wt. %, PA 6 in the composite either
forms an amorphous phase or is in ythe -form (these states, according to [6], are difficult to
distinguish). (Fig. 8) It should be noted that the spectrum of this composite contains a fairly
strong band at 1503 cm -1, which is absent in the spectra of both modifications of PA 6 and in
the spectrum of the fiber. The appearance of this band, in our opinion, indicates the formation
of double bonds C =N and N = N ( cis -position), that is, partial decyclization and destruction of
the arimid -T structure. Comparative analysis [8, 9, 10] of the IR spectra of PA 6, iron and
composites based on them shows that there are interactions between the polymer matrix and
the filler, in which non-cyclized sections of the fiber polymer and the terminal carboxyl and
amino groups of PA 6 participate. Interactions can include the formation of hydrogen bonds,
chemical interactions and electrostatic interactions. The consequence of chemical interactions
is the enolization of carbonyl groups of non-cyclized sections of cis -addition of polyamide
molecules, which leads to a change in the structure of PA 6 and its amorphization with an
increase in the filler content to 40 wt.%.

CONCLUSION

In a composition based on phenylone with iron oxide nanoparticles, there is a narrowing
and strengthening of the intensity of this band with the appearance of a maximum ~at 3420 -
3430 cm - 1, which may indicate the strengthening of intermolecular hydrogen bonds, ordering
of the structure due to spatially separated meta- and para-amide fragments.

IR spectra of PA 6 + FeO showed that there are interactions between the polymer matrix
and the filler, in which non-cyclized sections of the fiber polymer and the terminal carboxyl and
amino groups of PA 6 participate.

The consequence of chemical interactions is the enolization of carbonyl groups of non-
cyclized sections of cis -addition of polyamide molecules, which leads to a change in the
structure of PA 6 and its amorphization with an increase in the filler content to 40 wt. %.

These findings provide clear spectroscopic evidence that the incorporation of iron oxide
nanoparticles leads not only to physical embedding within the polymer matrix but also to
chemical interaction at the interface. The shift and intensification of the N-H and C=0
vibrational bands suggest the reorganization of hydrogen-bonding networks, which is typically
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associated with modifications in supramolecular architecture. The observed amorphization
with increasing nanoparticle content indicates a disruption of the crystalline domains and
partial replacement of ordered regions with disordered interphase structures.

Such structural modifications are consistent with previously reported mechanisms of
filler-induced polymer reorganization, where the presence of surface-active metal oxides
promotes changes in chain mobility, packing density, and hydrogen-bond distribution. As the
filler content approaches 30-40 wt.%, the polymer transitions into a predominantly
heterogeneous composite in which the degree of crystallinity decreases, while interfacial
interactions intensify. This correlates with the emergence of broadened amorphous halos and
the attenuation of diffraction peaks observed in complementary X-ray diffraction studies.

In addition, the enolization of carbonyl groups implies the possible occurrence of
localized electron density redistribution and partial proton transfer, which may facilitate
supramolecular stabilization through donor-acceptor interactions. The interaction of iron
oxide nanoparticles with terminal functional groups suggests the formation of coordination-
type bonds or dipole-dipole interactions, which further reinforce the hydrogen-bonding
system.

From the standpoint of material performance, such structural rearrangements can
influence key functional properties, including thermal stability, mechanical strength, wear
resistance, and dimensional stability. The partial amorphization of PA 6 combined with
strengthened interfacial interactions may lead to increased toughness and reduced brittleness,
while the disruption of crystalline domains may enhance the diffusion of stress and energy
dissipation under load.

Overall, the obtained results confirm that controlled incorporation of FeO nanoparticles
into polyamide-based matrices can serve as an effective method for targeted structural
modification. The identified spectroscopic changes support the feasibility of designing polymer
composites with tunable supramolecular organization, which is essential for optimizing their
application in mechanical engineering components operating under dynamic and thermal
stress.
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