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Abstract

This study investigates the synthesis and structural characterization of
polymethylenenaphthalenesulfonic acid (PMNS)-modified polyester resin using physicochemical
analysis methods. The research aimed to synthesize a modified polyester resin based on
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polydiethylene glycol adipinate (PDAT) and PMNS, determine its chemical structure, and evaluate
its potential application in polymer compositions and paint and coating materials. The resin was
synthesized using an optimized PDAT-to-PMNS molar ratio of 70:1. Its molecular structure was
characterized by Fourier transform infrared (FTIR) spectroscopy and A1H/A13C nuclear magnetic
resonance (NMR) spectroscopy. FTIR analysis confirmed the presence of hydroxyl, carbonyl, ester,
ether, aromatic, and sulfonic functional groups, demonstrating the successful incorporation of
PMNS into the polyester matrix. The A1H and A13C NMR spectra identified characteristic signals
corresponding to naphthalene rings, adipinate fragments, methylene bridges, and diethylene glycol
chains, confirming the formation of the expected oligomeric structure. The combined spectroscopic
results verified that chemical modification occurred without disrupting the polyester backbone,
producing a stable oligomeric system. The synthesized resin exhibited excellent dispersibility,
structural stability, and favorable physicochemical properties. These findings indicate that PMNS-
modified polyester resin is a promising material for advanced polymer composites, water-based
dispersions, adhesives, and high-performance paint and coating formulations, expanding the
application of naphthalene sulfonate-based modifiers in polymer materials.

AHHOTanus

B JaHHOM uMccnefjoBaHMM U3ydeHbl CHHTE3 M CTPYKTypHasl XapaKTepHUCTHKa MOIM3(pUPHOU
CMOJIbl, MOAWG(ULIMPOBAHHOM ToMMMeTUIeHHadTanMHCyabhoHoBoM kucioroit (IIMHCK), c¢
WCII0/Tb30BaHNeM  (DU3UKO-XMMHUUECKUX METOJO0B aHanmm3a. Llesbto paboThl SIBAS/IUCH CUHTE3
MOM(HULIMPOBAHHOM MOMUA(DUPHON CMOJIBI HAa OCHOBE TIOJIUAUITUIeHIIMKOMbaaunHaTa (ITJAT) u
[IMHCK, onpezeneHue e€ XMMHYECKOIO CTPOEHUsS W OL|eHKAa I[IepCreKTUB [PUMEeHeHUs B
MO/IMMEPHBIX ~ KOMITO3MLIMSIX, JIAKOKPAaCOUHBIX MaTepHiajax W TOKpeITHsAX. Cmona Oblia
CUHTe3UpOBaHa IpU ONTUMU3UPOBAHHOM MoJispHOM cooTHolleHud [TJAT:TIMHCK, pasaom 70:1.
MonekynsipHasi CTPyKTypa MpPOAYKTa WCC/e[oBaHa MeTOAaM{ MH(PaKpPacCHOM CIEKTPOCKOIMM C
nipeobpa3zoBanuemM Pypre (FTIR) 1 CrieKTpOCKOITHM siIEPHOTO MarHUTHOTO pe3oHaHca (AMH u A13C
SMP). Anamu3 FTIR nmoaTBepun HaiMule TMAPOKCHIBHBIX, KAPOOHUIBHBIX, 3(HUPHBIX, TPOCTHIX
3(YpHBIX, apOMaTHUeCKUX U CyAb(POHOBBIX (YHKIMOHAIBHBIX TPYIII, YTO CBUZETENLCTBYeT 00
ycrnemHoMm BBefieHud IIMHCK B nonmsdupHyto Matpunyy. Criektpsl A1H u A13C SAIMP BbisiBUIN
XapakKTepHble CUTHaJlbl, COOTBETCTBYIOLMe Ha(TaJlWHOBBIM KO/bLiaM, aJUIIMHAaTHLIM (pparMeHTam,
MEeTU/IEHOBBIM MOCTHKAM W LieMsiM [JUSTU/IEHIVIMKO/IS, TIOATBepKAas (popMupoBaHUe OKU7aeMou
OJIMTOMEPHOXW  CTPYKTYpbl. (COBOKYITHOCTb CHEKTPOCKONMUYECKUX [aHHBIX [I0OKas3aja, 4To
XUMHUUecKasi MoArUKaLys Mpoucxouia 6e3 HapyleHHUs ToMM3(UPHOTO KapKaca, uTo MpUBeso K
00pa3oBaHMI0 CTAOWIBLHOW OMTOMepHOM cucTeMbl. CHHTe3MpOBaHHAs CMOJIa XapaKTeph3yeTcs
BBICOKOW /IMCTIEPTUPYeMOCTBIO, CTPYKTYPHOM CTaOM/IBHOCTBIO W OaronpusTHBIMUA  (DHU3UKO-
XUMHAYEeCKUMH CBOWCTBaMHU. [lomyueHHble pe3ynbTaThl CBU/ETENbCTBYIOT O TOM, YTO MOAU3(UpHas
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cmosa, mopudwuiupoBanHas [IMHCK, siBisieTcsi TepCrieKTHBHBIM MaTepuasioM [jisi CO3[aHust
COBPEMEHHBIX TOJMMEPHBIX KOMITO3UTOB, BOAHBIX AMCIEPCUM, K/I€eBbIX KOMIIO3WLIMW, a Takxke
BBICOKO?(h(hEKTUBHBIX JTAKOKPACOUHBIX MaT€PHUAJIOB U TIOKPBITHH, PACIIMPss 00/1aCcTh TIPUMeHeHUsT
MO/IM(MKAaTOPOB Ha OCHOBe Ha(TaIMHCY/Ib(OHATOB B MOJIMMEPHBIX MaTepuaax.

Keywords: polymethylenenaphthalenesulfonic acid, polydiethylene glycol adipinate,
modified polyester resin, FTIR spectroscopy, NMR spectroscopy, molecular structure, polymer
modification, oligomers, ester bonds, sulfo groups, physicochemical properties, polymer
compositions.

KimoueBble coBa: NoMMeTH/IeHHa(TaTMHCY/Ib(OHOBast KUCJIOTA,
MO/IU U3 TU/IEHTTIMKO/IbaAUTIMHAT, MOAUHULIMpOBaHHas nonra¢upHas cMmona, MK-cnekTpockonus ¢
nipeo6pasoBanreM ®Pypoe (FTIR), AMP-crieKTpoCKoIusi, MOJIEKY/ISIPHasi CTPYKTypa, MOJU(PUKALHS
MOMMEpOB, OJIUrOMephl, 3(UpHbIe CBs3U, CYAbGOrpyMIbl, (U3UKO-XMMUUeCKHe CBOWCTBA,
TI0/IMMepHbIe KOMITO3ULIUU.

Introduction

In recent years, the development of polymer materials with enhanced functional properties,
the improvement of their performance characteristics, and the production of locally manufactured
import-substituting products have become among the most important directions in polymer
chemistry and technology [1]. In particular, modified polyester resins are widely used in coatings,
composite materials, dispersed systems, and construction chemistry due to their high adhesive
properties, good solubility, thermal stability, and the possibility of incorporating various functional
groups into their structure [2—4].

One of the effective approaches to improving the properties of polyester resins is their
modification with compounds possessing aromatic and ionogenic characteristics [5]. From this
perspective, polymethylenenaphthalenesulfonic acid (PMNS) has attracted considerable scientific
interest. The presence of aromatic naphthalene rings and sulfo groups in the PMNS molecule
enhances the dispersibility, hydrophilicity, thermal stability, and surface activity of polymer systems
[6-7]. However, the molecular structure and structural properties of PMNS-modified polyester
resins have not yet been sufficiently investigated [8].

Polydiethylene glycol adipinate (PDAT) is a functional oligomer containing ester and ether
linkages, and its combined use with PMNS makes it possible to obtain modified polyester systems
with novel properties [9]. Determining the structural features of such polymers, identifying the
functional groups present in their composition, and investigating the nature of the formed chemical
bonds are of significant practical and theoretical importance [10-11].

Materials

A modified polyester resin based on polymethylenenaphthalenesulfonic acid (PMNS) and
polydiethylene glycol adipinate (PDAT) at a molar ratio of 70:1 was synthesized under acidic
conditions at atmospheric pressure [12—-14]. The following chemicals were used during the
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synthesis: Shaffer acid (1-naphthylamine-7-sulfonic acid, CAS No. 84-87-7), formaldehyde (CAS
No. 50-00-0), adipic acid (CAS No. 124-04-9), diethylene glycol (CAS No. 111-46-6), sulfuric acid
(CAS No. 7664-93-9), and sodium hydroxide (CAS No. 1310-73-2).

Methods

During the study, the FTIR spectra of the polyester samples synthesized based on PMNS were
recorded using an **IRTracer-100** spectrometer (SHIMADZU CORP., Japan, 2017). The samples
were first finely ground in a mortar and then mixed with potassium bromide (KBr) at a ratio of
1:10. The resulting mixture was further ground and compressed into pellets for 4-5 minutes using a
pellet mold, after which the samples were analyzed by FTIR spectroscopy [15-17].

In addition, the morphology of the synthesized samples was investigated using a **SEM-
EVO MA 10** scanning electron microscope (Carl Zeiss, Germany). Prior to analysis, solid
samples were thoroughly dried. Subsequently, 10-20 mg of the sample was dissolved in 0.6-0.7 mL
of a deuterated solvent. The prepared solution was transferred into a standard 5 mm NMR tube. To
avoid the formation of air bubbles, the solution was mixed gently and then placed in the NMR
instrument for analysis [18-19].

Results and Discussion

In the initial stage of the study, FTIR spectroscopic analyses were carried out to identify the
structural changes in samples synthesized from polymethylenenaphthalenesulfonic acid (PMNS)
and polydiethylene glycol adipinate (PDAT) at a molar ratio of 70:1 and reacted at 98—-100 °C for
120 min. Analysis of the obtained FTIR spectra enabled the identification of absorption bands
corresponding to the functional groups present in the samples and allowed the evaluation of the
structural changes that occurred during the modification process [20]. The spectral data obtained
and the principal absorption bands are presented in the following figure (Figure 1).
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Figure 1. FTIR spectrum of the PMNSP resin modified at a molar ratio of 70:1

70



UNIVERSUM:
XNMnNAa n smonorna

Ne 8 (146) agzycm, 2026 e.

Based on the analysis of the spectrum presented in the graph and the data summarized in
Table 2, it was established that the polyester resin modified with PMNS and PDAT contains several
characteristic functional groups. The broad absorption band observed at 3381.21 cm™ corresponds
to the stretching vibrations of hydroxyl (—OH) groups, indicating the presence of hydroxyl
fragments associated with polydiethylene glycol residues and sulfonic acid groups. The absorption
bands at 2974.23 and 2877.79 cm™ are attributed to the stretching vibrations of methylene (~CH,~)
groups, confirming the presence of aliphatic fragments in the polymethylenenaphthalene and
polydiethylene glycol chains.

The strong absorption band observed at 1728.22 cm™ is characteristic of the stretching
vibrations of carbonyl (C=0) groups in the polyester resin and indicates the formation of ether- or
ester-type linkages during the modification process. The signal at 1456.26 cm™ is associated with
the deformation vibrations of methylene groups and characterizes the aliphatic segments of the
polymer chain. The intense absorption at 1045.42 cm™ corresponds to the stretching vibrations of
C-0O-C groups in ether linkages and S=O bonds in sulfo groups. This signal indicates the
incorporation of polydiethylene glycol fragments into the polymer structure and confirms the
preservation of sulfo groups derived from polymethylenenaphthalenesulfonic acid.

Table 2.
Comparative analysis of the FTIR spectral characteristics
Ne Functional groups and bond | Absorption peak in | Absorption peak re- | Intensity and type of vi
types the spectrum, cm™! | ported in the bration
literature, cm™!
1. Hydroxyl group (—OH). 3381.21 3200-3450 v(O-H), b,, s.
2. Methylene group (—-CH,-). 2974.23 2920-2980 vas(C-H), w.
3. Aliphatic stretching vibration (- | 2877.79 2850-2890 vs(C-H), w.
C-H-).
4. Carbonyl group (C=0). 1728.22 1720-1750 v(C=0), b.
Naphthalene ring (aromatic C=C | 1590-1600 1500-1600 d(C=C), m.
stretching vibration).
6. Methylene bridges (—-CH,-). 1456.26 1440-1470 d(C-H), m.
Dimethylene ether group (—C— 1222.80 1200-1275 vac.(-C-0-C-), C
0-C-).
Sulfonic acid group(-SO,H). 1170-1200 1150-1250 vas(5=0), b.
9. Sulfoxide group(—S=0). 1042.45 1030-1070 v(C-0), m.
10. | 1,2,6-Substituted naphthalene 758.02-820 740-830 d(C-H), s.
ring.

In general, the FTIR spectral analysis confirmed the presence of aromatic naphthalene rings,
methylene bridges, sulfo groups, hydroxyl groups, as well as ether and carbonyl functional groups
in the polyester resin modified with PMNS and PDAT. The obtained results indicate that the
modified polyester resin possesses the expected chemical structure.

Following the completion of the FTIR analyses, the synthesized product was further
investigated by nuclear magnetic resonance (NMR) spectroscopy to obtain a more detailed
understanding of its molecular structure. Initially, the ATH NMR spectrum of the polyester resin
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synthesized from polymethylenenaphthalenesulfonic acid and polydiethylene glycol adipinate at a
molar ratio of 70:1 was examined, and the chemical shifts of the corresponding protons are
presented in the following figure (Figure 3).
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Figure 2. 'H NMR spectra of the polyester resin synthesized from PMNS and PDAT at a molar
ratio of 70:1

In the above spectrum, the numerous multiplet signals observed in the region of 6.89-8.65
ppm are attributed to the aromatic protons of the naphthalene ring, confirming the preservation of
the aromatic fragment within the polymer structure. Owing to the electron-withdrawing nature of
the sulfo group, some aromatic protons are shifted downfield and resonate in the range of 8.0-8.7
ppm.

The intense singlet observed at 5.02 ppm is assigned to the protons of the methylene group
(Ar-CH,~0-) linking the naphthalene ring through an oxygen atom, indicating the incorporation of
the aromatic fragment into the polyester chain. The signals at 4.70—4.75 ppm and around 4.26 ppm
are characteristic of the methylene protons (-OCH,~) adjacent to oxygen atoms in the diethylene
glycol residue.

The multiplet signals in the range of 3.65-3.82 ppm correspond to the internal -CH,-O-CH,,~
protons of the diethylene glycol fragment. The presence of these signals confirms the formation of
ether linkages within the polyester chain. The signals observed at 2.10-2.36 ppm are attributed to
the methylene protons (-COCH,-) adjacent to the carbonyl groups of the adipic acid residue,
indicating the incorporation of the adipinate fragment into the polymer structure. The signal at 1.18
ppm corresponds to the central methylene protons of the adipic acid chain.

The simultaneous observation of signals corresponding to aromatic protons, oxygen-bonded
methylene groups, and protons associated with the adipinate fragment confirms the presence of
naphthalene rings, sulfo groups, and ester and ether linkages in the synthesized product. The
obtained results are in good agreement with the proposed structural formula of the polyester resin
modified with polymethylenenaphthalenesulfonic acid and polydiethylene glycol. Furthermore, the
A3C NMR spectrum of the same sample was investigated, and the chemical shifts of the
corresponding carbon atoms are presented in the following figure (Figure 4).
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Figure 3. 13C NMR spectrum of the polyester resin synthesized from PMNS and PDAT at a molar
ratio of 70:1

In the presented spectrum, the intense signal observed at 170.8 ppm is attributed to the
carbonyl carbon atom of the ester group (—-COO-), indicating the formation of the polyester chain.
This signal confirms the presence of ester linkages formed through the condensation of adipic acid
residues with diethylene glycol fragments.

The numerous resonance signals observed in the range of 149.7-125.2 ppm are assigned to
the aromatic carbon atoms of the naphthalene ring. In particular, the downfield signals at
approximately 149.7, 148.6, 143.7, and 141.5 ppm correspond to aromatic carbon atoms bonded to
sulfo groups and oxygen-containing substituents. The resonances in the range of 139.6-125.2 ppm
are attributed to the remaining aromatic carbon atoms of the naphthalene ring. The signals observed
at 79.1, 76.8, 74.2, 71.5, and 70.6 ppm are characteristic of the oxygen-bonded methylene carbons
(-OCH,~) in the diethylene glycol fragment. These signals indicate the presence of polyester chains
in the polymer structure and confirm the successful formation of ether linkages.

The signal observed at 46.5 ppm is assigned to the methylene carbon atom linking the
naphthalene ring to the ester fragment (Ar-CH,-O-), confirming the connection between the
aromatic and aliphatic segments of the polymer. The signal at 39.1 ppm may be associated with
methylene carbons located adjacent to carbonyl groups. The signal observed at 14.7 ppm is
attributed to highly mobile aliphatic methylene carbons and provides additional evidence for the
presence of the adipinate fragment in the synthesized polymer.

Furthermore, the presence of signals corresponding to ester carbonyl groups, the aromatic
naphthalene ring, oxygen-bonded methylene carbons, and aliphatic fragments in the 3C NMR
spectrum confirms the existence of naphthalene rings, sulfo groups, and ester and ether linkages in
the synthesized polymer. The obtained results are in complete agreement with the proposed
structural formula of the polyester resin modified with polymethylenenaphthalenesulfonic acid and
polydiethylene glycol.

In general, the observation of aromatic proton and carbon signals characteristic of the
naphthalene ring in the ranges of 6.89-8.65 ppm in the 'H NMR spectrum and 125.2—-149.7 ppm in
the 13C NMR spectrum confirms the presence of an aromatic fragment in the polymer structure. The
intense signal at 170.8 ppm was assigned to ester carbonyl groups, whereas the signals observed in
the ranges of 3.65-5.02 ppm and 70.6—79.1 ppm were attributed to the proton and carbon atoms of
the ~OCH,~ groups in the diethylene glycol fragment. In addition, aliphatic proton and carbon

signals characteristic of the adipinate fragment were detected in the regions of 1.18-2.36 ppm and
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14.7-39.1 ppm, respectively. These data reliably confirm the presence of a naphthalene ring, sulfo
groups, and ester and ether linkages in the synthesized product and demonstrate complete
agreement with the proposed structural formula of the obtained polymer.

During the study, the proposed structural formula of the modified polyester resin
(PMNSP-70/1), synthesized from polymethylenenaphthalenesulfonic acid and polydiethylene
glycol adipinate components at a molar ratio of 70:1, was formulated as follows.

g O CH,— O—ﬁ — (CH2)4—ﬁ — 0—CH,—CH,—O0—CH,—CH,—
O O O

SO,H

Conclusion

In this study, the structural properties of a polyester resin modified with PMNS and PDAT at a
molar ratio of 70:1 were investigated using a komriekc of physicochemical methods. The obtained
results confirmed the presence of naphthalene rings, sulfo groups, carbonyl, ester, and ether bonds
in the polymer structure and demonstrated full agreement with the proposed structural formula of
the synthesized product. The findings indicate that PMNS-modified polyester resins are promising
compounds for the development of functional polymer materials.
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