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ANNOTATION

The study explores the synthesis and structural characterization of oligomers
obtained based on sodium polysulfide and epichlorohydrin, using modern spectral
analysis methods. The main goal is to determine the molecular composition, functional
group transformations, and structural features of synthesized oligomers through IR
spectroscopy, UV-Vis spectroscopy, and NMR analysis. The results confirm that the
polymerization reaction proceeds through nucleophilic substitution, resulting in the
formation of flexible oligomeric chains containing polysulfide and ether fragments.
The obtained data contribute to the understanding of the structure—property relationship
in sulfur-containing oligomers and provide a foundation for their application in
corrosion protection and composite materials.
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AHHOTAIIMSI

B paGoTe m3ydeHbl CHHTE3 M CTPYKTYpHas XapaKTEPHUCTHKA OJIMTOMEPOB Ha
OCHOBC HOJ'II/IchII)(bI/II[a HaTpusA U SIHUXJIOPIUApKrHa C UCIIOJIb30BAHUCM COBPCMCHHBIX
MCTOJ0B CIICKTPAJIbHOTO aHaJIn3a. OcHoBHas oCJIb HCCICAOBAHUA — OIPCACICHUC
MOJIEKYJIIPHOTO COCTaBa, TpaHCchopMalmii (PyHKIIMOHAIBHBIX TPYII U CTPYKTYPHBIX
0COOEHHOCTEN CHUHTE3MpOBaHHBIX onuromepoB metogamu UK-cnekrpockonuu, Y -
BUAUMOM criekTpockonuu U AMP-ananusa. Pe3ynbpTarsl MOATBEPKAAIOT, UTO PEAKIUSA
IMOJIMMCPpHU3all1 IIPOTCKACT 10 MCXaHU3MYy HYKJIGO(I)I/IJIBHOFO 3aMCIICHUAA,
NPUBOIAILCTO K 06paSOBaHI/IIO THOKHX OJIMTOMEPHBIX IENEH, COoAepKAIUX
noymcyiabhuaasie U ddupHbie (parmentsl. [lomydeHHble TaHHBIE CITOCOOCTBYIOT
IIOHHUMAHHUIO B3aMMOCBS3U MEXIY CTPYKTYpOHM M CBOMCTBAMH CEPOCOLACPIKALLUX
OJIMTOMCPOB U CO3OAI0T OCHOBY I UX IIPUMCHCHHS B aHTHKoppOBI/IOHHOfI 3alIUTEC N
KOMITIO3UIMMOHHBIX MaTCpHajIax.
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KJIIOUEBBIE CJIOBA: nonucynbbu HaTpus, SMUXJIOPTUIPUH, OJTUTOMED,
UK-cnexktpockonusi, SAMP, cnekTpanbHbli aHalIW3, CTPYKTypa IOJUMEpA,
cepocoAep KA TOJIUMED.

INTRODUCTION

Modern polymer chemistry increasingly focuses on the synthesis of
functionalized sulfur-containing oligomers with unique physical and chemical
properties. Such oligomers exhibit high thermal stability, chemical resistance, and
dielectric characteristics, making them valuable in various industrial sectors,
including corrosion protection, composite materials, and adhesives.

Among these, oligomers synthesized from sodium polysulfide and
epichlorohydrin attract attention because the combination of —S—S— bonds with ether
linkages (—O-) gives rise to flexible, chemically resistant polymeric structures. The
formation of such compounds occurs via nucleophilic substitution reactions between
the chloromethyl group of epichlorohydrin and the polysulfide anion.

However, understanding their structural composition is crucial for predicting
performance. Therefore, this study utilizes spectral analytical methods (IR, NMR,
UV-Vis) to reveal molecular features and confirm the chemical structure of the
obtained oligomers.

MAIN PART

1. Materials and Methods

. Reagents: Sodium polysulfide (Na2Sx, x=2-4), epichlorohydrin
(CsHsCIO), distilled water, and ethanol as solvent.

. Reaction Conditions: The reaction was carried out at 60—70°C for 3
hours with continuous stirring under nitrogen atmosphere. The resulting viscous
product was washed, dried, and purified via ethanol extraction.

. Analytical Methods:

o IR spectroscopy (4000-400 cm™!) — identification of functional groups.

o 'H NMR spectroscopy — determination of hydrogen environments and
polymer chain formation.

o UV-Vis spectroscopy — evaluation of electronic transitions and
conjugation effects.

2. Reaction Mechanism and Formation of Oligomers

The synthesis follows a nucleophilic substitution mechanism:

Nay$S, + CH;CHCH,Cl — [-CH,;CHCH,S,—/|, + 2NaCl
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This reaction leads to the incorporation of polysulfide linkages and ether
bridges into the polymer backbone. The flexibility and elasticity of the resulting
product depend on the length of the polysulfide chain (x value).

3. Spectral Analysis Results

Table 1. IR spectral data of synthesized oligomer

Wavenumber (cm™)|  Functional group Interpretation
3430-3450 —OH stretching (terminal)|Residual hydroxyl groups
29202850 C—H (aliphatic) Backbone hydrocarbon vibrations
1120-1080 C—O-C stretching Ether linkage formation

650-550 S-S and C-S stretching |Polysulfide chains

IR spectra confirm the presence of ether (C—O—C) and polysulfide (S-S, C-S)
bonds, indicating the success of the nucleophilic substitution reaction.

Table 2. "H NMR spectral data of synthesized oligomer

Chemical shift (6, ppm)|Proton type Assignment

3.4-3.8 —CH>—O-  ||Ether protons

25-2.8 —CH>-S—  ||Sulfide-bound methylene protons
1.2-15 —CH2>—CH:—||Aliphatic chain protons

'H NMR analysis confirms that the reaction leads to the substitution of chlorine
atoms by polysulfide anions, forming —CH>—S— linkages. The broadening of peaks
indicates polymer chain formation.

UV-Vis spectra reveal weak absorption bands around 290-320 nm,
corresponding to n—ao* transitions typical of sulfur—oxygen bonds. This confirms
partial delocalization and the conjugation effect of S-S and C-O linkages in the
polymer chain.

4. Structural Interpretation

The combined spectral data indicate the formation of an oligomeric polysulfide-
ether structure.

The general structural formula can be represented as:

[—(CH,CHCH,S,CH,CHCH,0)—],

This structure combines flexibility (due to ether groups) and chemical resistance
(due to polysulfide bonds). The materials exhibit good solubility in polar solvents and
potential for crosslinking under thermal curing.



XXI ASRDA INNOVATSION
TEXNOLOGIYALAR, FAN VA TA'LIM

TARAQQIYOTIDAGI DOLZARB MUAMMOLAR
Volume 03, Issue 10, 2025

CONCLUSION

The conducted study demonstrates that sodium polysulfide and
epichlorohydrin can effectively form sulfur-containing oligomers with a combination
of ether and polysulfide fragments.

Spectral analyses (IR, NMR, UV-Vis) confirm the formation of -C-S-S- and
—C-O-C- linkages, indicating successful nucleophilic substitution and
oligomerization. The synthesized oligomers possess structural flexibility and chemical
stability, making them promising materials for anticorrosion coatings, sealing
compounds, and composites.

Future work should include thermal analysis (TGA, DSC) and molecular weight
determination (GPC) to further elucidate physical characteristics.
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