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Introduction
In the present work, polyesters were prepared from Adipic 
Acid (AD), Glycerol (GLY), and Ethylene Glycol (EG) in a 
surfactant system of (DBSA) and (SDS) in microemulsions of 
water/surfactants. The experimental results of polyester synthesis 
revealed polymer aggregates that were relatively narrow, spherical, 
and ellipsoidal, including prolate ellipsoidal (𝑅ₐ > 𝑅_b = 𝑅_c) and 
tri-axial ellipsoidal (𝑅ₐ ≠ 𝑅_b ≠ 𝑅_c) structures. The molecular 
dynamics (MD) technique is used in this paper to investigate the 
interaction of an anionic SDS and DBSA micelle with a polymer, 
poly (ethylene adipate), and polyethylene glycol (PEG), an 
aliphatic polyester synthesized from a polycondensation reaction 
between ethylene glycol and adipic acid. The density functional 
theory (DFT) method was used to characterize the electronic 
structure of SDS and DBSA. The main proposition put forth 
by this study is that the synthesis of polyesters through the use 
of surfactant catalyst systems is strongly influenced by micelle 
shapes, aggregation numbers, and H-bonds.
	
Materials and Methods
Materials
Adipic acid, ethylene glycol, diethylene glycol, polyethylene 
glycol, SDS and DBSA were used as received. Deionized water 
was employed in all experiments.
	
Polymerization Procedure
Polymerizations were conducted in aqueous media with surfactant 
(SDS or DBSA). After surfactant dissolution, adipic acid and the 

selected diol or triol were added, followed by acid or Lewisacid 
catalysts. Reactions occurred at 40-95°C for up to 20h. Products 
were precipitate with methanol, filtered, washed, and dried.
	
Characterization Techniques
Surface tension and conductivity measurements determined critical 
micelle concentration (CMC) and micellization thermodynamics. 
FTIR and NMR confirmed ester formation. DSC provided thermal 
properties. Molecular weights were estimated via intrinsic viscosity 
using the Mark-Houwink-Sakurada relationship.
	
Computational Methods
Molecular structures were optimized using DFT (B3LYP 
functional). Force-field parameters were derived from OPLS-
AA. Micellar systems with SDS or DBSA were constructed with 
experimentally consistent aggregation numbers. MD simulations 
analyzed micelle stability, radius of gyration, hydrogen bonding, 
and polymer–micelle interactions.
	
Results and Discussion
Polymer Characterization
FTIR and NMR spectra confirmed successful polyesterification. 
DSC analysis indicated amorphous materials with low glass 
transition temperatures (–53 to –46 °C). Molecular weights ranged 
from 1,200 to 6,800 g/mol. The polymers exhibited soft-matter 
behavior and low hardness. Morphology varied from gels to 
spherical and ellipsoidal aggregates, depending on surfactant 
system and monomer composition.
	

ABSTRACT
In this study, we explored traditional methods commonly found in the literature to analyze how surfactants and polymers interact during the synthesis of 
polyester in emulsion systems. The study justifies its focus on micellar catalysis by exploring its effectiveness and suggesting methods for enhancing the 
synergy among surfactants, reactants, and catalysis. We looked at factors such as surface tension, critical micelle concentration, micelle shapes, aggregation 
numbers, and interfacial phenomena in the process of macromolecular packing in emulsion polycondensation. A surfactant-water system consisting of 
dodecylbenzene sulfonic acid (DBSA) and sodium dodecyl sulfate (SDS) was employed. Polyesters were prepared from glycerol (GLY), ethylene glycol (EG), 
diethylene glycol (DEG), and dicarboxylic acids in a surfactant-water system under mild conditions ranging from 70–150°C. FTIR and ¹H NMR confirmed 
the esterification. Differential scanning calorimetry indicated no crystallinity and a glass transition temperature range of –53 to –46°C, typical of soft matter. 
The resulting polymers had molecular weights ranging from 1180–6800 g/mol. We found that these polymer aggregate shapes can respond by changing 
their sizes, both in bulk and at the air-solution interface, when the concentration of surfactants is increased above the critical micelle concentration. The 
results showed narrow spherical and ellipsoidal polymer aggregates.
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Interfacial and Thermodynamic Properties
Surface tension measurements revealed typical micellization 
behavior. Ethylene glycol or polymeric species reduced the CMC, 
indicating strong polymer surfactant interactions. Conductivity 
enabled estimation of micellization enthalpy, entropy, and Gibbs 
free energy. Increasing cosolvent content decreased aggregation 
numbers and altered micelle ionization, influencing polymer 
aggregation and precipitation.
	
Molecular Dynamics Simulations
MD simulations showed SDS forms stable spherical micelles, 
while DBSA micelles are more flexible and larger due to aromatic 
stacking and hydrogen bonding. Polymer insertion into SDS 
micelles often led to micelle rupture, while DBSA systems 
accommodated polymer chains at the micelle–water interface. 
Radius of gyration and eccentricity parameters revealed micelle 
shape transitions affect polymer stability and aggregation. 
Hydrogen bonding analysis confirmed micellar head groups 
facilitate esterification and polymer binding.
	
Electronic Structure Analysis
DFT calculations showed DBSA has a smaller HOMO–LUMO 
gap than SDS, indicating higher reactivity and catalytic efficiency. 
Electrostatic potential maps highlighted regions favorable for 
hydrogen bonding and proton transfer, supporting the superior 
catalytic role of DBSA.
	
Conclusions 
Surfactant-assisted microemulsions provide an efficient and 
environmentally friendly platform for polyester synthesis under 
mild conditions. Micelle shape, aggregation number, and interfacial 
hydrogen bonding control polymer formation, aggregation, and 
stability. DBSA micelles offer enhanced catalytic performance 
due to structural flexibility and electronic properties. Combining 
experimental techniques with MD and DFT simulations 
offers a comprehensive framework for understanding micellar 
polymerization mechanisms [1-18]. 
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