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Polyethylene glycol (PEG) is a versatile polymer widely used in various applications including
drug delivery systems, cosmetics, and biomedical materials due to its biocompatibility and
unique physicochemical properties.[1] This research uses computational chemistry methods
to investigate the electronic and structural characteristics of PEG oligomers with different
chain lengths (n=1-6). The computational analysis was conducted using Density Functional
Theory (DFT) with the B3LYP functional and 6-31G(d) basis set implemented in the Gaussian
software. The total energy of PEG oligomers shows a linear decrease with increasing chain
length, from -189.42 Hartree for n=1 to -1136.87 Hartree for n=6. This trend indicates the
increasing stability of longer PEG chains, which corresponds to their polymeric nature. First,
the total energy decreases linearly with increasing chain length, demonstrating the increasing
stability of longer PEG chains. The HOMO-LUMO gap systematically narrows from 8.87 eV
for n=1 to 7.51 eV for n=6, indicating enhanced electron delocalization in longer oligomers.
Specifically, HOMO energy levels rise from -7.56 eV to -6.56 €V, while LUMO energy levels
decrease from 1.31 eV to 0.95 eV as chain length increases. Interestingly, the average CO bond
length remains almost constant across all oligomers (approximately 1.42 A), suggesting that
changes in electronic structure do not significantly affect local bonding geometry.

These computational results provide valuable insights into structure-property relationships in
PEG oligomers. They can help guide the rational design of PEG-based materials for applications
in drug delivery, tissue engineering, and biomedical devices.
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