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Abstract:

The present work aims to assess and contrast the performance of two
computational approaches: Density Functional Theory employing the
B3LYP/6-311++G(d,p) basis set, and the semi-empirical PM6 method, for
predicting the structural, vibrational, and electronic features of three
triatomic species with environmental significance: CO2, H20, and O3. All
quantum chemical computations were carried out using Gaussian 09 Rev.
C.01 software. Vibrational frequency scaling factors obtained from the NIST
CCCBDB were applied.This study contributes in three key aspects:

Firstly, it establishes a standardized quantitative framework to benchmark
different theoretical methods against the same molecular set.

Secondly, it employs accurate statistical tools, namely MAE and RMSE, to
compare the calculated results with reference data from the NIST
Computational Chemistry Comparison and Benchmark Database. Thirdly, it
connects the computational findings to practical applications, by relating the
HOMO-LUMO energy gap to the photocatalytic activity of O3, and to the
adsorption potential of CO2 for material design purposes.The findings
confirmed that all optimized geometries have no imaginary frequencies,
indicating that they represent true minima on the potential energy surface.
The B3LYP/6-311++G(d,p) level provided high accuracy with deviations
below 1% for bond distances and below 4% for vibrational modes. In
contrast, the PM6 method offered a reasonable trade-off between
computational efficiency and precision, showing deviations in the range of
2-5%.
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