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Abstract
In this work, we show the variance in basis set choice
on the accuracy of vibrational frequencies (VF) in ten small
molecules. The basis sets assessed are, cc-pVDZ, and ccpVTZ by comparison to standards from the NIST
experimental VF database in the Computational Chemistry
Comparison and Benchmark Database (CCCBDB). Our
results suggest that the most appropriate basis set choice is
cc-pVTZ. We also look at the efficiency of Gaussian for each
basis which is determined to have an average error of
0.0156% when using CCSD(T)/cc-pVTZ. We conclude that
for small molecule VF, the most accurate choice is the
CCSD(T)/cc-pVTZ combination.

Results
From Figure 1, it is apparent that the CCSD(T) theory
with the cc-pTZ is the most accurate because of its low error
distribution as compared to the NIST experimental vibrational
frequency database. Figure 2 suggests that again the
CCSD(T)-cc-pTZ has the least error as compared to the NIST
database of computationally calculated vibrational frequency
data. While there is marginal error in both of these theorybasis sets it still provides the most accurate as predicted
stemming from the inherit accuracy described in literature.
Table 1 shows the absolute average percent error for each
theory and basis set which again supports the claim that
CCSD(T)-cc-pTZ is the most accurate for small molecule
vibrational frequency calculations.

Introduction
The use of computational modeling to both support and
explain experimental data in literature is becoming a more
common occurrence. In this work, we used Coupled-Cluster
theory which was developed to describe many-bodied
systems used to solve post Hartree-Fock calculations. This
created a very accurate and functional way to perform ab
initio quantum calculations. The way a Coupled-Cluster
theory form is written depends on the functions it performs.
CCSD, uses the exponential cluster operator and a full
treatment of single and double excitations.1,2 However,
CCSD(T), is the same, but the parenthesis around the T
symbol indicates that there is an estimation of tripled
excitations by using many-bodied perturbation theory.2 In
terms of basis set, the increase in zeta value corresponds to
an increase in the number of functionals used to calculate
the Schrödinger equation. In this work, we used cc-pVDZ
and cc-pVTZ which correspond to double zeta and triple zeta
respectively.3 In the double zeta set, there are two basis
functional for each atomic orbital, and three for each atomic
orbital in the triple zeta set. The increase in functionals
allows the orbitals to expand or contract as other atoms
approach it to get a better estimate of the electron
interactions.3 The comparison of theoretical calculations and
experimental measurements of vibrational frequencies are a
key factor in molecular structure correlation design.

Method
All calculations were performed using Gaussian 04 with
the online software WebMO 14.0.006p interface. All
structures optimization using the geometry optimization
function before the vibrational calculations were. All
calculated frequencies were multiplied by the vibrational
scaling factor to better match experimental data. The scaling
factors for each theory and basis set were found in the NIST
CCCBDB. All data were then compared and graphs
generated by determining the percent error in the calculation
as shown in equation 1.
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Where νc is our calculated frequency and νr is the
reference value from either the experimental database or the
calculated benchmark database. Statistical analysis of data
included t-tests.

It is most probable that errors in the comparison
between the NIST experimental database and the values
calculated in this work stems from the treatment of each
vibrational calculation as harmonic and only multiplying by an
anharmonic constant obtained from the CCCBDB. It would be
most appropriate to model as anharmonic with the use of a
morse potential. However, this would increase both the cost
and time of the calculation. The errors in the computationally
calculated values could possibly stem from differences in
energy minimization (described in methods) or also
differences in anharmonic scaling factors used.
This work has shown that the most accurate theory/
basis set combination for small molecule vibrational
frequencies is CCSD(T)-cc-pTZ, and that our Gaussian
program calculates values with no statistical significance
between the NIST reported calculated values. However, the
results also reveal problems with calculated anharmonic
frequency scalars which could skew harmonic potentials
away from the more appropriate anharmonic potential.
Further research of either recalculating each scaling factor for
the basis/set theory combination or treating each calculation
as an anharmonic mores potential calculation could
potentially resolve some of the error.
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