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The molecular electric dipole, quadrupole and octupole moments of a selected set of 21 spin-compensated molecules are determined employing the extended version of the Piris natural orbital functional 6 

(PNOF6) [1], using the triple-ζ Gaussian basis set with polarization functions developed by Sadlej, at the experimental geometries. The performance of the PNOF6 is established by carrying out a statistical 

analysis of the mean absolute errors with respect to the experiment. The calculated PNOF6 electric moments agree satisfactorily with the corresponding experimental data, and are in excellent agreement with the 

values obtained by accurate ab initio methods, namely, the coupled-cluster single and doubles (CCSD) and multi-reference single and double excitation configuration interaction (MRSD-CI) methods.

The interpretation and understanding of intermolecular forces, particularly those related to long-range electrostatic interactions, require knowledge of the electrostatic moments, i.e., the electric moments are 

essential in order to provide simple ways to figure out the electric field behaviour of complex molecules without knowing the original field [2]. Moreover, electrical properties give information about molecular 

symmetry. Theoretical calculations are essential to provide molecular electric moments independently of experimental conditions, at the same time that the predictive quality of the method is tested. 

The natural orbital functional (NOF) theory [3] is an alternative to conventional ab initio approaches and density functional theory (DFT). In this context, the last functional proposed by Piris, PNOF6, has 

proved a more balanced treatment of both dynamic and non-dynamic correlations [1,4-6]. To our knowledge, this is the first NOF study of higher multipole moments such as quadrupole and octupole moments.
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xyz octupole moment for methane

PNOF6(1) / sadlej-pVTZ:      Ω(xyz) = 2,0600 a.u. 

PNOF6(14) / sadlej-pVTZ:    Ω(xyz) = 2,1142 a.u. 

CCSD / sadlej-pVTZ:        Ω(xyz) = 2,0595 a.u. 

EXP(JCP,62,3807(1975)):    Ω(xyz) = 2,95 ± 0,17 a.u. 

PNOF6(N
c
) is able to predict electric properties as accurate as high-level electronic 

structure methods such as CCSD or MRSD-CI, therefore the functional computes 

quite accurately the charge distribution of molecular systems.

For dipole moment, the MAE value for the selected set of molecules is 0,309 a.u., 

while the MAE obtained for quadrupole moment is 0,1291 a.u., which competes 

with the corresponding to CCSD (0,0902 a.u.) and MRSD-CI (0,1448 a.u.) 

methods. Remark the results obtained for Carbon Monoxide, Benzene, and Ozone. 
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