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INTERMOLECULAR POTENTIAL
AND AB INITIO SPECTROSCOPY OF THE AR-CO COMPLEX

The intermolecular potential energy surfaces of the Ar-CO complex have been calculated using MP2, CCSD(T) and
SIMPER-P methods. The comparative analysis of the intermolecular potential energy surfaces calculated using MP2
and CCSD(T) methods is carried out based on the comparison of the components of the total interaction energy using
perturbation theory and monomer dipole-dipole polarizabilitics obtained from experiment and estimated at different
levels of theory. The intermolecular potential energy surfaces are used to calculate the vibrational bound states of the
complex. SIMPER-P method is shown to produce results competitive to high-level CCSD(T) method and to be in

excellent agreement with the results of the experiment.

Introduction

The aim of the present work is to check of
efficiency of the SIMPER-P method applied to the
description of the intermolecular interaction in Ar-
CO complex. In present work we calculate the MP2

and CCSD(T) intermolecular potential energy
surfaces of the Ar-CO complex. We then apply the
SIMPER-P procedure to the MP2 intermolecular
potential energy surface to obtain the SIMPER-P
intermolecular potential. The comparison of the
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Figure 1: Contour plot in Jacobi coordinates of the SIMPER-P intermolecular potential energy surface
of the Ar-CO complex. The successive contours are spaced by 10 em!

intermolecular potentials calculated using different
methods is carried out by the analysis in terms of
components of the total interaction energies in the
vicinity of the global minimum using intermolecular
perturbation theory and monomer properties.
SIMPER-P, CCSD(T) and MP2 intermolecular
potentials are then used in the calculation of the
rovibrational bound states of the Ar-CO complex.
The energies of the calculated rovibational bound
states are compared against existing theoretical
predictions and experimental measurements.

Calculations and results

The bond distance of the CO molecule is fixed
at its equilibrium length of 2.132 a, [1]. The
intermolecular potential energy surfaces are
calculated using MP2 and CCSD(T) supermolecule
methods with the SP-aug-cc-pV3Z basis set [2]. A
polar coordinate system is used to construct and
represent the intermolecular potential energy surfaces.
The intermolecular geometries are described by the
R and 6 coordinates of the Ar position vector R with
the origin coinciding with the center of the C-O bond
and C-O bond directed along the positive z axis with
C atom located on the negative z axis. The SIMPER-
P intermolecular potential energy surface is obtained
by applying the SIMPER-P method to the MP2
intermolecular potential energy surface [2].

The contour plot describing the intermolecular
potential energy surface of the Ar-CO complex is
shown in Figure 1. As in previous works [1,3] we
found only one minimum corresponding to a T-shaped
structure of the Ar-CO complex. The comparison of
MP2, SIMPER-P and CCSD(T) interaction energies
in the vicinity of the minimum is shown in Table 1.

As can be seen from the Table 1, MP2 method
overestimates the interaction energy in the vicinity
of the equilibrium geometry of the complex by 9 %
compared to CCSD(T) method. In order to
investigate the possible sources of the deviation of
MP2 results and the effect of applying the SIMPER -
P method we carried out the comparative analysis in
terms of components of the total interaction energies
using intermolecular perturbation theory. Components
of the MP2 and SIMPER-P interaction energies are
shown in Table 2.

We observed from Table 2 that the dispersion
energy is the dominant component responsible for
binding in the Ar-CO complex and the MP2 method,
equivalent to UCHF method [2], considerably
overestimates the dispersion energy, which is proved
by comparing the static isotropic polarizabilities of
the Ar and CO molecules estimated at different levels
of theory shown in Table 3.

We used the RPA method to calculate the
SIMPER-P non-expanded dispersion energies in
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Table 1. Interaction energies of the Ar-CO complex in the region of equilibrium configuration estimated
at three levels of theory

Orientation Interaction energies (cm™)
R (a.u.)/ © (degrees) MP2 ‘ SIMPER-P ‘ CCSD(T)
7.00/90.0 -110.952 -102.986 -101.918

Table 2. Components of the MP2 and SIMPER-P total interaction energies (cm-!) in the vicinity
of the minimum of the Ar-CO intermolecular potential energy surface,
obtained with the sp-av5z basis set. 0 is given in degrees, R — in atomic units

Geometry/Energy clectrostatic induction dispersion exchange-repulsion
R/® MP2 SIMPER MP2 SIMPER MP2 SIMPER MP2 SIMPER
7.0/90.0 -42.53 -38.99 -21.54 -22.01 -222.55 -204.97 175.67 162.98

Table 3. Calculated and experimental values of Ar and CO spherically averaged polarizabilities in atomic units

cO Ar
Property Value (a.u.) Property Value (a.u.)
Oy oprp 11.281 Oy oprp 10.076
Olppy 12.337 Olppy 10.713
ocEXp[4] 13.1 ocEXp[S] 11.1

Table 4. Comparison of frequencies (in cm™!) of intermolecular bending (1,0) and stretching(0,1) modes

Method (1,0) (0,1) Reference

MP2 11.981 20.963 This work
CCSD(T)/avqz+(33211) 11.729 18.004 [3]

CCSD(T)/sp-av5z 11.795 17.861 This work

SIMPER-P 11.94 17.63 This work
Experiment 12.014 18.110 [1]

present work and the comparison of polarizabilitics
shows that RPA method reproduces the experimental
values more accurately compared to UCHF method
which underestimates the polarizabilities by 14 %.
We used the SIMPER-P intermolecular potential
energy surface to calculate the rovibrational spectra
of the Ar-CO complex. Bound states for the
SIMPER-P potential are calculated using the program
BOUND [6]. The calculated transition wavenumbers
are compared in Table 4 with experimental values
and existing theoretical predictions.

As can be seen from Table 4, the SIMPER-P
surface gives the bending and stretching transitions
which are in excellent agreement with the
experimental and existing CCSD(T) values, while
MP2 surface overestimates the value of the
experimental stretching mode frequency by 14 %.

Conclusions

The intermolecular potential energy surfaces of
the Ar-CO complex have been calculated at three

levels of theory - MP2, SIMPER-P and CCSD(T).
The MP2 method is shown to overestimate the
dispersion energy component resulting to the
overstimation of binding energy, SIMPER-P is shown
to produce the potential energy surface that is close
to the CCSD(T) potential. The effect of applying the
SIMPER-P procedure to the MP2 intermolecular
potential is analyzed by comparing the monomer
properties and using intermolecular perturbation
theory. Comparison of spectroscopic properties
calculated from SIMPER-P potential and existing
theoretical and experimental predictions shows that
SIMPER-P is competitive to CCSD(T) method, while
MP2 predicting qualitatively correct results
considerably overestimates the binding.
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Pe3siome

MP2, CCSD(T) xone SIMPER-P snicTepi apKbUIbI Ar-
CO KoMILIeKCiHiH 0eT KadaT ITOTEeHIMAIIBIK, SHEPIUSICHI
ecenTenred. Ockl YIII oaicTiH 3¢hdeKTilir KaThbHACTHIH TONBIK,
SHEPTUSICHIH XoHe ITOTeHIIMAIIbH opTYpIi GelmekTepi
MOHIEPIH CalbICTBIPY apKbLIbl aHbIKTaIFaH. KOMITIeKCTIH
cIeKTpalibl mapaMmerpiepi ecenrenred. SIMPER-P amiciHin,
JIOJIIIT XarbIHaH Xoraphbl AeHreiini 6onbm KeneTiH CCSD(T)
oliciHeH KAJIBICTIANTHIHIBIFBI KOPCETUITEH.

Pe3srome

Merogamu MP2, CCSD(T) u SIMPER-P 6b11u paccunra-
HBI TOBEPXHOCTH MEKMOIEKYISIPHO M TOTEHIMATLHON SHEPT U

xominiekca Ar-CO. bbUI ITpOBEAEH CpaBHUTENBHBIM aHAIHU3 I10-
BEPXHOCTEH MEKMOJIEKYIISIPHOH ITOTEHITMATBHOM SHEPIUH pac-
cunra’HbIX Merogamu MP2 u CCSD(T) cpaBHeHHEM KOMIIO-
HEHT II0JIHOM SHEPIUH ¢ HCIIONb30BaHUEM TEOPUU BO3MY ITICHIH
U TIOTISIPU3Y EMOCTEH MOHOMEPOB, IOJIy YeHHBIX U3 KCTIEPHMEH-
Ta ¥ HECKOJIBKUX Y POBHEH TeOPETHYECKHUX OIIeHOK. Mexmorne-
KyJISIpHBIE IIOBEPXHOCTH IIOTEHIMATTHHON SHEPIrHH ObLIH UCIIONb-
30BaHBI IS pacuéra KoleGaTeIbHBIX YPOBHEH KoMILiekca. B
paGoTe nokaszaso, uyro Merol SIMPER-P nipousBo Ut pesyib-
TaThl, HE YCTyIAIONHE 110 TOYHOCTU pe3ylIbTaraM MeToja
CCSID(T) u Haxopgmuecs B OTIMYHOM COIVIACHUU C DKCIIEPU-
MEHTAIBHBIMU JJAHHBIMIL.
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