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The inversion potential function and the dominant (in- plane) 
and inversion-(in-plane) force constants are calculated by means 
of the fourth-order many-body perturbation theory in the extended 
double-zeta-plus polarization basis set. Using the ab initio potential 
surfaces and the non-rigid invertor Hamiltonian the inversion 
energy levels of 14NH3 are calculated. Despite the significant re
sidual error in the perturbation expansion, the results indicate that 
the full fourth order procedure may be considered as a reliable 
tool for studying vibrational anharmonicity in other non-rigid 
molecules. 

1. INTRODUCTION 

The internuclear potential energy V of a polyatomic molecule is a com
plicated function of the vibrational displacements. The general form of V is 
not known and as yet it has not been derived from theory. The practical 
determination of V is made very difficult by this fact, especially in the case 
of non-rigid molecules. The standard power series expansion approximating V 
might not be strongly converging in such cases and, thus, the number of 
corresponding force constants may become unmanageably large. To overcome 
this limitation it is necessary either to use certain model assumptions concerning 
V or to include ab initio data. 

A suitable function modelling V must be determined on the basis of pre
vious experience. The use of the ab initio information is much more straight
forward. However, this approach has also disadvantages. The main difficulty 
is the uncertainty in the accuracy of the ab initio information. Hence, prior 
to using the ab initio data, it is very important to assess the reliability of the 
used theory. 
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In the present paper the inversion potential function of the NH3 molecule 
is studied by means of the many-body perturbation theory (MBPT) in the 
extended double-zeta-plus polarization (DZ + P) basis set. The aim of this 
study is to assess the effect of correlation energy in various orders of per
turbation expansion (through the fourth order) . 

2. AB INITIO CALCULATIONS 

The extended double-zeta-plus polarization basis set employed for cal
culations was a Gaussian (9s5pld) basis set contracted to [4s3pld], with all six 
possible d components on N, and a (4slp) set contracted to [2slpl on hydrogen1•2• 

The hydrogen s-type functions were scaled by factor 1.44 Exponents of the 
polarization functions were aa = 0.85 for nitrogen and ap = 1.0 for hydrogen3• 

The SCF calculations were made by using the program POLYATOM/24 

The transformation of integrals and the correlation energy calculations were 
performed by means of the program POLYCOR5• The computational aspects 
of the fourth order MBPT calculations are described in Refs. 6 and 7. 

Points on the energy hypersurface were chosen in order to · sample a wide 
range of values for the inversion coordinate and only partially to probe the 
effects of the remaining vibrational distortions. The geometry parameters and 
t he corresponding total energies are given in Table I. 

3. THE POTENTIAL FUNCTIONS 

In order to assess the quality of the calculated ab initio points it is con
venient to fit them to an analytic potential function. In our case the following 
function has been found adequate (see Refs. 8-9) 

4 2 
V = Vo + ~ K ; h 21 + S1 ~ k ; h 21 + _ 1_ F11 S12 + _ 1_ (F 44 + f 44c2> h2) S 4a2 (1) 

i=l i=l 2 2 

where V 0 is the binding energy of the molecule in its reference configuration 
·(planar configuration with optimal bond lengths, r p), h is the distance from 
the atom N to the plane formed by the three hydrogen atoms, the vibrational 
coordinates S1 and S4a are defined as follows 

S1 = v311r = v3 (r-rP) 

s 4a = (28al - 8a-z - 8 a3)/ v6 == (2a1 - a2 - a3 - 2n)/ v6 

and, the K ;, k ;, F 11, F44 and f44<2> are force constants. 

(2) 

The adjusted force constants and bond length (least squares optimization) 
are given in Table II. The fitted constants are well determined and the standard 
deviations of the fits do not exceed 4 cm-1 (18 X IQ-6 a. u .). 

To allow for a straightforward comparison of the pure inversion poten
tials (i.e. potential energies of molecules inverting with all HNH angles equal, 
and with all bond lengths equal to rp), two additional characteristics are given 
in Table II. Namely, the angle amin for which the inversion potential acquires 
its minimum, and the corresponding inversion barrier height H inv· 
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TABLE II 

The Optimized Potential Function Parameters 

Parameter SCF E(2) D E(2)-(4) E(2)-(4) SCF era D E (2)-(3) SDQR SDTQR 

KifmdA-1 -0.5536 -0.5246 -0.5492 -0.5547 -0.5591 -0.5474 
Kz/mdA-3 2.5872 2.2350 2.3261 2.3201 2.3080 2.162 
K3/mdA-5 -1.1161 -0.9279 -1.0112 -1.0129 -1.0366 -1.03 
K4/mdA-7 1.4689 1.2274 1.3155 1.3192 1.3179 1.54 
k1/mdA-2 -0.9285 -0.9539 -0.9838 -0.9828 -0.9932 -1.190 
k2/mdA-4 -4.3206 -4.0422 -4.0196 -4.0444 -4.0102 -1.90 
k3/mdA-6 o.ob o.ob 0.0" o.ob o.ob -4.64 
F 11/mdA-1 8.1087 7.8880 7.9739 7.8861 7.8242 8.017 
F4J mdA 0.5265 0.4835 0.4886 0.4876 0.4845 0.4514 
f44c2'/mdA-1 1.6721 1.4852 1.5030 1.5102 "1.4887 1.749 

r p/A 0.9870 0.9966 0.9953 0.9969 0.9982 0.9989 

amin/deg 109.0 108.1 108.0 107.9 107.7 107.2 
Hinvfcm-1 1555 1619 1710 1750 1791 1839 

• Taken from Ref. 10. 
b Held fixed. 

4. THE INVERSION ENERGIES 
' 

A very recent SCF CI study10 has revealed that the experimental potential 
function (see Ref. 8) is, to some extent, incomplete. The function does not 
involve certain inversion-(in-plane) interaction terms which have been found 
important for fitting the ab initio data. Consequently, the experimental force 
constants are rather effective and cannot be related directly to the ab initio 
constants. The potential can be compared, however, by means of the cor
responding molecular spectra. 

The functions (1) are, of course, even less complete than the experimental 
potential. Particularly as they describe the »true« (in-plane) potential in a 
diagonal harmonic approximation only. Consequently, the calculated poten
tials are not adequate to calculate the stretching or bending vibrational energies. 
Nevertheless, they can be believed adequate for providing reliable inversion 
energies (see Ref. 11). 

TABLE III 

The Inversion Energies of 14NH3 

Experiment - Calculated 
V 2 Experiment" 

SCF E (2) E(2)-(3) E(2)-(4) E (2)-(4) 
D D SDQR SDTQR 

o+ o.o 0.0 0.0 0.0 0.0 0.0 
o- 0.8 -3.1 -1.1 -0.8 -0.5 -0.3 
1+ 932.4 33.9 23.1 -8.8 -19.5 -29.7 
1- 968.1 -46.9 -11.8 -34.2 -38.3 -40.7 
2+ 1598.5 11.7 37.2 -10.8 -26.9 -44.3 
2- 1882.2 -159.2 -55.1 -89.2 -90.6 -88.0 
3+ 2384.2 -237.3 -87.3 -125.6 -124.0 -116.6 
3- 2895.6 -348.4 -142.7 -181.9 -174.1 -156.9 

a in cm-1• 

b see Ref. 8. 
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The actual calculations of the inversion energies were performed by means 
of the nonrigid invertor Hamiltonian computer program8, assuming f ,.,. = F 33 = 
= F11 and fwJ. = F44· The energies are collected in Table III. 

5. CONCLUSIONS 
The most striking observation from the results is the significant dependence 

of the inversion potential on the fourth-order contributions (see Table II). 
Apparently, the perturbation series is not fully converged. 

The residual error (most likely due to the inadequacy of the DZ + P basis 
set, see Ref. 12) is, however, only, a smaller fraction of the total correlation 
energy contribution. Hence, the MBPT procedure may be recommended even 
at this rather modest level. 
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SAZETAK 

Ab initio MBPT(4) racuni potencijala inverzije NH3 molekule 

Vladimir Keno, Ivan Hubac, Alexander I. Boldyrev i Vladimir Spirko 

Izracunane su potencijalne konstante i potencijalna funkcija inverzije molekule 
14NH3 primjenom perturbacijske teorije vise tijela cetvrtog reda (MBPT(4)), osnov
nog skupa funkcija DZ+P. Iako perturbacijski red nije potpuno konvergirao, autori 
smatraju da je upotrijebljeni model koristan pribor za proucavanje anharmonicnih 
vibracija ostalih fleksibilnih (non-rigid) molekulskih sustava. 




