
Journal of Molecular Structure, 218 (1990) 285-289 
Elsevier Science Publishers B.V., Amsterdam - Printed in The Netherlands 

INTERPRETATION OF INFRARED INTENSITIES BASED ON THE ATOMIC POLAR TENSOR 

PARTITION. THE ROH MOLECULES (R = H, CH3, NH2, OH, F) 

MARCIA M.C. FERREIRA 

Instituto de Quimica, Universidade Estadual de Campinas 
Campinas 13081, SP, Brasil 

SUMMARY 

The Atomic Polar Tensors (APT) of the H atom for ROH molecules where R = H, 
CH3, NH2, HO and F, are calculated by the ab initio method using the 4-31 G -- 
basis set. The results are interpreted in terms of the charge, charge-flux, 
atomic dipole flux and homopolar dipole flux contributions. 

INTRODUCTION 

It is well known that the experimental infrared intensities are directly 

related to the electronic charge distribution in the molecule. The purpose of 

this work is to look for a better insight of the electronic charge fluactua- 

tions induced by the vibrational motion, by using ab initio quantum mechanical -- 

calculations. The APT formalism (ref. 1) is one of the methods used for 

interpreting and predicting infrared intensities. In the Polar Tensor formal- 

ism, for any given atom C( in the molecule, there exists an APT, represented by 

a 3 x 3 matrix ,ia), whose elements are the quantities apT/ag, = PTg, where p, 

are the components of the dipole moment vector for T = x, y, z and 5 are the 

nuclear coordinates X, Y, Z of atom a. So, if p is taken as the column dipole 

moment vector, we can write 

,ia) = v p . a 

For a closed shell molecule described by a single determinant wavefunction in 

the LCAO approximation, the expectation value for the p, operator in the 

atomic system of units is given by 

(1) 

where P 
!JV 

is the density matrix element and p,v are the atomic orbitals. By 

using the Mulliken populational analysis (ref. Z), the nuclear charge ZA can 

be rewritten and after some algebra, the following expression for the dipole 

moment is obtained (ref. 3) 

< 6,’ = 1 q* s* - c z 2P rA - 1 zA ,B 2P 
-;AB 

where 
A A p<v pv Vv A<B u v 

uv VV 
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In the above equation, qA is the Mulliken's net atomic charge, ~~~ -A is the dis- 

tance from the centroid of the hybrid orbital (P,u) to nucleus A, and the 

integral yAB is the distance from the center of charge to the midpoint of the 

chemical bizd A-B, (p belongs to A and v belongs to B). The second and third 

terms in the eqn. (2) have already been discussed (ref. 3) and identified 

as the atomic dipole and homopolar dipole contributions to the dipole moment, 

respectively. The main interest in this way of partitioning the dipole moment 

comes from its invariance with respect to the choice of origin for the system. 

Taking the gradient of the eqn. (2), a general expression for the APT is 

obtained 

vu p = q, E + ; Q qA)RA - c zA $2Ppv Rtv) - c rA CB $2Pvv R;v"), 
A u<v A<B u v 

(3) 

where E is the identity matrix and RA the vector position of nucleus A whose 

components are CA. The first two terms on eqn. (3), are the charge and 

charge-flux and have already been well discussed before (refs 4,5). The last 

two terms, are called atomic and homopolar dipole flux, respectively, and can 

still be separated, each of them, in two parts if the rule for differentiation 

of products is used when taking the gradient of those terms in the parenthesis. 

The atomic dipole flux involves only intra-atomic off diagonal density matrix 

elements and the respective centers of charge of the hybrid orbitals. For the 

homopolar dipole flux, two different atoms of the molecule have being con- 

sidered. 

RESULTS 

The APT results calculated for the hydrogen atom in some ROH molecules by 

SCF method using 4-31 G basis sets are presented in Table 1. The origin of 

the coordinate system is at the oxygen atom and the OH bond lies on the Z axis. 

R represents one of the following groups: H, CH3, NH2, OH and F. As noted 

before on (ref. 5), in all the cases, the charge flux constributions for the 

polar bond OH are quite small when compared with the charge tensor (for a 

homopolar bond they would be of nearly the same order of magnitude). The 

vectors ap/aroH = (apx/aZH, apy/aZH, ap,/aZH) which are the third columns of 

the atomic dipole and homopolar dipole fluxes are plotted on Fig. 1. As one 

can see in the Fig. 1, for each atom, the atomic (apa/aroH) and homopolar 

(ap'/arOH) dipole fl uxvectorsare by far linearly independent which can be 

interpreted as if they are carrying independent informations supporting there- 

fore the partition used. 

A high negative value of the apalaroH on the atomic dipole flux is obtained 
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for all the molecules and this is mainly due to the change in the (2S,2P) 

hybridization, which implies that the atomic dipole contribution to the dipole 

moment has decreased as the chemical bond is stretched indicating a rear- 

ranging of negative charge on 0 atom. The heavy atom from the R group, also 

gives its contribution to the atomic dipole flux even though it is not signifi- 

cant. Comparing those values with the charge tensor, one can see that they 

ap"/ar,, 
z 0.3 

1 

MULLIKEN ELECTRONEGATIVITY 

7.0 _o.,/ 9;o Ill.0 13.0 

Fig. 1. P lot of the atomic dipole flux 
(aF@/arOH) 
(adVarncl1 

and homopolar dipole flux 
vectors. . . 

Fi Plot of the direction of 2. 2. 
ap /arOH vector given by the tan- 
gent of its angle (e) with the y 
axis versus Mulliken's electro- 
negativity of the R group for ROH 
molecules. 

nearly cancel each other, and so the total ap/aroH is made up from small con- 

tributions. The homopolar dipole flux ap'lar OH, which is related to all bonds 

in the molecule is small, particularly for H20 and FOH molecules. That shows 

that the APT of H atom, has strong atomic characteristics which suggest it to 

be transferable to other molecules with similar behavior for prediction of 

infrared intensities. 

The relationship between the direction of the homopolar dipole flux vectors 

and the Mulliken electronegativity of the R group is plotted on Fig. 2. There 

is a good linear correlation except for the FOH molecule which can be justi- 

fied by the small magnitude of the aph/aroH vector since any fluctuation can 

cause a large variation on the vector direction (if FOH is taken out, the 

correlation coefficient is 0.99 and if the H atom is also excluded the correla- 
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tion coefficient goes to 0.999). 
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