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Abstract 
The dipole moment derivatives with respect to the 

cart esian coordinates are explained in terms of charge and 
charge flux tensors, which are calculated for the hydrogen 
and fluorine atoms for a series of molecules. The 4-3iG 
basis set is used in these calculations. An atomic charge is 
derived from the charge tensor which is within a narrower 
range of values than Mu1 1 iken’s net at omit charge and in 
excellent agreement with the Mu1 1 iken’s corrected charge for 
the HI0 and CH=OH molecules. 

1. INTRODUCTION 

The analysis of the infrared intensities, formulated in 
terms of atomic polar tensors (APT)C’3 has been widely used 
in the last fifteen years. The APT have been interpreted, in 
terms of quantum mechanical molecular orbital calculations, 
by the charge, charge-flux, overlap (CCFO) modelL8*33 and by 
the recent lr proposedC4’ met hod for the part it ioning of the 
APT. In the present work, the calculated C\PT is interpreted 
according to the charge and charge flux contributions. Also, 
an atomic charge is obtained from this charge tensor. 

The CIPT for a given atom u, Piu), which is the gradient of 
the dipole moment vector $, is g>ven by 

where qu is the Mulliken’s net atomic charge and ,E, a3x3 
unit matrix. The second term in es. (1) is the charge flux 
and the last two are the atomic and homopolar dipole flux 
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cant ribut ionscy_ respect ivel ly , are density matrix 
elements and 
gradient 

RlJv the 
where Pl,V 

respective centers of charge. The 
of the 

tensors, 
product CPU,, $‘c ) in eg (1) yields two 

the bonding charge and another charge flux. So, the 
Mulliken’s net at omit charge added to the bonding charge 
(from the homnopolar dipole flux) gives the total atomic 
charge tensors. By the other hand, the charge flux added to 
the charge fluxes from the atomic and homopolar dipole fluxes 
gives the total charge flux tensor. So, the APT can be 
explained in terms of the total charge and charge flux 
tensors. Host of the time, the total charge tensor is not 
diagonal. Nevertheless, note that the Euclidian norm and the 
averaged trace of the total charge tensor, unlike its 
elements, are invariant upon rot at ion of the axis. 
Consequently they have an intrinsic physical meaning. So, it 
is reasonable to define the atomic charge as followsc5’: 

113 T, C (PfiLharge) (&ulcharge)T norm of the total (2a) 
charge tensor 

or 

l/3 T (P(u!harge) * I average trace 
charge tensor 

of total (2b) 

The .total charge and charge flux tensors have been 
calculated for the hydrogen and fluorine atoms for a series 
of molecules. All calculations were made using a 4-316 basis 
set with the R, bond lying on the Z axis, where R is a heavy 
atom and * stands for either the hydrogen or the fluorine 
atom. 

R. RESULTS 

The total charge and charge flux contributions to the 
hydrogen and fluorine atoms for the studied molecules are in 
Table I. The experimental values also shown in that Table, 
are in good agreement with the calculated APT. Note that the 
RX and PW elements of the charge tensor for the hydrogen 
bonded to the carbon atom have the same order of magnitude 
rang ins from 0.113 for the CH4 to 0. i32e for the CHFa 
molecule. For the hydrogen bonded to other atoms, these 
values grow with the elect ronegat ivit y of the heavy atom. 
The Pxx and Pxr element 5 for the fluorine charge tensor, 
(abount 0.4e) also does not vary among the fluoromethanes. 
The numerical values of the PZZ elements of the hydrogen 
charge tensors grow with the electronegativity of the heavy 
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atom bonded to the hydrogen. For the fluoromethanes, as the 

Cl-i bond is stretched, the Pzz element of the charge tensor 

decreases by appronimatly 0.04e for each fluorine atom added 

to the molecule. Note that for the OH stretching in the HPO, 
CHaOH and HPOP molecules, the Pzz elements are similar (0.657, 
0.649 and 0.635e respectively). On the other hand, when the 
CF stretching is considered, the RI. element of the charge 

tensors depends upon the fluoromethane structure. Note also 

the small values for the Pwx and Pry compared to PZZ elements 
of the charge fluxes on the fluorine tensors, indicating that 
for deformat ion movements it does no occur a signi*icant 
change in the charge distribution among the atoms in the 
molecule. So, the Pxx and PVV elements of the fluorine polar 
tensors are essentially the corresponding elements of the 
total charge tensor. The electronegativities of the hydrogen 
and the carbon are similar, consequent 1y , the CH bond is 
weakly polar and a reasonable charge flux is expected when 
the CH bond is stretched. On the other hand, the charge flux 
decreases when the number of fluorine atoms in the molecule 
increases. 

Note that for the HnO, NH= and CHFI molecules, when the 
OH, NH and CH is respectively stretched the charge and charge 
fluxes cant ribut ions for the hydrogen polar tensor are 
equal ly import ant but with opposite sign, cancel 1 ing each 
other. Numerical errors in one or both of these 
contributions will have a great effect in the final value of 
the Pzz element which is numerical Iy small That can be a 
source of difficulties in the theoret ical predict ion of the 
band intensities for the stretching mode. For the H,O and 
NH= molecules, the results are shonw in Table II, suggesting 
a similar behavior for the CHF, molecule. 

The calculated at omit charges, given by the norm (es. 
(2a) 1 and by the averaged trace (eq. (2b)) of the charge 
tensors are in Table III. Note that for the hydrides, HF, 
HnO, NH, and CH.,, there is an increasing of the hydrogen 
charge with the electronegativity of the heavy atom The 
charge obtained for the hydrogen bonded to the oxygen in the 
HnO, HnOp and CH=OH are nearly constant (0.460, 0.468 and 
0.453e for the averaged trace and 0.481, 0.406 and 0.472e for 
the norm) leading to the conclusion that it is independent of 
the molecule. The atomic charge obtained for the hydrogen 
and fluorine in methane and fluoromethanes are practically 
insensitive to the presence of the fluorine atoms and in a 
narrower range of values than Mu1 1 iken’s net atomic charge 
Also, for those hydrogen atoms, the atomic charge decreases 
with increase in the number of fluorine atoms in the molecule 
while the opposite happens to the Mulliken’a charge. The 
atomic charges obtained by the averaged trace on the above 
formulation are in excel lent agreement with the Hulliken 
corrected chargecl”‘, (which reproduces the dipole moment), 
proposed by Oussoni et all. for the hydrogen in the H,O and 
CHoOH molecules. On the other hand, there is a poor 
agreement for the methane and methyl fluoride although they 
vary in the same direct ion, unlike the Mulliken’s charge. 
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Table I. 
Calculated charge, charge flux and the experimental tensors. 
Units are (e). 

molecule charge charge flux total enp.’ 
u-....--uuI-- _____-_--_-____I_U---- 

L 

0.459 

I[ 

8.069 

11 
8.519 

I[ 

9.415 
HF 0.459 e.bbb 0.519 e.415 

8.724 -0.456 e.268 b.317 1 
[ b.362 I[ 8.182 

&To a.362 b.bbS -b.b26 -9.835 
-8.bb4 b.657 I[ 

6.463 9.329 
8.336 -b.b3b 0.247 -0.064 

-8.094 -b.S63 I[ -8.098 b.894 -b.b49 8.132 1 
w3 ! 8.259 -0.858 

8.259 -b.e13 

11 

e.b8b b.831 
8.569 Ii 

b.2@1 8.141 
8.339 e.ele 8.238 b.b37 

-e.l2b -#.A14 I[ -8.12e -b.b45 b.eb3 b.b35 I 

! 

8.113 -e.b3s I[ I[ 

e.e78 

I[ 

8.862 
C!!, 8.113 -em O.b75 e.862 

8.447 -8.625 -b. 170 I -b. 133 

[ 

0.392 b.bll I[ b.e02 -8.814 -b.eeb IL 8.474 e.893 -b.bbb 

~zo2 8.365 b.b35 -e.l25 -8.112 e.240 -e.e77 
b.b2S 8.649 -8.814 -b.b58 -0.439 e.814 -b.b33 I 

- 
8.210 1 

I 8.368 

I[ 

8.007 IL 8.455 8.269 
CH $H 8.356 b.b39 -0.872 -e.e68 6.204 -e.e29 I[ e. 161 b.el8 

b.elb 8.635 -b.ess -9.404 -9.839 8.m -b.e7e e.141 I 
i e.116 -9.847 

CM 6.126 -b.b26 

I 11 8.869 
-8.148 e.bl7 -b.b14 -e.(o9 

I 

8.873 
8.812 b.b21 

-0.822 0.419 0.835 -0.552 8.813 -8.142 1 -8.887 -8.142 

0.126 -0.142 -b.416 1 b.eee 

QzF2 [ 8.131 -b.e22 
I 

-8.114 b.el4 

I[ 
8.817 -8.8b8 

JL 

e.841 e.bb3 
-8.018 e.371 0.046 -b.48b e.828 -e.ib9 I e.e3o -8.125 

CHF3 
[ 

8.132 

1 

-9.147 
I 

-8.815 I[ I[ b.e32 
8.132 -b. 147 -e.bls 8.032 

8.341 L -0.388 -8.847 1 -0.@72 

0.414 0.834 -b .38e -8.26 
CH& [ -8.413 Ii b.831 -0.382 -8.26 

-0.474 
I: 

-8.362 I[ -0.836 -8.93 I 

-0.39b 

L I[ 0.811 -0.378 I[ -b.25 
W2 -0.419 8.054 -e.b21 -b.bbB -8.441 b.b46 

0.811 -b.491 -8.841 -8.477 I[ -b.27 b.22 
-b.b3@ -8.878 -b.b2 -em 1 

[ -8.401 Lb. 436 -8.437 -0.29 

CKs -8.306 0.067 IL -8.837 -0.815 Ii -0.423 b.bS3 I[ -e.29 b.bS 
b.bl3 -8.352 -b.b&2 -8.584 -8.849 -b.856 -b.l2 -8.95 1 

[ -8.396 -8.849 I[ 1 -b.436 
CE 4 -0.389 

![ 

-8.33 
-e.b48 -b.437 

-8.338 -b. 434 1L 
-8.33 

-8.775 -8.92 I ~-~.,,--.~.,~u~~~-y-,-,,-I-~~~~~uy~.~ 

l HF, HpO, NHo, CHo OH and C.&F fro@ ref. Cbl and properly rotated; Cj& froa ref. C73i CbFP 
from ref.CBl; CjjFs froa ret; C91; CH& CH& and CE. froa ref.Clbl. 
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Table II. 
Predicted intensities obtained by using the 4-3IG and 6- 
BIG*“baeis set and the experimental values. Units are 
Km/mol 

molecule basis set predicted* experimental’ 
~~IU~~UNI___~____-I_-~-~-~~-~~~~~~~~-~~~~~~~~~~~~~~~~ 

H,O (V,) 4-31G 2.8 
6-31GM I6 2.2 

NH, (V, +v+ 4-31G 28.6 
6-3IG** I.6 II.4 

.______I.I~I-.II__I~~~~~~~~--.~~~~.~~.~~~~~~~,~~~*~~~~~~~~~~~~~~~” 

* from ref. Cl11 

Table III. 
Calculated at omit charges, Hulliken’s net at omit and 
corrected charges. Units are (e). 
1~1_1_1~___~ll~m_~._IIII__UUII___Y___I_,~~~~~~.~~~~~~~~~~~~~~,~ 

molecule calculated atomic Mulliken Mulliken 
charge * corrected** 

charge 
averaged trace norm 

FH 0.547 0.561 0.479 0.SI0 
X;O 0.464 

Ci2 

0.460 0.362 0.481 0.391 0.393 0.298 

0.224 0.274 0.153 0.120 

!AObH 
CY;F- 

0.460 0.453 0.486 0.472 0.432 0.399 
0.217 0.257 0.166 0.456 0.109 

3’2 

CiYJ 
0.209 0.202 0.239 0.224 0.186 0.217 

-0.434 -0.435 -0.464 

Z&2 -0.403 -0.380 -0.405 -0.382 -0.438 -0.405 
CT& -0.374 -0.375 -0.369 
.“*~_N”~U_Y_II-.~I~~_I-l-~.~~~~~~~~~~~~-~~~~~~~_~~~~~_____~,____~,_ 

* for the fluromethanes, the at omit charges are from ref. 
C53. 
** from ref. Cl23 
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