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Abstract Ttte e l e c t r i c  d ipo le  moment o f  some diatomic molecules i s  calcu- 
l a ted  usir ig the Va r ia t i ona l  Cel l u l a r  Method. The r e s u l t s  obtained f o r  
the CO, Htl, HF and LiH molecules are  compared w i t h  other ca l cu la t i ons  
and w i t h  experimental data. It i s  shown tha t  there i s  st rong dependence 
o f  the e l e c t r i c  d ipo le  moment w i t h  respect t o  the geometry o f t h e c e l l s .  
The p o s s i b i l i t y  o f  f i x i n g  the geometry o f  the problem by g i v i n g  the ex- 
perimental value o f  the d ipo le  moment i s  discussed. 

1. INTRODUCTION 

Tlle mot lva t ion  t o  ca l cu la te  the e l e c t r l c  d lpo le  moment f o r  some 

closed-shel l ,  heteronuclear, d iatomic molecules, i s  not  o n l y t h e i m p o r t -  

ant  r o l e  that  t h i s  quan t l t y  p lays i s  atomic and m o l e c u l a r  p h y s i c s .  

Although we know tha t  the I n t e n s l t y  i n  the i n f ra red  spec t rao fad ia tom ic  

molecule depends e s s e n t i a l l y  on the v a r i a t i o n  o f  the e l e c t r i c  d ipo le  

moment w i t h  the interatomic distance, and tha t  the knowledge o f  t h i s  

quan t i t y  i s  c r u c i a l  i n  order t o  compute rad ia t t ve  f i fet imesl ,  the maln 

reason t o  study the d i e l e c t r i c  d ipo le  moment based on the v a r i a t i o n a l  

c e l l u l a r  inethod, i s  the necessl ty t o  have a  more r igorous c r i t e r i o n  

than the one a c t u a l l y  i n  use, (v lde  sect ion 2 i n  what fo l lows)  t o o b t a i n  

one important parameter i n  VCM. 

This parameter f i x e s  the p o s i t i o n  o f  the plane separating the 

c e l l s  t ha t  surrounds the atoms o f  the molecule. Va r i a t i on  o f  t h i s  par-  

ameter produces s i g n l f i c a n t  changes i n  the ca lcu la ted po ten t i a l  c u r v e  

and consequently i n  the spectroscopic proper t ies  o f  the diatomic mol- 

ecule. For an homonuclear d iatomic molecule the separating plane passes 

through t + e  middle o f  the interatomic distance and o f  course i s  perpen- 

d i c u l a r  t o  the symmetry a x i s  o f  the molecule. I n  t h i s  case there are  no 
- 
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problems in the determination of the location of the plane. The same 

does not happen when the molecule is heteronuclear. Given the inter- 

atomic distance and the localization of the plane, the cells 1 and 2, 

which encircle the two atoms of the molecule, are complete; y known, 

according to Figure 1 .  When the plane moves to the right or to the left 

the radil of the inscrlbed spheres 1 and 2 of Figure 1 vary. Any mol- 

ecular property depending on the size of the atoms wi I 1  consequent l y 

vary too. 

The molecular electric dipole moment is a physical quantitywith 

these characteristics and depends strongly on the location of the 

separating plane. We thought of using the value of this quantity to 

establish a crlterlon to determine the positlon of the plane along 

the axis of the molecule: - the position must be such that the calcu- 

lated dipole moment results as close as posslble to its experimental 

value. 

Fig.1 - P P '  isthe separating plane. 
The curved surfaces P  X  P '  and 
P X '  P '  are the cells that sur- 
round the atoms located at 01 and 
0,. The distance Oi02 isthe inter- 
atomic distance. 

2. CALCULATION 

The mathematical expression for the electrlc dipole moment in 

the VCM is given in Debye units by2 

In the above expression Q, and Q, are the electronic charges inside the 

inscrlbed spheres 1 and 2 of Fig. 1, and Is the total charge in the 

Intercellular region, that is, in the region located between the cells 

and the i nscr i bed spheres. 



Zl and Z, are  the p o s i t i v e  nuclear charges, located a t  the pos i t i ons  

O1 and 0, c > f  Fig.1. These charges are  not  necessar i ly  equai t o  the num- 

ber of protons of the atoms 1 and 2 ,  since, t o  s i m p l i f y  the o v e r a l l  c a l -  

cu la t ions ,  those e lec t rons  tha t  belong t o  the h lgh l y  l oca l i zed  states,  

a re  incorporated i n t o  the corresponding nuc le i .  Consequently, Z, and 2, 

are the net  p o s i t l v e  charges r e s u l t i n g  from the superposi t ion o f  the 

protons ancl incorporated e lec t rons ,  The e lec t ron i c  charges Q,, Q2 and & 
are given by the number of e lec t rons  whlch are  not  incorporated i n t o t h e  

nuc le i .  The quan t i t i es  a, and a, are the r a d i i  o f  spheres 1 and ?. The 

numerical f a c t o r  2.541 converts the u n l t s  o f  the e l e c t r i c  d ipo le  moment 
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from the ((?-a,) uni  t s  t o  the Debye u n i t s ,  where 1 Debye = 1 O C G S  u n i t s .  

The u n i t  vector  4, which goes from 0, t o  O,, res ts  along the symmetry 

ax i s  o f  tht? molecule. 

The c a l c u l a t i o n  o f  the e l e c t r i c  d ipo le  moment w i t h  VCM goes 

through the fo l l ow ing  sequence o f  steps. - 
I) The experiment g ives the equ i l i b r i um interatomic distance R e = O , O ,  

o f  Fig.1. Yotice tha t  Re = alia2. To determine the p o s i t l o n  o f  the sep- 

a ra t i ng  p h n e  along the ax i s  o f  the molecule, we impose tha t  the r a t i o  

a /a i s  p ropor t iona l  t o  the r e l a t i o n  between the covalent  r a d i i  o f  the 
1 2  

corresponding atoms. Thus, i f  (rc) i s  the covalent  radius o f  the atom 

located a t  the p o s i t i o n  0, o f  Fig. 1 and (rc), i s  the covalent  rad ius  

o f  the other atom, then a, and a, are  chosen i n  such way tha t  

i i )  I n  VCM the charges Q, and Q, are  determined i n  the same way. For 

the molecular o r b i t a l  a, the p r o p a b i l i t y  P o f  the e lec t ron  being i n  ia 
the c e l l  i, i s  ca lcu la ted from equatlon (30) o f  Reference 3. Ofcourse, 

there we have Pia + PZa + P,, = 1 .  Since we know the o r b i t a l  occupation 

tha t  i s ,  the maximum number o f  e lec t rons  tha t  the o r b i t a l  may conta in  

(2  e lec t rcns  i f  i t  i s  a u o r b i t a l ,  4 i f  I t  i s  r, 6 e t$  we can compute 

the f r a c t i o n  o f  the occupation charge i n  each c e l l  due t o  the o r b i t a l  

a, Adding up these f rac t i ons  f o r  a l l  o r b i t a l s ,  we ob ta in  the t o t a l e l e c -  

t r o n i c  chairge i n  each ce l  i o f  the problem. Equation (37) o f  Reference 3 
-t 

determines the spher ical  1 y symmetric e lec t ron i c  charge densi t y  N;~(P) 



a t  the po in t  r ins ide  the inscr ibed sphere i due t o  t h e  o r b i t a l  a .  

With t h i s  quan t i t y  one can ob ta in  the e lec t ron i c  charge i n s i d e  the 

sphere i due t o  each o r b l t a l  a. Adding these values f o r  a l l  o r b i t a l s  we 

can get  the charges Q1 and Q2 o f  Equation 1 .  

i l i )  The e lec t ron i c  charge Q, which i s  the t o t a l  e lec t ron i c  charge i n  

the reglon between the c e l l s  and thg  inscr ibed spheres, can be obtained 

d l r e c t l y  from the charges Qi already determined above, subt rac t ing  the 

value obtained fo r  the e lec t ron i c  charge i n  the c e l l  i minus the value 

obtained fo r  the charge ins ide  the lnscr ibed sphere i. I n  t h i s  way we 

get  charge which added up t o  a l  I c e l l s  g ives us the i n te rce l  l u l a r  i 
charge & of Equation ( 1 ) .  I n  the way we are using the VCM computer pro- 

gram, which corresponds t o  the geommetry o f  Figure l, we do not  have 

the i n t e r c e l l u l a r  region 3 ,  because the c e l l s  1 and 2 (two ca lo t t es ,  i n  

the case) j o i n  cont inuously and form a unique sphere separated by the 

plane PP', according t o  Figure 1 .  I n  t h i s  case the charge & can be ob- 

ta ined d i r e c t l y  from the charges Q; i ns ide  the inscr ibed spheres. The 

t o t a l  valence e lec t ron i c  charge QT o f  the atoms o f  the molecule i s g i v e n  

by 

Since &, = 0, because there i s  no i n t e r c e l l u l a r  region 3, we ob ta in  

Thismeans t h a t o n c e w e  k n o w t h e c h a r g e s Q  i n s i d e  t h e  i n s c r i b e d  i 
spheres we can compute & immediatel y from the e lec t ron i c  valence charge 

o f  the molecule. 

3. APPLICATION 

We f i r s t  s tudied the HF molecule. Some pre l lm inary  r e s u l t s  con- 

cerning t h i s  molecule appeared l n  Reference 2. We now complement those 

previous r e s u l t s  by obta in lng  the p o t e n t i a l  curve o f  the molecule and 

determining from t h i s  curve the spectroscopical constants o f  the mol- 

ecule. This was done on ly  f o r  the HF molecule. I n  the o ther  cases, VCM 

was app l led  on l y  f o r  the experimental equ i l i b r i um interatomic distance 



R e ,  and i t  was on ly  f o r  t h i s  d istance tha t  the o r b i t a l  energies, t o t a l  

e lec t ron i c  energy and d ipo le  moment were ca lcu la ted.  
+ 

The HF ground s ta te  i s  the s t a t e  X ' C  w h i c h  c o r r e s p o n d s  t o  

the e lec t ron i c  closed she l l  conf igura t ion  la22a23a21.rr4. The l u  molecu- 

l a r  o r b i t a l  comes from the 1s f l u o r i n e  atomic o r b i t a l ,  which i s  very 
t i g h t l y  bound4, so the two e lec t rons  o f  t h i s  o r b i t a l  were incorporated 

i n t o  the p o s i t i v e  charge Z = 9 of the f l u o r i n e  atom. As a consequence, 

the t o t a l  e lec t ron l c  charge Q T o f  the HF molecule was considered t o  be 

equal t o  8 e lectrons,  wh} l e  the posl  t i v e  charge o f  the f l u o r i n e  atomwas 

taken t o  bo equal t o  7. 

Thc:. covalent  r a d i i  o f  the  atoms o f  t h i s  molecule a re  - ( r c  - 
= 0.30 8 aiid ( P ~ ) ~  = 0.64 1 I, so the r e l a t i o n  between t h e  c o v a l e n t  

r a d i i  i s  0.47. The equ i l  ib r ium interatomic distance i s  Re = 1 .733 a o  

and using csquations ( 2 )  and ( 3 )  we can get  the rad i  i o f  the inscr ibed 

spheres 1 aiid 2 as a i  = aF = 1.1789ao and a2 = aH = 0 . 5 5 4 1 ~ ~ .  The values 
7 o f  the exchange-correlat ion parameter a are  the ones obtained by Schwarz , 

except f o r  liydrogen, where we use the value a2  = u R =  0.7723. With these 

input  data For the VCM program, the values o f  the charges Q1 and Q2 i n -  

s ide the ínscr ibed spheres around the f l u o r i n e  and hydrogen atoms were 

obtained, w i t h  r e s u l t i n g  values Q, = 4.883 and Q2 = 0.112, ( i n  u n i t s  o f  

e lec t ron  charge). For the i n te rce l  l u l a r  charge & the value obtained i s  

& = 1.556, i n  the same u n i t  as above. Subs t i t u t i ng  these d a t a  i n t o  
-+ 

equation (1) the obtained va lue f o r  the è l e c t r i c  d ipo le  moment i s  u = 
A 

= -1.14 k debye. According t o  our no ta t i on  the uni  t vector  k i s  d i rec ted  

from the cei i ter  o f  the inscr ibed sphere 1 t o  the center  o f  sphere 2, 

t ha t  i s ,  from the f l u o r l n e  t o  the hydrogen atom. The above r e s u l t  t e l l s  

us t ha t  the vector  d ipo le  moment 1s a vector  d i rec ted  from the hydrogen 

t o  the f l u o r i n e  atom. However, t h l s  i s  not  the co r rec t  sense o f  t h i s  

vector  f o r  t h l s  molecule, according t o  other more r igorous ca l cu la t i ons .  

Besides g l v i n g  the wrong s ign  f o r  the vector  d lpo le  moment the input  data 

used above a l so  gives a too small magnitude f o r  t h i s  vec tor .  

To improve these r e s u l t s  we changed the way of choosing the 

r a d i i  o f  the inscr ibed spheres. Let us consider t h a t  the r a t i o  al/a2 i s  

not on l y  prcsportional t o  the r a t i o  o f  the covalent r a d i i ,  but i t  i s  a l so  

propor t iona l  t o  the e lec t ronega t i v l t y  o f  the  atoms o f  the molecule. I n  

t h i s  way, i ~ i s t e a d  o f  using equation 2, i e t  us use the equation 



where fi i s  t h e  e l e c t r o n e g a t i v i t y  o f  atom 2 .  Since f, = fF = 4.0 and 

f, = f = 2.1 the  r e l a t i o n  al/a2 now becomes equal t o  0.24. Combining 
H 

w i t h  t h e  exper imenta l  v a l u e  R = 1 .733ao, we o b t a i n  a, = 1 . 3 9 7 6 a 0  and 
e 

a2 = 0 . 3 3 5 4 ~ ~ .  

Wl th these new va lues  o f  t h e  r a d i i  o f  

w i t h  a11 t h e  o t h e r s  parameters f l x e d ,  VCM g i v e s  

charges Q1 = 5.819, Q2 = 0.017, and & = 0.846, 

charge. Taking these va lues i n t o  eq. ( I ) ,  t h e  e 

t h e  i n s c r i b e d  s p h e r e ,  

f o r  t h e  e l e c t r o n i c  

i n  u n i t s  o f  e l e c t r o n  

l e c t r i c  d i  p o l  e  moment 
+ -+ 

r e s u l t s  equal t o  v = 1.72 k Debye. The v e c t o r  now p o i n t s  t o  t h e  r i g h t  

d i r e c t i o n  and a l s o  has a magnitude I n  e x c e l l e n t  agreement w i t h  o t h e r  

c a l c u l a t i o n s ,  and wi t h  t h e  exper imenta l  r e s u l  t (vexpt = I .73 ~ e b y e )  '. 
Due t o  the  f a c t  t h a t  new va lues  o f  a, and a,,andconsequently, 

the  new p o s i t i o n  o f  the  separa t ing  plane, g i v e  such an e x c e l l e n t  r e s u l t  

f o r  t h e  e l e c t r i c  d i p o l e  moment, we decided t o  t e s t  whether the  same im- 

provement wobld occur  w i t h  o t h e r  phys tca l  q u a n t l t i e s  a s s o c i a t e d  w i  t h  

t h l s  parameter.  I n  Table I the  o r b i t a l  energ ies  o f  t h e  HF molecule a r e  

presented. 

Table I - O r b i t a l  energ ies  o f  t h e  HF molecule,  i n  Rydberg, f o r  the  i n -  

t e r n u c l e a r  d i s t a n c e  R = 1.733 a o  e 

l O - 52.59 - 52.28 - 48.53 - 48.46 

20 - 3.20 - 2.95 - 2.19 - 2.17 

30 - 1.54 - 1 . I 3  - 0.95 - 0.83 

I ?r - 1.30 - 0.93 - 0.82 - 0.83 

a )  See r e f .  9. b) See r e f .  8 .  c )  Posi t i o n  o f  separa t ing  p lane  accord ing  

t o  eq, (2 ) .  d) Posi t i o n  o f  separat  i n g  p lane  accord ing  t o  eq. (6) .  

The r e s u l t s  t h a t  appear i n  t h e  f i r s t  two columns o f  Table I a r e  a 

SCF-LCAO c a l c u l a t i o n  and those i n  t h e  l a s t  two columns a r e  t h e  o r b i t a l  

energ ies  f o r  t h e  two p o s i t i o n s  o f  t h e  separa t ing  p lane  P P ' .  

Nurnerlcal va lues  corresponding t o  some p a i n t s  o f t h e p o t e n t i a l  



curve  were a l s o  ob ta ined  f o r  t h e  two p o s i t i o n s  o f  t h e  separa t ing  p lane.  

The ' resul t ! ;  f o r  severa1 va lueç o f  t h e  i n t e r a t o m i c  d i s t a n c e  a r e  g i v e n  i n  

Table I I ,  together  w i t h  r e s u l  t s  o f  a  Hartree-Fock c a l c u l a k i o n .  

Table I I  - Numerical va lues o f  t h e  p o t e n t i a l  cu rve  o f  t h e  HF molecule, 

i n  Rydberg, f o r  t h e  two p o s i t i o n s  o f  t h e  separa t ing  p lane  

R(ao)  H F ( ~ )  Energy 
(b) Energy (C) 

1  .o0 - - 200.8012 - 200.5229 

1.20 - - 200.4239 - 

1.40 - - 200.4853 - 201 . I201 

1.50 - 200.1053 - 200.5014 - 201.1258 

1.60 - - 200.5165 - 201.1183 

1.733 - 200.1406 - 200.5131 - 201 .O742 

1.80 - 200.1346 - 200.5110 - 201 .O485 

1.90 - - 200.5084 - 201 .O039 

2.00 - - 200.4723 - 201 

a) See r e f .  9. b) The p o s i t i o n  o f  t h e  separa t ing  p lane  i s  g iven  by eq. 

(2 ) .  c )  The p o s i t i o n  o f  t h e  separa t ing  p lane  i s  g i v e n  by eq. (6 ) .  

Once t h e  p o t e n c i a l  cu rve  i s  ob ta ined ,  some s p e c t r o s c o p i  c a l  

cons tan ts  o f  t h e  molecule, such as v i b r a t i o n a l  cons tan t  w e , d i s s o c i a t i o n  

energy De, e q u i l i b r i u m  i n t e r a t o m i c  d i s t a n c e  Re etc . ,  can be determined 

imed ia te ly .  The t h e o r e t i c a l  v a l u e  o f  Re i s  t h e  v a l u e  o f  R f o r  which t h e  

p o t e n t l a l  curve i s  a  minimum. From Table I I  i t  i s  easy t o  v e r i f y  t h a t  

Re = 1  .60ao f o r  t h e  s i t u a t i o n  5 o f  t h a t  Table, and i t  i s  equal t o  Re = 

= l .50a0  f o r  t h e  o t h e r  p o s i t i o n  o f  t h e  separa t ing  p l a n e . T h e d l s s o c i a t i o n  

energy i s  t h e  energy which corresponds t o  t h e  d i f f e r e n c e  b e t w e e n  t h e  

t o t a l  energy o f  t h e  atoms when I n f l n i t e l y  separated and t h e  energy a t  

t h e  e q u l l i b r l u m  p o s i t i o n .  The energy o f  t h e  atoms H and F when they  a r e  

f a r  a p a r t  i s  g i v e n  by - 199.8186Ry ' O .  Thus t h e  d l s s o c i a t i o n  energy i n  

t h e  case - a o f  Table I I  i s  g i v e n  by 9.49eV1 w h i l e  f o r  t h e  s i t u a t i o n  

i t  i s  equal t o  17.78eV. The exper imenta l  v a l u e  o f  t h i s  e n e r g y  i s  

6 . 4 0 e ~  ". The v i b r a t i o n a l  frequency o f  t h e  ground s t a t e  o f  t h e  HF 



molecule can be ob ta ined  f rom t h e  cont inuous c u r v e  t h a t  can be drawn 

from Table 1 1 .  A parabola i s  a d j u s t e d  t o  f l t  t h i s  cont inuous curve  and 

i f  A i s  the  second o r d e r  c o e f f  i c i e n t  o f  t h e  a d j u s t e d  parabola, i t  i: 

known t h a t  the  v i b r a t i o n a l  frequency me and A a r e  connected by t h e  r e -  

l a t i o nl "  

2A = 5.8883 x 1 0 - ~ ~ w ~ d ~ n / c m  

where p i s  the  reduced mass o f  t h e  molecule.  I n  t h i s  way we o b t a i n  f o r  

o t h e  va lues  4262cn-' and 3915cm-' f o r  t h e  cases a and o f  Table I I e - 
r e s p e c t i v e l y .  The exper imenta l  r e s u l t  f o r  t h e  v l b r a t i o n a l  f requency isr 

4138cm-'. I n  Table I I  I  a1 l t h e  spec t roscop ica l  cons tan ts  d i s c u s s e d  

above a r e  l i s t e d  toge ther  w i t h  t h e  exper imenta l  r e s u l t s .  

Table I I I  - Spectroscopic  cons tan ts  o f  t h e  HF molecule 

MCV (b) Expt . (c) 

Re (a,,) 1.60 l..50 1.733 

a)  The p o s i t i o n  o f  t h e  separa t ing  p lane  i s  g iven  by eq. (2) .  b) The 

p o s i t i o n  o f  t h e  separa t ing  p lane  i s  g i v e n  by eq. (6) .  c )  See r e f .  (1.1). 

d) For R = Re. 

B - Other Molecules 

We have a l s o  s t u d l e d  t h e  BH, C0 and LIH molecules. The c a l -  

c u l a t l o n s  were performed f o r  t h e  exper imenta l  e q u i l i b r i u m  i n t e r n u c l e a r  

d i s t a n c e  o n l y .  The e l e c t r i c  d i p o l e  moment o f  these molecules were c a l -  

c u l a t e d  f o r  t h e  two p o s i t i o n s  o f  t h e  separa t ing  p lane.  

The ground s t a t e  o f  t h e  BH mo lecu le  i s  t h e  s t a t e  X 'C' which 

corresponds t o  t k e  c losed  shel 1 e l e c t r o n  i c  conf i g u r a t  i o n  lu22u23u2. The 

cova len t  r a d i i  o f  the  atons o f  t h i s  molecule a r e  ( r  ) ( r c ) B  = 0 . 8 8 8  
c 1 

and ( r c ) *  = ( r C l H  = 0.30 8 5 .  The r e l a t i o n  between t h e s e  c o v a l e n t  



r a d i i  i s  2.933. The experlrnental equ i l ib r iu rn  distance i s  Re = 1.2325 8,  
so tha t  eq. (2) gives the values a, = aB  = 1 . 7 3 7 5 ~ ~  and a, =aH=0.5924 

a,. If the e lec t ronega t i v i t y  of the  atoms i s  taken i n t o  considerat ion 

according t o  eq. (6) the r e l a t  ion a,/a, becomes equal t o  2.7933 and the 

r a d i i  a, and a, o f  the inscr ibed spheres r e s u l t  equal t o  1.7157a0 and 

0.6142ao, respect ive ly .  I n  Table IV the r e s u l t s  o f  the ca l cu la t i ons  f o r  

the BH molecule a re  presented. 

Table IV - Value o f  the charges, o r b i t a l  energies ( i n  ~ y d b e r g ) ,  d lpo le  

moment ( i n  ~ e b y e )  o f  tpe BH molecule 

M C V ( ~ )  M C V ( ~ )  LCAO 

a) The p o s i t i o n  o f  the separating plane i s  g iven by eq. (2) .  b) Thepos- 

i t i o n o f t h e s e p a r a t i n g p l a n e i s g i v e n b y e q .  ( 6 ) . c )  S e e r e f . 8 .  d )  

For R = Re = 2.3299 a,. 

The ground s ta te  of the C0 molecule 1s the s ta te  X '1' which 

corresponds t o  the closed shel l e lec t ron i c  conf i gu ra t i on  l a 2 2 u 2 3 a 2  1 í ~ '  

4u25u2. Thc! covalent r a d i i  o f  the atoms o f  t h i s  rnolecule a re  given by: 

( rC)  = (rJC = 0.772 8 and (re), = = 0.66 8 The r e l a t i o n  

between the! covalent  rad i  i i s  equal t o  1.1698, and s ince the in ternu-  

c lea r  d istance 1s given by 2.1320ao, the values a, and a, a re  1.1494a0 

and 0.9826a0, respect ive l  y .  These rad i  i, however, become equal t o  1 .16 l5  

ao  and 0.9i'OSa0, respect ive ly ,  when the e lec t ronega t i v i t y  o f  the atoms 

are taken i n t o  consldèrat ion according t o  equation (6) .  The VCM resul ' ts 



f o r  t h i s  molecule u s i n g  these two p o s i t i o n s  o f  t h e  s e p a r a t i n g  p l a n e  

a r e  shown I n  Table V. 

Table V - Value o f  t h e  charges, o r b i  t a l  energ ies  ( i n  ~ ~ d b e r ~ ) ,  d i p o l e  

moment ( i n  Debye) f o r  t h e  two p o s i t i o n s  o f  t h e  s e p a r a t  i n g  

p lane  and f o r  o t h e r  t h e o r e t i c a l  and exper imenta l  r e s u l t s  r e -  

l a t e d  t o  C0 molecule 

a)  The pos i  t i o n  o f  t h e  separa t ing  p lane  i s  g iven  by eq. (2 ) .  b)  The pos- 

i t i o n  o f  t h e  separa t ing  p lane  i s  g i v e n  by eq, ( 6 ) .  c )  See r e f .  8 .  d)  

For R = R = 2.132 a,. e 

The ground s t a t e  o f  the  L i H  rnolecule i s  t h e  s t a t e  x 1 ~ + w h i c h  

corresponds t o  the  e i e c t r o n i c  con f  i g u r a t l o n  la22u2 .  The cova len t  r a d i u s  

o f  t h e a t o m L i  1s equal to2.5255a0 and o f  t h e  H i s  t h e  same as g i v e n  p r e-  

v i o u s l y .  Th is  makes t h e  r e l a t i o n  between them equal t o  0.2776. The ex- 

per imenta l  v a i u e  o f  the  i n t e r n u c l e a r  d i s t a n c e  i s  3.015a0, so t h e  r a d i í  

o f  t h e  i n s c r i b e d  spheres resu l t  equal t o  2.3599ao f o r  L i  and 0.6551 f o r  

H.  These va lues  t u r n  o u t  t o  be 1.9046a0 and 1.1 104ao , r e s p e c t i v e l  y, i f  

t h e  e l e c t r o n e g a t i v i t y  o f  t h e  atoms a r e  used. The VCM r e s u l t s  f o r t h e L i H  



molecule u s i n g  t h e  two setsof  va lues  f o r  t h e  r a d i  i o f  t h e  i n s c r  i b e d  

spheres are! presented i n  Table V I .  

Table V I  - Values o f  t h e  charges i n s i d e  t h e  spheres, o r b i t a l  e n e r g i e s  

( i n  Rydberg) and d i p o l e  mornent ( l n  Debye) o f  t h e  L iH  mol- 

ecu 1 e 

M C V ( ~ )  M C V ( ~ )  L C A O ( ~ )  ~ x p t  . (C 

a)  The p o s i t i o n  o f  t h e  separa t ing  p lane  i s  g l v e n  by eq. (2) .  b)  Thepos- 

i t l o n o f  t t i e s e p a r a t i n g p l a n e  i s g i v e n b y e q .  (6 ) .  c )  S e e r e f .  8. d)  

For R = Re = 3.015 a,. 

4. CONCLUSIONS 

The p o s i t i o n  where t h e  separa t ing  p lane  c u t s  t h e  symmetry 

a x i s  o f  tht: molecule i s  a v e r y  impor tan t  parameter i n  VCM c a l c u l a t i o n s .  

Not o n l y  t h e  r a d i i  o f  i n s c r i b e d  spheres which surround t h e  atoms o f  t h e  

molecule depend on t h i s  paramter, b u t  t h e  charge i n s i d e  t h e  s p h e r e s ,  

t h e  e l e c t r i c  d i p o l e  moment, e t c . ,  depend on i t  too.  

For t h e  C0 rnolecule, f o r  instante, we can see f rom Table V, 

t h a t  a v a r i a t i o n  o f  1% i n  t h e  r a d i u s  o f  t h e  i n s c r i b e d  sphere 1, r e s u l t s  

i n  a v a r i a t i o n  o f  6% o f  t h e  charge i n s i d e  t h i s  sphere.Thecorresponding 

v a r i a t i o n  i n  t h e  e l e c t r i c  d i p o l e  moment i s  35%. For t h e  BP molecule,  

moreover, the  same v a r i a t i o n  i n  t h e  r a d i u s  o f  t h e  f i r s t  sphere produces 

a v a r i a t i o r i  o f  4% i n  t h e  charge Q1 and a 75% v a r i a t i o n  i n  t h e  e l e c t r i c  

d i p o l e  moment. What i s  more impress ive,  however, i s  what happens w i t h  

t h e  L i H  molecule.  A change o f  20% i n  t h e  r a d i u s  o f  t h e  f l r s t  sphere and 



70% i n  t h e  r a d i u s  o f  t h e  second sphere produces a change o f  630% i n  

the  e l e c t r i c  d l p o l e  mornent. These observa t ions  a r e  u s e f u l  t o  cal1 a t t e n -  

t i o n  t o  t h e  s t r o n g  dependence o f  t h e  e l e c t r i c  d i p o l e  mornent o n t h e v a l u e  

t o  the  r a d l u s  o f  t h e  i n s c r i b e d  sphere. Other q u a n t l t i e s ,  l i k e t h e  t o t a l  

energy, do n o t  show such a s t r o n g  dependence on t h e  l o c a t i o n  o f  t h e  

p lane.  The energy o f  the  o r b i t a l s  1s a l s o  approx imate ly  independent o f  

t h i s  parameter, as can be seen f rom Tables I t o  V I .  

Whi le  the cho ice  o f  t h e  p o s i t i o n  o f  the  separa t ing  p lane  made 

accord ing  t o  eq. (6) g i v e s  excel  l e n t  r e s u l  t f o r  t h e  e l e c t r i c  d i p o l e  mo- 

ment o f  t h e  HF rnolecule, t h e  sarne does n o t  happen w l t h  t h e  L i H  m l e c u l e  

For t h i s  molecule t h e  bes t  s i z e  o f  t h e  r a d i i  o f  t h e  i n s c r i b e d  s p h e r e s  

a r e  the  ones t h a t  r e s u l t  f rom t h e  use o f  eq. (2),  i ns tead  o f  eq. (6) . 
Even f o r  o t h e r  rnolecular p r o p e r t i e s  o f  HF which depend on t h e  l o c a t i o n  

o f  t h e  separa t ing  p lane,  such as d l s s o c i a t i o n  e n e r g y ,  e q u  i 1 i b r  i u m  

i n t e r n u c l e a r  d is tance ,  e t c . ,  seern t o  ge t  b e t t e r  va lues  when t h e p o s i t i o n  

c f  t h e  separa t ing  p lane  i s  f i x e d  accord ing  t o  eq. ( 2 ) .  

We can conclude t h a t  i f  t h e  cho ice  o f  t h e  p o s i t i o n  o f  t h e  

separa t ing  p lane  made accord ing  t o  t h e  r a t i o  o f  t h e  cova len t  r a d i i  o f  

t h e  atoms i s  n o t  a  good choice,  t h e  cho ice  made accord ing  t o  eq. (6), i s  

s t i l l  worse s p e c i a l l y  f o r  t h e  molecules HF, BH, C0 and L iH .  
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Resumo 

O momento de d ipo lo  e l é t r i c o  de algumas moléculas diatômicas 
é calculado usando o Método Celular  !ar iac iona l  . Os resultados obt idos 
para as nol6culas CO, HB, HF e L I H  sao comparados com out ros  cã lcu los  e 
com os resul  tados exper Imenta l S .  Mostra-se que há uma f o r t e  dependência 
do momento de d ipo lo  e l é t r i c o  com a geometrla das ce lu las .  Discute-se 
a poss ib i l idade de se f i x a r  a geometria do problema dando o va lo r  expe- 
r imental  do momento de d ipo lo .  


