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An ab initio study of the electronic structure of several 22-electrons molecules 
is presented.  The equilibrium geometries of their ground state are calculated 
at the SCF level using the 6-31G basis set and are found to be in good 
agreement  with the experimental  geometries.  The dissociation process of 
these molecules leading to the isoelectronic products CO or N2 on the one 
hand and BH3, CH2, N H  and O on the other hand is studied. The least-energy 
dissociation paths of the ground states determined at the SCF level are 
compared  on the basis of electron density interactions. The dissociation 
energies corresponding to the two lowest dissociation channels are calculated. 
In these calculations, the correlation energy is taken into account using a 
non-variat ional  method developed previously. The calculated values of dissoci- 
ation energies are in good agreement  with the existing experimental  values. 
The results permit  to predict values for H N C O ,  BH3CO and CH2N2 and to 
confirm the instability of BH3N2. 

Key words: Boron c a r b o n y l - C a r b o n  d i o x y d e - D i a z o b o r a n e - D i a z o -  
methane  - Ethenone  - Hydrazoic acid - Isocyanic acid - Nitrogen oxyde 
(N20) - Dissociation of - .  

1. Introduction 

In two preceding papers,  the electronic structure of the isoelectronic molecules 
diazomethane (CH2N2) [1] and hydrazoic acid (HN3) [2] has been studied 
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theoretically by means of L C A O - M O - S C F  calculations. The comparison of the 
two systems and particularly of their respective dissociation pathway has helped 
to understand their electronic structure. It seemed interesting to us to pursue 
this work with a comparat ive  study of the electronic structure of all other 
isoelectronic molecules composed of CO or N2 on the one hand and one of the 
radicals BH3, CH2, N H  or O on the other hand. These molecules are boron 
carbonyl (BH3CO), e thenone (CH2CO), isocyanic acid (HN3), carbon dioxyde 
( C O 2 ) - r e f e r r e d  below as the " C O - m o l e c u l e s " - a n d  diazoborane (BH3N2), 
d iazomethane (CH2N2), hydrazoic acid (HN3) and nitrogen oxyde ( N 2 0 ) -  
referred below as the "N2-molecules".  

The calculations concern the equilibrium geometries,  the least energy dissociation 
pathways and the dissociation energies. For this last point, we have used an 
economical  method for the calculation of the correlation energy. This method 
is based on the separat ion of the correlation energy into internal and non-internal  
contributions [3]. 

The electronic states and configurations and the corresponding symmetry  groups 
at equilibrium geometr ies  are given in Table 1 for the molecules cited above 
and in Table 2 for their dissociation products. The ground state of all these 
22-electrons molecules is a singlet and gives rise, by Wigner -Wi tmer  dissociation, 

Table 1. Isoelectronic molecules 

Mol. Sym. group State Configuration 

CO2 Dm h 1 ~  
N20 Cm v 1][+ 
HN3 Cs 1A' 
HNCO (7, 1A' 
CH2N2 C2o 1A1 
CH2CO C2~ aA1 
BHaN2 C3~ 1A~ 
BH3CO C3~ 1A~ 

lo-2(1 - 3)o-22o-24o-23o-21 ~r~ 17r 4 
(1 - 6)r I r 4 7 0 " 2 2 ~  4 

(1 - 6)a'21a"2(7 -9)a'22a "2 
ditto 

2 2 2 2 2 2 (1 - 6)a 11 b21 b 17a 12b22b 1 
2 2 2 2 2 (1-7)allb21612b22bl 

(1-6)a21e47a~2e 4 
ditto 

Table 2. Dissociation products 

Mol. Sym. group State Configuration 

1 + 2 2 2 2 4 2 
N 2 D ~  h ~ g  lo-g lo-u2o-g2o-, l~r 3o-g 
CO C~ov 1s (1 - -  4 ) o ' 2 1 " n ' 4 5 o ' 2  

0 g h 3p  
1D ls22s22p 4 

NH C~ 3s 1A 1 o ' 2 2 o ' 2 3 o ' 2 1  ";7 "2 

2 2 2 
C H 2  C2v 3 B  1 1a12al lb23al lb l  

2 2 2 2 1A1 la12a l lb23a l  
BH3 D3h 1A , 1 * 2 t2 ,4 lal  2al le 
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1 + 1~,+ to N2 or CO in their ground state ( Eg, respectively) and to the first excited 
singlet state of O(1D), NH(1A) and CH2(1A1). 

2 .  M e t h o d s  o f  C a l c u l a t i o n  

2.1. SCF Calculations 

The SCF energies, used for the derivation of the equilibrium geometries as 
described in sections 3 and 4, the atomic integrals used in the CI calculations 
(cf. 2.2.1), the Mulliken population analyses (cf. 2.2.2) have been calculated 
with the program GAUSSIAN 76 [4] for closed shell structures. The method of 
Davidson (OCBSE) [5] coded by Morokuma and Iwata [6] has been used for 
open-shell RHF calculations. The calculations involve three gaussian basis sets: 

- the minimal basis set STO-3G [7] 
- t h e  "double-zeta quality" basis set 6-31G [8] 
- t he  polarized basis set 6-31G** [9] 

2.2. Correlation Energy Calculations. Dissociation Energies 

Although the SCF model, when used with appropriate basis sets, can provide 
us with interesting informations about chemical properties of the molecules 
(geometries, for example), the energetical results are often disappointing. In the 
case of bond dissociation energies, for example, even very elaborate basis sets 
approaching the Hartree-Fock limit can lead to chemically meaningless results. 
The difference between the Hartree-Fock energy and the exact non-relativistic 
solution, the so-called "correlation energy" is essential in this kind of calculations. 
The application of purely variational methods (CI/MCSCF) to the molecules of 
interest to this work should be very expensive and even impossible. That is why 
we have used a simplified method, that has been successfully applied to the 
calculation of the dissociation energy of several di- and polyatomic molecules 
[3]. It is inspired from the partitioning of Sinano(~lu and Oksiiz [10] who 
recognize three contributions to the correlation energy: internal, semi-internal 
and all-external.These three contributions are characterized by different types 
of electron pair excitations with respect to a particular subspace defined in the 
complete orbital space. This subspace, called the "Hartree-Fock sea" is com- 
posed of the shells partially or completely occupied in the Hartree-Fock Slater 
determinant, i.e. the ls, 2s and 2p orbitals for first row atoms. The three possible 
types of pair excitations are the following: 

- e x c i t a t i o n s  from filled to vacant orbitals within the H.F. sea giving rise to 
internal correlation 

- excitations where one electron shifts within the H.F. sea and the other outside, 
giving rise to semi-internal correlation 

- b i e x c i t a t i o n s  from the inside to the outside of the H.F. sea, giving rise to 
all-external correlation 
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In our method, we propose to separate the internal and non-internal (= semi- 
internal + all-external) correlation energy contributions 

E T O T  L-.I ~ N I  
CORR ~ L~CORR t / 3 C O R R .  

2.2.1. Internal correlation energy 

We postulate that it is possible to calculate the internal correlation energy by 
means of a configuration interaction calculation in a minimal basis set of all the 
biexcitations with respect to the reference determinant.  The minimal basis set 
is particularly advantageous because all the molecular orbitals correlate 
asymptotically to the valence orbitals of the constituent atoms. This implies that 
the molecular orbital in a minimal basis set, occupied as well as virtual, belong 
to a "molecular H.F. sea" so that all the biexcitations give rise to internal 
correlation energy. This fact allows us to avoid a difficult optimization of a 
valence orbital subspace as it is necessary with an extended basis set. 

Several tests have been made on a few small systems comparing the internal 
correlation energy calculated by a minimal basis set CI on the one hand with 
an iterative MCSCF/CI  procedure using an extended basis set on the other hand 
[3]. The comparison supports the assumption of the validity of the use of a 
minimal STO-3G CI. 

The CI calculations were run with the programs written by Whitten and his 
collaborators [11] adapted to GAUSSIAN 76. 

2.2.2. Non-internal correlation energy 

This part is evaluated by an "atoms-in-molecule" method. The basic idea consists 
of evaluating a sum of average non-internal correlation energy of atomic configur- 
ations of the constituent atoms of the molecule. These non-internal energies are 
known [12, 13]. Each of these atomic contributions is weighted by the electronic 
occupation of the configuration. This occupation probability is calculated on the 
basis of a Mulliken population analysis [14]. Indeed, the substitution of the 
notion of occupation probability to the initial notion of population breakdown 
allows us to define a simultaneous occupation probability of several atomic 
spinorbitals by simple product of the individual probabilities. For a given 
molecule we can thus associate to each atomic configuration of the constituent 
atoms an occupation probability. 

For each atom X~ of the given molecule, we have then K (Xi) atomic configurations 
Sk (Sk (Xi); k = 1, K (Xi)) with the associated occupation probability/Sk (Xi). Having 
determined the average non-internal correlation energy EAoTRR (Sk (Xi)) one can 
then calculate the molecular non-internal correlation energy: 

E C O R R ( X 1  "" X N )  = 

K(X i) 
NI . ~, ~ k ( X i ) E A T R R ( ~ k ( X i ) ) .  

i=1  k = l  
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This formalism, which has been described in detail elsewhere [3] implies that 
the molecular orbitals have to be expressed unambiguously in terms of purely 
atomic basis orbitals; this is achieved with a minimal basis set like STO-3G.  

2.2.3. Dissociation energies 

The dissociation energies were calculated using two basis sets: the minimal 
S T O - 3 G  basis set to derive the two parts of the correlation energies and the 
extended 6-31G** basis set for the SCF energies. It has been shown previously 
[3] that the 6-31G equilibrium geometries were convenient to per form these 
separate  calculations. 

2.3. Electronic Distribution Plots 

An illustration of the electronic distribution in a molecule can be very helpful 
in the study of the molecular size, orbital shapes and electronic rearrangements  
during bond formation.  In our study it illustrates the interpretation of the 
electronic structures and the dissociation mechanism. The program M O P L O T  
[15] calculates the charge density at each point of a given plane of the molecule. 
In order to facilitate the interpretat ion this particular plane can be displayed as 
a surface plot. An adaptat ion of the program H I D E  [16] provides us with three 
dimensional representat ion of this surface plot on a digital C A L C O M P  tracer. 
The basis set used here was again the S T O - 3 G  basis set owing to the quality of 
its density representat ion with respect to its very low cost. 

3. Equilibrium Geometries. Electronic Structure 

In Fig. 1 we define the standard nomenclature used here for the geometrical  
parameters  of all the molecules. The equilibrium geometr ies  have been obtained 
by fitting the energy values t o  coupled quadratic equations involving all the 
parameters .  Coupling terms include all possibilities between adjacent in plane 
parameters  (e.g. Rift ,  R1R2, R2fl, aft . . . .  ). 

The torsion of the molecules has not been considered here because the influence 
of this pa ramete r  on the energy has been found to be negligible in the cases of 
CHzN2 [1] and HN3 [2]. 

It is now established that the basis 6 -31G is particularly well-adapted for the 
calculation of the geometrical  parameters  at the SCF level in view of its good 

Fig. 1. Geometrical parameters. The 
heavy atoms L1 and L2 represent either 
N2 or CO, the heavy atom L3 
symbolizes O, N, C or B. The angle 3'0 
determines the angle between the bond 
C--H and the bisector of CH2 or the 
angle between the bond B--H and the 
axis of order three in BH3. 3'0 is 
identically zero in NH and absent in O 

[3O 

R2 
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Table 3. Equilibrium geometries of the CO-molecules. Units are angstr6ms and degrees 

Param. 
Mol. R1 R2 R3 Oto ~o To R1 + R2 

CO2 exp [17] 1.160 1.160 - -  - -  180 - -  2.320 
calc. 1" 1.173 1.173 - -  - -  180 - -  2.346 
calc. 2 [18] 1.159 1.159 - -  - -  180 - -  2.318 

HNCO exp [19] 1.166 1.214 0.995 124 173 0 2.380 
calc. 1" 1.191 1.186 0.990 150 175 0 2.377 
calc. 2 [20] 1.151 1.199 0.994 125 175 0 2.350 

CH2CO exp [21] 1.161 1.316 1.078 180 180 61 2.477 
calc. 1 a 1.178 1.310 1.079 180 180 60 2.488 
calc. 2 [22] 1.17 1.31 1.07 180 180 61 2.48 

BH3CO exp [23] 1.14 1.53 1.25 180 180 77 2.67 
calc. 1 a 1.136 1.611 1.209 180 180 76 2.747 

this work 

Table 4. Equilibrium geometries of the N2-molecules 

Param. 
Mol. R1 R2 R3 O'o 130 To R1 + R2 

N20 exp. [24] 1.128 1.184 - -  - -  180 - -  2.312 
ealc. 1 a 1.112 1.242 - -  - -  180 - -  2.354 
calc. 2 [25] 1.147 1.240 - -  - -  180 - -  2.387 

HN3 exp. [26] 1.134 1.243 1.015 108.8 171.3 0 2.377 
calc. 1 a 1.125 1.272 1.021 111 170 0 2.397 
calc. 2 [27] - -  - -  - -  112 172 0 - -  

CHzN2 exp. [28] 1.139 1.300 1.075 180 180 63 2.439 
cale. I b 1.148 1.289 1.08 180 180 61.5 2,437 
calc. 2 [29] 1.189 1.282 1.078 180 180 60.8 2.471 

a this work 
b basis set (10s5p; 4s) of Whitten [30] contracted to (4s2p; 2s) 

q u a l i t y  to  p r i c e  r a t io .  T h a t  is w h y  w e  h a v e  s y s t e m a t i c a l l y  u s e d  it f o r  o u r  g e o m e t r y  

c a l c u l a t i o n s .  

C a l c u l a t e d  a n d  e x p e r i m e n t a l  r e su l t s  a r e  l i s t ed  in T a b l e s  3 a n d  4 fo r  t h e  m o l e c u l e s  

c o n t a i n i n g  C O  a n d  N2 r e s p e c t i v e l y .  T h e  v a l u e s  c a l c u l a t e d  in  th i s  w o r k  (calc.  1) 

a r e  a l so  c o m p a r e d  to  o t h e r  t h e o r e t i c a l  v a l u e s  of  a t  l e a s t  t h e  s a m e  l eve l  o f  a c c u r a c y  

(calc. 2). F o r  B H 3 N 2  n o  s t a b l e  e q u i l i b r i u m  g e o m e t r y  has  b e e n  f o u n d .  

T h e  r e su l t s  s h o w  t h e  g e n e r a l l y  g o o d  qua l i t y  of  t h e  6 - 3 1 G  bas i s  se t .  T h e  b o n d  

l e n g t h s  a r e  in a g r e e m e n t  w i t h  t h e  e x p e r i m e n t a l  d a t a  w i t h i n  0 .02  ~ in  a l m o s t  all 

c a ses  e x c e p t  f o r  t h e  v e r y  b a d  r e s u l t s  o b t a i n e d  fo r  B - - H  a n d  B - - C .  T h i s  c o u l d  

b e  a t t r i b u t e d  to  a p o o r  o p t i m i z a t i o n  of  t h e  bas i s  s e t  f o r  a t o m  B, as can  b e  
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suggested by the case dependent discrepancy observed between calculated and 
experimental equilibrium distances for the ground states of the B2, BO and BF 
molecules: 1.78 ~ (calculated) compared to 1.59 ~ (experimentally) for B2, 
1.21 ~ to 1.204 ~ for BO and 1.32 ~ to 1.26 ~ for BF. It may also be noted 
that bond lengths of N--N(L2-L3) in N 2 0  and HN3 are slightly overestimated; 
the sum (R1 + R 2 )  is in most cases in better agreement with the corresponding 
experimental values than the individual R1 and R2 values. This feature was 
already pointed out in the previous works [1, 2]. 

The angles are also well reproduced except a0 in HNCO for which our calculated 
value (150 ~ ) is qualitatively false. This strong disagreement prompted us to 
optimize this parameter separately using the 6-31G** basis set, keeping the 
other parameters frozen at their 6-31G equilibrium values. This leads to C~o = 130 ~ 
which is in much better agreement with experiment (124~ This important basis 
effect, which is confirmed by the calculation of McLean et al. (125 ~ [20], seems 
to be limited to HNCO only. Indeed, the calculated O~o value of HN3, an entirely 
similar molecule, is very good. In this context, it may be noted that the non 
linearity of HN3 was previously verified by CI calculations and also by incorporat- 
ing a/33 term in the polynomial expression of the energy [3]. Similar calculations 
were not carried out here for HNCO on account of other theoretical verifications 
of that phenomenon [20]. 

In Fig. 2 we have plotted the electronic densities of the different molecules at 
equilibrium geometry in a given molecular plane. This plane is arbitrary in the 

Fig. 2. Electronic densities calculated 
in a selected molecular plane (see text) 
at equilibrium geometries (STO-3G 
basis set) 

N - N  -O 

N - N - N  
"H 

/H 
N-N-C 

"H 

O-C -0 

O-C -N,, H 

,,H 
O- C-C\H 

O-C -B,, H 
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point groups Co~ and D~oh, corresponds to the molecular plane in C~ and C2~, 
and contains CO and one of the B--H bonds in BH3CO. The comparison of 
the electronic distributions shows that in all cases the bonds CO have a larger 
electronic density than the corresponding N--N bonds in "sister" molecules. 
Also the lone pairs of the N atoms are apparent. These two points will be helpful 
in the discussion of the dissociation mechanisms (section 4). In BH3CO the 
weakness of the bond B--C is revealed by the quasi absence of electronic density. 

Mol. 

N20 

CO2 

R~q R = 3.0.a.u. R = 4.0 o.u. 

1.242 1312 

(1.173) (1.173) 

1"1~170 , 
NH3 111. / ;  .-- 

( 1 5 ~ / ~ , ~ ,  (I.191) 
HNCO - ~_- "<- (175.) 

1.021 
(.99) 

CHzN2 
CH2CO 

Req 1.272 (1.186) 

61.5" S 
( 6 0 " ) / \  ~ , 

/ 
g1.09 
(1.079) 

~ 1.289 1.1/.8 
(1.310) (1.176) 

(76*) !(1.209) 

~ .  11.136) BH3CO ~6;;) 

1.098 

(1.137) 

1. I0~1.137 ) 
] 162.5' 

97.5* ,~(166.5") 
(1~ 

1.03o 
11.0221 

1 .10~  �9 

(130.5') ,~"" (1.1511 
120' ~ 163" 

(16/.*) 

'~0 56.5" (56'1 

1.099 

�9 (1.1361 ~ 

1.o99,,,* ~ 11.1381 

~,) 1~" 
(166.5"1 

i 
90' f 

(92.4'p_ I 

1.035 
(I.0381 

1.10/./p ,., 
," (1.140) 

,Y155' 
(99") 7 (154") 

'6" 0 54" (54") 

�82 * 

~80")', (1.204) ~ :  (1.1961 

(1.195) ~ - -  (1-1-38~ 

R=3.5a.u. R=4.5a.u. 

Fig .  3. Comparison of the least energy dissociation paths (6-31G basis set). Full lines refer to 
N2-molecules, dotted lines to CO-molecules. Values of the geometrical parameters are in parentheses 
for the CO-molecules. Bond lengths in /~  
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4. Least-energy Dissociation Paths 

Simultaneous minimization of the ground state energy as a function of all 
parameters reported in Fig. 1 was carried out at two selected values of the 
dissociation coordinate RL2L3 (3.0 and 4.0 a.u.) in addition to the equilibrium 
distance. As described in section 3 optimized geometries were derived from a 
quadratic expression of the potential including coupling between interacting 
parameters. Fig. 3 presents a comparison of the least-energy dissociation paths 
of all the systems. It appears at first sight that the CO and N2 molecules behave 
qualitatively in a similar way. 

On the other hand, the BH3- and O-molecules dissociate linearly while the CH2- 
and NH-molecules exhibit a non-linear behaviour. The comparison between 
CH2N2 and HN3 has been discussed previously [2] on the basis of the interaction 
between the H structure on the N2 molecule, the L3H bond densities and the 
L3 lone pair. 

At large RL2L3 distance, the equilibrium angle between the two molecules is the 
same ( -90  ~ for the CH2- and NH-molecules, corresponding to the direction of 
lowest repulsion of the L1L2H structure directed between the L3H bond(s) and 
the L3 lone pair(s). 

Oppositely, at short range the geometrical behaviour of the CH2- and NH- 
molecules is different: 

(1) in the case of CH2, the existence of the two CH bond densities on both sides 
of the LaL2L3 plane prevents the formation of the L1LzL3 H-structure perpen- 
dicular to this plane. This feature explains the symmetry change (Cs ~ C2v) which 
takes place, resulting in a planar molecule at equilibrium geometry. This structure 
has furthermore a linear L1L2L3 skeleton as a consequence of the symmetric 
interaction between the two CH bonds and the H-density. 
(2) in the case of NH, the presence of a single NH bond does not impose a 
change of symmetry plane (conservation of Cs symmetry) to allow the formation 
of the perpendicular L1L2L3 H-structure. However, the L1L2L3 H-structure 
remains non-linear as a result of its asymmetric repulsion with the NH bond 
density on the one hand and the N lone pair on the other hand. 

To illustrate this last case, Fig. 4 shows the evolution of the electronic density 
of HN3 along its dissociation path. On this figure, we note: 

(1) the progressive decrease of the L2L3 density 

eq. 3 u.a. ~ u.a. 

Fig. 4. Evolution of the electronic density of HN3 along the least-energy dissociation path. (STO-3G 
basis set) 
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(2) the relative positions of the NH bond density and the N lone pair which 
lead to the non-linear structure. 

The above discussion can be extended to justify the linear dissociation behaviour 
of the BH3- and O-molecules. The BH3-group imposes a triple symmetric 
interaction between the BH bonds and the L1L2 H-structure which leads to a 
linear L1L2L3 structure at every distance. In the case of N20 and CO2 the 
spherical symmetry of the oxygen atom does not impose any particular angular 
repulsions on its partner (N2 or CO) and it is therefore the linear L1L2L3 structure 
which gives the strongest binding, since it preserves the H-structure even at 
larger distances. 

Some other relevant features appearing on Fig. 3, can be pointed out: 

(1) The transformation from planar BH3 (D3h)  at infinite separation to pyramidal 
BH3(C3v) at shorter range can be explained by the progressive repulsion between 
the B H bond densities and the LaL2 H-structure 

(2) the larger L2L3H angles for the non-linear CO-molecules as compared to 
the corresponding N2-molecules can be attributed to the CO molecule II density 
which is larger than the N2 one. 

5. Dissociation energies 

It is difficult to find accurate experimental data for dissociation energies of 
molecules such as those studied here. Thermochemical  data that allow to calculate 
unambiguously this property were found only for N20,  CO2 and CH2CO. For 
the other molecules, photochemical data were available, but owing to difficulties 
in interpretation, the measurement  leads sometimes only to upper (or lower) 
limits of the dissociation energy. 

The calculated values for De are compared to the experimental ones in Tables 
5 and 6 for the N2- and CO-molecules respectively. For the molecules with CH2, 
NH or O, the two first dissociation channels are taken into account; one is 
spin-forbidden and leads to the fragment in its fundamental triplet state, the 

Table 5. Dissociation energies (eV) of N2-molecules 

Process (X = N2(l~+)) D e (calc) De (exp) 

N20(l~, +) ~ X + O(3p) 1.06 
- + X + O ( 1 D )  3.30 

HN3(1A ') ~ X + NH(3]~ -) 0.44 
--* X+NH(1A) 2.29 

CHzN2( 1A 1) ~ X + CH2(3B1) 0.87 
-'~ X + CH2(1Aa) 1.87 

BH3N2(1A1) ~ X +  BH3(aA~) 0 

1.82 [31] 
3.79" [311 

1.0 [33] 
2.57 [33] 

2.03 [34]/2.12 [35] 
1.6-1.78 [36, 37] 

a based on a term energy of O(1D) of 1.97 eV [32] 
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Table 6. Dissociation energies (eV) of CO-molecules 

69 

Process (X = CO(1Z+)) De (calc) De (exp) 

CO2(1~)  -~ X + O(3p) 5.68 5.63 [31] 
X +  O(1D) 7.91 7.54 a [31] 

HNCO(1A ') --~ X+NH(SE -) 4.39 - -  
X+NH(1A) 6.25 - -  

CH2CO(1A1) --~ X + CH2(3B1) 3.44 3.6 [38, 39] 
--~ X + CH2(1A 1) 4.44 4.0 b [38, 39] 

BHgCO(1A 1) --~ X +  BH3(1A~) 0.78 - -  

a same as Table 5 
b based on a term energy of CH2(1A1) of 0.4 eV [40] 

other is Wigner-Witmer allowed and gives the fragment in its first singlet excited 
state. 

The agreement found between the values calculated here and the thermochemical 
data for CO2, CH2CO and N20, in accordance with previous tests on smaller 

D e (eV) 

B, 

6. 

\ 
\ ' \  

\ 

I ~ ] 

[] : " C O  - m o l e c u l e s ' "  

: " N  2 - m o l e c u l e s "  

o : p r e d i c t e d  v a l u e s  

�9 c a l c u l a t e d  r e s u l t s  

�9 e x p e r i m e n t a l  r e s u l t s  

Z. ' \  

ol 1 [ \,k 
1 2 3 nH  

Fig. 5. Calculated and experimental dissociation energy values as a function of the number of 
hydrogen atoms in the molecules. (S) refers to the Wigner-Witmer path, (T) to the spin-forbidden 
one 



70 J. Breulet and J. Lievin 

systems [3] allows us to consider the whole set of calculated values as good 
approximations to the true values. This conclusion is reinforced by the data 
shown in Fig. 5 where we have plotted the diagrams of the dissociation values 
(calculated and experimental) with respect to the number of hydrogen atoms in 
the molecules, (S) refers to the Wigner-Witmer path and (T) to the spin- 
forbidden one. One can observe the quasi-parallelism between the calculated 
and experimental plots. The data in Tables 5 and 6 and in Fig. 5 allow us to 
make theoretical predictions: 

(1) In the case of HNCO, on account of the calculated points, we predict 5.8 eV 
and 4.65 eV as approximations for the actual values of dissociation energy for 
the Wigner-Witmer and spin forbidden dissociation respectively. 

(2) The experimental dissociation energy value for the dissociation of CH2N2 
into Nz(1E~ -) and CH2(3B1)- curve " T " -  that was at our disposal is - 2 . 0  eV 
[34; 35]. 

This was not obtained by direct observation of CH2(3B1) but on account of 
AHfo~ kcal/mol obtained by these authors and AHf~ = 
93 kcal/mol. The former value seems to be questionable. On the contrary, several 
authors have obtained values for the Wigner-Witmer dissociation (CHzN2 to 
CH2(1A1) and N2(xE~)) from 1.6 eV to 1.8 eV. Among them, a value of 1.6 eV 
was obtained by direct observation of CH2(1A~) during thermal decomposition 
of diazomethane [37] whose activation energy is known to be nearly zero. On 
account of this value and a term of 0.4 eV [40] for the 1A1 state of CH2 actual 
dissociation energy for the spin-forbidden process should be 1.2 eV. This is in 
good agreement with the value that we have obtained by simply plotting a 
parallel line (dashed line in " T "  curve in Fig. 5) between our calculated curve 
and what should be the actual experimental one; this value is 1.4 eV. 

(3) The calculated value for BH3CO should be retained as close to the actual 
value 

(4) The total energy value for BH3N2, calculated at a geometry close to that of 
BH3CO was found to be less stable than the dissociation products so that the 
De value was put to 0. The instability of this molecule is then confirmed. 

6. Conclusions 

In this work, we have investigated the electronic structure of a set of isoelectronic 
molecules which dissociate to isoelectronic products. 

The ground state equilibrium geometries derived with the 6-31G basis set are 
in good agreement with the corresponding experimental geometries, except for 
some specific parameters for which basis set deficiencies are discussed. The least 
energy dissociation path of the ground state of these molecules have been 
compared on the basis of electronic density interactions. 
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Finally quite reliable quantitative results have been obtained for the dissociation 
energies calculated with the 6-31G** polarized basis set and taking into account 
the correlation energy by use of a simple and economical method presented 
previously. These results confirm the applicability of this method for correlation 
energy calculations for non-trivial systems and permit us to precise some dissoci- 
ation energy values: prediction of values for HNCO and BH3CO where no 
experimental values exist, discussion of the experimental uncertainties for CH2N2 
and confirmation of the instability of BH3N2. 
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