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Nitrous acid, HONO, has been studied for three geometries by the ab initio LCAO SCF MO 
method with a basis of accurate gaussian atomic orbitals. The t rans  geometry is correctly predicted 
to be most stable, lying about 2 kcal/mole lower than the cis form, and 9 kcal/mole lower than the 
90 ~ form (experimental estimates being 0.4 and ll.6kcal/mole, respectively). Population analysis, 
dipole moment components, and properties related to nuclear-nuclear and nuclear-electron potentials 
all show a partial breaking of the hydroxyl oxygen-nitrogen bond at 90 ~ compared to cis and trans, 

as well as the effects of electronic rearrangement for nuclear screening in the high nuclear repulsion 
cis form. The cis to 90 ~ barrier is dominated by the attractive components of the total energy, while 
the t rans  to 90 ~ one is dominated by repulsive components, in agreement with our analysis and an 
earlier prediction by Allen. 

In the manner of our previous paper on formic acid [1], we report here a study 
of the relative energies and geometries of the 24-electron system nitrous acid 
(HONO) by the ab ini t io  LCAO SCF MO method. Nitrous acid is interesting 
both for its similarities to, and differences from, the isoelectronic formic acid. 
Both molecules have double bond character hindering internal rotation of the 
OH group. In formic acid both planar geometries having good opportunity for 
this double-bonding have unfavorable nuclear-nuclear repulsion, and the equi- 
librium geometry is, in fact, the high-nuclear repulsion form with H cis to the 
carbonyl O, this being a compromise between higher nuclear repulsion and the 
apparent greater ability of the carbonyl O to accumulate electronic charge for 
screening of the nuclear repulsion [1]. But in nitrous acid the planar form with 
H trans  to the nitrosyl O does not have a hydrogen eclipsed against a hydrogen 
as in formic acid, and this lowest nuclear repulsion conformer is also the lowest 
total energy one, though by only about 0.4 _+ 1 kcal/mole according to experi- 
mental estimates [2]. The energy of the 90 ~ form of nitrous acid with the "broken" 
partial double bond is deduced from spectral data [2] to be 11.6 kcal/mole 
higher than that of the trans form. As with formic acid, we hope our theoretical 
study will describe these relative energies, and also give some insight into the 
"barrier mechanism" via analysis of the electronic structure as a function of 
geometry. 
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Table 1. Summary of  calculated energy quantities for nitrous acid a 

cis 90 ~ trans 

E~ -204.4140 -204.4029 -204.4173 
V.. 68.0207 67.7381 67.5540 
V.e -618.4503 -618.0910 -617.7162 
Vee 141.9325 141.8314 141.7025 
T 204.0832 204.1186 204.0424 
- V / 2 T  1.000810 1.000696 1.000919 

a Et = total energy; Vn. = nuclear repulsion energy; V.e = electron-nuclear attraction; Vee = elec- 
tron-electron repulsion; T = electronic kinetic energy; V = total potential energy = V.. + V.e + Ve.. 
All in atomic units: 1 a.u. = 627.5 kcal/mole. 

Table 2. Mulliken gross atomic and overlap populations calculated for nitrous acid 

cis 90 ~ trans 

Gross atomic 
H 0.585 0.580 0.574 
OA 8.414 8.433 8.433 
N 6.785 6.812 6.811 
OB 8.216 8.174 8.182 

Overlap 
I-IOa 0.595 0.593 0.600 
OA-N 0.348 0.299 0.326 
N--OB 0.652 0.652 0.670 
H-N -- 0.069 - 0.054 -- 0.065 
H On -0.001 0.000 0.004 
OA--O B --0.131 --0.123 --0.121 

We use geomet r ica l  pa rame te r s  from exper imenta l  s tudies [2]" R ( O - H )  
= 0.96/~, R ( O - N )  = 1.46 ~ ,  R ( N  = O) = 1.20 A, ~ N O N  = 104 ~ and  ~ ( O N O )  
= 118 ~ The  molecu le  is a l igned with hydroxy l  O at  the  origin,  N a long  the + Z 
axis, n i t rosyl  O in the  + X di rec t ion  in the X Z  plane ;  H is ro t a t ed  abou t  the 
Z axis for this  fixed f ramework .  W e  deno te  the hydroxy l  O as O A, the n i t rosyl  
O as OB. Basis funct ions  for the  L C A O  expans ions  are  the  "doub le -ze ta"  
qual i ty  gauss ian  a tomic  S C F  orbi ta l s  p rev ious ly  discussed [1],  with the scale 
factor  of  the 5- term gauss ian  H i s  o rb i ta l  set a t  ]//2. 

To ta l  energies and  their  componen t s  for cis, 90 ~ and  t rans  forms are  sum- 
mar ized  in Table  1. The  t rans  conformer  is correc t ly  p red ic ted  to be more  s table  
than  the cis,  by 0.0033 a.u. = 2.06 kca l /mole ,  and  more  s table  than  the 90 ~ form 
by  0.0144 a.u.-= 9 .04kca l /mole .  Thus  the exper imenta l  results  are  fairly accu-  
ra te ly  represented.  

To analyze  the p r o b l e m  in more  detail ,  we have c o m p u t e d  the Mul l iken  gross  
a tomic  popu la t i ons  and  over lap  popu la t i ons  as summar i zed  in Table  2. As in 
formic ac id  [1],  there  are  m a r k e d  shifts in a tomic  popu la t i ons  for the conforma-  
t iona l  change  90 ~ to cis. OB gains a b o u t  0.042 e - a t  the expense of  losses of  0.019 
for O A and  0.027 for N, reflecting the "screening" of  O 8 which is ecl ipsed by  H. 
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Table 3. Summary of  calculated potential 4~. and ( i / r ) .  at the nuclei in nitrous acid a 

cis 90 ~ trans 

r 
H - 0.8722 - 0.8717 - 0.8779 
OA -22.260 -22.287 -22.279 
N -17.998 -18.015 -18.010 
OB -22.183 -22.166 -22.178 

<l/r>. 

H 9.0733 8.7902 8.6122 
OA 27.202 27.229 27.220 
N 24.699 24.716 24.711 
OB 27.357 27.306 27.294 

a In atomic units. 

This charge shift is no doubt assisted by increased bonding between the OA--N 
pair (the partial double bond), as the OA--N overlap in cis is rather larger (by 
0.042) than in 90 ~ The t rans  conformer also has greater OA-N bonding than 90, 

according to the overlap populations. Note that OA-N overlap is largest for the 
cis geometry. 

Further analysis can be obtained [1] from average dipole moment com- 
ponents, potentials at the nuclei (~,), and the average value of the inverse of the 
electronic distances from the nuclei ((l/r),). Since the nuclear contribution to the 
Z component of the dipole moment does not change with rotation, changes in 
this component with rotation must be due to electronic rearrangement in the 
Oa-N direction. As in formic acid [-1], we find for planar geometries a large 
displacement of electrons toward the O B end of the molecule: 0.066 a.u. more for 
the cis than the t rans  geometry, which is in turn 0.016 more than the 90 ~ form. 

Table 3 presents the calculated ~, and ( l / r ) , .  Since rotation of H about the 
O F N  line does not change the nuclear potential at O A and N, the decreased 
Potential (or increased ( l / r ) , )  at these two atoms at 90 ~ compared to cis and 
t rans  would again reflect less OA--N bonding. 

The larger magnitudes at cis  compared to t rans  of the O~ population, Oa-N 
overlap, electronic displacement along OA-N, and increased potentials at O 4 and 
N, all suggest slightly more Oa-N bonding and charge transfer in the cis geometry 
than trans.  Again, as in formic acid, this indicates a shift of electrons to "screen" 
the H-O~ nuclear repulsion which is strongest at cis. But the overall effect here 
is not quite enough to make this cis geometry lower in energy than the trans,  

where nuclear repulsion is least. 
Finally we examine the barriers in terms of Allen's partitioning [3] of the 

total energy into attractive and repulsive components. The energy components 
of Table 1 show that the cis to 90 ~ barrier is dominated by an increase in the 
attractive (negative) energy larger than the decrease in the repulsive (positive) 
component. ConVersely, the t rans  to 90 ~ barrier is dominated by a repulsive 
increase. These are in agreement with Allen's predictions [3], as well as our own 
previous analysis here. Scaling to satisfy the virial theorem produces the 
same results. 
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