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Abstract

Motivation. In this paper, the lowest valence electronic excited states of nitric acid (HNO3) have been computed
by means of density functional theory within its time dependent formalism and compared with experimental data
and previous first principles calculations. Further, since nitric acid plays an important role in atmosphere
providing an important source of stratospheric OH radical, due to its rapid photo–dissociation, the lowest
adiabatic photo–dissociation channels have been also studied.
Method. Time dependent density functional theory (TD–DFT) with different functionals, in conjunction with
different basis sets, has been applied to calculate the vertical transition energies from the ground state to the low–
lying singlet and triplet electronic excitated states of nitric acid in vacuum. Moreover, the adiabatic photo–
dissociation channels of HNO3 molecule into OH· + NO2· were investigated sampling the potential energy
surfaces (PES) of the lowest singlet excited states at TD–DFT(B3LYP)/aug–cc–pVQZ level of theory. 
Results. This work, one more time, confirms that the TD–DFT based calculations, together with generalized
gradient–corrected approximation (GGA), provide accurate and physically consistent description of the lowest 
valence electronic excitation transitions. Moreover, in line with our previous results on hexafluoropropene, the
comparison with more expensive calculations, such as MRDCI, CIS(D), CASSCF, MCQDPT and CCSD, clearly 
shows the excellent performance of the TD–DFT formalism with highly correlated systems with a limited extent
of multiple excitation character.
Conclusions. Our TD–DFT results are in satisfactory agreement with UV experimental absorption bands and in
analogy with previous results obtained by means of high level calculations. Interestingly, in this work we show 
that at 248 nm, the potential energy barrier toward dissociation of the acid nitric in OH + NO2 radical fragments
strongly depends on the out–of–plane bending vibration of the molecule in the 1 1A" excited state having a 
noticeable contribution to the lowering of the barrier. 
Keywords. Nitric acid; vertical excited states; adiabatic photo–dissociation channels.
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1 INTRODUCTION 

Recently, photodissociation of hexafluoropropene [1] was studied using time dependent density 
functional theory (TD–DFT) with some success. In that work, the computational advantages of the 
DFT theory in dealing with these processes are exposed. 

Photochemistry of nitric acid (HNO3) in the UV region was examined theoretically [2–4], as well 
as experimentally [5–7], by several authors because OH radical is the most important photo–
dissociation product in atmosphere. Gas phase reactions of OH radical with alkenes and aromatic
molecules are quite important in stratospheric chemistry [8]. The photodissociation channels are 
also particularly interesting in computational chemistry because they offer the opportunity to test 
the accuracy of high level quantum chemical procedures for small and relatively large size 
molecules. Density functional theory (DFT) [9] with its time dependent formalism [10,11] provides 
a valuable performance in the determination of vertical excitation energies and adiabatic photo–
dissociation channels [12–15]. 

Prompted from the same aim, we have thought to extend this computational approach to validate 
the proposed valence assignments for the lowest singlet and triplet excited states of acid nitric based 
on CIS, CIS(D), CCSD and MRD–CI calculations [2,3] through density functional theory (DFT) as 
an alternative tool. The success of density functional theory is quite important in this respect in 
view of its use for studying larger molecules in gas phase. The further aim of this work is the 
determination of OH–NO2 binding energy as well as the adiabatic photo–dissociation channels 
which provides OH· and NO2· radicals. 

The paper is organized as follows: in the next session we show the computational approaches 
used to investigate the low–lying singlet and triplet electronic excited states and the lowest adiabatic 
photodissociation channels (section 2) of the nitric acid. Afterwards, (section 3), vertical excitation 
energies and lowest potential energy surfaces are discussed and compared with experimental data 
and previous first principles calculations. Finally, in the section 4, the general conclusions of this 
work are exposed. 

2 MATERIALS AND METHODS 

Geometry optimizations and TD calculations on HNO3 molecule were carried out using the 
following gradient–corrected approximation (GGA) based functionals: B3LYP [16–18], BLYP 
[17,18], PBE1PBE [19–21] and PW91 [22]. The Dunning’s correlation consistent basis sets, 
augmented with diffuse functions for all atoms, aug–cc–pVDZ, aug–cc–pVTZ and aug–cc–pVQZ, 
were used for all the calculations [24,25]. Time dependent density functional (TD–DFT) 
calculations were performed using the same functional–basis set combination at the corresponding 
optimized structure to obtain vertical excitation energies from the ground state energy to different 
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low–lying singlet and triplet excited states of HNO3 molecule.

In order to verify the performance of the time–dependent formalism, complete active space self–
consistent reaction field (CASSCF) and multi–configuration quasi–degenerate perturbation theory 
(MCQDPT) calculations were carried out using an active space consisting of eight electrons in ten 
molecular orbitals [26]. The basis set chosen for these further computation was the 6–
311++G(2d,2p) for all atoms [27]. 

At last, the adiabatic photo–dissociation channels of HNO3 molecule into OH· + NO2· were 
investigated. For this purpose, one had to sample the potential energy surfaces (PES) of the lowest 
singlet excited states along the generalized coordinate leading to the dissociation process. In this 
respect, the three lowest singlet excited states were sampled at the TD–DFT(B3LYP)/aug–cc–
pVQZ level of theory. The HO–NO2 bond length was varied starting from its optimized value 1.409 
Å at the same level of the theory (B3LYP/aug–cc–pVQZ) up to 2.45 Å. At each point of the ground 
state geometry, the orthogonal nuclear degrees of freedom were relaxed and the vertical transition 
energy values were recalculated. Note that the same computational methodology was successfully 
applied in an our previous work [1]. 

The DFT studies were accomplished with the GAUSSIAN package [28] and the GAMESS–US 
[29] was used for the CASSCF and MCQDPT computations. Calculations were performed on a 4–
way HP Proliant–DL585 server with dual–core AMD Opteron Processor 850 running at 2.4 GHz. 

3 RESULTS AND DISCUSSION 

3.1 Low–Lying Singlet and Triplet Electronic Excited States
The singlet vertical excitation energies of nitric acid were studied using the BLYP, B3LYP, 

PBE1PBE and PW91 density functionals with the aug–cc–pVDZ, aug–cc–pVTZ, and aug–cc–
pVQZ basis sets. 

The 11A' ground state equilibrium geometry of the molecule does not depend on the level of the 
calculation appreciably. As a matter of fact, all the combinations of the density functionals and 
atomic basis sets provide a Cs absolute minimum with 1A' character and the difference in terms of 
internal coordinates are less than the five per cent. In correspondence of the optimized geometry, at 
each level of the DFT theory, the vertical singlet and triplet transition energies were evaluated using 
the DFT with the time–dependent formalism (TD–TDF). It is valuable before plunging into the 
discussion of the results to take into account the molecular orbitals involved in the lowest valence 
electronic transitions that are going to be examined. In Figure 1, the plots of these electronic 
transitions are represented in the suitable molecular orbital view. From this representation, one may
realize that these electronic transitions have a strong 1n * and 1 * character, being mainly
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localized on the NO2 moiety of the molecule, thus confirming the previous assignments [2–4]. 
Within the DFT approach, the first 1A" excited state is basically due to the HOMO  LUMO 
electronic excitation from the 16th to the 17th molecular orbital whilst the next excited state 21A"
originates from the HOMO–2  LUMO transition occurring from the 14th to the 17th molecular
orbital.

The next excited states retain the character of the wave–function of the electronic ground state 
and more precisely the third 21A' excited state mainly involves an electronic transition from the 
HOMO–3  LUMO molecular orbital (from the 13rd to the 17th molecular orbital) and the fourth
31A' excited electronic state involves an electronic HOMO–1  LUMO transition, from the 15th to 
the 17th molecular orbital. Roughly speaking, the 13rd, 14th, 15th and 16th occupied molecular
orbitals reveal  bonding localized on the NO2 group, non–bonding on the O atom,  bonding, non–
bonding on the O atom and * anti–bonding, respectively. 

Figure 1. Molecular orbitals mainly involved in the first four valence
electronic transitions (1 1A", 2 1A", 2 1A' and 31A' ) of nitric acid.

The character of the molecular orbitals involved in the excitation process determined through the 
calculations are in agreement with previous quantum chemical calculations at CIS/6–31G*, 
CCSD/6–31G* and MRD–CI/DZPR levels of theory [2,3]. The TD–DFT results of the calculated 
singlet transitions are collected in Table 1. 
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Table 1. Singlet Excited States of Nitric Acid: Vertical Excitation Energies (eV) and Oscillator Strengths
(Dimensionless); Average Energy Values Are Reported Along with Standard Deviation

Method 1n * 1n * 1 * 1 *
B3LYP/aug–cc–pVDZ 4.75 5.72 7.01(0.038) 7.20(0.090)
B3LYP/aug–cc–pVTZ 4.86 5.80 7.07(0.035) 7.27(0.087)
B3LYP/aug–cc–pVQZ 4.85 5.82 7.11(0.038) 7.30(0.087)
average 4.82 ± 0.06 5.78 ± 0.05 7.06 ± 0.05 7.26 ± 0.05 
PBE1PBE/aug–cc–pVDZ 4.91 5.96 7.41(0.087) 7.57(0.094)
PBE1PBE/aug–cc–pVTZ 5.01 6.03 7.47(0.083) 7.63(0.094)
PBE1PBE/aug–cc–pVQZ 5.02 6.04 7.49(0.089) 7.65(0.090)
average 4.98 ± 0.06 6.01 ± 0.04 7.46 ± 0.04 7.62 ± 0.04 
BLYP/aug–cc–pVDZ 4.51 5.32 5.86(0.020) 7.49(0.138)
BLYP/aug–cc–pVTZ 4.62 5.39 5.87(0.019) 7.58(0.144)
BLYP/aug–cc–pVQZ 4.63 5.41 5.92(0.020) 7.58(0.136)
average 4.59 ± 0.07 5.37 ± 0.05 5.88 ± 0.03 7.55 ± 0.05 
PW91/aug–cc–pVDZ 4.60 5.49 6.18(0.025) 7.66(0.101)
PW91/aug–cc–pVTZ 4.70 5.56 6.20(0.026) 7.75(0.123)
PW91/aug–cc–pVQZ 4.70 5.57 6.24(0.026) 7.77(0.113)
average 4.67 ± 0.06 5.54 ± 0.03 6.21 ± 0.03 7.73 ± 0.06 
average DFT (GGA) 4.76 ± 0.16 5.67 ± 0.25 6.65 ± 0.66 7.54 ± 0.19 
CASSCF(8,10)/6–311++G(2d,2p) 5.14 6.20
MCQDPT/6–311++G(2d,2p) 4.90 6.15
previous calculations [2,3]
CIS/6–311(2+,2+)G** 5.63 6.51 7.84(0.342) 9.87(0.026)
CIS(D)/6–311(2+,2+)G** 4.71 5.73 6.92 7.09
CCSD/6–311(2+,2+)G** 4.78 5.80 7.01 7.66
MRDCI/DZP(6d)R(sp) 4.59 5.59 6.88(0.3)
experimental [30,31] 4.59 5.90 6.71

From these theoretical data, one may see that the two lowest 1n * and 1 * electronic 
transitions both depend on the density functional and the basis set, although the calculated values 
reproduce satisfactory the experimental sequence, namely 1n * 4.6 and 5.9 eV and 1 * 6.7 
eV [30,31]. The best DFT result was accomplished for the lowest 1n * electronic transition 
from both the PW91/aug–cc–pVDZ level, that is 4.60 eV, against its experimental determination at 
4.59 eV [30,31]. The best estimate of the next 1n * electronic transition, reported at 5.90 eV
[30,31], is that provided from the PBE1PBE/aug–cc–pVDZ level (5.96 eV) and the best agreement
for the lowest valence 1 * electronic transition measured at 6.71 eV is obtained from the 
B3LYP/aug–cc–pVDZ estimate, 7.01 eV. The least difference between the experimental and the 
calculated value is +0.01 eV for the lowest energy 1n * transition calculated at the PW91/aug–
cc–pVDZ level (4.60 eV) and –0.8 eV for the 1 * transition calculated at the BLYP/aug–cc–
pVDZ level (5.86 eV). As one may deduce from the data reported in Table 1, the basis set effect, 
within each DF used, is not particularly large and in general the largest basis set, the aug–cc–pVQZ, 
always provides the highest energy value for all the calculated electronic transitions. In other words, 
the aug–cc–pVQZ basis set overestimates the vertical excitation energies of the two lowest 1n *
transitions by 0.1 eV with respect to the aug–cc–pVDZ less extended basis set. 

One might also propose an average vertical excitation energy value determined for each density 
functional (see Table 1), more suitably. In doing this, it emerges, except for the highest energy 1

74
BioChem Press http://www.biochempress.com



A DFT Study on the Low–Lying Excited States and Adiabatic Photodissociation Channels of Nitric Acid
Internet Electronic Journal of Molecular Design 2007, 6, 70–80 

* transition, that the BLYP level provides the lowest excitation energy, whereas the PBE1PBE 
level provides the highest excitation energy for the 1n * and 1 *. For the highest energy 1

* transition, the lowest and the highest estimate of the excitation energy occurs when the 
B3LYP and PW91 density functionals are employed. In summary, the DFT methods yield 
satisfactory estimates of the excitation energies (4.76 ± 0.16 and 5.67 ± 0.25 eV for the 1n *
transitions and 6.65 ± 0.66 and 7.54 ± 0.19 eV for the 1 * transitions, respectively). 

Earlier CIS, CIS(D), CCSD and MRD–CI calculations [2,3], employing the 6–31G* and 6–
311(2+,2+)G** basis sets, provide for the 1n * and the 1 * electronic transitions values of 
the vertical excitation energies which largely depend on the computational level. Neglecting the 6–
31G* data, the CIS method places the first two 1n * transitions at 5.63 and 6.51 eV [3] 
overestimating them with regard to the experimental values 4.6 eV and 5.9 eV [30,31] . A 
noticeable improvement occurs when the CIS(D) (4.71 eV and 5.73 eV) and CCSD (4.78 eV and 
5.80 eV) levels are adopted. The MRD–CI estimate with the DZPR basis set [2] further improves
the agreement between theory and measure for the lower energy 1n * transition (4.59 eV) with 
respect to the CIS(D) and CCSD calculations performed with the 6–311(2+,2+)G** basis set, 
although underestimates by 0.3 eV the higher energy 1n * transition computed at 5.6 eV. 

Table 2. Triplet Excited States of Nitric Acid: Vertical Excitation Energies (eV) and Oscillator Strengths
(Dimensionless); Average Energy Values Are Reported Along with Standard Deviation

Method 3n * 3n * 3 * 3 *
B3LYP/aug–cc–pVDZ 4.16 5.23 3.93 5.88
B3LYP/aug–cc–pVTZ 4.27 5.31 4.03 5.98
B3LYP/aug–cc–pVQZ 4.28 5.33 4.04 6.01
average 4.24 ± 0.07 5.29 ± 0.05 4.00 ± 0.06 5.96 ± 0.07 
PBE1PBE/aug–cc–pVDZ 4.29 5.42 3.98 6.18
PBE1PBE/aug–cc–pVTZ 4.38 5.49 4.06 6.27
PBE1PBE/aug–cc–pVQZ 4.39 5.51 4.07 6.29
average 4.35 ± 0.06 5.47 ± 0.05 4.04 ± 0.05 6.25 ± 0.06 
BLYP/aug–cc–pVDZ 3.96 4.87 4.17 4.96
BLYP/aug–cc–pVTZ 4.07 4.95 4.27 5.01
BLYP/aug–cc–pVQZ 4.09 4.97 4.26 5.04
average 4.04 ± 0.07 4.93 ± 0.05 4.23 ± 0.06 5.00 ± 0.04 
PW91/aug–cc–pVDZ 4.03 5.02 4.31 5.18
PW91/aug–cc–pVTZ 4.13 5.09 4.39 5.23
PW91/aug–cc–pVQZ 4.15 5.11 4.40 5.26
average 4.10 ± 0.06 5.07 ± 0.05 4.37 ± 0.05 5.22 ± 0.04 
average DFT (GGA) 4.18 ± 0.14 5.19 ± 0.22 4.16 ± 0.16 5.61 ± 0.53 
previous calculations [3]
CIS/6–311(2+,2+)G** 5.00 5.96 3.49 7.50
CIS(D)/6–311(2+,2+)G** 4.46 5.58 4.63 7.74
QCISD/6–31G* 4.46 4.33
QCISD(T)/6–31G* 4.96 5.04
experimental [30,31] 4.59 5.90 6.71

In order to further verify the performance of the TD–DFT formalism and the available 
functionals in the investigation of the electronic transitions, a more correlated and expensive 
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MCQDPT/CASSCF(8,10)/6–311++G(2d,2p) calculation [26] was carried out including the two 
lowest 1 1A" and 2 1A" singlet excited states. From the data collected in Table 1, it is of interest to 
note that, at fixed geometry, (CASSCF(8,10)/6–311++G(2d,2p) optimized geometry was used), the 
excited states benefit preferentially, with respect to the ground state, after the explicit inclusion of 
the dynamical correlation, by means of perturbation theory (MCQDPT). However, from the 
comparison with TD–DFT results it clearly emerges that the MCQDPT and CASSCF approaches 
provide an upper limit for these estimates, above 5.0 eV and 6.0 eV for the 1n * transitions. 

Regarding the lowest triplet excited states, Table 2 summarizes the vertical excitation energies of 
the 3n * and the 3 * transitions determined using different density functionals. 

The two lowest 3A" excited states would relate to the two lowest 1A" excited states being n *
transitions and the two lowest 3A' excited states would relate to the two distinct 1A' singlet excited 
states being * transitions basically of the NO2 group. Unfortunately, one cannot assess the 
validity of the DFT calculations against the previous ones [3] performed at the CIS and CIS(D) 
levels with the 6–311(2+,2+)G** basis set because no experimental data are known for these 
electronic transitions. If one bases the discussion on the average vertical excitation energy values, 
that is 4.18 ± 0.14 and 5.19 ± 0.22 eV for the 3n * and 4.16 ± 0.16 and 5.61 ± 0.53 eV for the 3

* transitions, it appears that the CIS and CIS(D) methods provide higher excitation energy 
values than the DFT ones, notwithstanding the fact that CIS(D) level data are closer to the DFT 
estimates, with the exception of the highest energy 3 * transition at 7.74 eV which seems not 
to dependent on the CI approximation.

The main difference with respect to the analysis already reported in literature [3] is that,
according to the DFT description of the molecular orbitals of the electronic ground state, the lowest 
1 * transitions have reversed energies. Furthermore, the oscillator strengths computed for both 
these transitions strongly depend on the density functional and basis set (see Table 1) and therefore, 
only qualitative information can be reached from the oscillator strength values. The band intensity 
of the higher energy 1 * transition would be larger than that expected for the lower energy one, 
this conclusion based on the density functional however does not agree with the CIS/6–
311(2+,2+)G** calculations providing an opposite intensity pattern. It is not possible, on this 
ground, to invalidate the alternative assignment of these transitions proposed earlier through CIS/6–
311(2+,2+)G** calculations [3]. At the same time, the experimental result does not allow to reach 
any conclusion since the measured electronic transitions produce an intense but “broad” absorption 
band centered at 185 nm (6.70 eV). 

At last, turning to the binding energy, in order to further confirm the hypothesis of the 
dissociation process through the cleavage of HNO3 to form OH· + NO2·, we have calculated the 
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energetic of this process considering the products in their own ground states. These calculations 
were performed with the gradient–corrected approximation (GGA) with the B3LYP, PBE1PBE, 
BLYP and PW91 density functionals using the aug–cc–pVQZ basis set, being the performance of 
these functionals well known for this task [32]. The average DFT(GGA) harmonically zero point 
vibrational corrected binding energy D0

h (HO–NO2) value is 197.8 kJ mol–1, in agreement with the 
experimental one 198.7 kJ mol–1 [33]. These results are reported in Table 3. 

Table 3. HO–NO2 counterpoise–corrected (cpc) and harmonically zero–point corrected binding energies De
cpc and D0

h

(kJ mol–1). Basis set superposition error (BSSE) is reported in kJ mol–1 and average binding energy (D0
 h) value is 

reported along with standard deviation. Triplet excited states of nitric acid: vertical excitation energies (eV) and 
oscillator strengths (dimensionless). Average energy values are reported along with standard deviation. 

Method De
 cpc D0

 h BSSE
B3LYP/aug–cc–pVQZ 205.4 182 0.7
PBE1PBE/aug–cc–pVQZ 225.1 200.4 0.7
BLYP/aug–cc–pVQZ 210.9 189.1 0.75
PW91/aug–cc–pVQZ 243.1 219.7 0.7
average DFT (GGA) 197.8 ± 16.4 
experimental [33] 198.7 ± 2.1 

3.2 Adiabatic Photo–dissociation Channels
According to the UV absorption spectrum of HNO3, showing two broad peaks, the most intense 

one at 185 nm (6.70 eV) is due to both the 1 * transitions and the other one at 270 nm (4.59 
eV) is originating from the non–bonding oxygen atoms to the * orbital of the NO2 moiety. The 
photodissociation channels at 193nm (6.42 eV), 248 nm (5.00 eV) and 280 nm (4.42 eV) leading to 
OH· and NO2· fragments have been studied deeply both experimentally [2–4] and theoretically [5–
7]. As already discussed elsewhere [4], the fragmentation of the molecule at the shorter wavelength 
may produce either NO2· in the 1 2B2 or 2 2B2 excited electronic state. On this respect, 
photofragment translational energy measurements by Myers and co–workers showed a bimodal
translational energy distributions for the OH· + NO2· dissociation channel. One channel (the faster 
one) produces stable fragments with an average translational energy peaks at 146 kJ mol–1 and it has 
been assigned to OH· + NO2· (1 2B2) on the basis of the adiabatic correlation diagram from the 
singlet excited state of nitric acid (1 1A') to OH + NO2 asymptotic radical products. The slower 
channel, which provides a maximum at 63 kJ mol–1 (hence with the fragments at more internal 
energy) correlates nonadiabatically to NO2 (2 2B2) excited state which undergoes secondary 
dissociation to NO· + O·. As a matter of fact, has been supposed that if the molecule does not follow 
the adiabatic pathway along the 2 1A' potential energy surface, the system hops on the 3 1A'
hypersurface which leads to OH· + NO2· (2 2B2) products [4]. 

On the basis of previous investigations [2–4], let us now consider the adiabatic photodissociation 
channel HONO2 (1 1A') + h  OH· (2 ) + NO2· (1 2A1 or 1 2B2). For this purpose, the potential 
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energy curves (PESs) of the first excited states (1 1A", 2 1A", 2 1A' ) were determined at the TD–
DFT(B3LYP/aug–cc–pVQZ) level. During the 1 1A' ground state surface scanning, the HO–NO2

bond length was varied from its equilibrium value 1.409 Å up to 2.450 Å and the orthogonal 
nuclear degrees of freedom were relaxed step by step, following the same computational procedure 
adopted for hexafluoropropene [1]. It is interesting to note that the lowest 1 1A" excited state 
provides a barrier (0.6 eV at 1.47 Å) toward the dissociation process whilst the 2 1A" and 2 1A'
excited states cross one with the other at 1.75 Å, both showing a potential energy profile lacking of 
a meaningful barrier (Figure 2 and Figure 3). As matter of fact, at least within the explored range, 
the 2 1A" excited state has a quite flat energy profile but, on the contrary, the lowest 1 1A' shows a 
slight repulsive behavior along this internal degrees of freedom (see Figure 3). Previous quantum
chemistry calculations [2] carried out for the same excited states showed that the minimum potential 
energy curves of the three lowest singlet excited states along the dissociation path have small
barriers, namely 0.31 eV for the 1 1A", 0.14 eV for 2 1A" and 0.04 eV for the 1 1A'.

Figure 2. Potential energy curves of the ground (1 1A') and first (1 1A") valence
excited state of acid nitric along the HO–NO2 bond. 

The equilibrium geometries of these three lowest excited states were found to be pyramidal with 
the NO2 group bending down out of the ground state molecular plane and the hydrogen atom is 
rotated by 90° about the proper NO axis [2]. Our DFT computations confirm that the nuclear 
relaxation after the excitation process plays a crucial role along the lowest energy photodissociation 
channel. In fact, constraining the molecule to remain planar throughout the calculations, the bond 
dissociation barrier occurring on the 1 1A" excited surface is twice with respect to the value 
obtained for the non–planar geometry.
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Figure 3. Potential energy curves of the ground (2 1A") and first (2 1A') valence excited 
state of acid nitric along the HO–NO2 bond. 

Interestingly enough, our results confirm that if the dissociation process at 280 nm takes place on 
the 1 1A" excited state the out–of–plane bending vibration of the molecule has a noticeable 
contribution to the lowering of the barrier to dissociation. Furthermore, our energy dissociation 
paths of the remaining 2 1A" and 1 1A' electronic excited states show that if the excitation process 
takes place without out–of–plane nuclear relaxation, the cleavage of HNO3 to form OH· (2 ) + 
NO2· (1 2B2) can be described as an impulsed process. Further studies, to take into account the 
effects of the electronic distribution on the lowest photodissociation channels of the nitric acid are 
obviously needed and are under investigation in our group. 

4 CONCLUSIONS 

In this work, we use the density functional theory with its time–dependent (TD–DFT) formalism,
in the study of the low–lying singlet and triplet excited states of nitric acid in gas–phase. Our results 
are in satisfactory agreement with UV experimental data and in analogy with previous results 
obtained by means of high level calculations and attest the proposed valence assignments of the 
main absorption bands; furthermore, the comparison with a more correlated and computationally
demanding method, such as CASSCF and MCQDPT calculations further confirm the valuable 
performance of the TD–DFT formalism in the study of excited states dominated by one–electron 
transitions. Interestingly, in this work we show that at 248 nm, the potential energy barrier toward 
dissociation of the acid nitric in OH + NO2 radical fragments strongly depends on the out–of–plane 
bending vibration of the molecule in the 1 1A" excited state having a noticeable contribution to the 
lowering of the barrier. 
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