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The low-lying excited states of s-trans-formaldazine (H2CdN-NdCH2) have been investigated using the
complete active space self-consistent field (CASSCF) and the multiconfigurational second-order perturbation
(CASPT2) methods. The vertical excitation energies have been calculated at the state-average CASSCF and
multistate CASPT2 levels employing the cc-pVTZ basis set. The photodissociation mechanisms starting from
the S1 state have been determined. The lowest energy points along the seams of surface intersections have
been located in both the Franck-Condon region and the N-N dissociation pathway in the S1 state. Once the
system populates the S1 state, in the viewpoint of energy, the radiationless decay via S1/S0(3) conical intersection
followed by the N-N bond fission in the ground-state is more favorable in comparison with the N-N
dissociation process in the S1 state. A three-surface crossing region (S1/T1/T2), where the S1, T1, and T2 states
intersect, was also found. However, the intersystem crossing process via S1/T1/T2 is not energetically competitive
with the internal conversion via S1/S0(3).

Introduction

Formaldazine (2,3-diaza-1,3-butadiene, methanal azine,
H2CdN-NdCH2), an analog of 1,3-butadiene, is the simplest
member in the acyclic azine family. Since being first synthesized
by Neureiter in 1959,1 formaldazine has received particular
interest as a stable dimer and a source2 of methyleneiminyl
(methylene amidogen, H2CN) radical. The H2CN radical is
considered to be an intermediate in the combustion and
decomposition of nitramine propellants,3-8 and play an impor-
tant role in the chemistry of extraterrestrial atmospheres.4,9,10

The equilibrium structures of formaldazine in the ground-
state have been studied by both experimental11-14and theoret-
ical15,16 approaches. Early IR and microwave spectra indicated
a cis structure of formaldazine with respect to the N-N bond.11

However, on the basis of more extensive data of IR and Raman
spectra, the trans structure was proposed to be more stable than
the cis one.12,13 In addition, the latter experiment13 showed that
there is a gauche conformer at room temperature. Through the
electron diffraction investigations, Hagen et al.14 suggested that
the molecules exist as a mixture of trans and gauche conformers,
and the trans structure is more stable than the gauche one. The
energy barrier for the isomerization between the trans and
gauche conformers was predicted to be 1.50 ( 0.74 kcal
mol-1.14 The theoretical studies showed that there exist a series
of gauche structures, the relative energies of which are in the
range of 2.99-3.59 kcal mol-1 as compared with the trans
structure.15

Ogilvie and Horne16 studied the ultraviolet-visible absorption
spectrum of formaldazine from 14 000 to 52 500 cm-1. It was
exhibited that there are three main absorption bands. The first
absorption band centered at ∼34 500 cm-1 (4.28 eV) is

completely diffuse and has no fine vibrational structure. The
second band is around 44 150 cm-1(5.47 eV). The third band,
the most intense one, centers at ∼51 700 cm-1 (6.41 eV) with
an apparent shoulder near 50 400 cm-1 (6.25 eV). The three
bands were experimentally observed to have oscillator strengths
of ∼0.0005, ∼0.003, and g0.16, respectively. They were
assigned to the π/ r n, σ(CH)

/ r π, and π/ r π transitions by
Ogilvie and Horne.16

The photodecomposition processes of azine compounds have
been studied extensively in experiments.2,16,18-22 Ogilvie and
Horne16 measured the transient absorption spectra of the
decomposition products during the flash photolysis process of
formaldazine using the double-beam prism spectrophotometer
technique. No other signals were detected besides H2CN from
210 to 650 nm, with an exception of a weak spectrum of CH3

at 215 nm. After flash photolysis, the major products were
collected and analyzed to be hydrogen cyanide, ammonia,
ethane, methane, and ethyne in the order of decreasing
abundance, and a trace of diazomethane was also found.
Hydrogen or nitrogen was not observed in their experiments.16

Horne and Norrish2 studied the flash photolysis and the
continuous photolysis of formaldazine at 253.7 nm. They
proposed the following mechanisms:

FA+ hVf FAV* (1)

FAv
/fCH2N · +CH2N · (2)

FAv
/fCH2NNCH · +H (3)

FAv
/fCCH2N2 +CH2: (4)

FAv
/+Mf FA+M (5)

CH2N · +CH2N · fHCN+CH2NH (6)
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CH2N · +CH2N · f FA (7)

6CH2NHf (CH2)6N4 + 2NH3 (8)

where FA, FAv
/, and M denote formaldazine, vibronically

excited formaldazine, and a third body, respectively. On the
basis of the detection of methyleneiminyl signal, the marked
effect, as well as the consumption of nitric oxide in the
photolysis, the photodissociation process is predominated by a
radical mechanism. No evidence proved the occurrence of
reaction 3. The methane and diazomethane were also detected
and attributed to reaction 4. Hydrogen cyanide, the major
gaseous product, was considered to derive from the dispropor-
tionation reaction of methyleneiminyl radicals as represented
in reaction 6. The approximate ratio between hydrogen cyanide
and ammonia was 3.2 The unimolecular decay processes for
the photodissociation of matrix-isolated formaldazine were
examined later employing electron spin resonance spectrum.21

The methyleneiminyl radical was detected at wavelengths shorter
than 320 nm.21 Recently, Felder22 investigated the 193 nm
photodissociation process of formaldazine under collisionless
conditions by measuring the molecular beam photofragment
translational spectroscopy. Formaldazine was shown to dissoci-
ate primarily to two methyleneiminyl radicals on the time scale
ofe10-12 s. The methyleneiminyl radical undergoes a secondary
dissociation step in which one of the CH bonds splits. Neither
reaction 4 nor reaction 6 was found in Felder’s experiment.22

To our knowledge, no theoretical investigation on the excited
states has been reported to account for the photochemical
processes of formaldazine. In the present paper, the characters
of the potential energy surfaces of the low-lying excited states
as well as the ground-state have been investigated. The
mechanisms of the dissociation processes have been determined
on the basis of the calculated potential energy surfaces and their
intersections.

Computational Details

The stationary structures of formaldazine in the S0, S1, S2,
T1, and T2 states were optimized using the complete active space
self-consistent field (CASSCF)23 method with the cc-pVTZ basis
set.24 Once convergence was reached, the harmonic frequencies
were analyzed to confirm the obtained geometry to be a
minimum or a first-order saddle point, and the frequencies were
not scaled. In order to consider the dynamic fractions of the
correction energies for the stationary points, the single-point
energies were refined by means of the multistate extension of
multiconfigurational second-order perturbation approach (MS-
CASPT2),25 which takes the CASSCF wave functions as a
reference in the second-order perturbation treatment. To mini-
mize the effect of intruder states,26 the level-shift technique was
used when needed. To confirm the right connective relationships
between transition states and minima (or dissociation products),
the minimum energy pathway (MEP) calculations were per-
formed at the CASSCF level. For the lowest triplet surface, the
B3LYP27,28 and MP229 calculations were also performed as a
useful complement to the CASSCF method.

The selection of the active space is a crucial step for the
CASSCF and CASPT2 calculations. For the ground state
s-trans-formaldazine which has C2h symmetry, the electronic
configuration is given by (1ag)2, (1bu)2, (2bu)2, (2ag)2, (3ag)2,
(3bu)2, (4ag)2, (4bu)2, (5ag)2, (5bu)2, (6ag)2, (1au)2, (6bu)2, (7ag)2,
(1bg)2, (2au)0, (7bu)0, (8ag)0, (2bg)0, (8bu)0, (9ag)0, (10ag)0... In
our calculations for the stationary points, the selected active
space is comprised of (5ag)2, (5bu)2, (6ag)2, (1au)2, (6bu)2, (7ag)2,
(1bg)2, (2au)0, (7bu)0, (8ag)0, (2bg)0, that is, 14 electrons in 11

orbitals, which will be referred to as CASSCF (14,11) hereafter.
For convenience, the 1au, 1bg, 2au, and 2bg orbitals, which are
all provided with π orbital characters, will be referred to as π1,
π2, π3

/, and π4
/, respectively.

The lowest energy points of the intersection seams between
different electronic states including conical intersections (CIs)
and intersystem crossing points (ISCs) have also been located.
In order to get a balance between the precision and the
computational cost, a reduced active space containing 10
electrons in eight orbitals was used for the location of the
crossing points. This active space includes all the π type orbitals,
the σ and σ/ orbitals of the N-N bond, and the two lone pair
orbitals of nitrogen atoms. At the ISCs, the spin-orbit coupling
(SOC) constant between the singlet and triplet states has been
calculated. The atomic mean field integrals (AMFI) method30

and the effective one-electron Fock-type spin-orbit operator31

are applied to simplify the treatment of the spin-orbit interaction.
The Gaussian 03 program32 was used for the optimizations

of the CIs as well as the B3LYP and MP2 calculations, while
all the other calculations were carried out using the MOLCAS
6.2 program.33

Results and Discussion

Ground-State Equilibrium Geometry and Vertical Excita-
tion Energies. From previous experimental11,12,14 and theoret-
ical15,17 investigations, the most stable structure of formaldazine
in the ground-state is the trans one with C2h symmetry. The
equilibrium geometry for s-trans-formaldazine obtained at the
CASSCF(14,11)/cc-pVTZ level is presented in Figure 1 along
with the atom labels and bond parameters. The calculated bond
parameters are in good agreement with the corresponding
experimental results in reference,14 which means that our
selection of the active space is reliable. A significant structural
feature of s-trans-formaldazine is that the N-N distance of
1.398 Å is shorter than the typical N-N single bond length of
1.45 Å, while the C-N distance is 1.288 Å, slightly longer than
the typical C-N double bond length of 1.25 Å. This structural
characteristic can be attributed to the conjugation interaction
between the two H2CN moieties, which enhances the N-N bond
and weakens the C-N bonds. The CNN, NCH (cis) and NCH
(trans) angles are 111.5, 122.2, and 117.8°, respectively, which
indicates that all the carbon and nitrogen atoms are sp2

hybridized. It should be pointed out that the relatively large
deviation of the CNN angle from the normal value of 120° is
a result of the inequivalent hybridization of the nitrogen atom,
that is, the repulsion between a lone-pair and a σ orbital is
usually stronger than that between two σ orbitals.

In order to give an explicit theoretical interpretation of the
gas phase UV spectrum, the vertical excitation energies (singlet
and triplet) of formaldazine were calculated at the state average
(SA)-CASSCF(14,11)/cc-pVTZ and MS-CASPT2(14,11)/cc-
pVTZ levels. The relative energies of the involved states are
listed in Table 1 along with the respective electric dipole
transition oscillator strengths. Our calculations clearly show that
the small frequency absorption band (34500 cm-1) comes from
the 11Au r 11Ag transition. The vertical excitation energies of
this transition are predicted to be 4.01 and 3.62 eV at the
CASSCF and CASPT2 levels, respectively, with the calculated
oscillator strength being 0.00506. Through analyzing the coef-
ficients of the CASSCF electronic configurations and the
relevant molecular orbitals, it is concluded that the principal
promotion of this transition is from the nitrogen lone-pair orbital
to the π3

/ orbital. The middle band (44150 cm-1) corresponds
to the 11Bg r 11Ag transition. The CASSCF and CASPT2

8980 J. Phys. Chem. A, Vol. 112, No. 38, 2008 Luo et al.



Figure 1. Schematic structures of stationary points in different electronic states with the CASSCF(14e,11o)/cc-pVTZ bond parameters and structures
of surface crossing points with the CASSCF(10e,8o)/cc-pVTZ bond parameters. The values in parentheses are experimental values. (Bond lengths
in angstroms and bond angles in degrees).
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vertical excitation energies are 5.90 and 5.46 eV, respectively.
The occupied numbers of the natural orbitals for the 11Bg state
are shown as follows: (5ag)1.97, (5bu)1.99, (6ag)2.00, (1au)1.95,
(6bu)1.78, (7ag)1.21, (1bg)1.83, (2au)0.44, (7bu)0.03, (8ag)0.01, (2bg)0.78.
It is clear that the CASSCF wave function is provided with
multireference character. Since the ground-state formaldazine
presents C2h geometry, this observed band corresponds to a
symmetry-forbidden electronic transition. However, the experi-
mentally observed oscillator strength of ∼0.003 is derived from
the effect of vibronic interaction, whose existence is usually
proved by a distorted molecular structure in the corresponding
excited state.16 Our calculation shows that the C1N2N3C4,
H5C1N2H6, and H7C4N3H8 dihedral angles in the 11Bg (S2)
equilibrium geometry are -174.5, 155.6, and -151.6°, respec-
tively. The C2h symmetry of the S0 minimum is destroyed and
becomes C1 upon photoexcitation to S2. According to our
calculation, the strongest absorption peak is assigned to the 11Bu

r 11Ag transition with a large oscillator strength of 0.765. The
vertical excitation energies calculated at the CASSCF and
CASPT2 levels are 8.54 and 6.40 eV, respectively. This peak
is assigned to the promotion of one electron from π2 to π3

/. By
our calculations, the assignments of first and third bands are
identical with those of Ogilvie and Horne’s prediction,16 while
the second band is reassigned.

The N-N Bond Fissions in the S0, S1, T1, and T2 States.
In the ground state, the N-N bond fission produces two H2CN
(12B2) radicals. No transition state was found on the dissociation
pathway. The dissociation energy is 2.28 eV at the CASPT2/
cc-pVTZ level (see Table 2). For 1,3-butadiene (CH2CHCHCH2)
and glyoxal (CHOCHO), two isoelectronic bodies of form-
aldazine that have similar 1,3-conjugation structures, the dis-
sociations along their center C-C bonds also occur without
transition states in the S0 states.34,35

The optimized structure for S1 minimum possesses Cs

symmetry, with all the atoms in the molecular plane, which is
consistent with the experimental prediction.16 As shown in
Figure 1, the N-N bond length is 1.251 Å, 0.147 Å shorter
than the corresponding value in S0 minimum, while the C1-N2
(C4-N3) bond length is 1.342 (1.330) Å, 0.054 (0.042) Å longer
than that of S0 minimum. The CNN angle of 131.4° (or 131.5°)
in S1 differs significantly from 111.5° in S0. It is clear that the
structural changes are caused by the π3

/ r n electronic
transition, since the π3

/ orbital has antibonding nature over the
two C-N bond regions and bonding nature over the N-N bond
region, respectively. At the CASPT2 level, the S1 minimum lies
2.32 eV above the S0 minimum and 1.30 eV below the S1

Franck-Condon (FC) point.

On the N-N bond dissociation pathway in S1, every effort
to locate a transition state failed. The optimization always leads
the system to a particular region where the single state wave
function is hard to converge. It is found that the S1 and S0

surfaces approach each other in this region, which implies that
surface crossings between S1 and S0 are likely to occur on the
S1 N-N dissociation pathway. The optimizations of the S1/S0

surface intersections were carried out at the SA-CASSCF(10,8)/
cc-pVTZ level. Two S1/S0 CIs, referred to as S1/S0(1) and S1/
S0(2), were obtained. As shown in Figure 1, the N-N distances
in S1/S0(1) and S1/S0(2) are 1.581 and 1.652 Å, respectively.
Considering the N-N distance, the internal conversion via S1/
S0(1) would occur prior to that via S1/S0(2). Funneling through
S1/S0(1), two H2CN (12B2) radicals would be yielded. It is also
possible for a vibrationally hot ground-state parent molecule to
be produced through the nonradiative decay process.

In the triplet manifolds of formaldazine, the situation seems
a little complicated. The two lowest lying triplet states are the
13Au and 13Bu states, which originate from the π3

/ r n and
π3
/ r π2 transitions, respectively, and will be referred to as

3nπ/ and 3ππ/ states hereafter. The vertical excitation energies
of the 3nπ/ and 3ππ/ states are 3.25 and 3.69 eV at the
CASSCF(14,11) level, but become 3.70 and 3.39 eV at the
CASPT2(14,11) level, respectively, reversed in energetic order.
The CASSCF(14,11) calculations shows that the 3ππ/ equilib-
rium structure (T2 minimum) has a near-Cs symmetry with two
H atoms out of the molecular symmetry plane. The 3ππ/
adiabatic excitation energy is predicted to be 2.64 eV at the
CASPT2 level. On the 3ππ/ N-N dissociation pathway, a
transition state, referred to as T2-NNTS, is located at the
CASSCF(14,11) level. The MEP calculations starting from this
point show that T2-NNTS connects T2 minimum and two H2CN
(12B2) radicals. At the CASPT2 level, T2-NNTS lies 0.48 eV
above T2 minimum, which indicates that once the system
populates the 3ππ/ state, it is not hard to undergo the N-N
fission. The 3nπ/ equilibrium geometry was originally optimized
from the FC point using C1 symmetry. Serious divergence of
single state wave function was encountered during the optimiza-
tion process due to the approaching of the two lowest lying
triplet states. Our SA-CASSCF(10,8) calculation (without
symmetry constraint) confirms that a CI between the 3nπ/ and
3ππ/ states, referred to as T2/T1, exists in the FC region, via
which internal conversion between the two states would take
place. Employing C2h symmetry, the 3nπ/ equilibrium geometry

TABLE 1: SA-CASSCF and MS-CASPT2 Energies of the
Vertical Transitions of Formaldazine

state ∆ECASSCF
a ∆ECASPT2

b Rwc f d confige weightf

11Ag (S0) 0 0 0.86 2220 20 220 20 0.86
11Au (S1) 4.01 3.62 0.85 0.00506 22u0 2d 220 20 0.83
11Bg (S2) 5.90 5.46 0.85 0.00000 2220 2u 2d0 20 0.17

22u0 20 220 2d 0.64
11Bu (S3) 8.54 6.40 0.82 0.76518 2220 2u 220 d0 0.89
13Au (T1) 3.69 3.39 0.85 22u0 2u 220 20 0.83
13Bu (T2) 3.25 3.70 0.86 2220 2u 220 u0 0.83

a Relative SA-CASSCF(14e,11o)/cc-pVTZ energies in eV. b Relative
MS-CASPT2(14e,11o)/cc-pVTZ energies in eV, with the level shift
value equal to 0.2 hartree. c Reference weight of the configuration.
d Oscillator strength in au. e CASSCF configurations of the weight
larger than 0.1; the order of the irreducible representation is ag, au,
bu, and bg; u or d represents spin up or down. f Weight of the
CASSCF configuration.

TABLE 2: CASSCF and CASPT2 Energies of Critical
Points of Formaldazine

geometry ∆ECASSCF
a ∆ECASPT2

b Rwc ZPEd

S0 (11Ag) minimum 0 0 0.85 0
S1 (11Au) minimum 3.02 2.32 0.84 -0.09
T1 (13Au) minimum 3.06 2.16 0.84 -0.15
T1-NNTS 6.76 5.79 0.82 -0.17
T2 (13Bu) minimum 2.57 2.64 0.85 -0.13
T2-NNTS 3.26 3.12 0.84 -0.18
H2CN(12B2)+H2CN(12B2) 1.80 2.28 0.85 -0.28
H2CN(12B2)+H2CN(12B1) 6.34 5.81 0.84 -0.27
S1/S0(1) 6.51 6.14 0.84
S1/S0(2) 6.42 5.99 0.83
S1/S0(3) 3.58 2.45 0.83
S1/T1/T2 3.26 3.18 0.85

a Relative CASSCF(14e,11o)/cc-pVTZ energies in eV. b Relative
CASPT2(14e,11o)/cc-pVTZ energies in eV, with the level shift value
equal to 0.0 hartree. c Reference weight of the configuration. d Zero
point vibrational energies at the CASSCF(14e,11o)/cc-pVTZ level in
eV.
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(T1 minimum) is obtained with no imaginary frequency. A
transition state, referred to as T1-NNTS, is located to connect
the T1 minimum on the reactant side and H2CN (12B2) + H2CN
(12B1) on the product side. The CASSCF energy of T1-NNTS
is 6.76 eV with respect to the S0 minimum, 0.42 eV above the
adiabatic dissociation product. However, at the CASPT2 level,
T1-NNTS lies 5.79 eV above the S0 minimum, 0.01 eV below
the adiabatic dissociation product. Such a high barrier indicates
that the N-N bond fission in 3nπ/ is hard to occur in comparison
with that in 3ππ/. The B3LYP and the MP2 methods were also
applied to investigate the 3nπ/ potential energy surface. At either
the B3LYP/cc-pVTZ or the MP2/cc-pVTZ level, the equilibrium
geometry was found to possess C2h symmetry, and no transition
state was found on the 3nπ/ N-N dissociation pathway.

Surfaces Intersections and Mechanistic Aspects. It is
generally accepted that the reactions proceed mainly in the
ground or lowest excited state, no matter which state is initially
populated upon photoexcitation. Thus, our discussion on the
reaction mechanisms will start from the S1 state. The absorption
band centered at 34 500 cm-1 is completely diffuse, indicating
a progress of either a direct dissociation or a strong predisso-
ciation after photoexcitation to the S1 state.16 As mentioned
above, on the S1 N-N dissociation pathway lie S1/S0(1) and
S1/S0(2) CIs, via which radiationless decays from S1 to S0 would
occur efficiently. However, the relative energies of S1/S0(1) and
S1/S0(2) are 6.14 and 5.99 eV at the CASPT2(14,11) level as
compared with S0 minimum, and both are inaccessible upon
photoexcitation around 34 500 cm-1. Accordingly, surface
crossings in other regions where the S1 state is intersected should
be located in order to account for the predissociation processes.

The lowest energy points of the crossing seams between S1

and S0 (referred to as S1/S0(3)) and between S1 and T1 (referred

to as S1/T1) in the FC region were optimized at the SA-
CASSCF(10,8)/cc-pVTZ level with no symmetry constraint. The
optimized S1/S0(3) has a slightly distorted out-of-plane structure
provided with C2 symmetry. The bond lengths and bond angles
of S1/S0(3) are close to those of S1 minimum except a shorter
N-N distance of 1.209 Å and a larger CNN angle of 141.4°.
The derivative coupling and the gradient difference vectors that
form the branching space are plotted in Figure 2. The derivative
coupling vector at S1/S0(3) is mainly associated with the
stretching motion of the N-N bond, leading to the S1 minimum.
The gradient difference vector corresponds mainly to the N-N
elongation and the C-N shortening as well as the CNN bending
motion, with the molecule moving along this vector resulting
in the S0 minimum. For the ISC, it is interesting that S1/T1 and
T2/T1 are not distinguishable both structurally and energetically.
The largest deviations of bond lengths and bond angles between
S1/T1 and T2/T1 are less than 0.01 Å and 1.6°, respectively, and
the CASPT2(14,11) energy difference in T1 between the two
geometries is smaller than 0.06 eV. Thus, this region can be
considered as a region where three potential surfaces (S1, T1,
and T2) intersect. This is not surprising because the T1 and T2

surfaces are close to each other in the FC region. Actually, for
a number of molecules that involve the nπ/ and ππ/ transitions
upon photoexcitation, three-surface intersections have also been
found near the FC region among the S1, T1, and T2 states.36-38

Once the S1 state, a bound excited state, is populated, it is
hard to undergo the N-N fission process, as discussed above.
However, the S1 state may nevertheless be short-lived since it
is intersected by other states where fragmentations can happen
at lower energies. At the CASPT2(14,11) level, S1/S0(3) lies
2.45 eV above the S0 minimum, only 0.13 eV above the S1

minimum. In the viewpoint of energy, the internal conversion

Figure 2. Schematic gradient difference (GD) and derivative coupling (DC) vectors at the surface crossing points (S1/S0(1), S1/S0(2), S1/S0(3),
S1/T1, and T2/T1).
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via S1/S0(3) is the most probable relaxation channel in S1. As
shown in Figure 3, the striking structural changes among S0

minimum, S1 minimum, and S1/S0(3) are associated with the
N-N bond and the CNN angle. Thus, it is reasonable to
anticipate that the radiationless decay from S1 to S0 via S1/S0(3)
would produce a vibrationally hot ground-state molecule, with
excitations mostly in the N-N stretching and the CNN bending
modes. After decay to the ground state, the N-N bond is likely
to cleave under the condition that abundant vibrational energy
is accumulated over the N-N bond region, and two H2CN
(12B2) radicals would be yielded. In comparison with the internal
conversion via S1/S0(3), the intersystem crossing via S1/T1/T2

intersection is not likely to make significant contribution to the
photodissociation dynamics of formaldazine because of the
relatively high energy (3.18 eV above the S0 minimum at the
CASPT2 level), although the calculated norm of the SOC
element is 19.5 cm-1 between S1 and T1. In fact, experiment
on the flash photolysis of formaldazine at 253.7 nm2 has shown

that the carrier of the transient UV spectrum, i.e., methylene-
iminyl radical, is not a metastable electronically excited species.
The reaction channel involving the internal conversion from S1

to S0 and the subsequent dissociation in S0 is consistent with
the experimental finding.

Conclusion

The electronic absorption spectrum of s-trans-H2CNNCH2

has been investigated by means of the CASSCF and CASPT2
approaches. The three main absorption bands between 14 000
and 52 500 cm-1 have been reassigned to nπ/, a multireference,
and ππ/ transitions, respectively. Three CIs have been located
between the S1 and S0 states. One of them (S1/S0(3)) lies in the
FC region, and has a fairly low energy (0.13 eV) with respect
to the S1 minimum. The internal conversion from S1 to S0 via
S1/S0(3) followed by the N-N dissociation in S0 would be
responsible for the vibrational diffuse nature in the UV spectrum.

Figure 3. Schematic map of low-lying singlet and triplet surfaces of formaldazine. FC denotes the Franck-Condon point. Sx/Sy represents the CI
between the Sx and Sy states. Sx/Ty represents the intersection point where intersystem crossing occurs between the Sx and Ty states.
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A three-surface intersection (S1/T1/T2) has been found; however,
the relative energy of this point is too high for the intersystem
crossing to compete with the internal conversion via S1/S0(3).
The N-N dissociation channel with the most possibility can
be summarized as follows: S0 + hV f S1-FC f S1 minimum
f S1/S0(3) f S0 minimum f 2H2CN (12B2).

Our theoretical results are consistent with the corresponding
experiments and may be useful for further experimental studies
about formaldazine and relevant azine molecules.
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