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Photodissociation Mechanism of Nitramide: A CAS-SCF and MS-CASPT2 Study
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The complete active space self-consistent field (CAS-SCF) method combined with the multistate second-
order perturbation theory (MS-CASPT2) are used to study the low-lying, singlet and triplet, potential energy
surfaces of nitramide. Vertical transition calculations have allowed us to reinterpret the gas-phase UV spectrum
of nitramide as the overlapping of two intense bands calculated at 6.46 and 6.52 eV, respectively. The states
of relevance in its photochemistry after excitation at different wavelengths have been determined to be up to
S, From that point on, the most probable dissociation mechanism is determined by considering relative energies
among the different stationary points and the major role played by conical intersections conng&ing S
S)/S;, and S/, electronic states. The most likely dissociation products arg(MB;), NO,(1?A;), NO»-

(1°A,), NOx(1%B,), NOy(12A1)*, NH,NO(1*A"), NO(X2IT), and OfD). With regards to the influence of triplet

states in the photodecomposition of nitramide, our calculations indicate {ff&tcFossing is probable only

after radiationless deactivation.

1. Introduction Ground-state DMNA decomposition has been studied by
thermal pyrolysi®, pulsed laser pyrolysis! and IRMPD
(Infrared Multiphoton Decomposition) experimeftsThese
studies show that NNO; scission is likely to be the main step
in DMNA decomposition, although studies carried out by
Golden and co-workefshave concluded that nitro-nitrite
isomerization competes with-\NNO, bond cleavage.

With respect to the UV photolysis of DMNA, Mialocq and
Stephenschdemonstrated that the photodecomposition at 266
nm yielded (CH).N, NOx(X2A1), and NQ(A2B,) in a mono-
| photonic and collisionless process which took place in less than
6 ps. After excitation of DMNA at 248 nm, McQuaid et*4l.
found as reaction products OHRE"), OH(X?IT), NOx(A?B,),
NO,(X2A1), and NO(XIT). Where NQ(AZB,), NOy(X?A 1), and
OH(X2II) were generated via monophotonic unimolecular
gathways.

Previous computational works on nitramide have been only
concerned with decomposition on the ground state. Morokuma
and co-workers have studied the ground-state potential energy
surface of the NH+ NO, system at different levels of theory.
They concluded that the barrierless association of these two
radicals leads to formation of NINO, and NHONO [egs 1
and 2].

Nitramide (NHNOy) is the simplest member of the nitramine
family, i.e., the simplest closed-shell neutral molecule containing
an N—NO, bond. In addition to its environmental importance
as intermediate in the nitrogen oxides elimination, nitramide
constitutes a suitable model for the study of the decomposition
mechanisms of more complex energetic materials such as RDX
(hexahydro-1,3,5-trinitro-s-triazine) or HMX (1,3,5,7-tetranitro-
1,3,5,7-tetraazacyclooctane). However, due to its pronounced
unstability, its characterization as well as the study of its
chemical behavior is rather difficult. For this reason, a theoretical
treatment can shed some light on the dissociation dynamics of
this compound.

The UV absorption spectrum of nitramide has been obtained
in the crystal in the solutior?32and in the gas phasé.The
gas-phase spectrum exhibits a moderate band centered aroun
6.3 eV. Additionally, the solution spectrum presents two weak
shoulders under 5.0 e¥The theoretical assignment has been
accomplished by several authbrsby using different theoretical
approaches. Both Stals et?zdnd Nagakur& studies conclude
that the moderate band results in the overlap of two bands, but
they differ on their character; while Nagakura interprets this
band as an intra NQ(or — 7*) transition and a charge transfer
between a donor (Np and an acceptor (N£p, Stals et al.
reported thatr — o* and x — z* transitions were responsible
for such a band. On the other hand, Hérsisows the moderate
band as the result of @ — s* transition.

To our knowledge, experimental studies on nitramide de- N o )
composition, either thermal or photochemical, are still unpub- Subsequent. decompositions of these reaction intermediates
lished. Therefore, we will contrast our theoretical results with '€ad to formation of HO, N;O, H;NO, and NO.
those of a close structurally related system suchNgs- “In the present study, we have investigated the low-lying
dimethylnitramine (DMNA), which is expected to exhibit the ~Singlet and triplet potential energy surfaces of nitramide related
main features of nitramide reactivity. Obviously, the methyl 0 its photochemical decomposition after excitation at different

fragments will allow chemical pathways which are unreachable Wavelengths. Critical points on these surfaces have been located
for nitramide. and characterized. The local topology of the potential energy

surfaces and the energetic differences among the critical points
* Corresponding author phone: 34 952132020; fax: 34 9521321047; have allowed us to establish the most likely reaction mecha-
e-mail: soto@umn.es. nisms.
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NH, + NO, — NH,NO, (1)

NH, + NO, — NH,ONO )
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CHART 1: Orbitals of the Active Space
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2. Computational Details were projected out of the Hessian matrix as described in a
evious article?

Transition dipole moments were computed according to the
CAS state interaction (CAS-SI) proced#tan conjunction with

setst?the so-called ANO-L basis sets, with the N,&gg2d 11/ ) et
H[3s2p1d] contraction schemes, were used in all of the geometry the perturbatively modified CAS (PMCAS-CI) reference func-
tions obtained as linear combinations of all the states involved

optimizations of the stationary structures (minima and saddle . .
points) involved in the photolysis of nitramide, which were n ﬁf MS.'CASbEsz caII(_:uIanon. tant hich th tri
performed at the complete active space self-consistent field € spin—orbit coupling constants, which are the matrix
(CAS-SCFj2 level of theory as implemented in the MOLCAS e!ements thqt represent the coupling between two states of
6.0 progrant? The localization of the crossing points (conical different multiplicity,
intersections and intersystem crossings) were done with the
GAUSSIAN program1-.5 y g ) |:H-Isom,\],r = Iij(Ms)lHSO|le(MS)D' r=Xyz (3)
The electronic configuration of the ground state is given by have been computed by using an effective one-electron Fock-
o 5 5 5 5 o 5 5 type spin-orbit Hamiltoniad* and with the RASSI program
(1), (1), (24)°, (34)°, (4d)", (2d)", (54)°, (64)", implemented in MOLCAS 6.0'¥Ms is the wave function
(7d)? (3d')?, (8d)? (4d")?, (94)? (5d')% (10a)? (6d') including the spin state, anils is the component of one
_ _ _ sublevel). To avoid the calculation of multicenter one- and two-
which corresponds to the following assignment of the molecular electron integrals, the atomic mean field integrals (AMFI) have

Generally contracted basis sets of atomic natural orbital pr
(ANO) type obtained from N,O(19p4d3f)/H(84p3d) primitive

orbitals been used The eigenvectors of the effective Hamiltonian of
spin—orbit coupling form a Hermitian matrix. Since the basis

1% 1% 180 180 2%, 2%, Oz 2% Onoz Otz oz set is real and the spirorbit coupling operator is complex, all
Onoz NPy, NOG, Oy, NTTo spin—orbit coupling constants are off-diagonal. The diagonal

elements are the CI energies without spambit couplings.

The choice of the active space has been done according toDiagonalizing this Hermitian matrix yields sp#orbit coupled
the criteria used in our previous works on nitrometh&tiEhus, states® To estimate the spirorbit coupling interaction between
we have performed CAS-SCF calculations by distributing 16 two states of different multiplicity, we have used €% 5
electrons in 12 orbitals, that is, all valence orbitals have been . )
included except the 2sand onnz Ones (Chart 1). SOC= (gReZEH-ISOQJMS + Iszli-Isoljyl,\,,s)”2 4)

The energies of all critical points have been recomputed with 5
the multistate extension of the multiconfigurational second-order
perturbation theory (MS-CASPT2j. The CAS-SCF wave
functions were used as reference functions in the second-orde
perturbation treatment, keeping frozen the core orbitals of (PCM
nitrogen and oxygen as determined in the CAS-SCF calculation.
To minimize the contamination of the perturbated wave function
by intruder states, the technique of imaginary level hiias A. Vertical Electronic Excitations. As mentioned in the
been introduced when necessary. Introduction section, literature on UV absorption of unconju-

The stationary points were characterized by their CAS-SCF gated nitramines is scarce and does not provide a unified
analytic harmonic vibrational frequencies computed by diago- assignment of the gas-phase UV spectrum of nitrafnfdehich
nalizing the mass-weighted Cartesian force constant matrix, i.e.,exhibits a moderate band centered around 6.3 eV, and, in
the Hessian matrixd. To perform the vibrational analysis of  addition to this, two weak shoulders of lower energy appear in
nonstationary points, such as vertical excitations, the eigen- solution? Furthermore, it has been shown that the strong band
vectors corresponding to rotations, translations, and gradientshows a red shifting in higher dielectric solvehts.

Finally, to study the effect of the solvent in the electronic
@bsorption of nitramide, the polarizable continuum model
)2526as implemented in MOLCAS 6.0, has been applied.

3. Results and Discussion
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TABLE 1. MS-CASPT2 Energies of the Vertical Transitions and the weak shoulders appearing in the solution spectrum as

of Nitramide due to the transitions localized at 5.11 and 4.50 eV, respectively.
state configuration  AE®? ZPE® fe To study the red shifting in the electronic spectrum, we have
1A G.S. 0.12 performed polarizable continuum model (PCM) calculations for
A" Noo — T'no 4.50 0.11 0.173410°5 three different solvents, in increasing order of the value of the
2IA! ONN — 7T'NO 5.11 0.10 0.491110°2 dielectric constant: namely benzene, methanol, and water.
2A" NTo — 7'no 6.46 0.09 0.1851 Results are collected in Table 2. From these data the observed
iﬁ,, EEN :7}“0 ng 0.1087 shift of the most intense electronic band can be understand as
2 nnZ—» n’:g 432 the combined effect of three factors, a pronounced bathochromic
134 ONN — TNo 4.94 shift on the np — 7"no transition at increasing polarity of the

solvent (from 6.52 eV in gas phase to 5.84 eV in water), together
with a decrease in its intensity and a slight increase in the
intensity of the mo — 7'no andony — 7'no bands.
B. Singlet Surfaces.The minimum of the ground-state
The vertical excitation energies (singlets and triplets) of potential energy surface of nitramide corresponds to a nonplanar
nitramide calculated at the MS-CASPT2 level are collected in Cs arrangement (Figure 1a). Above the ground-state surface,
Table 1 along with the oscillator strength for each transition. three excited stationary states have been localized: (i) a first-
From these values we interpret the gas-phase UV absorptionorder saddle point on the;@'A") surface (Sd1, Figure 1b);
spectrum of nitramide as the result of the overlap of two bands (i) a minimum on the §21A’) surface (Figure 1c); and (iii) a
of moderate intensity, centered at 6.46 and 6.52 eV, respectivelyfirst-order saddle point on thes@'A") surface (Sd2, Figure

aEnergy difference in e\V? Zero point energy correction in eV.
¢ Oscillator strength in a.u.

Dh HNNO=-29.0 Dh HNNO= -60.3
127.7 105.6
1.424
1.457
1215 1.312
0.996 1.001
114.3 108.7 |
@ (b) “
Dh HNNO= -58.1 Dh HNNO= -50.7

Dh HNNO= -68.9

Dh HNNO=0.0 Dh HNNO=-50.8 Dh HNNO=-30.3

1.554 1229 1.260
1374

110.0

P AT S

Figure 1. Critical points of nitramide on singlet surfaces. The arrows in the lower structures, (b) and (d), correspond to the imaginary modes. (a)
S, 1*A" minimum; (b) §, 1*A" first-order saddle point; (c).S2'A" minimum; (d) S, 2*A" first-order saddle point; (e) Cili& conical intersection;

(f) Ci2 S/S; conical intersection; (g) Ci3455; conical intersection; (h) Ci445; conical intersection. Under each conical intersection structure, the
gradient difference and nonadiabatic coupling vectors are represented.
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Figure 2. MS-CASPT2 potential energy curves of the low-lying singlet states of nitramide involved in its photodissociation inémdNQ.

In all of them, initial geometry corresponds to the ground-state minimum and final geometries are indicated on top of the ending axis. All diagrams
show states of the same symmetry, (a), (c), and (e)' afymetry, while (b) and (d) of ‘A The highlighted line indicates the adiabatic curve of
interest. In figure (e) bold inset text represents the electronic state of thdrai§nent at the dissociation limit.

1d). The energetics of all the critical points found in this work have been localized with the algorithm implemented in the
along with the energies of the products of the respective GAUSSIAN program, i.e., the gradient difference and non-
dissociation processes are collected in Table 3. In addition to adiabatic coupling vectors are computed using state average
the cited stationary points, four conical intersections between orbitals in the manner suggested by Yark8A¥his procedure
singlet surfaces have been found: (i) CitSg (Figure 1e); (ii) requires the computation of the Hessian at each iteration;
Ci2 S/S; (Figure 1f); (iii) Ci3 /S, (Figure 1g); and (iv) Ci4 however, the contributions that arise from the derivatives of
SJ/S; (Figure 1h). The geometries of these conical intersections the orbital rotations have been neglected.
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TABLE 2: Calculated MS-CASPT2 Energies of the Vertical Transitions and Oscillator Strengths for the Low-Lying Singlet
States of Nitramide in Different Solvents

gas benzene methanol water
state configuration  AE?2 fo AE2 fo AE2 fb AE2 fb
1A Nnoo — T*no 4.50 0.1734 10°° 4.40 0.4214 10°° 4.53 0.221710°° 4.54 0.2040 10°°
2IA! ONN — TT¥NO 5.11 0.4912 1072 5.13 0.7093 102 5.13 0.224210°* 5.13 0.2242 10t
2tA" Nto — T no 6.46 0.1851 6.35 0.1976 6.40 0.2025 6.40 0.2026
3tA’ npy — *no 6.52 0.1087 6.17 0.1093 5.85 0.9796* 5.84 0.9675 10t

aVertical transition energy in e\2.Oscillator strength.

TABLE 3: MS-CASPT2 Energies of the Critical Points on 140.00

the Low-Lying Potential Energy Surfaces of Nitramide 000

geometry configuration weight  energy ZPE  AE® NH,(12B,}NO(12A,)

m LA GS. 90 —260.64572 0.12 100007 . .

Sd1, 2A”  noo— 7'no 83 26052872 0.10 3.18 2 5000 | NLPANOA)

m, 2A’ ONN— T No 68  —260.48957 0.10 4.25 3 NH,(I’B,)¥NOL(1"B,)
(noo)(nvro) — (77°no)? 16 —é 60.00 |

Sd2, 2A"  nmo— 7'no 78  —260.46451 0.09 4.93 g NH,(IB, ) NO(1%A,)

Sd3, BA' ONN ﬂ*NQ 84 —260.48758 0.10 4.30 = 40.00

m, BA"  nmo— 7'No 90  —260.53263 0.10 3.08

Sd4, 2A"”  noo— 7'no 86 —260.51962 0.10 3.43 20.00

Cil, S/S  noo— 7'no 82  —260.52376 3.32 Uy

Ci2, SIS1  onn— T'no 81  —260.486 25 4.34 0.00 | | | \

Ci3, S/S, noo— 'no 84  —260.45351 5.23 0.0 20 4.0 6.0 80 10.0

Ci4, SYS3 npy — 7 NO 85 —260.400 50 6.67 Interpolation vector (arb. units)

Iscl, WS nto =70 87  —260.528 85 3.18 Figure 3. MS-CASPT2 potential energy curves, singlet and triplet,

:Zgg Eg ?rfoﬁn;o) — (7'no) sg :ggg-igg gi g-gg for the dissociation of nitramide starting at the stationary points in each

dis, LA’ Nwz(lzsllﬁr NO(12A1) 88  —260.559 08 236 e!ectro_nlc surface. Ge_ometr_y as well as the electronic state of the

dis, TA"  NHy(12By) + NO(12B7) 84  —26051272 3.64 dlsso_uat_ed fragments is indicated at the end of each curve. The state

dis, ZA’ NH2(12A1) + NO(12A,) 78 —260.508 34 3.74 orderlng is as follows: 11A', 13A”, llA”, 23A”, 21A', 13A', 2TA",

dis, ZA"  NHy(12B;) + NO(12A;) 87  —260.47578 4.62

3:2'293,191’/4' ﬁ:iﬁé’?ﬁ f,;\‘f(éz(?';; 89 Z0aesd >3 atoms of both fragments (N+nd NQ) at the end point of the

dis®, 2IA” NHNO(L!A) + O@D) 83  —260.428 10 5.9 surface is chosen to be 4.5 A, yielding a zero charge on both

moieties.
am, minimum; SdN, nth saddle point; dis, NH NO, dissociation . - -
limit; dis2, NH,NO + O dissociation limit.> Weight of the configu- The following remarks on the above interpolations can be

ration in %.¢Unless indicated, absolute MS-CASPT2 energies in Stressed: (i) All of the states, except foj, Show a direct path
hartrees with a state average CASSCF reference wave function of threegoing from the Franck Condon point to dissociation products.
statesd Zero-point energy correction in kcal/mélEnergy difference (i) S1, S, and S exhibit barriers for dissociation whose values
in eV."Estimated binding energies in eV referred to ground-state gmount to 21.4, 5.1, and 6.2 kcal/mol, respectively. (i) The
minimum. 9 Although NHNO corresponds to the, point group, NH, fragment is always generated in its electronic ground state,
electronic assignment has been performed following nitramide sym- except for the Sstate

metry criterium.
The same procedure has been followed to compute the energy

Once the relevant electronic states in the photodecompositionProfiles of the dissociation curves starting at the stationary
of nitramide at different wavelengths have been determined, gepmetnes on eaC_h singlet (and triplet) potential energy surface
the potential energy curves leading to adiabatic dissociation of (Figure 3). The main features of these curves do not differ much
the molecule in each valence singlet (and triplet) state have beerffom those of the previous set of curves; however, the energy

computed at the MS-CASPT2 level (Figure 2). These curves Parriers for dissociation amount now to 21.6, 31.6, and 24.2
correspond to the following adiabatic reactions: kcal/mol, for §, S, and S, respectively. Likewise, a good
estimate of the binding energies can be obtained from the

difference in the energy values at the dissociation limit and the
energy of the corresponding initial stationary structures, see
Table 3. With respect to the triplet state potential energy curves
NH,NO,(vt, 1'A") — NH2(1ZBl) + NOZ(lsz) (6) for the respective processes, it is shown that they converge at
the dissociation limit; additionally, the estimated energy barriers
are 24.3, 36.0, and 0.6 kcal/mol for the, T,, and T; states.
Figure 4 represents the MS-CASPT2 energy profiles running
from the Franck-Condon geometry to the respective conical
NH,NO,(vt, 21A”) . NH2(1ZBl) + NOz(lez) @8) :ntzrf;z;ions which were localized in this work (Ci1, Ci2, Ci3,
| ) ) On the basis of the results presented in the above paragraphs,
NH,NO,(vt, 3'A") = NH,(1°B,) + NOL(1°B,)  (9) we can make an approximate picture of the dissociation
dynamics of NHNO,. Typical excitation wavelengths in the
Curves presented in Figure 2 have been built as follows: (i) UV spectral region occur around 193 nm (6.42 eV). Therefore,
First, an interpolation vector is calculated by doing the difference irradiation of a sample of nitramide at this wavelength can
between the internal coordinates of the initial and final populate $or S; states, and both are very close energetically
geometries, that is,e3ninimum of nitramide and the respective (Table 1). As it can be seen in Figure 2e, excitation to the S
dissociation products. (ii) The distance between the nitrogen state would lead to the nonadiabatic dissociation products;- NH

NH,NO,(1'A") — NH,(1°B,) + NO,(1°A,)  (5)

NH,NO,(vt, 2'A’) — NH,(1°A,) + NO,(1°A))  (7)
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Figure 4. MS-CASPT2 energy profiles for the interpolation vector connecting Fra@@ndon geometry and the conical intersections: (a) Cil,
(b) Ci2, (c) Ci3, (d) Ci4. State ordering is as follows: (a), (b), (&A1 1*A", 2'1A", 2'A"; (d) 1'A’, 1'A", 2tA', 2'A", 3A.

(2B1) + NO4(?A1). Although there is an $S; conical intersection 140000 NH,NO(1'A’y+O(D)
close to the $vertical excitation (Figure 1h), decay through 120000 - NHNOWAT)OCP)
this crossing does not seem very probable because this point is
higher in energy than vertical excitation orny, Sand the
dissociation path is indeed energetically more favorable.

Excitation starting at thes3tate gives a completely different
picture. The $ vertical excitation point has 5 imaginary
frequencies, the highest (in absolute value) points to & S
crossing (Ci3, Figure 1g). On the other hand, the only stationary  20.000
structure localized on thesSurface is a first-order saddle point

100.000—

80.000 —|

60.000 —|

Energy (kcal/mol)

40.000 —

0.000
Radd T T T T T

(Sd2, Figure 2d) with its imaginary mode pointing to th#S 0.0 20 40 6.0 8.0 10.0

conical intersection as well. Hence, after excitation grd8cay Interpolation vector (arb. units)

through the §S, crossing can be reached via two different Figure 5. MS-CASPT2 potential energy curves for the dissociation
routes: (1) direct, — Ci3 and (2) indirect $— Sd2— Ci3. process NENO(1'A") + O('D), starting at the Ci3 geometry. State

The actual path will depend on the specific conditions in which orderingis $A’, 1'A, 2'A’, 2!A". Final electronic states are indicated
the starting point is prepared. Another possibility is dissociation 2t the end of each curve.

: ; ) : 5 )
of the excited nitramide onsSo yield NOx(1%A,) plus NH; in state, it can decompose into MEPB;) and NOQRI) in a

its ground state. subsequent step with an exit barrier of 16.4 kcal/mol.

The plane defined by the nonadiabatic coupling vector and  After the S/S; (Ci2, Figure 1f) jump, the momentum of the
gradient difference vector of Ci3 represented in Figure 1g spansmolecule is partitioned into the directions of the NAC and GD
the domain of the potential energy surface leading to oxygen vectors, that is, the system is directed either to a new surface
extrusion. So that dissociation into NNO(1'A"") + O('D) after crossing (Cil($Sv), Figure 1e) or it dissociates into NF2B;)
the $/S; hop is a plausible route. If the previous reaction does + NO,(12B,) on the S state.
not take place, there is a chance for radiationless deactivation Once the system has reached thestate through Cil, it has
to S through the @S, conical intersection. Figure 5 represents accumulated enough internal energy to dissociate intg(NBl;)
the MS-CASPT2 energy profile which starts at Ci3 geometry + NO,(12A). It must be pointed out that thi$A; state could
and leads to dissociation into NNO(1!A"") plus O. The correspond to an excited state and not to the ground state of
computed barrier for dissociation (12.3 kcal/mol) is, of course, NO; in fact, it is well-known that the Aand B states of NQ@
lower than the vertical excitation energy at the starting point of cross along &5, path?® Thus, the preceding discussion implies
the process. Provided that nitrosamide is generated in an excitedhat nitrogen dioxide can be formed in any of its electronic states
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133.3
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Figure 6. Critical points of nitramide on triplet surfaces. The arrows in the lower structures correspond to the imaginary modesi®d) T
minimum; (b) T, 23A" first-order saddle point; (c) 3 1A’ first-order saddle point; (e) Isc1,/& intersystem crossing; (f) Isc2,/B, intersystem
crossing; (g) Isc3 ¥S; intersystem crossing. Under each intersystem crossing structure, the gradient difference vector is represented.

12A4, 12A,, 12B,, and BA;", while NH, is in all cases generated ~ coming from excited states after radiationless deactivation. Thus,

in its electronic ground state, i.e.2B,. nitramide can also decompose on th&'lstate only after
C. Triplet Surfaces. Three stationary points have been internal conversion to ¢S consequently two sources of MO
localized on the triplet surfaces: (i) @ minimum on th¢IPA'"") (1°B,) are expected, i.e.,;&'A") and T (13A").

surface (Figure 6a); (ii) a first-order saddle point on the T
(2°A") surface (Sd3, Figure 6b); and (iii) a first-order saddle 4. Summary
point on the (Sd4, £A') surface (Figure 6c). In addition, we
were able to localize three minima (intersystem crossing) in ~ The photochemical dissociation mechanisms of nitramide
the seam of crossing between singlet and triplet surfaces: (i) have been studied computationally by means of CAS-SCF/MS-
Iscl /S, (Figure 6d); (ii) Isc2 B/S; (Figure 6e); and (iii) Isc3 CASPT?2 calculations. The relevant electronic states involved
T4/S; (Figure 6f). The energetics of these critical points are in such a process have been determined to's¢ 1'A", 2'A’,
shown in Table 3. 2IA", and 3A'. Additionally a new assignment of the UV gas-
The involvement of intersystem crossings in a photodynamics Phase spectrum has been proposed; 'the observed band ceptered
process is not at all an easy task. To describe intersystemat 6.3 eV, results from the overlapping of two bands, which
crossing processes quantitatively, one needs not only theour calculations predict at 6.46 and 6.52 eV respectively, the
potential surfaces involved and spiorbit couplings as func-  latter being mainly responsible for the observed red shifting in
tions of coordinate but also dynamics methods that are capablelligher dielectric solvents. The character of each transition is
of describing coupled surfaces where multiple intersections are "/7o — 7 No and n — 7' no, respectively.
possible®® For example, recently, Schatz and co-workefs The local topology of the potential energy surfaces at the
have proposed a methodology to study ISC effects which is Franck-Condon region (at the respective stationary points in
based upon a quasiclassical trajectory surface-hopping methodeach surface) has been estimated by means of internal coordi-
to determine dynamical information based on a diabatic nates interpolations between ground-state minimum geometry
representation. (stationary geometry) and the optimized geometry of the
In what follows, we will be content with a qualitative fragments in the corresponding electronic state. This information
description of the ISC processes involved in the photodisso- together with the relative energy of the critical points provide
ciation dynamics. In principle, the Isc2 and Isc3 crossings can @ very useful tool to elucidate the mechanism of photodecom-
be ruled out because two conical intersections (Cil and Ci2) position of nitramide. The possible monophotonic products after
coexist with such intersystem crossings. Hence, it is likely that excitation at 193 nm are Nil?B1), NOx(1?A1), NOx(1%A),
internal conversion is more efficient than intersystem crossing. NO2(1?B2), NOx(1A1)*, NH2NO(1*A""), O(*D), and NO(XIT).
A different situation would arise for thegS> T1 crossing (Isc1, Our work can explain the experimental results found in the
Figure 6d). After decaying toSthe crossing region can be  photodecomposition of dimethylnitramine induced by excitation
sampled increasing the probabil®#¢ of intersystem crossing.  with 266 and 248 nm wavelength$® From the comparison
As it is shown in Figure 7, it is clear that the vicinity of Isc1 between electronic absorption spectra data and our vertical
corresponds to a classical turning point; therefore, nuclear transition calculations shown in Table 1 it is clear that levels
velocity approaches zero, and, moreover, the-spibit cou- S; and S can be populated. Following the previous discussion
pling constant presents a maximum at that point. Consequently,on the topology and energetics on the Fran€london region
this intersystem crossing is very likely to occur. As the energy as well as the profile of the dissociation curves, see Figure 1,
difference between ground state minimum geometry and Iscl it can be established that N@an be only generated in théAl
is up to 73.3 kcal/mol, it is concluded that, although very and BB, electronic states, in nice agreement with experiment.
probable, Iscl will only be crossed by energetic molecules Moreover, although not described in the literature, our calcula-
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Figure 7. MS-CASPT2 energy profiles of nitramide connecting the Frartkndon geometry with intersystem crossings: (a) IsefST(b) Isc2

TJ/S:; (c) Isc3, T/S,. State ordering is as follows:'A’, 13A"", 28A"", 11A"", 13A", 2'A", 2'A". Spin—orbit coupling constants for the states of interest
are represented on the right-hand.
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