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qualitatively consistent with the percent C2' endo inferred by 
Cheng et al.23 However, it is not clear how consideration of some 
percent of 0 1 ' endo character would effect the NMR analysis. 

Cohen et al.12 found a 31P doublet in poly(d(AT), poly(d-
(AU58O), and poly(d(IQ) and singlets in poly(d(AU)) and 
poly(d(GC)). One could imagine the observation of 31P singlets 
even in structures with different sugar puckers or 31P doublets 
despite uniform sugar puckers, which come from differences in 
other backbone angles. However, if we assume that the 31P pattern 
is related to sugar pucker differences, our calculations allow one 
to rationalize the surprising difference between poly(d(AU)) and 
the two 5-substituted polymers poly(d(AT)) and poly(d(AU5Br)), 
since we have noted the importance of the 5 substituent in the 
attractive thymine-phosphate interaction which stabilizes the 
alternating sugar geometries. The reason for the difference be
tween poly(d(GC)).poly(d(GC)) and poly(d(IC))-poly(d(IC)) 
cannot be surmised without detailed calculations on poly(d(IC)) 
structures. 

Our calculations find that dA6-dT6 prefers a conformation in 
which the thymine sugars have C3' endo puckers and adenine 
sugars have C2' endo puckers over the uniform sugar model (by 
2 kcal/mol), over a conformation in which the adenines have C3' 
endo sugars and thymine C2' endo sugars (by 10 kcal/mol), and 
over a conformation in which both strands have alternating C2' 
endo-C3' endo conformations (by 7 kcal/mol). These results are 
consistent with the experimental observation by Raman spec
troscopy of an equal amount of C2' endo and C3' endo sugar 
puckers in poly(dA)-poly(dT). However, the calculations are able 
to go further and suggest that the model with thymine sugars C3' 
endo and adenine sugars C2' endo is the only one more favorable 
than the uniform C2' endo models. This result is consistent with 
our earlier, less extensive calculations on dA6-dT6 and dA12-dT12, 
where we noted a tendency for thymine C2 endo —• C3 endo 
sugar repuckering, even during unconstrained energy minimization 
starting with uniform C2' endo conformations. The results of our 
calculations are in contrast with those of Arnott et al.,19 who 
suggest that the conformation of poly(dA)-poly(dT) had adenines 
C3' endo and thymines C2' endo, based on a model building fit 
to fiber diffraction data. They also rejected the model in which 
the sugars attached to adenine and thymine bases had C2' endo 
and C3' endo puckers, respectively, because of short interstrand 
contacts between neighboring unpaired A and T bases, even though 
such a model was shown to give an R factor similar to that of the 
proposed model.21 Our investigations have obtained a model of 
the latter type which is energetically more favored than the one 
corresponding to fiber diffraction data. We stress that our model 

(23) Cheng, D. M.; Kan, L.-S.; Frechet, D.; Tso, P.; Uesugi, S.; Shida, T.; 
Ikehara, M. Biopolymers 1984, 23, 775. 

is "B-DNA"-like in its properties, unlike that of ref 19, and note 
that the existence of C3 endo sugar within a B-DNA helix does 
not imply an "A-DNA"-like geometry of the rest of the helix. 

In this context, a referee has suggested that we calculate the 
fiber diffraction patterns expected for the various dA6-dT6 

structures presented here. We have not done so for two reasons. 
Firstly, the limits of fiber diffraction data would not allow a 
definitive establishment of geometry, whatever the result of the 
calculation. Secondly, the fiber diffraction study may not be 
relevant to the solution structure, and a definitive NMR study 
of a dA„-dT„ polymer such as carried out by Cheng et al.23 on 
d(CGCGCG)2 is needed to determine unequivocably the con
formation^) of poly(dA)-poly(dT). It is intriguing that the 
calculations on d(ATATAT)2 suggest sugar puckers (A-C3' endo, 
T-C2' endo) whereas those on dA6-dT6 suggest the opposite sugar 
puckers (A-C2' endo, T-C3' endo). We have been able to show 
that both results can be consistently explained by invoking a 
stabilizing thymine-phosphate interaction which occurs only when 
the sugar at the 5' side of the thymine is C3' endo rather than 
C2' endo. This has structural consequences, also, in that in the 
lowest energy conformation of dA6-dT6, only the two thymines 
on the 5' endo, the last of which has no 5'-phosphate at all to 
interact with, are in 0 1 ' endo rather than C3' endo conformations, 
with the remaining thymines C3' endo. 

In summary, we have noted three important factors which 
influence sugar puckering properties in B-DNA helices: (a) an 
intrinsic preference of ~0.5 kcal/mol for deoxyribose rings for 
C2' endo geometries, (b) greater phosphate-phosphate repulsions 
when a sugar is C3' endo, which we calculate to be ~ 2 kcal/mol 
but whose magnitude is likely to be exaggerated in our calculations, 
and (c) more attractive thymine-phosphate interactions, when 
the sugar on the 5' end of the thymine is C3' endo than when it 
is C2' endo, of 1-2 kcal/mol. Again, this latter figure is likely 
to be an upper bound, but we suggest that the effect is qualitatively 
important in understanding sequence-dependent DNA sugar 
puckering. A final point to be emphasized is the fact that the 
presence of C3' endo sugars does not imply an A-DNA-like helix, 
as illustrated in Figures 2 and 4. 
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Abstract: The primary step of the photodissociation in CH3NO and NH2NO has been investigated by ab initio SCF-CI techniques. 
The first singlet excited state presents a barrier along the dissociation coordinate both for CH3NO and for the planar form 
of NH2NO. However, NH2NO prefers a twisted and pyramidalized structure in S1, with no barrier to dissociation. These 
features of the S1 surface explain the observation of a vibrational structure in the n —• ir* spectrum of (CH3)2NNO, dominate 
the dissociation mechanism (vibrational predissociation vs. intersystem crossing or internal conversion), and may influence 
the quantum yields in the condensed phase. 

In this paper we present an ab initio SCF-CI study of the 
primary step in the photochemistry of nitroso compounds, i.e., the 

dissociation of the X-NO bond. We have concentrated on two 
of the most important classes of nitroso compounds, nitrosoalkanes 
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and nitrosamines. Calculations have been run for the ground state 
and the first excited triplet and singlet states of the simplest 
representatives of each class, CH3NO and NH2NO. 

The nature of the primary step in the photochemistry of ni-
trosoalkanes has been the object of contrasting interpretations in 
the past,1"9 but agreement has been reached eventually. Mo-
nomeric nitrosoalkanes undergo cleavage of the C-N bond when 
irradiated by red light, corresponding to the n —• 7r* absorption 
band, both in the gas phase3,6 and in solution.7"9 The subsequent 
reactions of the R- and NO radicals take place in the ground state. 
UV irradiation brings the same products.3 

The photophysics of (CH3J3CNO has been the object of the 
most thorough mechanistic study. The measured fluorescence 
quantum yields and lifetimes and NO production rates have been 
interpreted as indicating a radiationless transition to T1, S0, or 
a hypothetical dissociative state, rather than any dissociation 
process taking place on the S1 surface.10 The situation is similar 
for two simple, related compounds: HNO decays (via rotoelec-
tronic coupling) to S0

11'12 and so probably does CF3NO.13"15 This 
last molecule bears a close analogy with CH3NO, as is confirmed 
by the values of its excitation16 and dissociation15 energies: eo_o 
= 14031.5 cm"1 and £diss = 39.6 kcal/mol (see below for CH3NO). 

The electronic spectrum of CH3NO has been studied both 
experimentally17"19 and theoretically,18,20,21 mainly in order to 
interpret the vibrational structure of the n —• TT* transition. We 
shall bring up this point in the next section. 

As regards the primary step in the photolysis of nitrosamines, 
less is known, and the subject is still open to debate. The nitro
samines are the starting point for many photoreactions of synthetic 
interest; most of them employ acid catalysts, which are known 
to favor the cleavage of the N - N bond to produce aminium 
radicals.22"24 Nevertheless, the photolysis of nitrosamines both 
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Figure 1. Potential energy curves for CH3NO. Vertical segments link 
CIPSI II and III results at the same geometry: v.e. vertical excitation. 

in the gas phase and in neutral solvents has deserved much at
tention. Most nitrosamines, including the simplest ones, are 
powerful carcinogens which may be found in foods, polluted 
waters, and the atmosphere, and, therefore, their photolytic 
degradation by sunlight is an important possibility which has been 
explored. For the same reason, very sensitive analytical techniques 
based on the photoconversion of nitrosamines to nitrites have been 
developed. Altogether, the photolysis of the nitrosamines has been 
attempted in a wide variety of conditions besides the acidic media; 
their behavior was found to range from complete or substantial 
photostability,22"27 possibly associated with syn-anti isomeriza-
tion,28,29 to more or less easy photolysis.30"43 This apparent 
discrepancy of results has stimulated mechanistic research,44"49 

showing that at least the simplest compound identified in this class, 
iV-nitrosodimethylamine, undergoes photodissociation, followed 
by fast recombination of the amino and NO radicals, either in 
the liquid44 or gas46 phase or in solution.45,46 
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Theoretical investigation of the ./V-nitrosamines has been limited 
so far to the electronic and geometrical structure of the ground 
state.50,51 In the following section we illustrate briefly the com
putational techniques we have employed. In the two last sections 
we shall present our results concerning CH3NO and NH2NO and 
discuss their photophysical and photochemical implications. 

Methods 

All the SCF calculations have been performed with the PSHONDO 
program,52 taking advantage of the Nesbet effective Hamiltonian tech
nique53,54 in order to adequately describe the homolytic dissociation and 
to ensure the degeneracy of the orbitals of NO. The occupation number 
of the 12th MO, which correlates with the singly occupied p orbital of 
CH3 or NH2, was set equal to 1; those of the 13th and 14th MO's, 
correlating with the antibonding orbitals of NO, were set equal to 0.5. 

The 6-3IG* basis set of Pople and co-workers55 has been employed 
throughout when not otherwise specified. 

The CI calculations (18 electrons/45 MO's for CH3NO, 18/43 for 
NH2NO) have been performed with the CIPSI perturbative techni
que;56,57 two or three iterative steps (CIPSI II or III) have been run, 
enlarging the reference space according to the selection thresholds ?; = 
0.05 and 0.03 for the perturbative contributions to the wave functions. 
We shall present both CIPSI II and III results whenever it is useful to 
have an estimate of the level of convergence of the CI and of the trend 
toward the full CI limit. The largest reference spaces were of 198 de
terminants, generating up to 8 X 106 single and double excitations. The 
Moller-Plesset baricentric partition of the Hamiltonian56 has been em
ployed. 

The geometry optimizations made use of the Murtagh and Sargent 
technique,58 with gradients calculated by finite differences. The reference 
CI space was kept fixed in this case, after selecting the most important 
configurations at a few sample geometries in the region of interest. This 
procedure allowed us to exploit an efficient algorithm (2-3 times faster 
than the original CIPSI program) implemented by us, consisting essen
tially in the stockage of all the labels of one- and two-electron integrals 
and other information needed in the perturbative CI generated only once. 

Population analysis, dipole moments, and natural orbitals are based 
on the first-order perturbed wave functions to be entirely consistent with 
the second-order perturbed energies (CIPSI III). 

CH3NO 

The equilibrium geometry of CH3NO in its ground state, S0, 
is known from microwave spectroscopy:59,60 one of the CH bonds 
is eclipsed with respect to NO. In our calculations we have 
retained the structure given in ref 60, but we have averaged the 
HCN bond angles in order to have a local C31. symmetry for the 
CH3 group: this simplifies the treatment of internal rotation. 

I 

With the parameters / ? N 0 = 1.211 A, /?CN = 1.480 A, RCH = 
1.094 A, ZCNO= 113.2°, and ZHCN = 108.5°, we obtain the 
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Figure 2. Natural orbital maps for CH3NO, S1, state. Top: occupation 
number (o.n.) = 1.045, C-N-O plane. Bottom: o.n. = 1.046; left-hand 
side, a plane perpendicular to C-N-O, along the CN bond; right-hand 
side, as before but along the NO bond. 

energies -169.30461 au (CIPSI II) and -169.306 16 au (CIPSI 
HI). All the other energies will be given as differences with respect 
to these two values (see Figure 1). 

The dissociation energy of CH3NO has been calculated relative 
to the fragments in their experimental equilibrium geometries: 
RCH = 1.079 A, Dih symmetry, for CH3 (

2A1)
61 and R^0 =1.1508 

A for NO (2Tr).62 The CIPSI III calculation gives AE = 44.5 
kcal/mol (CIPSI II, 39.8). The zero-point energy for the CH3 

radical has been evaluated as 19.4 kcal/mol by Pople et al.,63 and 
those of NO and CH3NO, 2.7 and 25.8 kcal/mol, respectively, 
can be deduced from their IR and Raman spectra.62,64 Including 
these vibrational corrections, we obtain a dissociation energy of 
40.8 kcal/mol, in agreement with the highest experimental es
timates65,66 (40 kcal/mol) and with the trend from tertiary to 
primary nitrosoalkanes66 (35 kcal/mol for r-Bu, 36.5 for i'-Pr, and 
38.4 for i-Bu). 

The calculated vertical excitation energies to T1 and S1 (n —* 
ir*) are 23.9 and 44.0 kcal/mol, respectively (CIPSI III). It was 
already known that f-BuNO quenches O2 ('Ag), accepting the 
relatively low energy of 23 kcal/mol; on the basis of such ex
perimental evidence, a non-Franck-Condon energy-transfer 
mechanism was supposed.67 In view of our result, it seems that 
a more usual kind of vertical process may take place. The AE 
for S1 should be compared with the energy of the strongest peak 
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Table I. Mulliken's Population Analysis for CH3NO (Experimental 
Geometry) 

C 
a 
ir 

tot 
N 

a 
TT 

tot 
O 

CT 

7T 

tot 
H1 

H2, H3 

CN bond 
a 
TT 

tot 
M/ 
Mr 
Mtol 

So 

5.24 
1.14 
6.38 

6.08 
0.86 
6.93 

7.14 
1.15 
8.29 
0.80 
0.80 

0.21 
0.00 
0.21 

-0.575 
-2.269 

2.431* 

T1 

5.22 
1.15 
6.36 

5.69 
1.31 
7.01 

6.60 
1.68 
8.27 
0.78 
0.79 

0.21 
-0.01 

0.20 
-0.700 
-2.457 

2.555 

S1 

5.21 
1.15 
6.36 

5.74 
1.28 
7.02 

6.55 
1.71 
8.26 
0.79 
0.79 

0.21 
0.00 
0.21 

-0.537 
-2.411 

2.471 

"Dipole moments in debyes. The molecule lies in the xz plane, with 
the CN bond along the z axis. 'Experimentally,60 Mi01

 = 2.32 D; un
perturbed CI wave function, 2.878 D. 

in the n —>• ir* absorption spectrum17,18 at 14830 cm"1 (=42.4 
kcal/mol). 

The population analysis (Table I) and the natural orbital maps 
(Figure 2) afford a better characterization of the n -* ir* tran
sition. The n orbital is mainly an out-of-phase combination of 
nonbonding orbitals of oxygen and nitrogen. The ir*, with nodes 
between C and N and N and O, is mainly localized on the NO 
group. Altogether, the CH3 is almost unaffected by the excitation. 
Nitrosomethane has been shown to prefer the staggered confor
mation in the S1 state, both on theoretical18,21 and spectroscop
i c ] is,19 g r o u n c i s T n e experimental data alone, however, are not 
sufficient to assess without ambiguity even the skeletal (C-N-O) 
deformations involved in the electronic transition. Only for the 
CNO bending is there reasonable agreement between experimental 
estimates,17,18 calculations,18,21 and the analogy with HNO,68 all 
indicating an increase of ZCNO by 4-8°. We have, therefore, 
optimized the CN and NO bond lengths in the S1 state, staggered 
conformation, with ZCNO = 119.2° and all other coordinates as 
in S0. Only modest variations of the two optimized coordinates 
have been obtained: ARCN = -0.009 A and Ai?N0 = +0.048 A, 
with a stabilization of 5.6 kcal/mol of the Sj state (CIPSI III). 
In the course of the optimization, the energy changes in the T1 

state parallel almost perfectly those of S1, indicating that the 
equilibrium geometries for the two states are not very different: 
also T1 is stabilized by 5.6 kcal/mol with respect to the vertical 
excitation. Larger variations of i?CN and J?N0 have been obtained 
with a partial optimization procedure by other authors,18 0.08 and 
0.11 A, respectively; an unrefined evaluation of Franck-Condon 
factors shows that our values are in better agreement with the 
assignment of the most intense vibronic transitions as Ai>N0 = 0 
and Ai<CN = 0. 

We have calculated the energy difference between the staggered 
and eclipsed conformations, both with the experimental geometry 
of S0 and with the optimized geometry of S1. We obtain, re
spectively, 829 and 432 cm"1 for T1 and 831 and 413 cm"1 for S1 

(CIPSI II); experimentally19 we have Af(S1) = 475 ± 50 cm"1. 
Probably, the magnitude of the torsional barrier is particularly 
sensitive to variations in the CNO angle, which determines the 
distance between the oxygen lone pair and the H atom in the 
eclipsed position. This observation explains why the fittings of 
spectral data, based on the hypothesis of a constant barrier height, 
are hardly ever perfectly satisfactory18,19 and immediately suggests 
an improvement of such models. 

(68) Dalby, F. W. Can. J. Phys. 1958, 36, 1336. 
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Both T1 and Sj dissociate to the same fragment states as S0. 
We have defined a reasonable reaction coordinate leading to virtual 
dissociation: i?CH, i?N0 , and the pyramidalization angle of CH3 

are polynomially interpolated between their values at the minimum 
in S1 and those experimentally known for the fragments as i?CN 

goes from 1.471 to 4. A; the CNO angle is kept constant. In 
S1 a barrier of 11.5 kcal/mol (CIPSI II) with respect to the 
minimum is found for /?CN =* 2 A (see Figure 1): this should 
be considered as an upper limit to the true value, since no opti
mization has been carried out in this case. Along the same 
dissociation path there is no barrier in T1; the minimum in this 
state has a depth of 26.2 kcal/mol. 

The vibrational structure of the n —*• ir* band extends over an 
energy range approximately corresponding to the height of the 
barrier in S1,

17-19 partly below and partly above the dissociation 
limit according to our results. The existence of quasi-bound 
vibronic levels in the range of dissociative energies is certainly 
accounted for by the presence of the barrier, but our results do 
not exclude that some of these levels lie above or close to the top 
of the barrier. Classical69,70 and quantum dynamical70 model 
studies on two- and three-dimensional wells have demonstrated 
that very long-lived vibrational states may exist above the dis
sociation threshold and that their lifetimes are not monotonically 
decreasing with energy. These results are in contrast with the 
formulations which assume complete randomization of the energy 
distribution among vibrational modes,71 and, therefore, they cast 
some doubts on the application of RRKM theory to the cases of 
(CH3)3CN010 and CF3NO,13 when this is made in order to rule 
out the vibrational predissociation mechanism. Of course, also 
the model calculations quoted above69,70 are far from conclusive 
for our case: apart from quantitative differences, the higher 
dimensionality of the problem and the possibility of tunneling 
under the barrier may alter the results significantly. As a matter 
of fact, no transitions with Av ^ 0 have been observed for the 
CN stretching mode:18,19 therefore, the excitation of this vibration, 
a necessary condition for dissociation in S1, must follow an energy 
transfer from other modes. 

According to Reisler et al.,10'the most probable predissociation 
mechanism for (CH3)3CNO is intersystem crossing to T1 or in
ternal conversion to S0 (but in the latter case, their analysis 
indicates that the unimolecular dissociation rate in S0 should be 
much faster than is allowed by RRKM theory). Our preceding 
remarks are not necessarily in contrast with their conclusions: even 
in the hypothesis that long-lived vibronic states should be found 
at energies above the barrier in S1, their vibrational and electronic 
relaxations are competing processes whose relative rates are largely 
unknown and certainly depend on the specific compound and state 
considered. 

Finally, we can rule out another mechanism proposed as a less 
probable alternative by the same authors,10 i.e., the crossing from 
S1 to a dissociative surface. Indeed, our calculations show that 
Tj is not a dissociative state, and no other electronic states lie 
between S0 and S1. 

NH2NO 
The NH2NO molecule has never been detected as such, al

though it is probably the primary product of the observed gas-
phase reaction of NH2 with NO.72 

For the NNO group we have assumed the geometry determined 
by electron diffraction for (CH3)2NNO:73 i?NN = 1.3440 A, RN0 

= 1.2345 A, and /NNO = 113.57°. /?NH = 1.005 was taken by 
analogy from nitramine,74 and standard HNN bond angles of 120° 
have been assumed. All the atoms lie on the same plane.73,75,76 

(69) Wolf, R. J.; Hase, W. L. J. Chem. Phys. 1980, 73, 3779. 
(70) Hedges, R. M. Jr.; Reinhardt, W. P. J. Chem. Phys. 1983, 78, 3964. 
(71) Rice, S. A. In "Excited States"; Lim, E. C, Ed.; Academic Press; 

New York, 1975; Vol. 2, p 112. 
(72) Hancock, G.; Lange, W.; Lenzi, M.; Welge, K. H. Chem. Phys. Lett. 

1975, 33, 168. 
(73) Rademacher, P.; Stolevik, R. Acta Chem. Scand. 1969, 23, 660. 
(74) Tyler, J. K. / . MoI. Spectrosc. 1963, 11, 39. 
(75) Scappini, F.; Guarnieri, A.; Dreizler, H.; Rademacher, P. Z. 

Naturforsch., A 1972, 27A, 1329. 
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Table II. Mulliken's Population Analysis for NH2NO (Experimental 
Geometry) 

II 

For the ground state we calculate a total electronic energy of 
-185.345 50 au (CIPSI III) or -185.349 82 au (CIPSIII). A 
comparison of the population analysis for CH3NO and for 
NH2NO (Table II) shows the ir-electron donor and tr-acceptor 
properties of the NH2 group. 

The dissociation energy, with NH2 (2B1)
77 and NO62 at their 

experimental geometries (/?NH = 1.024 A, /HNH = 103.3°), is 
56.2 kcal/mol (CIPSI III) or 54.8 kcal/mol (CIPSI II). The 
zero-point energy of NH2NO has been evaluated in the SCF 
approximation, using the 4-3IG basis set,78 as 22.7 kcal/mol; 
combined with the experimental vibrational frequencies of NH2, 
quoted by Buenker et al.,79 and of NO,62 this brings our prediction 
of AEdiss to 47.7 kcal/mol. The fact that NH2NO is more stable 
than CH3NO with respect to dissociation may be related to the 
partial double bond character of the N-N bond. The difference 
between the dissociation energy of NH2NO and that of the sim
plest compound identified in this class, nitrosodimethylamine 
(NDM), can be evaluated around 8-12 kcal/mol, by analogy with 
other pairs of compounds: NH 2 -NH 2 and NH2-N(CH3)2,80 

Ph-CH2-NH2, and Ph-CH2-N(CH3)2.81 This would bring our 
result in substantial agreement with the value of 40.5 kcal/mol 
for NDM, based on a collection of thermochemical data and 
appearance potentials,65 which, to our knowledge, is the only 
experimental estimate of AEdiss for a nitrosamine. 

The calculated vertical excitation energy to T1 is 62.1 kcal/mol 
(CIPSI III) or 63.3 kcal/mol (CIPSI II). Sensitization experi
ments conducted on /V-nitrosopiperidine allowed Af(S0-T1) for 
that compound to be placed around 59 kcal/mol.82 

For S1, still at the same geometry, we find AE = 81.1 kcal/mol 
(CIPSI III) or 81.9 kcal/mol (CIPSI II). The population analysis 
(Table II) and the natural orbitals maps (Figure 3) show that the 
nature of the n —- ir* transition of NH2NO closely resembles that 
of CH3NO; the main difference is that the T* orbital of NH2NO 
is somewhat delocalized also on the N1 atom. The change in sign 
of the -K overlap population in going from S0 to T1 or S1 and the 
node in the ir* natural orbital indicate a weakening of the 
interactions which favor the planar form of this molecule. The 
n —* T* gas-phase spectrum of NDM48 shows a coarse vibrational 
structure with spacings of about 1000 cm"1 and the most intense 
peak at 363.5 nm (AE = 79 kcal/mol). Calculations at different 
i?NN bond lengths (/?NN = 1.50, 1.65, 1.80, 2.00, and 2.20 A), 
with all other geometrical parameters kept constant, show that 
a barrier exists in the S1 state, around /?NN = 2. A (see Figure 
4). The minimum takes place at /?N N = 1.40 A, with an elon
gation of 0.05-0.06 A with respect to the ground state. At the 
top of the barrier we find an energy 20 kcal/mol above the 
minimum in S1 (CIPSI III) and 100 kcal/mol above the ground 
state. Even though the latter value may be slightly overestimated 
for a lack of optimization at the saddle point, this dissociation 
channel is apparently closed for excitation wavelengths longer than 
X = 320-330 nm, that is, for probably the whole range of the n 

(76) Gaurnieri, A.; Rohwer, F.; Scappini, F. Z. Naturforsch., A 1975, 3OA, 
904. 

(77) Dressier, K.; Ramsay, D. A. Phylos, Trans. R. Soc. London A 1959, 
251, 533. 

(78) Ditchfield, R.; Hehre, W. J.; Pople, J. A. J. Chem. Phys. 1971, 54, 
724. 

(79) Buenker, R. J.; Peric, M.; Peyerimhoff, S. D.; Marian, R. MoI. Phys. 
1981, 43, 987. 

(80) Benson, S. W.; O'Neal, H. E. "Kinetic Data on Gas Phase Unimo-
lecular Reactions'; National Bureau of Standards: Washington, D. C. 
NSRDS-NBS 1970, 21. 

(81) Golden, D. M.; Solly, R. K.; Gac, N. A.; Benson, S. W. J. Am. Chem. 
Soc. 1972, 94, 363. 

(82) Lau, M. P.; Cessna, A. J.; Chow, Y. L.; Yip, R. W. J. Am. Chem. 
Soc. 1971, 93, 3808. 
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-0.917 
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T1 

5.84 
1.88 
7.72 

5.52 
1.30 
6.82 

6.48 
1.82 
8.30 
0.58 
0.58 

0.20 
-0.05 
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-0.806 
-2.994 

3.100 

S1 

5.84 
1.87 
7.72 

5.57 
1.27 
6.85 

6.42 
1.85 
8.27 
0.58 
0.59 

0.20 
-0.05 

0.15 
-0.537 
-3.002 

3.050 

" Dipole moments in Debyes. The molecule lies in the xz plane, with 
the NN bond along the z axis. 'Experimentally,75 for (CH3J2NNO, 
Mtot = 4.22 D; unperturbed CI wave function, 3.734 D. 

Figure 3. Natural orbital maps for NH2NO, S1, state. Top: occupation 
number = 1.026, N - N - O plane. Bottom: o.n. = 1.025; left-hand side, 
a plane perpendicular to N-N-O, along the NN bond; right-hand side, 
as before but along the NO bond. 

-* ir* band. However, a series of exploratory calculations has 
indicated that another kind of geometrical relaxation can take 
place in S1. The preferred structure in the S1 state is twisted and 
pyramidalized, as shown below. Making use of the 4-3IG basis 
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Figure 4. Potential energy curves for NH2NO. 

set, we have optimized at the CI level, with the procedure described 
in the Methods section, four independent coordinates: i?NN, /?N 0 , 
/NNO, and the pyramidalization angle a>, while the HNH bond 
angle was linearly interpolated as a function of cos co between the 
ideal sp2 and sp3 situations. The minimum in S1 was found for 
J?NN = 2.323 A, RN0 = 1.223 A, ZNNO = 110.6°, and co = 57.7°; 
the energy decreased from 66.9 kcal/mol (vertical transition energy 
in the 4-3IG basis) to 40.1 kcal/mol, with AE = -26.8 kcal/mol. 
In the same basis, the ground-state dissociation energy, without 
zero-point correction, is 47.7 kcal/mol. A CIPSI III calculation 
with the more complete 6-3IG* basis set at the optimized geom
etry confirmed the remarkable energy lowering with respect to 
vertical excitation (AE = -24.3 kcal/mol) but also showed that 
the supposed minimum in S1 lies at an energy very close to that 
of dissociation. When the ^ N N distance is increased, the S1 energy 
remains almost constant; that is, the minimum does not exist or 
is very shallow to the best of our knowledge. It should be noted 
also that the minimum found with the 4-3IG basis is shallow and 
occurs at a very stretched i?NN distance: therefore, the difference 
between the two sets of 4-3IG and 6-3IG* results, although not 
negligible, remains within acceptable quantitative limits. For 
shorther .RNN bond lengths, with all other parameters kept con
stant, the S1 energy rises gradually, still remaining below that of 
the planar form (see Figure 4). On the contrary, the T1 potential 
surface exhibits a minimum and a barrier also in the twisted form, 
with Emin = 53 kcal/mol above the ground state at J?NN =* 1.5 
A (unoptimized geometry); this finding should be related to the 
failure to cause dissociation in iV-nitrosopiperidine by triplet 
sensitization.82 We have also performed a limited exploration of 
the interconversion pathways between the planar and twisted-
pyramidalyzed forms: starting from the minimum in S1 (i?NN 
= 1.400 A, about 80 kcal/mol above the ground state) and keeping 
all the A' coordinates fixed, we have on one hand twisted the NN 
bond by 90°, and, on the other hand, pyramidalyzed the NH2 

group by 20°. In the first case, at the CIPSI III level, the energy 
goes up (S1, 82.7 kcal/mol; T1, 61.2), but the torsional barrier 
is much lower than in the ground state where E* = 21.1 kcal/mol 
for NDM in the gas phase;83 in the second case the energy goes 

down (S1, 77.5 kcal/mol; T1, 58.9), indicating that probably the 
molecule can rearrange to the twisted-pyramidalized form without 
passing over any potential barrier. 

Summarizing, we have shown that a direct photodissociation 
channel is open for NH2NO, even at the lowest excitation energies, 
but a major geometrical rearrangement of the NNO group is 
required to avoid the barrier in the S1 surface. No true minimum 
exists in that surface for coplanar nuclear arrangements, nor, 
probably, for the twisted form; this is likely to hold also for all 
other nitrosamines, which have lower dissociation limits. In spite 
of this, a vibrational progression is observed in the n —*• ir* 
spectrum of NDM, indicating the presence of quasi bound vibronic 
states trapped by the potential barrier. The coupling of such states 
with the dissociative continuum requires the activation of an 
antisymmetrical coordinate, wagging and twisting of the NH2 

group. The N-N stretching itself is a good candidate for the 
vibrational progression observed, according to the shape of the 
potential curve in S1. 

In conclusion, the quasi-bound states of NH2NO differ from 
their hypothetical analogues of CH3NO for two qualitative aspects: 
first, the "escape" coordinate is antisymmetrical; second, the 
potential well is replaced by a saddle point. Here again, internal 
conversion or intersystem crossing may compete with vibrational 
predissociation. Which process actually prevails is not without 
consequence for the photochemistry of the nitrosamines. In the 
gas phase at low pressures, the molecule eventually dissociates, 
by whatever mechanism (no fluorescence has been reported for 
excited nitrosamines, and the fluorescence quantum yields of the 
analogous nitrosalkanes are very low).10,13 In solution, on the 
contrary, the extra vibrational energy can be dispersed in the 
medium, after a radiationless transition to the ground state or even 
to T1; therefore, the dissociation quantum yields may differ sig
nificantly from 1, but only if some kind of electronic deexcitation 
competes efficiently with vibrational predissociation. In the 
condensed as well as in the gas phase, the very efficient recom
bination of amino and NO radicals makes it difficult to measure 
or even to detect the photodissociation rate.39'44-48 

A deformation of the potential surface of S1, caused by sub-
stitutents or solvent effect, can easily produce a shallow minimum 
at rather large i?NN distances, and indeed this seems to be the 
case for iV-nitrosodiphenylamine.49 If such a biradical exists, our 
calculations indicate that it should be twisted and pyramidalized 
as in III. Its decay channels should include reaction with other 
species49 and conversion to the ground state, indifferently in the 
syn or anti planar forms: therefore it constitutes a possible in
termediate in the photoisomerization processes28'29 as already 
proposed by Chow.27 

Conclusions 

In this work we have investigated the geometry changes induced 
by the n —* ir* transition in the molecules CH3NO and NH2NO. 
We have shown that the nitrosamine undergoes an important 
structural rearrangement in passing from S0 to S1, whereas the 
deformation of CH3NO is modest. The shape of the S1 potential 
energy surface of NH2NO is only consistent with the existence 
of quasi-bound, not of truly, bound vibrational states. As to 
CH3NO, it is questionable whether all the vibrational states ob
served in the n —*• r* spectrum are bound, even disregarding a 
tunnel effect. In both cases, vibrational predissociation should 
compete with transitions to lower electronic states (S0 or T1). The 
balance of such competition can influence the quantum yield of 
nitrosamine photodissociation in a condensed phase. 

(83) Harris, R. K.; Spragg, R. A. J. Chem. Soc, Chem. Commun. 1967, 
362. Registry No. CH3NO, 865-40-7; NH2NO, 35576-91-1. 


