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Classical Trajectory Study of the Cis—Trans Isomerization and F—O Dissociation of FONO
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Classical trajectory calculations were carried out to investigate whether nonstatistical behavior is exhibited in
two unimolecular processes of nitrosyl hypofluorite: (l)-€igans isomerization and (11)-FO bond dissociation

to produce F and ONO. For this purpose, an analytical potential function that describes these two processes
was developed based on ab initio and experimental data reported in the literature. Total and individual rate
constants were evaluated under two different types of initial sampling conditions: microcanonical (statistical)
distribution of vibrational energy and selective excitation of vibrational modes. Under statistical initial
conditions, the rates of isomerization are calculated to be substantially larger than the rat€sdig5ociation,
although the branching ratios decrease as energy increases. In addition, the isomerization and dissociation
reactions are faster when they occur from the trans isomer. Dissociation was found to be slightly faster than
isomerization when energy was selectively deposited in certain vibrational motteas®FONO. Our results

predict that both intrinsic and apparent non-RRKM behavior are present in the dynamics of the processes
studied.

Introduction interconvertion of HONO in solid nitrogen and argon by
selective vibrational excitation, and they observed that mode
specific effects are present in the dynamics of isomerization.

tion* of unimolecular reactions, one of the most successful Thomoson et al-° performed classical traiectory calculations
theories in chemical kinetics, assumes that the vibrational energy p al. = pertort J y .
to explore the isomerization of HONO at much higher energies

is rapidly randomized on the time scale of reaction throughout . .
all vibrational degrees of freedom, so that molecules with a man utsed |fn Fh? above exper imental vvtork. ITf:jey fOLénd tthat
particular energy have a distributid?(z) of lifetimes z given € rates ot cistrans conversions are strongly dependent on
by? Fhe sn.e qf initial excnatlo.n.. Similar calculations on the
isomerization of CHONO!%1indicate that apparent non-RRKM

behavior is exhibited upon excitation of various vibrational
modes.

We thought it interesting to explore the possibility of mode-
specific effects in the related molecules XONO €&F, Cl,

The Rice-RamspergerKasset-Marcus (RRKM) formula-

P(7) = k exp(—kr) 1)

wherek is the RRKM rate constant. A unimolecular process
that evolves in this way is classified as intrinsically RREM.

Such is the case of most unimolecular processes in which the
barrier to reaction is high, so that the excitation energy can be
distributed among all the modes of the molecule before sufficient
energy is transferred to the reaction coordinate modes leading
to reaction. However, in reactions with relatively low energy
barriers, the rate of intramolecular vibrational energy redistribu-
tion (IVR) may limit the reaction rate, and as a result, non-
RRKM behavior is exhibited.

Bunker and Hasé characterized two types of non-RRKM
behavior: intrinsic and apparent. The former is shown when
the molecule possesses weak coupling between certain vibra
tional states, in other words, when there is a bottleneck (or
bottlenecks) in the flow of energy between vibrational states.
Apparent non-RRKM behavior can arise when the molecular
states are excited nonrandomly and IVR is not significantly rapid
as compared with the rate of reaction.

Over the last years, the development of new methods of
energy and state preparation as well as the improvement of
theoretical techniques have entailed increasing attention to the
study of mode-specific chemistry. Citrans isomerizations
over low barriers are among the unimolecular processes that
may be potentially interesting candidates to explore nonstatistical
behavior. In particular, Shirk et &F studied the cistrans

Br), which are of some interest as minor constituents in
stratospheric chemistfd. All of these molecules are character-
ized by relatively low barriers to cistrans isomerization and
low X—O bond dissociation energies. Many theoretical
investigation¥®~2!1 have been devoted to determining the mo-
lecular structure of these compounds, but the dynamics of cis
trans isomerization in any of these compounds has still not been
investigated.

We have performed classical trajectory calculations to analyze
whether non-RRKM behavior, intrinsic and/or apparent, is
exhibited in the cis-trans isomerization and-FO cleavage of
nitrosyl hypofluorite (FONO). Our study begins with the
construction of an analytical potential energy surface (PES) that
models the above unimolecular processes in FONO, and goes
on with the calculation of microcanonical rate constak{ts)
under two different types of initial sampling conditions: random
distribution of vibrational energy and selective excitation of
vibrational normal modes. Further work on the unimolecular
dynamics of CIONO and BrONO is in progress.

Methods

A. Potential Energy Surface. We first constructed an
analytical potential energy surface (PES) that describes the cis
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trans isomerization of FONO and the dissociation tb BNO,
based on data reported in the literattfé”2%23 Our PES
comprises anharmonic stretches, harmonic bends, and a torsional

TABLE 1: Potential Energy Surface Parameters

Stretching Parameters

term represented by a truncated cosine series. Nondiagonal . e eter (kzgllfrﬁé )
terms (such as sretetstretch, stretchbend, or bendgbend P - pcis P —
interactions) were not included in our PES because they R%aons 1.44F %o 4.00 Dﬁgns 16.53
produced spurious minima at large deviations from equilibrium,  Reo 1-235‘ oo ‘1‘-32 BFO 4114-%7’
leading to significant errors in the dynamical calculations. R:g)fN 1'132 O‘ng 4'02 DO’N 113'81
Similar problems were reported by Guan and Thompson Ro-n P %o-n 584 N=o '
their investigation of the related molecule HONO. To model R,‘fo 1'197 ZE,‘=O 2'41
the system correctly at all regions of the PES, we have used =0 ' N=0 '
switching functions that smoothly vary several parameters as Bending Parameters
the mplecule dissociate; or isomerizes. The form of the parameter value/degrees parameter value/(&) rad
potential energy surface is Oroneq 109.0 Kron 126
GE)NO 115.¢ Kono 2.06
V= V(Reo) + V(Ro_n) + V(Ry=0) + V(Oron) + %0 134.0
V(fono) + V(7)) (2) Torsional Parameters
parameter do ay a
The O stretch is represented by the Morse function valueleV 0.2274 ~0.0520 ~0.2800
Switching Functions Parameters
Vi = Dpof{ 1 — exp[-a — 2 (3
(Reo) = Drcl PEro(Reo ~ Reoedll”  (3) parameter Cl1 C2/& C3A2 ca cCshk?z  Cé
value 6 6 1 2 1 2

whereDgo is the potential well depth for the-FO stretching

interaction, with different values for the ciﬁ)zé) and trans
(DE3 forms. aro is the curvature parameteéReo is the F-O
distance, andRroeq is the equilibrium FO bond distance
parameter. The parametetigo and Rroeq Change according
to the following expressions:

Opo = 0F5 + (Af5°— af)SW1 @
Reo = REo + (RES™— Reg)SW1 )

where SW1 is a switching function given by
SW1=0.5(1- co%) (6)

with 7 being the FONO torsional angle.
Similarly, the O-N and N=O stretches are represented by
V(R) = D1 — expF-ay(R — R I}’ (7)

where the subscript makes reference to €N or N=O.

Different curvature and equilibrium bond length parameters were
taken for FONO and ONO (a dissociation product). This forced
us to introduce a switching function to vary these parameters

gradually as the +O bond dissociates:

o =of — (of — a)SW2 (8)
Req= R — (R = R)SW2 ©)

with
SW2= tantf{ Cl exp[-C2R-oc — Reo)} (10)

aTaken from ref 15° Taken from ref 21¢ Taken from ref 23.
dTaken from ref 7.

Quadratic functions attenuated by switching functions are
employed to represent the FON and ONO bends:

V(Oron) = 0.Keon(Oron — 6’FON,ec)ZSWZSW?’ (11)

V(0ono) = 0.Kono(@ono — HONo,eQZSW3SW4 (12)

where
SW3=exp(-C3Ro_y — Ro-n)™)

SW4= exp(—C5Ry_o — Ri—o)®®

The equilibrium bond angl®ono.eq Varies as the molecule
dissociates:

GONO,qu Oono — (Oono — Oono)SW2

The superscripts r and p in eqs-185 refer to FONO and ONO,
respectively.

The torsion interaction is modeled by a cosine series
attenuated by the switching function SW2:

(13)

(14)

(15)

V() = Zai cos{r)SW2 (16)
wheret is the FONO dihedral angle.

Geometrical parameters (equilibrium bond lengths and equi-
librium bond angles) for FONO were taken from ab initio data
obtained by CCSD(T) calculations with a TZ2P basis8et,
whereas for the product ONO we used experimental vaki&s.
The potential well depths for+O (cis and trans) were taken
from Lee et al?! and those for @N and N=O from Guan et
al.” Most of the initial values for force constants and curvature
parameters were taken from Lee and Ritdut they were

In egs 8 and 9, the superscripts p and r refer to equilibrium subsequently refined to reproduce more accurately the frequen-

values in ONO and FONO, respectively.

In eq 10, the cies and energetics selected from the literature. Finally, the

superscript r refers to cis or trans depending on the isomer fromtorsional coefficients were obtained from a fit to CCSD(T)/

which the trajectories are initiated.

TZ2P results’ All the parameters are listed in Table 1. A
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TABLE 2: Normal Mode Frequencies (in cm™1) for cis-Fono, transsFONO, and ONO Radicall

cissFONO transFONO ONO radical

normal mode PES ab initio PES ab initié PES ab initié

w1 233 271 (FON bend) 234 205 (torsion) 757 750

w2 332 355 (torsion) 305 305 (FON bend) 1255 1320

w3 520 399 (G-N stretch) 429 411 (©N stretch) 1701 1634

[N 708 771 (ONO bend) 760 783 (ONO bend)

ws 974 927 (F-O stretch) 984 954 (FO stretch)

we 1741 1753 (N=0 stretch) 1741 1758 @HO stretch)

aTaken from ref 15. Approximate descriptions of the normal vibrations are given in parenth@&a&en from refs 22 and 23.

or dissociation of the molecule took place. Energy conservation
of at least three significant figures was achieved.

We employed ensembles of 1000 trajectories starting from
either the cis or the trans conformation and two different
methods to select the initial conditions. The first method was
the “efficient microcanonical sampling” (EMS) procedté®

O o ®) () as implemented in the GenDyn program. The sampling was
0, ¢ /] carried out by performing a Markov walk in configuration space.
&Q (NF=(0) We put into effect an initial Markov chain of & 10° steps to
ensure that the system was relaxed away from the initial
520 101 _con_fi_guration_, and Markov chains of 4@oves b_etween e_ach

) ® individual trajectory. In each walk, the Cartesian coordinates

Q\ ) Q ) of all four atoms were varied randomly up to a maximum
(N)=(0) (N=(0) displacement of 0.080 A when we started from the cis isomer

and 0.075 A when we started from the trans isomer. These
step sizes for the Markov walk led to approximately 50%
acceptance of attempted moves.

Total energies in the range £95 kcal/mol (including the
zero-point energies) were investigated with EMS initial condi-
tions, when we started from the cis isomer. For trajectories
initiated from the trans isomer, we explored the energy range
17—-45 kcal/mol. Total angular momentum was restricted to
zero.

The second method of initial conditions selection involved
an initial distribution of zero-point energy in the six normal
modes of vibration and then placing the rest of the energy up
to a total energy of 30 kcal/mol into one of the normal modes
of the molecule. A Monte Carlo phase averaging was used to
obtain a random initial phase for each of the normal coordinates.

The rate constant for the global reactiga(E) was obtained
for each ensemble of trajectories by least-squares fitting of the
lifetimes to the first-order equation

Figure 1. Depiction of the vibrational normal modes of equilibrium
cissFONO predicted by the PES developed in this study.

Figure 2. Depiction of the vibrational normal modes of equilibrium

transFONO predicted by the PES developed in this study. IN(N/Ng) = —Kga(E)t

17
comparison of the frequencies calculated by our PES and those
determined experimentally or by ab initio theory are shown in whereN; is the number of unreacted trajectories at titrand
Table 2. Descriptions of the vibrational normal modes predicted Np is the total number of trajectories in the ensemble (1000
by the analytical potential for the cis and trans isomers of FONO trajectories). The rate constants for the two competing reactions,
are depicted in Figures 1 and 2, respectively. isomerization and dissociation, were obtained from

Our PES represents correctly the energetics of thetciss
isomerization and £O dissociation. The cistrans energy Kot = ki 1 Ky
difference is 2.4 kcal/mol, favoring the cis conformation, and
the cis-to-trans barrier height is 14.1 kcal/mol. In addition, the
F—O dissociation energies are predicted to be 16.5 and 14.1
kcal/mol for the cis and trans isomers, respectively. All these
values coincide with the corresponding figures obtained by ab
initio CCSD(T) calculationg>17:2

B. Trajectory Calculations. We used the general classical
trajectory code GenDyAto perform the calculations. Hamil-

(18)
and

KN

NN, (19)

wherek; is the rate constant for the isomerizatién,s the rate

ton’s equations of motion were integrated in a lab-fixed
Cartesian coordinate system by using a fourth-order Runge
Kutta-Gill routine with a fixed stepsize of 0.2 fs. The

trajectories were calculated for 5 ps or until the isomerization

constant for the dissociation aing andNy; are the numbers of
trajectories which led to isomerization and dissociation, respec-
tively. The branching rati®N//N; was computed as a function
of time.
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Figure 3. Decay curves computed for cis initialization at (a) 19.0 kcal/ "

mol, (b) 20.0 kcal/mol, (c) 22.5 kcal/mol, (d) 25.0 kcal/mol, (e) 27.5 Figure 4. Branching_ratios for cis initialization, displayed as a graph
kcal/mol, (f) 30.0 kcal/mol, (g) 32.5 kcal/mol, (h) 35.0 kcal/mol, (i)  ©f Ni(t) vs Nu(t), obtained at (a) 19.0 kcal/mol, (b) 20.0 kcal/mol, (c)
40.0 kcal/mol, and (j) 45.0 kcal/mol. 22.5 kcal/mol, (d) 25.0 kcal/mol, (e) 27.5 kcal/mol, (f) 30.0 kcal/mol,

(g) 32.5 kcal/mol, (h) 35.0 kcal/mol, (i) 40.0 kcal/mol, and (j) 45.0

—— kcal/mol.
Isomerization was assumed to have taken place when the

system reached the top of the torsional barrierrY93but to

check for immediate recrossing the trajectory was followed until .15 1 @ ®
the equilibrium angle of the other isomer was attained. The -0.30 4 08
lifetime of the trajectory was taken as the time required to reach 045 1o
the top of the barrier. We considered that a trajectory led to ™~ L-1.5
dissociation if the FO distance was longer than 3 A. With (¢} @
this criterion, recrossings of trajectories were found to be 0 !
negligible. 12 1 M2
1.8 .| 3
Results and Discussion -~ (e) ol
-1.5- -1
The rate constants for isomerization and dissociation were Z-_ao_ | 4 :=£
calculated over a wide range of energies with an initial £ N -, . O;
microcanonical distribution of energy, starting from either the 451 MY - F o~
cis or the trans isomer. We have also evaluated the rate 45 (e) ® .
constants for initial conditions corresponding to excitation of a0 .
each of the six normal modes at a total energy of 30 kcal/mol. _4‘5 | . .. i
All the calculations were performed with the angular momentum ' T L - i
restricted to zero. This allowed us to make a direct comparison (i) @
between the results obtained by the two different methods of 27 2
initial sampling conditions described in the foregoing section. -4 -
Additional calculations including angular momentum showed 51 e .
that rotational motion does not couple with vibrations. For the I S S S ©

sake of simplicity, those results are not presented here.
The decay curves and the corresponding branching ratios

iAo At N i Figure 5. Decay curves computed for trans initialization at (a) 17.0
Zomp“teg under EMS 'l.“'“a"zg“f]” are ?hOW?‘ n F'%”reSS3 keal/mol, (b) 19.0 kcal/mol, (c) 20.0 keal/mol, (d), 22.5 kcal/mol, (€)
AS can be seen, noniinear benavior 1S enhanced as energyg g ycal/mol, (f) 27.5 keal/mol, (g) 30.0 keal/mol, (h) 35.0 kcal/mol,
increases, suggesting intrinsic non-RRKM behavior.  This (j) 40.0 kcal/mol, and (j) 45.0 kcal/mol.

nonlinearity indicates that the system evolves with a phase space
bottleneck (or bottlenecks) so that transitions between different rate constants. Then the branching ratios estimated from Figures
regions of phase space are less probable than the transition fod4 and 6 were used to compute the individual rates. The total
crossing the transition state. As a result, the microcanonical rate constants, the individual rate constants (isomerization and
ensemble is not maintained throughout the unimolecular dynam-dissociation), and the branching ratios for cis initialization at
ics. total energies varying between 19 and 45 kcal/mol are shown
The decay curves were fitted to the first-order expression in Table 3. The corresponding values for trans initialization
given by eq 17 in order to obtain rough, time-averaged total are listed in Table 4. As can be seen, the isomerization rates

TIME/ps
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Figure 6. Branching ratios for trans initialization, displayed as a graph
of Ni(t) vs Ny (t), obtained at (a) 17.0 kcal/mol, (b) 19.0 kcal/mol, (c)
20.0 kcal/mol, (d), 22.5 kcal/mol, (e) 25.0 kcal/mol, (f) 27.5 kcal/mol,
(g) 30.0 kcal/mol, (h) 35.0 kcal/mol, (i) 40.0 kcal/mol, and (j) 45.0
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TABLE 3: Decay Coefficients and Branching Ratios for cis

Initialization

energy/(kcal/mol) P kow/PS?t kipst ki/pst N/Ny
19.0 42.9 0.111 0.103 0.008 13.58
20.0 60.3 0.180 0.166 0.014 12.22
22.5 86.3 0.400 0.351 0.049 7.17
25.0 96.1 0.66 0.54 0.11 4.90
27.5 98.7 0.97 0.81 0.17 4.87
30.0 99.7 1.33 1.07 0.26 4.21
325 99.6 1.67 1.30 0.37 3.47
35.0 100 2.14 1.66 0.49 3.39
40.0 100 2.90 2.32 0.58 3.97
45.0 99.4 2.93 2.30 0.64 3.61

a Percentages of reactive trajectories.

TABLE 4: Rate Coefficients and Branching Ratios for

Trans Initialization

energy/(kcal/mol) P kow/ps?t kipst kilpst NI/Ny
17.0 41.9 0.105 0.091 0.0137 6.66
19.0 76.6 0.286 0.232 0.054 4.26
20.0 85.9 0.386 0.299 0.086 3.46
225 96.4 0.68 0.52 0.16 3.31
25.0 99.4 1.14 0.87 0.28 3.16
27.5 99.9 1.63 1.23 0.40 3.07
30.0 99.7 1.89 1.40 0.49 2.85
35.0 100 2.65 1.94 0.71 2.72
40.0 99.9 3.95 2.95 0.99 2.98
45.0 99.8 4.28 3.31 0.97 3.40

a Percentages of reactive trajectories.

Pera-Gallego et al.
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Figure 7. Isomerization (circles) and dissociation (squares) rate
constants as a function of the total energy for cis and trans initializations
under EMS conditions. The lines are the fits to the RRK expression
(eq 20).

20 40

dissociation energy and the isomerization barrieicistFONO
are higher than the corresponding quantitiestfansFONO.

We have fitted the individual rate constants to the RRK
expressioh?

E- EO)(S—I) (20)

K(E) = v( =

where Ey is the barrier height for the isomerization or the
dissociationsis the number of degrees of freedom among which
the total energ)E is assumed to be randomized, ands a
frequency factor. Figure 7 shows the fits corresponding to cis
and trans initializations. For cis initialization, trevalues
attained from the fits are 4.2 (isomerization) and 3.6 (dissocia-
tion); for trans initialization, the values are 5.2 (isomerization)
and 3.9 (dissociation). In general, these values are somewhat
low compared to the total number of vibrational modes.
Qualitatively, this suggests that some of the modes are not
substantially coupled to the reaction coordinates, which cor-
roborates our previous results indicating intrinsic non-RRKM
behavior. Fits of the classical RRK expression (eq 20) to
trajectory results frequently afford values far that are
significantly smaller than the “theoretical” valueN-36.2” We
should note that the RRK expression involves the harmonic
approximation, which is appropriate for experimental conditions
since the average energy per mode is often low. However, this
approximation fails when the energy is relatively high, which
is often the case of trajectory calculations. Therefore, deviations
between RRK theory and our trajectory results might to some
extent be arisen from the anharmonic nature of the stretching
interactions in our model PES.

We have also evaluated the rates of isomerization and
dissociation resulting from initial excitation of each normal
mode. The decay curves and branching ratios obtained for an
initial total energy of 30 kcal/mol are shown in Figures 8 and

are substantially higher than the dissociation rates, and the9. The plots, arranged in order of increasing wavenumber of

branching ratiodN/N; decrease with increasing energy, from
13.58 to 3.61 for cis initialization and from 6.66 to 3.40 for

the excited mode, are very different depending on the mode
initially excited. Although in most cases the decay curves are

trans initialization. These results could be expected becausenearly linear, some of them, e.g., plots 8g;, & 8d show a
the O dissociation energies are higher than the isomerization small time delay (less than 1 ps) before any isomerizations or
barriers. On the other hand, the rate constants for cis initializa- dissociations occur. This indicates that energy transfer to the

tion are significantly smaller than those for trans initialization.

This could be expected as well because both theOF

reaction coordinate is slow when these normal modes are
excited. On the contrary, plots 8c and 8which correspond
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Figure 8. Decay curves computed at a total energy of 30 kcal/mol for Figyre 9. Branching ratios for cis initialization under (a) EMS
cis initialization under (a) EMS conditions, (b) mode-excited 233, (€) ¢gnditions, (b) mode-excited 233, (c) mode-excited 332, (d) mode-

mode-excited 332, (d) mode-excited 520, (e) mode-excited 708, (f) excited 520, (e) mode-excited 708, (f) mode-excited 974, (g) mode-
mode-excited 974, (g) mode-excited 1741, and for trans initialization eycited 1741, and for trans initialization undef) (EMS conditions,

under (&) EMS conditions, () mode-excited 234, (tmode-excited  (1y) mode-excited 234, (Emode-excited 305, (imode-excited 429,
305, (d) mode-excited 429, (Bmode-excited 760, () mode-excited  (g) mode-excited 760, () mode-excited 984, and 'jgmode-excited
984, and (§ mode-excited 1741. 1741.

to initial excitation of mode 332 in the cis isomer and mode TABLE 5: Rate Coefficients and Branching Ratios for Cis

234 in the trans isomer, respectively, present an initial rapid |nitialization Resulting from Excitation of Each Normal
decay. This is due to the fact that the excited mode is the Mode (Indicated by Its Wavenumber)

isomerization coordinate (FONO torsion), leading to almost ~ gnsemple Kotw/pS . kipst Ki/ps? NNy
immediate isomerization before energy randomization is reached.
. . . , EMS 1.33 1.07 0.26 421
The associated branching ratios, plots 9c and &urroborate 233 0.84 0.70 0.14 506
the previous explanation: the curves show that a great number 332 1.36 1.28 0.086 14.93
of isomerizations took place before the first dissociations 520 1.36 0.84 0.52 1.62
occurred. There are several more plots in which one of the 708 1.23 1.02 0.20 5.07
two reactions, isomerization or dissociation, is dramatically 974 1.26 0.64 0.62 1.04
1741 0.50 0.34 0.15 2.27

favored during the initial stages. The nonlinearity observed in
most of the branching rations as well as the time delay observedTaBLE 6: Rate Coefficients and Branching Ratios for
in several decay curves are evidences for nonstatistical behaviorTrans Initialization Resulting from Excitation of Each
As these facts are found under nonrandom excitation, it can beNormal Mode (Indicated by Its Wavenumber)

concluded that the system exhibits apparent non-RRKM be-  ensemble  kow/ps? kips ki/ps™ Ni/Ny
ior3.4

havior: o _ - EMS 1.89 1.40 0.49 2.85
Total and individual rate constants estimated under initial 234 201 1.94 0.068 28.46

excitation of each normal mode are given in Tables 5 and 6. 305 1.21 0.63 0.58 1.10

We remark that it was not our intention here to calculate accurate 429 175 0.46 1.28 0.36

rate constants; rather, our aim was to explore the isomerization ggg iég 8-22 é-gi 8-?3

and dissociation dynamics of FONO from a qualitative point 1741 0.89 045 044 102

of view in order to get insight into the statistical versus

nonstatistical behavior of these processes. For cis initialization, out the low values corresponding to excitation of modes 233
there is no total rate constant that is significantly higher than (0.84 ps?1) and 1741, the KO stretch (0.50 ps). Excitation
that computed under statistical conditions (1.33%hsstanding of the N=0O stretching mode in HONG also resulted in a slow
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Figure 10. Normal-mode energy versus time averaged over 1000 Figure 11. Normal-mode energy versus time averaged over 1000
trajectories for selective excitation of mode 332 in the cis isomer. The trajectories for selective excitation of mode 708 in the cis isomer. The
legend indicates the normal mode by its wavenumber. legend indicates the normal mode by its wavenumber.

rate. The differences in the computed values increase when 50
we compare the individual rate constants. Thus, the isomer-
ization rate constants range from 0.34 pgxcitation of mode
1741) to 1.28 pst (excitation of mode 332, the reaction
coordinate for cis*trans isomerization), and the dissociation
rate constants range from 0.086 pgmode 332) to 0.62 (mode
974: closely related to the dissociation coordinate).

The rates computed for trans initialization show even more
disparity than found for cis initialization. Note that the
branching ratios are in general smaller than those predicted for o W
cis initialization, although excitation of mode 234 (the torsional o o1
mode fortransFONO) led to the largest value (28.46). In
particular, initial excitations of modes 429, 760, and 984, for
which the eigenvectors of the normal modes of vibration indicate
a significant contribution from the+FO stretch (see Figure 2),
resulted in branching ratios smaller than unity, that is, dissocia-

tion is f"’?Ster than isom(_eriza_tion_ the redistribution of vibrational energy when mode 708 is
Couplings between vibrational modes can be explored from jiiay1y excited. As can be seen, energy is quickly transferred
a qualitative point of view by monitoring the normal-mode into modes 332, 974, and 1741, but not into mode 520, which

energies for the flrst_plcoseconds. This type of analysis can shows together with mode 974 enhancement of the dissociation
reveal whether there is a preferred pathway for energy transfer. ate. This explains why the dissociation channel is not

For the §ake of example, we h.?"e selgct_ed the ensembles o ignificantly favored in mode-excited 708 with respect to the
trajectories corresponding to initial excitations of modes 332, statistical case

708, and 1741, all of them concerning cis initialization. . .
Figure 12 shows the averaged normal mode energies for

Excitation of mode 332 led to a total rate constant (1.38")ps . os f d ited 1741 f hich the |
similar to that computed under statistical initial conditions (1.33 trajectories from mode-excite or which the lowest rate
In this case we followed the energy transfer up

ps1). The calculated value for the isomerization rate constant, Vs predicted. In- _
1.28 pst, is larger than the statistical result, 1.07 hs This to a much longer time, 0.85 ps. Energy seems to be trapped in

seems somewhat striking because mode 332 is the torsionafhis mode (N=O stretch), similarly to that found for MEON®,
mode in the cis isomer, that is, the reaction coordinate for and only after 0.4 ps energy is transferred into modes 974 and
cis—trans isomerization, and so a much greater enhancement’ 08, the former showing enhancement of the dissociation rate

of the isomerization rate constant would be expected. To constant. Mode 1741 is thus a bottleneck for IVR and this
investigate this in more detail, the normal mode energies for ONfirms our previous suggestion that the system presents
the first 0.08 ps were monitored for an ensemble of 1000 intrinsic non-RRKM behavior. These observatu_Jn_s_ clarlfy the
trajectories under initial excitation of normal mode 332 at a low values of the rate constants computed u_nderln_ltlgl excitation
total energy of 30 kcal/mol. The results are shown graphically ©f mode 1741 and why the branching rabyN diminishes
in Figure 10. As can be seen, energy rapidly transfers out of Significantly with respect to the EMS value.
this mode into many other modes, specially into mode 1741 The problem that classical mechanics does not conserve
(N=0 stretch), which is characterized by the lowest rate quantum zero-point energy (ZPE) in vibrational modes is well-
constant. This clarifies why the isomerization rate constant is known?® It seems interesting to analyze whether the ZPE does
not dramatically enhanced with respect to the statistical value. not tend to preferentially leak out of the normal modes during
Furthermore, mode 974, which presents a substantial contribu-the time scale for reaction. To this end, we present in Figure
tion from the F-O stretch (associated to the dissociation 13 plots of the energy in the normal modes as a function of
coordinate), do not receive appreciable energy during the periodtime for the cis and trans isomers with initial energy corre-
of time studied. This accounts for the very small value predicted sponding to the ZPE. The total zero-point energies for the cis
for the dissociation rate. and trans isomers are 6.45 and 6.37 kcal/mol, respectively. As
From a simple inspection of the normal mode eigenvectors can be seen, the ZPE in each mode is basically maintained
(see Figure 1), one could expect that excitation of mode 708 in throughout the period of time considered (1 ps), suggesting that,
the cis isomer would enhance the dissociation rate. However,for the system studied here, the ZPE problem of classical
the estimated branching ratio is 5.07, slightly higher than that trajectories should not be significant.
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Figure 12. Normal-mode energy versus time averaged over 1000
trajectories for selective excitation of mode 1741 in the cis isomer.
The legend indicates the normal mode by its wavenumber.

computed for the microcanonical ensemble. Figure 11 shows
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Figure 13. Normal-mode energy versus time averaged over 1000
trajectories for the cis and trans isomers with initial energy correspond-
ing to the ZPE.

Concluding Remarks

Classical trajectory calculations were performed to explore
whether nonstatistical behavior is present in the—tians
isomerization and FO dissociation of nitrosyl hypofluorite.

For this purpose, a potential energy function that describes the
above unimolecular processes was constructed on the basis o

ab initio and experimental data.

The decay curves obtained at energies in the rangetd7
kcal/mol and employing statistical initial conditions are in most
cases nonlinear, suggesting intrinsic non-RRKM behavior.

Least-squares fits of our trajectory results to the RRK expression,

eq 20, led teos values significantly smaller than the theoretical
value N-6, which is in line with the above suggestion.

Under EMS conditions, the isomerization rates are much
larger than the FO bond fission rates, although the branching
ratios decrease with increasing energy. In addition, we found
that the rates obtained for cis initialization are smaller than the
corresponding rates calculated for trans initialization. These

J. Phys. Chem. A, Vol. 102, No. 45, 1998715

the rates of isomerization and=H®© dissociation are strongly
dependent on the mode in which energy is initially deposited,
that is, apparent non-RRKM behavior is also exhibited in the
unimolecular processes investigated here. We found that the
F—O bond fission is favored over the isomerization process
when any of the modes 429, 760, or 984 in the trans isomer is
initially excited.
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