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Photodissociation of nitrosobenzene in a molecular beam has been studied by multimass ion imaging techniques.
Photodissociation at 248 nm shows that there is only one dissociation channekHgNGQC— CsHs + NO,
regardless of the fact that the other channgf«8l0 — C¢H, + HNO, is energetically accessible in agreement

with theoretically predicted results. Photodissociation at 193 nm also shows the same dissociation channel.
However, about 10% of thegls radicals produced at this wavelength further decomposed into benzyne and

H atom, and the dissociation rates of phenyl radical as a function of internal energies were measured. The
averaged photofragment translational energies released from the dissociation of nitrosobenzene at 193 and
248 nm are 10.2 and 6.9 kcal/mol, respectively, and fragment distributions are almost isotropic at both
wavelengths. In addition, the thermal rate constant for dissociatiogHNO has been computed and compared

with experimental data; the agreement between theory and experiment is excellent, confirming the most recently
reported unusually higi-factor (>107 s71).

I. Introduction excited states. They concluded that the primarily populated S
state (1 = 2) decays rapidly through internal conversion to the
S, or & state, and the dissociation occurs through a statistical
mechanism on the potential surface of the lower state on a time
scale much slower than rotation of the parent molecule. On the
other hand, Han and co-workété? also have studied the
photodissociation of nitrosobenzene at 266 nm recently. The
anisotropy parametgt = —0.64 was found from the time-of-
flight spectra of NO and gHs photofragments. Their laser-
induced fluorescence study also demonstrated that more than
60% of the NO fragments are populated in the vibrational
excited state and the NO fragment rotational temperature is
much higher than that measured by Dick et al.

In all existing studies, including those kinetic and spectro-
scopic papers cited above, only one dissociation changis-C
NO — C¢Hs + NO, has been assumed and/or detected in the
f photodissociation of nitrosobenzene in the UV region, despite
the fact that the gH,4 + HNO product channel is accessible at
248 nm while the gH4 + H + NO product channel becomes
energetically accessible at 193 nm.

In this report, photodissociation of nitrosobenzene at 193 and
248 nm was studied by multimass ion imaging techniques.
Particular attention has been focused on the search for the other
possible dissociation channel and the fragment anisotropy
measurement. In addition, the decomposition of the phenyl
radical produced from the photodissociation reaction and the
thermal decomposition of nitrosobenzene were also studied; the
T Part of the special issue “Richard Bersohn Memorial Issue”, data will be discussed in reference to the ab initio MO and
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Nitrosobenzene has been popularly employed photolytically
as the precursor of phenyl radicals in many kinetic and
spectroscopic studies because of its large extinction coefficient
in the UV regiont=8 The molecule has a large energy gap
between the Sand S states:1° Hence, the possibility of
fluorescence from the,State has been discusséddowever,
no fluorescence has been obser¥d? The existence of a fast
decay channel in the,State is therefore expected. Indeed, it
was found that the dissociation of nitrosobenzene in argon
matrices at 12 K is very efficient upon irradiation of UV
photons!®

The dynamics of photodissociation of nitrosobenzene in the
gas phase have been studied recél§tl§z However, conclusions
are very different from these studies. Dick and co-workers
measured the absorption spectrum of the-SS, transition of
the ultracold nitrosobenzene in a supersonic jet. A lifetime o
the S state determined directly by the homogeneous line width
of the absorption spectrum was found to be6® fs. They
also measured the alignment, velocity distribution, and popula-
tions of the rotational and vibrational states of the NO fragments
via laser-induced fluorescence and ion imaging technique at
various UV wavelength¥20 Fragments have an isotropic
velocity distribution and no alignment was observed. In addition,
the NO rotational population has a statistical distribution and
only 10% of the NO fragments are produced in vibrational
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Figure 1. Schematic diagram of the multimass ion imaging detection
system: (1) nozzle; (2) molecular beam; (3) photolysis laser beam; Figure 2. Photofragment ion image of (ave = 30, (b) me = 77

(4) VUV laser beam, which is perpendicular to the plane of the paper; and 78, and (c) photofragment translational energy distribution at 248
(5) ion extraction plates; (6) energy analyzer—@) simulation ion nm. Arrow indicates the maximum available energy.

trajectories ofm/e = 16, 14, and 12; (10) two-dimensional detector,

where they-axis is the mass axis, and tkeaxis (perpendicular to the  theory have been carried out to obtain more reliable information
plane of the paper) is the velocity axis. on energetics for the potential energy surface (PES) and the

. ) rate constant prediction by
Nitrosobenzene vapor was formed by flowing ultrapure He at

pressures of 500 Torr through a reservoir filled with sample at g [G2M] = RCCSD(T)/6-311G(d,pY

293 K. The nitrosobenzene/He mixture was then expanded

through a 50Q«um pulsed nozzle to form the molecular beam. MP2/6-311+G(3df,2p)— MP2/6-311G(d,p)-
Molecules in the molecular beam were photodissociated by an AHLC + ZPE
UV laser pulse. Due to the recoil velocity and center-of-mass
velocity, the fragments were expanded to a larger sphere on
their flight to the ionization region and then ionized by a VUV
laser pulse. The distance and time delay between the VUV laser

pulse and the UV photolysis laser pulse were set such that the> =~ .
VUV laser beam passed through the center-of-mass of the OPtimized at the B3LYP/6-31G(2df,p) level. Since the method

dissociation products and generated a line segment of photo-does not include any empirical correction, this method has_ begn
fragment ions by photoionization. The length of the segment proposed 'to apply for the system whose number of spins is
was proportional to the fragment recoil velocity in the center- ¢hanged like the present system. Therefore, we can compare
of-mass frame multiplied by the delay time between the the two composite schemes for the issue on the spin change. In

photolysis and the ionization laser pulses. To separate theadd|t|3c3)£1§5 time-dependent density functional theory (TD-
different masses within the ion segment, a pulsed electric field PFT) at the B3LYP/6-3%G(d) level has been used to
was used to extract the ions into a mass spectrometer afterc@lculate the vertical excitation energies and osm_llator strengths
ionization. While the mass analysis was being executed in the ©°f the S and $ states of GHsNO. The electronic steructure
mass spectrometer, the length of each fragment ion segmenf:""k:u"’"tIons \;vere carried out with the Gaussiar?*9and
continued to expand in the original direction according to its MOLPRO 987 programs.
recoil velocity. At the exit port of the mass spectrometer, a two-
dimensional ion detector was used to detect the ion positions
and intensity distribution. In this two-dimensional detector, one  Dissociation of Nitrosobenzene at 248 nilons of me =
direction was the recoil velocity axis and the other was the mass30, 77, and 78 were the only fragments we observed from the
axis. The schematic diagram of the experimental setup is shownphotodissociation of nitrosobenzene at this wavelength.—
in Figure 1. 78 is the corresponding®C isotope of fragmentwe = 77.
Computational Method. The hybrid density functional = Photofragment ion images are shown in Figure 2a,b. Photolysis
B3LYP27-29 with three split valence basis sets, 6-31G(d), laser intensity in the region between 2.5 and 30 m3/aras
6-31+G(d), and 6-31G(2df,p), has been applied to optimize the used. They showed the same shapes of image. It suggests that
geometries of the reactant, intermediate, transition state, andone-photon absorption is the dominant process in this laser
products with tight convergence criteria. All the stationary points intensity region. Since there was no HNO angHg detected,
were identified by the number of imaginary frequencies (NIMG) we can conclude that there is only one dissociation channel at
with NIMG = 0 for stable species and NIM& 1 for transition 248 nm, i.e., GHsNO — CgHs + NO, although the other
states, as well as by the normal-mode analysis. To continue tochannel, GHsNO — CgHs + HNO, is also energetically
study the unimolecular reaction o§l@sNO based on our earlier  accessible (vide infra). As a result, nitrosobenzene is a “clean”
work at the G2M(rcc, MP2) and G2M(RCC, MP2) levéls, precursor to generate phenyl radical at this wavelength.
in this report we also performed quantum-chemical calculations  The photofragment translational energy distribution obtained
with the G2M(RCC, MP2) scheme. A series of single-point from the images is illustrated in Figure 2c. It shows that the
energy calculations for the G2ZM(RCC, MP2) composite scheme probability monotonically decreases with increasing translational
using the geometries and zero-point energy (ZPE) correctionsenergy. The average released translational energy is about 6.9
from the B3LYP/6-31G(d) and B3LYP/6-31G(d) levels of kcal/mol, and it is about 11% of the total available energy.

The empiricalAHLC is given by —5.3n3 — 0.1, in milli-
hartrees, where, andng are the numbers af andf valence
electrons, respectively. Some of the energies have also been
calculated by the G3SX composite metPfadith the geometries

I1l. Results and Discussion
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Figure 4. Photofragment ion image of (aye = 30, (b) me = 76,
77, and 78, and (c) photofragment translational energy distribution at
193 nm. Arrow indicates the maximum available energy.
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different from the value of~0.64 obtained from the photo-
fragment translational energy measurement at 266%Bath
the translational energy distribution and anisotropy parameter

054 B measurement suggest that our results are similar to those of
' Dick and co-workers, but they are different from those of Han
.0 Ly —_— — and co-workers.
“T |5t. | 10 ‘If i '-’I“ Dissociation of Nitrosobenzene at 193 nnEragment ions
ranslational energy (kcal/mol) of me = 30, 76, 77, and 78 were observed from the
Figure 3. (a) Photofragment ion image intensity profilesmfe = 77 photodissociation of g4sNO at 193 nm. Photolysis laser

from two different photolysis laser polarizations at 248 nm. Thick and intensity in the region between 0.2 and 1.7 mJevare used,

thin lines represent the polarization of UV laser perpendicular and and all of these fragment intensities showed linear dependence

parallel to thg VUV laser beam, respeqtively. (b) Anisotropy parameter gn the laser intensity. The images are shown in Figure 4. As

fesrse:‘erf]‘tj?ﬁgounpgérf;%rqg\?vz:rﬁ‘;?tlstgqﬂ'e i?]irg]%éi:g? dotted lines delay time between pump and probe laser pulses increased,
the relative intensity betweem/e = 76 and 77 also changed,

Compared to the average translational energy measured in@s shown in Figure 5. Since no HNO fragment was detected,
previous studies, our value is much smaller than 29% of the fragments ofve = 76 must result from the slow dissociation

fragment translational spectroscopy measurement at photolysisof the energetic fragmentsie = 77. Consequently, we can

wavelength 266 nr& and it is very close to 7.3% and-@.1% conclude that there is still only one dissociation channel of
of velocity map ion imaging measurements at 290.5 and 225.96 hitrosobenzene at 193 nm, even though the photon energy is
nm, respectively? much higher than the dissociation barrier gHeNO — CgH4

The GHs photofragment ion image profiles at two different + HNO. This observation is consistent with the significantly
photolysis laser polarizations are presented in Figure 3a. Thesmaller decay rate predicted for this product channel, as will
shapes and the intensities of the profiles at the polarization be presented later. The photofragment translational energy
directions parallel and perpendicular to the VUV probe laser distribution obtained at this wavelength is shown in Figure 4c.
beam are very close to each other. The anisotropy paraghieter The average energy released is 10.2 kcal/mol, which is slightly
for the fragments with different translational energy is illustrated arger than that at 248 nm.
in Figure 3b. In the low translational energy region where most ~ The anisotropy parametgrat 193 nm was found to be very
of the fragments are produced, the valueg afe very close to  similar to that at 248 nm. TheeBs photofragment ion image
zero, indicating the isotropic distribution of the fragments. In intensity profiles at two different photolysis laser polarizations
the high translational energy region, the valueg dfuctuate were found to be very close to each other, as presented in Figure
between 0 and 1. The poor S/N ratios are due to the small 6a. The values of as a function of translational energy are
amount of high translational energy fragments produced in the shown in Figure 6b. It suggests that most of the fragments are
high translational energy region. We can conclude that most of isotropically distributed, and only a small amount of fragments
the fragments are isotropically distributed. If there is any with large translational energy have a positive valug.ofhe
anisotropic distribution, it must be from the fragments with large dissociation mechanism at 193 nm must be similar to that at
translational energy. However, the amount of those fragments 248 nm.
is very small, and the value ¢f is positive. Decomposition of Phenyl RadicalThe phenyl radical plays

The anisotropy paramet@rwe measured at 248 nm is very a very important role in the combustion of small aromatic
close to the value of 0.05 from the single line measurement at hydrocarbong®-4° There has been considerable interest in its
225.96 nn¥ It is also very close to the value of 0.63-0.05 reactions with combustion species as well as its decomposition
from the measurement of several rotational states ofNOO kinetics and mechanism. The ab initio calculation of a previous
at photolysis wavelength 290.5 rm%.However, it is very study*! showed that the decomposition of phenyl radical
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Figure 5. Fragment ion image intensity profiles at various delay times. The thin and thick lines repméeentr7 and 76, respectively. (&)=

5us, (b)t =9 us, (c)t =15us, (d)t = 18 us.
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Figure 6. (a) Photofragment ion image intensity profilesmafe = 77
from two different photolysis laser polarizations at 193 nm. Thick and
thin lines represent the polarization of UV laser perpendicular and
parallel to the VUV laser beam, respectively.(b) Anisotropy parameter
S as a function of fragment translational energy. The dotted lines
represent the upper and lower limits of the uncertainty.
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producing benzynet H was endothermic by 76.0 kcal/mol,
and the reaction was reported to occur without a distinct
transition state based on geometry optimization with the B3LYP
method. This loose structure, also confirmed by MP2 and CCSD
optimizations with the 6-3tG(d,p) basis set, however, over-
estimated the high-temperature thermal decomposition rate

£
CgHg + H+ NO <
—_1340 g
3 90.4 £
E| %2 T@eey o 666 86.2
= @ =
= S TS "CgHq + HNO
£ =z —. 603 "
5 1266 CeHaN(H)O
W s 359 CaMstNO || finono, 'av353
% [—] / CgHsNO, A" 23.8
Sy 0.0 =5 CeHsNO, U

Figure 7. Energy level scheme from the TD-DFT calculations at the
B3LYP/6-31+-G(d) level and schematic energy diagram for the
isomerization and dissociation reactions @HgNO calculated at the
G2M(RCC, MP2)//B3LYP/6-31G(d) level in kilocalories per mole.
Note that the energy of thBA" state, 35.3 kcal/mol, includes ZPE
correction. The energy levels in parentheses are from ref 18.

constant determined by Braun-Unkoff et&las was also shown
by Wang et af'® The new optimization carried out in this work
by the G96LYP/6-31+G(d,p) method located a low-energy
transition state. A G2M calculation based on this structure gives
the barrier for the decomposition reaction at 79.4 kcal/mol above
CeHs. For phenyl radicals produced from the photodissociation
of nitrosobenzene at 193 nm, the maximum internal energy for
phenyl radical is 93.8 kcal/mol (experimental value from NIST
chemistry webbook). The decomposition into benzyheH
therefore is energetically allowed, as shown in Figure 7.

The decomposition of phenyl radical into benzyne and H atom
can be clearly seen from the image intensity changes/ef=
77 and 76 at various delay times, as shown in Figure 5. The
central part of the fragment images in the velocity axis
corresponds to small translational energy released, i.e., most of
the available energy is distributed in the fragments’ internal
degrees of freedom. For the phenyl radicals located at the central
part of the image, they contain a lot of internal energy and
quickly decompose into benzyne and H atom. Since the mass
ratio between benzyne and H atom is large and the available
energy for the decomposition process is small, benzyne produced
from this part of phenyl radicals is still located at the same
position in the velocity axis. The fast decomposition of this part
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of phenyl radicals can be seen from the fast rise of the central 10°

part of the imagenwe = 76 at short delay time. On the other .

hand, phenyl radicals located on both sides contain less internal 1075

energy, and they have slow decomposition rates. The corre- 1074

sponding benzyne only appears at long delay time images. For _

the phenyl radicals positioned at both ends of the image in "o 10°4

velocity axis, the translational energy released is large and the o 10°]

energy left in the internal degrees of freedom is too small for ® &

the radical to be further dissociated into benzyne and H atom. x 10*4

They remain as phenyl radicals and no analogous benzyne is 3

produced. Therefore, the length of the image = 76 is shorter 1079

than that ofm/e = 77 even at very long delay times. 10? i . : . .
The decomposition rate of phenyl radical as a function of 0 10 20 30 40

internal energies can be obtained from the image intensity Phenyl radical internal energy (kcal/mol)

changes of each part of the image along the fragment velocity rigyre 8. Phenyl radical dissociation rate as a function of internal
axis at various delay times. The internal energy of phenyl radical energy. Shown are the experimental values assun@nglg8%, @)

can be calculated from 5%, and ) 0% of the available energy (93 kcal/mol) distributed in
NO internal degrees of freedom. The solid line is the prediction at the
E(int)phenyI: hy — D0 — E(tran) — E(int)No G2M(RCC, MP2)//G96LYP/6-31G(d) level in this work.

The photon energlw is 148 kcal/mol, the dissociation energy  The dissociation rate can be calculated from the ion intensity
Do is 54 kcal/moB°® and the amount of translational energy ratios of fragmentwe = 77 and 76 at two different delay times
released,E(tran), can be calculated directly by use of the by use of

fragment velocity obtained from the image. The only uncertainty

in this equation is the internal energy of fragment NO. However, | ;4T,) B(1— e ¥™) + Aj/e_kTl

a proper estimation of the NO fragment internal energy could 1, ATy AL — )e’le

be made according to the previous studies and our measurement™ ™Y _ 4 =
Previous studies showed that the rotational and vibrational state!m7e(T2)  B(1 — e ¥ + Aye ™

distributions of NO fragments are statistical, and most of the | _(T.) AL — y)e ¥

energy is located in phenyl radical vibrational degrees of B

freedom. For example, the average vibrational energy of NO —(ele -1+ _r
fragment is only 1.3% of the total available energy at photolysis Al—y) 1—vy )
laser wavelength 255 nm, and the rotational energies of both B (ekTZ 1+ y
phenyl radical and NO are only 0.2% and 3.7%, respectively Al —7) 1—vy

due to the transition-state geometry. For nitrosobenzene pho-

todissociation at 193 nm, both the value of anisotropy parameter At short delay time when no benzyne is produced from the
B and the translational energy distribution suggest that the decomposition of phenyl radical, ion intensity ratio betwégn
dissociation mechanism is similar to that at 255 nm, i.e., the andl; is close to the value of/(1 — ). The upper limit of
dissociation occurs after internal conversion to the lower y/(1— y) was obtained from the image at the available shortest
electronic state. Energy must be redistributed among variousdelay time (5us), and the final result of the decomposition rate
vibrational degrees of freedom before dissociation occurs andk was calculated from the numerical solution of eq 4. The phenyl
the energy distribution is statistical. Therefore, we estimated radical dissociation rates as a function of internal energy
that about 95% of the available energy (total available energy obtained from this equation are shown in Figure 8. It shows
after the subtraction of translational energy) is distributed in that if the translational energy released in the photodissociation

phenyl radical vibrational degrees of freedom. of nitrosobenzene is less than 1 kcal/mol, the decomposition
For a given internal energy, the decomposition of phenyl rate of corresponding phenyl radical is in the region between
radical into benzyne and H atom can be describedn)T1) 10° and 10 s™1. However, if the translational energy release is

= exp(—kTy) and the growth of the corresponding benzyne can more than 2 kcal/mol, the decomposition rate is too slew@
be described byg(T1) = 1 — exp(—KTy). my«(T) is the phenyl s 1) to be measured in our apparatus. The comparison of
radical concentration for a given internal energy at delay time absolute ion image intensities ofe = 77 between short and
T. mye(T) is the benzyne concentration produced from the long delay times indicates that about 10% of phenyl radicals
corresponding phenyl radicdlis the dissociation rate of phenyl  decompose into benzyne and H atom within the time scals(
radical. The ion intensity ofwe = 77 and 76 thus can be us) of our experiment. Compared to the decomposition rate
described by obtained from G2M(RCC, MP2)//G96LYP/6-315(d) ab initio
MO and statistical-theory calculations, the agreement between
1AT) = A(1 — y) exp(=kT,) (1) theory and experiment is satisfactory.
Theoretical Prediction of CgHsNO Decomposition Rates:
l76(Ty) = B[1 — exp(— kT)] + Ay exp(-kT)  (2) (1) PES of the Systems described in the preceding section,
o . the potential energy surface of thgHgNO system has been
A andB are the ionization cross sections of fragment mass 77 g|culated with the G2M methdH based on the geometry
and 76, respectivelyy is the branching ratio of benzyne optimized at the B3LYP/6-3tG(d,p) level of theory. The
produ_ced from the dissociative ionization of phenyl radical, optimized structures of the reactant, transition state, and
described by intermediate are presented in Figure 9. All the geometries of
the GHsNO (S, X TA"), CgHsNO (T, 3A"), and GHsNO (S,
CeHs + hwyyy — CeH4+ +H(3) 3) 1A"") are planar withCs symmetry. The equilibrium €N bond
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TABLE 1: Relative Energies® for the Isomerization and Decomposition Reactions of gHsNO

species or reaction B3LYP/6-31G(d) GM B3LYP/6-31+G(d) G2Mw B3LYP/6-31G(2df,p) G3SX

CeHsNO 0.0 0.0 0.0 0.0 0.0 0.0

CeHs + NO 53.3 56.5 52.2 56.6 53.0 55.6
TS 66.1 66.7 65.6 66.6 63.3 66.0
CsHiN(H)O 60.5 60.2 57.8 60.3 58.4 59.6
CeHs + HNO 96.2 86.2 93.2 86.2 94.8 86.3
CeHs+H + NO 140.4 134.0 138.4 134.0 140.2 134.1

2 Relative energies are ZPE-corrected in kilocalories per mofeBased on the optimized geometries calculated at B3LYP/6-31G(d), B3LYP/
6-31+G(d), and B3LYP/6-31G(2df,p), respectively.

1923 So.X'A' TABLE 3: Decay Rate of CGHsNO via Different Pathways
%I%g%g (T1,31A") pathway 248 nm 193 nm
23 439{31’ A"} Q1-218 €234 CeHsNO — CgHs + NO 2.5x 1010 3.2x 101
115.4(0 1438 ®1.251 120.3( & 042 CoHsNO — CoHs + HNO? 1.0x 10* 1.3x 107
lhzsiﬁ §1,371} 13890 7 . 1.365 CeHsNO — CeHN(H)O 2.9x 10° 1.8x 107
@’@\ N N q\@’ © @ The rate constant forgElsNO — VTS — CgHs + HNO wi
5 e — CelMlg with VTS
! ﬁgéé@ @,127-921 ! 127'8(é as the limiting step.
' " q{é\@/ © ' @’ o by use of the Variflex cod& The minimum energy paths (MEP)
& L L representing the dissociation processes were approximated with
CeHsNO, C TS CeHaN(H)O the Varshni potentid?? V(r) = D[ —a exp[-b(R2 — R?)]} —
’ S

De, whereR is the reaction coordinatdy is the equilibrium
Figure 9. Optimized structures of the reactant, transition state, and value ofR, a = Ry/R, andDe is the bond energy excluding the

intermediate at the B3LYP/6-315(d) level of theory. zero-point energy correction. Along the reaction coordinate, we
TABLE 2: Vertical Energies and Oscillator Strengths (f) for stretched the bond length of-@N with a step size of 0.2 A
CeHsNO, Estimated by TD-DFT at the B3LYP/6-31+(d) along the path from the equilibrium value to 5 A. Each geometry
Level was fully optimized at the B3LYP/6-3#G(d) level of theory
state sym B3LYP/6-3tG(d) experimental and its energy was then scaled by the G2ZM(RCC, MP2) value

for the Varshni potential. The approximated bond energy and
% 12 gg'i gg'ggggg ggg b for the ground state witAA’ are 60.4 kcal/mol and 0.522
A ' A2 respectively, foRy, = 1.439A. Similar calculations for the
?Vertical energies are given in kilocalories per mole; oscillator dissociation of GHsN(H)O, CsHsNO (Ty, 3A") and GHsNO
strengths are shown in parentheseBrom ref 18. (S1, 'A") gave rise tDe = 30.3, 36.0, and 20.0 kcal/mds;=
0.863, 0.834, and 0.991A&: andR, = 1.365, 1.381, and 1.371
lengths of T and S states are shorter than that of thestate A, respectively.

as shown in Figure 9. The predicted energetics and potential gy yse of the molecular parameters given above, the specific
energy diagram for the formation of products accessible to 193 rate constants for the dissociation ofHgNO at 248 and 193

nm photon energy are presented in Table 1 and Figure 7, ym (approximately 115 and 148 kcal/mol, respectively) provide
respgctlvely. At the G2M level, th_e four-centered transition state e Jifetimes of the excited molecule along various pathways
leading to GH4 + HNO was predicted to locate at 67 kcal/mol 5o summarized in Table 3.

above GHsNO, about 19 kcal/mol below the dissociated The lifetimes of GHsNO are predicted to be about 40 ps
products. This suggests that a stable molecular complex mustg|iowing the excitation at 248 nm and 33 ps for excitation at
exist between gHsNO and GHs + HNO. A detailed IRC 193 nm, producing exclusively¢g8ls + NO as was observed
calculation indeed conf!rms the presence of a benzyeO experimentally. The formation of HNO, slower by518x 248
complex, GH4N(H)O, lying 60 kcal/mol above gHsNO (see nm and 160 at 193 nm, is experimentally undetectable. As the
Figure 9 for its structure). Further decomposition of theiN- formation of HNO occurs via both the tight four-centered TS1
(H)O complex was found to take place without a well-defined 5 the variational TS near the dissociation threshold, with the
intrinsic barrier, similar to the fragmentation oftsNO to GHs latter being slightly slower due to its higher energy (see Table
and NO. 3), we have examined the effect of multiple reflections between

As shown in Table 1, the energetics predicted by both G2M the two TSs; the effect was found to be negligible because of
and G3SX agree very closely. The latter, which does notinclude the high photon energies. The predicted lifetimes are much
*high-level corrections”, is believed to be more reliable for |onger than that derived from the line width measurement,
applications to reactions with spin changes. In Table 2, the resultsuggesting that internal conversion is considerably faster than
of our TD-DFT calculations at the B3LYP/6-315(d) level for the fragmentation process.
the § and $ states confirms the energy gap between them,  (3) Thermal Decomposition Rate Constaftie high-pressure,
54.5 kcal/mol, which compares closely with the experimental first-order rate constant for the decomposition ofHENO
value, 56.4 kcal/mot® producing GHs + NO, k* = (1.42 + 0.13) x 107 exp[—

(2) Decomposition of PhotoexcitegsNO. Assuming that (55 0604+ 1080)RT] s71,%0is seen to have an unusually large
the internal conversion is fast comparing with fragmentation A-factor. The extrapolated rate constants in the temperature
lifetimes, we can predict the fragmentation rates gH§NO range of 806-1000 K from the equation lie between the result
following the excitation at 248 and 193 nm on the basis of the of Horn et al?® (after high-pressure-limit correction by the
RRKM theory. As both product channels giving NO and HNO RRKM theory) and that of Choo et &l determined by the very-
occur barrierlessly, the energy-dependent specific constants ( low-pressure pyrolysis method. Theoretically, the rate constant
were evaluated with the flexible transition state appréach can be computed with the Varshni potential evaluated for the



7934 J. Phys. Chem. A, Vol. 108, No. 39, 2004

15

In(k; )

-104
-154

-204

-25 T
1.0

14 16 18

1000/ T (K"
Figure 10. Experimental and predicted thermal rate constants for the
dissociation of GHsNO at the high-pressure limit:Y) from ref 50;
(2) with NO added and®) without NO added, from ref 30« — —)
from ref 51. Also shown are predictions for the states of-X tA’,
(—-—) A" and ¢-+) A", respectively. Their sum givé® = 1.52 x
10" exp[-55200RT] s L.

12 2.0

three MEPs producing NO. The thermal unimolecular dissocia-
tion rate constant defined by

d[CeHgl/dt = K”[CgHNO], = Sk™X; =
ke "IX] + Ka"TA] + kg"[B] (5)

where [GHsNO]o, [X], [A], and [B] are, respectively, the initial

Tseng et al.

from the two low-lying excited states {&nd S). The agreement
between theory and the experiment of Park ePalias also
found to be excellent, confirming for the first time the observed
very highA-factor (>10 s™1).
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