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Intramolecular Sy2 Reaction Caused by Photoionization of Benzene ChlorideNH3
Complex: Direct ab Initio Molecular Dynamics Study
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lonization processes of chlorobenzersmmonia 1:1 complex (Ph€NHj3) have been investigated by means
of full dimensional direct ab initio molecular dynamics (MD) method, static ab initio calculations, and density
functional theory (DFT) calculations. The static ab initio and DFT calculations of neutraHRHG complex
showed that one of the hydrogen atoms of Niiients toward a carbon atom in the para-position of PhCI.
The dynamics calculation for ionization of Ph&NH;3 indicated that two reaction channels are competitive
with each other as product channels: one is an intramolecyareaction expressed by a reaction scheme
[PhCI-NH3]* — S\2 intermediate complex> PhNH™ + CI, and the other is ortho-N¢addition complex
(ortho complex) in which Nklattacks the ortho-carbon of PhCGind the trajectory leads to a bound complex
expressed by (Ph€INH3)"™. The mechanism of the ionization of PR@NIH; is discussed on the basis of the

theoretical results.

1. Introduction

The reactions in clusters and hydrogen-bonding networks have

received much attention from both experimental and theoretical
points of view because they have the potential ability to open

a new reaction channel that does not usually occur in the gas

phas€e.=> In particular, the reaction caused by photoionization
is important because it can be easily controlled by photo-
irradiation.

In the case of a weakly bound complex composed of an
aromatic molecule (denoted by A) and a hydrogen donor
molecule (HB), three reaction channels expressed by the
following reaction scheme

A+-HB ==~ [A++HB]" — (A")~HB

(complex formation)

—A"H+B
(hydrogen/proton transfer)
— A"+ HB (dissociation)

are mainly competitive after the photoionization, where H is a
hydrogen. The first channel is a complex formation channel
where HB molecule adducts to"Aion after the ionization. In

place after the ionization of PhXNHs. The reaction is
expressed as follows:

PhX—NH, + Ip — [PhX—NH;] ., + €

ver

[PhX—NH; ] e, — [PhX—NH,"] (complex)

— PhNH," + X (S\2 reaction)

ver

lonization of PhX-NHjs leads to the formation of the intermedi-
ate complex, and then\3 reaction product (PhNg + X) is
formed. Also, the other ions (PRXNH3™ (intermediate com-
plex), GHsX™ (parent cation), and PhXNHj3),) are found as
products. A similar reaction is also observed in a reaction of
dihalobenzene radical cation with ammo#fighis type of {2
reaction is a new channel which has not been observed
previously. However, reaction mechanisms may be also clearly
understood by carefully designed experiments and not by
theoretical calculations alone. For example, it has been also
considered that first photodissociation of PhX occurs (PhCI
hv — Ph+ CI) and then ionized benzene radical reacts with
NHg: C6H6 + |p - CsH(fL +e, and QHsjL + NH3—> CGHG_
NHs*. Thus, the reaction mechanism is still disputing it.

In the present study, we investigate theoretically the ionization
dynamics of the chlorobenzenrammonia 1:1 complex (Ph€l

the second channel, a hydrogen atom or a proton transferNH3z) by means of the direct ab initio molecular dynamics (MD)

takes place between A and HB. The third channel is a
dissociation channel where HB dissociates fror &ter the
ionization.

Maeyama and Mikarf’ investigated the ionization dynamics
of halogenated benzend&lH; 1:1 complex (denoted by PhX
NHs3, where X = F or Cl) by means of the trapped ion
photodissociation (TIP) technique. They found for the first time
that intramolecular nuclear substitutiony@ reaction takes
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method. The main purposes of this study are (1) to elucidate
qualitatively the ionization dynamics of Ph€NH; and (2) to
predict the reaction channels after the ionization of PRNH
particular, we focus our attention on the question of whether
the intramolecular @& reaction takes place after the ionization
PhCHNHs.

Benzene (GHe) is a typical aromatic molecule that forms
sw-type hydrogen-bonded complexes with several hydrogen
donor molecules such as HFHCI, NHz,'t and HO.*2 Zwier
and co-workers measured resonant two-photon ionization (R2PI)

© 2006 American Chemical Society

Published on Web 12/09/2005



154 J. Phys. Chem. A, Vol. 110, No. 1, 2006 Tachikawa

time-of-flight mass spectra ofgElg(H20), complex =1 and

2). They found that the PhHH,O" complex is formed by the
photoionization of the §He(H2O), complex? Courty et al.
investigated the ionization process of the size-selected benzene
water cluster @Hg(H20), by means of the resonance-enhanced
multiphoton ionization techniqué;*4and a similar conclusion

is derived from their experiment.

In previous papers, we applied full dimensional direct ab initio
MD calculations to ionization processes gHg—H,0,1> CeHg— PhCI-NH3 PhCI(NH3)* SN2 intermediate
HF 16 ethylene-HF 17 formanilide—H,0,!® and GHe—(NH3)°
complexes. It was found that two reaction channels, namely,
the direct dissociation and complex formation channels, are
concerned with the photoionization of the complexes. Also, it
was found that the vibrational frequencies giHare remark-
ably shifted by the formation of a complex withsiTs*.2° In
the present study, we apply the full dimensional direct ab initio
MD method to the ionization dynamics of Ph€NIH3, which

was observed by Maeyama and Mikami using the TIP tech-
nique§3,7 PhCI (NH3)* ortho-complex PhCI (NH3)* para-complex

Figure 1. Schematic illustrations of structures and geometric param-
2. Computational Methods eters of complexes.

In general, a classical trajectory calculation can be made onevel agree qualitatively with those of the B3LYP/6-311G(d,p)
an analytically fitted potential energy surface (PES). However, |evel, as will be shown in a later section, so this level of theory
it is not appropriate to predetermine the reaction surface of the should be adequate to discuss the qualitative features of the
present system due to the large number of degrees of freedomonization dynamics of PhEINHsa.

(3N — 6 = 42, whereN is the number of atoms in the system).

Therefore, in the present study, we applied direct ab initio MD 3. Results

calculations!23vith all degrees of freedom to the ionization
dynamics of the PhCGINH3; system.

Direct ab initio MD calculation was carried out at the HF/

3-21G(d) level of theory throughout. The neutral complex lex227 it dth , lecule i
PhCHNH; was fully optimized by the energy gradient method complex; It s assumed that an ammonia molecule interacts
" _with the sr-orbital of PhCI in an initial structure of geometric

Next, several geometries were generated around the equilibrium0 timization. Using this initial arrangement. geometric ootimi-
point of PhCHNH3 by ab initio MD calculation at 10 K. The Pt : 9 9 9 P
zations were carried out for the PR€IH3 neutral complex.

: . i
trajectories for PhC+NH3 were run from these generated The optimized structure shows that one of the hydrogens of
points. We considered an electronic state, expressed schemati;

cally by (PhCIY(NHa) in the trajectory calculations. The NHs interacts with a carbon atom of PhCI (in the para position

electronic state of the system was monitored during the prhCI).The definitions of geometric parameters are illustrated

. . ) . in Figure 1, and the optimized parameters are given in Table 1.
simulation. We confirmed carefully that the electronic state and :
. ) - The distance between the N atom of N&hd Gx carbon atom
charge on each atom are retained during the reaction. The

velocities of atoms at the starting point were assumed to be ggf\?g}s(%iq%?g b)ylle)vvevlaﬁ'rfgllglﬂ?wtsgctgleb?sIsé?:;?egdé %(tsqe
zero (i.e., the momentum vector of each atom is zero). The P ) :

equations of motion fon atoms in a molecule are given b A above the benzene ring. The binding energy was calculated
q 9 y to be 1.30 kcal/mol. The details of structures and energetics

dQ  sH will be discussed in a later section. A similar structural feature
=90 is obtained at the HF/3-21G(d) and CAS(6,6)/6-311G(d,p) levels
dt 9P, of theory.
To elucidate the electronic states of PRGIH;" at a vertical
i__oH_ _oaU ionization point from the neutral state, Hartreeock (HF) and
ot aQ, aQ B3LYP/6-311G(d,p) calculations were carried out for the
optimized structure. The calculations show that a positive charge
wherej = 1 — 3N, H is the classical HamiltoniarQ; is the is mainly distributed on the Ph€Cimoiety of PhCHNH3, while
Cartesian coordinate of thjgh mode, andP, is the conjugated a spin is slightly diffused into the Nfmolecule. The spin
momentum. These equations were numerically solved by the densities ona-, ortho-, meta-, and para-carbon atoms were
Runge-Kutta method. No symmetry restriction was applied to calculated to be 0.28, 0.08;0.02, and 0.39, respectively,
the calculation of the energy gradients. The time step size wasindicating that the spin density is larger om@nd C(para)
chosen as 0.10 fs, and a total of 10 000 or 20 000 steps wereatoms of PhCl. Similar features were obtained by the HF/3-
calculated for each dynamics calculation. The drift of the total 21G(d) level.
energy is confirmed to be less than=3® throughout at all B. lonization Dynamics of PhCHNHj;. To generate the
steps in the trajectory. The momentum of the center of massinitial geometries of [PhCtNHjz]* at vertical ionization points,
and the angular momentum are assumed to zero. Static ab initicab initio MD calculations were carried out for neutral complex
molecular orbital (MO) calculations were carried out using PhCHNH3 under a constant temperature condition (10 K). The
Gaussian 032 geometric configurations of neutral complex are generated
It should be noted that structures and the shape of the potentialaround its equilibrium structure. A total of 40 points around
energy surface of PhEINH3™ obtained at the HF/3-21G(d) the equilibrium geometry of PhEINH3 are generated using ab

A. Structures of Neutral Complex PhCI—=NHs3. The struc-
ture of a PhCHNH3z complex is fully optimized at several levels
of theory. On the basis of a structure of thegHg—NH3
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TABLE 1: Selected Optimized Geometric Parameters of Neutral Complex PhCHNH 32

HF/3-21G(d)  CAS(6,6)/6-311G(d,p)

B3LYP/6-311G(d,p)

B3LYP/6-3#G(d,p)  MP2/cc-pvVDZ  MP2/6-311G(d,p)

ru 4.0477 3.9667 3.9709
ra 4.1428 45714 3.9353
ra 3.9423 4.1967 3.9041
7 1.7503 1.7829 1.7611
o° 72.2 83.6 70.2
@° 179.8 179.7 179.8

4.2771 3.4917 3.4431
4.3050 3.9746 3.8716
3.9409 3.6275 3.6905
1.7604 1.7466 1.7370
71.7 77.5 76.0
179.8 179.1 178.9

aBond lengths and angles are in angstroms and degrees, respeétidmble of N—Co—C(para).c Angle of CI-Ca—C(para).
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Figure 2. Snapshots for intramoleculax&reaction channel of PhEl
NHs* after the ionization of its neutral complex calculated by direct
ab initio MD method.
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Figure 3. Time propagations of potential energy (A), distances (
andry) (B), and anglesf and¢) (C) for intramolecular §2 reaction.

the NH; molecule moves to a more stable position. At 0.2 ps,

for the ionization dynamics gave two reaction channels as main NH3 is located near the €Cl carbon atom (@ carbon) (; =

products: {2 reaction channel and complex formation channel.

Details for these channels will be discussed as follows.

Su2 Reaction ChanneBnapshots of the geometric configura-
tions of [PhCHNH3]* after the vertical ionization of Ph€El
NH3 are illustrated in Figure 2. Before the ionization, one of
the hydrogen atoms of Nbrients to a carbon atom in the para-
position of PhCI. The Neimolecule is located 3.875 A above
the benzene ring { = 4.063 and, = 4.163 A). At time zero,
the trajectory of [PhCFNHj3] ™ starts from the vertical ionization
point. An electron of the neutral complex is removed from the
mr-orbital of PhCI by the ionization, while a hole is localized
on the PhCI ring (the ionization potentials of PhCl and ;NH
are measured to be 9.07 and 10.16 eV, respectidely).

The interaction between the PhCI ring and Nl suddenly

3.866 and, = 4.159 A). As NH gradually approaches thexC
carbon, the distance of the<Cl bond increases: for example,
r, = 3.866 A,r(C—Cl) =r, = 1.668 A at 0.20 ps;1 = 2.745

A, ry=1.656 A at 0.40 ps; and = 1.848 A,r, = 1.801 A at
0.50 ps. At 0.60 ps, the complex for theZSreaction is formed
and then the @ reaction is completed at 0.80 ps. The bond
distances of €CI at time= 0.80, 0.90, and 1.0 ps arg =
4.034, 5517, and 7.077 A, respectively, indicating that the CI
atom leaves PhN#.

To elucidate the dynamics in more detail, the profile of the
potential energy and geometric parameters calculated as a
function of reaction time are plotted in Figure 3. Figure 3A
shows the potential energy of the reaction system (PE) plotted
as a function of time. Parts B and C, respectively, of Figure 3

changed to a repulsive interaction between the positive chargeshow the distancesi(andrs) and angles{ and¢). The zero

on the benzene ring and hydrogen atoms of;NiH(PhCIt)-
NHs. Hence, an umbrella mode of NHk inverting, and then

level of the PE corresponds to an energy at the vertical ionization
point from PhCHNHs. After the ionization, the PE decreases
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Figure 4. Snapshots for ortho complex formation channel. .g” 90
rapidly by up to —5.0 kcal/mol due to the JahiTeller % 80
deformation of the benzene ring at the cationic statafter < b -
that, the PE changes periodically in the time rang®©@ ps:
if a hydrogen atom of Nklorients to PhCl, PE decreases, but 60 . : L L
the orientation of the N atom of NHcauses instability. The 0.0 02 0.4 0.6 08 10
PE decreases gradually in time range04 ps due to an Time / ps
approach of NHto PhCIF. At 0.5 ps, NH attaches to the € Figure 5. Time propagations of potential energy (A), distances (
atom and the complex of they3 reaction is formed. Thex@ andr,) (B), and anglesf) (C) for ortho complex formation channel.

reaction is completed after several collisions at 0.80 ps. Finally, tag|E 2 Summary of Direct ab Initio MD Calculations
the Cl atom leaves PhNfi. Time propagations of angles for lonization of PhClI —NH3
(60 and ¢) indicate that the structural deformation of PhCI

suddenly takes place around the complex formation region. - no. of trajectories branching ratio
Ortho Complgx Formation Channéﬁnapshqts fqr the ortho g’r“t%gef;,i%?ex 120 06%550

complex formation channel are illustrated in Figure 4. The meta complex 0 0

structural parameters of the neutral complexrare 4.201,r, para complex 0 0

=4.434r;3=3.882,r,= 1.7497 A,0 = 76.1°, andp = 179.9 dissociatiof 1 0.02

at time zero. The Ngimolecule is located & = 4.078 A above dipole compleX 1 0.02

the benzene ring. The trajectory of PHQNIH3) starts from the total 40 1.0

vertical ionization point, and a hole is localized on the benzene  aproducts are both\@ reaction product (PhNgi + CI) and $i2
ring. After the ionization, NH moves on the benzene ring and intermediate (PhCtNH3)*. P Dissociation channel: products are PhCI
approaches a €Cl part of PhCl (time= 0.0-0.30 ps). + NHa. © Dipole orientation complex is formed.

Hoyvgver, NH falls to a carbon atom in the ortho-position before approaching and the addition of Niapidly takes place. The
arriving at the C-ClI carbon at 0.40 ps. The distance parameter C—Cl distance of PhCl is hardly changed during the reaction.
(r3) is suitable for expressing the approach ofNeithe ortho- C. Summary of Direct ab Initio MD Calculations. In the
position: the values at 0.2, 0.3, and 0.4 ps are calculated to beye\igys section, the results for two main reaction channels are
3733, 3.432, and 2.477 A, indicating that Nidradually  iyoquced as sample trajectories. Actually, the structure of the
approaches the ortho-carbon atom, and the ortho complex iSpeyral complex fluctuates around the equilibrium point because
formed at 0.50 psr§ = 1.473 A). The lifetime of this complex f its flexibility. To elucidate the effects of initial structures on
is longer than 2.0 ps, and the complex exists as a long-lived jonization dynamics, we carried out direct ab initio MD
complex. calculations from several selected points. A total of 40
Figure 5 shows the time propagation of the potential energy trajectories were calculated, and product channels are analyzed
of the reaction system (PE), the distancesafdr,), and the in detail.
angle @) for the ortho complex formation channel. The time The results are summarized in Table 2. It is found that four
profile of the PE is very similar to that of they3 reaction product channels are available from the vertical ionization of
channel. Addition of NH occurs at 0.41 ps, while the energy PhCHNHs. Major product channels are both thg2&Sreaction
of the system suddenly decreases-t40 kcal/mol. The time channel (including an & reaction intermediate, namely,
propagation of the distances) indicates that NHlis gradually o-position adduct complex) and ortho-position adduct complex.
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TABLE 3: Selected Optimized Geometric Parameters of g2
Reaction Intermediate and Complexes of (PhCENH3)* 2

HF/3-21G(d)

B3LYP/6-311G(d,p)

S\2 Intermediate

J. Phys. Chem. A, Vol. 110, No. 1, 2008657

TABLE 4: Harmonic Vibrational Frequencies of Sy2
Reaction Intermediate (PhCHNH3)*™ Calculated at HF/

3-21G(d) and B3LYP/6-311G(d,p) Levels of Theory

HF/3-21G(d)

; 15806 15563 3618(a) 3615(d) 3520(3) 3401(a) 3384(x) 3381(3)
o 17921 18850 3365(a) 3364(4) 1822(4) 1813(4) 1669(a) 1620(d)
0 190.6 1344 1617(8) 1576(a) 1530(&) 1442(4) 1379(d) 1282(3)
A 136.1 1956 1254(&) 1232(a) 1164(&) 1086(4) 1077(4) 1069(d)
: : 1036(4) 1014(a) 938(a)  898(3  864(a)  818(d)
Ortho Complex 728(d)  693(d)  636(2) 591(d)  488(d)  467(d)
r 1.5922 1.61124 393(a)  366(4) 309(a) 246(x) 230(&) 78(d)
I T3 e B3LYP/6-311G(d,p)
4 1036 101.2 3467(4) 3465(d) 3370(8) 3217(a) 3201(¥) 3198(3)
: ' 3179(4) 3179(d) 1647(4) 1634(d) 1601(8) 1543(d)
Meta Complex 1490(4) 1452(3) 1420(4) 1351(4) 1314(4) 1216(3)
r 1.6049 1.6250 1170(&) 1114(d) 1100(#) 1008(a) 1002(4) 998(d)
M 1.0804 1.0949 994(a)  972(4) 919(3) 873(d)  774(d) 756(])
0 115.1 119.4 692(a)  628(3  585(d') 505(d)  431(d)  429(¥)
é 103.2 100.8 350(d)  345(d) 262(a) 243(d) 202(d) 81(a)
r 1_6062ara Complex 1.6434 (HF/3-21G(d) level), respectively, with respect to the ortho
' 1.0804 1.0936 complex. This means that the HF/3-21G(d) calculation gave
0 114.6 117.7 reasonable structural and energetics features for the (PhiNH
¢ 103.2 100.2 system. The basis set superposition error (BSSE) is less than

aBond lengths and angles are in angstroms and degrees, respectivelyd-8 kcal/mol at the HF/3-21G(d) level.

To elucidate the shape of the potential energy surface (PES)
The latter complex is not dissociated into thg2Sreaction around the equilibrium points of they3 intermediate complex,
product (PhNH" + H). The branching ratios fon@& and ortho- vibrational frequencies were calculated. The results are listed
positions are 0.45 and 0.50, respectively. As a minor channel, in Table 4. Three frequencies in the higher energy region (3467,
dissociation channel, leading to PHGH NHs, is found. Also, 3465, and 3370 crii) are assigned to the-\H stretching modes
a weakly bound complex where NHmnolecule binds to two  Of the N moiety of PANH*. The corresponding frequencies
hydrogen atoms of PhCis formed; all heavy atoms are located Of free NH; were calculated to be 3586 and 3466 ¢mThe
on the same molecular plane. However, these channels ardrequencies of Nklare red-shifted by the formation of an®
Signiﬁcanﬂy minor. The {2 reaction and ortho Comp|ex CompleX. The frequencies calculated at the HF/3-2:LG(d) level
channels preferentially occur. Thus, selectivity of the product are in reasonable agreement with those of B3LYP/6-311G(d,p).
channels is C|ear|y shown in the dynamics calculation. From the Ca'CUlationS, it seems that the HF/3'21G(d) calculation

D. Structures of the Intermediate Complexes.As men- gives a reasonable PES around the equilibrium points of the
tioned above, direct ab initio MD calculations showed that two COomplex. At least, one can discuss a qualitative feature of
reac“on Comp|exes are ma|n|y formed as products\}z S lonization dynamICS Of PhelNH3 USIng the I'eSU|tS Of HF/S'
intermediate and ortho complexes. In this section, the structures21G(d) level of theory.
of the complexes are calculated by static ab initio and DFT
calculations to obtain more detailed structural characteristics
of the complexes. The optimized geometric parametersyar S A. Summary of the Present Calculation.In the present
intermediate and ortho complexes are listed in Table 3 togetherstudy, the ionization dynamics of (Ph€NHs)™ was investi-
with those of meta and para complexes for comparison. In the gated by means of direct ab initio MD method. The reaction
S\2 intermediate complex, the nitrogen atom of Nelbonded  scheme obtained in the present study is given in Figure 6. The
to thea-carbon atom of PhCl By addition of NH, the C-Cl electronic states are schematically expressed by (PHTH))
bond of PhCl is elongated from 1.7611 to 1.8850 A (B3LYP/ at the vertical ionization point (time zero in trajectory calcula-
6-311G(d,p) level), and the position of the Cl atom deviates tion). It was found that two product channels are mainly
from the molecular plane of benzene because &ftsfbrid available from the vertical ionization of Ph€NHs, and these
orbital formation. A similar structural change (but a hydrogen channels are competitive to each other: @2 $termediate
atom in the ortho-position deviates from the plane) is found in (including o-position adduct complex) and an ortho-position
the ortho complex, indicating that the ortho complex is an adduct complex. The branching ratios fa23ntermediate and
intermediate in an\& reaction NH + CgHsCl™ — PhCI(NHs)* ortho complex channels are 0.45 and 0.50, respectively. Thus,
+ H. The geometric optimizations are also carried out for meta selectivity of the product channels is clearly shown in the
and para complexes. Similar structural characteristics are dynamics calculation.
obtained. B. Effects of Halogen Substitution on the Product Chan-

The activation barrier for Cl atom dissociation froy2S  nels.In a previous work, we investigated theoretically ionization
intermediate, (PhNET)Cl — TS— PhNH;* + Cl, is calculated dynamics of benzereammonia 1:1 complex @ls—NHz).2®
to be 2.9 kcal/mol (B3LYP/6-311G(d,p) level) without zero- |t was found that two reaction channels compete with each other:
point energy (ZPE). This energy barrier is changed to 2.4 kcal/
mol including a ZPE correction. The barrier height is signifi-
cantly lower in energy than the reaction energy.

The ortho complex is the most stable in energy of these
complexes. The relative energies for thg2Smeta, and para
complexes are-2.8,+0.4, anct-3.1 kcal/mol (B3LYP/6-311G-
(d,p) level), respectively, andt3.2, +2.2, and+3.0 kcal/mol

4, Discussion

(CeHg—NH,) " — CiHs" + NH,  (dissociation channel)

— CgHg'NH,
(complex formation channel)

In the first channel, NKlis dissociated from gHgt because of
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Ip
o — (Eo)f — (&S0
Sp_2 intermediate complex

ortho-complex +

Figure 6. Reaction model for the ionization dynamics of PhRGIHs;.

PhCI* + NH3 present study also predicts that pi$ added to the ortho-
_’\[PhCI—NH3]+ position of PhNH™ complex.

— D. Additional Comments. We have introduced several
approximations to calculate the potential energy surface and to
treat the reaction dynamics. First, we have assumed that
[PhNHs]™ has no excess energy at the initial step of the

fonization |, SN2 intermediate  PhNHg* + Cl trajectory calculation (time= 0.0 ps). Also, we neglected zero-
complex point vibrational energies in the dynamics calculation because
PhCI + NH3 these energies were close to each other in the present system
> —— (difference was less than 3 kcal/mol). Therefore, this ap-
PhCI-NH3 proximation is enough to describe the dynamics of the present
neutral complex system. Inclusion of these effects on the dynamics calculations
Figure 7. Schematic representation of intramoelcula® $eaction in may cause a slight change of lifetime of thg2Sntermediate.

PhCHNHj; system. In the case of higher excess energy, the lifetime of the

intermediate complex will become shorter.

Second, we assumed an HF/3-21G(d) multidimensional
potential energy surface in the dynamics calculations throughout.
In previous papers, we investigated the ionization dynamics of
benzene-H,O and benzeneHF using the HF/3-21G(d) level
of theory. The results obtained at the HF/3-21G(d) calculation

The dynamics calculation in the present study gives two gave a reasonable description of the ionization dynamics of the
product channels of (PhENHz)*: Sy2 intermediate complex comple>.<es. Therefore, the. level of theory gsed in the.prt_esent
(a-position) and ortho-position addition complex. The meta and alculation (HF/3-21G(d)) is adequate to discuss qualitatively
para complexes are not formed. The selectivity is clearly shown (€ ionization dynamics of PhENH,. However, more accurate
in the present system. This selection is due to the fact that thewave_functlons may provide d_eepe_r insight into the dynamics.
nonbonding orbital of Nii interacts strongly with a singly Despite the several assumptions introduced here, the results

occupied molecular orbital (SOMO) of PHCIThe spin densities enable us to obtain valuable information on the mechanism of
on o, ortho-, and para-positions of PhCére larger than that "€ ionization of PhCHNHs.

of the meta-position. Hence, the Nkeacts preferentially with L
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