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Theoretical calculations of the N@dsorption on transition metaéxchanged zeolite (metal Cu, Ag, Au)

were carried out using density functional theory and MP2 approaches. A tritetrahedral model (T3) was used
to represent a fragment of a zeolite. The density functional calculations predict that tteelbliDption energy
follows the order: Cu-T3> Au-T3 > Ag-T3. The analysis of the electronic properties shows that the d

std® promotion favors the interaction between the N@olecule and the metallic center. The results show
that there is a charge transfer from the metallic ion to the MOlecule, which produces a weakening of the
N—O bond. The topology of the laplacian of the density correctly predicts the existence of the two stable
isomers found in this work, but not the adsorption order.

Introduction Sodupe and collaboratdfsshowed that in gas phase the NO
molecule is capable to form stable complexes with silve®Xu
reported that at least three stable complexes are possible with
gold. Until now, to our knowledge, no theoretical calculations
have been performed yet for N@dsorption on silver and gold
ion-exchanged zeolites.

In the present work, the bonding of NOn metal-exchanged
zeolite (metal= Cu, Ag, and Au) has been investigated by

It is well known that nitrogen oxides, NQare air pollutants
that cause photochemical smog and acid rain. Therefore, the
reduction of NQ to Ny is a very important process in the field
of environmental catalysis. Currently, the selective catalytic
reduction (SCR) of NQ with ammonia is the commercial
catalytic process for NQemission control.# The reduction is
done with NH using titania-supported vanadia in the presence . : .
of 0,14 The main drawback of this process is the handling of Means of quantgm_chemlc_al calculations. It presents the analysis
ammonia that must be well controlled to avoid the corrosive Of the electronic interaction as well as the analysis of the
and toxic effects. Other less aggressive processes such as SCEPOl0gy of the charge density for the interaction of the,NO
using hydrocarbons and metaleolite exchange, in which mo[eggle W|th.a modgl of metal ierexchanged zeollt.e using
ammonia is not used, have been investigated. ab initio density functional theory and MP2 calculations.

From the pioneering works of Iwamdtd! and Held et al?
on the reduction of NQby hydrocarbons using coppezeolite Catalyst Model
catalysts until now, a huge number of works on this topic have  Three different metatzeolite (metal= Cu, Ag, and Au)
been published. The Cu ion-exchanged zeolite catalysts havesystems were studied in order to analyze the binding energies
shown to have good catalytic activitit&and some studies have  and electronic properties of the N@dsorbed on a metallic

pointed out that the Ct,147819 or CUt"—CuP* 17220°22 gre center supported over a zeolite framework. The tritetrahedral
the active sites of these catalysts. Beside Cu, other systems havetructure [HSIOAI(OH),0SiHs]~ was chosen to model a T3
been studied too, such as-F&MS-52372° Co—ZMS-529:29-34 site of a zeolite, where the metallic atom, M, was set on bridge

Au—MFI,%30r Zn and ZnG*3"Despite all these studies itis  between two oxygen atoms (see Figure 1a). Similar models have
not clear yet, for example, which is the oxidation state or the pbeen used successfully by28sand others authot&4041 to
structure of the active site of FZSM5>28 or Cu-zeolite represent one of the possible sites of the localization of the
systemg:2022|t is clear that in real catalytic systems there are metallic ion inside the zeolite framework.
several cluster species that differ in size and in oxidation state
and that are difficult to determine experimentally. Therefore, Computational Details
theoretical studies on adsorption modes, interaction energies,
and charge distributions are useful to help to understand the
molecular mechanisms of catalytic reduction of Ny transi-
tion metat-zeolites.

Sauer et at® and Trout® have shown that the active site for
NO, adsorption is a Cti species in the Cuzeolite catalysts.

All calculations and geometry optimizations were performed
with the Gaussian 94 progrdfat DFT and MP2 level. For
DFT, the Becke’s three-parameter hybrid functiéfwailith Lee,
Yang, and Parr correlation functionals were emplodfeldh. all
cases, the unrestricted formalism (UB3LYP and UMP2) was
used. The basis sets and the relativistic compact effective
* Corresponding author. E-mail: asierral@ivic.ve. potentials that include explicitly then{-1)s?, (n—1)pg (n—1)-
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Figure 1. Schematic representation of the molecular structures used in this work. The O1 atoms are localized alangsthehe Al and M
atoms are in the axis. (@) M-T3 site (M= Cu, Ag, Au). (b) NQM—T3 structure.

TABLE 1: Geometry, Charges, Electronic Configuration,
dy, and )s, electrons from Stevens et ®lwere used for Cu, and Energy Difference for M—T3(X) Systems (M= Cu, Ag,

Ag, and Au atoms. For N and O, the all-electron 6-311G(d, p) au: X = S Singlet, T= Triplet)
basis set was employed. The 6-31G(d, p) basis set was applied

. . S molecular M—0O1  angle total spd AE?
to Al, Si, and H atoms. The electronic charge distribution of method system A 01-M-O1 Qu configuration eV
the catalyst_ models was a;r;alyzed using the_ natural bor_1d Orblta'B3LYP CuT3(S) 2.00 832 1088 spld
(NBO) partition schemé847and the topological properties of g3 yp Cu-T3(T) 1.98 787 +0.74 spOdel 4171
the electronic density laplacian was analyzed using the Bubble (+2.42)
program. The T3 model (Figure 1a) ha<Ca, symmetry and B3LYP Ag-T3(S) 2.27 73.0 +0.87 spi6dr

the NOM—T3 complexesC, symmetries (Figure 1b). Only ~ BSLYP Ag-T3(T)  2.24 714 4046  spoode (+f4§884)
neutral complexes were considered in this work. B3LYP Au-T3(S) 2.27 724 4078 sp0P2

B3LYP Au-T3(T) 2.25 71.0 4051 splede  +1.34
Theoretical Background (+2.40)

MP2  Cu-T3(S) 1.99 82.6 +0.90 sf28de2

In the topological theory of Bader “Atoms in a Molecule” MP2  Cu-T3(T) 1.96 79.7 +0.86 spléds® +2.70

(AIM), 48-50 the chemical bonds and molecular reactivity is g (T408)
i d in terms of the total molecular electronic densit AOTS(S) 227 723 1096 spid
interpreted | _ : Vs MP2  Ag-T3(T) 212 737 4070 spl2cPi®  +3.69
p(r), and its corresponding laplaciaR’?p(r). The values of (+5.39)
p(r) and theV2p(r) at the bond critical point (bcp) allow the MP2  Au-T3(S) 2.25 723 +0.90 Sﬁi‘z‘dz"l‘g
characterization of the chemical bonds of the atoms in the MP2  Au-T3(T)  2.17 722 +0.68 spd® (++12'5624)
molecules. According to the AIM theoryy?p(r) provides . - o
information concerning electronic chargeo(r) > 0 (or —V2p- aValues in parentheses correspond to the transitiori’(sihglet)

— M*(triplet) for a single atom. Experimental values: Cu 2.72 eV

(r) < 0) implies locally depleted charge while, on the contrary, [64], Ag 4.85 eV [65], Au 1.86 eV [65]° Data from ref 29.

V2o(r) < 0 (or —V2p(r) > 0) signifies locally concentrated
charge!®4° Thus, classical covalent bonds or shared interactions
have values at the bcp 672ppep; < 0 and ppep large, while
classical ionic bonds (closed-shell interactions) h&¥g,c, >
0 andpyep low. Intermediate bonds are associated vitpycp
> 0 andppcp medium or large, i.e.; values between shared and
closed-shell. On the other hand, Cremer and Kra¥ahave
shown that for covalent and intermediate bonds the energy
density Hyep has negative values. Another parameter used to
describe a bond is the ellipticityg) that shows if the electronic
charge is preferentially accumulated in a given direction between
two bonded atoms. Sigma bonds have 0, while double or
m bonds, in general, hawe> 0. Beside the bcp there is another
type of critical point (cp) called the ring cp, which is present in
ring structures such as benzene, thiophene, etc. It has bee
propose that there is a correlation between the interaction  Table 1 shows the geometrical properties and the electronic
energies of some compounds and eith@) or VZp(r) at the configuration of the M-T3 structures (M= Cu, Ag, and Au)
ring cp. for two spin states (singlet and triplet). In general both
The molecular reactivity in the AIM theory is related to the methodologies, UB3LYP and UMP2, produce qualitatively the
topology of —V?po(r) at the outer valence shell of charge same results. The distance-ND (M—O1, Figure 1a) is shorter
concentration (OVSCC), i.e, with the type and number of critical for the triplet state than for the singlet, and the positive charge
points of —V2p(r). In the OVSCC,p(r) is maximally concen- on the metal is greater for the singlet than for the triplet,
trated and the distribution of V2o(r) over this surface is, in indicating that one electronic transfer from the metal to the T3
general, uniform for free atoms. In a molecule, the formation site occurs. The analysis of the electronic configuration of the

of bonds produces change in the atomi& 2p(r), and local
maxima, minima, and saddle points appear. There are two
important types of critical points of V2p(r) at the OVSCC:
maxima or charge concentrations (cc) and saddle points or
electronic holes. The saddle points represent local charge
depletions (cd) that are associated with electrophilic sites
susceptible to nucleophile attack, while the maxima or cc are
associated with the nucleophilic sites susceptible to attack by
electrophiles. Thus, the acithase reaction corresponds to the
alignment of a charge concentration in the OVSCC of the base
with a charge depletion, or hole, on the atid?5*

IJlfeesults and Discussion
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TABLE 2: Geometries, Binding Energies AE), and NBO Electronic Populations for NO, Metal—T3 Systems [Normal Mode
(NOMT3|])]

molecular M-01 angle N—-O3 angle 03—M AE
system A 01-M-01 A 03-N—03 A) (kcal/mol)

NO,Cu—T3 1.94 80.6 1.26 110.9 2.02 —43.2
NO,Ag—T3 2.17 73.2 1.26 111.7 2.23 —-7.2
NOAu—T3 2.19 72.0 1.26 112.5 2.25 —27.0
NO, 1.19 134.2
NOLD 1.26 116.8

QNOZ Qmetal dxy dxz dyz dxz—y2 dz2
NO,Cu—T3? —0.60 +1.33 2.00 1.99 131 1.98 1.98
NOAg—T3 —0.50 +1.12 2.00 1.99 1.55 1.99 1.97
NOAu—T3 —0.47 +1.06 2.00 1.99 1.44 1.98 1.93

aData from ref 29.

TABLE 3: Geometries, Binding Energies AE), and NBO Electronic Populations for NO,Metal—T3 Systems [Perpendicular
Mode (NO,MT3 )

molecular M—-01 angle N—03 angle 03—M AE
system A 01-M-01 A 03—-N-03 A (kcal/mol)
NO,Cu— T3 2.00 79.5 1.26 109.9 2.00 —27.9
NOAg—T3 2.26 715 1.26 109.4 2.25 +7.8
NOAU—T3 2.27 69.7 1.26 110.1 2.23 -7.0
QNOZ Qmetal dxy dxz dyz dxzfy2 d22
NO.Cu— T3? —0.55 +1.34 2.00 1.30 1.98 2.00 1.98
NO,Ag—T3 —0.35 +1.07 2.00 1.65 1.98 2.00 1.97
NO,Au—T3 —0.38 +1.07 2.00 1.49 1.96 1.99 1.93

apData from ref 29.

metal shows that in the singlet state the metal hasdf calculated binding energy for the normal (BMD—T3]|) adsorp-
configuration, while for the triplet, one d electron is promoted tion mode of the N@Qon M—T3 systems (M= Cu, Ag, Au),
to the empty i§+1)s orbital. This promotion reduces the and Figure 1b displays a schematic representation of the
electron-electron repulsion between the electrons of the metal structure of these complexes. In these structures the NO

and the electrons of the support reducing therefore, theOl molecule is parallel to the plane ©@AI—-0O1. All values

distance. reported herein for the NIM—T3 complexes were obtained
For the cases presented in Table 1, the transition or promotionusing the B3LYP approach.

energynd'® — nd(n+1)s" (singlet to triplet) is lower for the From the analysis of Table 2 it is clear that the interaction of

metallic atom anchored on the zeolite than for a singledds- N, with the metallic atom produces an enlargement of the

phase ion. According to the values reported in Table 1, the N_q gistance (N-O3) from 1.19 to 1.26 A and a reduction of
B3LYP methodology reproduces better the experimental valuesha natural angle (O3N—03) of the NQ molecule. The

?}: thsutjrgnsition er;}ergzM(ndﬂ—» M+1((nﬂt—ﬁ)tilnd9) tn?(n doesf ‘ geometrical parameters of the adsorbed,N@ closer to the
c approach. 'his resut agrees wi € WEI-KNOWN 1act o6 jon NG than to the NQ@ free molecule, which is an

fg\itaIf(;rrgocr)?tZrtnr?\r;SI:gggggsl’:(tﬂeeigig:zs f% a;I(;:Lgacigﬁdtr‘?(ta'\/lpnindication of a charge transfer from the metal to the ;NO
Maller—Plesset perturbatidn energy does’ not converge and molecule. The charges and NBO population analysis show that
g 57 ' after the interaction of the NOmolecule with the M-T3
shows large oscillation®:5” Our value of 1.7 eV for CaT3 is . - . . .
in good agreement with the value reported by Sauer €tTte system, the metallic atom has & cbnfiguration with a high
stabilization of the triplet state by the zeolitic framework is due, positive charge{l.33e,+1.12e,f1.06e for M= Cu, Ag, and
Au, respectively) with the unpaired electron localized in the

in part, to the fact that thad®(n+1)s! promotion reduces the R . ; ;
electron-electron repulsion between the metal d electrons and ndy, orblFaI, while the NQ is nega}tn(ely Charged' This charge_
the electrons of the oxygens. Therefore, the electrostatic transfer increases the electrqstatlc |nte_ract|ons of thg metal with
attraction between the Mion and the T3 site increases, the negatively charged zeolite, reducing the-®i1 distance
stabilizing the triplet sate and reducing the energy gap and stabilizing the ion. Although there is a charge transfer from
In both methodologies, DFT and MP2, the highest and the the M—T3 system to the N&molecule, calculations with diffuse

lowest energy gap correspond to the Ag and Au atoms, functions were not performed because previous #@kowed

respectively. Nachtigall, Nachtigalloyand Saué# showed that ~ that neither geometry nor calculated binding energies change
the values of vertical T— S, excitation energy as well as the ~ Significantly when these functions are used.

vertical $ — T1 emission energy for Cu-zeolite systems Table 3 shows the geometrical properties as well as the
depend on the size of the cluster model. Nevertheless, the spreagdalculated binding energy for the perpendicular adsorption mode
of the values does not exceed the amount of 0.2 eV. Then we(NO-M—T3L). In these structures the N@olecule is perpen-
expect that the error in our calculations due to the cluster size dicular to the plane O1Al—0L1 and parallel to the plane 62
used be small. Therefore, we can conclude, according to ourAl—02. Again, there is a charge transfer from the metal to the
results, that is easier to produce an electronic excitation on Au- NO, molecule and an enlargement of the-N3 distance and
exchanged zeolites than in Cu- or Ag-exchanged zeolites.  the NBO analysis show that the metal unpaired electron is

Table 2 shows the geometrical properties as well as the localized in thendy, orbital.
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TABLE 4: Topological Properties of the Electronic Density?
of M—T3 and NO,M —T3 Complexes (M= Cu, Ag, Au)

molecular
system bond cptype pcp Hep V20ep €
Cu-T3 Cu-0O1 bcp 0.0758-0.0168 0.3865 0.0164
Cu-0O1 bcp 0.0859-0.0184 0.4313 0.0271
NO,CuT3| Cu—-0O3 bcp 0.0752-0.0158 0.3266 0.1021
N—03 bcp  0.4578-0.5708 —1.012 0.0841
ring 0.0441 0.2741
Cu-01 bcp 0.0760—-0.0164 0.3741 0.0544
NO,CuT3d Cu—-03 bcp 0.0791-0.0168 0.3492 0.1477
N—0O3 bcp  0.4566 —0.5694 —1.012 0.0886
ring  0.0455 0.2929
Ag—-T3 Ag—O1 bcp 0.0572-0.0036 0.2790 0.0389
Ag—O1 bcp 0.0696-—-0.0057 0.3284 0.0276
NO,Ag T3|| Ag—0O3 bcp  0.0640-0.0045 0.2764 0.1124
N—-03 bcp  0.4603-0.5782 —1.025 0.0859
ring  0.0372 0.2088
Ag—0O1 bcp 0.0585-0.0036 0.2902 0.0208
NO,AgT30 Ag—03 bcp 0.0613—-0.0035 0.2673 0.1420
N—-03 bcp  0.4600-0.5799 —1.033 0.0921
ring  0.0367 0.1954
Au—-T3 Au—0O1 bcp 0.0647-0.0055 0.2981 0.0433
Au—0O1 bcp 0.0780—-0.0108 0.3345 0.0292
NOAUT3|| Au—03 bcp 0.0712-0.0076 0.2835 0.1355
N—-03 bcp  0.4653-0.5916 —1.055 0.0872
ring  0.0397 0.2387
Au—0O1 bcp 0.0655-0.0057 0.3034 0.0139
NOAUT30 Au—03 bcp  0.0737-0.0079 0.2979 0.1844
N—-0O3 bcp  0.4629-0.5884 —1.055 0.0961
ring 0.0410 0.2451

aValues in atomic unitpc, electronic density at the cjpic, energy
density at the cpV 2pc, laplacian ofp(r) at the cp.e bond ellipticity.
b bcp correspond to a (3;1) cp; ring type to a (3+1) cp. ¢ Data from

ref 29.

The proposed mechanistiso explain the interaction of NO
with the metal indicate that the promotionfe~ nd®(n+1)st
is necessary. In the excited statés'dthe interaction is done
using the s electron of the metal, therefore the unpaired electron,, the same type of complex; as a matter of fact, e and
must be localized in the d orbitals. For the pMD-T3||
complexes, the unpaired electron is localized inritig orbital
(see Table 2), while for the N —T3[ the electron is in the
ndy, orbital (see Table 3). These results indicate that the T3|| than for NQCu—T3L.

promotion must occur in the d orbital that diminishes the
electron-electron repulsion between the d electrons of the
metallic center and the electrons of the oxygen atoms that belong
to the NQ molecule. As a matter of fact, the adsorption energy

correlates with the electronic population in they, orbital for
the NGQGM—T3|| complexes while for NgM—T3[ the correla-
tion is with thend,, electronic population, i.e., greatad,, or

ndx, population lowers adsorption energy. Since in the perpen-
dicular mode thendy, orbital is doubly occupied (see Figure

1b), there is a strong electronic repulsion betweemthgand

the oxygen electrons of the zeolite (atoms O1). This repulsion

Sierraalta and Brussin

N-03 bep

Figure 2. Schematic representation of the position of the critical points
(cp) of the electronic density of the NMI—T3 structures (M= Cu,
Ag, Au). NO; is in the plane of the Al and the O1 atoms.

atoms can be classified as closed-shell or intermediate inter-
action. The molecular electronic density at the hap is low,

the lapacian Ypuep) is positive, but the energy densityicp

has a negative value. Published res$gi& show that, in general,

the metat-oxygen interaction is characterized by positive values
of V2puep ande. The highe values for M-O3 bonds suggest a
strongzr contribution in this bond. The values &Pp andp at

the ring cp predict that for NeM—T3|| and NOQM—T30
complexes the order of the interaction energy is;NG-T3||

> NOAU—T3|| > NOAg—T3|| and NQCu—T30 > NO,-
Au—T30 >NO,Ag—T30. This is the same order obtained from
the calculated binding energies reported in Tables 2 and 3. The
trend given by thev?p values orp at the ring cp is valid only

p for NO,Cu—T30 are greater than for NlCU—T3|| (V%o =
0.2929 au and?p = 0.2741 aup = 0.0455 au ang = 0.0441
au, respectively) but the binding energy is greater forG®-

For the M—Og3 bonds in the NeM—T3 structures (see Table
4), the electronic densifyp correlates with the binding energies
only if the same type of complex is used, i.e., greptgsvalues
correspond to greater binding energies. However, there is not
correlation if the values of NEM—T3|| and NQM—T30 are
used in conjunction. For example, for M Cu and Au,ppcy
(NO;M—T30) > ppcNOM—T3]||) but the binding energy
AE(NO,M—T30) < AE(NO,M~—T3J|). This shows that there
is not a general correlation betwegi, and AE.

In the case of the N©and NG, free molecules (see Figure

destabilizes the absorption. Therefore, the binding energies for3), the topological properties of the-ND bond correspond to
the NOM—T30 are lower than the corresponding to the @ shared interaction. The positive valueg a&n be rationalized
NO,M—T3]|. The second factor related to the adsorption process considering that the HOMO orbital of these molecules has a
is the charge transfer from the metal to the Nfiolecule. The
easier this charge transfer is, the more favored the adsorptionatoms and therefore sonecharacter is present in the-ND
process will be. This explains the fact that the binding energy bond. Due to the charge transfer from the metal to the; NO
order correlates with the inverse ionization potential order of molecule, the topological properties of the-®3 bond in the
the M* cation; i.e., the binding energy follows the sequence NO,M—T3 complexes are similar to the properties of the,NO
Cu-T3 (IP = 20.3 evy® > Au—T3 (IP = 20.5 evj°® >
Ag-T3(IP = 21.5 ev)®

The topological properties of the molecular electronic density electronic density as well as the degree of local charge
p at the bcp, (see Table 4 and Figure 2) show that the interactionconcentration ¥2p nep) being lower than in the N©free
between the transition metal (Cu, Ag, and Au) and the oxygen molecule and closer to the NCiree molecule.

strong contribution of th@, atomic orbital of the N and the O

free molecule. The increasing of the-¥D bond length in the
final complexes NGgM—T3 (see Tables 2 and 3) results in the
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—
[ NO; bep values:
Phep=0.451
Hay=-0.545
V20 oy = -0.922
e=0.073

NO; bep values:
Prep = 0.525
Hygp = -0.733
‘ V2P o =-1.220
‘ £=0.053

bep

Figure 3. Schematic representation of the position of the critical points

of the electronic density and the values of the topological parameter

of the NG, ion (top) and the N@neutral molecule (bottom).

~V’p=12.487 au

~Vp= 5206 au

—V’p= 1960 au

~V’p= 4708 au

Figure 4. Schematic representation of the positions of the local charge
concentrations (Icc’s) and the values-e%?p at these points for the
NO, molecule.

Figure 4 shows the geometric distribution of the local charge
concentrations and the values-e#?p at these points for the
NO, molecule. The OVSCC of the N atom presents three Icc’s,
two of them in the N-O bond direction, while the oxygen atoms
have two Icc’s outside the bond area-®. On the other hand,
the M—T3 aggregate shows four Icd’s as displayed in Figure 5

J. Phys. Chem. A, Vol. 106, No. 29, 20023855

Figure 5. Schematic representation of the position of the local charge
depletions, (Icd's)V?p., and V?px in the M—T3 structures (M= Cu,
Ag, and Au).

TABLE 5: Values? of —V?p and p at the Critical Points of
—V?p at the Valence Shell of the Metal for the M-T3
Complexes (M= Cu, Ag, Au)

cp type oL —VpL Px —V2px
Cu-T3 lcd 6.809 126.748 6.624 117.669
Ag—T3 lcd 2.183 30.122 2.168 29.547
Au—T3 lcd 1.634 20.794 1.598 19.549

a|n atomic units? The lcd type corresponds to (3;1) cps.

NO; interaction corresponds to the Cu atom, while the weakest
corresponds to Ag. As a matter of fact, for the perpendicular
mode there is not adsorption over the -Ag3 system. The
coordination of NQ through the two oxygen atoms to the
metallic center was found to be the most stable one, while other
coordination modes were found to be less stable. This agrees
with previous work&:38:39.62.63yhich show that, in general, the
7?—0,0 structure is the most stable one when the, WDds
to a metallic ion in a zeolite framework. The lengthening of
the N—O bond of the adsorbed N®olecule can be explained
in terms of the charge transfer from the-M'3 complex to the
nitrogen dioxide. After the interaction, the resulting charge
transfer goes to an antibonding M@rbital, weakening the NO
bond. As a matter of fact, the geometrical as well the topological
properties of the charge density of the adsorbed Bi@ closer
to the NG, than to the N@ free molecule. In addition to this,
the increases in the positive charge on the metal favors the
electrostatic interactions between the metal and the negatively
charged zeolite, therefore reducing the met@(ZSM-5) dis-
tance.

The bonding mechanism proposed by Sauer &t ekplains
the interaction of N@with Cu*, Ag!*, and Ad™". The topology
of the laplacian of the electronic density correctly predicts the

and whose values are reported in Table 5. Therefore, itis Clearexistence of the two stable isomers found for th82MeT3

that the reaction of N® with M—T3 corresponds to the
alignment of the N@Icc’s with the M—T3 Icd’s. The values

of —V2p at the Icd points of the metallic atoms ¥?o., —V?px,

see Table 5) correctly predict the stability of the isomers, i.e.,
—V2oL(NOM—T3||) > —V2ox(NO,M—T30) andAE(NO,M —
T3||) > AE(NO,M—T30) but not the trendAE(NO,Cu—T3||)
>AE(NOAU—T3||) > AE(NOCAg—T3||).

Conclusions

systems but not the trend in the binding energy. The binding
energy correlates with the values\p andp at the ring critical
point.
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