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Abstract

Adsorption of NO and N@ on cobalt exchanged type-A (Co-A) zeolite, has been studied by combining experimental and theoretical
techniques. Adsorption energies were determined from temperature programmed desorption (TPD) measurements and ab initio calculations
at the B3LYP/6-31G(d) level of theory. TPD profiles suggest that NO is disproportionated upon desorption on Co-A whilesNfs
without transformation. An eight-atom cluster model of the transition metal and its closest environment in zeolite Co-A appears to qualitatively
reproduce basic features of N@dsorption. Results from geometrical optimizations confirm that nitrogen monoxide (NO) is preferentially
adsorbed through its nitrogen atom, whereas the two oxygen atoms of nitrogen dioxigea@@ar to interact more favorably with Co-A.

Upon NO adsorption on Co-A, a bent cobalt-mononitrosyl complex is formed. However, a negative charge is not developed on the nitrosyl
and cobalt is not oxidized. Similarly, adsorption of nitrogen dioxide over Co-A does not change the oxidation state of cobalt. Theoretical
calculations appear to reproduce the experimental adsorption energies within expected limits of error.

© 2003 Elsevier B.V. All rights reserved.
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1. Introduction Seff and coworkerg10] solved the structures of NO and
NO; adsorbed on cobalt exchanged type-A (Co-A) zeolite
Type A zeolites have been widely studied since they have (Si/Al = 1) from X-ray diffraction (XRD) measurements.
been broadly applied as adsorbents and molecular sievesThey found that the mononitrosyl complex was favored and
in chromatographic columns, separation of hydrocarbon the calculated Co—NO angle was 24They also suggested
mixtures, catalytic oxidation of propylene, and as driers for the formation of NO species with the corresponding oxi-
natural gas, refrigerants and organic solvdits3]. Tran- dation of three cobalt atoms in the unit cell, from%ao
sition metal ions in zeolite A have been studied because Co’t. Nevertheless, they noted that the bond length between
of their uniformity and open coordination. In particular, cobalt and oxygen atoms in the zeolite framework was
Cd?** ions in dehydrated zeolite A occupy trigonal sites larger than that corresponding to a cobalt atom in its highest
near the six oxygen windows slightly recessed into the oxidation state. On the basis of IR and XPS studies of NO
sodalite cages, but they can move out into the supercagesadsorbed on zeolite Co-A, Lunsford et @] concluded that
when various molecules are bound by thEw7]. The lo- the nitrosyl ligand was neutral and cobalt was not oxidized.
cation and coordination of the €b ions in zeolite A are It was previously believed that if the M—N—-O angle (where
unique with respect to the behavior of cobalt ions in other M stands for transition metal) in a coordination complex or
surfaces and complexes. Earlier repg&®] demonstrated  M-zeolite was close to 18Qthe nitrosyl species should be
that C#* cations in zeolite A are accessible to nitrogen cationic whereas bent M—=N—O complexes should be anionic.
monoxide (NO) and nitrogen dioxide (N two harmful However, Enemark and Felthajhl] observed that the ge-
pollutants generated from fossil fuel combustion. Later, ometry (linear or bent) adopted by a NO group coordinated
to a metal ion is not only governed by the charge. Other pa-
rameters such as the coordination number, the coordination
* Corresponding author. Tek574-210-5537; fax:+574-210-5537. geometry and the nature of the highest occupied molecular
E-mail addresscmontes@quimbaya.udea.edu.co (C.M. de Correa). ~ Orbital should be considered. Hence, a direct relationship
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between charge and geometry appears to be rather simplistic After heating the autoclaves at 373K in a forced convec-
and may lead to wrong interpretations since other important tion oven for 20 h, they were removed from the oven and
factors may be disregarded. Therefore, it is unclear whetherquenched in cold water. The resulting zeolite was separated
the observed bending of the Co—NO complex in zeolite from the mother liquor by vacuum filtration, washed with
Co-A, leads to an anionic mononitrosyl with the consequent deionized water, dried at 333 K and calcined in air at 823K
oxidation of cobalt from C&" to Cc*t. This problem has  for 3h.
never been addressed from a computational point of view.  The XRD pattern and chemical analysis indicated that the
Seff and coworkerfl0] found that upon N@adsorption resulting solid had the LTA structure. NHA was obtained
on Co-A each C#" complexes one N®molecule while its by overnight ion exchange of Na-A with 100ml of a 1.0M
interaction with framework oxygen becomes weaker. They solution of NH,Cl per gram of zeolite at 333 K. The solid
also reported that the adsorption complex with nitrogen was recovered by filtration and thoroughly washed with
directly bonded to cobalt, Go-NO,, was the dominant 2L of deionized water. The NHA material was further
species formed. However, several authors have postulatecexchanged at 343K with 100ml/g of a 0.015M solution
that the oxygen atoms of NCGappear to interact with transi-  of cobalt acetate for 12h. After recovering the solid by
tion metals in zeolite§12—17] Thus, local geometries and filtration, it was thoroughly washed with deionized wa-
charge distributions of NO and Nadsorption complexes  ter and calcined at 673K for 3h in flowing aifable 1
on Co-A zeolite, are not completely understood and more shows chemical analysis of synthesized Na-A,/Niand
insights are required. These important issues are addresse@o-A, as well as, their BET surface areas. The cobalt
in this work by combining temperature programmed des- exchange level reached about 90% while the Na/Al ratio
orption (TPD) experiments and quantum chemistry calcula- was close to zero. From chemical analysis, the unit cell
tions. The theoretical methods used here, have probed to beof synthesized Co-A zeolite has the following structural
successful in studying adsorption and activation processesformula:
reactivity and sitting of ions in zeolitd48-22] as well as,
reproducing the local structure and the ligand field spectrum
of cobalt in Co-A zeolitg23].

4CA+5.6H (9.6AI0; - 14.4Si0, - 16H,0)

2.2. TPD analysis

2. Experimental The experimental adsorption energies were determined
from temperature programmed desorption measurements.
2.1. Catalyst synthesis Two methodologies were used to collect TPD data:

i. 0.10g of Co-A was loaded into a Pyrex reactor 9.5mm
i.d. and pretreated with 100 ml/min He at 773K for 2 h.
The sample was then saturated with either a mixture of
0.2% NO/He or 0.1% N@He, flowing at 100 ml/min
through the solid bed at a constant temperature of 303 K.
Then, pure He was allowed to flow throughout the
solid at 303K in order to remove weakly adsorbed gas
molecules. TPD experiments were carried out by heating
the material at 5 K/min from 298 to 873 Kin a 100 ml/min
He stream. The resulting NO-TPD profile was analyzed
using the method proposed by Niwa et 5] and

The hydrothermal crystallization of the aluminosilicate
type A was carried out in Teflon lined autoclaves accord-
ing to a modified version of the procedure reported by Kerr
[24]. The reactants employed were precipitated silica, triny-
drated alumina, sodium hydroxide, tetramethylammonium
hydroxide (TMAOH) pentahydrate (Aldrich), and distilled
water. The required amount of sodium hydroxide was first
dissolved in one-third of the water and then the trihydrated
alumina was added under stirring and heating at 333 K. Sub-
sequently, TMAOH5H,0O was dissolved in the remaining
water at 333K and then silica was slowly added under stir- : ;
ring. The cloudy TMAOH-silicate gel was further stirred at Katada et alj26], in order to calculate the NO adsorption

: . energy.
room temperature for 1 h before adding the alumina slurry. ..

The resulting aluminosilicate gel was homogenized by stir- ' 0.10g of Co-A was loaded into the same Pyrex reactor
. uting 9 : nog y. and pretreated with 100 ml/min He at 773 K for 2 h. Then,
ring during 3h. The mole ratio of oxides in the gel was:

a mixture of 0.1% NGQ/He was adsorbed at 323 K until

5TMA20 : 1L5N&0 : 4.5Si0; : Al203 : 100H0 saturation and treated with pure He to remove physically
Table 1

Chemical composition and surface area of Na-A,sNkdand Co-A zeolite$

Sample %Si %Al %Na %Co Si/Al Na/Al Co/Al BET area fig)
Na-A 18.4 11.8 8.24 - 1.49 0.82 - 459.0

NHg4-A 19.4 12.4 1.46 - 1.50 0.14 - 440.9

Co-A 17.1 11.0 0.18 10.9 1.49 0.02 0.45 508.8

a8 Compositions in wt.%.
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adsorbed N@. Desorption was conducted by heating the
material at 5 K/min from 298 to 873K in a 100 ml/min

197

Single molecules of NO and NQvere allowed to interact
with the cobalt atom in th& model and the structures were

He stream. The whole procedure was repeated three moreoptimized in order to determine the equilibrium geometries
times at saturation temperatures of 373, 423 and 473 K. for the most stable complexes. During optimizations, the

The model proposed by Leu and Chd@d] was used to
evaluate the adsorption energy of NO

cartesian coordinates of the oxygen atoms attached to cobalt
were fixed whereas the remaining atoms were allowed to re-
lax. The spin state of (the bare cobalt cluster), as well as,

The composition of gaseous mixtures was regulated tnose of the NO and Ngadsorption complexes were de-

by Brooks 5850E mass flow controllers. The amount of
desorbed NO/NQ was monitored by a chemilumines-
cence NO/NQ analyzer ECO PHYSICS CLD 700 EL

termined by single point calculations at different multiplic-
ities, according to the number of unpaired electrons. In the
adsorption of NO, a mononitrosyl complex with triplet con-

ht, connected in line with the reactor outlet. Temperature figration was more stable than the corresponding structures

was controlled using an OMEGA temperature controller
CN2042 model, using a K type thermocouple in contact
with the zeolite bed. NO and NOconcentrations were
recorded each second at the reactor outlet.

The mathematical model25-27] used to evaluate the
adsorption energies of NO and M@®om TPD profiles, give

in the singlet or quintet spin state. Similarly, the minimum
electronic energy for the Nfadsorption complex, was also
the structure in the triplet configuration with two unpaired
electrons.

All single point (energy) calculations and geometrical
optimizations were performed at the DFT level using the

values which are taken as representative of the true inte-G5yssjan 98 packag@s], which uses Gaussian-type basis
gral heat of adsorption assuming thermodynamic equilib- fynctions to describe molecular orbitals and charge den-

rium during desorption. Although both models will be used

sity. B3LYP, the gradient corrected functional of Becke's

in this work, the Leu and Chang’s model is expected to be three-parameter hybrid functionf9] and the correlation
the most accurate since there are fewer simplifications in-5f | ge et al.[30], was used in all cases. The 6-31G(d)

volved in its developmeriR7].

3. Computational details

A simplified model of cobalt and its closest environ-
ment in zeolite A, with structural formula Co(O%H-,0,
has been adopted in this work. As showrFig. 1, it con-

all-electron basis set available in Gaussian 98 was used to
expand molecular orbitals. The default convergence criteria
in Gaussian 98, was employed for geometry optimiza-
tions. To elucidate the preferred configurations adopted
by NO and NQ upon adsorption, a single NO or NO
molecule was allowed to interact with a cobalt atom through
their N or oxygen atoms. In this work, the structures in
which nitrogen is directly bonded to cobalt will be de-

sists of a three-coordinated cobalt atom directly bonded noted asON-Z or O,N-Z, whereas those in which oxygen

to three oxygen atoms (from the framework of Co-A),

atoms are attached to cobalt will be referred NO—Z

which are bonded to hydrogen atoms, respectively, so theor NO,—Z.

global cluster is neutral. First, the geometrical parame-

As pointed out by Lunsford et al9], the formation of

ters of the model were set to match those determined bydinitrosyl or highly coordinated Co(NQ@)species in Co-A

Seff and coworker$10] for dehydrated zeolite Co-A, i.e.
R(Co-O = 2.22 A andZ(0-Co-Q = 1194°. The rela-

tive orientation of the terminal hydrogen atoms, as well as,

zeolite is unlikely due to strong repulsion forces which
would be generated between nitrogen and lattice oxygen
atoms, which are almost coplanar with cobalt. Therefore,

their bond lengths to the oxygen atoms were established bydinitrosyl or highly coordinated species were not considered

optimization maintaining cobalt and oxygen atoms fixed.
The model cluster in this stage will be further denoted as
and its computationally determined energy will be referred
askz.

Fig. 1. Z model cluster (Co(OHH20) used to represent a cobalt active
site and its closest environment in zeolite Co-A.

in this work. Electron diffraction, IR and XPS daf8,31]
confirm that the NO adsorption complex on zeolite Co-A
is mainly a bent mononitrosyl. Mingd82] also suggests
the simultaneous formation of linear mononitrosyl species.
However, the exact nature of N@dsorption complexes is
less clear.

Natural bond orbital (NBO) population analyq33,34]
were carried out on the optimized structures to determine
the occupancies (number of electrons assigned to orbitals
in each atom) and charges of atoms in the adsorption com-
plexes. The calculated N-O bond length for free gas NO,
was 1.16 A, in agreement with the experimental value of
1.15 A[35]. Likewise, the calculated N-O bond distance and
O-N-0 angle for the N@molecule were 1.20 A and 133.8
in agreement with the experimental values of 1.19 A and
133.9, respectively[36]. Theoretical adsorption energies
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were determined according to the following equation: adsorbed NO desorbs as MQtarting at 480 K and peaking
at562 K. The NO profile shows three small peaks at 350, 410

AEpps = Eac — Eno, — Ez and 490K, the first one is assigned to physically adsorbed

where A Eaps represents the adsorption enerdiac the nitrogen monoxide while the second one is likely due to
energy of the optimized adsorption compl@to. the en- NO adsorption on sites different from tricoordinated?€o
ergy of free NO or N@ molecule andt, the enxergy o7 Upon adsorption of NO, a small fraction of cobalt®dons

(the bare Co-A model clusterh Eaps represents the total in Co-A zeolite can migrate from the usual exchange sites
electronic energy as defined for the B3LYP/6-31G(d) model to more accessible positions and interact with the adsorbate
chemistry. It does not consider thermal corrections due to [91- NO can even form nitrosyl complexes with some of the
translational and electronic motions, vibrations or rotations "€Sidual sodium cationfS8]. Both types of sites might be
(in the case of N@) [37]. responsible for the NO peak at 410 K. The formation ofiNNO
from NO takes place at high temperature over thé'dons
in normal exchange positions, i.e. the six-oxygen windows,

4. Results and discussion as evidenced by the broad peak at 562 K. It might be the
result of the disproportionation of NO to® and NG at
4.1. Experimental high temperature. In the case of Co-FER, the disproportion-

ation of NO has been observed in the 523-568 K r488¢
The NO and NQ@ TPD profiles of Co-A are shown in  Because of the position of the high temperature peak for
Figs. 2(a—b) and 3(a—dAs can be seen iRig. 2(a) most of NO; in Fig. 2(a) we speculate that this peak is likely due
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Fig. 2. NO and NQ@ TPD profiles on Co-A zeolite previously saturated with (a) 0.2% NO/He and (b) 0.1%H¢O Temperature of saturation, 303 K;
helium flow, 100 ml/min; heating rate, 5 K/min.
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to NOy generated in the disproportionation of NO. Unfor- heat. Notwithstanding, its humerical value is still represen-
tunately, it was not possible to monitop® formation with tative, since it was obtained from the NO desorption profile,
our analyzer. However, not all of adsorbed NO appears toi.e. the fraction of released NO which did not dispropor-
be disproportionated. A portion of it seems to be simultane- tionate during the adsorption—desorption cycle. The experi-
ously released when the formed BGtarts desorbing (see  mental NO adsorption energy is compiled in the last row of
the peak at 490K). The small N(peak observed at 380K  Table 2
in the nitrogen dioxide profile oFig. 2(a) corresponds to The NG adsorption energy has been determined from
physically adsorbed N©which was probably introduced as TPD profiles ofFig. 3(a—d)by using the Leu and Chang’s
an impurity in the NO/He flow used to saturate the sample. model [27]. This model seems the most accurate under
Fig. 2(b) shows that N@ desorbs unmodified. The small the present experimental conditions because it underlines
peak of NO observed around 355K is likely due to impuri- a more direct relationship between Langmuir's adsorption
ties in the NGQ/He mixture used in the saturation process. model and integral heat of adsorption. Fréig. 3(a—d)it
The latter peak is assigned to physically adsorbed speciescan be seen that the uptake of N@ecreases as the satu-
while the broad peak at 530 K is associated to the chemically ration temperature increases from 323 to 473 K. The basic
adsorbed nitrogen dioxide. Comparison betw&én 2(a) features of the N@ TPD profile inFig. 2(b) were repro-
and (b)shows that N@ molecules formed by dispropor- duced inFig. 3(a) and (b)i.e. the presence of two main
tionation of NO desorb at higher temperatures as comparedpeaks. The low temperature peak is assigned to physically
to those released from NOadsorption. N@ starts des- adsorbed N@. The other one observed at a higher temper-
orbing at 490K inFig. 2(a) i.e. at 100K higher tempera- ature is associated to chemisorbed species. Nevertheless,
ture, than inFig. 2(b) This shifting in the NQ desorption as the saturation temperature reached 423 K,Fge3(c)
peak is an indirect evidence that the proposed dispropor-and (d) the TPD profiles exhibit three peaks. Since peaks
tionation reaction is taking place, as each N@olecule at 363K inFig. 3(c) and at 400K inFig. 3(d) appear at
requires first to be formed before being released by the temperatures lower than those used to saturate the sam-
surface. ples, they are assigned to nitrogen dioxide which was not
The method used to evaluate the adsorption energy ofcompletely evacuated after saturation. The second and third
NO from the TPD profile irFig. 2(a) considers equilibrium  peaks in these figures are assigned to physically and chemi-
between gas phase and adsorbed species, as well as, readally adsorbed N@molecules. The position of these peaks
sorption during desorptiof25,26] The fulfilling of these appears to be shifted upwards as the saturation temperature
assumptions depends on the nature of adsorbent and adsoincreases. Particularly, shifts observed in the chemisorption
bate, but also on the dynamical conditions under which the peaks suggest that chemisorption becomes more selective
TPD experiments are carried out. In this work, the experi- with saturation temperature and only a small fraction of the
mental conditions were chosen trying to match the require- cobalt ions is able to bind NOwith the required strength.
ments of the model. The thermodynamic background of the The decreasing intensity of the peak assigned to chemisorbed
model accounts for the overall enthalpy and entropy changesNO» with increasing temperature supports this observation.
involved in the desorption adsorption process. Details The experimental N@ adsorption energy calculated from
regarding the application of the aforementioned method to data ofFig. 3(a—d)is compiled in the last row ofable 4
NO, adsorption on zeolite Co-A, has been given elsewhere
[40]. It is important to notice that the model might not be 4.2. Computational
accurate if any chemical transformation occurs during des-
orption. Because NO appears to undergo disproportionation Fig. 4(a) and (b)llustrate two schemes of NO interac-
during desorption over Co-A, its calculated experimental tion with theZ cluster.Table 2lists the geometrical parame-
adsorption energy gives a rough estimate of the real integralters associated with both complexes in the second and third

Table 2
Geometrical parameters and adsorption energies of NO adsorption complexes on the clustet anudieleolite Co-A

NO-Z ON-Z ON-Co-A zeolité Deviation (%) NO gas
Co-0(1) (A) 2.22 2.22 2.22 0 -
Co-N (A) - 1.94 2.23 13 -
N-O(2) (A) 1.17 1.13 1.47 23 1.16
0O(1)-Co-N () - 101.3 100.2 1 -
Co-N-0(2) ) - 142.1 141.0 1 -
0(1)-Co-0(1) \) 116.8 116.8 116.9 0 -
AEaps (kd/mol) —115.8 —193.% —-158.% - -

a Parameters of NO adsorbed on zeolite Co-A; taken ffbj.
b Computationally calculated.
¢ Experimentally determined from TPD data fig. 2(a)
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(b)

Fig. 4. Schematic representation of NO adsorption complexes on the model dugtgrCobalt binding nitrogenN-Z) and (b) cobalt binding oxygen
(NO-2).

columns and in the last row the theoretical adsorption en- its electronic structure does not chang&3d’-2), indicat-

ergies are compiled. Comparison between W@-Z and  ing that cobalt is not oxidized. At the same time, there is a
ON-Z adsorption energies shows that the adsorption energysmall negative charge transfer from NO towards the cluster
of ON-Z complex is 77.3kJ/mol more stable thBiO-Z. but, it is not as significant as to become the nitrosyl complex

This energy difference confirms that the mononitrosyl com- of cationic nature. IR experimental results of NO adsorp-
plex becomes the preferred species upon NO adsorption ontion on zeolite Co-A[9], demonstrate a minimum electron
Co-A. Experimental observations agree with this theoretical donation towards the nitrosyl ligand.
result[9,10,31,32] The percent deviation between the calcu-  Charge transfer has been recognized as an effective way to
lated geometry parameters in t&\-Z complex and those  activate the N-O bond since it concentrates more electrons
experimentally determined by Seff and coworkg8] are in the NO antibondingr orbitals [41]. The NO molecule
listed in Table 2(column 5). The simplifiedN-Z model  which adds an unpaired electron to its antibondimgsRell,
is able to reproduce the mononitrosyl bending, as well as, may donate its unpaired electron to the metal center forming
other angles among different centers in the cluster but, fails a NO* ligand with a stronger intramolecular bond or may
predicting the Co—N and N-O bond lengths. Although the accept an electron forming a weakly Ndigand[21]. These
experimental bond lengths are average values obtained bytwo situations are limiting cases, but in general a polarized
considering that Si-O and Al-O interatomic distances are N—O bond will be formed depending on the nature of the
the same in Co-A zeolitgl0], the deviations appear to be transition metal and its host matrix. Previous res{it$]
much higher than the inherent uncertainty in the experimen- indicate that a bent mononitrosyl complex in Co-A zeolite
tal values. The high underestimation of these bonds (13%is possible, even though the nitrosyl species does not carry
error for Co—N and 23% error for N-O), may be due to the g negative charge nor oxidation of cobalt does occur. In
small size of the model cluster used. other words, charge does not determine the mononitrosyl
Table 3presents the results of NBO analysis for M@—-Z geometry in zeolite Co-A.
and ON-Z complexes. These results suggest that interac- |n the case of N@ adsorption on Co-A, the geometri-
tions between NO and cobalt do not modify the oxidation cal parameters for the two complexes, as well as, their ad-
state of cobalt. Cobalt in the bai cluster has a formal  sorption energies are compiled able 4 Fig. 5(a) and
charge of+1.66 Qco in Table 3 and a 3d electronic dis-  (b) illustrate the structures of the adsorption complexes ob-
tribution, indicating that its oxidation state 42 as experi-  tained after geometrical optimization. Upon adsorption of
mentally observefb—9]. After interacting with NO, astrong  NO,, the N-O bond distance is enlarged from 1.20to 1.23 A
reorganization of the Co electronic population occurs but, while the O-N-O angle is reduced from 133.8 to 108.0

Table 3
Electronic population of cobalt and charges derived from NBO analysis of the NO adsorption complexes over the modé cluster

Qno Qco 4sp 3dxy 3dxz 3dyz 3chey? 3dZ
NO +Z 0.00 +1.66 0.27 1.32 1.63 1.79 1.29 1.04
NO-Z +0.08 +1.61 0.32 1.35 1.61 1.67 1.39 1.08

ON-Z +0.26 +1.50 0.32 1.46 1.63 1.53 1.38 1.19
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Table 4 [43] proposed that both species, i.eoN3-Co-zeolite and
Geometrical parameters and adsorptipn energies of &if3orption com- NO,—Co-zeolite can be formed on Co-FER. Because the
plexes on the cluster modé and zeolite Co-A structures for the most stable adsorption complex proposed
O:N-Z  NO-Z O;N-Co-A  NO; by XRD (O2N-Z) and DFT calculationdNO2—Z) are com-
zeolite! 9as pletely different, comparison of geometrical parameters for
Co-0(1) (A) 2.15 2.15 2.15 - the two NQ adsorption complexes ifable 4is not relevant.
Co-N (A) 2.07 - 1.95 - NBO calculations for the two N®complexes are pre-
Co-0(2) (A) - 2.22 - - . . . . )
N-0(2) (A) 128 123 1.09 120 Sented inTable 5 The initial eIe:ctromc.confl_guratlo!’l of
N-O(3) (A) 1.28 _ 1.27 100  cobalt corresponds to €b. After interacting with NQ its
Co-N-0(2) () 133.1 - 125.0 - electronic population, mainly the 3dyz, 3e? and 3dZ or-
Co-N-0(3) () 133.9 - 147.0 - bitals, is rearranged but, its oxidation state does not change.
0(2)-N-0@3) 1) 93.0 108.0 88.0 1338 A small charge transfer from cobalt to framework oxygen
O(1)-Co-0O(1) )  114.7 114.7 114.6 - . )
AEaps (ka/mol) 29.8 57 _aaF _ atoms, equivalent to 0.@4can be calculated as the differ-

- : ence between the amount of charge transfer from KD
. Parame_ters of NPadsorbed on zeolite Co-A; taken frofh0]. Cc?+ and the amount of cobalt charge gain.
c Theoretically computed. - The Z model cluster used in this work qualitatively rep-
Experimentally determined from TPD profiles kig. 3. - .
resents the transition metal centers, allowing to get some
insight about the molecular process involved in the adsorp-
evidencing a small activation of the molecule. Comparison tion of NO and NG on Co-A. A good representation of
between the calculated theoretical adsorption energies forthe interatomic angles in the NO adsorption complex is
0O2N-Z andNO»—Z, show that the latter complex is more achieved. Even more important, the model is able to re-
stable than the former by 87.3kJ/mol. Besides, the calcu- produce the experimental observations that mononitrosyl
lated adsorption energy fdD,N—Z is positive, indicating complex bending does not necessarily lead to development
that it is unstable with respect to the zeolite and the j&s of a negative charge in NO or change the oxidation state of
molecule. Therefore, NDappears to interact with cobaltin  Co?*. The model also reproduces the experimental obser-
zeolite Co-A through its two oxygen atoms. This behavior vation that NQ prefers to interact with cobalt through its
of nitrogen dioxide has also been observed in other transi- oxygen atoms. The theoretical values of the adsorption en-
tion metal-zeolite systen{42-17,42] even though Lietal.  ergies tabulated in the last rows Tdbles 2 and 4ppear to

Fig. 5. Schematic representation of N@dsorption complexes on the model clusfer(a) Cobalt binding nitrogend;N-Z) and (b) cobalt binding
oxygen atomsNO,-2).

Table 5
Electronic population of cobalt and charges derived from NBO analysis of the &dSorption complexes over the model cluster

Ono, Qco 4sp 3dxy 3dxz 3dyz 3cxy? 3dZ
NO; +Z 0.00 +1.66 0.27 1.32 1.63 1.79 1.29 1.04
NO»—Z +0.11 +1.59 0.35 121 1.68 1.17 1.66 1.39

OoN-Z +0.09 +1.61 0.32 1.72 1.70 1.32 1.14 1.26
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