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Abstract

The two-layered ONIOM method (B3LYP/6-31G(d,p):HF/3-21G) is used to study the interaction of amingsMRNH,, Me;NH and
MesN) with H-[Ga]MOR. The optimization of the local structure of H-[Ga]MOR cluster leads to two stable bridging hydroxy! sjtes (O
and QH) in the zeolite framework, being different from that of H-[AI]MOR. In the adsorption complexes, all amines are protonated by the
acidic proton of H-[Ga]MOR, and the protonated amines (HNRre stabilized by hydrogen bonds between the negatively charged zeolite
oxygen atoms and the hydrogen atoms of theH\and C-H bonds in the adsorbates. This interaction is confirmed by the structure of the
adsorption complexes as well as the calculated IR stretching frequencies. The calculated adsorption energies of amines agree reasonably wit}
the available experimental data. It is found thatJ\#efers to adsorb at the,8 Brgnsted site, while M@&NH and MgN prefer to adsorb
at the QgH site, and MeNH can be in equilibrium between8 and QgH. The relative order of the basicity of amines on the basis of the
computed adsorption energies agrees well with the experiments, but differs from those in the gas phase (proton affinity) and inksglvents (p
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1. Introduction using IR and NMR spectroscopic methods. This interaction
within zeolite is a critical step in the catalytic process, and

Zeolites are extensively used as catalysts for chemical in- strongly affects the catalytic activity and selectivity of re-
dustries due to their Brgnsted acidity and shape-selectivity. action and separation efficiency. Thus a better understand-
For zeolites to have desired catalytic activity, selectivity and ing of adsorption behavior of probe molecules in zeolites
stability, it is necessary to modify the pore structure and the is of considerable importance for adsorptive and catalytic
acidity by incorporation of other elements, such as B, Ga, Fe, properties of zeolites. As a result, the investigations of base
etc. into the framework. For example, Ga modified HZSM-5 molecules adsorbed in the acid center have been the topic of
is very efficient for alkylation of benzene with propejig, many studies, i.e. chemisorption of base molecules studied
TS-1 zeolites are known for their increased catalytic activity by temperature-programmed desorption to obtain informa-
in selective oxidatiofi2], and MFI type zeolite containing Fe  tion of the acid sites.
elementinits framework shows good performance inbenzene NHs3 is one of the most frequently used probe molecule
oxidation[3]. for the acidity of zeolite. It becomes N in H-type zeo-

The acidity of zeolites is experimentally estimated by lites and there formed severab-N---O hydrogen bonds in
studying the adsorption of probe molecules such as ammo-the [ZeO ---NH4*] ion-pair. The successive replacement of
nia[4,5] and pyriding6,7] on their bridging hydroxyl groups  hydrogen atoms in Nglby methyl groups can produce three

amines (MeNH, Me;NH and MgN) with enhanced basic-
* Corresponding author. Tel.: +86 3514046092; fax: +86 3514161578, ity and bulky structures, which are expected to have different
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type and strength of interaction of H-[Ga]MOR with different
amines. This provides the opportunity to develop new probe
molecules for acidity and basicity of zeolites.

2. Models and methods
2.1. Models

The coordination of the atoms in this work is taken from
the structure of Na-MOR28]. A 20T model is employed
to represent the acid sites and pore structure of MOR, as
shown inFig. 2a, which contains 20 Siptetrahedron cen-
ters (20T) and includes a complete two-layered 12-membered
ring. In this cluster a Ga atom replaces the Si atom at one of
the T4 site. To maintain the charge neutrality of the clus-
ter, a charge-balancing proton is produced. The proton was
initially put in a position where it is at almost the same dis-
tance from the three oxygen atoms around the Ga center.
The optimization of this initial structure leads to two stable
This is clearly shown by the study of Su and coworKér9] clusters A and B (seEig. 2b and c), in which the charge-
on the interaction of MeNElwith several alkali cation ex-  compensating proton is attached tgp@nd G, respectively.
changed large pore zeolites. Terminal hydrogen atoms are used to saturate the peripheral

A number of theoretical methods have been proposed tooxygen atoms in the cluster. The-8 distances are 1A,
study the interaction of base molecules with zeolite. In order and the orientation of ©H bonds is along the pre-existing
to model the features of real systems, a large enough systenD-Si bonds. The clusters simulating the amine adsorption
and highly accurate ab initio method should be used. How- in H-[Ga]MOR are constructed by the partially optimized
ever, application of accurate ab initio methods to large system 20T clusters of H-[Ga]MOR and the free optimized amines.
is time-exhausting and sometimes impossible. An effective The amine molecules are put pointing to the 12-membered
method to this problem is the hybrid method, such as em- ring with the nitrogen atom closing to the acidic proton
bedding method10,11] or the combined quantum mechan- (Hz).
ical and molecule mechanical method (QM/M¥)2,13]
Sauer etal. have successfully used PM-Pot scheme on ZSM-3.2. Methods
[14,15] as well as the more general ONIOM method by Mo-
rokuma and coworkelld 6—18]has brought accurate results All calculations in this work are performed by using Gaus-
to large systems. For example, Kasuriya et al. have successian 03 progranf29] and the ONIOM2 method. In this
sively applied ONIOM method to the interaction of aromatic ONIOM model, the whole system is divided into two differ-
hydrocarbons with H-FAU19]. Itis also applied to the study  ent layers, which are described by two different methods. In
of chemical reactionR20-22] the bare cluster of H-[Ga]MOR, the 6T model (shown as ball

In this work, we focus on mordenite (MOR), which is a and stick inFigs. 2—4 forming the high-layer is described at
particularly useful catalyst for several applications includ- B3LYP/6-31G(d,p) level, and the rest of the clusters forming
ing cracking and isomerization ofalkaneg23,24] It has the low-layer is treated at HF/3-21G level. In the adsorbed
been shown that the elements such as B, Ga, and Zn, can beomplexes, the probe molecules are also included in the high-
introduced into the MOR framewoif25,26] As shown in layer, and this ONIOM2 model can ensure that all the inter-
Fig. 1, MOR has a multiple pore-system with main channels actions between the adsorbates and zeolite frameworks are
of 12-membered rings that are connected by 8-memberedincluded in the high-layer. In order to avoid chemical unreal-
rings. In the unit cell, there are 10 different oxygen sites ity, three linking H atoms are introduced to replace Si atoms
(01—010) and four crystallographic different tetrahedral sites between two layers.
(T sites, T—T4) at which Al or Ga can be substituted. Ear- The 20T cluster for the structures of H-[Ga]MOR is par-
lier theoretical study showed that Ga preferssite when tially optimized with the acid sites and their neighboring Si
replacing Si in the MOR frameworR7]. Here we use the  and Ga as well as the oxygen atoms surrounding Ga relaxed,
two-layered ONIOM (ONIOM2) method to study the struc- while the restatoms are fixed to their crystal positions, respec-
ture of H-[Ga]MOR, and its interaction with different amines tively. To optimize the adsorbed complexes, the parameters
(NH3, MeNH;, MesNH and MegN). The adsorption energies  of the adsorbate molecule and the atoms described above in
and the IR frequencies are satisfactorily compared with the the bare H-[Ga]MOR clusters are relaxed with the rest of the
experimental data. The goal of this work is to correlate the clusters fixed.

Fig. 1. The structure of mordenite unit-cell viewed down ¢kexis (T;—T4
and Q-0 are designated. Note thab@nd G; sites are superposed in a
projection along the-axis).



Download English Version:

https://daneshyari.com/en/article/9614742

Download Persian Version:

https://daneshyari.com/article/9614742

Daneshyari.com


https://daneshyari.com/en/article/9614742
https://daneshyari.com/article/9614742
https://daneshyari.com

