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Abstract

The adsorption energies of Nt different positions in acidic mordenite, viz., main channel, side pocket, and double four-membered rings,
are investigated using periodic density functional theory method. Furthermore, for the first time, the dynamic behavjaniefbiéting with
Brgnsted acid site in the main channel has been monitored. The results reveal that the adsorption energies of ammonia on Brgnsted acid site:
in the main channel (f T,, and T;) are higher than that in the side pocket).TConsequently, the strength of Brgnsted acid sites follows the
same order. Ammonia dynamics results show that the protons are in continuous transfer, whaotsNid a bridge for transferring protons
in between ammonium ion and framework oxygen ions.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction alkyl amines, and alkylnitrilef1—4]. However, many valu-
able quantitative analyses were carried out by fostering the
Inthe field of heterogeneous catalysis by molecular sieves,above-mentioned problems on using Nék a probg5-8].
ammonia is extensively used as a basic probe molecule forRecently, we have shown that the adsorption energy of NH
acidity characterization owing to its accessibility for all acid can be effectively used to determine the relative strength of
sites locating in pores, channels, or windowd A. Some Brgnsted acid sites, in isomorphously substituted chabazite,
of the encountered problems on using Nk experimental and aluminophosphate-34], and Lewis acid sites in micro-
studies, are: (i) strong basicity, which levels out the clear dis- porous molecular sievg40]. Lamberov et al[11] showed
tinction of different acid sites, (ii) the inherent complexity of that NHs is more appropriate than CO as a probe for different
the vibrational spectra of Nf¥ and coordinated Nj and Lewis acid sites in molecular sieves. Hence, ammonia adsorp-
(iii) its dissociation on some oxide surfaces. These obser-tion is important to scale the strength of different acid sites
vations led to the use of other probes viz., CO, pyridine, in microporous molecular sieves. It is well accepted that the
interaction between Nfdand Brgnsted acid sites, in zeolites,
is strong enough to form NjT [12]. Earlier studies indicated
, _ : _ : the possible interaction of ammonia with the lattice oxygen
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The important zeolite structure, mordenite (MOR), is
known by its pronounced acidity among many other zeo-
lite structureg6,7]. This has led to the use of mordenite for
several applications e.g., cracking, isomerization of hydro-
carbons, dewaxing of heavy petroleum fractida$,17]
Therefore, detailed characterization of various acid sites in
mordenite is a significant issue for manipulating and under-
standing its catalytic applications. Moreover, investigating
the dynamic behavior of an adsorbate interacting with its host
framework will enrich our understanding on how adsorption

and desorption processes are taking place at a specific acid

site. The two most popular types of computer simulations
are Monte Carlo (MC) and molecular dynamics (MD) tech-
nigues. MD is more expensive than MC. However, MD simu-
lation is usually more revealing because it provides informa-
tion on how molecules move. Thus, with MD one can study
time dependent phenomena, fluid flow, and other transport
phenomena, which cannot be done with JA@]. Dynamics

of several adsorbates ag;®1[19,20]and CHOH [21,22]in

zeolites have been studied. Furthermore, the spontaneous pro-

ton transfer in between framework oxygen ions of mordenite
has been observed recenfB8]. Temperature-programmed
desorption (TPD) and microcalorimetry techniques (MC)
are commonly used for acidity characterization. However,
the assignment of its responses to specific acid sites is still

unclear. Further, the results depend directly on the experimen-

tal conditiong24]. To the best of our knowledge measuring
the strength order of Brgnsted sites in mordenite could not
be tackled in the previous experimental or theoritical stud-
ies[4,15, and 25] This may be due to the complexity of the
spectra of probe molecules inside zeolite lattices. Therefore,
the aim of this study is to find out the relative strength of
Brgnsted acid sites in mordenite using N&b a basic probe
and to monitor the interaction of NHvith Brgnsted acid site

in the main channel using a novel quantum chemical molec-
ular dynamics (QCMD) codg6].

2. Theory
2.1. Models

Mordnite has an orthorhombic unit cell. In order to cre-
ate a Brgnsted acid site, in silicalite structure, one silicon is
replaced by aluminum and proton (H Al Si47 O96). The pro-
ton is attached to the bridging oxygen by covalent bond. The
main channel (6.A x 7.0A) in [00 1] direction consists of
12-membered ring (MR) connected with 8-MR side pocket
in the [010] direction as shown iRig. 1a and b[27]. For
labeling the atoms, we followed Alberti et al. notati[@8].

It should be mentioned that there are four distinct tetrahe-
dral (T) sites per unit cell: three lies in the main channel
T4, T2, T1 and one in the side pockeg TFig. 1b). Replace-
ment of Si by (Al, H) has been done to produce Brgnsted
sites. The protons were attached tgQ0», O;, which are
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8-Membered rings
along b direction

.

Fig. 1. The optimized structure of acidic mordenite (H-MOR) showing the
eight-membered rings alorgdirection (a), and the investigated adsorption
sites marked by (b).

and @ in side pocket. There are 14 possibilities for plac-
ing the proton in the unit cell. Bindle and Saudgf9] and
Demuth et al[30] have found that 7is the most preferable
location for sitting Al. Hence, we have chosen this site for
investigating the dynamics of NHvhere the proton (b is
attached to @. Here we are interested in high Si/Al ratio,
which permits studying the isolated Brgnsted acid sites in
MOR and could be extended to mesostructures or amorphous
materials.

2.2. Computational details

The initial structures of Ng, H-MOR, and NH—-H-MOR
were optimized by density functional (DF) method at con-

accessible to the interaction with adsorbates in main channelstant pressure employing Drigbrogram packagf81-33]
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