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1. INTRODUCTION
The synthetic faujasite analogues, zeoli:es X and Y, are used extensively as catalysts in a

variety of reacf_onsand separation processes. For example, rare-earth and high-silica faujasites
are excellent fluid cracking catalysts with good selectivity and high conversion rates, and the
acidic nature of Nghly siliceous fauja_sitesis also exploited i:ahydrocracking. 1The properties
of adsorbed hydmcarborts are central to T_e catalytic processes that take place withhl the
cavities of zcolites and other shape-selective, microporous catalysts. Selectivity, for example,
may be strongly influenced by the diffusivities of reactant and product molecules, i Neutron
diffraction studies 3 have revealed two adsorption sites for bem_,me'r-in Na-Y at low tempera-
lures. The dominmlt site which is thought to be occupied exclusively at tow coverages (--1
moIec,ule per super'cage), lies in the supe,reage, facially coord'irtated to the SII cation (Figure
l(a)), and the second, which appears at higher concentrations is center_ in the 12-ring window
(Figure l(bl); these findings am censhtent with infra-red studies. _ The plecise nature of the
cation-benzene ring interaction is unclear, altheuNa quadrupolar terms are believed to be
important. In relation to possible covalent interactions, quasi-elastic neutron scatterhag s has
detected a we'ak perturbation of the benzene ring frequency, but an hwestigation using FYNES

showed no measurable change in the p energy !evels.

(a) (b)
FigureI-Theexperimentallydeterminedbindingsir_forbcnzene_nNa-Y

The hea__fadsorptionofbenzeneinNa-X and.Na-Y,w_ch hasbeenexaminedby
_everalworkct_,isknowntoincreaseastheSi/?dratiodecreasespresumablyreflectingthe
dominantcar2onsot'bateinteractions.Benzenemobility.,hasbcenprobedby a varietyof



techniques, thou_.hthe disparity betwee.n the results obtained from different metlmds is rather
large. For c ,.raple, the measured diffusion coet'fici_nts for benzene in Na-Y at 298K range
from txl0-11m's 1, from NMR studies, _ to 3xl0-'3m"s - , fi'om 'adsorption uptake, studlcs. 9 A
molecular dyna.micssimulation of benzene in Na-Y lo gave a very high value for the diffusion
coefficient (_xl0gmza -t at 326K), but a recent study on siliceous faujasite show_ rather good
agreement with expef_menta!resuhs obtainedby :H NMR, 1,

Computer modelling of sorbate..swithin zeolite ¢avitie.shas been ver],,successful in cases
where sorbate_ are inert gases or simple hy_oc'a.foons, or ,,,,'herethe,zeoiite hosts are siliceous,
_2 but there has been very lit'd_ work on systems invol,_ing unsaturated hydrocm'bons and

zee,tt_. In this paper we describe the results of computer simulation on acation-containing "
model zeolite-sorbate system ef this type, benzene in Na-Y. It h_ been shown previously _3._5
that the concentration of sodium ions in the SII and SIlI sites of ion-exchanged zeolim-X/Y
s',unples has a profound effect on the behaviour of adsorbed benzene, In order to obtain a more
detaiied understmudir,g ef _2minfluence of exchangeable cation on sorbate structure and
dyn_Jn,.'cs,,andto examine the quality of simulations in a system that is quite complex to model,
we have used energy minimisation and Monte-Carlo methods to _rob= the location _d
evergetics of benzene in sodium zeolite-X and -Y. Predicted values tbr the sorbatz location,
heats ofsoITti, on _e compared to the corresponding cxperimcntai data, Thesensitivity of the
co,nputational results to the forceficid 'andits pm'amctensation ksexplored.

2. COMPUTATIONAL DETAILS

Energy minimisation calcuiatJons were performed using the Biosym's Solids_Docking
tool, and the Discover program, _6The calculations were carried out using a single unit cell of
faujasite ir with an additional lO_ shell of structm_ su_.ounding it to give some de_rce of
periodicity, and a single benzene molecule per unit cell. Two fercefields were used for the
calcul. The standard Biosym cvff forcefield was our starting point. The parameters am given in
Table I. In addition, we _so used a forcefield of eft91 form ms developed by Hill ....,.-1
co-workers Is by fitting t_ ab initio potential energy hyFersurfaces for silicate cluster mecl,..s.
The charges on the framework calculated from this method m'e quite typic',d of those reported
based onquantum chemical calculations ou discrete clusters, t9 Short-range interactions were
represented by Lennard-lones [9-6] powntiaks, and etec=ostatic interactions were calculated
using a simple coulombic summation with a short-range cut-off. No speci',d effo,x was made to
fit _e interaction parameters betwee_ the sorbate and the zeolite to experimental data. This

_cdr,..sed later in the paver. The pomntial parameters used are summarised iv.point will be .__ oo _
Table 1.

The methodology employed in the SoHds_D_-king tool consists of the following steps :
(i) high temperature dynamias are inkially performed on the sorbam to produce a database of
_orbate conformations,
,3i) a series o[ random insertions of benzene into the zeolite model are made ,andtheir energies
dote.trained. Configurations ,_¢itha favourable energy .areaccepted and a database of zeolite-
sorbate configurations is created,
(iii) For each configuration in the database, the position of _e serbate is energy minimised with
respect to the zeolite while the host atoms are held rigid.
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Table 1 : A summary of the potential parameters used tD represent the host-guest
., interactions

i,i i_

cfD1 forcefield cvff forcefield
ii i i ii

ii i i i ii

i Chm'gcs Non-bonding parameters Chm'ges Non-bonding parameters
--"1 i , i i1 i

Bi
C_.caim ol-IA_)i .......

i a i i • i i __ ___A_

Si 0.524 0.0001 0.0000 1.4 !.72xi06 0.000!

II i i i iiiii i i i |

O -0.262 3.4506 0.1622 -0.7 1.81X10,s 821.3

............ 'i .....-0.153 2.9950 0.0200 -0.153 7.I xl03 -,o.3,.,.9

i
i i _ i i ii i

C 0.153 4.0100 0.0640 0.153 1,98x106 1126.0
.f i i i II iii i i i

Na! 0.8 3.1440 0.5000 0.8 1Axl03 300.0
-- i i ....

i _ iiii _ i

= Eij = Atj/r - Bij/

,eij ej \]2L_; " 3 _k_) AU= ( AiAj )1/7I

"ii = ½ rZ° + q6 B, = ( BI B7) '/_

2,,/- q3,f
¢iJ=

The ration,de for this procedure is to alleviate to some extent the problem of local
minima _, the configurationa2 space search. Hopefully one of the mmimLsed configurations will
be the global minimum of the potential energy surface.

S,.'xmodels for faujasite were used, each for a distinct Si/AI ratio :-
a) a ptu'ely siZiceous model.

b) a Na-Y model (Si/AI=2.0) in which we fLUalI the SI' and S,q sites in the structure with
cations.

c) a Na..X model (Si/AI-I.4) in which in additional to occupying the cations sites as in the Na-
Y model, we also occupy one sixth of the S]2Ii sites,
d) a Na-X model (Si./Al---1.0)in which one third of the S_ti sites ate filled.
e) a Na-X model (Si/A1=1.4) in which one sLxthof the Sift. sites are filled.
t') a Na-X model (Si/A1---t,0) ;_nwhich one third of the SIII sites ate filled.

For the siliceous model, we took the structure from the recent diffraction study of I-Ldlja¢
and co-workers, 2owhere,as for the cationzted models we used the structure and nomenclature of

Haeu. _.1 In each case, the most favourable binding sites and bin_g energies for benzene were
dcte,'_:_ncd and co,rap,areal to expcrirnental data,where availab!e.



the simulation only cont,fins one ben_ne per unit cell, the lack of location of the Sill site is not
surprisingly. Indeed, if the minirrAsation _ started with a benzene in the experimentally
determined 12-ring, it moved around the wali of the supercage to an adjacent 6-ring site.
However, if we block all adjacent SII sites with benzene and repeat the minimisation, we f'md
that the 12-ring position is now stable (figure 4). Both forcefields predict a binding energy at
_e SII site which is well witr,m the range measured experimentally. The bcnzenc-caticn
distance is tbund to be ...._.50A for the cvff forceficld, and --2,77._ for the cff91 forcef_ld, The

conformation of the _enzcne with respect to the 6-ring is 'also incorrect as we p_dict that the
hydragens peint towards the silicons rather than the oxygens. This suggests that the dommam
_*,eract!on is a steric one rather than an electrostatic one.

Figure 3 - Predicted benzene binding site m Na-Y

Figure ,*- Predicted 12-ring binding site for benzene m Na=Y at high loading
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3. RESULTS AND DISCUSSION

The sorp'don energies fer the six-ring binding site in each of the zeolite models with the
two forcetields -aresummarised i.rtTable 2.

Table 2 - The variation in energy of the six-ring binding site as a function of Si/AI ratio
!

ii illl J _ i i _ ....
|

l -- i I I I ill i /i I I
I I 1 JI IL

S;i/_ - 2.0 1.4 1.0 1.4 1.0
i ill - i ii i Ill i -i.-- __

cf291 Energy (k.lmoF t) 9.1 61.0 80.1 80.6
__ i _ Ill Ill _ _ _ _I I -- - II -

_v.._En_rsy (_mo] l) 36.8 73.8 76.8 80.0IL- _ II I I ILI I Ill I III I " I -- " = I .... --

3.1 Siliceous Fat_asite
In the case of the purely siliceous :Wstem ctmtaming no cations, we f'md that t_-_e

potential energy surface is quite tlat _d a large number of sorpzior, sites of similar geometry
are fotmd. GencraUy ti:ese are tocar,ed over the four-rirtgs in the wall of the supercage and in the
region of the six-rbag site (.see figure 2), with the four-ring sites being of slightly lower er.ergy.
Althcugh there has been no calorime_,c measurements made on the system, extrapolations of

r2_eavailable r.hermochem2cal data on other fauj_i.tes of varying Si/AIratio m the limratute
would suggest a value arouad '-10-50EImoF I. The cffgl predicted er,ergy severely unoere_ti-
mates this vatue, wt',ereas with the cvff forcef'_eld, the sorption eaer_ is much closer to the esti-
mated value. A low tem_rature neuron d.i.ffracuon study on tb.ts system faiIed to locate the
sorbate at 'ZK, :o eo_:obcrat.ing the view that fi_ereare a Iarge number of equally favourable sites
of low symmeuy contributing to the overall scat_ri,ng from the _a.mple.

{a) (b)
Figure 2 - Predicted benzene bbading sitein siliceous faujasite : (a) 4-ring _ite, (b) 6-ring site

3,2 Na-Y Fauj_ite
.As has been previously mentior_ed, an experimer_tal study ¢,n this system detects two

ca:ion bLnding _ites. One located symme-,.'ic-d,ly above _e SIi cadon position with the centroid
.ff _he benzene a'. _ dLsta_ce of--2.70'_ _d the other, tb.at is on!y detected at b.igh sorbate

!oading, in the 12-r_.ngwindow. We only find the SII site in _s work (figtu'e, 3), although since
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3.3 Na.X Fau, jasites
Once the SlXli cation sites are fried, we are entering a regime in which there is no

structu:xl data available on the location of benzene. Diff_raction studies have shown that despite
the _ossibilides of binding to at, SEll cation in this system, once ag',dn the benzene in only lo-
cated at the SII site as in Na-V Brom previous measurements L'athe heat of sorption with de-
creasingly Si/A1. we also know that the sorption heat hacreases as more cations arc added to the
system For the two models studied, we again find a large number of SII binding sites of similar
energy to that in Na-Y. However,we also see a number of sites in which the benzene is partially
coordinated to both an SII catic_uand an SEIi cation (see figaa'e 5 for a typical geometry); these
a_e found tc be shghtly more :.vourable than the SII site. However, we note that the displace-
ment from the symmetrical binding position is only slight and probably insufficient to be de-
tected in the di.ffmction experiments. The binding energy for the model with the higher cation
concemration is found to be slithtly larger, which correlates with experiment (see table 2).

Figure 5 - Predicted binding site for benzene in Na-X

3.4 The Effect of the Forcefield

In general, both of the forcefields 1.tsedhere predict similar binding sites for each of the
systems, however it can c!early be seen that the f'mal energies predicted are very sensitive to
both the form and parametet'L_ation of the forcefield. Indeed the cffg! fot_cefield, which we
considered to be in some ways more rigorous predicts less accurate results for energies. This is
most mm'k_d in the case of the sorption energies for s_ceous faujasite. Clearly further work
needs to be performed to ret-me the forcefield especially in the area of zeolite-sorbate
mte.ractions, To this end, _ve are currently performing ab initio quantum mechanical
calculations to probe the fine detaiJz of the cation-benzene interaction, and improve _e
predictions of sorption energies that can be macie using this methocl.
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