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Molccular dynamics (MD) simulation of non-rigid H-Y zcolite framework are performed at 298.15 and 5.0 K.
Usual bond streiching. bond angle bending, torsional rotational. and non-bonded Lennard-Jones and clectro-
static intcractions arc considered as intraframework interaction potentials. Calculated atomic paramcters arc in
good agreement with the experiment. which indicates the successtul reproduction of the [ramework structure
and its motion. Both calculaied bond lengths and bond angles arc also in good agreement with the experiment
except generally for a litlle longer bond lengths and a little smaller T-O-H bond angles. The calculated overall
sitc occupation of H keeps the order OQ2) > O(3) > O(4) = O(1) at 298.15 K. which is very different [rom the
experimental prediction. O(1) > O(3) > O(2) at 5 K. Calculated IR spectra of the H-Y scolite [ramework show
that most of the main peaks of the O-H bonds are in the broad region 3700-5000 cm ' and that the O-T stretch-

ing bands appcarcd in 0-2000 ¢m ! and at 2700 ¢m !

Introduction

A number of structural studics have been reporied (0
determune (he cation positions in zcolites Y.! including
some." ¥ {o locate (he protons. which play a central role in
acid catalysis. [n the carly studics. Olson and Dempscy -
reported two hvdrogen positions: onc on a highly accessible
bridging double 6-ring oxyvgen. O(1). and the other in the
sodalite cavity ncar O(3). This report was partially supporied
by scouquantitative considerations of” Morticr ef ¢/ which
indicate 17 protons per unit cell should bind to O(1). 10 to
0O(2). 28 10 O(3). and 3 1o O().

By using a new facility to determine the positions off

hydrogen aloms in zcoliles - ncutron powder difTraction
tcchnique. Jirak ef @/ found four difTerent hvdrogen posi-
tions in H-Y zcolites: thosc ncar O(1) and O(3) were highly
occupicd and those ncar O(2) and O(4) were ncarly unoccu-
picd. Crjzck et al.” studicd D-Y rcolilc conlaining watcr and
complelely dehydrated D-Y and H-Y scolites. using high
resolution neutron powder diffraction. The site occupation
followed the order O(1) > O(3) > O(2) and no protons were
located near O(4) m any of the three samplcs. The O-H bond
lengths ranged from 0.83 10 1.17 A,

Recently. Sun and SciT™* reported the structure of Na-Y
zeolite - largcly ion cxchanged with Pb-— at 100 °C and
trcatcd with D»S at 25 °C - bascd on pulsed-ncutron powder
diffraction mcthods. Two difTerent positions arc found for
deutcrium ions m the sample. Each of 18 deuterium ions in
the large cavitics bonds to an O(1) oxvgen and lics in the
planc of that oxy gen and the two Si(Al) atoms 1o which O(l)
is bound. In sodalilc cavitics. |6 deuterium ions bind sinui-
larly 10 O(3) oxygens.

The development of accurate. widely applicable. predic-
tive micthods for physico-chemical property  estimation
bascd on an understanding of the molccular-level processes
is an cnduring goal for physical chemists. Molecular dynam-

ics (MD) simulation mcthods play an increasingly important
role in understanding the relationship between microscopic
intcractions and macroscopic physico-chemical propertics.
This is because MD simulation permits the rescarcher to
sclectively swilch on and ofT key intermolecular intcractions
and ¢valuate their cllect on the property of interest.

There have been a number of applications of MD simula-
tion methods o zcolite-Y systems to investipate the local
structurc and dynamics of adsorbatcs in the zcolite-Y framc-
works. For cxample. Yashonath ez «/. reported MD studics
on time-dependent propertics such as difTusion cocficicnts
and intracrystalling sitc residence times for methane® and for
benzene'“ in zeolite Y. They also reported adsorption proper-
tics o'mcthane!' and ol xcnhon'= in zcolite NaY. Schrimpl ez
al.'? presented a foree ficld for #colite NaY. accounting for
the flexibility of the lattice. They studicd the flexibility off
the inner void space at scveral temperatures by considering
the diameter and the arca of the windows connecling adja-
cent supercages. They also demonstrated the thermalization
propertics of the flexible framework with two examples.
xcnon and mcthane. Further studics of the group have
focused on the difTusion of aromatic molecules in zeolite
NaY by MD simulation.'*'6 Another computational study
on the structure. vibrational propertics and acidity in proto-
nated H-Y zcolites was reported.!”

Most of MD simulation studics. howeser. have concen-
trated on the dynamics ol guest molecules in Na-Y zcolite
svstems. and dynamic and structural propertics such as accu-
ratc determination of the positions of protons in H-Y zcolile
by MD simulations have not been fully studied so far.

In our previous studics. we performed MD simulations of
five rigid and three non-rigid vcolite-A sysiems (o investi-
gatc the structure and dynamics of adsorbales: rigid dchy-
drated zcolite-A.'¥ two nigid dchydrated Ca-~-cxchanged
zeolite-A systems.'? nigid hyvdrated zcolite-A.™" rigid dchy-
drated NHy -cxchanged zcolite-A™' ngid dehyvdrated H--
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exchanged and CHiNH; -exchanged zeolite-A.*2 non-rigid
zeolite-A framework-only system.”* non-rigid dehvdrated
H'-exchanged zeolite-A.>* and non-rigid dehydrated zeolite-
A.? The structure of the zeolite-A frameworks determined
by the X-ray diffraction experiments®®-31 were used for these
simulation studies.

Continuing our MD simulation studies of zeolite-A sys-
tems with rigid zeolite-A frameworks,'® 2 we present MD
simulation of non-rigid zeolite-Y framework as the base
case for a consistent study of the role of intraframework
interaction on several zeolite-Y systems. The primary put-
pose of this work is to provide the basic non-rigid zeolite-Y
framework, to test several intraframework interaction of
zeolite Y, and to investigate the local structure and dynamics
of adsorbates in the non-rigid zeolite-Y framework. espe-
cially the positions of protons in the H-Y zeolite.® [n section
11 we present the molecular models and MD simulation
method. We discuss our simulation results in section [II and
present the concluding remarks in section [V.

Molecular Models and Molecular Dynamics Simulations

The structure of zeolite-Y framework is modeled by the
unit cell, Si137AlssOss4, using the space group Fd3m (a—
24.7665 A). The Si and Al atoms are assumed to be identical
(denoted as T). The zeolite-Y framework is not assumed to
be rigid. the framework atoms (T and O) are subject 1o move
according to the equation of motion. The initial positions of
the framework atoms are those determined by the neutron
powder diffraction experiment of Czjzek er al* for the H-Y
zeolite system. [n addition to the zeolite-Y framework
atoms, the unit cell of the reported zeolite Y includes 53 H'
and 3 Na~ ions.

The structure of the modeled zeolite-Y framework is built
up in principle by the corner-sharing of TOy tetrahedra: a T
atom is connected to four O atoms in a tetrahedral arrange-
ment, and an O atom is connected to two T atoms. which
gives a V-shape connection. The framework is composed of
cubooctahedral sodalite cages linked together in a tetrahe-
dral arrangement by six-membered rings {hexagonal prisms)
ol O(1} atoms to form large cavitics (supercages). The
supereages are interconnected in 4 ways by windows that are
formed by rings consisting of 12 T and (2 O atoms (Figure
132). One unit cell contains 8 sodalite cages. 16 hexagonal
prisms. and 8 supercages.
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Figure 1. Structure of czeolite Y, the vertices of which are
occupied by I atoms [32].
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Table 1. Lennard-Jones parameters and electrostatic charges used
in this study

atom (nm) tkl/mol) charge(e)
Al Si) 0.4009 ().3336 {1.6666
O (1.2890 0.6487 -0.3877
O2) (1.2890 0.6487 -0.4155
[O/K))] (1.2890 0.6487 04018
O (1.2890 0.6487 -0.4137
1 0.0 (0.0637 0.4895
Na* 01776 20,8466 0.4895

The interaction potential for the framework atoms is given
by the sum of bond stretching, bond angle bending, torsional
rotational potential, and Lennard-Jones (LJ) and electrostatic
non-bonded interactions. The usual LJ parameters and the
electrostatic charges for the Coulomb potential are used in
our previous studies,'®2* and they are given in Table 1. Elec-
trostatic charges of the framework atoms, for a given cation
charge, were calculated by using Huheey's electronegativity
set,’ Sanderson's electronegativity equalization principle
and the electric neutrality principle. In this work. we omit
the Ewald summation®* because of the long distance of a
spherical cut-off of radius (12.38325 A), which is equal to
half of the simulation box length.

[n the unit cell of zeolite-Y framework, (TO:)je., 192 T
atoms give a total of 768 T-O bonds. The T-O bond lengths
of the TO, tetrahedra diftfer according to the O atoms: T-
O(1) — 0.16756. T-0(2) —0.16326. T-O(3)—0.16544 and
T-O(4) — 0.16367 nm. The T-O bond stretching potential is
given by a simple harmonic potential**

, k, @
I’(I‘)=;(r - rcq)

where &, — 250.000 kJ/mol nm? and r, is used for each T-O
bond length.

Since each TO4 tetrahedron gives 6 O-T-O angles, a total of
1152 O-T-0 angles exists in the unit cell, (TOz}92. The O-T-
O angles are O(1)-T-O(2) — 111.46, O(1)-T-O(3) - 107.07,
O(1)-T-0O{4) — 106.83, O(2)-T-0O(3) - 108.75. O(2)-T-0(4) —
110.28, and O(3)-T-O(4) — 112.45 degrees. The O-T-O bond
angle bending potential is also given by a simple harmonic
potential

ke
2
where kg— 0.17605 kI/mol-deg® and 6., is used for cach O-
T-O angle.

Each O atom gives a T-O-T angle and a total of 384 T-O-
T angles exists in the unit cell, (TO2)i02. The T-O-T angles
are T-O(1+T - 135.61, T-O(2)-T — 144.55, T-O(3)-T - 139.75.
and T-O(4)-T — 144.06 degrees. According to Nicholas ef
al ¢ the T-O-T bond angle bending potential is given by an
anharmonic potential

V((‘))= (6_ ecq):

k : Ky, - .
MO=0 007 20 620 6y 0)
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where £y = 0.013829 k)/mol-deg-. £ = 0.00030342 kJ/mol
deg?. kys = 0.000005148 k)/mol-deg? and 0., is used for cach
T-O-T bond anglc.

In silicates. the Si-O bond is known to lengthen as the Si-
O-5i bond angle becomes smaller.’” The exact relationship
between the bond length and bond angle depends on the
compound and also varics with the amount of Al in the lat-
tice. To reproduce the correct dynamic behavior of the lat-
tice. the Urey -Bradley term is needed. based on the T-T non-
bonded distance for cach T-O-T angle

, kr 2
Vir) 5("—'1-(.) h
where &= 22845 kl/molnm” and r. is used for cach T-T
distance - 0.31029. 031102, 0.31067. and 0.31137 hm.

In a dihedral angle. which is associated with four consccu-
tive atoms(O-T"-0"-T). a torsional rotational potential on the
T*-O" bond is possible since the three O atoms connceted to
T". except the O atom. are restricted by the O-T"-O angle
bending potentials. In the unit cell. (TO-)jen. there are 384 T-
O-T angles. Since we can pick up onc among three O aloms
connected to cach T alom 1o make a dihedral angle. there can
be a tolal of 768 dihedral angles. The torsional rotational
potential for the O-T-O-T dibedral angle is a periodic func-
tion with a 3-lold barnicr;

A.
Vig) F1 - cos(39)] 3

where fy=-2,9289 kJ/mol.

A canonical ensemble of [ixed N (number of particles). V
(volumc of fixed zcolite [ramework). and T (tcmpcerature) is
chosen for the simulation cnsemble. Gauss's principle ol
Icast constraint™® 15 usced o maintain the system at the con-
stant temperaturcs of 5.0 K and 298,15 K. The ordinary peri-
odic boundary condition in the x-. y-. and z-~dircction and
mimimum image convention are applicd for the Lennard-
Jones potential with a spherical cut-off” of radius cqual to
half of cach simulation box length. Gear's {ifth order predic-
tor-corrector method* is uscd o solve the cquations of
tranglational motion of the framework atoms with a time
sicp of 1.0x10 1% scc, The cquilibrium propertics arc aver-
aged over five blocks of 100.000 time steps for a total of
300.000 time steps afier 300,000 time steps (o reach an cqui-
librium state. The confliguration of cach ion is stored cvery 4
time steps for further analysis,

Results and Discussion

The ncutron powder diffraction study for the H-Y vcolite
(H:3NasSi 3Als¢0521) shows (hat the site occupancics of H*
follow the order O(1) > O(3) = O2) > O(4) with occupa-
tions of 28.6. 9.3, 15.0. and 0.0. and for Na*. 3 occupations
on the site 1 with none on the sites I' and 11.% The occupation
of H* is idcalized by 28. 10, and |3 for H(1). H(2). and H(3).
respectively. for simphcity in this study. The 33 H™ and 3
Na* 1ons arc distributed within the unit cell on the 16 hexag-
onal prisms in order 1o minimize the distance between those
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Table 2. Distribution ot 53 H' and 3 Na™ ions at |6 hexagonal
prisms as the initial positions

hexagonal pnsm - 1I(1) 11(2) L1(3) Nut totul

A fe W b —
'

-~

8
9
10
11
12
13
14
13
16

— b b — b B0 b0 b — b0 b b B b D —
B T o N L N N Y N Y N S VY Y S SO

b2
x
L
29
LA

fany

total

ions. and the nal positions arc listed in Table 2. In cach
hexagonal prism. 6 cquipositions for H(1). 6 for H(2). 6 for
H(3). and 6 lor H(4) cxist. The positions of these cquiposi-
tions for H* arc given in the experimental and calculated
rclined atomic parameters (sec Table 3),

Three different MD  simulations for the H-Y rcolite
(H:aNasSijaeAligOsss)® system were carried out. The first
svslem is initially fixed at 298.15 K. the sccond one is
cooled down to 5.0 K from the first onc at 29815 K
(relerred as 5.0 K(A)). and the third one is initially at 5.0 K
(relerred as 5.0 K(B)). 1t is worth noting that the choice of a
Lennard-Joncs parameter. ©. for H* ion is somewhat tangled.
The valucs of for H* ion uscd in the study of Hj»-A zcolite
using non-rigid dchydrated zcolitc-A framework™ arc oo
large to give a proper O-H distance in this study. The final
value for for H™ ion is chosen as zcro without any change of
o for the framework atoms. cspecially O atoms,

[n Table 3. the results of the experimental and calculated
structural parameters of zcolite Y arc compared. The mcan
crystallographic positions and the mcan-squarc displace-
ment matrices B arc obtained by refernng the values of the
individual atoms back to the asymmctric unil by symmetry
operations.™ The clements of the symmetric 3x3 matrix B
arc compuled as ty; = <wiu> = <vy> - <r><> and then the
valucs of the isotropic B faclors arc obtained as By = 8/3 @~
tracce (B). These valucs calculated from our MD simulations
arc generally lower duc to the fact that long-wave phonons
arc not reproduced with systems ol unit ¢ell dimensions.*! Tt
15 known that these phonons make a considerable contribu-
tion to the thermal motion of the atoms. The small valucs of
Biso for Na* iong at 5.0 K (B) arc notable. The agreement
between the experimental and calculated coordinales is gen-
crally quitc good with the mean deviations of 0,025 A, 0.025
A.and 0,022 A at 298.15. 5.0 (A). and 5.0 K (B) for the
framework atoms and with those of 0.229 A. 0.300 A, and
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Table 3. Experimental [3] and calculated refined atomic parameters
{a=247665 A)
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Table 4. Average potential energies (kl/mol) ot tramework atoms
and cations for 300,000 tme steps (30 ps)

alom, position N via ¢ B N
Si(Al), 1921

exp. 00526 00362 0.1249 1.033 192
208 15K 00331 00339 01254 0672 192
30K(A)  -00331 00339 01254 0.64] 192
30K(B) 00329 00360 01235 0222 192

O( 1), 96h
exp. 0.0 -0.10682  0.10682 148l 96

2098 13K -0.00006 -0.1068% 010684  0.694 96

30K(A) 0.00007 -0.10692 010684 (0.633 96
SOK(BY 000004 010682 0.10690 (1.343 096
0O[2), 96g
exp. 00027 0 200027 0 01434 2416 96
20815K 200031 -00033 00419 1123 96
SO0K(A)Y  -00031 200034 01418 1.124 96
S0K(B)  -00032 00033 01424 0.597 96
0O(3), 96g
exp. 01787 01787  -0.0337 2368 96
20815 K 01774 01774 -0.033 0.697 96
30K{A) 01774 01774 -0.0336  0.663 96
30K (B 01775 01775 -0.033 0.239 96
O(d), 96¢
exp. 01751 01731 03213 1.809 96
298.15K 01770 01770 03204 (0.701 96
3OK{A) 0.1771 01771 0.3205  0.667 96
30KB) 01768 01768 03207 (0.081 96
Na, 16¢
exp. 0.0 0.0 0.0 70 3.0
29%.15K 0.0073 00072 00072 0119 30
SO0KA) 0.0052 (.0051 0.0051 0.134 30
S0KB) 0.00d9 (.0048 00046 0.029 30
H(1), 96h
exp. 0.0 01304 01304 34 2861
298.15K 00163 -0.1372 01388  (1.33] 9.66
3OK(A) 0.0127  -01364 01400 0339 10.00
30K 00145 -01369 01389 0338 28.00
H(2), 962
exp. 0.007 0.007 0.182 34 9.32
298.15K 079 00213 01760 0310 1666
SOK (A (1.0231 (10302 01601 0.268 15.00
30K (B) (.21 0.0139 01825 0.237 10.00
H(3), 962
exp. .1909 0.1909 0.002 34 15.04
208 15K (L1967 02004 00031 0356 1464
30K (A (0.1991 01981 00019 0343 1500
30K (B) (0.189% 01912 0.0098 0249 1500
H(4),
exp. - - - - -
298.15K 02000 02020 033200 0332 1204
30K (A (0.1092 02001 03337 0283 13.00
30K (B - - - - 0.00

0.164 A at 298.15 K. 5.0 K (A). and 5.0 K (B) for the cat-
ions. These values of the mean deviations arc comparable

) enerpy
atom or cations
298.15K SOK (A) 50K (B)
Na(1) 1795 1718 1633
Na(2) 2086 -179.0 -45.2
Na(3) 179.2 2545 -78.8
111) 2089 -251.7 2618
112) 1785 2007 -138.2
11(3) 1480 -136.5 212.6
114) -190.9 -1334 -
1) 309.7 291.2 264.9
(X2) 2476 321.1 318.2
3) 246.6 3239 3177
4) 319.1 249.1 2523
T 6308 5837 578.0

with thosc of Demontis ez af .+ for non-rigid dehydrated vco-
litc-A system and thosc of Schrimpf ef o/."3 for non-rigid
zeolitec NaY. and arc much better than those in the study off
non-rigid zcolitc-A framcwork only.>? probably duc to the
usc ol the individual bond distances and bond angles for the
bond streiching and bond angle bending potentials in this
study instcad of the usc of the averages in that study.,

The occupation of H(1). H(2). H(3). and H(#) predicted by
the ncutron powder difTraction study for the H-Y «colite
(HzaNa3Sij36AliqOse) at 3 KO is 28.6. 9.5, 15.0. and 0.0,
respectively. bul these values are initially idealized by 28.
10. 15, and 0O for our MD simulations in this study as
discussed al the beginning of this section. The positions of°
H* and Na~ ions arc never changed in the entire run of our
MD simulation at 3.0 K (B). The stability order of
Q1) = O(3) > 0O(2) is well explained by the average polen-
tial energics of H* ions and framework O atoms in Table 4.
Al 298.15 K. however. the movement of H* ions is more
vigorous: the respective average occupation of H(l). H(2).
H(3). and H{#) is 9.66. 16.66. 14.64. and 12.04 and hence
the overall sitc occupation of H™ keeps the order
Q2) = O3) = O) = O(1) at 298.15 K. The appcarance of
new occupation of H* 1ons at O is notable. The occupa-
tion of H* ions at O() was reported by semiquantitative
considerations of Morticr er af . This result from our MD
simulation at 298 K 1s very different rom the experimental
prediction.® O(1) > 0O3)> O(2) al 53 K and also dilterent
from the pulsed-ncutron powder diffraction experimental
prediction for sodium zcolite Y by Sun and Scft™# which
reported 18.0 deuterium ions per unit ccll bound o O(1) and
16.1 to O(3). The average potential energics of H™ ions and
framework O atoms at 298.15 K in Table 4 offer a rather
subtle explanation for the order of (the overall site occupation
of H* ions. The system at 298,15 K is gradually cooled down
to 5.0 K and 1s cquilibrated for 300.000 time steps. The posi-
tions of H* and Na™ ions arc never changed in the next
300,000 time steps for averaging at 5.0 K (A) and the occu-
pation of H(1). H(2). H(3). and H(4) 15 ncarly frozen from
thosc at 298.15 K.
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Table 5. Experimental[6] and calculated bond lengths (A) and
bond angles (deg) of protons to the framework atoms

cal.
lengths and angles exp.
298.15K  3K(A) 3K(B)
T-H(1) 2132(8)  2.1644)  2.072(6)  2.173(4)
T-11(2) 2193y 2.19(11)  2.08(10)  2.21(10)
T-1(3) 217(4)  2299)  230(8) 2.35(%)
T-1(4) . 258(7)  2.50(9) -
O()-11(1) 0832y LI76) L1915
O2)-11(2) L02(5Y L1695 L15(10)
OG3)-11(3) 0.984)  LI&DY LIS L16(6)
OE)-11(4) - LI6EY  1.14(6) .
T-O(D-11(1) 112.2(8)  98.1(8)  99.6(8)  99.2(9)
T-O2)-11(2) 107.6(10)  102.3(10)  95.5(10)  104.6(11)
T-O03)-11(3) 109.8(8)  106.2(8)  108.5(6)  111.0(6)
T-O()-11(4) . 128.6(9)  129.2(9) .

In Table 5. we compared the experimental and calculated
bond lengths and bond angles of protons to the framework
atoms. The overall agreement is quite good except for the T-
O(1)-H(1} and T-O(2)-H(2} angles. The increment of the O-
H bond lengths and the small change of the T-H bond
lengths without change of the T-O bond lengths makes the
T-O-H angles smaller compared with the experimental case.
The order of the experimental O-H bond lengths reflects the
site occupation of H™ with the order as O{1) == O(3) = O(2)
very well. The variation of the calculated O-H bond lengths
from our MD simulations is almost the same for all the O-H
bonds and makes it impossible to predict the site occupation
of H' ion at the framework O atoms. One notes that the O-H
bond lengths decrease with decreasing temperature but not
the T-H bond lengths. The O(4)-H(4) bond length is compa-
rable with the other O-H bond lengths. but the T-H(4) bond
length is much longer than the other T-H bond lengths and
that makes the T-O(4)-H(4) bond angle larger than the oth-
ers.

The IR spectra of zeolile systems are calculated by Fourier
transformation of the dipole moment autocorrelation func-
tion.* Figure 2 shows the calculated IR spectra of zcolite-Y
framework (rom the dipole moment autocorrelation lunc-
tions of cach O-t bonds and the total O-T bonds at 298.13
K. First, most of the main peaks of the O-H bonds arc in the
broad region 3700-5000 em'. which is attributed to O-11
stretching. For comparison. the broad peaks are averaged to
give the most probable frequency. The calculated average
frequencics are 4420 em™! for O(1)-tI(1), 4430 c¢cm™' for
OQ2)-11(2). 4160 cm™' for O(3)-11{3), and 4590 cm' lor
O(4)-H1(4). These values are somewhat higher than the two
expetimental O-11 stretching bands in the [R spectrum of
zeolite Y - 3650 cm' for O(1)-FI(1) and 3550 cm™' [or O(3)-
11(3), which are the active sites in acidic catalysis.*8 It is
possible to obtain accurate bands of the IR spectrum from
MD simulations of zecolite Y by using relined Lennard-Jones
parameters for the framework atoms and cations and refined
bond stretching and bond angle bending potentials [or the
ceolite-Y  framework. Second. the O-T stretching bands
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Figure 2. IR spectra of zeolite Y at 298.15 K. calculated from the
Qi 1)-H(1} dipole moment autocorrelation function { —— ). the
O(2)-H(2) (). the O(3)-H(3) (-------), the O(4)-H(4) ( — — - ).
and the total dipole moment autocorrelation function of zeolite-Y
framework (----).

0.0 ‘60>00.0

appeared in 0 2000 cm™' and at 2700 cm~'. The spectra are
much different from that of non-rigid zeolite-A framework
only system.?¥ which has a large peak at 2700 cm~' from the
simple harmonic oscillation of the total dipole moment auto-
correlation function. reflecting a monotonous dynamical fea-
ture of the framework.

Although this preliminary study demonstrates the useful-
ness of the approach presented and therefore justifies further
uses of the same methodology, we should note that several
points should be reconsidered in a further study. First, Si-O-
Al moieties: Si and Al are treated as identical in this model,
but it is doubtful that the observed binding preferences of
protons to the four crystallographically distinct oxygens in
the zeolite Y arc accurately reproduced. Sceond. the long-
range clectrostatics is ignored. Since any long-range forces
are non-negligible (or any finite cut-ofl” distance, not per-
forming the Ewald summation™ may contribute additional
crrors o the observed proton binding preferences. Third. the
nature ol the proton-lramework interaction is not specified
as a harmonic valence bond form. I that is the case, proton
redistribution should be impossible. since the harmonic
potentials should go 1o infinity during a proton jump. But it
is possible to use switching functions that turn harmonic
forces on and ofl depending upon distance.

Conclusion

A molceular dynamics simulation of non-tigid FH-Y zeolite
framework was performed at 298.15 K and 5.0 K. Calcu-
lated atomic parameters, bond lengths, and bond angles arce
in good agreement with the experimental, which indicates
the successful reproduction of the framework structure and
its motion. The calculated overall site occupation of I’



450 Bull. Korean Chem. Soc. 1999, Vol. 20, No. 4

keeps the order O2) = O3) = O(d) = O(1) at 298.15 K. The
IR spectra of H-Y «colite system calculated by Fourier trans-
formation of the dipole moment autocorrclation function
show most of the main pcaks of the O-H bonds arc in the
broad region 3700-3000 ¢cm ! with caleulated average fre-
quencics of 4420 cm ' for O(1)-H(1). 4430 cm ! for O(2)-
H(2). 4160 ¢m ! for O(3)-H(3). and 4390 ¢cm ! for O()-
H(4). The O-T stretching bands appeared in 0-2000 ¢cm ' and
a 2700 cm 1,
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