Lo

b) The Role of Organic Molecules in

Molecular Sieve Synthesis

Many similarities in the structural and chemical
properties of silica and water were reviewed by Iler'.BO
They both have structures which are much less dense than
would be expected from close packing of the constituent
atoms. They both have a temperature of minimum volume.
Normally water molecules are arranged in a rather open
structure like quartz and the structure of undercooled
water 1s even more open such as is the structure of tri-
dymite relative to quartz. Each water molecule Is tetra-
hedrally surrounced by the oxygen atoms of four nelghtor-
ing hydrogen atoms. Two of these hydrogens are near-
neighbors at 1.01 angstroms and two are far-neighbors at
1.74 angstroms.81 Tre entire array l1s likned by unsymmetri-
cal hydrogen berds. Pure silica only occurs in two forms;
guartz and cristobalite.82 In silica, the siiicon atoms
are always tetrahedrally bhond to four oxygen atoms. The
siliecon oxygen bonds have considerable ionic character.
When silica 1s dissolved in basic agquecus solutions, 1t
occurs as the anlon (510, (OH)E)Q_. Depending on the pH
and concentration, tetrameric and other polymerlized specles
are also present.83 Because water molecules are dipolar,

the addition of certain anions, and cations as well, can
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disturb the normal structure of water. The hydrogen end

‘of the water molecule having a partlal positive charge tends
to orient 1tself to be pointed in the direction of an anion
is solution. Similarly, the oxygen end of the water mole-
cule having a partial negative charge will tend to point in
the direction of a cation.

Information on the effect of the addition to lons to
the structure of solution has been determined through
neutron and X-ray diffraction studles. In pure water the
molecuies are oriented in a tetrahedral quasi-structure.

In concentrated solutions, the water molecules tend to be-
come more tightly packed around the ions than in the
crdinary tetrahedral gquasi-structure. The difference be-
tween the partial molal entropy of water in solution and
that of pure water reflects the scructural modification.
Certain ions contribute to or enhance the structure of water
by the ordering of water molecules in thelr hydration shell
(45 1s negative). Other ions are structure breaking and

the change in entropy becomes increasingly positive as the
concentration increases. Small ions which can enter the
water structure through hydrogern bonding (F-,OH‘,OH3+, NH, )
are structure-enhanéing and tend to stabilize the structure
of water. Large ions with decentrallized charge {BFu', Cl0,7,
FeCl), ) are structure-breakers and have the same effect on
the quasi-structure of water as an increase in temperature.

Buiis et al.measured the effect on the structural modifica-
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tlon of water by 1ts ions. The results he obtained are

summarized below:

2+ +

Cations: order-producing: La3+> Mg~ > gt >Ca2
order-destroying: x> Na+> Li+> Cs+ = Ag ;
Anions: order-producing: OH™> F~

order-destroying: Clou- >I7> Br >NO3- >C1l >SCN"~

The group of structure-makers, which includes small ions
which can fit Into the more or less existing structure of
water and thereby enhancing 1ts stability through its charge,
also includes a group of large molecules which can contribute
the same affect through hydrophobic bonding. Ben-Naim85
discussed the origin of the stabllization of the structure

of water by non-electrolytes. Hydrophoblc bonding occurs
when the 1lnert hydrocarbon material guards the water struc-
ture near 1t from disruption from thermal agitation of other
water molecules. The effect of tetraalkyl ammonium ions on
the structure of water has been determined.86 Tetramethyl
ammonium lons are structure-breaking. Tetraethyl and tetra-
ethancl ammonium ions have little effect and tetrapropyl and
tetrabutyl ammonium 1lons are hydrophic bond type structure
makers. In tetrapropyl ammonium lons the hydrophobic nature
of the hydrocarbon side chains enforce the structure of water
about these hydrocarbon chains., The explanation glven by
Eva:mps suggests that water molecules that are sltuated at

the surface of these large tetraalkyl ammonium icns will be
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oriented very little either by the 1onic charge or the non-
polar side chains on 1its one side. As a result of thils, the
water molecules can be oriented to a greater extent than
normal by their nearest water molecule neighbors, and
therefore can in effect be oriented into favorable poszlitions
for the formation of water cages about the Iinert side chains.
The importance of the ability of these water molecules to

be influenced by their nearest neighbors toward the produc-
tion of stable water cages about these hydrocarbon side chalns
is that the same process appears to occur when these same
chains are encased 1in SiO2 cages.

"There are certain substances formed by combining one
stable compound with another or with an atomlic or molecular
element without the existence of any chemical bonds between
the two elements. Thls occurs when one of the compounds can
erystallize in a very open structufe containing cavities,
holes, or channels in which the atoms or molecules of the
other can be 1',r'appec1."87 Compounds of this type wherein the
host lattice contains cages filled by guest molecules are
called clathrate compounds from the Latin clathratus,
meaning "Enclosed or protected by cross bars or grating."
For example, 1f quinol (p-dihydroxybenzene) is crystallized
from water in the presence of 10 to 40 atmospheres of
krypton, krypton molecules are entrapped in spherical cages
approximately Y4 angstroms in diameter. The appertures
leading from one cage to another throughout the crystal

are very small in diameter and prevent krypton molecules
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from being released. If, however, the crystals are redis-
solved in water, krypton gas 1s reédily released.87 In

other systems the shape and size of the guest molecule

can directly effect the structural properties of the host
lattice which can crystallize around 1t. Analogies exist
between the structural chemistry of water in 1ts various
clathrate hydrates and the structure of silicates. Examples
of this include the comparison of the structure of ultra-
marine with the structure of HPF6'6H20. In this structufe
the positions of the water molecules in the clathrate hydrate
are ldentical to the positions of the silica or alumina

atoms in the framework of ultramarine.88 The structure of
the oxygen clathrate framework of tetramethyl ammonium
hydroxide pentahydrate 1s also isostruetural with HPF6'6H20
in that both lattices are based on the closest packed arrange-

89,90 The structure of this

ment of truncated octahedra.
tetrainethyl ammonium hydroxide pentahydrate 1s shown in

Figures 11,12, and 13

Figure 11:. The framework of hydrogen-bvonded OH™ 1lons
and H,O0 molecules in (CH.), N.OH.5 H.O showing
distortion of the trunca%e octahedgon in the
'Fedorov' net. The broken lines indicate
0-0 edges of length 4.36 A.
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Figurel2. The polyhedral oXygen framework of hydrogen- .
ponded OH- lons and H,0 molecules in (CH )y
N*-.5H.,0, showing thrée of the four distarted
trunca%ed octahedra in the unit cell.

Figure 13. Idealized frameworlk structure with closest-
packed truncated octahedra. The arrows indlcate
edges which are expanded in the distorted
structure found 1in (CH3)uN+0H--5H20.
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The structure of the tetramethyl ammonium ion is shown in
Figure 14 TMA also forms a hydrate with a formula:
H(CH3)3 N-HIHEO. In this structure the tetramethylammine
guest molecules are hydrogen bonded within the voilds formed

8
by a polyhedral host lattice of hydrogen-bonded water. 9

Figure 18, 4 distorted truncated octahedron containing
an axlally disordered (CH )MN+ ion., The
disordered carbon atoms aée represented by
the torus; the oxygen, nitrogen, and ordered
carbon atoms are differentiated by shading;
the hydrogen atoms are omitted. The double and
$011d lines 1§dicate the 0...H-0 and N-C bonds,
reaspectively.59

The water molecules in this structure are shown in Flgures
15 and 16; they are statistically disordered so that a hexa-

gonal structure 1s observed, whereas, an ordered arrangement

would have monoclinic symmetry.gQ The structure for the

polyhedral clathrate hydrate of TEA (CH.CH NH+ 8 2/3H20

3 2)2
has been resolved., This crystal has Orthorhambic symmetry.
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Ball-and-stick diagram of idealized
polyhedral framework, showing three
l4-hedra, one of them surrounded by

six 15=-hedra.
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Ball-and-stick diagrams with atomic notation,
showing the irregular cages of water molecules
and the enclosed (CH3)3P guests., Cpen lines
indicate 0°:-H-0 and“0=li-..N hydrogen bonds,
s0lid lines show C-N bondsn The symmetry axes
refer to the hexagonal cell.
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The hydration cage is shown in Figures 17 and 18

Figure 17. A perspective view of the "irregular”
capge lookingdown the ¢ axis.

Figure 18. A perspective view of the l8-hedron looking
down the c¢ axis. The twofold axis passes
through N(1) and the midpoints of 9-9 and 10-10.
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Table 2 1llsts the varilous classes of clathrate hydrates

giving examples and references for each structural class,

Wenn91

measured the mean molal activity coefficient of

tetrapropylammonium fluoride, chloride, bromide, and iodide

in agqueous solutions.

The results he obtained are shown in

Figure 19 which shows the activity as a function of concen-

tration.
Clathrate hydrates
H,0 mclecules only in HO0and F. N, S in Reference
Jramework Jramewark
Poiyhedral frameworks
Class (a)
(3} HPFg . 6 H;0O AC 1955 B 611
(CH3)4NOH . 5 H,0 JCP 1966 44 2338
{ii) (CH4);CNH, .94 H,0 JCP 1967 47122y
Class (b)
(3] Cly. 74 11,0 PNAS 195236112
IC5 1959 4131
64 C,H,0.46 H,0 JCP 1965 422725
(n-CqHg)3SI°. 20 H;0 | JCP 1962 37 2231
(i) CHC13 .17 H-0 JCP 1951 19 1425
7-33 H,S5.8 C4Hg0.135H:0 JCP 1955 422732
(iii) (i-CsH|;)4NF.38 H,O | JCP 1961 35 1R63
(iv) Bry . 8-6 H.O JCP 1963 38 2304
Intermediate types
Clais (¢)
() (n-CqM9)35F.23 HO JCP 1964 40 2800
{ii) (C2H;5)2NH .82 H,0 JCP 1967 471222
{aii) 4 (CH3)3;N .41 H,0 JCP 1968 48 2990
Non-polyhedral frameworks
Clest (d)
(i) N4{(CH3)¢ .6 H;0 JCP 1965 43 2799
(ii) {CH3)aNF .4 H,0 ICP 1967 47 414
Table 2. Structural Inorganic Chemistry, Wells, A.F.,

Oxford University Press, Ely House, London,

1975, pg. 54b.
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Figure 19, Mean molal activity coefficients, ¥y t, of
tetrapropylammonium fluoride, chloride,
bromide, and iodide in agueous solutions at
various molal concentrations, m, at 25 C.

The high activity of tetrapropyl ammonium bromide he attributes

to the difference of the tetrapropylammonium and fluorice

ion on the structure of solution. Although both TPA and
fluorlde are structure-making ions, the fluoride ion he
suggests tends to Immobilize water more or less in a radially
dispersed pattern around 1t. The TPA ion favors cage-like

or clathrate-llke structures which he attributes to its
hydrophobic properities., Because these two lons are in-

compatible in their modes of structure making, they compete
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against each other in their influence on the structure of
~water. As a result of this, there 1s a "structural salting
out" of the cation and anion against each other which causes
the high activity coefflclent. The low activity of the tetra-
propylammonium iodide he explains in a concept of "structural
salting in." The I~ ion being a structure breaker contributes
to the availability of water to the self-salting of the
tetrapropylammonium 1ion.

The structure-directing effects of quaternary ammonium
lons have on the structure of water suggest they might exhibit
similar effects during zeollite synthesis. This effect would
be to allow the silica (alumina) to polymerize into thermo-
dynamically stable cage-like struetures around these hydro-
phoblic organic side chains, Reference has been made that
hydrogen bonding might contribute to the stabllity of this
cage arrangement. Clearly the shape and nature of the cage
1s likely to change with the shape, bond angle, etc. of the
organic side chalns.

Each particular type of organiec slde chain in quaternary
alkyl ions can direct the syntheses of a number of different
types of cages around 1ts hydrophoblc side chain. The frame-
work structure of the zeollite can, therefore, be templated
through the use of the appropriate quaternary alkyl lons.

All other ifons in the system also contribute te the lonlc
atmosphere in the hydrothermal synthesis. The nature of .

this contribution 1s complex and it 1s difficult to predict
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the effect on the crystal structure cf tThe addition &f a
_particular ion type.

A%t nigh concentrations; tetrepropylammonium ions tends
to form dimers and large aggregétss called miceiles. At low
concentrations they are »resent in agueous go_.ution chiefly as
monomers,92 This dimerization and polymerization cf TPA
ions inhibits their ability to form ion aszscciation complexes
with silica and slumina jons. This reduces the ability of
TPA to stabilize these ions in soluticn and 2iso makes TPA,
which is not involved in ion association complexss with sillca
and alumina, more susceptible to destruction by Hoffman
degradation.

The ability of quaternary propyl, butyl, and hexal 5mmon-
ium ions to form ion assoclation complexes with teansition
metal ions and aluminum was studied by Haeck et a1,93 Maeck
determined the effectiveness of extracting metel ions from
sodium hydroxideé solutions with tetrapropylammonium hydroxide.
The results he obtained, showing the abillity of these tztra-
alkyl ammonium ions to form tetraalkyl metal ammine complexes
for the extracticn of these metals from socdium hydroxide
solution, are summarized in Figure 20. These guaternary

alkyl ammonium compounds are very strong bases and are

capable of forming salts with silicic acid and aluminic acid.
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Figure 20, Extraction of elements as tetraalkyl amine
complexes from sodium hydroxide.

The templating phenomenon which 1s thought to occur
during either the gellation or nucleation process 1is not

constrained to occur only on large organic molecules. The
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process whereby an ion or atom organizes oxide tetrahedra
into a particular geometric topology around itsell also
occurs in the case of alkall or alkallne earth metal catlons,
Zeollite structural subunit euch as the double four ring (DMR),
the double six ring (DGR), and cancrinite, gmelinite, and
sodalite cages are thought to be formed by way of clathratlon
of an alkall cation with silica and alumina tetrahedr‘a.s’l“’23
Sodium and hydrated sodium ions were suggested to be re-
sponsible for the formation of D4R, D6R, gmelinite and

sodalite cages. ’

Potasslium, barium, and rublidium ions
were belleved responsible for directing the synthesls of
cancrinite cages.s'gu R.M. Bar'r'er'6 complled a list of varicus
zeolite types showing the cations which are preferred or
preferentially direct the formation of each type of zecllte.
The 1ist he complied shown in Table 3 Indicates the various
cationlc environments froﬁ which each zeollite has been
reported to synthesize and also those cations whilch seem to be
preferred. Barrer came to the following 4 conclusions with
respect to the type of zeolite structures formed under par-
ticular cationliec environments.

1) Sodalite and cancrinite hydrates, gismondine-types
(Na~P), gmelinites, faujasites, and zeolite A are ail
favored by sodic environments.

2} Mordenite analcime, edingtonite, and phillipsite
type zeolites can he synthesized in a variety of cation

environments, the later favoring sodic, calcic, and strontlum



containing environments.

3) In potassic environments chabazite and gzeolite L

are favored.

and Li-H.

Lithic environmenta favors zeolites Li-ABW

Alkaline earth metal cations were constituents

in the gel magnama from which thomsonite, epistillbite,

heulandite, ferrite, yugawarallite, Ba-J and Ba-K were formed.

4} Certaln zeolites require or prefer the presence

of two or more cations 1n the system.

Zeolite EAB,

offretite

and mazzite are examples of zeolites formed in a binary cation

$5

system which in this case 1is sodium plus TMA.

Zeolite

Cations in reaction mixture

Preferred cations

Gismondine types
Gmelinile types
Faujasite types
Zeolite A types

Zeolite (Na. NMc -V
Sadalite hydrates

Cuncerinite hydrates
Zealite EABY (TMA-E)
Marziic type (zeolite 1)
Offretuc types
Murdenites

Analcimues and isotypes

dingronile types
Philtinxite 1ypes

Chabazitc 1ypes
Zuokites L
Thamsanite {ype
[pstithite 1ype
Heulaudite type
[Ferverite (ype
Yuogawaralite type
Zeolite Ba-J
Zeohie ZK-5 wypes
Yool Ba-K
Zoalite La- ANV
Zontite Leed)
Zealite £SM-2 1y

Na, {Na, NMe,), {Na, Li}. (Na, K). {(Na, Ba). (Li, Cs, NMe,)
Na, Sr. (Ca, NMc,), (Na, NMe,)
Na, (Na, NMc,), {Na, Lij, (Na, B
Na. (Na, NMc,), (Na, K), (Na, Bay, {Na, e, NMe}
{Li. Cs, NMe)
‘Na, (Na, NMe,}
Na, NMe H, NMcd (Na, NMc ), (Na Kb (Na, L,
{Ca, NMe,), (Li, Cs, NMe,)
Na, (Na. L), (Nn NMe,), Sr {Ll Cs. NMe,)
{Na, NMe))
{Na, NMg,|
(Na, K, NMuc), (N, Iia), (Na, Bo Nhiep i, Cs, NMe,)
Ni, Ca, 5r
Na. K, Rb, Cs, TV, NH,. Cir, Se, (Na Ko N RRLINAL Cy),
(Na, TH (K. Rb)y, (R, T (L Cw
K, R, Co AK.Na) (N, Lib R B T b NMe .
(B, L), (Li, Cx}
K, Ba, Ca. NH,. NMcEl,, NMe.H-. Nh L NMe,, (KNa, K),
(Na, NAMe, ), (C.l NML,) {Na. Ba;
K. S (K, Nad, (KL LD R, Ban K, M, Nz,
{K.Na). K, O, (Ba, K), (Na, Ba;
Ca
Ca
Sr

Sr

Sr.{Ba. LN

NRa

o, (NA, Tak (KL I, (1, Ox, NMe
13a

i (a, KO L Mk (s, s, A0 )
i

(Ld, Cs.NMC )

Na
MNa
iNa
Ma

Na
Na

Na

(Na, NM:z )

(Na, NAhg )

(Na, K. NMep)

Na, alkialine eanth ons
Varcious

~, b, Cs, Ba
K and othcrs

X
K.Ra
Ca
Ca

Sr

Sr
Sr. Ba
14K}
19}
Y]
bi
]

Table 3.

7eclite syntheses in relation to cation
enviroaments.96



The utilization of quaternary ammonium compounds and
their inherent capacit& to "template" the formation of
zeolite structures had two major impacts to zeolite science.
The first of these relates %o the larger slze of thé organic
cation. Large cations cannct be placed as close together
in the zeolite pore system as their alkall or alkaline earth
counterparts. Preservation of charge neutrality, therefore,
forced the anionic aluminum sites to be equilvalently spaced
at larger intervals. This provided the mechanism by which
zeclite synthesis could be extended to high silica to alumlina
ratios (8102/A1203 2 20). Because the thermal and hydro-
thermal stability of zeolites vary in direct proportion to
the silica to alumina ratio ultrastable species could
therefore, be formed by direct synthesis. Previous to this,
zeolites such as ultrastadle Y could only be prepared through
a déaluminization procedure.

Tre second major attribute of the additilon of quaternarv
ammonium and other organic ilons to hydrothermal synthesis
was that the structure directing functions contributed by
these jons could such influence the polymerization procedure
that many unique zeolite structure types were obsgerved.
Barrer summarized the zeollite structure types which were
found to occur in the presence of certaln organic bases
and in combination of alkall and/or alkaline earth salts
with organic bases.96 The tabularized results he reportad

are shown in Table 4.
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Zoolele ZSM-S [ATFN
Zeoline Z8M-8
Zealite ZSM-5
Zoolne Z5%-H
Zuoolite ZSN 1] (AT )
daniiae FANM-TL
Zoolite ZSM- 1L |
Zeohte Z5M-11

Leolitg 75010

Zavlae /5612

Cancriniic
Li-ARW

Zaolile A
Ealinprony (K-F}
Analkcime
Olfretite {0}
Zeoline ZK-S{KF
Fovlne ASM-2
Girmondine
Saxdalie

Ernonite

Tamant

b amanl

[PV

Zeolite ZK-5 (KF

Levynite
Zcolite ZSM.S (Al
Zeolite Z8M-S

Table

Some zeollte syntheses in presence
96

of organic bases

i,
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The structure directing role of a particular quatenary
ammonium compound appears to influence the variety of
secondary building units present in the hydrothermal magma.
The result of this is that a particular organic base does
not cazuse the formatlion of a specific 2zeollte structure
type but rather a variety of zeolite structure types, which
can be complled from the various combinations of secondary
building units. An example of this 1s evldent 1n systems
employing TMA as the guatenary amine. Table 5 shows the
various zeolite structure types and secondary building
units incorporated in those structure types for systems
synthesized in the presence of TMA.25 It 1is evident from
Table 5 that a large number of zeolites can be formed in
the presence of TMA cations. Certain zeolite structures
tend to be preferentlally crystallized in the presence of
certain organic bases. Table 6 2slists various organic
bases which have been employed and the numercus zeolite
structure types which have been observed to occur in the
preser.ce of the aforementioned bases.

In addition to the structural modifications to alumino-
si1licate zeolites made possible through the incorporation
of structure directing organic bases. Compositlonal
" variations have also been explored. The substitution of
iron, boron, chrome, and silica for the aluminum of zeollte
alumiriosilicates has resulted in the formation of ferro-
silicates, borosilicates, chromosilicates and silicalite

species of the molecular sieve type. The final generation
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of molecular sieve materials generated by such substitutions
are the organic - AlPOu molecular sieves., In this famlly
phosphate is substituted for the silica of aluminoslilicates
resulting in an aluminophosphate molecular sieve. Table 725
reveals the aluminophosphate type structures which were
synthesized in the presence of the organlc bases ligted in
the Table. More than 20 unigue 3-dimensional aluminophosphate
molecular sieve structures were formed from the more than
U5 amines and gquatenary ammonium ions tested.25

The purpose for this review of llterature relevant to
the synthesis of zeolites was to point out two important
concepts. The first of these i1s that zeolite synthesls
represents a most complex area of crystallization phenomenon.
The myriad of processes simultaneously occurring in the hydro-
thermal magma have to date prevented any success in attempts
to model the overall process. The major aspects of the
condensation - polymerization process in which zeolites are
formed including those theories which have best stood the
test of time have been presented. The second 1lmportant
concept reiates to the breadth of this field and the dynamics
of its growth over the past decade. The three generations
of molecular sieve synthesis were reviewed by Lok et al.25
The number of combinations possible of the varlous alkali
alkaline earth and organic cations coupled with the number
of alternatives of metals which can be incorporated with or

substituted for aluminum in the feormation of metal silicates
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Quarernary ammonium
TMAQH

TEAQH

TPAQH

TBAOH

TPeAOH

Choline-0OH

DDO

Triatkylamines
Me N

Et,N

Pr,.N
{CH,CH,OH) N

Dialkylamines

aPr NH

iso-Pr,NH

n-Bu ,NH

nPelH
Dicyclghexylamine

N methylcyciohenylamine
n-butyldimethyiaming

Monoatk ylarmines
n-PriNH,
iso-PrNH,
Tert-BuNH,
nzo-PeNH,

CHA

DmMB A

Alkylethanalamines
Diethylethanolamine
Aminodiethylethanolaming
Dimethylethanalamine
Methy!diethanolamine
Methylethanotarmine

Cyclic amines
Pyrroludine
2-picoline
3-picoline
4.picoline

Pyridine

Piperidine
M-methylpiperidine
A-methylpiperidine

Diamines
Dimetnyipiperazine
EDA

Ethylene urea

Tetramethylethylene diamine
Tetramethylpropylene diamine

&iwcychcamines
DABCO
Quinucldine

Pol/yamine
{C H, N} Br ]y

AIPO -20

AJPQ,-5, AIPO ~18
AIPG -5

AIPO -B

AIPQ -8

AlIPO -5, AIPO -7
AIPQ -22

AP0 ,-21
AIPO -5
AIPO,.5
AIPO,-5

AIPO,-11_AIPO -31
AIPO,-11

AIPQ -8, AIPD,-11
AIPQ -8B,  AIPO 13
AIPQ -5

AIPD -5

AP -5

AIPO =21

AIPD 14
AIFO,-14

AIPO, 17

AIPQ -5, AIPO,-17
APO -5

AIPO,-S

AIPO,-5

AIPO -5, AIPO -21
AIPO -5, AIPO,-7
AIPO -5, AIPO,-21

AIPG -21, AIPQ,-23
AIPO -5

AIPO,-5

AIPO -5

AIPQ -5?

AIPO -5, AIFO .17
AIPO -5

AIPO,-5

AIPD -5, AIPO -21
AIPO 12
AIPO 12
AIPO 21
AIPQ,-21

AIPD -5, AIPD -7, AIPO,-O
AIPD -7, AIPD,-16. AIPO,-17

APD =26

Table 7.

structure relationships 25

Organic - AlPOu molecular sleves
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coupled with those varlations possible in the substitution
of phosphate for silica are so massive that we have only
scratched the surface in the synthesis of molecular sleves,
It 1s possible; 1f'no£ probable, that the thousands of
systems which have not been explored will result in
hundreds of new structures of the molecular sieve type.

As the number of new zeolite structures crystallized over
the past decade 1s expanding faster than the investigatlions
which adequately reveal the properties and potentlal uses
of these molecular sieves. This field is clearly in 1its

infancy.



