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Transition metal oxide clusters and their derivatives offer an
unmatched variety of structural motifs that are potential building
blocks for the design and development of extended solids. In view
of the proven applications of these clusters in catalysis, molecular
recognition, environmental decontamination, clinical and ana-
Iytical processes, materials science, nanotechnology, and medi-
cine, their usage as building blocks promises the development of
new materials whose properties could be rationalized in terms of
their constituents. Although the technique of assembling appro-
priate transition metal oxide clusters to generate new solids is
still underdeveloped, recent progress made in this direction is
promising. During our ongoing research program focused on this
aspect, we have been able to prepare and characterize a series of
novel framework materials, composed of well defined vanadium
oxide clusters {V;30,,(X0,)} (X=V, S, Cl). We have also pre-
pared three-dimensional composite solids by incorporating or-
ganic ligands into the transition metal oxide framework. Some of
the results of this work are reviewed with reference to the
synthesis, structure, and physicochemical properties of the newly
prepared extended solids. © 2000 Academic Press
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ides; mixed-valent compounds; polyoxometalates; poloxovana-
dates; ion exchange; thermogravimetry; composite materials;
hybrid solids.

1. INTRODUCTION

Transition metal oxide clusters, or polyoxometalates (1),
represent an expanding class of molecular systems with wide
ranging applications in several areas such as analytical chem-
istry, materials science and catalysis, nanotechnology, chem-
ical sensing, environmental decontamination, biochemical
and geochemical processes, and medicine (1d, 2, 3). These
fascinating metal oxide aggregates may contain up to hun-
dreds of metal atoms fused together via oxide ligands which
may be present in various (u», i3, s, Ue, €tc.) bridging modes.
Remarkably, they remain unsurpassed in providing a wide
variety of robust structural motifs of different topologies and
sizes which could be connected in several different ways (1e).

Polyoxovanadates, or vanadium oxide clusters (la-1c),
constitute an important but, as compared to polyoxo-

molybdates and polyoxotungstates, relatively less studied
subclass of polyoxometalates. A number of polyvanadates
containing 3 to as many as 34 vanadium atoms with inter-
esting physicochemical properties have been synthesized
and characterized in recent years (lc, 4, 5). Most of the
clusters of higher nuclearity (e.g, [V12.03,]* (6a),
[Vi5036]° " (6b), [V150421"27 (7), [V160401° (8), and
[V3405,1'°" (9)) may formally be regarded as vanadium-
oxide shells that may be assembled around a variety of
encapsulated species (10) that appear to exert templating
effects in determining the shapes and sizes of the shells
surrounding them. These clusters may contain fully oxi-
dized, reduced, or mixed-valence vanadium centers. Due to
the extensive magnetochemistry associated with the reduced
and mixed-valence systems, there has been a growing inter-
est in, systematically, increasing the size of these clusters (5).
Besides their possible implications in the development of
chemical systems with potential use in preparing new (mag-
netic and electronic) devices (11), these systems may also
make it possible to explore the limit of the miniaturization
of magnets.

Most of the known polyoxometalates are generally stable
in air at room and even at elevated temperatures and they
could be inexpensively and efficiently prepared in conven-
tional synthetic laboratories. Given the increasingly larger
and impressive array of the robust structural motifs pro-
vided by the polyoxometalates and their proven applica-
tions in several areas of contemporary interest (1d), it will be
valuable to develop strategies involving the use of well
characterizable oxometalate motifs for the design and devel-
opment of new materials. Progress in this direction may
pave the way for the rational synthesis of transition metal
oxide based materials, containing well characterizable mo-
tifs with desired features, whose properties could readily be
modified and possibly rationalized in terms of their con-
stituents at the molecular levels. Fashioning materials with
controllable properties to meet the environmental and tech-
nological challenges of modern times is an emergent theme
of contemporary research.

However, the technique of bringing suitable transition
metal oxide motifs to generate new metal oxide-based
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materials with desirable properties is still in its infancy. We
have an ongoing program focused on the design and devel-
opment new extended solids composed of well characterized
transition metal oxide clusters. At the beginning of this
work, the assembling of polyoxometalate clusters has been
limited to the preparation of mainly few one-dimensional
materials (12). In this article we will describe a series of novel
framework solids which we have recently synthesized and
characterized (13-18). Although there are some fragmentary
reports on solids derived from polyoxomolybdates and
polyoxotungstates (12a—12¢) the present discussion is fo-
cused on the materials which are composed of polyoxovana-
date motifs.

2. SYNTHESIS OF EXTENDED SOLIDS COMPOSED
OF {V,,0,,} CLUSTERS

The {V,50,,} core has been observed in a number of well
characterized compounds containing varying numbers of
reduced vanadium(IV) sites (7, 13-18). The structure of
{V,504,} and several other V/O shells found in recently
prepared clusters are derived from the appropriate frag-
ments of the vanadium pentaoxide sheets (4). The basic
{V1504,} shell in all these compounds is constructed from
18{VOs} square pyramids sharing edges through 24 ;-
oxygen atoms. The shell could incorporate VO3~ and SO~
(7a, 13, 14) and encapsulate a variety of anions (C1~, Br~,
1", NO;, SH™, S*7, HCOO™) and neutral molecules of
appropriate sizes (7a). We have prepared and characterized
a series of novel framework materials composed of well
defined {V;304,(X04)} (X =S, V, Cl) building blocks
(13-18).

The {V,5304,(X0,4)} (X =V, S, Cl, OH, etc.) species
could readily be generated in aqueous solutions which may
directly be used for reactions with a number of other metal
salts to prepare a variety of materials with extended struc-
tures. Thus, the reaction of hot (80-95°C) aqueous solution
of the MVO; (M = Li, Na, K, or NH,), obtained from the
reaction of the aqueous slurry of V,05 with MOH, with
common reducing agents (e.g., hydrazinium sulfate, hy-
drazinium chloride, or Zn metal), results in a deep colored
solution (pH ~ 4.6). The solution reacts with a variety of
metal salts, such as MnCl,-4H,0, KMnO,, FeCl, -4H,0,
CoS0O, - 6H,0, NiSO, - 6H,0, CdSO, - 8H,0, and MgSO, -
7H,0, to give novel framework materials (13-16, 18). This
general method has been employed by us to prepare a series
of novel three-dimensional solids with extended structures
composed of well defined vanadium oxide clusters
{V18042(X0,)}. The newly prepared class of materials is
described below with the help of the following representa-
tive examples:

[Mn§(H,0);,HsVi5V304,(VYO,)]-30H,0 (1)
Li6[Felal(H20)12VI1VSV¥O42(VVO4)] 24H,0 (2)
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Li6[Nil3l(H20)12V11V6V¥O42(SO4)] '24H20 (3)
(N2H5),[Zn5(H,0),, V{5V 045(S0,)] - 24H,0  (4)

[MISI(HZO)uVl 8042(X04)]-24H,0
(M= Fe,5;M = Co, 6, X =V, S)

Lig[Cd5(H,0);,V15042(X0,)]-24H,0 (X =V, 8) (7)
Li6[MnI3I(HzO)12V11V6V¥O42(XO4):| ‘24H, 0 (X =V,S) (8)

The compounds were characterized by elemental and ther-
mogravimetric analyses, spectroscopic methods, manga-
nometric titration, ion exchange, X-ray diffraction, and
complete single crystal structure analyses.

The mixed-metal compound [Mn3(H,0),,V,;3HsO4,
(VO4)]-30H,O (1) could be obtained in high yield by the
reaction of KMnQO, with the dark colored solution which is
obtained by treating with hydrazinium sulfate the solution
that results from the reaction of aqueous solution of
LiOH-H,O with a slurry of V,0O5 in water at 95°C. Al-
though 1 could be prepared over a wide range of different
reaction temperatures and slightly different reaction
stoichiometries and reactants, the optimum reaction tem-
perature is ~95°C. The reactions leading to the formation
of 1 are, however, pH sensitive. The reactions carried out in
neutral and basic media did not yield 1, giving intractable
orange brown amorphous materials. The reactions using
MnCl, or MnSOy, in place of KMnO, yielded a slightly
different compound Lig[Mn5(H,0);,V{5V3O,,(XO0,)]-
24H,0 (X =V, S) (8) which crystallized in a different
space group with more regular structure than what is
observed in 1 (see below). Using iron(Ill) chloride in
place of KMnO, resulted into the formation of
Lig[Fe§(H,0)1,V15042(VO4)]- 24H,0 (2) (18).

The reaction of aqueous solution of lithium vanadate
with hydrazinium sulfate results into a dark colored solu-
tion which reacts with nickel(Il) sulfate hexahydrate and
zinc(Il) sulfate heptahydrate to yield dark greenish-black
prism shaped crystals of Lig[Nij(H,0);,V504,(SO,)]-
24H,0 (3) and (N,H5),[Zn5(H,0),,V;5042(S04)] - 24H,0
(4), respectively. The presence of sulfate ion in the reaction
mixture is essential for the syntheses of 3 and 4. Thus, while
it can also be prepared by using hydrazine chloride
(NH,NH, - 2HCI) in place of hydrazine sulfate or by substi-
tuting nickel sulfate with nickel chloride in the above de-
scribed synthetic method, 3 could not be synthesized when
both sulfate sources (NiSO,-6H,O and NH,NH, SO,)
were replaced by NiCl,-6H,0O and NH,NH, -2HCI, re-
spectively; instead, in the latter case, a brown-black powder
of a different material was obtained, which was not further
characterized.

Prism shaped crystals of [M3(H,0);,V504:(X04)]"
24H,0 (M = Fe,5; M = Co, 6; X =V, S) could be isolated
from the dark colored solution obtained from the
reaction of V,0s with LiOH-H,O, hydrazinium sulfate
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and FeCl,-4H,0 or CoSO,-6H,0 in water at 84-86°C.
The analogous reactions yield the greenish-black
species Lig[Cd3(H,0),,V1504,(X0,4)]-24H,O (7) and
Lig[Mn5(H,0);,V15045(X0,)]-24H,0 (X =V, S) (8)
when, respectively, CdSO,-8H,0O and MnCl, -4H,0 or
MnSO, are allowed to react with the reduced polyvanadate
solution.

3. PHYSICAL AND SPECTRAL PROPERTIES

All these compounds were isolated in highly crystalline
forms. The crystals of the materials exhibit shining faces and
deep colors characteristic of the reduced and mixed-valence
compounds. The number of reduced vanadium(V'Y) centers
per formula unit in each compound was determined by the
manganometric titration of the acidic solution of the corre-
sponding compound against standardized KMnO, solu-
tion.

These materials are, generally, stable in air and are insol-
uble in common solvents. For example, crystals of 1 are
indefinitely stable in air, insoluble in cold water and com-
mon organic solvents, slightly soluble in warm water, mod-
erately soluble in DMSO giving purple-black colored
solution which is stable for several days at room temper-
ature, and quite soluble in boiling water. The aqueous
solution of 1 changed color from black to light green to
yellow within few hours. When stored under nitrogen, most
of these solids are indefinitely stable. Crystals of 3 undergo
slow deterioration, losing their shining faces, which slowly
develop cracks at room temperature. This, however, could
be minimized when the reaction temperature and/or reac-
tion time for preparing 3 is somewhat increased. Some of the
crystals, notably those of 3, 5, and 7, undergo slow oxidation
in air. Consequently, the number of reduced (V) sites
decreases with time.

The infrared absorption spectra of these compounds ex-
hibit vibrational bands due to the functionalities associated
with {V;304,(X0,)} core and coordinated and lattice
water molecules. The strong bands in the 1000-900 cm ~*
region are characteristic of v(V=0) modes. Multiple fea-
tures attributable to the bridging V-O-V groups are found
in the 840-400 cm ~ ! region.

4. STRUCTURAL PROPERTIES

The single crystal structure analyses of the compounds
described in the foregoing paragraphs revealed extended
and highly symmetrical three-dimensional framework struc-
tures which are closely related.

The extended structure of the crystals of 1, shown in
Fig. 1, is composed of the transition metal oxide building-
block units given in Fig. 2. The structure consists of
{V1504,(VO,)} clusters each one of which is linked by
six {Mn(H,0),} bridges to six other neighboring
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FIG. 1.

A view of the structure of [Mn3(H,0);,V;sHsO4,(VO,)]"
30H,O (1) showing arrays of {V,30,4,(VO,)} “spheres” interconnected
through {Mn(H,0),} bridging groups and channels occupied by the water
molecules (striped circles) of crystallization. Hydrogen atoms are not
shown.

{V18042(VO,)} units generating a three-dimensional net-
work of [—{V18042(VO4)}—H2‘MH(H20)4—{V18042
(VOy)}-]., arrays. The constituent {V;304,(VO,)} cluster
is constructed from the {V;30,,} shell encapsulating a tet-
rahedral {VO,}?~ group which interacts with the 12-V
centers of the shell, each oxygen of the {VO,}’~ unit
(V-0 = 1.661 A) interacting in u, mode with three
V centers, forming V(1)-O(1)-V(2)shen bonds (O1-Vg,op =
2.440 A) and forcing the local idealized tetrahedral sym-
metry upon the {V;50,4,(VO,)} unit.

The {V,504,} shell is known for exhibiting molecular
container property. The shell may exist with different elec-
tronic populations in two closely related structural forms
with different symmetries (T, and D,,) which are influenced
by the stereochemical needs and the extent of interaction
of the encapsulated moiety—the “guest species”—with the
V centers of the shell (7a,14). For example, in the
Nag[H,V5V30,,(VO,)] - 21H,0 cluster (7a), the {VO,}*~
(V-0 = 1.71 A) group interacts through 4 {;,~O} with the
12-V centers of the shell forming covalent (V-p4—O)-Ven
(1a=O=Venn = 2.39 A) bonds and conferring the tetrahed-
ral symmetry to the cluster anion similar to what is ob-
served in 1.

The 12{VOs} units of {V,304,(VO,)} core in 1 (14) are
fused with 6{VOs} groups through common edges and
linked with the central {VO,} unit via corner sharing. The
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FIG.2. The building block units in the crystal structure of
[Mn3(H,0),,V;sHs04,(VO,)]-30H,O (1) showing the atom labeling
scheme in the asymmetric unit. Small open circles represent hydrogen
atoms.

octahedral geometry around each vanadium in the
12{VOg} units is defined by a terminal oxo-group (V-O =
1.609 A), four ps-oxygens of the shell (V-O =
1.949-1.981 A), and one p4-oxygen (O-V = 2.440 A) from
the central {VO,} unit. The geometry around each one of
the square-pyramidal V(3) in 6{VOs} is defined by four
basal u5-oxo groups (V-O = 1.889-2.019 A) from the shell
and an apical p,-oxygen (O(5)) (V-O = 1.640 A) that, in
turn, is linearly bonded to the manganese(II) center of one of
the six {Mn(H,0),} bridges, forming {V-O-Mn-O(5)-V}
bonds, responsible for interlinking {V;304,(VO,)} clusters.
The octahedral geometry around each manganese(Il) is
completed by four oxygen atoms from the aqua ligands
(Mn-O(H,) = 2.200 A), each one disordered over three
positions, and two trans-u,-oxo groups (O(5)) (Mn-O =
2.136 A). The framework structure in 2 is essentially isomor-
phous to that observed in 1 with the exception that the
constituent {V;30,4,(VO,)} clusters in 2 are interconnected
by {Fe(H,0),} bridging groups.

The crystal structures of 3 (18) and 4 (13) (Fig. 3) consist
of arrays of {V,504,(SO,)} clusters, each one connected to
six others via {Ni(H,0),} and {Zn(H,0),} bridging groups,
respectively. The building block units in the structure of 4,
shown in Fig. 4, consist of {V;30,4,(SO,)} cluster formed
from the {V;50,,} shell hosting a tetrahedral {SO,}*~
moiety with disordered oxygen atoms. The guest {SO4}?~
group, unlike the encapsulated {VO,}*~ groupsin 1 and 2,
is not an integral part of the shell and has normal S-O
distances (1.472 A).
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Figure 5 represents the isomorphous structures of the
mixed-valence compounds 5-8 (15, 18). The structures of
these materials consist of {V;304,} cages with crystallo-
graphic m3m (O,) symmetry (19) linked by bridging
{M(H,0),} groups (M = Fe, Co, Cd, Mn) into two inter-
penetrating three-dimensional networks—a consequence of
body-centered symmetry (20). Each cage hosts a twofold
disordered tetrahedral {XO,} group. Based on crystallo-
graphic, chemical, and spectroscopic evidence (21), the final
refinement model assumed a disordered distribution of both
(VO3;~ and SO3") anions for the {XO,} group. A view of
the [V504,(XOy,)] cluster in 5 is shown in Fig. 6. All bond
distances in the cluster are within normal ranges. The ge-
ometry around V(1) centers in 12{VOs} groups is defined by
a terminal oxo-(O(2)) group and four pu3;-O(1) atoms. The
geometry around V(2) in the remaining 6{VOs} units is
defined by four u;-O(1) groups and an apical p,-O(3),
which is also bonded to the M" center of one of the six
{M(H,0),} bridges that interlink {V;304,(X0,)} clusters.
The coordination sphere of M" is completed by the four
oxygen atoms from the aqua ligands (M-O(H,) = 2.089 A
for 5 and 2.047 A for 6), each one exhibiting a twofold
disorder, and two trans-p,-O(3) groups. The elongated
ellipsoid for O(1), present in 5—6, is probably a consequence
of steric interactions arising from a short O --- O contact

FIG. 3. View of the extended structure of (N,;Hs),[Zn3;(H,0);,V1504,
(SO4)]-24H,0 (4) showing interpenetrating nets of {V;3045(SO,)} clus-
ters interconnected through {Zn(H,0),} bridging groups, and rectangular
channels occupied by the hydrogen bonded water molecules (open circles)
and cations (striped circles). Hydrogen atoms and the central cluster in the
unit cell have been omitted.
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FIG.4. The building block units in the crystal structure of
(N,H5),[Zn3(H,0);,V1504,(SO4)] - 24H,0 (4) showing the atom labeling
scheme. The stippled central circle represents a sulfur atom; atoms bonded
to the sulfur atom represent OS5 atoms. Selected bond lengths: 4,
V(1)-0Q2) = 1.588 &;  V(1)-O(1) = 1.9515A;  V(2)-O(3) = 1.634 A;
V(2)-0O(1) = 1.953 A;  Zn(1)-O(4)(H,) = 2.063 A; Zn(1)-O(3) = 2.122 A;
S(1)-0(5) = 1.472 A; V(1)-V(2) = 2.9441 A.

(2.545(9) A for 5 and 2.521(13) A for 6) between O(1) and an
O(4) site that is only 50% occupied.

The M-O distances and bond valence sum (BVS) (22)
values (~0.35) of the four oxygen atoms present in the
bridging {M(H,O0),} groups in 1-8 clearly identify these
oxygens as H,O. This conclusion and the results of the
manganometric titration of V'V sites are consistent with the
charge balance consideration and the above formulations of
1-8.

The extended structures in 1-8 contain cavities that are
occupied by counterions and/or lattice water molecules. The
lattice water in the cavities are hydrogen bonded to the
oxo-groups present on the surface of the {V;30,,(X0,)}
clusters. Moreover, the lattice water molecules are clustered
together through intermolecular hydrogen bonds. A view of
such clusters present, as {(H,0)s} groups, in the cavities of
Lig[Cd3(H,0)1,V1504,(X0,)]-24H,0O (7) is shown in
Fig. 7.

5. THERMAL AND ION EXCHANGE PROPERTIES

The lattice water occupying the voids present in the
above-described materials is readily removable at relatively
lower temperatures. The thermogravimetric analysis of
a sample of 1 shows initial weight loss corresponding to the
total removal of the lattice water at 70°C followed by the
weight loss due to the removal of coordinated water at
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~257°C. Further heating up to 500°C yielded a reduced
metal oxide phase. The dehydrated (at 120°C) sample of 1
exhibited reversible water absorption as evidenced by IR
spectral studies.

The cations present in the cavities of solids are exchange-
able by other cations (NH,, Na™, K", etc.) without notice-
able change in the framework structures. Thus, when soaked
in 2 M aqueous solutions of the electrolyte EC1 (E = Na, K,
or NH,) containing the desired cations Na*, K*, or NH;
ions) for 24 h with occasional stirring at room temperature,
the crystals of 3 and 7 undergo ion exchange accompanied
by a decrease in the pH of the electrolyte solutions by 1-1.5
units. Since neither the results of the bond valence sum
calculations nor the Fourier difference map indicated the
presence of any potentially exchangeable protons associated
either with the constituent clusters or bridging groups or
within the voids in the structure of 3 and 7, this drop in pH
may be attributed to the ion exchange which may release
Li* ions from the solid into the solution with accompanying
hydrolysis. The presence of any “hidden” acidic groups is,
however, less probable but can not be ruled out.

6. COMPOSITE MATERIALS
In our search for the new composite zeolitic materials,

we have prepared new hybrid materials incorporating
organic ligands in the metal oxide framework (23).

FIG.5. View of the unit cell showing the extended structure
of [Fe3(H,0),,V5042(X0,4)]-24H,0, 5, containing arrays of
{V13042(X0,)} interconnected through {Fe(H,0),} bridging units. Water
molecules have been omitted for clarity.
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FIG.6. A view of the [V;304,(X0O,)] cluster in the crystal structure of
5, showing the atom labeling scheme in the asymmetric unit. The unlabeled
central atom, bonded to O4 atoms, represents X. Selected bond lengths (A)
and angles (°): 5: V1-0O1 1.948(2), V1-02 1.587(6), V2-O1 1.942(4), V2-03
1.636(9), Fel-O3 2.105(9), VI-O1-V2 98.16(14), V1-O1-V1 138.2(3);
6: V1-O1 1.923(3), V1-02 1.590(9), V2-0O1 1.954(7), V2-03 1.652(15),
Col1-03 2.118(14), V1-O1-V2 97.3(2), V1-O1-V1 138.7(5); 7: V1-0O1
1.960(14), V1-02 1.589(4), V2-03 1.619(7), Cd1-03 2.230(6), V1-O1-V2
98.04(11), VI-O1-V1 138.2(2).

Zn,(H,NCH,CH,NH,)s[{Zn(H,NCH,CH,NH,),}3V s
O4,(X)]-nH,O is a prototype of the latter type of solids
which have been prepared by the hydrothermal reactions of
mixtures containing the appropriate vanadate precursors,
zinc source (Zn powder or zinc chloride), ethylenediammine

FIG.7. A view of the lattice water present as {(H,O)s} clusters in the
channels in Lig[Cd3(H,0),V18045(X04)]-24H,0 (7). The HSB... OS5
hydrogen bond distances are 1.94 A for 7 and 1.87 A for 3.
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(en), and water at 135°C for several hours. Despite some
degree of uncertainty in the oxidation states of the
vanadium centers and the identity of X (likely to Cl and
OH), the framework structure of these materials are reason-
ably resolved (R ~ 6%). The structure (Fig. 8) consists of
{V15042(X)} cages interconnected in three dimensions by
{Zn(H,NCH,CH,NH,),} bridges. The octahedral ge-
ometry around the zinc centers in the bridging groups is
completed by the two oxo-groups from the two adjacent
{V18042(X)} units. The lattice waters and free complex
cations [(en),Zn(H,)NCH,CH,N(H,)Zn(en),]*" occupy
the cavities. The zinc centers in the complex cations are five-
coordinate. These are terminally bonded to two chelating
(en) ligands and a bridging (en) ligand which links
the two zinc centers in the complex. The presence of
these bulky cations results in a significant change in the
overall structure of the compounds which is manifested
into the significantly different connectivity pattern of
the constituent {V;30,,(X)} clusters. Further details of
these compounds will be reported in a future publication
(23).

7. CONCLUSION

The syntheses and characterization of the series of frame-
work materials described here represent a step in the direc-
tion of the preparation of extended solids composed of well
defined oxometalate motifs. In view of the rapidly expand-
ing pool of the well characterized transition metal oxide
clusters, this approach has potential to provide access to
a variety of new synthetic materials with controllable prop-
erties. Given the proven role of polyoxometalates in cataly-
sis (2, 3) and in the development of new oxide supported
transition metal catalysts (3f ) their application in preparing
new surfaces could be valuable. The incorporation of the
heterometallic centers (e.g., Mn", Fe", Co"™, Ni", Cd", and
Zn") in these compounds may make it possible to fashion
materials that may exhibit properties associated with these
sites. In conventional aluminosilicate based zeolites, the
reactive transition metal centers are introduced by loading
them with the appropriate metal ions or by surface modifi-
cations. One of the attributes of the recently developed
mesoporous organosilicas is their potential to bind metal
ions directly to the framework walls through the ligands
(24). The transition metal oxide derived zeolitic materials
have such transition metal ions already incorporated into
the framework walls. Such materials may find applications
in ion exchange, redox catalysis, chemical sensing, and ma-
terials science. The incorporation of organic ligands in the
metal oxide based solids indicate the possibility of preparing
inorganic/organic hybrid materials which may exhibit elec-
tronic and optical properties not observed in their pure
constituents.
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FIG. 8. A view of the extended structure in the crystal structure of Zn,(H,NCH,CH,NH,)s[{Zn(H,NCH,CH,NH,),}3V,3042(X)]. Lattice water

and cations are not shown.
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