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DATA STORAGE MATERLALS 

PRIORITY OF INVENTION 

This application claims priority to U.S. Provisional Patent 
Application No. 60/578,781, filed Jun. 10, 2004; and to Inter 
national Patent Application Number PCT/US2004/033295, 
filed 8 Oct. 2004. 

GOVERNMENT FUNDING 

The invention described herein was made with United 
States Government support under CAREER Award, L.R.M., 
DMR-0133138 awarded by the National Science Foundation. 
The United States Government may have certain rights in the 
invention. 

BACKGROUND OF THE INVENTION 

Information storage systems include magnetic, electronic, 
and optical methods of storing information. As the demand 
for higher density information storage continues, the demand 
for optical storage on traditionally electronic Substrates. Such 
as semiconductors, and other media will increase. The den 
sity of current optical information storage systems, such as 
systems for storing information on a compact disk or a video 
disk cannot be easily increased and migrated to integrated 
circuit Substrates or other high density media. 

SUMMARY OF THE INVENTION 

The invention provides materials that can be incorporated 
into information storage systems due to their physical prop 
erties (e.g. their optical properties). 

In one embodiment the invention provides a metal-organic 
coordination complex of the invention that comprises two or 
more metal atoms wherein one metal atom is associated with 
a first organic group comprising one or more double bonds 
and another metal atom is associated with a second organic 
group comprising one or more double bonds Such that one or 
more double bonds in the first organic group are spatially 
oriented to react (e.g. by cyclization) with one or more double 
bonds in the second organic group. In another embodiment 
the invention provides a method comprising, treating Such a 
complex with light, heat, electric current, or a combination 
thereof, so that one or more double bonds in one organic 
group react with one or more double bonds in another organic 
group to form one or more cyclobutane rings. In another 
embodiment the invention provides a material (e.g. a solid 
state material) prepared according to such a method. 

In another embodiment the invention provides an metal 
organic coordination complex of the invention comprising 
two or more metal atoms having a first organic group associ 
ated with one metal atom and a second organic group associ 
ated with another metal atom, wherein two carbon atoms of 
the first organic group and two carbon atoms of the second 
organic group form a cyclobutane ring. 

In another embodiment the invention provides a method 
comprising: forming a complex of the invention (e.g. as a 
film) on a Substrate. 

In another embodiment the invention provides a method 
comprising: forming a film of a complex of the invention on 
a Substrate; and irradiating the complex to form a material 
having a plurality of characteristic fluorescent energies. 

In another embodiment the invention provides an appara 
tus comprising: a Substrate; and a complex of the invention 
formed on the substrate. 
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2 
In another embodiment the invention provides an appara 

tus comprising: a first translucent material; a second translu 
cent material; and a film including a complex of the invention 
formed between the first translucent material and the second 
translucent material. 

In another embodiment the invention provides an appara 
tus comprising: a radiation source; a complex of the invention 
to receive radiation from the radiation source; and a radiation 
detector to detect radiation emitted from the complex. 

In another embodiment the invention provides an appara 
tus comprising: a Substrate; a first complex of the invention 
formed on the substrate, the complex tuned to fluoresce at a 
first energy; and a second complex of the invention formed on 
the first complex, the second complex tuned to fluoresce at a 
second energy, the second energy being different from the 
first energy. 

In another embodiment the invention also provides a sys 
tem comprising: a processor, a radiation Source coupled to the 
processor, a complex of the invention formed on a Substrate to 
receive radiation from the radiation Source; and a radiation 
detector coupled to the processor, the radiation detector to 
detect radiation emitted from the complex. 

BRIEF DESCRIPTION OF THE FIGURES 

The patent application file contains at least one drawing 
executed in color. Copies of this patent or patent application 
publication with color drawings will be provided by the office 
upon request and payment of the necessary fee. 

FIG. 1 is a perspective view of an apparatus including a 
substrate and a complex of the invention formed on the sub 
strate inaccordance with some embodiments of the invention. 

FIG. 2A is a perspective view of an apparatus including a 
first translucent material, a second translucent material, and a 
film including a complex of the invention formed between the 
first translucent material and the second translucent material 
in accordance with some embodiments of the invention. 

FIG. 2B is a block diagram of an apparatus including the 
apparatus, shown in FIG. 2A, a radiation source, and a radia 
tion detector in accordance with some embodiments of the 
invention. 

FIG. 3 is a block diagram of an apparatus including a 
radiation source, a complex of the invention, and a radiation 
detector in accordance with Some embodiments of the inven 
tion. 

FIG. 4 is a perspective view of an apparatus including a 
substrate, a first complex of the invention formed on the 
Substrate, and a second complex of the invention formed on 
the first complex of the invention in accordance with some 
embodiments of the invention. 

FIG.5 is a block diagram of a system including a processor, 
a radiation source, a radiation detector, and a complex of the 
invention formed on a Substrate in accordance with some 
embodiments of the invention. 

FIG. 6 is a flow diagram of a method including forming a 
complex of the invention on a Substrate and irradiating the 
complex of the invention to form a material having a charac 
teristic fluorescent energy in accordance with some embodi 
ments of the invention. 

FIG. 7 is a flow diagram of a method including forming a 
complex of the invention on a Substrate and irradiating the 
complex of the invention to form a material having a plurality 
of characteristic fluorescent energies in accordance with 
Some embodiments of the invention. 

FIG. 8 X-ray crystal structure of complex 1 prepared in 
Example 1: ball-and-stick views of (a) tetranuclear assembly 
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and (b) hydrogen-bonded array. Color scheme: Zn-yellow, 
Clgray; C-blue; O-red; N-green; C-blue; H-black. 

FIG. 9. Overlay views of complex 1 (blue) and complex 2 
formed in Example 2 (green): (a) tetranuclear assembly and 
(b) hydrogen-bonded array. 

FIG. 10. Spectra of complex 1 and complex 2: (a) emission 
spectra (290 nm excitation) (inset: microscope images of 
fluorescence of single crystals of complex 1 and complex 2 at 
40x magnification) and (b) confocal fluorescence microscopy 
data comparing ratios of intensities at 510 nm and 480 nm 
(blue-complex 1, green complex 2). Each ratio image taken 
for a 10umx30Lm cross section ~12 um from crystal Surface. 
Cross section is ~1 um thick. Spatial resolutions: 50 nm in 
Xy-plane and ~1 um along Z-axis. 

DETAILED DESCRIPTION OF THE INVENTION 

The following definitions are used, unless otherwise 
described. Halo is fluoro, chloro, bromo, or iodo. Alkyl, 
alkoxy, etc. denote both straight and branched groups; but 
reference to an individual radical such as propyl embraces 
only the Straight chain radical, a branched chain isomer Such 
as isopropyl being specifically referred to. Aryl denotes a 
phenyl radical or an ortho-fused bicyclic carbocyclic radical 
having about nine to ten ring atoms in which at least one ring 
is aromatic. Heteroaryl encompasses a radical attached via a 
ring carbon of a monocyclic aromatic ring containing five or 
six ring atoms consisting of carbon and one to four heteroa 
toms each selected from the group consisting of non-peroxide 
oxygen, sulfur, and NCX) wherein X is absent or is H, O, 
(C-C)alkyl, phenyl or benzyl, as well as a radical of an 
ortho-fused bicyclic heterocycle of about eight to ten ring 
atoms derived therefrom, particularly a benz-derivative or 
one derived by fusing a propylene, trimethylene, or tetram 
ethylene diradical thereto. 

Specific and preferred values listed below for radicals, 
Substituents, and ranges, are for illustration only; they do not 
exclude other defined values or other values within defined 
ranges for the radicals and Substituents 

Specifically, (C-C)alkyl can be methyl, ethyl, propyl. 
isopropyl, butyl, iso-butyl, sec-butyl, pentyl, 3-pentyl, or 
hexyl, (C-C)alkoxy can be methoxy, ethoxy, propoxy, iso 
propoxy, butoxy, iso-butoxy, sec-butoxy, pentoxy, 3-pentoxy, 
or hexyloxy; (C-C)alkanoyl can be acetyl, propanoyl or 
butanoyl; (C-C)alkoxycarbonyl can be methoxycarbonyl, 
ethoxycarbonyl, propoxycarbonyl, isopropoxycarbonyl, 
butoxycarbonyl, pentoxycarbonyl, or hexyloxycarbonyl: 
(C-C)alkanoyloxy can be acetoxy, propanoyloxy, butanoy 
loxy, isobutanoyloxy, pentanoyloxy, or hexanoyloxy, aryl can 
be phenyl, indenyl, or naphthyl; and heteroaryl can be furyl, 
imidazolyl, triazolyl, triazinyl, oxazoyl, isoxazoyl, thiazolyl, 
isothiazoyl pyrazolyl pyrrolyl pyrazinyl, tetrazolyl, 
pyridyl, (or its N-oxide), thienyl, pyrimidinyl (or its N-oxide), 
indolyl, isoquinolyl (or its N-oxide) or quinolyl (or its N-ox 
ide). 
Specific Complexes of the Invention 

In one specific embodiment of the invention, the complex 
of the invention can have following structure: 

-- 
A 

-v-R 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
wherein: 

the group MAM is a metal-organic group comprising at 
least two metal atoms M: 

each R' is independently an organic group comprising one 
or more double bonds; and 

the dashed lines designate an association between R' and 
M. 

In another specific embodiment of the invention, the com 
plex of the invention can have following structure: 

--- M 
A A 

-v-R. st 

wherein: 
each group MAM is independently a metal-organic group 

comprising at least two metal atoms M: 
each R' is independently an organic group comprising one 

or more double bonds; and 
the dashed lines designate an association between R' and 

M. 

In another specific embodiment of the invention, one or 
more of the groups MAM comprises 4 or more metal atoms. 

In another specific embodiment of the invention, one or 
more of the groups MAM comprises 3 or more metal atoms. 

In another specific embodiment of the invention, each of 
the groups MAM comprise only 2 metal atoms. 

In another specific embodiment of the invention, one or 
more of the groups MAM is a Schiff-base complex. 

In another specific embodiment of the invention, each 
group MAM is a Schiff-base complex. 

In another specific embodiment of the invention, each 
group MAM is a dinuclear Schiff-base complex. 

In another specific embodiment of the invention, the com 
plex of the invention is a solid. 

In another specific embodiment of the invention, the com 
plex of the invention is a crystalline solid. 

Specific Complexes of the Invention that Comprise One or 
More Cyclobutane Rings 

In one specific embodiment of the invention, the complex 
of the invention comprises the following structure: 

--R 
A 

-v-R 

wherein: 
the group MAM is an metal-organic group comprising at 

least two metal atoms M: 
each R' is independently an organic group wherein two 

carbonatoms of the first organic group and two carbonatoms 
of the second organic group form a cyclobutane ring; and 

the dashed lines designate an association between R' and 
M. 

In another specific embodiment of the invention, the com 
plex of the invention comprises the following structure: 
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re t 
--- -- 

wherein: 
each group MAM is independently a metal-organic group 

comprising at least two metal atoms M: 
each R" is independently an organic group wherein two 

carbonatoms of the first organic group and two carbonatoms 
of the second organic group form a cyclobutane ring; and 

the dashed lines designate an association between R' and 
M. 

In one specific embodiment of the invention each metal 
atom is independently a transition metal atom. 

In one specific embodiment of the invention, each metal 
atom is independently Sc, Ti, V. Cr, Mn, Fe, Co, Ni, Cu, Zn, 
Y, Zr, Nb, Mo, Tc, Ru, Rh, Pd, Ag, Cd, La, Hf, Ta, w, Re, Os, 
Ir, Pt, Au, or Hg. 

In one specific embodiment of the invention, each metal 
atom is independently Sc,Ti,V, Cr, Mn, Fe, Co, Ni, Cu, or Zn. 

In one specific embodiment of the invention, each metal 
atom is independently Y, Zr, Nb, Mo, Tc, Ru, Rh, Pd, Ag, or 
Cd. 

In one specific embodiment of the invention, each metal 
atom is independently La, Hf, Ta, w, Re, Os, Ir, Pt, Au, or Hg. 

In one specific embodiment of the invention, each metal 
atom is independently Zn. 

In one specific embodiment of the invention, one or more 
of the groups MAM comprises 4 or more metal atoms. 

In one specific embodiment of the invention, one or more 
of the groups MAM comprises 3 or more metal atoms. 

In one specific embodiment of the invention, each of the 
groups MAM comprise only 2 metal atoms. 

In one specific embodiment of the invention, one or more 
of the groups MAM is a Schiff-base complex. 

In one specific embodiment of the invention, each group 
MAM is a Schiff-base complex. 

In one specific embodiment of the invention, each group 
MAM is a dinuclear Schiff-base complex. 

In one specific embodiment of the invention, one or more 
of the groups MAM has the following structure: 

wherein: 
each R. R. and R is independently hydrogen, halo, nitro, 

cyano, Calkyl, Calkoxy, Calkanoyl, C-galkanoyloxy, 
Calkoxycarbonyl, trifluoromethyl, (aryl)Calkyl, car 
boxy, or trifluoromethoxy; 
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6 
each n is independently 0, 1, 2, or 3; and 
each R and R is independently hydrogen or Calkyl, or 

R and R together with the atoms to which they are attached 
form a 5, 6, 7, or 8 membered saturated or unsaturated ring. 

In one specific embodiment of the invention, one or more 
of the groups MAM has the following structure: 

wherein: 

each R. R. and R is independently hydrogen, halo, nitro, 
cyano, C-alkyl, Cigalkoxy, Cigalkanoyl, C-galkanoyloxy, 
Calkoxycarbonyl, trifluoromethyl, or trifluoromethoxy; 

each n is independently 0, 1, 2, or 3; and 
each R and R is independently hydrogen or Calkyl, or 

RandR together with the atoms to which they are attached 
form a 5, 6, 7, or 8 membered saturated or unsaturated ring. 

In one specific embodiment of the invention, R is hydro 
gen. 

In one specific embodiment of the invention, R, is hydro 
gen. 

In one specific embodiment of the invention, R, is halo, 
nitro, cyano, Calkyl, Cigalkoxy, Cigalkanoyl, Coal 
kanoyloxy, Calkoxycarbonyl, trifluoromethyl, or trifluo 
romethoxy. 

In one specific embodiment of the invention R, is halo, 
Calkyl, benzyl, or Calkoxy. 

In one specific embodiment of the invention, R is hydro 
gen. 

In one specific embodiment of the invention, each R and 
R is independently hydrogen or Calkyl. 

In one specific embodiment of the invention, R. and R. 
together with the atoms to which they are attached form 5 or 
6 membered saturated or unsaturated ring. 

In one specific embodiment of the invention, R and R. 
together with the atoms to which they are attached form a 
pyridine, pyrrole, pyrimidine, pyrazine, pyridazine, imida 
Zole, pyrazole, pyrrolidine, piperidine, morpholine, pipera 
Zine, or azepine ring. 

In one specific embodiment of the invention, R. and R. 
together with the atoms to which they are attached form a 
pyridine, pyrrole, imidazole, pyrrolidine, piperidine, or 
aZepine ring. 

In one specific embodiment of the invention, R. and R. 
together with the atoms to which they are attached form a 
pyridine ring. 

In one specific embodiment of the invention, one or more 
of the groups MAM has the following structure: 
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1n) 

1 
n 

(CH2) 
N (CH2) N1 O 

Ri, 

In one specific embodiment of the invention, each n is 1. 
In one specific embodiment of the invention, each ---- 

designates association by coordination or by a covalent bond. 
In one specific embodiment of the invention, each R' inde 

pendently has the formula X Y X; wherein each X is 
independently hydrogen or a group that is capable of associ 
ating with a metal atom; and each Y is independently an 
organic group that forms one or more cyclobutane rings with 
another Y. 

In one specific embodiment of the invention, each X is 
independently a group that is capable of associating with a 
metal atom. 

In one specific embodiment of the invention, each X inde 
pendently comprises an amino nitrogen, a thiol, analcohol, or 
a carboxylic acid. 

In one specific embodiment of the invention, each X is 
independently a pyridine ring. 

In one specific embodiment of the invention, each X is a 
4-pyridine ring. 

In one specific embodiment of the invention, each Y forms 
1-10 cyclobutane rings with another Y. 

In one specific embodiment of the invention, each Y forms 
1-5 cyclobutane rings with another Y. 

In one specific embodiment of the invention, each Y forms 
one cyclobutane ring with another Y. 

In one specific embodiment of the invention, the complex 
of the invention is a solid. 

In one specific embodiment of the invention, the complex 
of the invention is a crystalline solid. 
Metal-Organic Group 
The complexes of the invention comprise one or more 

metal-organic groups, each of which include two or more 
metal atoms. The metal-organic groups typically function as 
templates that hold two or more double bond containing 
organic groups in the proper special orientation to allow 
cyclization to occur. Typically, the double bonds should be 
aligned within about 3.2 to about 4.5 Angstroms to facilitate 
cyclization. In one particular embodiment, the double bonds 
are aligned within less than about 4.2 Angstroms of each 
other. 
The nature of the metal-organic group is not critical pro 

vided it allows the desired special orientation of the double 
bonds in the associated organic groups. In certain embodi 
ments of the invention, the metal-organic group can be asso 
ciated with the optical properties (e.g. the fluorescence) of the 
complexes of the invention, however, this is not a require 
ment. In one specific embodiment of the invention the metal 
organic group is associated with the optical properties (e.g. 
the fluorescence) of the complexes. 
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In one embodiment, the metal-organic group can be a 

Schiff-base complex, for example, a Schiff-base complex as 
described in Coord. Chem. Rev., 1995, 139, 17; and Coord. 
Chem. Rev., 1990, 106, 25. 

In another embodiment, the metal-organic group can have 
following structure: 

Rd R. R. Rd 
H 
s O 

City MCM S-(CH2). 

R R 

wherein: 
each R. R. and R is independently hydrogen, halo, nitro, 

cyano, Calkyl, Calkoxy, Calkanoyl, Calkanoyloxy, 
Calkoxycarbonyl, trifluoromethyl, (aryl)Calkyl, car 
boxy, or trifluoromethoxy; 

each n is independently 0, 1, 2, or 3; and 
each R and R is independently hydrogen or Calkyl, or 

R and R together with the atoms to which they are attached 
form a 5, 6, 7, or 8 membered saturated or unsaturated ring. 

In another embodiment, the metal-organic group can have 
following structure: 

Rd Rd 
Re Re 

H 

s O (CH2) 1n 
M M (CH2) 
No1 pi 

R R 

wherein: 
each R. R. and R is independently hydrogen, halo, nitro, 

cyano, C-alkyl, Cigalkoxy, Cigalkanoyl, C-galkanoyloxy, 
Calkoxycarbonyl, trifluoromethyl, or trifluoromethoxy; 

each n is independently 0, 1, 2, or 3; and 
each R and R is independently hydrogen or Calkyl; or 

R and R together with the atoms to which they are attached 
form a 5, 6, 7, or 8 membered saturated or unsaturated ring. 

In another specific embodiment of the invention R is 
hydrogen. 

In another specific embodiment of the invention R, is 
hydrogen. 

In another specific embodiment of the invention R, is halo, 
nitro, cyano, Calkyl, Cigalkoxy, Cigalkanoyl, Coal 
kanoyloxy, Calkoxycarbonyl, trifluoromethyl, or trifluo 
romethoxy. 
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In one specific embodiment of the invention R, is halo, 
Calkyl, benzyl, or Calkoxy. 

In another specific embodiment of the invention R, is halo, 
or Calkyl. 

In another specific embodiment of the invention R is 
hydrogen. 

In another specific embodiment of the invention each R, 
and R is independently hydrogen or Calkyl. 

In another specific embodiment of the invention R and R. 
together with the atoms to which they are attached form 5 or 
6 membered saturated or unsaturated ring. 

In another specific embodiment of the invention R and R. 
together with the atoms to which they are attached form a 
pyridine, pyrrole, pyrimidine, pyrazine, pyridazine, imida 
Zole, pyrazole, pyrrolidine, piperidine, morpholine, pipera 
Zine, or azepine ring. 

In another specific embodiment of the invention RandR 
together with the atoms to which they are attached form a 
pyridine, pyrrole, imidazole, pyrrolidine, piperidine, or 
aZepine ring. 

In another specific embodiment of the invention R and R. 
together with the atoms to which they are attached form a 
pyridine ring. 

In another specific embodiment of the invention one or 
more of the groups MAM has the following structure: 

e 
H. N Q O n 

M 
N1"no- N 

Y 

(CH2) 

Ri, 

In another specific embodiment of the invention each n is 1. 
In another specific embodiment of the invention each ---- 

designates association by coordination or by a covalent bond. 
In another specific embodiment of the invention each R' 

independently has the formula X Y X; wherein each X is 
independently hydrogen or a group that is capable of associ 
ating with a metal atom; and each Y is independently an 
organic group comprising one or more double bonds. 

In another specific embodiment of the invention each X is 
independently a group that is capable of associating with a 
metal atom. 

In another specific embodiment of the invention each X 
independently comprises an amino nitrogen, a thiol, an alco 
hol, or a carboxylic acid. 

In another specific embodiment of the invention each X is 
independently a 2-pyridyl, 3-pyridyl, or 4-pyridyl ring. 

In another specific embodiment of the invention each X is 
a 4-pyridyl ring. 

In another specific embodiment of the invention each Y has 
1-10 double bonds. 

In another specific embodiment of the invention each Y has 
1-5 double bonds. 

In another specific embodiment of the invention each Y has 
one double bond. 
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Depending on the structure of the metal-organic group and 

other associated groups, the complexes of the invention may 
optionally comprise one or more counterions and be charged. 
The charge of the complex may also be neutral. 
Association Between Metal-Organic Groups and Organic 
Groups 
The double bond containing organic groups can be “asso 

ciated with the metal-organic templates by any suitable 
attractive force. Such as, for example, ionic bonds, covalent 
bonds, or non-covalent bonds (e.g. dipole-dipole interactions, 
hydrogenbonds, Vander Waals interactions, or coordination). 
Organic Group 
The nature of the organic groups is not critical provided 

they have one or more double bonds capable of reacting as 
described herein. In one embodiment, the organic groups 
comprise about 1-20 double bonds. In another embodiment, 
the organic groups comprises 1-12 double bonds. In another 
embodiment, the organic groups comprises 1-10 double 
bonds. In yet another embodiment, the organic groups com 
prises 1-6 double bonds. In another embodiment, the organic 
groups comprises 1-5 double bonds. In another embodiment, 
the organic groups comprises 1 double bond. In yet another 
embodiment, the organic groups comprise only trans double 
bonds. In yet another embodiment, the organic groups com 
prise only cis double bonds. In yet another embodiment, the 
organic groups comprise a mixture of cis and trans double 
bonds. The organic groups can be branched or unbranched 
and they can include other functionality Such as aryl and 
heteroaryl rings, heteroatoms and Substituents, provided the 
other functionality does not interfere with the association of 
the polyenes with the templates. In one embodiment of the 
invention the organic groups can comprise one or more fluo 
rescent groups. Typically the organic groups comprises from 
about 2 to about 40 carbon atoms. In one embodiment, the 
organic groups comprises from about 2 to about 30 carbon 
atoms. In another embodiment the organic groups comprises 
from about 2 to about 20 carbon atoms. 

In one embodiment of the invention, each organic group is 
Substituted with a group or groups that are capable of associ 
ating with the metal-organic template. For example, each 
organic group can independently comprise an amino nitro 
gen, a thiol, an alcohol, or a carboxylic acid. In one embodi 
ment each organic group is Substituted with a group or groups 
that are capable of forming a coordination bond with the 
metal. In another embodiment, each organic group is Substi 
tuted with a pyridine ring (e.g. a 2-pyridyl, 3-pyridyl, or 
4-pyridyl ring). 

In another embodiment of the invention, each organic 
group is terminally Substituted with a group or groups that are 
capable of associating with the metal-organic template. For 
example, each organic group can independently comprise an 
amino nitrogen, a thiol, an alcohol, or a carboxylic acid. In 
one embodiment each organic group is terminally Substituted 
with a group or groups that are capable of forming a coordi 
nation bond with the metal. In another embodiment, each 
organic group is terminally Substituted with a pyridine ring 
(e.g. a 2-pyridyl, 3-pyridyl, or 4-pyridyl ring). 

Cyclization Reactions 
The reaction of the double bonds to form the cyclobutane 

rings can be carried out under any suitable conditions. Typi 
cally, the reaction is carried out in a solid state (e.g. a crys 
talline State). The reaction can be initiated using any Suitable 
means. For example, the reaction can conveniently be initi 
ated with an energy source, such as heat, electric current, or 
light (e.g. UV light). 
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Metal Atoms 
The term “metal atom' includes all known metals in any 

oxidation state, provided the metal atom canassociate with an 
organic group and participate in orienting the organic group 
for reaction as described herein. For example, reference to a 
metal atom being Zn includes all oxidation states of Zn, 
unless a specific Oxidation state (e.g. Zn") is specifically 
designated. 
As used herein, “transition metal' includes the elements 

located between columns IIA and IIIA in the periodic table. 
For example, the term “transition metal includes Scandium, 
Titanium, Vanadium, Chromium, Manganese, Iron, Cobalt, 
Nickel, Copper, Zinc,Yttrium, Zirconium, Niobium, Molyb 
denum, Technetium, Ruthenium, Rhodium, Palladium, Sil 
ver, Cadmium, Hafnium, Tantalum, Tungsten, Rhenium, 
Osmium, Iridium, Platinum, Gold, Mercury, Rutherfordium, 
Dubnium, Seaborgium, Bohrium, Hassium, Meitnerium, 
Ununnilium, Unununium, and Ununbium. 

In one specific embodiment of the invention each metal 
atom is independently Sc, Ti, V. Cr, Mn, Fe, Co, Ni, Cu, Zn, 
Y, Zr, Nb, Mo, Tc, Ru, Rh, Pd, Ag, Cd, La, Hf, Ta, W, Re, Os, 
Ir, Pt, Au, or Hg. 

In another specific embodiment of the invention each metal 
atom is independently Sc,Ti,V, Cr, Mn, Fe, Co, Ni, Cu, or Zn. 

In another specific embodiment of the invention each metal 
atom is independently Y, Zr, Nb, Mo, Tc, Ru, Rh, Pd, Ag, or 
Cd. 

In another specific embodiment of the invention each metal 
atom is independently La, Hf, Ta, W. Re, Os, Ir, Pt, Au, or Hg. 

In another specific embodiment of the invention each metal 
atom is Fe, Co, or Ni. 

In another specific embodiment of the invention each metal 
atom is Zn (e.g. Zn, Zn'", or Zn") 
Methods of the Invention 

In one specific embodiment the invention provides a 
method comprising: forming a complex of the invention on a 
Substrate and irradiating the complex to form a material hav 
ing a characteristic fluorescent energy. 

In one specific embodiment the invention provides a 
method comprising: forming a complex of the invention on a 
Substrate; irradiating the complex to form a material having a 
characteristic fluorescentenergy; irradiating the material; and 
detecting the characteristic fluorescent energy. 

In one specific embodiment the invention provides a 
method comprising: forming a complex of the invention on a 
Substrate and passing a current through the complex to form 
a material having a characteristic fluorescent energy. 

In one specific embodiment the invention provides a 
method comprising: forming a film of a complex of the inven 
tion on a Substrate; and irradiating the complex to form a 
material having a plurality of characteristic fluorescent ener 
gies. 

In one specific embodiment the invention provides a 
method comprising: forming a film of a complex of the inven 
tion on a Substrate; irradiating the complex to form a material 
having a plurality of characteristic fluorescent energies; and 
irradiating the material to produce at least one of the plurality 
of characteristic fluorescent energies. 

In one specific embodiment the invention provides a 
method comprising: forming a film of a complex of the inven 
tion on a Substrate; irradiating the complex to form a material 
having a plurality of characteristic fluorescent energies; and 
irradiating the material to produce at least one of the plurality 
of characteristic fluorescent energies. 

In one specific embodiment the invention provides a 
method comprising: forming a film of a complex of the inven 
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tion on a Substrate; irradiating the complex to form a material 
having a plurality of characteristic fluorescent energies; and 
irradiating the material using a plurality of radiation sources 
to produce at least one of the plurality of characteristic fluo 
rescent energies. 

In one specific embodiment the invention provides a 
method comprising: forming a film of a complex of the inven 
tion on a Substrate; irradiating the complex to form a material 
having a plurality of characteristic fluorescent energies by 
forming radiated and non-radiated areas in the film; and irra 
diating the material to produce at least one of the plurality of 
characteristic fluorescent energies. 
Apparatuses of the Invention 

In one specific embodiment the invention provides an 
apparatus comprising: a Substrate; and a complex of the 
invention formed on the substrate. 

In one specific embodiment the Substrate comprises sili 
CO. 

In another specific embodiment the Substrate comprises 
gallium arsenide. 

In another specific embodiment the Substrate comprises an 
amorphous material. 

In another specific embodiment the amorphous material 
comprises a glass. 

In one specific embodiment the invention provides an 
apparatus comprising: a first translucent material; a second 
translucent material; and a film including a complex of the 
invention formed between the first translucent material and 
the second translucent material. 

In one specific embodiment the invention provides an 
apparatus comprising: a first translucent material; a second 
translucent material; a film including a complex of the inven 
tion formed between the first translucent material and the 
second translucent material; a radiation source optically 
coupled to the film through the first translucent material; and 
a radiation detector optically coupled to the film through the 
second translucent material. 

In one specific embodiment the invention provides an 
apparatus comprising: a first translucent material; a second 
translucent material; and a film including a complex of the 
invention formed between the first translucent material and 
the second translucent material, wherein the complex fluo 
resces at a fluorescent energy and the second material is 
Substantially translucent at the fluorescent energy. 

In one specific embodiment the invention provides an 
apparatus comprising: a radiation source; a complex of the 
invention to receive radiation from the radiation source; and a 
radiation detector to detect radiation emitted from the com 
plex. 

In one specific embodiment the invention provides an 
apparatus comprising: a radiation source; a complex of the 
invention to receive radiation from the radiation source; and a 
radiation detector to detect radiation emitted from the com 
plex, wherein the radiation source emits radiation at about 
290 nanometers. 

In one specific embodiment the invention provides an 
apparatus comprising: a radiation source; a complex of the 
invention to receive radiation from the radiation source; and a 
radiation detector to detect radiation emitted from the com 
plex, wherein the radiation detector detects radiation at about 
520 nanometers. 

In one specific embodiment the invention provides an 
apparatus comprising: a Substrate; a first complex of the 
invention formed on the substrate, the complex tuned to fluo 
resce at a first energy; and a second complex of the invention 
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formed on the first complex, the second complex tuned to 
fluoresce at a second energy, the second energy being differ 
ent from the first energy. 

In one specific embodiment the invention provides an 
apparatus comprising: a Substrate; a first complex of the 
invention formed on the substrate, the complex tuned to fluo 
resce at a first energy; and a second complex of the invention 
formed on the first complex, the second complex tuned to 
fluoresce at a second energy, the second energy being differ 
ent from the first energy, wherein the Substrate comprises a 
semiconductor. 

In one specific embodiment the invention provides an 
apparatus comprising: a Substrate; a first complex of the 
invention formed on the substrate, the complex tuned to fluo 
resce at a first energy; and a second complex of the invention 
formed on the first complex, the second complex tuned to 
fluoresce at a second energy, the second energy being differ 
ent from the first energy, wherein the Substrate comprises a 
semiconductor and wherein the Substrate comprises gallium 
arsenide. 

In one specific embodiment the invention provides an 
apparatus comprising: a Substrate; a first complex of the 
invention formed on the substrate, the complex tuned to fluo 
resce at a first energy; and a second complex of the invention 
formed on the first complex, the second complex tuned to 
fluoresce at a second energy, the second energy being differ 
ent from the first energy, wherein the Substrate comprises a 
semiconductor, and wherein the Substrate comprises silicon. 

In one specific embodiment the invention provides a sys 
tem comprising: a processor, a radiation Source coupled to the 
processor, a complex of the invention formed on a Substrate to 
receive radiation from the radiation source; and a radiation 
detector coupled to the processor, the radiation detector to 
detect radiation emitted from the complex. 

In one specific embodiment the invention provides a sys 
tem comprising: a processor, a radiation Source coupled to the 
processor, a complex of the invention formed on a Substrate to 
receive radiation from the radiation Source; and a radiation 
detector coupled to the processor, the radiation detector to 
detect radiation emitted from the complex, wherein the pro 
cessor comprises a reduced instruction set processor. 

In one specific embodiment the invention provides a sys 
tem comprising: a processor, a radiation Source coupled to the 
processor, a complex of the invention formed on a Substrate to 
receive radiation from the radiation Source; and a radiation 
detector coupled to the processor, the radiation detector to 
detect radiation emitted from the complex, wherein the radia 
tion Source comprises an ultraviolet radiation source. 

In one specific embodiment the invention provides a sys 
tem comprising: a processor, a radiation Source coupled to the 
processor, a complex of the invention formed on a Substrate to 
receive radiation from the radiation Source; and a radiation 
detector coupled to the processor, the radiation detector to 
detect radiation emitted from the complex, wherein the radia 
tion detector comprises a ultraviolet radiation detector. 
Figures 

FIG. 1 is a perspective view of an apparatus 100 including 
a substrate 102 and a complex of the invention 104 formed on 
the substrate 102 in accordance with some embodiments of 
the invention. The substrate 102 is a base upon which the 
complex of the invention 104 is formed. The substrate 102 is 
not limited to a particular material or a material having a 
particular flexibility. Exemplary crystalline materials suitable 
for use in the fabrication of the substrate 102 include semi 
conductors, such as silicon, germanium, and gallium ars 
enide. Exemplary amorphous materials Suitable for use in the 
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fabrication of the substrate 102 include glass and amorphous 
silicon. Substantially rigid Substrates, such as Substrates 
formed from single crystal semiconductors. Such as, for 
example germanium, are Suitable for use in connection with 
the fabrication of the substrate 102 of the apparatus 100. 
Alternatively, flexible substrates, such as substrates formed 
from polyester films, are also Suitable for use in connection 
with the fabrication of the substrate 102 of the apparatus 100. 
The complex of the invention 104 is not limited to a particular 
complex of the invention. Complexes in which the material 
includes a tunable fluorescence are suitable for use in con 
nection with the fabrication of the apparatus 100. Exemplary 
complexes are described herein. 

FIG. 2A is a perspective view of an apparatus 200 includ 
ing a first translucent material 202, a second translucent mate 
rial 204, and a film 206 including a complex of the invention 
formed between the first translucent material 202 and the 
second translucent material 204 in accordance with some 
embodiments of the invention. The first translucent material 
202 includes a surface 208. The second translucent material 
204 includes an surface 210. A translucent material is a mate 
rial that allows transmission of radiation. The first translucent 
material 202 and the second translucent material 204 allow 
the transmission of radiation. However, the radiation transfer 
function of the first translucent material 202 and the radiation 
transfer function of the second translucent material 204 are 
not limited to being Substantially the same. For example, the 
first translucent material 202 can be selected to transmit 
energy at about 500 nanometers, and the second translucent 
material 204 can be selected to transmit energy at about 300 
nanometers. A film is a thin coating. A monolayer is about one 
molecule thick. A thin coating includes coatings having a 
thickness of between about a monolayer and about several 
thousand monolayers. The film 206 includes a complex of the 
invention, such as a material having a tunable fluorescence, 
and coats surface 208 of the first translucent material 202 and 
the surface 210 of the second translucent material 204. 

FIG. 2B is a block diagram of an apparatus 212 including 
the apparatus 200, shown in FIG. 2A, a radiation source 214, 
and a radiation detector 216 in accordance with some 
embodiments of the invention. The apparatus 200 includes 
the first translucent material 202, the second translucent 
material 204, and the film 206 including a complex of the 
invention formed between the first translucent material 202 
and the second translucent material 204. The first translucent 
material 202 includes a surface 208. The second translucent 
material 204 includes an surface 210. The radiation source 
214 is optically coupled to the film 206 through the first 
translucent material 202. The radiation detector 216 is opti 
cally coupled to the film 206 through the second translucent 
material 204. In some embodiments, the complex of the 
invention 206 fluoresces at a fluorescent energy and the sec 
ond translucent material 204 is substantially translucent at the 
fluorescent energy of the complex of the invention 206. The 
radiation source 214 is not limited to a particular type of 
radiation Source. Exemplary radiation sources Suitable for use 
in the fabrication of the apparatus 212 include an ultraviolet 
radiation Source and a laser radiation Source tuned to one or 
more wavelengths in the ultraviolet region of the electromag 
netic spectrum. The radiation detector 216 is not limited to a 
particular type of radiation detector. Exemplary radiation 
detectors suitable forusein connection with the fabrication of 
the apparatus 212 include photomultiplier tubes and semicon 
ductor detectors. Exemplary semiconductor detectors Suit 
able for use in connection with the fabrication of the appara 
tus 212 include detectors fabricated from silicon, germanium, 
or gallium arsenide. In operation, the radiation source 214 
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emits radiation 218 that stimulates the emission of radiation 
220 through fluorescence of the complex of the invention 
included in the film 206. The radiation 220 is detected at the 
radiation detector 216. 

FIG. 3 is a block diagram of an apparatus 300 including a 
radiation source 302, a complex of the invention 304, and a 
radiation detector 306 in accordance with some embodiments 
of the invention. In operation, the radiation source 302 emits 
radiation 308. The complex of the invention 304 receives the 
radiation 308 from the radiation source 302. In some embodi 
ments, the radiation source emits radiation at about 290 
nanometers. The complex of the invention 304 emits radia 
tion 310. In some embodiments, the complex of the invention 
304 emits radiation at about 520 nanometers. The radiation 
310 is emitted from the complex of the invention 304 after 
receiving the radiation 308 from the radiation source 302. The 
radiation detector 306 detects radiation emitted from the 
complex of the invention 304. 

FIG. 4 is a perspective view of an apparatus 400 including 
a substrate 402, a first complex of the invention 404 formed on 
the substrate 402, and a second complex of the invention 406 
formed on the first complex of the invention 404 in accor 
dance with some embodiments of the invention. Exemplary 
substrate materials suitable for use in the fabrication of the 
apparatus 400 include semiconductors, such as silicon, ger 
manium, and gallium arsenide. In some embodiments, the 
first complex of the invention 404 is tuned to exhibit fluores 
cence at a first energy and the second complex of the invention 
406 is tuned to exhibit fluorescence at a second energy with 
the second energy being different from the first energy. Stack 
ing the first complex of the invention 404 and the second 
complex of the invention 406 permits the storing of informa 
tion in three dimensions in the apparatus 400. 

FIG. 5 is a block diagram of a system 500 including a 
processor 502, a radiation source 504, a radiation detector 
506, and a complex of the invention 508 formed on a substrate 
510 in accordance with some embodiments of the invention. 
The processor is coupled to the radiation source 504 and the 
radiation detector 506. The processor 502 is not limited to a 
particular type of processor. Exemplary processors suitable 
for use in the fabrication of the system 500 include reduced 
instruction set processors, complex instruction set proces 
sors, very long word instruction word processors, and digital 
signal processors. In some embodiments, the radiation Source 
504 includes an ultraviolet radiation source. In some embodi 
ments, the radiation detector 506 includes an ultraviolet 
radiation detector, such as a semiconductor detector. The 
complex of the invention 508 includes materials exhibiting 
photo-fluorescence, such as those described herein. The sub 
strate 510 includes materials suitable for acting as a base for 
the complex of the invention 508. Exemplary substrate mate 
rials include semiconductors, amorphous materials, such as 
glass and amorphous semiconductors, and polyester films. In 
operation, the processor 502 provides information to control 
the emission of radiation 512 by the radiation source 504. In 
some embodiments, the processor 502 controls the wave 
length of the radiation 512 and the duration of the radiation 
512. The detector receives radiation 514 from the complex of 
the invention 508 and provides information related to the 
wavelength of the radiation 514 to the processor 502. 

FIG. 6 is a flow diagram of a method 600 including forming 
a complex of the invention on a substrate (block 602) and 
irradiating the complex of the invention to form a material 
having a characteristic fluorescent energy (block 604) in 
accordance with Some embodiments of the invention. In some 
embodiments, the method 600 further includes irradiating the 
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complex of the invention and detecting the characteristic 
fluorescent energy. In some embodiments, irradiating the 
complex of the invention includes irradiating the complex of 
the invention at about 290 nanometers. In some embodi 

ments, the method 600 includes irradiating the material to 
transform the material into the complex of the invention. In 
Some embodiments, irradiating the complex of the invention 
to form a material having a characteristic fluorescent energy 
includes irradiating the complex of the invention with an 
mercury source. In some embodiments, irradiating the com 
plex of the invention to form a material having a characteristic 
fluorescent energy includes irradiating the complex of the 
invention at about 419 nanometers. In some embodiments, 
the method 600 further includes passing a current through the 
material, and detecting the characteristic fluorescence energy. 

FIG. 7 is a flow diagram of a method 700 including forming 
a complex of the invention on a substrate (block 702) and 
irradiating the complex of the invention to form a material 
having a plurality of characteristic fluorescentenergies (block 
704) in accordance with some embodiments of the invention. 
In some embodiments, the method 700 includes irradiating 
the material to produce at least one of the plurality of char 
acteristic fluorescent energies. In some embodiments, irradi 
ating the complex of the invention to form the material having 
the plurality of characteristic fluorescent energies includes 
irradiating the complex of the invention using a plurality of 
radiation sources. In some embodiments, irradiating the com 
plex of the invention to form a material having a plurality of 
characteristic fluorescent energies includes forming radiated 
and non-radiated areas in the film. 

The invention will now be illustrated by the following 
non-limiting Examples. In Examples 1 and 2 coordination 
driven self-assembly was used to direct a photoinduced 2+2 
cyclodimerization in the Solid State. Specifically, a dinuclear 
Zn complex was used to assemble 4,4'-bpe where: 4,4'- 
bpe-trans-1,2-bis(4-pyridyl)ethylene) within a representa 
tive tetranuclear rectangular complex of the invention. 

EXAMPLES 

Example 1 

Preparation of Representative Complex of the 
Invention (Complex 1) 
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M = transition metalion 

Me 

Ditopic LH was synthesized from condensation of 2-hy 
droxy-5-methyl-isophthalaldehyde (0.84 g) with 2-aminoet 
hyl-pyridine (1.24 g) (1:2 ratio) in MeOH (15 mL) (Visi 
nescu, D. et al., Inorg. Chem. Commun. 2002, 5, 42). 
Dissolution of Zn(CIO),.6HO (0.37 g) and LiOH.HO 
(0.03 g) in HO (5 mL) (2:3 ratio) produced a yellow solution. 
Diffusion of a MeOH solution (10 mL) of 4,4'-bpe (0.90 g) 
into the aqueous Zn(II) and Li(I) solution (ratio: 4:2:3) 
resulted in precipitation of a light-yellow crystals of Zn-L) 
(OH)(4,4'-bpe)(CIO)4H2O1 (where: LH-2,6-bis(N-(2- 
pyridylethyl)formimidoyl-4-methylphenol) over a period of 
two weeks (yield: 76%), as illustrated below. 
A view of the crystal structure of 1 (FIG. 8: X-ray data for 

1: triclinic, space group Pi, C-10.7509(11), b=10.9233(11), 
c=18.558(2), C-97.531(5) B=101.758(5), Y=110.933(5), 
U=1942.7(4)A for Z=1 and R=0.046) reveals that two 
dinuclear (Zn-L(OH)" units assemble with two molecules 
of 4,4'-bpe to form a tetranuclear rectangular assembly, 
Zn L2(OH)(4,4'-bpe)", sustained by four Zn-N bonds 
Zn-N (A): Zn(1)-N(5) 2.090(3), Zn(2)-N(6)a 2.105(3) (a: 
-x+1, -y+2, -Z+2) (FIG. 8a). Each metal Zn. ... Zn (A): 
Zn(1)-Zn(2) 3.135(1), Zn(1)-Zn(2)a 13.542 adopts a square 
pyramidal geometry where the pyridyl N-atoms of 4,4'-bpe 
occupy the apical positions while the remaining sites are 
occupied by a single O- and two N-atoms of L and a single 
O-atom of a L-OH ion. Each assembly is surrounded by two 
CIO - ions, one which lies disordered across two sites A and 
B (occupancies: (A) 0.53, (B) 0.47), and two water molecules 
that assemble with the OH ligand to form a 1D hydrogen 
bonded array with cavities filled by four CIO, ions and four 
water molecules O... O (A): O(2). . . O(11) 2.888(5), O 
(11)... O(12) 2.804(6), O(11)... O(4) 2.787(5), O(12) ... 
O(8A) 3.03(1), O(12) ... O(7)b 3.063(8), (b: -x+1, -y+1, 
-Z+2) (FIG. 8b). In this arrangement, the C=C bonds of the 
assembly lie paralleland separated by 3.64A. This geometry 
conforms to the topochemical postulate of Schmidt for 2+2 
photoreaction (Schmidt, G. M.J. Pure Appl. Chem. 1971, 27. 
647). C=C bonds of nearest-neighbor assemblies lie offset 
and separated by 9.82 A such that the C=C bonds of the 
polygonal assembly are the Sole olefins organized for reac 
tion. 

Example 2 

Preparation of Representative Complex of the 
Invention (Complex 2) 

Exposure of either single crystals or a powdered crystalline 
sample of complex 1 to UV radiation, using either a broad 
band or a 419 nm Hg lamp (Enkelmann, V. et al., J. Amer. 
Chem. Soc. 1993, 115, 10390), for a period of 5 hours 
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18 
resulted in dimerization of 4,4'-bpe to give rctt-tetrakis(4- 
pyridyl)cyclobutane (4,4'-tpcb) complex 2 in 100% yield as 
illustrated below. 

hy 
He 
solid 

/ N-M 
M-N N 2 

template reactants template 

1 

product 

2 

The reaction occurs via a single-crystal-to-single-crystal 
(SCSC) transformation (Enkelmann, V. et al. Amer: Chem. 
Soc. 1993, 115, 10390) that exhibits ared shift influorescence 
(Tyson, D. S. et al., J. Am. Chem. Soc. 2002, 124, 4562; 
Pistolis, G. et al., Chem. Mater. 2002, 14, 790) from blue to 
green. 

The identity of 4,4'-tpcb in 2 was confirmed by "H NMR 
spectroscopy. Optical microscopy revealed the transparency 
and shape of the single crystals exposed to the 419 nm UV 
source (Enkelmann, V. et al., J. Amer: Chem. Soc. 1993, 115, 
10390) remained intact during the photoreaction, which sug 
gested the reaction occurred via a SCSC transformation. 
A single-crystal X-ray diffraction analysis of photoreacted 

1 (X-ray data for 2: triclinic, space group Pi, a 10.9644(11), 
b=11.2922(11), c=17.6367(18), C-96.933(5), B=101.342 
(5), Y=113.218(5), U=1919.4(3)A3 for Z=1 and R=0.044) 
confirmed the solid-state reaction occurred via a SCSC trans 
formation (FIG. 9). Overlay views of 1 and 2 reveal that the 
olefins dimerized to give 4,4'-tpcb (FIG. 9a). In this arrange 
ment, 4,4'-tpcb lies within 2 Such that the pyridyl groups, 
which adopt a unsymmetrical boat conformation and lie 
inclined by approximately 120 with respect to the basal 
planes of the metals, interact with the Schiff-base complex 
within a tetranuclear assembly, similar to 1, Sustained by four 
Zn-N bonds (Zn-N (A): Zn(1)-N(5) 2.094(3), Zn(2)-N(6) 
2.106(3). To accommodate 4,4'-tpcb, the distances between 
the metals within and between the Schiff-base ligands have 
slightly increased and decreased, respectively Zn... Zn (A): 
Zn(1)-Zn(2) 3.182(1), Zn(1)-Zn(2)c. 13.36 (c: -X-1, -y+1, 
-Z+1), while the hydrogen-bonded array has undergone a 
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slight deformation, the most significant being a 1.15 A dis 
placement of the ordered CIO, ion toward the center of each 
inclusion cavity (FIG.9b). 

Example 3 

Fluorescence of Complex 1 and Complex 2 

Illumination of complex 1 and complex 2 at room tempera 
ture with UV energy reveals that complex 2 exhibits a remark 
ably different fluorescence emission than complex 1 (FIG. 
10). Specifically, excitation of complex 1 at 290 nm gives blue 
emission at 464 nm while similar excitation of complex 2 
gives green emission at 520 nm (FIG. 10a). Illumination of 
cleaved crystals of complex 1 and complex 2 using a handheld 
UV lamp demonstrates that the emissions are propagated 
from the bulk, an observation confirmed by laser scanning 
confocal fluorescence microscopy which reveals a consistent 
difference influorescence between complex 1 and complex 2. 
as determined by comparing ratios of the fluorescence at 480 
nm and 510 nm (FIG. 10b), at different depths in each single 
crystalline solid. 

Example 4 

Preparation of Representative Complex of the 
Invention (Complex 3) 

During experiments to generalize complex 1 as a template 
to direct the 2+2 photodimerisation in the solid state, it was 
discovered that 1 could assemble with 4,4'-bpe to form an 
infinite, one-dimensional (1D) ladder-like coordination poly 
mer Complex 3 (1)(4,4'-bpe)(ClO4)2.4H2O. 

Paleyellow single crystals of Complex 3 were obtained by 
slow evaporation of an ethanolic Solution (25 mL) of Zn-L 
(OH)(CIO), (0.32 g, 0.5 mmol) and 4,4'-bpe (0.91 g, 0.5 
mmol) (molar ratio: 1:1) over a period of 2 days (yield: 72%). 
The composition of Complex 3 was confirmed via single 
crystal and powder X-ray diffraction data, as well as thermal 
gravimetric analysis. 
A single-crystal X-ray structure analysis of Complex 3 

demonstrates that, similar to Complex 1 the metal and organic 
components have assembled Such that the bipyridines are 
organized, via Zn-N bonds, in a face-to-face stacked 
arrangement. The two Zn atoms of Complex 3 are separated 
by 3.19 A (cf. Complex 1:3.14 A) while the carbon-carbon 
double (C—C) bonds of the stacked olefins lie parallel and 
separated by 3.71 A (cf. Complex 1: parallel, 3.64 A). The 
geometry of the stacked olefins conforms to criteria of 
Schmidt for 2+2 photoreaction in a solid. In contrast to 
Complex 1, however, each Zn ion of Complex 3 lies in an 
octahedral, rather than a square-pyramidal, coordination 
environment Such that two N-atoms of two 4-pyridyl groups 
adopt a transoid arrangement. The remaining coordination 
sites of each Zn ion are occupied by a single O— and two 
N-atoms of pentadentate Land a single O-atom of al-OHion. 
The transoid arrangement of the 4-pyridyl groups of Com 

plex 3 is propagated in space Such that Complex 3 and 4,4'- 
bpe assemble to form a 1D ladder-like coordination polymer 
along the crystallographic (101) direction. The pentadentate 
L units are oriented anti-parallel along the polymer backbone, 
with the Zn atoms being separated by 14.3 A. The polymers 
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20 
are organized in a parallel and offset fashion Such that nearest 
neighbour C=C bonds of the olefins are separated by 9.09 A. 
The counter CIO ions and included water molecules are 
located between the polymer strands and assemble with the 
u-OH ions to form a 1D network held together by O. H. . . 
O hydrogen bonds. Similar to Complex 1, the network is 
composed of cyclic hydrogen-bonded arrays involving water 
molecules that bridge adjacent CIO ions. This packing 
makes the C=C bonds of the 1D polymer the sole olefins of 
Complex 3 organized in the solid for 2+2 photoreaction. 

Example 5 

Preparation of Representative Complex of the 
Invention (Complex 4). Irradiation of Complex 3 to 

provide Complex 4 

UV-irradiation of a powdered crystalline sample of Com 
plex 3 (broadband Hg-lamp) for a period of 32 hours pro 
duced the corresponding cyclobutane containing adduct 
Complex 4 in 95% yield. The formation of Complex 4 was 
evidenced by a near complete disappearance of the olefinic 
singlet at 7.54 ppm and the appearance of a singlet at 4.66 
ppm (solvent: DMSO-d). The latter peak is consistent with 
the rctt stereochemistry of the cyclobutanering of Complex 4. 
A thermogravimetric analysis revealed that the solid lost 
approximately half (i.e. two) of the included HO molecules 
during the photoreaction. The loss of the HO was accompa 
nied by a loss of crystallinity, as demonstrated by powder 
X-ray diffraction data. Single crystals of Complex 3 also turn 
opaque during the photoreaction which is in contrast to Com 
plex 1. 

Example 6 

Preparation of Representative Complexes of the 
Invention (Complexes 5-9) 

As detailed below, complexes of the invention (5, 6, 7, 8, 
and 9) were prepared having the following structure: 

re t 
|- - M---R--M. 

wherein: each group MAM is a Schiff-base complex of for 
mula 5", 6", 7", 8", or 9" (see below); each M is Zn; and each R' 
is trans-1,2-bis(4-pyridyl)ethylene). 

Using a procedure similar to that described in Example 1. 
except replacing the 2-hydroxy-5-methyl-isophthalaldehyde 
used therein with the requisite dialdehyde (and for complex 9 
replacing the 2-aminoethyl-pyridine used in Example 1 with 
2-aminomethyl-pyridine), the following Schiff-base com 
plexes 5'-9" of the formula: 
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S. e 5 

| N 
O (CH2) l YM (CH 2)n N1 no-1-n 1 

10 

R R 

Ri, 15 

were prepared. 
2O 

Complex R R, R N 

5 H —C(CH) H 1 
6 H - CHPh H 1 
7 H —OCH H 1 25 
8 H Br H 1 
9 H —C(CH) H O 

Diffusion of a MeOH solution (10 mL) of trans-1,2-bis(4- 
30 pyridyl)ethylene) (4,4'-bpe) into an aqueous Solution of 

Zn(II), Li(I), and one of the Schiff-base complexes (5", 6", 7", 
8', or 9") resulted in precipitation of crystals of a complex of 
the invention (5, 6, 7, 8, or 9) The structure of each complex 
5-9 of the invention was confirmed by X-ray crystal analysis. 
The intermediate dialdehydes used for the synthesis of 35 

Complexes 5-9 were prepared from the corresponding 4-sub 
stituted phenols using a procedure similar to that described by 
Lindroy L. F., et al., Synthesis, 1998, 1029. 

Example 7 40 

Preparation of Representative Complex of the 
Invention (Complex 10) 

Using a procedure similar to that described in Example 2, 4s 
Complex 7 was irradiated to provide the corresponding 
cyclobutane containing complex of the invention, Complex 
10. The structure of Complex 10 was confirmed by X-ray 
crystal analysis. 

Example 8 50 

Preparation of Representative Complexes of the 
Invention (Complex 11 and 12) 

Using a procedure similar to that described in Example 6, 55 
except replacing the Schiff-Base complex 5' used therein with 
the corresponding Schiff-Base complex wherein R, is car 
boxy or ethyl, complexes of the invention can be prepared 
wherein R, is carboxy (11) or ethyl (12). 60 

Example 9 

Preparation of Representative Complexes of the 
Invention (Complex 13 and 14) 

65 

Using a procedure similar to that described in Example 6, 
except replacing the Schiff-Base complex 9"used therein with 

22 
the corresponding Schiff-Base complex wherein R, is car 
boxy or ethyl, complexes of the invention can be prepared 
wherein R, is carboxy (13) or ethyl (14). 

Example 10 

Preparation of Representative Complexes of the 
Invention (15, 16, 17, 18, 19, 20, 21 and 22) 

Using a procedure similar to that described in Example 2. 
complexes 5, 6, 8, 9, 11, 12, 13 or 14 can be irradiated to 
provide the corresponding cyclobutane containing complex 
of the invention, complex 15, 16, 17, 18, 19, 20, 21 or 22, 
respectively. 

All publications, patents, and patent documents are incor 
porated by reference herein, as though individually incorpo 
rated by reference. The invention has been described with 
reference to various specific and preferred embodiments and 
techniques. However, it should be understood that many 
variations and modifications may be made while remaining 
within the spirit and scope of the invention. 

What is claimed is: 

1. A metal-organic complex comprising two or more metal 
atoms wherein one metal atom is associated with a first 
organic group comprising one or more double bonds and 
another metal atom is associated with a second organic group 
comprising one or more double bonds such that one or more 
double bonds in the first organic group are spatially oriented 
to react with one or more double bonds in the second organic 
group. 

2. The complex of claim 1 that comprises the following 
Structure: 

re 
|- M---R 

wherein: 

the group MAM is a metal-organic group comprising at 
least two metal atoms M: 

each R' is independently an organic group comprising one 
or more double bonds; and 

the dashed lines designate an association between R' and 
M. 

3. A metal-organic complex comprising two or more metal 
atoms wherein one metal atom is associated with a first 
organic group comprising one or more double bonds and 
another metal atom is associated with a second organic group 
comprising one or more double bonds such that one or more 
double bonds in the first organic group are spatially oriented 
to react with one or more double bonds in the second organic 
group wherein each metal atom is independently Zn. 

4. The complex of claim 2 wherein each group MAM is a 
Schiff-base complex. 
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5. A metal-organic complex comprising two or more metal 
atoms wherein one metal atom is associated with a first 
organic group comprising one or more double bonds and 
another metal atom is associated with a second organic group 
comprising one or more double bonds such that one or more 
double bonds in the first organic group are spatially oriented 
to react with one or more double bonds in the second organic 
group wherein the complex comprises the following struc 
ture: 

re 
|- M---R 

wherein: 

the group MAM is a metal-organic group comprising at 
least two metal atoms M; each R" is independently an 
organic group comprising one or more double bonds; 
and the dashed lines designate an association between 
R" and M: 

wherein each group MAM is a Schiff-base complex and 
wherein one or more of the groups MAM has the fol 
lowing structure: 

10 

15 

25 

24 

wherein: 
each R. R. and R is independently hydrogen, halo, nitro, 

cyano, Coalkyl, C-calkoxy, Cigalkanoyl, C-gal 
kanoyloxy, Calkoxycarbonyl, trifluoromethyl, aryl 
(Calkyl), carboxy, or trifluoromethoxy; 

each n is independently 0, 1, 2, or 3; and 
each R and R is independently hydrogen or Calkyl, or 
R and R together with the atoms to which they are 
attached form a 5, 6, 7, or 8 membered saturated or 
unsaturated ring. 

6. The complex of claim 5 wherein R, is Calkyl, benzyl, 
bromo, or Calkoxy. 

7. The complex of claim 1 which is a crystalline solid. 
k k k k k 
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