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(57) ABSTRACT 

The present invention generally relates to luminescent and/ 
or optically absorbing compositions and/or precursors to 
those compositions, including solid ?lms incorporating 
these compositions/precursors, exhibiting increased lumi 
nescent lifetimes, quantum yields, enhanced stabilities and/ 
or ampli?ed emissions. The present invention also relates to 
sensors and methods for sensing analytes through lumines 
cent and/or optically absorbing properties of these compo 
sitions and/or precursors. Examples of analytes detectable 
by the invention include, but are not limited to, electrophiles, 
alkylating agents, thionyl halides, and phosphate ester 
groups including phophoryl halides, cyanides and thioates 
such as those found in certain chemical Warfare agents. The 
present invention additionally relates to devices and meth 
ods for amplifying emissions, such as those produced using 
the above-described compositions and/or precursors, by 
incorporating the composition and/or precursor Within a 
polymer having an energy migration pathway. 
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EMISSIVE SENSORS AND DEVICES 
INCORPORATING THESE SENSORS 

RELATED APPLICATIONS 

[0001] This application is a continuation-in-part of US. 
patent application Ser. No. 10/680,714, ?led Oct. 7, 2003, 
titled “Emissive Sensors and Devices Incorporating These 
Sensors,” by Timothy M. SWager et al., Which application is 
a continuation-in-part of US. patent application Ser. No. 
10/324,064, ?led Dec. 18, 2002, entitled “Emissive Poly 
mers and Devices Incorporating These Polymers,” by Timo 
thy M. SWager et al., Which application is a continuation of 
US. patent application Ser. No. 09/305,379, ?led May 5, 
1999, entitled “Emissive Polymers and Devices Incorporat 
ing These Polymers,” by Timothy M. SWager et al., Which 
application claims the bene?t of US. Provisional Applica 
tion Ser. No. 60/084,247, ?led May 5, 1998, entitled “Shape 
Persistent Polymers With High Fluorescence and Stability,” 
by Timothy M. SWager et al. All of these applications are 
incorporated herein by reference. 

FEDERALLY SPONSORED RESEARCH 

[0002] This invention Was sponsored by the Department of 
Energy, Grant No. DE-FG07-011D14222, and the Army 
Research Of?ce, Grant No. DAAD19-99-1-0280. The Gov 
ernment may have certain rights to this invention. 

FIELD OF THE INVENTION 

[0003] The present invention relates to luminescent and 
optically absorbing compositions, including solid ?lms 
incorporating these compositions, exhibiting increased 
luminescent lifetimes, quantum yields and/or ampli?ed 
emissions. The present invention also relates to a sensor and 
a method for sensing an analyte through the luminescent and 
optically absorbing properties of those compositions and/or 
precursors of those compositions. 

BACKGROUND OF THE INVENTION 

[0004] Chemical sensors are devices that detect the pres 
ence and/or level of a particular chemical species (an “ana 
lyte”) in the air, Water, or another medium. There is a high 
demand for chemical sensor devices able to detect loW 
concentration levels of analytes in the liquid and/or gaseous 
phases. Speci?city to particular analytes (the ability of a 
sensor to distinguish one species from another) is also 
generally desired. 

[0005] Chemical sensor devices often involve luminescent 
materials because luminescence lifetimes and intensities can 
be sensitive to the presence of an external analyte. A typical 
sensor of this type includes a binding site Where an analyte 
binds to a composition or precursor on the sensor, and this 
binding affects the intensity and/or Wavelength of lumines 
cence of a luminescent material in the sensor in a manner 
that is observable. Fluorescent materials are one class of 
luminescent materials that are particularly useful for sensor 
devices because their ?uorescence and/or other physical 
properties can be optimiZed and/or tailored for particular 
analytes through chemical structure changes of the material, 
i.e., their sensitivity to a particular analyte can be controlled. 
Fluorescent materials are able to ?uoresce in some cases 
because they are capable of delocaliZing electronic charge 
throughout a substantial portion of the material through 
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electron pi-conjugation, via a pi-conjugated portion com 
prising a set of orbitals that can function as a valence band. 

The energy difference betWeen the valence band and non 
valence or conduction bands of the material is generally 
referred to as a “band gap,” and energy transitions of 
electrons betWeen these levels can cause ?uorescence. Other 
energy levels of the material may also be available in the 
band gap or in higher energy levels having antibonding 
character. 

[0006] Because electronic charge delocaliZation through 
pi-conjugation of ?uorescent materials results in the forma 
tion of various elevated energy levels, a variety of excited 
state structures are available upon absorption of external 
excitation energy by the ?uorescent material. The lumines 
cence yields of these excited state structures generally 
depends on the structure. The luminescence of some mate 
rials can be “quenched” by the presence of an analyte 
capable of absorbing the excitation energy contained by the 
material, resulting in the material returning to a ground state 
Without causing luminescence. The analyte can be externally 
or internally located Within the material. One example of 
such quenching is through a pi-stacking mechanism. In a 
pi-stacking mechanism, atoms involved in pi-conjugation 
can be positioned on top of other moieties having geometri 
cally accessible pi-orbitals, thereby forming a pathWay for 
energy transfer that alloWs quenching to occur. 

SUMMARY OF THE INVENTION 

[0007] The present invention generally relates to compo 
sitions and/or precursors of those compositions capable of 
emitting radiation and exhibiting increased luminescent life 
times and/or quantum yields. The subject matter of this 
invention involves, in some cases, interrelated products, 
alternative solutions to a particular problem, and/or a plu 
rality of different uses of a single system or article. 

[0008] In one aspect, the invention is a composition. The 
composition, in one set of embodiments, includes a com 
pound able to react With an agent having a structure: 

E2 or E2, 

[0009] Where G is an electrophilic atom, at least one E in 
the structure is electron-Withdrawing, and M is a chalcogen 
or NR, R being an alkyl, to produce a product having greater 
emissivity than the compound. In some cases, the product 
may comprise at least a portion of the compound that has 
been cycliZed upon reaction With the agent. 

[0010] In another set of embodiments, the composition 
includes a compound having a structure: 

C OY, 
6 
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[0011] Where 

C 
[0012] comprises an organic moiety, Qis one of nitrogen 
or oxygen, and Y is one of H or SiR3, each R independently 
being one of hydrogen and an organic moiety. In one 
embodiment, at least a portion of the compound is able to 
cycliZe upon reaction of the compound With an electrophile 
able to transform OY into an alkylating agent. In another 
embodiment, the compound is able to react With a species 
having a structure: 

E3 E or E2, 

[0013] Where G is an electrophilic atom, at least one E in 
the structure is electron-Withdrawing, and M is a chalcogen 
or NR, R being an alkyl, to produce a product having a 
structure E-OY. 

[0014] The composition includes, in yet another set of 
embodiments, a compound able to react With an agent 
comprising an electrophilic phosphorous, sulfur, or arsenic 
atom to produce a product having greater emissivity than the 
compound, Where the product includes at least a portion of 
the compound that has been cycliZed upon reaction With the 
electrophilic phosphorous, sulfur, or arsenic atom. In 
another set of embodiments, the composition includes a 
compound able to react With an agent comprising electro 
philic phosphorous, sulfur, or arsenic atom to produce a 
product having a smaller band gap than the compound, 
Where the product includes at least a portion of the com 
pound that has been cycliZed upon reaction With the elec 
trophilic phosphorous, sulfur, or arsenic atom. In still 
another set of embodiments, the composition includes a 
substantially non-emissive compound able to react With an 
electrophile to produce an emissive compound. 

[0015] The composition, in accordance With one set of 
embodiments, includes a compound having at least tWo 
conjugated groups connected by a single covalent bond, 
Where the conjugated groups are able to rotate about the 
single covalent bond independently of each other, and Where 
the conjugated groups are not in substantial pi-conjugation 
With each other. In some cases, the compound is able to react 
With an electrophile to produce a product in Which the tWo 
conjugated groups are connected such that the ability of the 
tWo conjugated groups to rotate independently of each other 
is diminished. 

[0016] In another set of embodiments, the composition 
includes a compound having a structure: 

[0017] Where Cj1 and Cj2 each independently are conju 
gated groups not in substantial pi-conjugation With each 
other, and Y is one of H or SiR3, each R independently being 
one of hydrogen and an organic moiety. In one embodiment, 
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the compound is able to react With an electrophile such that 
Cj1 and Cj2 become substantially pi-conjugated With each 
other. The compound, in another embodiment, the com 
pound is able to react With an electrophile comprising an 
electron-Withdrawing substituent E to produce a product 
having a structure E-OY. 

[0018] The composition, in yet another set of embodi 
ments, includes a polymer having a structure: 

[0019] Where 

[0020] is a substantially pi-conjugated polymer backbone, 
Cj is non-existent or comprises at least one conjugated 
group, and J is a moiety not substantially pi-conjugated With 

[0021] In one embodiment, J is able to react With an 
electrophile such that J becomes substantially pi-conjugated 
With at least one of 

[0022] and Cj, if present, upon reaction With the electro 
phile. In another embodiment, the polymer may have an 
emissivity that is altered upon reaction of J With an electro 
phile. 

[0023] In accordance With another set of embodiments, the 
composition may include a sensor comprising a compound 
reactive With an electrophile. The compound, in certain 
cases, is able to react With the electrophile to form a 
non-preexisting product having increased conjugation rela 
tive to any compound involved in the reaction. 

[0024] According to another set of embodiments, the 
compound has a structure A-OY, Where A comprises an 
organic moiety, and Y is one of H or SiR3, each R indepen 
dently being one of hydrogen and an organic moiety. In 
certain embodiments, the compound is able to react With a 
structure G-E, G being an electrophilic moiety and E being 
electron-Withdrawing, to produce at least a ?rst product that 
is cyclic and a second product having a structure E-OY. 

[0025] The composition, in still another set of embodi 
ments, includes a compound able to react With an electro 
phile to produce a product having a structure: 
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A84 

[0026] Where at least one or more of A81, A82, A83, A84, 
A85, and A86 comprises at least one conjugated group, and 
each of B1 and B2 is a single bond or a double bond such 
that B1 and B2 both are not double bonds. The composition, 
in accordance With yet another set of embodiments, includes 
a compound able to react With an electrophile to produce a 
product having a structure: 

A101 

A102 o o 

A103 / A106 

A104 A105 

[0027] Where at least one or more of A101, A102, A103, 
A104, A105, and A106 is one of hydrogen or an organic 
moiety. 
[0028] The composition, in still another set of embodi 
ments, includes a compound having a structure: 

[0029] Where Y is one of H or SiR3, each R independently 
being one of hydrogen and an organic moiety. At least one 
or more of A1, A2, A3, A4,A5,A6, A7, and A8 includes at least 
one conjugated group. In some cases, the compound is able 
to react With an electrophile such that OY leaves the 
compound. 
[0030] In one set of embodiments, the composition 
includes a compound having a structure EP-ER-OY, Where 
EP includes an electron-poor moiety relative to ER, ER 
includes an electron-rich moiety relative to EP, and Y is one 
of H or SiR3, each R independently being one of hydrogen 
and an organic moiety. The compound, in one embodiment, 
is able to react With an electrophile to produce a product 
having greater emissivity than the compound. The com 
pound, in another embodiment, is able to react With an 
electrophile to produce a product having a quantum yield of 
at least about 30%. 
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[0031] In another aspect, the invention is a method. The 
method, in accordance With one set of embodiments, 
includes reacting a compound With an electrophile to pro 
duce a product having a greater emissivity than the com 
pound, Where the product includes at least a portion of the 
compound that has been cycliZed upon reaction With the 
electrophile. In accordance With another set of embodi 
ments, the method includes reacting a compound With an 
electrophile to produce a product having a smaller band gap 
than the compound, Where the product comprises at least a 
portion of the compound that has been cycliZed upon 
reaction With the electrophile. 

[0032] In another set of embodiments, the method 
includes reacting a compound having at least tWo conjugated 
groups connected by a single covalent bond, the conjugated 
groups being not in substantial pi-conjugation With each 
other and thereby being able to rotate about the single 
covalent bond independently of each other, With an electro 
phile to produce a product in Which the tWo conjugated 
groups are connected such that the ability of the tWo 
conjugated groups to rotate independently of each other is 
diminished. The method, in yet another set of embodiments, 
includes reacting a substantially non-emissive compound 
With an electrophile to produce an emissive compound. 

[0033] The method, according to still another set of 
embodiments, is de?ned, at least in part, by cycliZing at least 
a portion of a compound by reacting the compound With an 
electrophile, Where the compound having a structure: 

C OY, 
6 

[0034] Where 

C 
[0035] comprises an organic moiety, Qis one of nitrogen 
or oXygen, and Y is one of H, an alkyl group, an alkoXy 
group, and SiR3, Where each R independently is one of 
hydrogen and an organic moiety. 

[0036] The method, in another set of embodiments, com 
prises reacting a compound having a structure: 

C OY, 
6 

[0037] Where 
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[0038] comprising an organic moiety, Qis one of nitrogen 
or oxygen, and Y is one of H, an alkyl group, an alkoXy 
group, and SiR3, each R independently being one of hydro 
gen and an organic moiety, a species having a structure: 

E2 or E2, 

[0039] Where G is an electrophilic atom, at least one E in 
the structure is electron- WithdraWing, and M is a chalcogen 
or NR, R being an alkyl, to produce a product having a 
structure E-OY. 

[0040] According to another set of embodiments, the 
method includes reacting a compound having a structure: 

[0041] Where Cj1 and Cj2 each independently are conju 
gated groups not in substantial pi-conjugation With each 
other, and Y is one of H, an alkyl group, an alkoXy group, 
and SiR3, each R independently being one of hydrogen and 
an organic moiety, With an electrophile such that Cj1 and Cj2 
become substantially pi-conjugated With each other. The 
method, in yet another set of embodiments, includes reacting 
a compound having a structure: 

[0042] Where Cj1 and Cj2 each independently are conju 
gated groups not in substantial pi-conjugation With each 
other, and Y is one of H, an alkyl group, an alkoXy group, 
and SiR3, each R independently being one of hydrogen and 
an organic moiety, With an electrophile comprising an elec 
tron-WithdraWing substituent E to produce a product having 
a structure E-OY. 

[0043] In yet another set of embodiments, the method 
includes reacting a compound With an electrophile to pro 
duce a product having a structure: 

[0044] Where at least one or more of A81, A82, A83, A84, 
A85, and A86 comprise at least one conjugated group, and 
each of B1 and B2 is a single bond or a double bond such 
that B1 and B2 both are not double bonds. In still another set 
of embodiments, the method includes reacting a compound 
With an electrophile to produce a product having a structure: 
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A101 

A102 0 O 

A103 / A106 

A104 A105 

[0045] Where at least one or more of A101, A102, A103, 
A104, A105, and A106 is one of hydrogen or an organic 
moiety. 

[0046] According to another set of embodiments, the 
method comprises reacting a compound having a structure: 

[0047] With an electrophile such that OY leaves the com 
pound. In this structure, at least one or more of A1, A2, A3, 
A4, A5, A6, A7, and A8 comprises at least one conjugated 
group, and Y is one of H, an alkyl group, an alkoXy group, 
and SiR3, each R independently being one of hydrogen and 
an organic moiety. 

[0048] In another set of embodiments, the method 
includes reacting a compound having a structure A-OY, 
Where A comprises an organic moiety and Y is one of H, an 
alkyl group, an alkoXy group, and SiR3, each R indepen 
dently being one of hydrogen and an organic moiety, With a 
structure G-E, G being an electrophilic moiety and E being 
electron-Withdrawing, to produce at least a ?rst product that 
is cyclic and a second product having a structure E-OY. 

[0049] According to yet another set of embodiments, the 
method, comprises reacting a compound having a structure 
EP-ER-OY, Where EP comprises an electron-poor moiety 
relative to ER, ER comprises an electron-rich moiety rela 
tive to EP, and Y is one of H, an alkyl group, an alkoXy 
group, and SiR3, each R independently being one of hydro 
gen and an organic moiety, With an electrophile to produce 
a product having greater emissivity than the compound. The 
method, according to still another set of embodiments, 
comprises reacting a compound having a structure EP-ER 
OY, Where EP comprises an electron-poor moiety relative to 
ER, ER comprises an electron-rich moiety relative to EP, 
and Y is one of H, an alkyl group, an alkoXy group, and SiR3, 
each R independently being one of hydrogen and an organic 
moiety, With an electrophile to produce a product having a 
quantum yield of at least about 40%. 
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[0050] The method, in another set of embodiments, 
includes providing a polymer having a structure: 

[0051] Where 

[0052] is a substantially pi-conjugated polymer backbone, 
Cj is non-existent or comprises at least one conjugated 
group, and J is a moiety not substantially pi-conjugated With 

[0053] In one embodiment, the method also includes 
reacting J With an electrophile such that J becomes substan 
tially pi-conjugated With at least one of 

[0054] and Cj, if present. In another embodiment, the 
method includes reacting J With an electrophile to alter an 
emissivity of the polymer. 

[0055] The method, in one set of embodiments, can be 
de?ned, at least in part, by eXposing a sensor comprising a 
compound reactive With an electrophile to a medium sus 
pected of containing the electrophile. The method also can 
include, When the electrophile is present in the medium at at 
least a detectable level, reacting the electrophile With the 
compound to form a non-preexisting product having 
increased conjugation relative to any compound involved in 
the reaction. The method further includes, in some cases, 
determining the increased conjugation thereby determining 
the electrophile in the medium. 

[0056] Other advantages, novel features, and objects of the 
invention Will become apparent from the folloWing detailed 
description of the invention When considered in conjunction 
With the accompanying draWings, Which are schematic and 
Which are not intended to be draWn to scale. In the ?gures, 
each identical or nearly identical component that is illus 
trated in various ?gures is represented by a single numeral. 
For purposes of clarity, not every component is labeled in 
every ?gure, nor is every component of each embodiment of 
the invention shoWn Where illustration is not necessary to 
alloW those of ordinary skill in the art to understand the 
invention. In cases Where the present speci?cation and a 
document incorporated by reference include con?icting dis 
closure, the present speci?cation shall control. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0057] Non-limiting embodiments of the present invention 
Will be described by Way of eXample With reference to the 
accompanying ?gures, Which are schematic and are not 
intended to be draWn to scale. In the ?gures: 

[0058] FIG. 1 shoWs a schematic of a ?lm having a 
chromophore positioned on the surface of the ?lm; 

[0059] FIGS. 2A-2C schematically shoW ampli?ed emis 
sion of various compositions of the invention in series; 

[0060] FIGS. 3A-3G shoW eXamples of groups that are 
reactive With phosphate ester groups, according to one 
embodiment of the invention; 

[0061] FIG. 4 shoWs a device, in accordance With one 
embodiment of the invention, comprising a transparent 
support coated With a ?lm capable of amplifying emission 
through sequential emission and re-absorption cycles; 
[0062] FIGS. 5A-5C illustrate certain compositions/pre 
cursors of the invention; 

[0063] FIG. 6 illustrates absorption and emission spectra 
for a speci?c composition of the invention; 

[0064] FIGS. 7A and 7B illustrate emission spectra of 
another composition of the invention; 
[0065] FIG. 8 is a photocopy of a photograph of the 
?uorescence of a speci?c composition of the invention used 
to detect certain chemical Warfare indicators, along With the 
associated reaction, in accordance With one embodiment of 
the invention; 
[0066] FIG. 9 illustrates a reaction of another embodiment 
according to the invention; 
[0067] FIG. 10 illustrates the response With respect to 
time of a composition according to an embodiment of the 
invention; and 
[0068] FIGS. 11A-11D illustrate various chemical reac 
tions used in certain embodiments of the invention. 

DETAILED DESCRIPTION 

[0069] The present invention generally relates to lumines 
cent and/or optically absorbing compositions and/or precur 
sors to those compositions, including solid ?lms incorpo 
rating these compositions/precursors, exhibiting increased 
luminescent lifetimes, quantum yields, enhanced stabilities 
and/or ampli?ed emissions. The present invention also 
relates to sensors and methods for sensing analytes through 
luminescent and/or optically absorbing properties of these 
compositions and/or precursors. EXamples of analytes 
detectable by the invention include, but are not limited to, 
electrophiles, alkylating agents, thionyl halides, and phos 
phate ester groups including phophoryl halides, cyanides 
and thioates such as those found in certain chemical Warfare 
agents. The present invention additionally relates to devices 
and methods for amplifying emissions, such as those pro 
duced using the above-described compositions and/or pre 
cursors, by incorporating the composition and/or precursor 
Within a polymer having an energy migration pathWay. 

[0070] The folloWing applications are incorporated herein 
by reference in their entirety: US. patent application Ser. 
No. 10/324,064, ?led Dec. 18, 2002, entitled “Emissive 
Polymers and Devices Incorporating These Polymers,” by 
Timothy M. SWager, et al.; US. patent application Ser. No. 
09/305,379, ?led May 5, 1999, entitled “Emissive Polymers 
and Devices Incorporating These Polymers,” by Timothy M. 




































