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SENSOR OF SPECIESINCLUDING TOXINS 
AND CHEMICAL WARFARE AGENTS 

FIELD OF THE INVENTION 

0001. The present invention relates to luminescent mate 
rials, including metal complexes, and related methods. 

BACKGROUND OF THE INVENTION 

0002 Phosphorescent, heavy metal complexes have been 
shown to form triplet state excitons upon electron-hole 
recombination. The phosphors may harness the energy of 
Such triplet excitons and convert them into useful light output, 
which can often be more efficient then fluorescence-based 
output. As a result, many heavy metal complexes have been 
used in phosphorescence-based organic light emitting 
devices (OLEDs). Among the most popular classes of heavy 
metal complexes used in phosphorescent OLEDs are those 
that are cyclometallated with bidentate ligands, such as 
2-phenylpyridine. In the absence of oxygen, these complexes 
are often highly emissive in Solution due to the large ligand 
field induced by the metal-carbon bond, which raises the 
energy of the non-emissive d-d metal centered transitions 
above the triplet energy of the cyclometalated ligand. The 
presence of the heavy metal can serve to increase the inter 
system crossing rate through spin-orbit coupling and reduce 
the forbidden character of emission from the triplet state of 
the ligand. Most often, these complexes display ligand-cen 
tered based phosphorescence (LC). The structures of the 
ligands can be varied to enhance emission intensity and color 
purity. 

SUMMARY OF THE INVENTION 

0003. The present invention provides methods for deter 
mination of an analyte comprising exposing a metal complex 
having a luminescence emission to a sample Suspected of 
containing an analyte, wherein the analyte, if present, inter 
acts with the metal complex via an oxidative addition reaction 
to produce a change in the luminescence emission of the 
metal complex; and determining the change in luminescence 
emission of the metal complex, thereby determining the ana 
lyte. 
0004. The present invention also provides methods for 
determination of an analyte comprising exposing a metal 
complex having a luminescence emission to a sample Sus 
pected of containing an analyte, wherein the analyte, if 
present, interacts with the metal complex to produce a change 
in the luminescence emission of the metal complex, wherein 
the metal complex has the structure, 

wherein M is a metal, and L' and L’ can be the same or 
different and, when bound to the metal, L' and L are biden 
tate cyclometallated ligands; and determining the change in 
luminescence emission of the complex, thereby determining 
the analyte. 
0005. The present invention also relates to sensors com 
prising a metal complex having the structure, 

L-M-L2 

wherein M is a metal, and L' and Li can be the same or 
different and, when bound to the metal, L' and L are biden 
tate cyclometallated ligands, a source of energy applicable to 
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the metal complex to cause an emission of radiation, and an 
emission detector positioned to detect the emission. 
0006. The present invention also relates to compositions 
of matter comprising a compound having the following struc 
ture, 

wherein M is a metal, and L' and L’ can be the same or 
different and each is a bidentate ligand having the structure, 

G.) s 

wherein Ar" and Arcan be the same or different and are aryl 
or heteroaryl, optionally substituted, or Ar' and Ari together 
form a fused polycyclic aromatic group, optionally Substi 
tuted, provided that when L' and L are the same, L' and L’ 
are not phenylthiophene, thienylpyridine, benzoquinoline, 
1-phenylpyrazole, or 2-thienylpyrazole. 
0007. The present invention also provides methods of syn 
thesizing a bis-cyclometallated metal complex comprising 
halogenating at least one bidentate ligand having the follow 
Structure, 

GD s 

to form a halogenated bidentate ligand, wherein Ar' and Ar 
can be the same or different and are aryl or heteroaryl, option 
ally substituted, or Ar" and Ar’ together form a fused polycy 
clic aromatic group, optionally Substituted; and forming a 
metal complex between the halogenated bidentate ligand and 
a metal. 
0008. The present invention also provides methods for 
determination of an analyte comprising providing a lumines 
cent material having a first emission at a wavelength; expos 
ing the luminescent material to a sample Suspected of con 
taining an analyte, wherein the analyte, if present, interacts 
with the luminescent material to produce a secondemission at 
said wavelength, wherein the luminescence intensity of the 
second emission is at least 10 times greater than the lumines 
cence intensity of the first emission; and determining the 
second emission, thereby determining the analyte. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0009 FIG. 1 shows a schematic illustration of a blue 
shifting transduction event giving a significant dark-field 
turn-on signal. 
0010 FIG. 2 shows examples of oxidative addition of 
bis-cyclometallated metal complexes to phenyl bromide and 
ethyl bromide. 
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0011 FIGS. 3A-B shows the syntheses of thienylpyridine 
ligands, according to some embodiments of the invention. 
0012 FIGS. 4A-C show the syntheses of bis-cyclometa 
lated Pt(II) complexes, according to some embodiments of 
the invention. 
0013 FIG. 5 shows the normalized UV/vis spectra of (a) 
complex 3a, (b) complex 3b, (c) complex 3c, and (d) complex 
3d, in THF. 
0014 FIG. 6 shows the normalized UV/vis spectra of (a) 
complex 3e, (b) complex 3f. (c) complex 4a, and (d) complex 
5, in THF. 
0015 FIG. 7 shows the emission spectra of (a) complex 
3a, (b) complex 3b, (c) complex 3c, at room temperature in 
THF. 
0016 FIG. 8 shows the emission spectra of (a) complex 
3a, (b) complex 3b, (c) complex 3c, at room temperature in 
THF. 
0017 FIG.9A shows the X-ray crystal determination for 
complex 3b. 
0018 FIG. 9A shows the X-ray crystal determination for 
complex 3f. 
0019 FIG. 10 shows the UV/vis spectra of complex 3b 
during its reaction with 1.0 M Mel in benzene. 
0020 FIG. 11 shows a pseudo-first order rate plot for 
complex 3b in 1.0 Mel/benzene. 
0021 FIG. 12 shows the plot of conversion versus time as 
determined by UV/vis, for the reaction between complex 3a 
and (a) MeI or (b) BrCN, in benzene. 
0022 FIG. 13 shows the UV/vis spectra of complex 3b 
during its reaction with 0.00013 M BrCN in benzene. 
0023 FIG. 14 shows the first-order kinetic plot for the 
reaction of complex 3b with BrCN (2.4E-4M) in benzene. 
0024 FIG. 15 shows the percentage conversion of com 
plex 3a in (a) toluene or (b) benzene, in the presence of 
OOOO24 MBrCN. 
0025 FIG. 16 shows the conversion percentages of (a) 
complex 3a, (b) complex 3b, (c) complex 3e, (d) complex 3f. 
(e) complex 4a, and (f) complex 5, as a function of time in 
0.00013 MBrCNAbenzene. 
0026 FIG. 17 shows the normalized emission spectra of 
complex 3a in (a) degassed THF solution and (b) doped into 
PMMA films (10% w/w). 
0027 FIG. 18A shows a photograph of a PMMA film 
containing complex 3a. 
0028 FIG. 18B shows a photograph of a PMMA film 
containing complex 3a that has been exposed to Saturated 
BrCN vapor for 15 seconds. 
0029 FIG. 18C shows a photograph of a PMMA film 
containing complex 4a. 
0030 FIG. 18D shows a photograph of a PMMA film 
containing complex 4a that has been exposed to Saturated 
BrCN vapor for 15 seconds. 
0031 FIG. 19 shows the PMMA film emission spectra of 
complex 3a (a) before and (b) after exposure to BrCN vapor 
for 15 seconds. 
0032 FIG. 20 shows the PMMA film emission spectra of 
complex 4a (a) before and (b) after exposure to BrCN vapor 
for 15 seconds. 

DETAILED DESCRIPTION 

0033. The present invention generally relates to emissive 
materials, devices, and related methods. Such as synthetic 
methods and methods for determination of analytes. 
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0034. In some cases, the present invention provides sen 
sors and methods for the determination of analytes, wherein 
the analytes may be determined by monitoring, for example, 
a change in an optical signal of an emissive material upon 
exposure to an analyte. The analyte and the emissive material 
may interact via a chemical reaction, or other chemical, bio 
chemical or biological interaction (e.g., recognition), to form 
a new emissive species. In some cases, the present invention 
may be useful in the detection of a wide variety of analytes, 
Such as toxins, chemical warfare agents, and explosives. The 
present invention also provides emissive compounds includ 
ing metal complexes that are capable of interacting with an 
analyte to produce a change in the emission of the compound. 
Some advantages of the present invention include the deter 
mination of analytes with high specificity and sensitivity and 
the ability to fabricate simplified and highly portable devices. 
0035. Materials, devices, and methods of the invention 
may be particularly advantageous in that, in the presence of an 
analyte, a new signal (e.g., emission) may be generated and/or 
identified with little or substantially no background noise. For 
example, in the presence of an analyte, an emissive material 
may generate a new luminescence emission signal at a wave 
length having Substantially no signal in the absence of the 
analyte. In the illustrative embodiment shown in FIG. 1, a 
material may have an emission signal A in the absence of 
analyte. In the presence of analyte, emission signal B may be 
generated by the material, wherein at least a portion of emis 
sion signal B does not overlap with emission signal A (e.g., 
area C). Thus, emission signal A may be more readily distin 
guished from emission signal B via determination of the 
signal at area C. The ability to determine a signal with essen 
tially no background noise may allow for more reliable deter 
mination of the analyte and may be advantageous in the 
determination of Small quantities of analyte (e.g., parts-per 
million or “trace' amounts). 
0036. In some cases, in the presence of an analyte, the 
present invention may advantageously comprise a blue 
shifted change in the wavelength of aluminescence emission. 
As used herein, a “blue-shifted change' or “blue-shift occurs 
when the wavelength of an emission shifts to a relatively 
shorter wavelength of emission, and a "red-shifted change' or 
"red-shift occurs when the wavelength of an emission shifts 
to a relatively longer wavelength of emission. For example, 
upon exposure to an analyte, a luminescence emission may 
undergo a blue-shift, e.g., may shift to a shorter wavelength. 
This may be advantageous over emission-based detection 
schemes involving a red-shifting of the emission for signal 
transduction, often by the Forster energy transfer mechanism, 
since the lower energy vibronic bands of the donor chro 
mophores may often overlap with the acceptor emission, 
limiting the maximum observable signal-to-noise and 
decreasing the sensitivity of the measurement. In contrast, a 
blue-shifted signal transduction event, illustrated Schemati 
cally in FIG. 1; wherein emission signal A shifts to emission 
signal B, can allow for monitoring of a large portion (e.g., area 
C) of the desired signal with substantially no background 
emission. 

0037. In some cases, methods of the invention may com 
prise exposure of a metal complex having a luminescence 
emission (e.g., a phosphorescence emission) to a sample Sus 
pected of containing an analyte, and, if present, the analyte 
interacts with the metal complex to cause a change in the 
emission of the metal complex. Determination of the change 
in the emission may then determine the analyte. In some 
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cases, the change comprises a decrease or increase in lumi 
nescence intensity, and/or a change in the wavelength of the 
luminescence emission. Such as a blue-shifted change. As 
used herein, the term “determining generally refers to the 
analysis of a species or signal, for example, quantitatively or 
qualitatively, and/or the detection of the presence or absence 
of the species or signals. "Determining may also refer to the 
analysis of an interaction between two or more species or 
signals, for example, quantitatively or qualitatively, and/or by 
detecting the presence or absence of the interaction. In some 
embodiments, the interaction between the metal complex and 
the analyte may comprise a chemical reaction, which may 
produce a species having an emission (e.g., luminescence 
emission) that is different from the metal complex. For 
example, in the absence of analyte, the metal complex may 
have a first emission, and, upon exposure to the analyte, the 
analyte interacts with the metal complex to produce a second 
emission. In some cases, the wavelength of the first emission 
is separated from the wavelength of the secondemission by at 
least 30 nm, or, in some embodiments, at least 50 nm, at least 
100 nm, at least 150 nm, or greater. 
0038. As used herein, the term “metal complex’ refers to 
a species formed by the association between a metal atom and 
at least one chemical moiety coordinated to the metal atom. 
The association may comprise formation of a covalent bond, 
and can also comprise the formation of other types of bonds, 
including ionic bonds, hydrogen bonds (e.g., between 
hydroxyl, amine, carboxyl, thiol and/or similar functional 
groups, for example), dative bonds (e.g. complexation or 
chelation between metal ions and monodentate or multiden 
tate ligands), or the like, and/or other types of interactions 
between chemical moieties wherein electrons are shared. In 
Some embodiments, the metal complex comprises a metal 
atom coordinated by at least two bidentate ligands. 
0039. In some embodiments, the interaction between the 
metal complex and the analyte comprises an oxidative addi 
tion reaction. As used herein, the term “oxidative addition' is 
given its ordinary meaning in the art and refers to the addition 
of a species to a metal complex, wherein the metal center is 
oxidized by two electrons (e.g., the metal goes from an “X” 
oxidation state to an “x+2 oxidation state). For example, 
Scheme 1 shows the oxidative addition of a species A-B to 
metal complex ML, to form a product, A-M'L-B. In 
Some embodiments, the metal complex and the analyte may 
interact via an oxidative addition reaction Such that at least 
one bond is formed therebetween. The metal complexes may 
undergo oxidative addition with electrophilic species, such as 
alkyl halides or cyanogen halides, via thermal activation, 
photochemical activation, or the like. As used herein, an 
“electrophilic species’ refers to a chemical moiety which can 
accept a pair of electrons from a nucleophile or other species 
capable of donating a pair of electrons. In some cases, the 
metal complexes may undergo oxidative addition with a spe 
cies under ambient conditions. In some cases, the oxidative 
addition reaction may proceed via a radical mechanism. In 
Some cases, the oxidative addition reaction may proceed via 
an S2-type mechanism. FIG. 2 shows an illustrative embodi 
ment wherein a Pt(II) complex comprising two bis-cyclom 
etallated thienylpyridine ligands undergoes oxidative addi 
tion with a species, such as benzyl bromide or ethyl bromide. 
The oxidative addition of A-B to a metal, M. may depend on 
the relative strengths of the A-B, M-A and M-B bonds. For 
example, oxidative addition of an alkyl halide may occur 
more readily than oxidative addition of an alkyl halide. 
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Scheme 1 

0040. The oxidative addition reaction may produce a 
change in certain properties of the metal complex, Such as 
geometric configuration, optical properties, and the like. In 
Some cases, the oxidative addition of an analyte to a metal 
complex may produce a change in the optical properties (e.g., 
phosphorescence) of the metal complex. In some cases, the 
optical properties of the material exposed to the analyte may 
be distinct from those of the material in the absence of the 
analyte. As an illustrative embodiment, metal(II) complexes 
having two bis-cyclometallated ligands can be highly reactive 
via oxidative addition to give the corresponding metal(IV) 
complexes. In the absence of analyte, the metal(II) complex 
may have a luminescence emission, wherein, upon oxidative 
addition of an analyte to produce a metal(IV) complex, the 
metal(IV) metal complex may have a luminescence emission 
that is blue-shifted relative to the metal(II) complex. For 
example, a Pt(II) complex may undergo oxidative addition 
with an electrophilic species to form a Pt(IV) complexes, 
wherein the Pt(IV) complex has an emission that is blue 
shifted relative to the emission of the Pt(II) complex. Without 
wishing to be bound by theory, the shift in emission may be 
attributed to the fact the contribution from a metal-to-ligand 
charge transfer (MLCT) state in the Pt(II) complexes may be 
larger than with the Pt(IV) complexes, which may have 
largely ligand-centered emission. 
0041. In some cases, the oxidative addition reaction may 
also produce a change in the geometric configuration of the 
metal complex. For example, in the absence of analyte, the 
metal complex may have a Substantially square planar geom 
etry. Upon exposure of the metal complex to an analyte, the 
analyte may interact with the metal complex to produce a 
change in the Substantially square planar geometry of the 
metal complex. In some cases, a metal complex having an 
octahedral geometry may be formed. The conversion of a 
square planar complex to an octahedral complex is described 
herein by way of example only, and it should be understood 
that, in Some cases, other geometrical changes occurring 
upon oxidative addition of a species to a metal complex may 
be encompassed within the scope of the invention. 
0042. The present invention also provides methods for 
determination of an analyte, wherein, in the presence of ana 
lyte, a new emission signal is generated at a wavelength 
having Substantially no emission signal in the absence of the 
analyte. The method may comprise providing a luminescent 
material having a first emission at a wavelength, wherein the 
first emission may have little or Substantially no lumines 
cence intensity at said wavelength. Upon exposure of the 
luminescent material to a sample Suspected of containing an 
analyte, the analyte, if present, may interact with the lumi 
nescent material to produce a second emission at said wave 
length, wherein the luminescence intensity of the second 
emission is larger than the luminescence intensity of the first 
emission. Determination of the secondemission may thereby 
determine the analyte. In the absence of analyte, the first 
emission may have Substantially no luminescence intensity at 
said wavelength. In some cases, the luminescence intensity of 
the second emission is at least 10 times greater than the 
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luminescence intensity of the first emission. In some embodi 
ments, the luminescence intensity of the secondemission is at 
least 10, 10, 10, 10, 10, 107, 10, 10, or 10' times 
greater than the luminescence intensity of the first emission. 
0043. In some cases, methods of the invention comprise 
determining a change in the wavelength of an emission signal. 
For example, the interaction between the analyte and the 
metal complex may cause a shift in the wavelength of the 
luminescence intensity of the metal complex, as described 
herein. In some cases, the change comprises a blue-shifted 
change in the wavelength of the luminescence emission. The 
wavelength of the emission of the luminescent material in the 
presence of analyte may be separated from the wavelength of 
the emission of the luminescent material in the absence of 
analyte by at least 30 nm, at least 50 nm, at least 100 nm, at 
least 150 nm, or greater. The wavelength of an emission signal 
refers to the wavelength at which the peak maximum of the 
emission signal occurs in an emission spectrum. The emis 
sion signal may be a particular peak having the largest inten 
sity in an emission spectrum (e.g. a fluorescence spectrum), 
or, alternatively, the emission signal may be a peak in an 
emission spectrum that has at least a defined maximum, but 
has a smaller intensity relative to other peaks in the emission 
spectrum. In some cases, upon exposure to the analyte, the 
second emission signal may be generated at a wavelength 
having Substantially no emission signal in the absence of 
analyte (e.g., "dark-field'). In some cases, the second emis 
sion signal may be red-shifted, i.e., may occur at a longer 
wavelength, relative to the first emission. In some cases, the 
secondemission signal may be blue-shifted, i.e., may occurat 
a shorter wavelength, relative to the first emission. 
0044. In some embodiments, methods of the invention 
may also comprise determining a change in the luminescence 
intensity of an emission signal. The change in luminescence 
intensity may occur for an emission signal with Substantially 
no shift in the wavelength of the luminescence (e.g., emis 
sion), wherein the intensity of the emission signal changes but 
the wavelength remains essentially unchanged. In other 
embodiments, the change in luminescence intensity may 
occur for an emission signal in combination with a shift in the 
wavelength of the luminescence (e.g., emission). For 
example, an emission signal may simultaneously undergo a 
shift in wavelength in addition to an increase or decrease in 
luminescence intensity. In another embodiment, the change 
may comprise two emission signals occurring at two different 
wavelengths, wherein each of the two emission signals under 
goes a change in luminescence intensity. In some cases, the 
two emission signals may undergo changes in luminescence 
intensity independent of one another. In some cases, the two 
emission signals may undergo changes in luminescence 
intensity, wherein the two emission signals are associated 
with one another, for example, via an energy transfer mecha 
nism, as described more fully below. 
0045 Methods of the present invention may also comprise 
determining a change in luminescence intensity in combina 
tion with a change in the luminescence wavelength, upon 
exposure of the metal complex to an analyte. For example, the 
relative luminescence intensities of a first emission signal and 
a second emission signal associated with the first emission 
signal may be modulated using the methods described herein. 
In some cases, the first emission signal and the second emis 
sion signal may be associated with (e.g., interact with) one 
another via an energy transfer mechanism, such as fluores 
cence resonance energy transfer, for example. The term “fluo 
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rescence resonance energy transfer” or “FRET' is known in 
the art and refers to the transfer of excitation energy from an 
excited State species (i.e., FRET donor) to an acceptor species 
(i.e., FRET acceptor), wherein an emission is observed from 
the acceptor species. 
0046. In one embodiment, a first luminescent species may 
act as FRET donor and a second luminescent species may act 
as a FRET acceptor, wherein the first portion and the second 
portion each have different emission wavelengths. The first 
luminescent species may be associated with a quenching 
molecule and exist in a “quenched State, wherein, upon 
exposure of the first portion to electromagnetic radiation, the 
quenching molecule absorbs the excitation energy and Sub 
stantially no emission is observed. Upon exposure to an ana 
lyte, the analyte may interact with the first luminescent spe 
cies and/or quenching molecule to “unduench the first 
luminescent species. As a result, exposure of the first lumi 
nescent species to electromagnetic radiation produces an 
excited-state, wherein the first luminescent species may 
transfer excitation energy to the second luminescent species, 
and emission signal from the second luminescent species is 
observed. 

0047. In some cases, the emission may also be visible by 
sight, e.g., the metal complex may emit visible light. This may 
allow for the determination of analytes via a colorimetric 
change. For example, the metal complex, in the absence of 
analyte, may have a first color, and, upon exposure to an 
analyte and irradiation by a source of energy, the metal com 
plex may have a second color, wherein the change in color 
may determine the analyte. 
0048. Some embodiments of the invention provide com 
positions of matter comprising a metal complex having the 
following structure, 

wherein M is a metal, and L' and Li can be the same or 
different and each is a bidentate ligand (e.g., bidentate cyclo 
metallated ligand) having the structure, 

wherein Ar" and Arcan be the same or different and are aryl 
or heteroaryl, optionally substituted, or Ar' and Ari together 
form a fused polycyclic aromatic group, optionally Substi 
tuted, provided that when L' and L are the same, L' and L’ 
are not phenylthiophene, thienylpyridine, benzoquinoline, 
1-phenylpyrazole, or 2-thienylpyrazole. In some embodi 
ments, L' and L are independently phenylthiophene, thie 
nylpyridine, thianapthylpyridine, or substituted derivatives 
thereof. In some embodiments, M is platinum, iridium, or 
palladium. In some embodiments, M is platinum. In some 
embodiments, M is a metal, and L' and Li can be the same or 
different and, when bound to the metal, L' and L are biden 
tate cyclometallated ligands. Such metal complexes may be 
used in sensors and methods as described herein. 
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0049. In one embodiment, the compound has the structure, 0053. In another embodiment, the compound has the 
Structure, 

0054. In another embodiment, the compound has the 
0050. In another embodiment, the compound has the Structure, 
Structure, 

OCH3. 0055. In another embodiment, the compound has the 
Structure, 

0051. In another embodiment, the compound has the 
Structure, / \ 

0056. The present invention also provides methods for 
synthesizing a bis-cyclometallated metal complexes, com 
prising halogenating at least one bidentate ligand having the 
follow structure, 

0052. In another embodiment, the compound has the 
Structure, 

G.) s 

to form a halogenated bidentate ligand, wherein Ar' and Ar 
can be the same or different and are aryl or heteroaryl, option 
ally substituted, or Ar' and Ari togetherform a fused polycy 
clic aromatic group, optionally Substituted. The metal com 
plex may then be formed between the halogenated bidentate 
ligand and a metal. In some embodiments, the method further 
comprises lithiating the halogenated bidentate ligand, prior to 
forming the metal complex. The introduction of a halide to the 
bidentate ligand, optionally followed by lithiation of the halo 
genated bidentate ligand, may facilitate and/or direct coordi 
nation of the ligand to the metal center to product the desired 
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product. For example, a lithium reagent may be more reactive 
towards a carbon-halogen bond relative to a carbon-hydrogen 
bond, and, thus, halogenation of a bidentate ligand at a par 
ticular desired position, followed by selective lithiation of the 
carbon-halogen bond, may allow for the metal to coordinate 
at the particular position. As used herein, the term "haloge 
nating is given its ordinary meaning in the art and refers to 
Substituting an atom, such as hydrogen, of a molecule with a 
halogenatom. For example, a hydrogen of an aromatic group 
may be substituted with a halogen. In some cases, the halo 
genating step comprises exposure to bromine (Br), N-bro 
mosuccinimide (NBS), or the like, either alone or in combi 
nation with other reagents including Pd(OAc) and Hg (OAc) 
2. For example, the halogenating step may comprise exposure 
to NBS and Pd(OAc), or, Brand Hg (OAc). Those of ordi 
nary skill in the art would be able to select the appropriate 
reagents to achieve a particular halogenated product. 
0057. In some embodiments, the halogenated bidentate 
ligand may be combined with a metal or metal-containing 
compound to form the metal complex. The metal may be, for 
example, platinum, iridium, or palladium. In one embodi 
ment, the metal is platinum. In some cases, each bidentate 
ligand can be the same or different and can be phenylth 
iophene, thienylpyridine, thianapthylpyridine, benzoquino 
line, or a substituted derivative thereof. 
0058. The illustrative embodiments shown in FIGS. 3A-B 
show the syntheses of thienylpyridine ligands, according to 
Some embodiments of the invention. Bi- or tri-cyclic ligands 
may be readily synthesized by, for example, palladium-cata 
lyzed cross-coupling methods. For example, a Suzuki cou 
pling betweenthiophene 2-boronic acid and 2-bromopyridine 
may produce thienylpyridine (ligand 1a), while Stille cou 
plings with the appropriately Substituted reactants, either 
commercially available or readily prepared, may produce 
ligands 1b-1f (FIG. 3A). Benzothiophene-based ligands 2a 
and 2b may be prepared from commercially available 
thianapthene boronic acid and 2-bromopyridine by Suzuki 
coupling (FIG. 3B). 
0059 FIGS. 4A-C show the syntheses of bis-cyclometa 
lated Pt(II) complexes. In some embodiments, homoleptic 
complexes may be synthesized by lithiation of the ligand with 
t-butyllithium in a THF/EtO mixture, followed by metalla 
tion (FIGS. 4A-B). For example, the lithiated ligand may be 
metallated with ClPt(SEt). In some embodiments, hetero 
leptic complexes may be prepared by cracking a halide 
bridged ligand dimer. As shown in FIG. 4C, a chloro-bridged 
ppy-ligated dimer intermediate was cracked with diethyl Sul 
fide, followed by reaction with the lithiated thpy ligand. The 
metal complexes may be purified via chromatography under 
ambient conditions on silica gel and isolated as single stere 
oisomers. 

0060. The present invention also relates to sensors for the 
determination of analytes, wherein the sensors comprise 
metal complexes, as described herein, which may be capable 
of undergoing an oxidative addition reaction with an analyte. 
The metal complex may be in solution (e.g., benzene solution, 
toluene solution, tetrahydrofuran solution, or the like) or in 
Solid form. For example, the sensor may further comprise a 
Solid Support material, wherein the metal complex is dis 
persed within the Support material. In some cases, the Support 
material may be a polymer, such as poly(methyl methacry 
late). The metal complex may be bonded to the support mate 
rial via covalent bonds or non-covalent bonds. In some cases, 
the metal complex may be covalently bonded to the support 
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material. Such as a polymer. In some cases, the metal complex 
may be covalently bonded to a polymer backbone via a pen 
dant side group. In some cases, the metal complex may be 
positioned within a polymer backbone. In some embodi 
ments, the metal complex may be dispersed within the Sup 
port material (e.g., non-covalently dispersed). In some cases, 
the solution or Support material may comprise at least 1 wt % 
of metal complex, or, in some embodiments, at least 5 wt % of 
metal complex, at least 10 wt % of metal complex, at least 25 
wt % of metal complex. In one embodiments, the solution or 
Support material comprises 10 wt % of metal complex. 
0061 The sensor may further comprise at least one source 
of energy applicable to the metal complex. In some cases, the 
Source of energy, when applied to the metal complex, may 
cause an emission of radiation from the metal complex. The 
Source of energy may be an electric, magnetic, optical, acous 
tic, electromagnetic, or mechanical field. In some embodi 
ments, the source of energy is electromagnetic radiation. The 
sensor may further comprise an emission detector positioned 
to detect the emission. The source of energy can be provided 
in combination with the metal complex and/or sensor in a 
variety of ways, such as being integrally and/or functionally 
connected to the metal complex/sensor (for example, by pro 
viding a compartment or other assembly Supporting both the 
metal complex/sensor and the energy source), or in combina 
tion Such that the metal complex/sensor and energy source 
can be used together (e.g., packaged together, or otherwise 
provided together and with the ability to arrange each, with 
respect to the other, for use as described herein). The emission 
detector can be provided in combination with the metal com 
plex and/or sensor, in a manner as described above with 
respect to the energy source. Where the energy source and 
emission detector are both provided in combination with the 
metal complex/sensor, they can be provided in essentially 
identical or similar structural relation to the metal complex/ 
sensor (e.g., both attached to a common housing or frame 
work, to which the metal complex/sensor is also attached), or 
their relationship to the metal complex/sensor can differ. 
0062. In some embodiments, sensors of the invention may 
comprise an inlet for intake of a sample (e.g., vapor sample, 
Solution sample), a sample cell comprising the metal com 
plex, the sample cell constructed and arranged to receive the 
sample, and a detection mechanism in optical communication 
with the sample cell. Systems such as this may be useful in the 
determination of for example, electrophilic analytes Such as 
a cyanogen halide. As used herein, a sample cell “constructed 
and arranged’ refers to a sample cell provided in a manner to 
direct the passage of a sample, such as a sample comprising a 
cyanogen halide, from the inlet into the sample cell. Such that 
the vapor sample contacts the metal complex. "Optical com 
munication' may refer to the ability of the detection mecha 
nism to receive and detect an optical signal (e.g., light emis 
sion) from the sample cell. 
0063 Methods for synthesizing sensors as described 
herein may comprise forming a fluid mixture comprising the 
metal complex and a Support material or Support material 
precursor, and solidifying the fluid mixture to produce a solid 
composition that is emissive upon exposure to a source of 
energy, Such as electromagnetic radiation. In certain cases, 
forming the fluid mixture may comprise providing the Sup 
port material or Support material precursor as a fluid, and 
dissolving or Suspending the metal complex in the fluid Sup 
port material precursor. In some embodiments, forming the 
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fluid mixture may comprise providing the Support material as 
a solid, and Suspending (i.e., immersing) the Support material 
in the fluid mixture. 

0064. In some embodiments, forming the fluid mixture 
may comprise dissolving or Suspending the metal complex 
and Support material or Support material precursor in an aux 
iliary fluid. In some embodiments, the auxiliary fluid is a 
Solvent, such that forming the fluid mixture comprises dis 
Solving the metal complex and Support material or Support 
material precursor in the solvent. Optionally, a catalyst, acid, 
base, buffer, and/or other additives (e.g., plasticizers, etc.) 
may be added to the fluid mixture. Solidification of the fluid 
mixture may comprise, in cases where a solvent is employed 
as an auxiliary fluid, removal of a solvent by, for example, 
evaporation or filtration. Solidification of the fluid mixture 
may also comprise, in cases where the Support material pre 
cursor is provided as a fluid, conversion of the Support mate 
rial precursor to a Support material (e.g., a Solid Support 
material). 
0065. As used herein, an emitted radiation or “emission” 
may be luminescence emission, in which “luminescence' is 
defined as an emission of ultraviolet or visible radiation. 
Specific types of luminescence include fluorescence, phos 
phorescence, chemiluminescence, electrochemilumines 
cence, other types of luminescence, and the like. In some 
cases, the emission may be phosphorescence emission. 
0066. As described herein, metal complexes of the inven 
tion comprise a metal center. Metals (e.g., metal centers) 
which are suitable for use in the invention include metals 
which are capable of coordinating ligands as described 
herein, as well as those which are capable of undergoing an 
oxidative addition reaction. For example, metal centers that 
are not in their highest oxidation state may undergo oxidative 
addition reactions. In some cases, the oxidative addition reac 
tion may proceed more readily if the starting and final oxida 
tion states of the metal center are relatively stable. The metal 
center may also be selected Such that it forms a metal complex 
capable of generating an emission, such as a phosphorescence 
emission, upon exposure to a source of energy. In some cases, 
the metal center is a transition metal. Such as a heavy metal. 
Transition metals may include transition metals (e.g., Groups 
3-12), lathanides, and actinides. In some cases, the metal is a 
transition metal from Groups 8-12. In some cases, the metal is 
a transition metal from Groups 8-10. For example, the metal 
may be iron, ruthenium, osmium, cobalt, rhodium, iridium, 
nickel, palladium, or platinum. In some embodiments, the 
metal is palladium, platinum, or iridium. In a particular 
embodiment, the metal is platinum. 
0067. In some embodiments, metal complexes of the 
invention may comprise a bidentate ligand which, when 
bound to a metal center, forms a metallacycle structure with 
the metal center. Such bidentate ligands, when bound to a 
metal center, may also be referred to as “bidentate cyclomet 
allated ligands. Bidentate ligands suitable for use in the 
present invention include species which have at least two sites 
capable of binding to a metal center. For example, the biden 
tate ligand may comprise at least two heteroatoms that coor 
dinate the metal center, or a heteroatom and an anionic carbon 
atom that coordinate the metal center. In some embodiments, 
the bidentate ligand may be chiral and may be provided as a 
racemic mixture or a purified Stereoisomer. Examples of 
bidentate ligands suitable for use in the invention include, but 
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are not limited to, aryl and heteroaryl groups (e.g., bis-aryl, 
heteroaryl-substituted aryl), substituted derivatives there of 
and the like. 
0068. In some embodiments, the metal complex has two 
bidentate ligands coordinating the metal center to form a 
Substantially square planar metal complex. 
0069. The support material may be any material capable of 
Supporting (e.g., containing) the components (e.g., the metal 
complex) of the systems described herein. For example, the 
Support material may be selected to have a particular Surface 
area wherein the support material may absorb or otherwise 
contact a Sufficient amount of analyte to allow interaction 
between the analyte and, for example, the metal complex. In 
Some embodiments, the Support material has a high Surface 
area. In some cases, the Support material has a Surface area of 
at least 50 mm, at least 100 mm, at least 200 mm, at least 
300 mm, at least 400 mm, or, more preferably, at least 500 
mm 
0070. In some embodiments, the support material may 
preferably have a low background signal. Substantially no 
background signal, or a background signal which does not 
substantially interfere with the signal generated by the metal 
complex, either in the presence or in the absence of analyte. In 
Some cases, the Support material may have a preferred pH to 
prevent undesirable reactions with, for example, an acid. The 
support material may be soluble, swellable, or otherwise have 
sufficient permeability in systems of the invention to permit, 
for example, intercalation of the metal complex and other 
components of the system within the support material. In one 
embodiment, the Support material may be hydrophobic, Such 
that a hydrophobic solution containing the metal complex 
may diffuse or permeate the Support material. Additionally, 
the Support material may preferably permit efficient contact 
between the sample (e.g., analyte) to be determined and the 
metal complex. For example, in one embodiment, a vapor 
comprising an analyte may permeate the Support material to 
interact with the metal complex via an oxidative addition 
reaction. The permeability of certain Support materials 
described herein are known in the art, allowing for the selec 
tion of a particular support material having a desired diffu 
Sion. The choice of Support material may also affect the 
intensity and duration of light emission from the system. 
0071 Examples of support materials include polymers, 
copolymers, gels, and other Solid adsorbent materials. In 
Some embodiments, the Support material may be a finely 
divided powder, particles, molded shapes such as films, 
bottles, spheres, tubes, strips, tapes, and the like. In some 
embodiments, the system may have a shape or beformed into 
a shape (for example, by casting, molding, extruding, and the 
like). In some embodiments, the Support material may be a 
polymer. Examples of polymers Suitable for use as a Support 
material include, but are not limited to, poly(methyl meth 
acrylate), polyethylene, polypropylene, poly(vinyl chloride), 
poly(vinyl benzoate), poly(vinyl acetate), cellulose, corn 
starch, poly(vinyl pyrrolidinone)S. polyacrylamides, epoxys, 
silicones, poly(vinylbutyral)S. polyurethanes, nylons, polac 
etals, polycarbonates, polyesters and polyethers, polybutadi 
ene copolymers, crosslinked polymers, combinations 
thereof, and the like. In some cases, the polymer is poly 
(methylmethacrylate), poly(vinylpyrrolidinone), or poly(4- 
vinylpyridine). In a particular embodiment, the polymer is 
poly(methyl methacrylate). 
0072 The combination of support material and solvent 
may have a desired diffusion rate, controlling the intensity 



US 2009/0215.189 A1 

and duration of light emission. The permeability of a particu 
lar polymer is known in the art. 
0073. Analytes that may be determined by devices and 
methods of the invention include those which are capable of 
undergoing oxidative addition reactions with metal com 
plexes as described herein. For example, the analyte may be 
an electrophilic species, such as alkyl halides or cyanogen 
halides. Some examples of analytes include reactive species 
such as methyl iodine or benzyl bromide, relatively less reac 
tive molecules, such as chloroform, dichloromethane, or 
ethyl bromide, or the like. In some cases, the analyte is a 
cyanogen halide, such as cyanogen chloride, cyanogen bro 
mide, cyanogen iodide, and the like. For example, cyanogen 
halides (e.g., X—CN, wherein X is a halide) may be highly 
toxic blood agents that affect the human body in a manner 
similar to that of hydrogen cyanide. Cyanogen chloride, a gas 
under ambient conditions, is a military chemical weapon. 
0074 As used herein, the term “aryl refers to an aromatic 
carbocyclic group having a single ring (e.g., phenyl), multiple 
rings (e.g., biphenyl), or multiple condensed rings in which at 
least one is aromatic (e.g., naphthalene, anthracene, or 
phenanthrene, 1.2.3,4-tetrahydronaphthene, etc.). Aryls 
groups may ring atoms which are carbon atoms. 
0075. The term “heteroaryl” refers to aryl groups which 
comprise at least one heteroatom as a ring atom, with the 
remainder of the ring atoms being carbon atoms. Suitable 
heteroatoms include oxygen, Sulfur, nitrogen, phosphorus, 
and the like. Examples of heteroaryl groups include, but are 
not limited to, furan, thiophene, pyridine, pyrrole, pyrimi 
dine, pyrazine, imidazole, indole, and the like, all optionally 
substituted. 

0076. The term “fused polycyclic aromatic group' refers 
to structures with two or more rings (e.g., cycloalkyls, 
cycloalkenyls, cycloalkynyls, aryls and/or heterocyclyls) in 
which two or more atoms are common to two adjoining rings, 
e.g., the rings are “fused rings. In some cases, two rings share 
two common atoms which are adjacent to one another. Rings 
that are joined through non-adjacent atoms, e.g., three or 
more atoms are common to both rings, are “bridged rings. 
Examples of fused polycyclic aromatic groups include naph 
thalene, phenanthrene, and the like. 
0077. As used herein, the term “substituted” is contem 
plated to include all permissible Substituents of organic com 
pounds, “permissible' being in the context of the chemical 
rules of valence known to those of ordinary skill in the art. In 
Some cases, “substituted may generally refer to replacement 
of a hydrogen with a substituent as described herein. How 
ever, “substituted as used herein, does not encompass 
replacement and/or alteration of a key functional group by 
which a molecule is identified, e.g., such that the “substi 
tuted functional group becomes, through Substitution, a dif 
ferent functional group. For example, a “substituted 
thiophene' must still comprise the thiophene moiety and can 
not be modified or replaced to become, e.g., afuran moiety. In 
a broad aspect, the permissible Substituents include acyclic 
and cyclic, branched and unbranched, carbocyclic and het 
erocyclic, aromatic and nonaromatic Substituents of organic 
compounds. Illustrative Substituents include, for example, 
those described herein. The permissible substituents can be 
one or more and the same or different for appropriate organic 
compounds. For purposes of this invention, the heteroatoms 
Such as nitrogen may have hydrogen Substituents and/or any 
permissible Substituents of organic compounds described 
herein which satisfy the valencies of the heteroatoms. This 
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invention is not intended to be limited in any manner by the 
permissible Substituents of organic compounds. 
0078 Examples of substituents include, but are not limited 
to, lower alkyl, lower aryl, lower aralkyl, lower cyclic alkyl, 
lower heterocycloalkyl, hydroxy, lower alkoxy, lower ary 
loxy, perhaloalkoxy, aralkoxy, lower heteroaryl, lower het 
eroaryloxy, lower heteroarylalkyl, lower heteroaralkoxy, 
azido, amino, halogen, lower alkylthio. Oxo, lower acylalkyl, 
lower carboxy esters, carboxyl, -carboxamido, nitro, lower 
acyloxy, lower aminoalkyl, lower alkylaminoaryl, lower 
alkylaryl, lower alkylaminoalkyl, lower alkoxyaryl, lower 
arylamino, lower aralkylamino, lower alkylsulfonyl, lower 
carboxamidoalkylaryl, lower carboxamidoaryl, lower 
hydroxyalkyl, lower haloalkyl, lower alkylaminoalkylcar 
boxy-, lower aminocarboxamidoalkyl-, cyano, lower alkoxy 
alkyl, lower perhaloalkyl, lower arylalkyloxyalkyl, and the 
like. 

EXAMPLES 

Example 1 

007.9 The following general experimental methods were 
used in the syntheses and studies described herein. All syn 
thetic manipulations were performed under an argon atmo 
sphere using standard Schlenk techniques unless otherwise 
noted. NMR ("Hand 'C) spectra were recorded on either a 
Varian Mercury 300 MHz or a Varian INOVA 500 MHz 
spectrometer. NMR chemical shifts are referenced to residual 
protonated solvent. High-resolution mass spectra (HRMS) 
were obtained at the MIT Department of Chemistry Instru 
mentation Facility using a peak-matching protocol to deter 
mine the mass and error range of the molecular ion, using 
either electron impact or electrospray as the ionization tech 
nique. 
0080 UV/vis spectra were recorded on an Agilent 8453 
diode-array spectrophotometer and corrected for background 
signal with either a solvent-filled cuvette (for solution mea 
Surements) or a clean glass cover slip (for thin film measure 
ments). Emission spectra were acquired on a SPEX Fluo 
rolog-t3 fluorimeter (model FL-321, 450 W Xenon lamp) 
using either right angle detection (solution measurements) or 
front face detection (thin film measurements). All room tem 
perature solution samples for emission spectra were degassed 
by at least three freeze-pump-thaw cycles in an anaerobic 
cuvette and were repressurized with Ar following each cycle. 
77K emission spectra were acquired in frozen 2-methyltet 
rahydrofuran glass. Quantum yields of phosphorescence 
were determined by comparison to Ru(bpy) in deoxygenated 
water and are corrected for solvent refractive index and 
absorption differences at the excitation wavelength. 
I0081 Phosphorescence lifetimes were determined by 
time-resolved phosphorescence spectroscopy. The irradia 
tion source was an Oriel nitrogen laser (Model 79111) with a 
5 ns pulsewidth operating at approximately 25 Hz. The emit 
ted light was dispersed in an Oriel MS-260i spectrograph with 
a 300 lines/mm grating. The detector was an Andor Technolo 
gies Intensified CCD camera (1024x128 pixels) with an 
onboard delay generator and a minimum gate width of 5 ns 
operating in full vertical binning mode and triggered by a 
TTL prepulse from the nitrogen laser. Data taken of 77K 
glasses were subjected to no horizontal binning, while solu 
tion data was acquired with a horizontal binning of 2 or 3. 
10-15 spectra at different delay times after the laser pulse 
were taken per lifetime measurement, the integrated intensi 
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ties of which were fit to a single-exponential function. The 
detector was calibrated with a Hg(Ar)pencil-style calibration 
lamp. 
0082 X-ray crystal structures were determined with a 
Siemens Platform three-circle diffractometer coupled to a 
Bruker-AXS Smart Apex CCD detector with graphite-mono 
chromated Mo KC. radiation (-0.71073 A), performing p 
and co-scans. All structures were solved by direct methods 
using SHELXSSheldrick, G. M., Acta Cryst. Sect. A (1990), 
46,467. and refined against F on all data by full-matrix least 
squares with SHELXL-97 Sheldrick, G. M. SHELXL 91, 
Universtitat Gottingen, Gottingen, Germany, 1997. All non 
hydrogen atoms were refined anisotropically. 

Example 2 

0083) Ligand 1b was synthesized according to the follow 
ing procedure. 2-Bromopyridine (1.48 g. 0.89 mL, 9.4 
mmol), 2-methyl-5-(tributylstannyl)thiophene (4.0 g, 10.3 
mmol), Pd(PPh3) (0.54g, 0.47 mmol) and CsP (3.12 g, 20.6 
mmol) were weighed into a Schlenk tube and 60 mL of 
dioxane was added. The reaction mixture was sparged for 15 
minutes with argon. The reaction mixture was heated at 100° 
C. for 36 hours. The reaction mixture was cooled down and 
was passed through a silica gel plug to remove the Solids. The 
silica plug was eluted with 250 mL of ethyl acetate. The 
combined organic fractions were evaporated to yield an oily 
residue, which was chromatographed on silica gel with 
dichloromethane/hexane (2:1 v/v) as the eluant to yield 1.59 
g (97%) of 1b as a white solid. "H NMR (500 MHz, CDC1): 
88.53 (d. 1H), 7.64 (t, 1H), 7.58 (d. 1H), 7.38 (d. 1H), 7.10 (t, 
1H), 6.76 (d. 1H), 2.53 (s.3H). CNMR (125 MHz, CDC1) 
& 153.0, 149.6, 142.7, 137.7, 126.5, 124.8, 122.6, 118.5, 15.9. 
HRMS calcd. for CHNS (M+H)", 176.0529; found, 176. 
0530. mp=77-78° C. 

Example 3 

0084 Ligand 1c was synthesized according to the proce 
dure described in Example 2.2-Bromopyridine (1.63 g, 0.98 
mL, 10. mmol), 2-methoxy-5-(tributylstannyl)thiophene (6.0 
g, 15 mmol), Pd(PPh) (0.60 g, 0.51 mmol), CsP (3.4g, 23 
mmol). Yield was 1.82 g (93%) using dichloromethane/hex 
ane (2:1 v/v) as the eluant. 'HNMR (500 MHz, CDC1) 88.51 
(d. 1H), 7.63 (t, 1H), 7.55 (d. 1H), 7.26 (d. 1H), 7.08 (t, 1H), 
6.24 (s, 1H), 3.97 (s. 2H). ''C NMR (125 MHz, CDC1,) & 
168.7, 153.1, 149.5, 136.5, 130.8, 122.9, 121.1, 117.6, 105.2, 
60.3. HRMS calc. for CHNOS (M)", 192.0478; found, 
192.0478. mp=45-46° C. 

Example 4 

0085 Ligand 1d was synthesized according to the proce 
dure described in Example 2. 2-Bromo-4-methylpyridine 
(1.5g, 0.97 mL, 8.7 mmol), 2-(tributylstannyl)thiophene (3.9 
g, 3.3 mL, 10. mmol), Pd(PPh) (0.50 g, 0.43 mmol), CsP 
(1.52 g, 10 mmol). Yield was 1.04 g (68%) using dichlo 
romethane/hexane (3:1 v/v) as the eluant. H NMR (500 
MHz, CDC1) & 8.439d, 1H), 7.57 (d. 1H), 7.48 (s, 1H), 7.11 
(d. 1H), 6.97 (d. 1H), 2.38 (s, 3H). 'C NMR (125 MHz, 
CDC1) & 152.3, 149.4, 147.9, 145.1, 128.1, 127.5, 124.4, 
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123.2, 119.8, 21.3. HRMS calc. for CHNS (M)", 175. 
0450; found, 175,0445. mp=39-41° C. 

Example 5 
I0086 Ligand 1e was synthesized according to the proce 
dure described in Example 2. 2-Bromo-5-methylpyridine 
(1.7 g, 10. mmol), 2-(tributylstannyl)thiophene (3.7 g, 10. 
mmol), Pd(PPh) (0.1 g, 0.2 mmol), CsP (2.9 g, 19 mmol). 
Yield was 500 mg (29%) using dichloromethane/hexane (2:1 
v/v) and after 2 recrystallizations from hexanes at -78°C. "H 
NMR (300 MHz, CDC1) & 8.37 (s, 1H), 7.45 (m, 3H), 7.33 
(d. 1H), 7.07 (t, 1H), 2.30 (s, 3H). 'C NMR (75 MHz, 
CDC1) & 150.0, 149.8, 145.0, 137.3, 131.6, 128.0, 126.9, 
123.9, 118.4, 18.3. HRMS calc. for CHNS (M), 175. 
0450; found, 175.0448. mp=61-63° C. 

Example 6 
I0087 Ligand 1f was synthesized according to the proce 
dure described in Example 2. 2-Bromo-6-methylpyridine 
(1.15 g, 1.0 mL, 6.69 mmol), 2-(tributylstannyl)thiophene 
(2.5g, 2.12 mL, 6.69 mmol), Pd(PPh) (0.386g, 0.33 mmol), 
CsP (1.52g, 10 mmol). Yield was 1.04 g (96%) using dichlo 
romethane/hexane (2:1 v/v) as the eluant. H NMR (300 
MHz, CDC1) & 7.58 (m, 2H), 7.44 (d. 1H), 7.37 (d. 1H), 7.11 
(t, 1H), 6.98 (d. 1H), 2.59 (s, 3H). ''C NMR (75 MHz, 
CDC1,) & 158.4, 1519, 145.3, 136.8, 128.0, 127.3, 124.4, 
121.5, 115.9, 24.6. HRMS calc. for CHNS (M+H)", 176. 
0529; found, 176.0530. mp=38-39° C. 

Example 7 
I0088 Ligand 2a was synthesized according to the follow 
ing procedure. A 50 mL Schlenk tube was charged with 2.14 
g (12 mmol) of thianapthene-2-boronic acid, 0.10 g 
Pd(PPh) (0.1 mmol). Dimethoxyethane (20 mL) and 5 mL 
2Maqueous sodium carbonate were added, and the tube was 
purged with argon gas with 5 evacuate/refill cycles. 2-Bromo 
pyridine (1.58 g. 10.0 mmol) of was added as a neat liquid. 
The tube was sealed and heated at 90° C. with very vigorous 
stirring for 2 days. Upon cooling to ambient temperature, the 
organics were extracted into dichloromethane (3x50 mL) 
from 50 mL water. The combined organics were washed with 
water (1x50 mL) and brine (1x50 mL), dried over magnesium 
sulfate, filtered and dried in vacuo. The crude product was 
pre-adsorbed onto silica gel and chromatographed (silica gel. 
2:1 dichloromethane/hexanes) to give 1.15 g (55%) of 2a as a 
colorless powder. "H NMR (300 MHz, CDC1) & 8.65 (m, 
1H), 7.8-7.9 (m, 4H), 7.75 (td, 1H), 7.37 (m, 2H), 7.22 (m, 
1H). C NMR (125 MHz, CDC1) & 152.7, 149.9, 145.0, 
140.8, 140.6, 136.8, 125.2, 124.7, 124.3, 122.8, 122.8, 121.3, 
119.8. HRMS calc. for CHNS (M+H)", 212.0529; found, 
212.0534. mp=125-126° C. 

Example 8 
I0089 Ligand 2b was synthesized according to the follow 
ing procedure. A 50 mL Schlenk tube was charged with 2.14 
g (12 mmol) of thianapthene-2-boronic acid, 0.10 g 
Pd(PPh) (0.1 mmol). 20 mL dimethoxyethane and 5 mL 2M 
aqueous sodium carbonate were added, and the tube was 
purged with argon gas with 5 evacuate/refill cycles. 2-Bromo 
6-methylpyridine (1.72 g, 10.0 mmol) was added as a neat 
liquid. The tube was sealed and heated at 90° C. with very 
vigorous stirring for 2 days. Upon cooling to ambient tem 
perature, the organics were extracted into dichloromethane 
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(3x50 mL) from 50 mL water. The combined organics were 
washed with water (1x50 mL) and brine (1x50 mL), dried 
over magnesium Sulfate, filtered and dried in vacuo. The 
crude product was pre-adsorbed onto silica geland chromato 
graphed (silica gel, hexanes to 1:1 dichloromethane/hexanes 
gradient elution) to give 1.15 g (51%) of 2b as a colorless 
powder. "H NMR (300 MHz, CDC1) & 7.8-7.9 (m,3H), 7.60 
(m. 2H), 7.47 (m, 2H), 7.07 (m, 1H), 2.64 (s.3H). ''C NMR 
(75 MHz, CDC1) & 140.7, 140.7, 136.9, 125.0, 124.5, 124.2, 
122.7, 122.4, 121.0, 116.8, 24.7. HRMS calc. for CHNS 
(M+H)", 226.0685; found, 212.0676. mp=116-117° C. 

Example 9 
0090 Complex 3a was synthesized according to the fol 
lowing procedure. A solution of trans-PtCl(EtS) (0.5 g. 
1.12 mmol) in diethyl ether and THF was added dropwise to 
a stirred solution of 4-(2-(2-thienyl)pyridinyl)lithium from 
2-thienylpyridine (0.9 g, 5.6 mmol) and 1.6 Mt-Buli (6.56 
mL, 11.2 mmol) in ether at -78°C. in ether at -78°C. After 
the solution was stirred for 30 minat -78°C., the temperature 
was allowed to rise slowly to 0°C. The reaction mixture was 
hydrolyzed (HO) at 0°C. The organic phase was washed 
with NaCl solution and the aqueous phase extracted with 
dichloromethane. The combined extracts were dried 
(MgSO). The organic layer was evaporated to yield ared oily 
residue. The residue was chromatographed on silica gel with 
dichloromethane:hexane (3:2) as the eluant to give 0.30 g 
(52%) of 3a as a red solid. 

Example 10 
0091 Complex 3b was synthesized according to the fol 
lowing procedure. Trans-PtCl(EtS) (0.50 g, 1.1 mmol) in 
diethyl ether and THF was added dropwise to a stirred solu 
tion of lithiated 19b from 1b (0.91 g, 5.6 mmol) and 1.6M 
t-Buli (6.6 ml, 11 mmol) at -78° C.I. Chromatography on 
silica gel (2:1 dichloromethane/hexanes) gave 0.31 g of 11b 
(51%). "H NMR (500 MHz, CDC1): 8 8.57 (d. 2H), 7.70 (t, 
2H), 7.33 (m, 4H), 7.05 (t, 2H), 2.63 (s, 6H). 'C NMR (125 
MHz, CDC1): 8 162. 1, 149.2, 147.8, 143.9, 140.3, 138.7, 
134.7, 119.0, 117.6, 16.1. HRMS calc. for CHNPtS, 
(M), 543.0392; found, 543.0384. 

Example 11 
0092 Complex 3c was synthesized according to the fol 
lowing procedure. Trans-PtCl(EtS) (0.50 g, 1.1 mmol) in 
diethyl ether and THF was added dropwise to a stirred solu 
tion of lithiated 1c from ligand 1c (1.06 g, 5.6 mmol) and 1.6 
Mt-BuLi (6.58 mL, 11.2 mmol) at -78°C.. Chromatography 
on silica gel (2:1 dichloromethane/hexane) gave 0.36 g of 3c 
(56%). "H NMR (500 MHz, CDC1): 8 8.49 (d. 2H), 7.67 (t, 
2H), 7.20 (d. 2H), 7.00 (t, 2H), 6.77 (s. 2H), 4.01 (s, 6H). 'C 
NMR (125 MHz, CDC1): 8 170.3, 162.8, 149.3, 147.8, 138. 
7, 118.1, 116.4, 113.2, 60.7. HRMS calc. for 
CHONPtS (M)", 575.0290; found, 543.0312. 

Example 12 
0093 Complex 3d was synthesized according to the fol 
lowing procedure. Trans-PtCl(EtS) (0.22g, 0.50 mmol) in 
diethylether and THF was added dropwise to a stirred solu 
tion of lithiated 1d from ligand 1d (0.35g, 2.0 mmol) and 1.6 
Mt-BuLi (2.5 mL, 4.0 mmol) at -78°C.. Chromatography 
on silica gel (2:1 dichloromethane/hexane) gave 0.03 g of 3d 
(12%). H NMR (500 MHz, CDC1): 8 8.45 (d. 2H), 7.68 (d. 
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2H), 7.44 (d. 2H), 7.27 (s. 2H), 6.91 (d. 2H), 2.38 (s, 6H). 'C 
NMR (125 MHz, CDC1): & 161.5, 160.6, 147.3, 147.2, 142. 
6, 135.7, 127.6, 121.0, 118.7, 21.6. HRMS calc. for 
CHNPtS (M)", 543.0392; found, 543.0403. 

Example 13 
0094 Complex 3e was synthesized according to the fol 
lowing procedure. Trans-PtCl(EtS) (0.22g, 0.50 mmol) in 
diethylether and THF was added dropwise to a stirred solu 
tion of lithiated 1e from ligand le (0.35g, 2.0 mmol) and 1.6 
Mt-Buli (2.5 mL, 4.0 mmol) at -78°C.. Chromatography on 
silica gel (2:1 dichloromethane/hexane) gave 0.11 g of 3e 
(40%). H NMR (500 MHz, CDC1): 88.47 (s. 2H), 7.68 (d. 
2H), 7.60 (d. 2H), 7.42 (m, 4H), 2.41 (s, 6H). ''C NMR (125 
MHz, CDC1): & 159.5, 1479, 146.0, 139.5, 135.7, 129.5, 
127.2, 117.7, 18.6. HRMS calc. for CHNPtS (M)",543. 
0392; found, 543.0397. 

Example 14 
0.095 Complex 3f was synthesized according to the fol 
lowing procedure. Trans-PtCl(EtS) (0.28g, 0.64 mmol) in 
diethylether and THF was added dropwise to a stirred solu 
tion of lithiated 1 ffrom ligand 1 f(0.45g, 2.5 mmol) and 1.6 
Mt-Buli (3.2 mL, 5.1 mmol) at -78°C.. Chromatography on 
silica gel (2:1 dichloromethane/hexane) gave 0.11 g of 3f 
(32%). "H NMR (500 MHz, CDC1): 8 7.65 (d. 2H), 7.56 (t, 
2H), 7.40 (d. 2H), 7.26 (d. 2H), 6.91 (d. 2H), 2.61 (s, 6H). 'C 
NMR (125 MHz, CDC1): & 1612, 160.1, 146.3, 1429, 138. 
5, 135.1, 127.5, 119.9, 114.6, 25.5. HRMS calc. for 
CHNPtS (M)", 543.0392; found, 543.0400. 

Example 15 
0096 Complex 4a was synthesized according to the fol 
lowing procedure. A solution of trans-PtCl(EtS) (0.25 g, 
0.55 mmol) in diethylether and THF was added dropwise to a 
stirred solution of lithiated 2a from ligand 2a (0.50g, 2.2 
mmol) and 1.7 Mn-BuLi (1.7 mL, 2.2 mmol) in THF at -50° 
C. in THF at -78°C. After the solution was stirred for 30 min 
at -78°C., the temperature was allowed to rise slowly to 0°C. 
The reaction mixture was hydrolyzed (HO) at 0° C. The 
organic phase was washed with NaCl solution and the aque 
ous phase extracted with dichloromethane. The combined 
extracts were dried (MgSO4). The organic layer was evapo 
rated to yield a red oily residue. The residue was chromato 
graphed on silica gel with 2:1 dichloromethane/hexane as the 
eluant to give 0.16 g (48%) of 4a. "H NMR (500 MHz, 
CDC1): 88.77 (d. 2H), 7.94 (td, 2H), 7.85 (d. 2H), 7.65 (m, 
4H), 7.27 (td, 2H), 7.23 (td, 2H), 6.92 (td, 2H). CNMR (125 
MHz, CDC1): 8 147.7, 138.7, 131.3, 125.6, 123.3, 122.3, 
121.0, 119.6. HRMS calc. for CHNPtS (M), 615.0393; 
found, 615.0420. 

Example 16 
0097. Complex 5 was synthesized according to the follow 
ing procedure. K-PtCl4 (1.0g, 2.4 mmol) and 2-phenylpyri 
dine (0.68 mL, 4.8 mmol) in a 3:1 mixture of 2-ethoxyethanol 
(45 mL) and water (15 mL) was heated under argon for 16 
hours at 80° C. The reaction mixture was cooled down and 
poured into 200 mL water to yield a yellow precipitate. The 
precipitate was filtered, extracted with dichloromethane and 
dried over NaSO. The organic layer was evaporated to yield 
the 1.27 g (69%) Pt(II) L-dichloro-bridged dimer as a yellow 
powder. 
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0098. The Pt(II) u-dichloro-bridged dimer (1.25 g, 1.62 
mmol) and EtS (5.0 mL, 46 mmol) in dry chloroform was 
stirred at 50° C. for 12 hours. The reaction mixture was cooled 
down and evaporated to yield an oily yellow residue. The 
yellow residue was chromatographed on silica gel with 
dichloromethane to yield 0.56 g (72%) of PtCl(phpy)(EtS) 
as a yellow powder. 
0099. A solution of lithiated 1a from 2-thienylpyridine 
(0.084g, 0.526 mmol) and 1.6 Mt-Buli (0.65 mL, 1.1 mmol) 
in ether at -78°C. in ether at -78°C. was added dropwise to 
a stirred solution of PtCl(phpy)(EtS) (0.250 g., 0.526 mmol) 
in diethylether and THF at -78°C. After the solution was 
stirred for 30 min at -78°C., the temperature was allowed to 
rise slowly to 0°C. The reaction mixture was hydrolyzed 
(HO) at 0°C. The organic phase was washed with NaCl 
Solution and the aqueous phase extracted with dichlo 
romethane. The combined extracts were dried (MgSO) and 
evaporated to yield a red oily residue. The residue was chro 
matographed on silica gel using dichloromethane/hexane 
(3:2) as the eluant to give 0.125 g (47%) of 5 as a red powder. 
H NMR (500 MHz, CDC1): 8 8.76 (d. 1H), 8.61 (d. 1H), 
8.26 (td, 1H), 7.86 (m, 2H), 7.20 (m, 2H), 7.62 (d. 1H), 7.50 
(m. 2H), 7.27 (m, 2H), 7.13 (m, 2H). HRMS calc. for 
CHNPtS (M), 509.0516; found, 509,0503. 

Example 17 
0100. The photophysical properties of the platinum (II) 
complexes were investigated in deoxygenated, room-tem 
perature fluid solution and in 77K 2-methyltetrahydrofuran 
glasses. Table 1 Summarizes the photophysical properties of 
the platinum (II) complexes. FIG. 5 shows the normalized 
UV/vis spectra of (a) complex 3a, (b) complex 3b, (c) com 
plex 3c, and (d) complex 3d, in THF, and FIG. 6 shows the 
normalized U/vis spectra of (a) complex 3e, (b) complex 3f. 
(c) complex 4a, and (d) complex 5, in THF. Several of the 
complexes investigated showed sharp and distinct MLCT 
transitions with extinction coefficients of approximately 10, 
as is characteristic for the parent Pt(thpy) complex (3a). 
These bands also showed moderate negative Solvato 
chromism, in that more polar solvents gave blue-shifted 
MLCT bands. For example, complex 3a exhibited an MLCT 
maximum at 419 nm in acetone, but, in toluene, was red 
shifted to 430 nm. Also, increasing the electron density (3b, 
3c) or the conjugation lengths (4a) of the ligands tended to 
cause a red shift in the absorbance bands. 
0101 FIG. 7 shows the emission spectra of (a) complex 
3a, (b) complex 3b, (c) complex 3c, at room temperature in 
THF, and FIG. 8 shows the emission spectra of (a) complex 
3a, (b) complex 3b, (c) complex 3c, at room temperature in 
THF. Most of the Pt(II) complexes displayed moderate to 
strong phosphorescence intensity (with quantum yields of 
emission between 0.05 and 0.30) in room temperature, 
deoxygenated fluid Solution. The emissive complexes were 
observed to phosphoresce in the orange or red region of the 
visible spectrum with lifetimes on the timescale of 5-15 
microseconds at ambient temperature. The lower quantum 
yield and biexponential character of complex 5 may be due to 
the presence of a competing, non-emissive state involving the 
phenylpyridine ligand 
0102 The Pt(II) complexes showed only weak solvato 
chromism in their phosphorescence energy. The rigidochro 
mic effect on the emission of these complexes is a Small value 
of 9+3 nm upon freezing the sample in a 2-methyltetrahydro 
furan glass. The rigid glass did not allow reorganization of 
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Solvent dipoles upon generation of an excited State, and gave 
a strongly blue-shifted spectrum of complexes that emit from 
a charge-transfer state. Without wishing to be bound by 
theory, such trends, coupled with the vibronic structure 
observed in the room temperature phosphorescence spectra, 
Suggest that the emissive state of the complexes may be an 
admixture of an MLCT state and an intraligand pi-pi state. 
This behavior was similar to other Pt(II) cyclometalated com 
plexes. 
0103) Not all of the complexes, however, exhibited strong 
emission at room temperature. Complexes 3f and 4a exhib 
ited phosphorescence quantum yields of less than 1 percent. 
As demonstrated with complex 3f, the addition of a methyl 
group on the pyridine ring almost completely eliminated 
phosphorescence. The relatively small effect of including a 
more powerful donor (e.g., methoxy group) in complex 3c 
Suggested that phosphorescence attenuation may be due to 
steric congestion of the square plane around the metal center. 
The strong room temperature emission of complexes 3d and 
3e also Support the hypothesis that steric congestion may be 
the reason for the very weakemission of complexes 3 fand 4a. 
Complex 3f displayed similar behavior to complexes 3d and 
3e, the only difference being that the methyl groups meta or 
para to the pyridine nitrogen were not expected to have repul 
sive interactions in the square plane. Complexes 3f and 4a 
also gave broadened MLCT absorbance bands, suggesting 
that there may be more conformational variation in these 
non-emissive complexes. 

TABLE 1 

Photophysical parameters of Pt(II) complexes 3-5, where (a) the 
first maximum is ligand-centered absorption and the second 
maximum is MLCT, (b) photophysical parameters were not 
determined due to weak signal, and (c) multi-exponential 

decay occurred. 

Room Temperature 77K Glass 
Solution (THF 2-MeTHF 

max max max 
Complex (UV/vis) (Phos) te d (Phos) te 

3a 306, 425 nm 582 mm 5.5 is 0.24 575 nm 10.3 is 
3b 312, 433 nm 599 mm 13.2 is 0.29 590 nm 13.0 is 
3c. 317,443 nm 613 nm 13.6 is 0.30 605 nm 14.2 is 
3d 306, 419 nm 578 mm 6.0 is 0.24 569 nm 10.9 is 
3e 309, 425 nm 588 mm 6.4 is 0.22 578 nm 9.7 is 
3f 311, 438 nm 582 mm b <0.01 572 nm 15.2 is 
4a 277, 458 nm 630 mm b <0.01 626 nm 8.7 is 
5 300,415 nm 581 mm C 0.05 567 nm 13.2 is 

Example 18 

0104. In order to directly observe the effects of interligand 
steric congestion around the platinum metal center, single 
crystal X-ray structures were obtained for complexes 3b, 3f. 
and 5, with the crystallographic parameters shown in Table 2. 
FIG. 9A shows the ORTEP diagram of the crystal structures 
of complex 3b, and FIG.9B shows the ORTEP diagram of the 
crystal structures of complex 3f. Thermal ellipsoids are at 
50% probability, and hydrogen atoms were omitted for clar 
ity. As shown in FIG. 9A, complex 3b is only slightly dis 
torted out of a square planar geometry, while 3f, on the other 
hand, is severely distorted away from ideal square plane 
geometry because of the steric repulsion between the methyl 
groups ortho to the nitrogen on the pyridine ring (FIG. 9B). 
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0105. While suitable crystals from the benzthiophene 
Substituted complexes were unable to be grown, simple 
molecular mechanics modeling indicated that the aryl hydro 
gen atoms in the 4-position of the thianapthene ring system in 
complex 4a were predicted to have similar steric interactions 
in a square planar geometry, forcing the complex into a highly 
distorted conformation. Certain quinoline-substituted bis-cy 
clometalated heavy metal group 10 d complexes have been 
shown to have a severely twisted geometry for similar rea 
sons. Such intramolecular repulsions may lead to enhanced 
non-radiative relaxation of the excited State through addi 
tional twisting and vibration. 

TABLE 2 

Crystallography Parameters. 

3b 3f 5 

Empirical CoH16N2PtS2 CoH16N2PtS2 CoHN2PtS 
formula 
Color Orange Orange Red 
Mr 543.56 543.56 SO948 
Crystal size O.O2 x 0.05 x O.20 x 0.20 x 0.10 x 0.05 x 0.04 

O.O2 O.10 
T (K) 100(2) 100(2) 100(2) 
(MoKC) 0.71073 0.71073 0.71073 

Crystal Triclinic Monoclinic Triclinic 
Space group P-1 P2(1) P-1 
a A) 6.9633(12) 16.0087(10) 9.8404(8) 
b Al 10.9345 (18) 9.0397(5) 18.3388(18) 
c A 11.3463(19) 24.8119(15) 18.4798(17) 
C. () 99.492.(3) 90 74.296(3) 
B (-) 96.613(3) 104.853(2) 80.151(3) 
Y () 90.630(3) 90 86.066(3) 
VA 846.0(2) 3470.7(4) 3162.2(5) 
Z. 2 8 8 
p calcd 2.134 2.081 2.140 
L (mm) 8.544 8.331 9.009 
F (OOO) 520 2O8O 1936 
Transmission O6746-0.8477 O.2866-0.4896 O4661-0.7145 
range 
20 range 3.66 & 26 & 1.7 & 28 & 2.32 & 26 & 

58.26 59.14 56.569 
Measured 18469 67464 18990 
reflections 
Unique 4549 194O2 18990 
reflections 
Parameters 228 910 1584 
Gof (for F2) 1.052 1.024 1160 
RI > 0.0165, 0.0181 0.0198, 0.0208 0.0500, 0.0704 
2o.(I)], R1 all 
wRI - 0.0389,0.0398 0.0464, 0.0468 0.0886, 0.0924 
2o.(I)], wR2 
Apnaximin 1.267, -0.502 1.833, -1.140 2.708, -1.887 

Example 19 

0106 The metal complexes were evaluated for their abil 
ity to undergo oxidative addition with an electrophile in solu 
tion. All of the synthesized complexes were observed to par 
ticipate in oxidative addition reactions under ambient 
conditions. FIG. 10 shows the shows the progress of a reac 
tion with 3b with 1.0 M methyl iodide under pseudo-first 
order conditions in benzene as followed by absorbance spec 
troscopy. Times elapsed, in seconds, are 15, 30, 45, 60.90, 
120, 180, 240, and 300. FIG. 11 shows a pseudo-first order 
rate plot for 3b in 1.0 MeI/benzene, wherein the calculated 
bimolecular rate constant was 0.0081 M's'. The isosbestic 
points shown in FIG. 10 and the pseudo-first order kinetics 
shown in FIG. 11 illustrate the clean oxidative addition of 
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complex 3b to methyl iodide. The reaction rate displays 
strong solvent dependence, which may be indicative of a 
highly polar transition state and an S2-type mechanism. 
0107 Upon adding cyanogen bromide to these complexes 
under similar conditions, several important differences were 
apparent. First, the reaction with cyanogen bromide was 
observed to proceed much faster than that with methyl iodide. 
FIG. 12 shows percent conversion as a function of reaction 
time for (a) methyl iodide (1.0 M) and (b) cyanogen bromide 
(0.00013 M) with complex 3a. FIG. 13 shows the UV/vis 
spectra of 3b during the reaction with 0.00013 M BrCN in 
benzene, where the times elapsed are in 20 second intervals. 
The cyanogen bromide reaction proceeded to completion 
much faster than the reaction with Mel, even though the 
relative concentration of BrCN was almost 10 times smaller. 
The non-polar solvent benzene was used to more effectively 
mimic a solid-state environment, which would be used for 
sensing purposes, than a more polar solvent. The UV/vis 
profiles of these reactions also showed clean (e.g., “well 
behaved') isosbestic points, disappearance of the Pt(II) 
MLCT band, and growth of an absorbance at approximately 
350 nm, characteristic of bis-cyclometalated Pt(IV) com 
plexes. Second, in addition to a much faster reaction rate in 
solution, the kinetic profiles of these reactions with CNBr 
were not seen to follow a simple kinetic model. FIG. 14 shows 
the pseudo-first order rate plot for the reaction of complex 3b 
with 0.00024 MCNBr in benzene. The reaction was observed 
to accelerate very quickly following an initial induction 
period, indicating that a different mechanism may be taking 
place, rather than the S2 type invoked for the oxidative 
addition with methyl iodide. A third difference observed 
between the reactions with CNBr and Mel was the lack of 
strong solvent polarity dependence on rate of reaction of the 
Pt(II) complexes and CNBr. Upon switching from toluene to 
acetone, the initial reaction rate only increased by approxi 
mately 50%. 
0108. Without wishing to be bound by theory, the key 
differences in the CNBr reactions may be indicative of a 
radical, potentially chain, mechanism operating in this reac 
tion. This may be further supported by the observation that the 
reaction proceeds to completion much faster in benzene than 
intoluene, as shown by the percentage conversion of complex 
3a in (a) toluene or (b) benzene, in the presence of 0.00024M 
BrCN. (FIG. 15) This suggests that an intermediate, radicals 
may abstract a benzylic hydrogen atoms from toluene, 
thereby inhibiting the reaction. 
0109 To ensure that oxidative addition, and not complex 
decomposition, was occurring, the reaction between complex 
3a and BrCN was performed on a preparative (-30 mg) scale. 
Upon mixing the two in THF, a colorless product immediately 
precipitated. The major product (of2 by TLC) was isolated by 
filtration and washing with dichloromethane. Mass analysis 
of the isolated product showed the desired molecular ion for 
Pt(thpy) (Br)(CN) with the expected fragmentation pattern. 
NMR analysis was unable to be performed due to limited 
solubility of the complex. No free ligand was observed upon 
addition of BrCN. Although the product was not emissive in 
room temperature fluid solution, it was strongly emissive at 
77K with photophysical parameters consistent with a bis 
cyclometalated Pt(IV) complex. This included a highly struc 
tured emission spectrum with a maximum in the green region 
of the visible spectrum and an excited state lifetime of about 
400 microseconds. 

Example 21 
0110 Structure-reactivity trends between different Pt(II) 
complexes and BrCN were analyzed. The trends were found 
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to yield similar results to the study of photophysical proper 
ties. The most reactive complexes were those that incorpo 
rated interligandsteric congestion into the square plane of the 
complex (e.g., complexes 3f, 4a) even at Stoichiometric con 
centrations of BrCN. FIG. 16 shows the conversion percent 
ages of (a) complex 3a, (b) complex 3b, (c) complex 3e, (d) 
complex 3f, (e) complex 4a, and (f) complex 5, as a function 
of time in 0.00013 M BrCN/benzene. The increase in the 
energy of the sterically crowded complexes was shown to 
decrease the activation barrier for oxidative addition, increas 
ing the rate at which these heavily distorted complexes are 
converted to octahedral products. The fact that the least emis 
sive Pt(II) complexes are the most reactive towards oxidative 
addition with BrCN may be advantageous for “turn-on' phos 
phorescence-based sensing schemes, since excessive phos 
phorescence from the starting “off” state may increase the 
background signal on top of which the measurement must be 
made. Interestingly, the heteroleptic complex 5 also proceeds 
to completion faster than the parent homoleptic complex 3a. 
0111. In contrast to the structure-reactivity trend with 
BrCN, the more sterically hindered complexes (e.g., com 
plexes 3f, 4a) exhibited bimolecular rate constants with 
methyl iodide (in benzene) that were approximately 4-10 
times smaller than the unstrained systems (Table 3). This was 
likely not due to an electronic effect because complexes 3d 
and 3e, which have methyl groups in different positions on the 
pyridine ring, did not show behavior similar to that of 3f. 
Rather, the Smaller bimolecular rate constants suggested that 
the transition state for S2 type oxidative addition to these 
complexes exacerbated the preexisting steric congestion, 
possibly by forcing the complex into a square-pyramidal 
geometry, whereas the transition state for the reaction with 
BrCN relieved the unfavorable interactions. This difference 
may be particularly useful for sensing, as it could impart 
additional selectivity for cyanogen halides over interferents 
that react by the S2-type mechanism. 

TABLE 3 

Bimolecular rate constants of platinum complexes 
with MeI in benzene. 

Complex k, (M's) 
11a 3.4 x 10 
11b 8.1 x 10 
11c 4.8 x 10 
11d 8.8 x 10 
11e 5.1 x 10 
11f 0.82 x 10 
12a 0.93 x 10 
13 5.8 x 10 

Example 21 

0112 Films of the metal complexes were then made and 
their photophysical properties were investigated. The plati 
num complexes were doped into a polymer matrix in order to 
create a substance with desirable material properties that 
could be readily cast into films. Each film was prepared by 
spin-casting a dichloromethane Solution containing a mixture 
of poly(methyl methacrylate) (PMMA) and the desired Pt(II) 
complex (10% w/w relative to PMMA). Transparent, glassy, 
highly phosphorescent thin films were obtained, many of 
which were highly emissive even under ambient conditions. 
The glassy PMMA excluded enough oxygen to allow radia 
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tive decay of the triplet excited states to be kinetically com 
petitive with oxygen-induced quenching. 
0113 FIG. 17 shows the normalized emission spectra of 
complex 3a in (a) degassed THF solution and (b) doped into 
PMMA films (10% w/w). As illustrated in FIG. 17, the films 
exhibited emission spectra having similar shapes to the emis 
sion spectra of the complexes obtained in Solution. This indi 
cates that, at 10% loading, the amount of intermolecular 
communication between the metal complexes was negligible. 
In addition, complexes 3f and 4a, which were not emissive in 
room temperature solution but were emissive at 77 K, showed 
phosphorescence spectra in the PMMA films that were in the 
same spectral region as the emission spectra of the complexes 
at 77K in solution. This may be attributed to the rigid PMMA 
matrix, which may inhibit intramolecular conformational 
changes that lead to non-radiative deactivation of the excited 
states of these strained molecules. 

Example 22 
0114. The solid-state phosphorescence sensing ability of 
the metal complexes was investigated. Upon exposing the 
doped PMMA films (described in Example 21) to saturated 
BrCN vapor, complete conversion to the corresponding plati 
num (IV) complexes occurred within seconds. The blue 
shifted emission of the product was apparent, both spectro 
scopically and visually. The spectral features of the products 
in the solid state were consistent with the characteristic 
ligand-centered platinum (IV) emission, both in spectral 
position and the relative intensities of the vibronic bands. 
FIG. 18A shows a picture of a PMMA film containing 3a and 
FIG. 18B shows a picture of a PMMA film containing 3a that 
has been exposed to saturated BrCN vapor for 15 seconds. 
FIG. 18C shows a picture of a PMMA film containing 4a and 
FIG. 18D shows a picture of a PMMA film containing 4a that 
has been exposed to saturated BrCN vapor for 15 seconds. 
FIG. 19 shows the PMMA film emission spectra of 3a (a) 
before and (b) after exposure to BrCN vapor for 15 seconds. 
FIG. 20 shows the PMMA film emission spectra of 4a (a) 
before and (b) after exposure to BrCN vapor for 15 seconds. 
The spectra in FIG. 19-20 illustrate how using a strong spec 
tral blue-shift as the sensing signal gives a turn-on signal with 
virtually no background (“dark-field'). 
0115 This feature may be desirable in any sensing system 
for maximum sensitivity to trace quantities of analyte. Pre 
liminary experiments demonstrating trace (part-per-million) 
sensitivity to the cyanogen halides have shown modest sen 
sitivity to 10 ppm BrCN vapor. 
0116 While several embodiments of the present invention 
have been described and illustrated herein, those of ordinary 
skill in the art will readily envision a variety of other means 
and/or structures for performing the functions and/or obtain 
ing the results and/or one or more of the advantages described 
herein, and each of Such variations and/or modifications is 
deemed to be within the scope of the present invention. More 
generally, those skilled in the art will readily appreciate that 
all parameters, dimensions, materials, and configurations 
described herein are meant to be exemplary and that the actual 
parameters, dimensions, materials, and/or configurations will 
depend upon the specific application or applications for 
which the teachings of the present invention is/are used. 
Those skilled in the art will recognize, or be able to ascertain 
using no more than routine experimentation, many equiva 
lents to the specific embodiments of the invention described 
herein. It is, therefore, to be understood that the foregoing 
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embodiments are presented by way of example only and that, 
within the scope of the appended claims and equivalents 
thereto, the invention may be practiced otherwise than as 
specifically described and claimed. The present invention is 
directed to each individual feature, system, article, material, 
kit, and/or method described herein. In addition, any combi 
nation of two or more Such features, systems, articles, mate 
rials, kits, and/or methods, if such features, systems, articles, 
materials, kits, and/or methods are not mutually inconsistent, 
is included within the scope of the present invention. 
0117 The indefinite articles“a” and “an as used herein in 
the specification and in the claims, unless clearly indicated to 
the contrary, should be understood to mean “at least one.” 
0118. The phrase “and/or as used herein in the specifica 
tion and in the claims, should be understood to mean “either 
or both of the elements so conjoined, i.e., elements that are 
conjunctively present in Some cases and disjunctively present 
in other cases. Other elements may optionally be present 
other than the elements specifically identified by the “and/or 
clause, whether related or unrelated to those elements spe 
cifically identified unless clearly indicated to the contrary. 
Thus, as a non-limiting example, a reference to "A and/or B. 
when used in conjunction with open-ended language such as 
“comprising can refer, in one embodiment, to A without B 
(optionally including elements other than B); in another 
embodiment, to B without A (optionally including elements 
other than A); in yet another embodiment, to both A and B 
(optionally including other elements); etc. 
0119. As used herein in the specification and in the claims, 
“or should be understood to have the same meaning as 
“and/or as defined above. For example, when separating 
items in a list, 'or' or “and/or shall be interpreted as being 
inclusive, i.e., the inclusion of at least one, but also including 
more than one, of a number or list of elements, and, option 
ally, additional unlisted items. Only terms clearly indicated to 
the contrary, such as “only one of or “exactly one of” or, 
when used in the claims, “consisting of will refer to the 
inclusion of exactly one element of a number or list of ele 
ments. In general, the term 'or' as used herein shall only be 
interpreted as indicating exclusive alternatives (i.e. “one or 
the other but not both') when preceded by terms of exclusiv 
ity, such as “either,” “one of “only one of or “exactly one 
of “Consisting essentially of, when used in the claims, 
shall have its ordinary meaning as used in the field of patent 
law. 

0120. As used herein in the specification and in the claims, 
the phrase “at least one.” in reference to a list of one or more 
elements, should be understood to mean at least one element 
selected from any one or more of the elements in the list of 
elements, but not necessarily including at least one of each 
and every element specifically listed within the list of ele 
ments and not excluding any combinations of elements in the 
list of elements. This definition also allows that elements may 
optionally be present other than the elements specifically 
identified within the list of elements to which the phrase “at 
least one' refers, whether related or unrelated to those ele 
ments specifically identified. Thus, as a non-limiting 
example, “at least one of A and B (or, equivalently, “at least 
one of A or B, or, equivalently “at least one of A and/or B) 
can refer, in one embodiment, to at least one, optionally 
including more than one, A, with no B present (and optionally 
including elements other than B); in another embodiment, to 
at least one, optionally including more than one, B, with no A 
present (and optionally including elements other than A); in 
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yet another embodiment, to at least one, optionally including 
more than one, A, and at least one, optionally including more 
than one, B (and optionally including other elements); etc. 
I0121. In the claims, as well as in the specification above, 
all transitional phrases such as “comprising.” “including.” 
“carrying.” “having.” “containing.” “involving,” “holding.” 
and the like are to be understood to be open-ended, i.e., to 
mean including but not limited to. Only the transitional 
phrases "consisting of and "consisting essentially of shall 
be closed or semi-closed transitional phrases, respectively, as 
set forth in the United States Patent Office Manual of Patent 
Examining Procedures, Section 21 11.03. 
What is claimed: 
1. A method for determination of an analyte, comprising: 
exposing a metal complex having aluminescence emission 

to a sample Suspected of containing an analyte, wherein 
the analyte, if present, interacts with the metal complex 
via an oxidative addition reaction to produce a change in 
the luminescence emission of the metal complex; and 

determining the change in luminescence emission of the 
metal complex, thereby determining the analyte. 

2. A method as in claim 1, wherein, in the absence of 
analyte, the metal complex has a Substantially square planar 
geometry, and wherein the analyte, if present, interacts with 
the metal complex to produce a change in the Substantially 
square planar geometry of the metal complex. 

3. A method as in claim 2, wherein the change in the 
Substantially square planar geometry of the metal complex 
comprises formation of a substantially octahedral geometry 
of the metal complex. 

4. A method as in claim 1, wherein the metal complex has 
the structure, 

wherein M is a metal, and L' and L’ can be the same or 
different and, when bound to the metal, L' and L are biden 
tate cyclometallated ligands. 

5. A method as in claim 4, wherein M is platinum, iridium, 
or palladium. 

6. A method as in claim 4, wherein M is platinum. 
7. A method as in claim 4, wherein the bidentate cyclom 

etallated ligand has the structure, 

wherein Ar' and Arcan be the same or different and are aryl 
or heteroaryl, optionally substituted, or Ar" and Ar’ together 
form a fused polycyclic aromatic group, optionally Substi 
tuted. 

8. A method as in claim 4, wherein L' and L’ can be the 
same or different and are phenylthiophene, thienylpyridine, 
thianapthylpyridine, or substituted derivatives thereof. 

9. A method as in claim 1, wherein the luminescence emis 
sion is phosphorescence emission. 

10. A method as in claim 1, wherein the change comprises 
a change in the wavelength of the luminescence emission. 
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11. A method as in claim 10, wherein the change comprises 
a blue-shifted change in the wavelength of the luminescence 
emission. 

12. A method as in claim 1, wherein the change comprises 
a decrease in luminescence intensity. 

13. A method as in claim 1, wherein the change comprises 
an increase in luminescence intensity. 

14. A method as in claim 1, wherein the analyte is an 
electrophilic species. 

15. A method as in claim 1, wherein the analyte is an alkyl 
halide or cyanogen halide. 

16. A method as inclaim 1, wherein the analyte is cyanogen 
bromide, cyanogen chloride, benzyl bromide, ethyl bromide, 
methyl iodide, chloroform, or dichloromethane. 

17. A method as in claim 1, wherein, in the absence of 
analyte, the metal complex has a first emission, and wherein 
the analyte, if present, interacts with the metal complex to 
produce a second emission Such that the wavelength of the 
first emission is separated from the wavelength of the second 
emission by at least 30 nm. 

18. A method as in claim 17, wherein the wavelength of the 
first emission is separated from the wavelength of the second 
emission by at least 50 nm. 

19. A method as in claim 17, wherein the wavelength of the 
first emission is separated from the wavelength of the second 
emission by at least 100 nm. 

20. A method as in claim 17, wherein the wavelength of the 
first emission is separated from the wavelength of the second 
emission by at least 150 nm. 

21. A method for determination of an analyte, comprising: 
exposing a metal complex having aluminescence emission 

to a sample Suspected of containing an analyte, wherein 
the analyte, if present, interacts with the metal complex 
to produce a change in the luminescence emission of the 
metal complex, 

wherein the metal complex has the structure, 
L-M-L2, 

wherein M is a metal, and L' and Li can be the same or 
different and, when bound to the metal, L' and L are biden 
tate cyclometallated ligands; and 

determining the change in luminescence emission of the 
complex, thereby determining the analyte. 

22. A method as in claim 21, wherein, in the absence of 
analyte, the metal complex has a Substantially square planar 
geometry, and wherein the analyte, if present, interacts with 
the metal complex to produce a change in the Substantially 
square planar geometry of the metal complex. 

23. A method as in claim 22, wherein the change in the 
Substantially square planar geometry of the metal complex 
comprises formation of a substantially octahedral geometry 
of the metal complex. 

24. A method as in claim 21, wherein the metal complex 
has the structure, 

wherein M is a metal, and L' and L’ can be the same or 
different and, when bound to the metal, L' and L are biden 
tate cyclometallated ligands. 

25. A method as in claim 24, wherein M is platinum, 
iridium, or palladium. 

26. A method as in claim 24, wherein M is platinum. 
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27. A method as in claim 24, wherein the bidentate cyclo 
metallated ligand has the structure, 

wherein Ar' and Arcan be the same or different and are aryl 
or heteroaryl, optionally substituted, or Ar" and Ar’ together 
form a fused polycyclic aromatic group, optionally Substi 
tuted. 

28. A method as in claim 24, wherein L' and Li can be the 
same or different and are phenylthiophene, thienylpyridine, 
thianapthylpyridine, or substituted derivatives thereof. 

29. A method as in claim 21, wherein the luminescence 
emission is phosphorescence emission. 

30. A method as in claim 21, wherein the change comprises 
a change in the wavelength of the luminescence emission. 

31. A method as in claim 21, wherein the change comprises 
a blue-shifted change in the wavelength of the luminescence 
emission. 

32. A method as in claim 21, wherein the change comprises 
a decrease in luminescence intensity. 

33. A method as in claim 21, wherein the change comprises 
an increase in luminescence intensity. 

34. A method as in claim 21, wherein the analyte is an 
electrophilic species. 

35. A method as in claim 21, wherein the analyte is an alkyl 
halide or cyanogen halide. 

36. A method as in claim 21, wherein the analyte is cyano 
gen bromide, cyanogen chloride, benzyl bromide, ethyl bro 
mide, methyl iodide, chloroform, or dichloromethane. 

37. A method as in claim 21, wherein, in the absence of 
analyte, the luminescent material has a first emission, and 
wherein the analyte, if present, interacts with the luminescent 
material to produce a second emission Such that the wave 
length of the first emission is separated from the wavelength 
of the second emission by at least 30 nm. 

38. A method as in claim 37, wherein the wavelength of the 
first emission is separated from the wavelength of the second 
emission by at least 50 nm. 

39. A method as in claim 37, wherein the wavelength of the 
first emission is separated from the wavelength of the second 
emission by at least 100 nm. 

40. A method as in claim 37, wherein the wavelength of the 
first emission is separated from the wavelength of the second 
emission by at least 150 nm. 

41. A sensor, comprising: 
a metal complex having the structure, 

L-M-L2 

wherein M is a metal, and L' and L’ can be the same or 
different and, when bound to the metal, L' and L are biden 
tate cyclometallated ligands; 

a source of energy applicable to the metal complex to cause 
an emission of radiation; and 

an emission detector positioned to detect the emission. 
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42. A sensor as in claim 41, wherein the bidentate cyclo 
metallated ligand has the structure, 

wherein Ar' and Arcan be the same or different and are aryl 
or heteroaryl, optionally substituted, or Ar' and Ari together 
form a fused polycyclic aromatic group, optionally Substi 
tuted. 

43. A sensoras in claim 41, wherein Misplatinum, iridium, 
or palladium. 

44. A sensor as in claim 41, wherein M is platinum. 
45. A sensor as in claim 41, wherein L' and L’ can be the 

same or different and are phenylthiophene, thienylpyridine, 
thianapthylpyridine, or substituted derivatives thereof. 

46. A sensor as in claim 41, wherein the metal complex is 
in Solution. 

47. A sensor as in claim 41, further comprising a Support 
material. 

48. A sensor as in claim 47, wherein the metal complex is 
dispersed within the Support material. 

49. A sensor as in claim 47, wherein the metal complex is 
bonded to the support material. 

50. A sensor as in claim 47, wherein the support material is 
a polymer. 

51. A sensor as in claim 50, wherein the polymer is poly 
(methyl methacrylate), polyethylene, polypropylene, poly 
(vinyl chloride), poly(Vinyl benzoate), poly(vinyl acetate), 
cellulose, corn starch, poly(vinyl pyrrolidinone), polyacryla 
mide, epoxy, silicone, poly(Vinyl butyral), polyurethane, 
nylon, polacetal, polycarbonate, polyester, polyether, polyb 
utadiene, or combinations thereof. 

52. A sensor as in claim 50, wherein the polymer is poly 
(methylmethacrylate), poly(vinylpyrrolidinone), or poly(4- 
vinylpyridine). 

53. A sensor as in claim 50, wherein the polymer is poly 
(methylmethacrylate). 

54. A sensor as in claim 41, wherein the Source of energy is 
an electric, magnetic, optical, acoustic, electromagnetic, or 
mechanical field. 

55. A sensor as in claim 41, wherein the source of energy is 
electromagnetic radiation. 

56. A sensor as in claim 41, wherein the emission is phos 
phorescence emission. 

57. A composition of matter, comprising: 
a compound having the following structure, 

wherein M is a metal, and L' and L’ can be the same or 
different and each is a bidentate ligand having the structure, 
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wherein Ar' and Arcan be the same or different and are aryl 
or heteroaryl, optionally substituted, or Ar" and Ar’ together 
form a fused polycyclic aromatic group, optionally Substi 
tuted, 

provided that when L' and L are the same, L' and L are 
not phenylthiophene, thienylpyridine, benzoquinoline, 
1-phenylpyrazole, or 2-thienylpyrazole. 

58. A composition of matter as in claim 57, wherein M is 
platinum, iridium, or palladium. 

59. A composition of matter as in claim 57, wherein M is 
platinum. 

60. A composition of matter as in claim 57, wherein L'and 
L can be the same or different and are phenylthiophene, 
thienylpyridine, thianapthylpyridine, or substituted deriva 
tives thereof. 

61. A composition of matter as in claim 57, wherein the 
compound has the structure, 

s 

62. A composition of matter as in claim 57, wherein the 
compound has the structure, 

OCH 

OCH3. 

63. A composition of matter as in claim 57, wherein the 
compound has the structure, 
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64. A composition of matter as in claim 57, wherein the 
compound has the structure, 

65. A composition of matter as in claim 57, wherein the 
compound has the structure, 

66. A composition of matter as in claim 57, wherein the 
compound has the structure, 

67. A composition of matter as in claim 57, wherein the 
compound has the structure, 

68. A method of synthesizing a bis-cyclometallated metal 
complex, comprising: 

halogenating at least one bidentate ligand having the fol 
low structure, 

G) s 
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to form a halogenated bidentate ligand, wherein Ar' and Ar 
can be the same or different and are aryl or heteroaryl, option 
ally substituted, or Ar' and Ari togetherform a fused polycy 
clic aromatic group, optionally Substituted; and 

forming a metal complex between the halogenated biden 
tate ligand and a metal. 

69. A method as in claim 68, wherein halogenating com 
prises exposure to bromine or N-bromosuccinimide (NBS). 

70. A method as in claim 68, further comprising lithiating 
the halogenated bidentate ligand. 

71. A method as in claim 68, wherein the metal is platinum, 
iridium, or palladium. 

72. A method as in claim 68, wherein the metal is platinum. 
73. A method as in claim 68, wherein each bidentate ligand 

can be the same or different and can be phenylthiophene, 
thienylpyridine, thianapthylpyridine, benzoquinoline, or a 
substituted derivative thereof. 

74. A method for determination of an analyte, comprising: 
providing a luminescent material having a first emission at 

a wavelength; 
exposing the luminescent material to a sample Suspected of 

containing an analyte, wherein the analyte, if present, 
interacts with the luminescent material to produce a 
second emission at said wavelength, wherein the lumi 
nescence intensity of the second emission is at least 10 
times greater than the luminescence intensity of the first 
emission; and 

determining the second emission, thereby determining the 
analyte. 

75. A method as in claim 74, wherein, in the absence of 
analyte, the first emission has Substantially no luminescence 
intensity at said wavelength. 

76. A method as in claim 74, wherein the luminescence 
intensity of the second emission is at least 10 times greater 
than the luminescence intensity of the first emission at said 
wavelength. 

77. A method as in claim 74, wherein the luminescence 
intensity of the second emission is at least 10 times greater 
than the luminescence intensity of the first emission at said 
wavelength. 

78. A method as in claim 74, wherein the luminescence 
intensity of the second emission is at least 10 times greater 
than the luminescence intensity of the first emission at said 
wavelength. 

79. A method as in claim 74, wherein the luminescence 
intensity of the second emission is at least 10 times greater 
than the luminescence intensity of the first emission at said 
wavelength. 

80. A method as in claim 74, wherein the luminescence 
intensity of the second emission is at least 10 times greater 
than the luminescence intensity of the first emission at said 
wavelength. 

81. A method as in claim 74, wherein the luminescence 
emission is phosphorescence emission. 

82. A method as in claim 74, wherein the analyte, if present, 
interacts with the luminescent material to produce a change in 
the wavelength of the luminescence emission. 

83. A method as in claim 82, wherein the change comprises 
a blue-shifted change in the wavelength of the luminescence 
emission. 

84. A method as in claim 74, wherein the wavelength of the 
emission of the luminescent material in the presence of ana 
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lyte is separated from the wavelength of the emission of the 
luminescent material in the absence of analyte by at least 30 

85. A method as in claim 74, wherein the wavelength of the 
emission of the luminescent material in the presence of ana 
lyte is separated from the wavelength of the emission of the 
luminescent material in the absence of analyte by at least 50 

. 

86. A method as in claim 74, wherein the wavelength of the 
emission of the luminescent material in the presence of ana 
lyte is separated from the wavelength of the emission of the 
luminescent material in the absence of analyte by at least 100 

. 

87. A method as in claim 74, wherein the wavelength of the 
emission of the luminescent material in the presence of ana 
lyte is separated from the wavelength of the emission of the 
luminescent material in the absence of analyte by at least 150 

. 
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88. A method as in claim 74, wherein the luminescent 
material is a metal complex having the structure, 

wherein M is a metal, and L' and L’ can be the same or 
different and, when bound to the metal, L' and L are biden 
tate cyclometallated ligands. 

89. A method as in claim 74, wherein the interaction 
between the metal complex and the analyte comprises an 
oxidative addition reaction. 

90. A method as in claim 74, wherein the analyte is an 
electrophilic species. 

91. A method as in claim 74, wherein the analyte is an alkyl 
halide or cyanogen halide. 

92. A method as in claim 74, wherein the analyte is cyano 
gen bromide, cyanogen chloride, benzyl bromide, ethyl bro 
mide, methyl iodide, chloroform, or dichloromethane. 

c c c c c 


