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Microarray pattern recognition based on Pt" terpyridyl chloride
complexes: vapochromic and vapoluminescent response
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Eighteen distinct Pt" terpyridyl chloride cross-reactive sensor
elements incorporated into microarrays with 1000 x 250 pm well
dimensions generate distinctive colorimetric and luminometric
responses upon exposure to a variety of volatile organic com-
pounds (VOCs).

The development of sensory systems displaying rapid real-time
response to chemical and biological analytes continues to lie at
the forefront of fundamental research. Significant focus has
been placed on the development of chemo-sensors containing
receptors that selectively bind and respond to the species of
interest. This methodology requires significant synthetic effort
and the sensing entity is generally designed for specificity,
thereby limiting potentially valuable cross-reactivity towards a
broader range of analytes. More recently, efforts have been
oriented towards the design of molecules displaying indiscri-
minant non-selective responses. In some instances, these
molecules have been incorporated into arrays, producing
colorimetric patterns that are unique to each combination of
sensor and analyte.'”

Square planar Pt salts are particularly amenable towards
pattern recognition-based chemical sensing as their spectro-
scopic and photophysical properties in the solid state are
readily tuned by vapor sorption. For example, Pt'' double
salts display dramatic color changes towards exposure to
different VOCs resulting from non-covalent analyte interac-
tions (including hydrogen bonding and lipophilic interactions)
and modification of the lattice (expansion or contraction)
modulating the distance between metal centers.'® !> More
recently, numerous examples of vapochromic Pt'"" polypyridyl
complexes have emerged.'*?? These structures benefit from
favorable m—r stacking between ligands in adjacent structures
which assist in promoting metal-metal o-interactions.'>°
This combination of effects produce absorption and emission
colors in the solid state spanning the visible spectrum, coarsely
tuned with variation in the counterion. The vapochromic
properties of specific individual Pt" polypyridyl complexes in
the solid state have been detailed by several groups.'®>*

The present work focuses on the preparation of microarrays
containing 18 distinct cross-reactive Pt terpyridyl chloride
complexes possessing relevant variation in ligand structure
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and counterion, Fig. 1. Most of the complexes are new and
their syntheses, based on established procedures,>>>° and
structural characterization are provided as ESL{ The
alkoxy-modified terpyridyl ligands were chosen as they are
documented to favor m-stacking,?* thereby enabling the pos-
sibility of enhanced metal-metal interactions in the solid state.
The Pt complexes bearing 4,4',4"-'Bus-2,2":6' 2"-terpyridine
and 2,2":6',2"-terpyridine were included to glean further in-
sight regarding ligand substituent influence on the vapochro-
mic and vapoluminescent response of these molecules to
different VOCs. Variation in counterion size perturbs the
lattice, producing different solid state vapochromic response
characteristics from otherwise identical molecular compounds.

The color of each individual Pt" solid varies from yellow to
red and most of them show immediate colorimetric changes
upon exposure to different chemical vapors. However, the
main goal of the present study is to incorporate all 18 cross-
reactive complexes into microarrays to qualitatively mimic the
olfactory system, producing distinct colorimetric/lumino-
metric patterns upon exposure to different VOCs.”*° The
microarrays reported here are intended to illustrate qualitative
vapochromic and vapoluminescent responses, precise quanti-
fication of the relevant changes are the subject of a lengthy
study currently in progress.

Solutions of each metal complex were prepared in DMSO
(conc. 2.0 x 1072 M) and injected into the multi-well micro-
plates using a microsyringe, producing the final sensor arrays
displayed in Fig. 2 and 3; each well contains 4 nmol of Pt'!
metal complex. The microplates were produced by ultrasonic
drilling of microscope slides as previously described
(Fig. 4).>*3! The images of the microplates were obtained
using a flatbed scanner measuring the colorimetric and

X: CI, PFq, 104

Fig. 1 Chemical structures of the Pt" terpyridyl chloride salts used as
cross-reactive microarray sensors.
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Fig. 2 Vapochromic colorimetric response of the Pt terpyridyl

chloride-based microarrays towards different VOCs.
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Fig. 3 Vapoluminescent response of the Pt'' terpyridyl chloride-
based microarrays towards different VOCs. The arrays were excited
using a broadband UV lamp (300-400 nm, Ap.x = 365 nm).*
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Fig. 4 Schematic representation of the microplates and the chamber
used in the present microarray-based vapochromic study.

luminometric changes in the red, green, and blue (RGB)
channels. For data analysis, the images in the three channels
were merged using an imaging program to obtain the final
RGB pictures. Even though in most instances an immediate
response was observed, the microplates were exposed to
individual vapors in a rubber-sealed chamber (Fig. 4) for
120 min to ensure that equilibrium was established. The
images were taken before and after vapor exposure. Compar-
ison of the arrays upon exposure to different vapors permits
visualization of qualitative pattern changes in the response.
Although the vapor sorption process is reversible, each time a
new analyte was tested, a freshly prepared array was utilized.

Some of the complexes displayed color changes that are
readily discriminated by the naked eye, Fig. 2. Examples

include the PF~ salts of the Pt complexes bearing Cy4, Csg,
and C;, alkoxy chains in addition to the ClO,4  salts of
complexes C4—Cy,. In all cases, the complexes turned deep
red in the presence of ACN within a matter of seconds. The
same complexes are also responsive towards acetone vapor,
changing their color to orange while the analogous Cl™ salts
appear more yellow. For CH,Cl,, the C4~Cg complexes con-
taining Cl~ as counterion displayed a deepening of their
yellow color, whereas the C;, analog darkened. Again, the
PF¢™ salts of Cg and Cy, transform to deep red in the presence
of CH,Cl, in addition to their ClO4~ counterparts (C4—Cys).
The other vapors tested exhibit more subtle responses requir-
ing more detailed quantitative study beyond the scope of the
current presentation. The tpy and ‘Bus analogs respond with
very slight color modification after exposure to each vapor
studied. Most notably, the ‘Bus ClO, complex develops an
impressive change to yellow in the presence of DMF, however,
the remaining responses appear to be faint at best, and will
require more detailed analysis. A representative analysis for
acetone is provided as ESL.f

From the luminometric point of view, in absence of vapors,
the chloride salts in general are the least emissive of the series.
Notably, all six Pt" complexes bearing the BPh,~ counterion
(data not shown) are non-emissive in the solid state and no
discernable changes were observed upon exposure to any of
the vapors utilized in this study. The Pt"' complexes containing
tpy or ‘Bustpy as ligands displayed mild “turn-on” responses
to piperidine, methanol, ACN, DMF, toluene, acetone, and
benzene, Fig. 3. The strongest emission enhancements were
observed in the array exposed to ACN. Exposure to acetone
enabled a “turn-on” emission response in all the elements of
the array including the chloride salts with the exception of the
tpy analogs which appear to be non-responsive by the naked
eye. In many instances, the arrays exhibit a hypsochromic
emission shift when exposed to benzene, piperidine, toluene,
and DMF, producing bright green or yellow photolumines-
cence, suggesting an attenuation of metal-metal c-interactions
(lengthening of average metal-metal distance). In the case of
CH,Cl,, luminescence changes cannot be appreciated by the
naked eye in most array elements although the PF¢~ and
ClO,4~ display slight emission enhancement. In general, most
of the present molecules are quite responsive towards Lewis
basic solvents in addition to volatile aromatic systems. Signi-
ficant reversibility of vapor sorption was observed and the
arrays can be recycled after drying in a vacuum oven. For
example, the sensing of acetone was performed in one array
that was recycled 5 times without any noticeable signs of
degradation, Fig. S2-S4, ESIt. Interestingly, acetonitrile was
found to be the most difficult analyte in the series to remove
from the sensor microarrays suggesting that this Lewis base
strongly associates with the coordinatively unsaturated Pt'!
complexes.

We have demonstrated that is indeed possible to assemble
vapochromic and vapoluminescent microarrays for pattern
recognition using 18 structurally related cross-reactive Pt'!
terpyridyl chloride complexes. The current molecules are
synthetically facile and their rapid and qualitative colori-
metric/luminometric changes towards VOC’s are tuned with
variation in both counterion and ligand structure, making it
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possible to construct microarrays of complexes that respond
distinctively to different analytes. The VOCs that induce the
greatest vapochromic and vapoluminescent changes are those
containing lone pairs such as acetonitrile, piperidine, and
DMEF. Volatile aromatics also induce unique colorimetric
and luminometric response in several instances, potentially
relevant for the detection of nitroaromates.
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