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Career Snapshot

� 1961 Born in Sheridan, Montana
� 1983 B.S., Montana State University
� 1988 Ph.D., California Institute of Technology 

(Prof. Robert Grubbs)
� 1988-1990 Post-doc at MIT (Prof. Mark S. Wrighton)
� 1990-1996 Professor at U. Penn.
� 1996-present Professor at MIT
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Undergraduate Research

� Isolation of 19 coumarins found in Musineon
Divaricatum
� Five were novel compounds

� Attributed finding to advances in HPLC separations –
use of nitrile-bonded phase column
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Swager, T.M.; Cardellina, J.H. Phytochemistry1985, 24, 805-813.



Ph.D. work
� Polyacetylenes

� Excellent conductor
� Drawback: Insoluble 

� Solution: Soluble precursor polymers

J. Am. Chem. Soc. 1987, 109, 894-896.

J. Am. Chem. Soc.1988, 110, 2973-2974

J. Am. Chem. Soc. 1989, 111, 4412-4422.
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Synthesis of polybenzvalene

� Synthesis of benzvalene monomer:

� “We were discouraged from investigated its large-scale isolation pure when the 
resonance energy of benzene and the strain energy of small-ring compounds were called 
to our attention by the benzvalene exploding.”

Katz, T.J.; Wang, E.J.; Acton, N. J. Am. Chem. Soc., 1971, 93, 3782.
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Properties of polybenzvalene

� Liberation of 59 kcal/mol on heating up to 420oC
� “The heat liberated from the detonation of 100-200 mg samples was sufficient 

to melt the latex gloves with which the author was handling the sample.”

� >90% cis double bonds
� Generates solids with elastomeric properties

� Stretched up to 30 times original length
� Stretching before isomerization increases crystallinity and conductivity



Isomerization to PA

� Final product 40:60 cis:trans double bonds
� 19% saturation by 13C NMR
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Post-doctoral research

� Synthesis of three classes of conjugated rigid-rod 
polymers

� Investigated fluorescence properties

Swager, T.M.; Gil, C.J.; Wrighton, M.S. J. Phys. Chem.1995, 99, 4886-4893
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Class I
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•Disordered polymers exhibited greater solubility

•Absorption max: 446 nm

•Emission max: 478 nm

•Red-shifted relative to comparison compound
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Class II: Anthracene-Terminated 
Polymers

� Absorption spectrum red-shifted 
relative to reference compound

� Emission spectrum:
� New band at 524 nm
� Energy migration to anthracene

end groups
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Class III

� Quantum yield decreases with increasing anthracene content
� Red-shifted absorption and emission 

� Relative to Class II polymers
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Research at U. Penn

� Sensing polymers

� Syntheses of polycyclic aromatic compounds
� Calixarenes



Conducting polymer sensors

� Binding constants for all monomers:
� 103 times lower than for K+ with 18-crown-6
� Large shifts in lambda max (up to 91 nm)
� Additive effect

Marsella, M. J.; Swager, T.M. J. Am. Chem. Soc.1993, 115, 12214-12215.



More metal-binding polymers

Zhu, S.S.; Swager, T.M. J. Am. Chem. Soc. 1997, 119, 12568-12577.

Zhu, S.S.; Carroll, P.J.; Swager, T.M. J. Am. Chem. Soc.1996, 118, 8713-8714.



Conducting chemosensors

Marsella, M. J.; Carroll, P.J.; Swager, T.M. J. Am. Chem. Soc. 1994, 116, 9347-9348.
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Amplifying fluorescent polymers

Zhou, Q.; Swager, T.M. J. Am. Chem. Soc. 1995, 117, 12593-12602.



Fluorescent chemosensors
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Zhou, Q.; Swager, T.M. J. Am. Chem. Soc. 1995, 117, 7017-7018.
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More fluorescent chemosensors
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Synthesis of polycyclic aromatic 
compounds
� Starting materials:

� Cyclize with electrophile:
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Goldfinger, M.B.; Crawford, K.B.; Swager, T.M. J. Am. Chem. Soc.1997, 119, 4578-4593.



Application: Graphite Ribbons

Goldfinger, M.B.; Swager, T.M. J. Am. Chem. Soc. 1994, 116, 7895-7896.
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Strained diacetylene macrocycles
� Synthesis of dimer, trimer, and tetramer

� Separation via fractional recrystallization

� Dimer highly unstable: Reaction with I2
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Zhou, Q.; Carroll, P.J.; Swager, T.M. J. Org. Chem.1994, 59, 1294-1301.



Tungsten-Oxo Calixarenes
� Synthesis:

� Formation of columnar liquid crystals:

Xu, B.; Swager, T.M. J. Am. Chem. Soc. 1993, 115, 1159-1160.

WOCl4



Application of Tungsten Calixarenes
� Resolution of racemic metallocalixarenes:

OH OH

Ph Ph

+

Diastereomeric proton shifts Equal but opposite CD spectra 
of separated enantiomers

Xu, B.; Carroll, P.J.; Swager, T.M. Angew. Chem. Int. Ed. Engl. 1996, 35, 2094-2097.



MIT: 1996-present

� Sensing polymers
� Small-molecule sensors
� Laser technology
� Liquid-crystals



FIDO: Detecting land mines
� 26,000 people/yr involved in land mine incidents

� 40% are children

� Primary detection: Metal sensing
� False alarms!

� Interested in detecting explosives
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2,4,6-trinitrotoluene 2,4-dinitrotoluene 1,3-dinitrobenzene 3-nitroaniline

Cumming, C.J. et al. IEEE Trans. Geoscience and Remote Sensing2001, 39, 1119-1126.



Polymer-based detection

� Vapor sensing of TNT and derivatives

� Detection limit: 50 femtograms/ mL air
� Field testing:

� 89% accuracy/ 27% false alarms
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More bulky polymers

� Bulky [2.2.2] bicyclic system

� Quenched with DNT and DMT

Kim, Y.; Zhu, Z.; Swager, T.M. J. Am. Chem. Soc.2004, 126, 452-453.



Application: [2.2.2] bicyclic system

� Electron deficient water soluble polymer

� Complexes electron rich biological analytes

Kim, Y.; Swager, T.M. Macromolecules2006, 39, 5177-5179.
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Still more bulky polymers

� Iptycene-containing polymers 
with large internal free volumes

Amara, J.P.; Swager, T.M. Macromolecules2004, 37, 3068-3070.



Through-space p interactions

� Incorporated 0,1, and 2 cofacial arenes into polymers

� Observed evidence of through-space p interaction in 
monomer units

McNeil, A.J.; Muller, P.; Whitten, J.E.; Swager, T.M. J. Am. Chem. Soc.2006, 128, 12426-12427.



Detection polymers

� NO detection
� Biological relevance
� 1 unpaired electron in anti-bonding orbital

� Use paramagnetic coordinatively unsaturated metal
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Shioya, T.; Swager, T.M. Chem. Commun.2002, 1364-1365.



Metal-ion sensing
� Monomers contain crown ethers
� Binding of metals to monomer measured by NMR

� Polymer properties:
� All divalent metals enhance conductivity
� All monovalent metals strongly suppress it

Yu, H.; Pullen, A.E.; Buschel, M.G.; Swager, T.M. Angew. Chem. Int. Ed. 2004, 43, 3700-3703.



Rotaxane polymers: Synthesis

Kwan, P.H.; MacLachlan, M.J.; Swager, T.M. J. Am. Chem. Soc.2004, 126, 8638-8639.



Binding of H-bond donors



Carbohydrate-Functionalized Polymers

� Fluorescent polymer conjugated to carbohydrates

� Used to sense E. Coli that bind to mannose

Disney, J.D.; Zheng, J.; Swager, T.M.; Seeberger, P.H. J. Am. Chem. Soc.2004, 126, 13343-13346.



Fluorescent bacterial clusters



Trypsin detection
� Fluorescent poly(phenylene ethynylene) core

� Conjugated to peptide 
� Non-fluorescent

� Trypsin treatment restores fluorescence

Wosnick, J.H.; Mello, C.M.; Swager, T.M. J. Am. Chem. Soc.2005, 127, 3400-3405.



Fluoride ion detection
� Monomer cyclization:

� Semi-conductor polymer-indicator conjugates with 
amplified response
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Kim, T.; Swager, T.M. Angew. Chem. Int. Ed.2003, 42, 4803-4806.
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Detection of chemical warfare agents

� Highly toxic organophosphates

� Detection via                                               
cyclization:
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b-amyloid plaque detection
� Known amyloid-staining compounds:

� Impermeable to BBB
� New compound: 

Nesterov, E. et al. Angew. Chem. Int. Ed. 2005, 44, 5452-5456.
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In vivo efficacy of NIAD-4


