
Organic semiconductors: energy, 
charge transfer, and research 

frontier

PH 673
Nanoscience and nanotechnology

November 14, 2025







D-A Systems
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Charge Transfer

Energy Transfer
Competing process: energy 

transfer (e.g. Förster Resonant 
Energy Transfer (FRET))

Donor-Acceptor system can facilitate 
exciton dissociation via charge transfer

Need to know under what conditions charge or energy transfer dominates



D-A interactions: energy transfer 



D-A interactions: energy transfer 

Absorption of A Fluorescence of D

Forster radius 

D lifetime



D-A interactions: energy transfer 
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A.D. Platt et al., Proc. of SPIE, 7413(1), 74130S (2009)

Strong energy transfer 
between ADT-TES-F and 

ADT-TIPS-CN

Förster Radius
R0 = 4.8 nm

W. E. B. Shepherd et al. J. Phys. Chem. Lett. 2, 362-366  (2011)



D-A energy transfer in PMMA
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Concentrations < 5.9 x 10-2 M          additive combinations 
of donor and acceptor isolated spectra

(D) (A)

• Onset of 
aggregation is 
consistent 

• Strong 
enhancement of A 
and quenching of D 
emission

Shepherd et al. J. Phys. Chem. Lett. 2, 362-366  (2011)







Charge transfer

Free energy

Reaction coordinate

Electronic coupling

D+A D++A-

Marcus: Nobel Prize in 
Chemistry 1992

Reorganization energy

D-A ∆LUMO ~ ∆G



Opportunities for innovation

Innovative molecular structures – use nature-derived sustainable materials

Innovative experimental techniques – measure light-matter interactions with sub-
100 fs time resolution

Innovative photophysical processes – singlet fission

Innovative devices – combine electronic and photonic structures

Brief examples of each coming next !



Chlorociboria on decaying wood
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Chlorociboria in nature and art

22



Sustainable materials: fungi-derived pigments

Oregon-native wood fungi Chlorociboria aeruginascens and Chlorociboria 
aeruginosa

Collaboration with Seri Robinson, OSU Forestry
NSF CBET-1705099

Xylindein
• Broken conjugation
• H-bonding
• Synthesis unsuccessful so far
• Used in art for centuries: ultra-stable
• Nothing was known about optoelectronic properties



● Amorphous
● Porous
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Native morphology

● Crystalline



G. Giesbers, J. Van Schenck, S. Vega Gutierrez, S. Robinson, O. Ostroverkhova, “Fungi-
Derived Pigments for Sustainable Organic (Opto)Electronics“  MRS Advances 3, 3459 
(2018)

• Xylindein conducts charge carriers !
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Electrical characteristics

V



Xylindein and Draconin Red as optoelectronic and photonic materials



Innovative photophysics: singlet 
fission

• Excite one molecule (use one photon)
• Excitation redistributes between two 

molecules – create a “TT” state
• Now have two electron-hole pairs
• Two charge pairs were created by one 

photon

Use this process to boost power conversion efficiency in solar cells !

How do we show that we have this process in our materials ? 

Time-resolved photoluminescence and pump-probe spectroscopy !





Singlet fission
S0 + S1 T1 + T1 

• Does not require a “spin flip” – unlike ISC (which is “forbidden”, and 
occurs on µs time scales)

• Can occur on fs time scales

• If both triplet excitons can be dissociated into free carriers and collected, 
get 200% efficiency of charge generation (1 photon in, 2 electrons out)

• Equivalent of impact ionization in inorganic semiconductors



Singlet fission probing
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Pump-probe experiments (collaboration with Matt Graham)

pump

(TT)
10-100 ps

probe

• TT forms on picosecond time scales
• Temperature- and magnetic field-dependent dynamics
G. Mayonado, K. Vogt, J. Van Schenck, L. Zhu, G. Fregoso, J. Anthony, O. Ostroverkhova, M. Graham, “High-Symmetry Anthradithiophene Molecular Packing Motifs 
Promote Thermally Activated Singlet Fission” J. Phys. Chem. C 126 , 4433-4445 (2022) Special issue: Quantum Coherent Phenomena in Energy Harvesting and 
Storage 



Singlet fission in devices
SF donor: tetracene
Acceptor: n-Si

#exciton transferred to Si/#exciton in Tc = 1.33

Einzinger et al., Sensitization of silicon by singlet fission in tetracene, Nature 571, 90 (2019)

Can we improve Si solar cell?

Si

organic

• Organic layer helps harvest photons which Si is 
unable to utilize !

• Design better materials and interfaces



Combining photonics and electronics

• Place organic film in a microcavity (between two mirrors)

• Electron-hole pair (exciton) + photon trapped in a cavity = 
light-matter hybrid particle (polariton)

Polariton formation modifies optical 
and electronic properties !

Control polariton properties by cavity structure 
(reflectance of mirrors and film thickness)



• Polariton-enhanced OLEDs and 
photodetectors

• Energy transfer on micron scales
• Manipulate charge transfer with cavity 

detuning
• …..





Molecular Electronics.







An Intel Core 2 Duo chip has ~290 M transistors; if 
replaced by molecular units, need billions of molecules













Single-molecule sensor for metal ions









Length dependence of conductance



Marcus expressions for non-adiabatic 
ET rates
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Bridge mediated ET rate

~ ( , )exp( ' )ET AD DAk E T Rβ−F

β’ (Å-1)=

 0.2-0.6    for highly conjugated chains

 0.9-1.2    for saturated hydrocarbons

 ~ 2          for vacuum



A relation between g and k
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conduction Electron 
transfer rate

MarcusDecay into 
electrodes

Electron charge



A relation between g and k
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